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Chapter 1 Superficial femoral artery occlusive disease

Peripheral arterial occlusive disease (PAOD) is an affliction that affects up to 20% of patients 
aged older than 60 years (1). It is defined as atherosclerosis caudal of the aortic bifurcation 
resulting in intermittent claudication. This in turn is defined as reproducible muscle pain of 
the lower extremities caused by impairment of oxygenation during exercise (therapy). The 
Fontaine grading system is based on these clinical features and is administered, together 
with other classification systems to assess the severity of this affliction. These symptoms 
progress in some 25% of patients, where critical limb ischemia is manifested in 0.025% in 
the general population (2) and requires some form of surgery or intervention.  
 Charles Dotter first developed the technique of dilating arterial lesions (3) and after 
a period of research and development, it became a treatment of choice for shorter lesions. 
After the era of plain balloon angioplasty, patency results were improved by bare-metal stents 
in the 1980s (4); however, a drawback was in-stent restenosis. Then in the 1990s, stents 
covered with expanded polytetrafluoroethylene (e-PTFE) were developed to try to tackle this 
issue (5). Biocompatibility was different but analogous to e-PTFE bypasses. Covered stents 
started to be used during this time instead of bare-metal stents, and the differences soon 
became clear: instead of in-stent restenosis, we saw sudden-onset thrombosis. 
 Over time, as longer and more difficult superficial femoral artery (SFA) lesions 
began to be treated, e-PTFE–covered stents in the SFA region have gradually been seen as 
an alternative for bypass surgery. We have therefore updated former studies on patencies of 
femoropopliteal (FP) bypass surgery. To put results of our studies into perspective, we have 
performed 2 review studies. In Chapter 2 we look into the literature to focus on evidence of 
early complication incidence after FP bypass surgery. Perioperative morbidity after this type 
of surgery is one of the factors that stimulated the development of endovascular techniques. 

In Chapter 3 we focus on possible new techniques or possibly improved results of FP 
bypass surgery during the last decade, which prompted us to start a biocompatibility study 
of e-PTFE–covered SFA stents to assess the performance of this device in Chapter 4. At 
the same time, it became clear that e-PTFE–covered stents could be applied for indications 
other than occlusive femoral disease, such as popliteal aneurysms, among others. (6). This 
gave rise to Chapter 5, where we describe an application not published earlier: the treatment 
of dilated venous bypasses with e-PTFE–covered stents. 
 Although bypass surgery is still a key component in the treatment of tissue loss in 
patients with critical limb ischemia, endovascular techniques are increasingly administered 
and, in some instances, are taking over the role of bypass surgery. This is due not only 
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to quality improvements of stents, stent grafts, and techniques, but also because less 
extensive surgery is needed. 
 During recent decades we have seen a gradual improvement of medium-term and 
long-term patency results of endovascular procedures (7,8,9). Also, in 2008, we saw a new 
and longer e-PTFE covered stent of up to 25 cm. With this graft we were able to treat longer 
occlusive SFA lesions, and the use of this device gradually became an alternative for bypass 
surgery. The critically ill patient did not necessarily need to be hospitalized for longer periods 
with the complications that go with open surgical repair, not to mention the costs. Because 
up to 55% of patients diagnosed with critical limb ischemia (CLI) will die the first 2 years, 
treatment should focus not only on management of risk factors but also on short-term and 
long-term quality of life by preventing limb loss (10). 
 From the attractive option to replace open bypass surgery by endovascular means, 
new questions emanated: What is the importance and role of the collateral SFA system 
in volume and in anatomy? Is there harm in occluding collateral vessels? To address 
these matters we formed a computational model (Chapter 6) to estimate the volumetric 
importance and an anatomical study (Chapter 7) to address the anatomical importance of 
the SFA collateral system. Chapter 6 describes the flow relevance of this system compared 
with normal SFA flow in a mathematical model. In this, it seeks to advise the clinician in the 
decision-making process of placing a covered stent.

The anatomical study (Chapter 7) describes the anatomy of the SFA collateral system in 
human cadaveric legs. This anatomical laboratory study dissected 10 fresh frozen legs to 
seek anatomical pathways of the SFA collateral system. Our goal in this chapter is to give 
the clinician tools for the decision-making process of covered stent applications in the SFA 
with special regard to location.
 At the same time, the clinicians were interested in the long-term results of e-PTFE 
covered stents in longer SFA lesions. We therefore conducted 2 clinical studies (Chapter 8 and 
9) of carefully kept databases in 3 hospitals in Netherlands to assess long-term performance 
of this graft. In Chapter 8 we focus on heparin-bonded covered stents, the latest generation 
of this device. This is the first study to describe 3-year results of this prosthesis. The heparin-
bonding technology lowers platelet deposition and reduces thrombus formation. Moreover, 
the laser-cut contoured proximal edge may improve apposition of the device to the vessel 
wall and, possibly, improve graft performance. With these properties, this may be a device 
to be considered in postponing surgical options. 
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Chapter 1 In Chapter 9 we describe 5-year outcomes of the endoluminal bypass, as it is being called 
by then, with a focus on factors predicting failure. In this chapter we seek factors to aid the 
clinician in the decision-making process in planning and placing a covered stent with regard 
to location and, among other parameters, diameter.

General aims of this thesis
The aim of this thesis is to look into our results of endovascular treatment of occlusive 
disease in the SFA. We focus on the role and significance of collateral system flow and its 
relevance in clinical decision making.  Another aim of this thesis is also to report the currently 
available knowledge on results in bypass surgery, particularly focusing on complication 
rates and possible new techniques during the last decade.
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Abstract

A systemic review of published reports on  the incidence of early (<30 days) adverse  events 
occurring after above- or  below-knee femoropopliteal bypass surgery was conducted 
to provide contemporary outcomes data for  comparative reporting. A total of 38 articles 
were included describing 6,374  femoropopliteal bypasses in  6,007  patients. Fifty-two 
percent were male and the mean age  was 64.6  years (range, 40  to  93 years). The various 
studied types of complications were reported in  10 to  34 of 38 articles and definitions 
were often missing. The overall 30-day morbidity rate was 36.8%.  The wound infection 
rate was 7.8% (range,  0.0  to   17.4%)  accompanied with  dermal  necrosis in   0.4%.  
Graft infection was described in  2.4%  (range, 0.0  to  5.3%)  of  cases. Postoperative 
bleeding was seen in  7.4% (range, 0.0 to  26%), of which 2.5% required return to  surgery. 
Occlusions were reported in 12.0%  (range, 0.0 to  59%). Lymphedema occurred in  2.9% 
(range, 0.0 to  9.6%) of cases and surgical site seroma  formation occurred in   2.0%  
(range, 1.0%  to   3.0%).  Overall 30-day mortality rate  was 2.3%  (range  0.0  to   4.3%).  
Pooled data comparing vein grafts and prosthetic grafts revealed no  significant difference 
(P = .10; risk  ratio = 0.82; 95% confidence interval, 0.66-1.03; I

2=0%) in  the incidence of 
complications. This review confirmed the morbidity of femoropopliteal bypass surgery 
is inconsistently reported and definitions are lacking. Because one-third of patients can be 
expected to experience an adverse event after femoropopliteal bypass grafting, standards  
on  defining and reporting complications are necessary if comparative outcome standards 
are developed.
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1. Introduction

Peripheral arterial occlusive disease (PAOD) is  a widespread disease with an incidence up 
to 19% in people between 40 and 59 years and 29% in  people aged older than 70 years [1,2]. 
In approximately  5%   of   patients,  PAOD   will    progress  into lifestyle-limiting claudication 
with decrements in  functional capacity and quality of  life,  or  even critical limb ischemia 
[1,2].  As  cardiovascular and cerebrovascular disease accompanies PAOD  in  a substantial 
number of  patients, mortality rate can be as high as 25% at 1 year [2]. Approximately 70% 
of lesions in   PAOD  are located in   the  infrainguinal area [2]. Primary treatment goals 
in patients with PAOD are secondary risk  prevention, relief of  symptoms in  patients 
with claudication, and limb salvage in  case of critical limb ischemia [3]. According to  the 
TASC-2  guidelines, endovascular treatment can be considered for shorter lesions. Surgical 
reconstruction, often by   means of  a  femoropopliteal bypass, is   the  gold standard 
for  longer lesions and chronic total occlusions [4]. Autologous vein, usually the  great 
saphenous  vein, is  the preferred conduit. Poor   quality, inadequate  vein size, or  a 
history of  superficial phlebitis can lead to  situations where prosthetic conduits may be  
more appropriate, and throughout the years various graft materials have been used for  this 
purpose [5].
 Although a relief of symptoms is usually seen as a result of bypass  surgery,  it   is   
also associated with morbidity and mortality  [6].  Primary patency  at  1  year  is   typically 
the emphasized outcome measure in  most reports focusing on femoropopliteal bypass 
surgery. Morbidity of femoropopliteal bypass  surgery  is   often not  stressed,  and  has  
not  been detailed in  the literature, even though its occurrence is recognized by  vascular 
surgeons, and is  the major reason for readmission within 30 days of the procedure. The 
purpose of this study was to review the evidence on  early morbidity of femoropopliteal 
bypass surgery.

2. Patients and methods

2.1. Study design
An   electronic literature search was performed using the PubMed and  Cochrane  
databases.   Literature  in    English, Dutch, and German to  July  2014  was studied. Search 
terms included femoral  artery [MeSH],  popliteal  artery [MeSH],  femoropopliteal,  bypass, 
graft,  transplantation,  complications, and  post- operative  complications [MeSH].  The 
reference list  of  relevant articles was also used for  manual cross referencing (Fig.  
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1). The selected articles were screened and 
considered for  full text assessment.

2.2.Types  of studies included
All research concerning above or  below the 
knee femoropopliteal bypasses in  which 
complications within the first 30 days after 
the procedure were described. The study 
focuses on   single or   multiple postoperative  
complications in   case series with a 
comparison of  graft types. Case reports 
were excluded.  Also,   studies that  did   not  
distinguish between types of bypasses or  
materials were excluded. We  performed a 
critical appraisal of  the included articles to  
determine the level of evidence and grade of 
recommendation.

2.3. Patients
All patients required arterial reconstruction of the femoropopliteal artery. All operations were 
primary interventions with the proximal site of  the graft anastomosed to  the common 
femoral artery and the distal site to the popliteal artery above or  below the knee.

2.4. Types  of interventions
The  studies  in   this  review compared  one  or   more  graft materials. All types of materials 
and surgical techniques were included. Studies comparing endarterectomy, stents, or other 
(endo)vascular interventions were excluded.

2.5. Morbidity
Minor complications were defined as complications that responded to  minor treatment 
such as local wound care, or resolved without treatment and did  not cause any permanent 
disability. Major complications were defined as complications that caused an increase in  
hospital stay, required additional surgery, or  caused significant disability [7].

Fig.  1. Flow chart search strategy.
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2.6. Statistical analysis
The  inverse  variance  method  was  used  for   pooling the incidences and to calculate 
the corresponding 95% confidence intervals. As recommended by the Cochrane handbook, 
the I

2 test was used to  measure heterogeneity. An I
2 value between 50%  and 75%  

was considered as substantial  heterogeneity and an I
2 value of >75% as considerable 

heterogeneity. As heterogeneity between studies was expected, a random effects meta-
analysis  for   the  primary analyses was used, which involves an assumption that  
the effects being estimated in  the different studies are not identical but follow some  
distribution.  Sensitivity analyses  were used  on   the effect of risk  of bias, the effect of 
single studies and the effect of  the study design and the time frame on  point estimates. 
Review  Manager   (version   5.3.   Copenhagen:   The   Nordic Cochrane  Centre,  The  
Cochrane  Collaboration,  2014)   was used for  all  analyses. The analysis followed 
both the Meta- Analysis of  Observational Studies in  Epidemiology (MOOSE) [8] and 
the Preferred Reporting Items for  Systematic Reviews and Meta-Analyses (PRISMA) [9] 
guidelines in  reporting the results.

3. Results

Using the described search strategy, a total of  717  abstracts were retrieved, of  which 
619  were rejected based  on   the selection criteria (Fig. 1). Ninety-eight articles were 
included for full text reading, of which 48 were rejected, again based on the selection 

Table 1. Summary of patient, lesion, 
and procedure characteristics. 
Patient characteristics
Total n (%) of patients 6,007  (100) 
Age  (y), mean (range) 64.6  (40-93)
Male,  n (%) 3,124  (52)
Female, n (%) 1,221  (20) 
Sex  not described, n (%) 1,662  (28)

Comorbidity, %
Smoker 68
Hypertension 54
Atherosclerotic artery disease 46
Hypercholesterolemia 32
Diabetes mellitus type 2 30

Rutherford classification, %
3 36
4 19
5/6 12
Not  described 33

criteria. Thereafter, a manual cross-reference was 
performed resulting in 12 abstracts that were all 
rejected. As  a consequence, in  total, 38 articles 
were included in  this review. Critical appraisal 
of  included articles revealed no randomized 
controlled trial or meta-analysis and 10 prospec 
tive, randomized controlled studies.
 In  the 38  articles studied, 6,374  
femoropopliteal bypasses were described in  
6,007  patients. Fifty-two percent was male with a 
mean age  of 64.6  years (range, 40 to  93 years) 
[10,11]. Patient characteristics and comorbidity are 
listed in  Table 1. With regard to  comorbidity, 
68%  of  patients were smokers, 54% of patients 
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Table 3. Major and minor complications
Major Minor Overall,

% % %
Wound infection 7.4 7.8
With necrosis 0.4
Graft infection 2.4 2.4
Postoperative hemorrhage 4.9 7.4
With reintervention 2.5
Occlusion 12.0 12.0 
(Lymph)edema 2.9  2.9
Seroma 2.0 2.0
Mortality 2.3 2.3
Overall 19.6 17.2 36.8

Table 2. Types of location of grafts used.
Articles, Patients, Interventions, 

n n n
Graft material 
Total 38 6,007 6,374
Vein 17 2,445 2,653
Prosthesis 12 1,856 2,049
Vein  + 9 1,706 1,672
Prosthesis
Location of bypass
Total 38 6,007 6,374
AK 7 1,004 1,023
BK 2 314 331
AK þ BK 19 3,218 3,509
Not  detailed 10 1,471 1,511
Abbreviations: AK, above the knee; BK, below the knee.

had hypertension, 46% suffered from atherosclerotic disease (eg,  coronary heart disease, 
cerebrovascular insufficiency), 32%  suffered from hypercholesterolemia, and 30%  of  
patients had diabetes mellitus (Table  1). The indications for  surgery were disabling 
claudication in  36%  of  the interventions (Rutherford classification 3; n = 2,295), ischemic 
rest pain in  19% (Rutherford classification 4; n =1,211),  and critical limb ischemia in  
12%  (Rutherford classification  5/6;  n =765)   of   the  interventions. The  indication was  
not described in  the remaining 33% (n = 2,103). 
 The types of  conduits used are listed in   Table 2.  In  17 studies,  only vein 
grafts were used  in  2,653   interventions (42%). In 12 studies, only prosthetic grafts were 
used in  2,049 interventions  (32%)  and  included  polytetrafluoroethylene (PTFE) grafts, 
polyester grafts, velour grafts, and others.
 In  seven articles, above-the-knee distal anastomoses were described in  1,023   
interventions (16%)  and below-the-knee distal anastomoses in  two articles, including 
331  interventions (5%).  In  19  articles above-and below-the-knee distal anastomoses 
were described in  3,509  interventions (55%). In 1,511  interventions (24%), the distal 
anastomotic site was not specified (Table 2).

3.1. Complications
The most common complications during the 
first 30 post operative days were wound infection, 
graft infection, post- operative  hemorrhage,  
(lymph) edema/seroma,   occlusion, and 
mortality. There was a large variety in  disease 
severity and methods of  treatment,  as different 
complications were mostly not defined clearly. 
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Table 4 . Short-term complications (<30 days): wound infections.
Study, first author                Year                  Patients                       Interventions                                 Rate, %           Type of bypass
                                                                                                          Vein             Prosthetic             Vein  Prosthetic             (AK/BK)
Hall  [11]                                1964                          37                                                 42            7.1                  AK, BK 
Renwick [12]                         1969                    82                      82            12.1
Christenson [14]                  1985                   227                    227                                         5.3  AK, BK 
Christenson [13]                  1979                      99                       30                    69            16.7        17.4  AK, BK
VAC Group [15]                    1988                   273                     205                    67              8.8          6.0     BK 
Prendiville [16]                      1990                  114                    114           7.9     AK 
McCollum [17]                      1991                   191                       87                  104              8.0        12.5  AK, BK 
O’Riordian [18]                      1992                     71                       71           5.6  AK, BK 
Aalders [19]                           1992                     93                       47                    46               2.1          2.1     AK 
Archie [20]                             1994                  285                     235                    77              0.4          0.0  AK, BK 
Campbell [21]                       1994                   160                       94                    66              9.6        12.1  AK, BK 
El-Massry [22]                      1994                   154                    200           9.0  AK, BK 
Allen [23]                               1996                    223                       66                  173              3.0          4.0  AK, BK 
Abbott [24]                            1997                   231                     231           3.9     AK 
Burger [25]                            2000                  136                       75                    76              5.3          3.9     AK 
Bosiers [26]                           2006                    86                      99           0.0     AK, 
BK Neufang [27]                   2007                  197                      211                                                                        9.5     AK, 
BK Scharn [28]                      2008                  129                       70                    59            12.9        15.3     AK, 
BK Rückert [29]                     2009                  134                    135           5.2     AK

Abbreviations: AK, above the knee; BK, below the knee.

The overall 30-day morbidity rate was 36.8%.  Major complications were seen in  19.6%  of  
the interventions (0.4% wound infection with additional necrosis, 2.4% graft infection, 2.5% 
postoperative bleeding requiring reintervention, 12%  occlusions, and  2.3%  mortality).  
Minor complications  were  seen  in   17.2%   of   interventions   (7.4% wound infection, 
4.9%  postoperative bleeding without reintervention, 2.9% lymphedema, and 2.0% seroma) 
(Tables 3-9, Fig. 2).
 Wound infections were described in 19 of 38 studies [11-29], including 2,922   patients 
and 3,058   procedures.  Definitions were clearly described in  only one study [21]. In that 
study, a wound infection was defined as the presence of  spreading cellulitis or discharge 
of pus, and classified as either primarily or  after wound dehiscence, defined as wound 
edges separated to  expose subcutaneous fat.  In  three studies [16,22,25], wound infections 
were only described as being superficial, and in two studies [16,22] wound infections were 
described as being deep wound infections; neither were further defined. In all  other studies, 
there was no  wound infection definition provided.
 Mean wound infection rate was 7.8%  (range, 0.0  to  17.4%) and  in   0.4%   this  
infection  was  accompanied  by   wound necrosis (Table 3). In one case, necrosis needed 
debridement [22]. In  two studies [20,27],  a delayed healing was described but not defined. The 
wound infection rate when using vein conduits was 7.4% (range, 0.0% to  16.7%) and when 
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Table 5. Short-term complications (o30 days): graft infections.
Study                               Year           Patients, n                  Interventions, n                        Rate, %         Type of bypass

                                                                                                    Vein            Prosthetic            Vein          Prosthetic                      (AK BK)
Christenson [14]           1985                227                                      227                          5.3                                AK, BK 
VAC Group [15]             1988                273              205           67  0.0                  0.0                                   BK 
Aalders [19]                   1992                  93                47           46  0.0                   2.1                                   AK 
Archie [20]                     1994                285              235           77  0.0                  0.0                                AK, BK 
Campbell [21]               1994                160               94           66  0.0                   1.5  AK, BK 
El-Massry [22]              1994                154                                      200                          9.0  AK, BK 
Abbott [24]                    1997                 231                                       231                          2.2      AK 
Bosiers [26]                  2006                  86                                        99                          0.0  AK, BK 
Scharn [28]                   2008                129              70           59  0.0                   3.4  AK, BK 
Rückert [29]                 2009                134                                      135                           0.0     AK

Abbreviations: AK, above the knee; BK, below the knee; VAC, Veterans Administration Cooperative.

using prosthetic grafts, the wound infection rate was 8.1%  (range, 0.0  to  17.4%).  There 
was no  significant difference in  wound infection between vein grafts and prosthetic 
grafts (P =.56; risk  ratio [RR] =0.89;  95% confidence interval [CI], 0.61-1.30; I

2 = 0%).
 Graft infections were reported in  10 of 38 studies [14,15,19, 22,24,26,28,29], including 1,772  
patients and 1,858  procedures. None  of   the  studies  defined  graft  infection.  Mean 
graft infection rate was 2.4%,  with a range of  0.0  to  5.3%.  In  the study of Aalders 
and van Vroonhoven [19], the graft infection in  1  patient necessitated limb amputation. In  
the study of Christenson et al   [14],  there  was one case where a graft infection was 
accompanied by a wound infection. 

Table 6.Short-term complications (<30 days): postoperative hemorrhage.

Study                               Year      Patients               Interventions                             Rate (%)                               Type of bypass                                                                                                      
                                                                                          Vein              Prosthetic            Vein            Prosthetic                        (AK/BK)
Hall  [11]                         1964            37                                 42                    4.2                                 AK, BK 
Renwick [12]                  1969            82        82                             6.1
Grimley [30]                    1979             272                                             329                                         0.6                                  AK, BK 
Christenson [14]            1985              227                                            227                                         4.0                                  AK, BK 
Rostad [31]                     1979             227                   252                                              4.0
Christenson [13]            1979             99        30                      69                    6.7               2.9                              AK, BK 
Prendiville [16]               1990          114                                114                    1.8    AK 
McCollum [17]                1991           191        87                    104                    7.1               9.9                              AK, BK 
Archie [20]                      1994          285                   235                      77                   0.4                0.0                              AK, BK 
Campbell [21]                 1994          160         94                     66                  18.0               25.8                              AK, BK 
El-Massry [22]                1994          164                                200                                         2.5                              AK, BK 
Allen [23]                         1996          223         66                   173                    3.0               2.9                              AK, BK 
Bosiers [26]                    2006            86                                  99                    0.0                              AK, BK 
Neufang [27]                  2007          197       211                           10.0                              AK, BK 
Scharn [28]                     2008          129         70                     59                    1.4               3.4                               AK. BK 
Rückert [29]                    2009          134                                135                                         3.0     AK

Abbreviations: AK, above the knee; BK, below the knee.
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Table 8. Short-term complications (<30 days): (lymph)edema/seroma.
Study                           Year         Patients                       Interventions                          Rate, %                      Type of bypass
                                                                                           Vein             Prosthetic  Vein             Prosthetic            (AK/BK)
Grimley [30]                1979             272   239                 16.4             AK, BK 
Prendiville [16]            1990             114   114                     0.9                  AK 
Aalders [19]                 1992               93          47   46                   0.0                     2.1                  AK 
Campbell [21]              1994             160          94   66                   9.6                     1.5              AK, BK 
El-Massry [22]             1994             164   200                     8.0              AK, BK 
Allen [23]                      1996             223          66  173                 3.0                     1.2              AK, BK 
Abbott [24]                   1997              231   231                     0.4                  AK 
Bosiers [26]                  2006               86    99                     0.0              AK, BK
Inoue [32]                     2008               96    99                     3.0                  AK 
Rückert [29]                 2009            134   135                     2.2                  AK

Abbreviations: AK, above the knee; BK, below the knee.

 Postoperative hemorrhage was reported in  16 of 38 studies [11-14,16,17,20-23,26-

31], including 2,627  patients and 2,821 graft placements. In  seven studies, surgery for  
postoperative hemorrhage was described. In  all  of these studies, there was no  exact 
definition for  postoperative hemorrhage or  indication for  reintervention. Postoperative 
bleeding rate in  these 16 studies was 7.4% (range, 0.4%-26.0%). 
 The postoperative bleeding rate for vein grafts was 6.1% (range, 0.4%-18.0%) and 
9.0% (range, 0.4%-26.0%) for  prosthetic grafts. There was no significant difference between 
postoperative hemorrhage for  vein grafts and prosthetic grafts (P = .27; RR = 0.77;  95%  CI,  

Table 7. Short-term complications (<30 days): occlusions.
Study                              Year         Patients, n                Interventions, n                                      Rate, %                                 Type of bypass
                                                                                         Vein                 Prosthetic  Vein         Prosthetic                      (AK/BK)

Renwick [12]                 1969                82    82                         12.2
Baddeley [10]                1970                164   185                            2.7                        AK, BK 
Rostad [31]                    1985                227   252                          11.9
Christenson [14]          1985                  227                                              227                                        1.9                              AK, BK 
Donaldson [33]             1980                  43                  39                           12                 0.0                  8.3                              AK, BK 
Christenson [13]          1979                  99                  30                           69               43.3                59.4                              AK, BK 
Anderson [34]               1985                  99                  99                                              21.2
Hirsch [35]                      1984                116    133                           9.0
Schulman [36]               1986                78      82                          1.2                                                       AK, BK 
Holdsworth [37]            1997                42      58                         15.5                             BK 
Prendiville [16]               1990               114   114                                          7.9                             AK 
Aalders [19]                    1992               93      47   46                     4.3                  4.3                              AK 
Campbell [21]                1994               160      94   66                     9.6                12.1                         AK, BK 
Raptis [38]                     1995               506   559                                           4.5                         AK, BK 
Allen [23]                        1996               223      66  173                   0.0                  1.7                          AK, BK 
Abbott [24]                     1997                231   231                     0.4                              AK 
Burger [25]                     2000               136      75   76                     1.3                  0.0                              AK 
Rückert [29]                   2009               134   135                     3.0                              AK

Abbreviations: AK, above the knee; BK, below the knee.



24

Chapter 2

Table 9.Short-term complications (<30 days): mortality.
Study                             Year            Patients                          Interventions                                  Rate, % Type of bypass             
                                                                                          Vein                 Prosthetic               Vein                Prosthetic            (AK/BK)

Hall  [11]                       1964                    37           42                         AK, BK 
MacGowan [41]          1969                    50          50   2.0
Renwick [12]               1969                    82          82                                  2.4
Baddeley [10]              1970                  164         185                                   0.5                        AK, BK 
Kaminski [39]              1973                  105         115                                   5.2
Cutler [42]                    1976                  258         298                                   1.7
DeWeese [43]             1977                      103               113                                                  2.7                                                  AK, BK 
Christenson [14]        1985                       227                                             227                                                                           AK, BK 
Rostad [31]                 1979                      227               252                                                  0.4
Grimley [30]                1979                      272                                              329                   0.3                                                 AK, BK 
Stephens [44]             1980                      193               210                                                  2.9                                                 AK, BK 
Donaldson [33]          1980                        43                  39                         12                    0.0                          0.0                 AK, BK 
Christenson [13]        1979                        99                 30                          69                    3.3                          4.3                  AK, BK 
Anderson [34]            1985                        99                  99                                                  2.0
Hirsch [35]                                                                                                    1984                 116         133                                   6.0
Schulman [36]            1986                    78          82                                   4.9                        AK, BK 
Schulman [45]            1986                    95        100                                   4.0
Schulman [46]            1987                 120         126                                   4.0
VAC Group [15]          1988                 273         205           67   2.9                          1.5                      BK 
Rosenthal [40]            1990                 200          200                                  0.5                     AK 
Prendiville [16]            1990                  114          114                                  1.8                                              AK 
Aalders [19]                 1992                    93          47           46   2.1  4.3                     AK 
Archie [20]                   1994                 285        235           77   0.0  0.0                 AK, BK 
El-Massry [22]            1994                 154          200   1.0                 AK, BK 
Jarret [47]                    1994                  171        211    4.7
Raptis [38]                   1995                 506          559   3.8                 AK, BK 
Allen [23]                      1996                 223          66         173   1.5  0.0                 AK, BK 
Abbott [24]                   1997                  231           231   0.0                                               AK 
Holdsworth [37]          1997                    42          58    0.0                             AK 
Burger [25]                   2000                 136          75           76   0.0  0.0                      AK 
Bosiers [26]                  2006                    86            99   3.0                 AK, BK 
Neufang [27]                2007                 197        211    2.4                        AK, BK 
Scharn [28]                   2008                 129          70           59   1.4  1.7                 AK, BK 
Rückert [29]                 2009                 134          135   0.7                       AK

Abbreviations: AK, above the knee; BK, below the knee.

0.49-1.22;  I
2 =0%).  In  three studies [14,19,20], postoperative hemorrhage was not specified as to 

whether it was after vein or  prosthetic graft placement. In  2.5% of cases, reintervention was 
needed for  postoperative hemorrhage.
 Occlusion of  the bypass was described in  18  of  38  studies [10,12-14,16,19,21,23,24,26,29,31,33-

38], including  2,774 patients and 2,950   procedures. The different studies used the terms 
occlusion  and  thrombosis randomly  for  short-term occlusion. None of  the studies 
described a definition for occlusion or  thrombosis. The early occlusion rate was 12.0% 
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Fig.  2. Forest plot of early complications (o30 days) after femoropopliteal vein and prosthetic bypass surgery. (A) 
Wound infection. (B) Postoperative hemorrhage. (C) Occlusions. (D) Lymphedema/seroma. (E) Mortality. (F) Pooled 
data.
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Fig.  2. (continued).

(range, 0.0  to  59%).  In  the studies of  Aalders and van Vroonhoven  [19]   and  Allen et  
al   [23],   cases  of   in   graft thrombosis within 24 hours postoperative were described.
 In  the study of  Aalders and  van Vroonhoven [19],  early graft thrombosis occurred 
as a result of  a technical error at  the  distal anastomosis. Immediate thrombectomy 
and reconstruction of  the distal anastomosis were successfully performed. In  the study 
of  Allen et al  [23],  there was perioperative graft thrombosis within 24  hours of  implanta- 
tion  in   2  patients  after  below-knee PTFE  bypass and  in 1 patient in  above-knee PTFE 
bypass. All cases were successfully revised.
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 The 30-day occlusion rate for  vein grafts was 9.7% (range, 0-43.3%)  and for   
prosthetic  grafts 14.3%  (range, 0.0-59%).There was no  significant difference between 
vein grafts and prosthetic grafts in  occlusion rate (P=.12; RR =0.73; 95% CI, 0.50-1.08; I

2 

=0%). In  two studies [31,37],  no  distinction was made between vein and prosthetic grafts. 
 (Lymph)edema/seroma  was described in 10  of  38  studies [16,19,21-24,26,29,30,32], 
including 1,573  patients and 1,609 procedures.  Two    articles  described  seroma  [16,29],   
one article described lymphedema and seroma [21], and five studies   [21-24,30,42] described  
lymphedema.  The (lymph) edema rate was 2.9% (range, 0.0-9.6%) and the incidence of 
seroma formation was 2.0% (range, 1.0%-3.0%). Two  studies [21,30]  reported lymphedema 
or  seroma in  vein graft procedures and five  studies [16,21,24,29,32] reported lymphedema or   
seroma  in   prosthetic  grafts.  In   the  three  remaining studies, there was no  distinction 
made between vein and prosthetic  grafts. The lymphedema/seroma  rate  for   vein 
grafts was 4.2%  (range, 0.0-9.6%)  and for  prosthetic grafts 1.6%  (range, 0.0-2.2%).  
There was no  significant difference between vein and prosthetic grafts (P=0.20;  RR = 
2.53;  95% CI, 0.61-10.50; I

2 = 16%).
 Mortality was described in  34 of 38 studies [10-16,19,20,22,31,33-47]. The mortality  rate  in  
these 34  studies, including 5,342  patients and 5,807  graft placements, was 2.3%  (range, 
0.0-4.3%). The mortality rate for  vein grafts was 2.3% (range, 0.0-3.3%) and for  prosthetic 
grafts was 2.4% (range, 0-4.3%). Comparing vein and prosthetic grafts for mortality, there 
was no  significant difference (P = .75; RR = 1.20; 95% CI, 0.40-3.57; I

2 = 0%). 
 Pooled data comparing vein and prosthetic grafts revealed no  significant difference 
with regard to  overall o30-day morbidity  after  femoropopliteal  bypass  surgery  (P = .10; 
RR = 0.82;  95% CI, 0.66-1.03; I

2 = 0%).
 Post-procedural Rutherford classification was described in four studies [19,26,27,35],  
which included 492  patients and 536  interventions. These studies only described mortality 
in relation to   claudication  (Rutherford classification  3  and  4) and/or critical limb 
ischemia (Rutherford classification 5 and 6). When comparing claudication with critical 
limb ischemia with  regard to   mortality, there  was a significantly higher mortality for 
critical limb ischemia (P = .01; RR = 0.13; 95% CI, 0.03-0.63; I

2 = 63%).
 In eight studies [14,16,18,23,24,27,28,32], cardiac morbidities were described. In two studies 
[12,27],  stroke/transient ischemic attack  was  mentioned  as  a  o30-day   morbidity, but 
neither study goes into further detail. Pneumonia was described in only one study [24], as 
was pulmonary embolism [30].   Neuralgic pain  and  urologic complications, such  as urinary 
retention or  infection, were not described.
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4. Discussion

Our   analysis focused on the published evidence of  early complication incidence 
after femoropopliteal bypass surgery. We  found an overall 30-day morbidity rate 
of  37%, including patients with more than one complication. When comparing vein 
with prosthetic conduits, there is a slight favor toward the  use  of  vein  graft  in   all   
complications except for  lymphedema/seroma and mortality. The more extensive 
dissections, required for  vein grafts, likely attributed  to   this  difference. Wound  
infections,  hemorrhage, and early occlusions occurred slightly more often in  pros- 
thetic grafts. These grafts, however, are a mix of  different kinds of  prosthetic material 
and include different eras of graft development. Statements about modern prosthetic 
grafts based on these  results should be  considered with care.
 The  perioperative  morbidity  after  femoropopliteal bypass surgery has 
stimulated the development of  endo- vascular alternatives also for  more extensive 
lesions. Reported morbidity rates in  endovascular treatment of femoropopliteal 
arterial occlusive disease is approximately 17% [48], which is apparently lower than the 
37% found in this  meta-analysis.  These results  should  be   interpreted with care, 
however, as the calculated morbidity rate in the present  study  may  be   biased  by   
the  long  (þ40   years) timespan of  the included studies and the obvious measures 
bias and difference in definitions. Techniques and medical support have evolved, 
which could have affected the results. The mortality rate of  2.3%  is comparable with 
the mortality rate of 3.0% found by endovascular treatment of femoropopliteal artery 
disease [21].
 The included studies showed large variations in  incidences  of   the  specific 
complications.  This  could  have  been caused by  various factors. In most  studies,  the  
indication for  surgery could not be  ascertained, while there can be  a clear difference 
between patients treated for  disabling claudication and  critical limb ischemia. Patients  
with critical limb ischemia are usually more at risk  and have more complications. 
In  addition, a description of  comorbidities was missing in  some studies and the 
heterogeneity in comorbidity was not alike. Some studies, for  example, included many 
patients with diabetes mellitus, while others did  not. This makes it difficult to  compare 
populations. In addition, these studies included mixed groups of above-and below-the-
knee bypasses and  prosthetic  and  venous bypasses. No distinction was made between 
primary or secondary  interventions.  Because of   these  mixed groups and often poorly 
maintained morbidity registers, some complications can be  considered assumptions. 
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This also implicates a  high likelihood of  under-reporting  of  short term morbidity and 
little monitoring on quality. This is emphasized by  the observation that clear definitions 
of complications were often lacking, which rendered the scoring  of these complications 
rather subjective.
 In  conclusion, morbidity of  femoropopliteal bypass surgery is  inconsistently 
reported and definitions are lacking, but the overall morbidity rate seems to be 37%. 
A prospective study with consistently selected patients and treatment  is required to  
delineate short-term morbidity of  femoropopliteal bypass surgery. Reporting standards  
on complications and definitions of  those after femoropopliteal bypass surgery are 
indispensable.
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Abstract

Objective: We were interested in new insights and techniques in femoropopliteal (FP) bypass 
surgery in light of all of the endovascular developments. Have results and complication 
rates of this type of surgery improved during the past decade? Is a venous conduit still the 
gold standard in occlusive FP disease? To evaluate these insights in above-knee (AK) FP 
bypass surgery during the last decade, we performed a narrative review of the literature. 

Methods: We began with a 10-year-old systematic review as a starting point. We compared 
those results with a review of literature from 2005 to 2015 on AK FP bypass surgery. 
Two authors selected articles that contained data on preselected criteria. We included 
randomized and retrospective studies with follow-up data of 3 years or more. 

Results: Seven studies fulfilled the demands of our study. Ten years ago, 5-year primary 
patency was 69% for venous bypass surgery and 49% for synthetic prosthesis in 
nonrandomized studies and was 74% and 39%, respectively, in randomized studies. We 
found 3-year primary patency of 65% for venous conduits and 56% for prosthetic bypass 
in one study and 57% for venous bypasses and 47% for expanded polytetrafluoroethylene 
bypasses in another with similar surgical techniques. Mortality and morbidity were poorly 
documented and nonstandardized.   

Conclusions: FP bypass patencies as well as techniques and protocols during the past 
decade have not altered significantly. In light of all of the endovascular developments, this 
leads us to question whether a venous conduit is still the gold standard in FP occlusive 
disease. Also, a more standardized manner of documenting mortality and morbidity should 
be used. A randomized controlled trial comparing bypass surgery with endovascular 
techniques should be undertaken. 
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1. Introduction

“Since Kunlin performed the first bypass with an autologous saphenous vein in 1949, bypass 
grafting has proved to be an effective form of treatment for peripheral arterial occlusive 
disease.” This is the first sentence of a systematic review written by Klinkert et al (1) in 2004. 
It shows that this type of surgery has remained unchanged for many decades and that 
results have also largely been unchanged ever since. During the past decade, however, we 
have seen a number of developments in the treatment of occlusive vascular disease. 
 First, we have seen advances in endovascular techniques that allow patients to 
undergo minimally invasive treatments or hybrid procedures, where in the past open bypass 
surgery was the standard. This was already seen by Taylor et al (2), who described a shift 
from open to endovascular treatment for critical limb ischemia (CLI) from 76% in 2000 to 
30% in 2002. The main advantages of endovascular techniques are high technical success 
rates, low complication rates, and acceptable short-term and medium-term clinical outcome 
(3,4). However, long-term results compared with open surgery are still being debated (5). This 
still limits a broader application of these techniques. The newer TransAtlantic Inter-Society 
Consensus for the Management of Peripheral Arterial Disease (TASC) II guidelines have 
made recommendations for lesion types that may be suitable for endovascular treatment 
or open bypass surgery (6). 
 Second, the prevalence of peripheral arterial occlusive disease (PAOD) is expected 
to increase in the coming years as the population ages and obesity increases and, with that, 
diabetes and hypertension (7).
 Our aim in this narrative review was to look into possible improvements in techniques 
and materials during the last decade in open femoropopliteal (FP) above-knee (AK) bypass 
surgery. Have patencies and complications improved or have they remained unchanged? 
Is a venous conduit still the gold standard in occlusive FP disease? To do this, we set the 
pace with an article that answered the demands of a systematic review on this subject 10 
years ago. We compared these results with those of our study with a partly different search 
strategy. 

2. Methods

2.1.Study design
We performed an electronic literature search of the PubMed databases. We included studies 
in English published between 2005 and 2015 with the following search terms: patency, 
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bypass, femoral, popliteal artery, and occlusive.  The search was performed in accordance 
to the Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) 
guidelines (8).

2.2.Data collection
Two authors (R.K. and F.P.) independently performed the inclusion selection. The selected 
studies were put into a reference list, screened, and considered for abstract and full text 
assessment. Data extraction was also performed by the same investigators (R.K. and F.P.). 
Klinkert et al used the following search terms: vascular, vascular patency, vascular disease, 
arterial occlusive disease, intermittent claudication, popliteal artery, blood vessel prosthesis, 
saphenous vein and polytetrafluoroethylene (PTFE). We did not for 2 reasons. The first was 
that our focus was possible new techniques improving patency and complication rates, 
which was different than the review by Klinkert et al (1) 10 years ago. The second was a 
practical one: using the same terms yielded only 1 usable article over the search period. 

2.3. Types of studies
Randomized controlled trials and retrospective studies were included. Studies with fewer 
than 10 patients, review articles, and meta-analyses were excluded. We looked into studies 
with AK FP bypass surgery comparing graft types. This study focuses on new techniques 
or protocols possibly enhancing primary patency results and also outcome differences 
between venous and other types of conduits. Entire articles were included when they 
answered the following criteria: at least 3-year follow-up, original study, objective proof of 
patency by duplex ultrasonography (US), Doppler ankle-arm pressure measurements, or 
arteriography. Palpation of pulses was not sufficient. The primary outcome was primary 
patency. We also looked at complication rates and all-cause mortality. 

2.4. Patients
All patients with PAOD, requiring FP arterial reconstruction with open surgery, were included. 
The indication for bypass surgery was claudication or CLI as given in the Rutherford 
classification. Studies included assessed patients with primary interventions with the 
proximal anastomotic site in the common femoral artery (CFA) and the distal anastomotic 
site in the AK popliteal artery (PA). 
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2.5. Types of interventions
Studies with all types of surgical techniques and graft materials were included. Studies in 
which endovascular techniques were performed in the FP area during the same procedure 
were excluded. 

2.6. Data analysis
Data were pooled, if possible, and are presented in tables and in narrative. Baseline 
characteristics of age, male/female ratio, sex, type 1 and 2 diabetes mellitus, and smoking, 
when available, are reported in tables. Lack of uniformity and consistency of the collected 
data meant that a meaningful statistical analysis was impossible.
 Definitions: primary patency was defined as uninterrupted patency without any 
procedure performed to enhance bypass patency. Postoperative all-cause mortality was 
defined as 30-day mortality regardless of causes. 

3. Results

We retrieved 134 studies, of which 107 were published during the past 10 years in English 
with the strategy described (Figure 1). All abstracts were screened for the exclusion criteria 
given above. We rejected 48 articles because they did not meet the selection criteria. This 
yielded 59 articles for in-depth reading, of which 36 were rejected because of faulty study 
design, such as short follow-up, and 16 again for not meeting the selection criteria. As a 
consequence, 7 articles fulfilled the criteria and were finally included (Table I). Three of the 
included articles were randomized studies comparing 2 surgical techniques or surgery vs 
an endovascular technique, and the others described historical series. 
 When using the Klinkert et al search terms, we retrieved 1 usable article. We had a 
broader perspective after our research question, thus expanding our search strategy. 
The 7 studies included 882 patients, of whom 577 limbs had AK FP bypasses. Mean age 
could be extracted in 3 of the 7 studies. Characteristics and comorbidities were those of 
vascular patients and can be found in Table II. Surgical indications were Rutherford III-V. 

Table I. Included articles 
Author Journal Year Material Type Of Study
Donker et al Vasc Endovasc Surg 2011 GSV/PTFE  Cohort
McQuade et al J Vasc Surg 2010 Dacron /PTFE Randomised trial
Van Det et al Eur J Vasc Endovasc Surg  2009  Dacron/PTFE Randomised trial
Siracuse et al J Vasc Surg 2012 GSV/Dacron/PTFE Cohort
Hines et al Ann Vasc Surg 2010 GSV Cohort
Scali et al J Vasc Surg 2011 GSV/PTFE Cohort
Gisbertz et al Ann Vasc Surg 2010 GSV/PTFE Randomised trial
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Because in many studies different bypasses were described (ie, AK and below-the-knee [BK]) 
and often combined with different materials, we could not make an overall classification 
for all patients with AK bypasses in this study. We have therefore presented these figures 
together with the patency rates in Table II.
Two studies reported patency rates separately for venous and prosthetic AK bypasses. 
 Gisbertz et al (9) reported 3-year primary patency results in a randomized trial 
comparing remote superficial femoral artery (SFA) endarterectomy and AK bypass surgery 
in 116 patients. Of these, 55 were venous or expanded PTFE (ePTFE) AK bypasses. They 
reported 65% and 56% 3-year primary patency, respectively, thus yielding better results for 
venous conduits than for prosthetic bypass (Table II). 
 Donker et al (10) reported, in a retrospective analysis of 272 bypass grafts, 78 AK 
bypasses, of which 39 were venous conduits. In this series, precuffed ePTFE and venous 
bypasses were both compared with AK and BK anastomoses. They reported 3-year primary 
patency of 57% and 47% for venous and ePTFE bypasses, respectively, for supragenicular 
grafts. In 2004, Klinkert et al (1) reported 69% and 49% primary patency at 5 years. Donker 
et al also reported a divergence of Kaplan-Meier curves over time, with patency differences 

Table II. Baseline characteristics and patency rates for AK bypass surgery in %. 
Variable Gisbertz Van Det Mcquade Donker Siracuse Hines Scali Total

# pts 55 228 46 272 113 27 141 882
# AK bypass 55 228 50 78 70 12 84 577
# AK bypass venous 25 0 0 39 32 12 NA NA
# AK bypass PTFE 30 114 18 39 NA 0 NA NA
# AK bypass Polyest 0 114 32 0 NA 0 NA NA
1-Y patency V - - - 63 NA NA NA NA
1-Y patency P NA 90 NA 57 NA NA NA NA
1-Y patency D NA 91 NA - NA NA NA NA
3-Y patency V 65 - NA 57 NA NA NA NA
3-Y patency P 56 51 NA 47 NA NA NA NA
3-Y patency D - 64 NA - NA NA NA NA
4-Y patency V NA - NA NA NA NA NA NA
4-Y patency P NA 40 NA NA NA NA NA NA
4-Y patency D - 53 NA - NA NA NA NA
5-Y patency V NA - NA NA NA NA NA NA
5-Y patency P NA 29 NA NA NA NA NA NA
5-Y patency D - 45 NA - NA NA NA NA
% Indication for Surgery
Ruth III 55 37 20 NA NA NA NA
Ruth IV 25 9 20 NA NA NA NA
Ruth V 20 14 14 NA NA NA NA
% 30 D complicat. 9 3 NA NA 16 NA NA
% 30 D mortality NA 1 NA NA 3 NA NA
Mean age (range) 68 (44-86) 66 (39-92) 67 (40-86) NA NA NA NA
Overall smoking % 75 48 27 51 NA 65 49
Overall % Dm 17 29 20 36 36 54 42
% male AK bypas 73 64 NA NA NA NA NA
V=Venous; P=ePTFE; D=Polyester. NA=not available
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increasing, similar to the Klinkert 
et al (1) study. Separated data for 
venous and prosthesis were not 
available in the other studies. 
 Van Det et al (11) reported 
228 limbs in a randomized study 
comparing ePTFE and polyester 
prosthesis for AK bypasses. Their 
study reported 3-year primary 
patency rates at 51% for ePTFE and 
64% for polyester, which were  not 
significantly different.
 McQuade et al (12) reported 
in a randomized study of 50 
bypasses in 46 patients a 3-year 
primary patency of 63% for ePTFE 
and polyester bypasses without 
stratification between the two, 

Database	  search	  
MEDLINE:	  n	  =	  134	  

Records	  after	  identification	  and	  
removal	  of	  duplicates:	  

n	  =	  107	  

Records	  excluded	  because	  of	  
foreign	  language:	  	  

n	  =	  27	  

Records	  screened	  for	  relevance	  
by	  title	  and	  abstract:	  

n	  =	  107	  

Records	  excluded:	  
-‐	  Because	  of	  endovascular	  procedures:	  n	  =	  48	  
-‐	  Design	  of	  article:	  n	  =	  44	  	  
	  

Full	  text	  articles	  assessed	  for	  
eligibility:	  	  
n	  =	  15	  

Records	  excluded:	  
-‐	  No	  occlusive	  disease:	  n	  =	  2	  
-‐	  No	  femoropopliteal	  bypass	  surgery:	  n	  =	  2	  
-‐	  Faulty	  study	  design:	  n	  =	  4	  

Studies	  included	  in	  review:	  
n	  =	  7	  

	  

Figure 1. Flow chart of study inclusion.

although the number of different bypasses was given. Complete follow-up of 52% of 50 
limbs with surgical AK bypass was available. Eight patients died, and 15 were lost to follow-
up. From these data, it was not possible to calculate or draw conclusions. 
 Siracuse et al (13) reported 113 venous and prosthetic bypasses in a retrospective 
study, of which 70 were AK. Their study compared bypass with angioplasty or stent for SFA 
occlusive disease, reporting a 3-year patency for bypasses of 73%. They made no comment 
on whether this figure related to venous or prosthetic bypass or to AK and BK, as was also 
seen in the Hines et al (14) study. They also made no stratification for Rutherford classification, 
but did mention that patients with rest pain or tissue loss were not included. It stratified for 
TASC II classification, but made no remark about whether this was for BK or AK bypasses. 
This makes calculation and reproduction of these data for AK bypasses impossible.
 Scali et al (15) reported in a retrospective study of 152 bypasses in 141 patients 
a 4-year primary patency of 69% for bypass surgery. This was for AK, BK, prosthesis, 
and venous bypass, also making it impossible to extract stratified data for AK venous or 
prosthetic bypasses.
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3.1. Complications
Postoperative complication rates were reported in 3 studies. Complication rates varied 
markedly, with 16% perioperative complications in the Siracuse et al (13) study and 0.9% in 
the van Det et al (11) study. In the other studies, no complication rate was found. The figures 
reported were so different and inconsistent that calculating postoperative complications 
reliably for the population as a whole was not possible. 

The van Det et al (11) study, in which all Rutherford classifications were treated, reported 1% 
perioperative mortality, and the Siracuse et al study, in which only claudicant patients were 
treated, reported 3%. Perioperative mortality was only given in these 2 studies and long-term 
mortality in 5 of the 7 included studies; however, when exactly these events took place was 
not always clear. 

4. Discussion

In reviewing the articles on this subject, we have seen series with AK and BK prostheses 
on the one hand and patients with claudication and CLI on the other hand. Different types 
of conduits were also used among the series and in individual series, making it difficult—if 
not impossible—to extract proper data and draw solid conclusions. Only the Gisbertz and 
Donker studies reported a comparison between venous and prosthetic bypass with results 
that were comparable to those a decade earlier. The debate on comparing endovascular 
techniques with open FP bypass surgery in occlusive arterial disease has already been 
on-going for many years, but to compare these types of treatment, one should assess 
whether results in open bypass surgery have changed over the years. These were generally 
comparable to those a decade ago for AK bypass surgery.
 Although remote endarterectomy, as described in the Gisbertz et al study, is a 
technique not often described in larger series, it is certainly not new because it was described 
in the late 1940s by Dos Santos (16). Thus, no new techniques or protocols were described in 
this study. 
 Donker et al (10) report a divergence of Kaplan-Meier curves over time, with patency 
differences increasing. This can also be seen in the Klinkert et al (1) study and in earlier 
studies by AbuRahma et al (17) and Berlakovich et al (18). In this study, the precuffed distal 
anastomosis could be seen as rather a new feature, but the 3-year patency rates do not 
support the thought that it would yield better results. It was also not a new technique, 
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because Miller et al (19) first described it in 1984. Although they suggested that flow dynamics 
might be responsible for better results, they did not find a clear explanation to support these 
findings or add new features to this type of surgery.  
 Considerable heterogeneity was found in all of the included studies and, in particular, 
parameters relating to surgical technique, graft type, best medical therapy, complications, 
and indication for surgery. All of the studies showed different ways of reporting results of 
similar techniques. As we saw in an earlier study, complication rates are poorly reported, 
if at all (20). In this study, we also concluded that a standardized fashion of reporting these 
parameters would be advisable to make these results more reproducible and comparable 
with results of other studies and in future reviews. 
 Although we found better patency results for venous bypasses than for prosthetic 
ones, as was seen in the Klinkert et al (1) study, results were comparable with those a decade 
ago. This may raise more questions than it will give answers. Can we still advocate, in the 
light of all new endovascular techniques, that with these few studies over the past decade, 
a venous conduit still remains the gold standard? During the last decade we have seen a 
dramatic reduction in open bypass surgery. Although why this would happen is not clear, 
it may have been caused by improved endovascular possibilities as well as improved 
general medical health care combined with improved walking exercise strategies and risk 
factor management (21). One can see that the use of prosthetic material is dwindling For 
claudication as well as for CLI because of infection rates (22) combined with the perception 
that minimally invasive treatment yields better complication rates.  
 Whether ePTFE or polyester is better in this type of surgery is still being debated, 
but polyester seems to be on the upper hand. A Cochrane Review (23) in 2010 showed the 
results of the two were comparable or perhaps even better for polyester grafts but were 
comparable with results of a decade ago (1). Some studies support the use of a polyester 
graft over PTFE (24). The Jensen et al (24) study was done in AK bypass surgery but with 
a maximum follow-up of 24 months. Although this was an interesting multicenter study 
including 427 patients, no new techniques were used to improve patency results, and the 
results also tended to be similar to those of the past. However, the authors did suggest that 
the number of outflow vessels influenced patency. 
 A study by Pedersen et al (25) assessed flow measurements before and after 
papaverine injection where crural vessel influence was also investigated. Although 
papaverine infusion is not a new technique by itself for increasing patency rates, it may aid in 
predicting patency and, therefore, influence follow-up procedures. Unfortunately, exact data 
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on vessel runoff were lacking in most studies, making it impossible to draw conclusions.
 In answering the question whether new techniques were found during the last 
decade in FP bypass surgery as a pendant of minimally invasive “surgery,” one can state that 
this is not the case. Although the effects of more modern heparin-bonded ePTFE bypasses 
were not evaluated in this study, patency rates in the different studies we found were similar 
among these studies and also similar with those found in the Klinkert et al study (1,26,27). Also, 
features such as the vein cuff and the distal cuff of the distal flow bypass did not seem to 
improve surgical results significantly, and whether heparin is a factor of influence remains 
to be seen in comparative studies with longer follow-up (28). 
 To establish that one type of treatment or new technique is better than the other, 
randomized controlled trials should be reviewed. Trials and techniques comparing the gold 
standard with covered stents in longer lesions were not evaluated in our study, but we think 
there is a need for such a trial. We also think that medium-term and long-term results may 
give clearer answers to these questions than short-term results. This calls for a randomized 
controlled trial  comparing new endovascular techniques for occlusive SFA disease, 
especially in longer lesions, with the existing gold standard. Perhaps a study started in 2011 
will provide some of these answers (29).

5. Conclusion
We found no major advances or new techniques or protocols in the study period. Also, 
venous conduits performed with similar better results compared with prosthesis than those 
found 10 years ago. Complication and mortality rates were poorly reported and should be 
assessed in a standardized manner in future publications. To compare new techniques with 
bypass surgery, one can state that FP bypass surgery patency results remained similar 
in several accounts during the last decades. More prospective research should be done 
comparing new endovascular techniques with current bypass surgery and assessing the 
significance of the number of outflow vessels and bypass diameter. 
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Abstract

Aim: Feasibility of ePTFE-covered  endoprosthesis for treatment of atherosclerotic stenosis 
or  occlusions of the SFA. This was a prospective follow-up study on intention to-treat 
basis. ePTFE-covered endoprosthesis were used.

Methods: From  November 2001 to December 2006, 96 patients were treated for 
invalidating claudication, critical  ischemia or  gangrene. ABI and  ischemia severity score 
according to Rutherford were defined. Morphology of the  lesions was  classified according 
to the  Trans- Atlantic InterSociety Consensus. Clinical outcome was investigated by ABI, 
Duplex-ultrasound, and  luminal diameter measurements inside grafts.  Follow-up visits 
were conducted at six weeks and six months, and yearly thereafter.

Results: Significant clinical improvement was achieved in all patients. ABI increased to 
normal, and did not fall during three-year follow-up. Kaplan-Meier estimates for primary 
patency were 76%  (N.=77), 70%  (N.=56) and 67.7% (N.=40), and for secondary patency 
86.9% (N.=85), 82.2  (N.=63) and  79.8% (N.=45) at 1, 2, and  3 years. Intraluminal graft  
diameters did not  decrease signifcantly during follow-up. Graft  occlusion was  seen  in 
21/96 endografts; 20 patients underwent additional PTAs, only three patients had  intragraft 
stenosis. Occluded grafts  did not show reduction of luminal diameters on follow-up 
examinations before occlusion.

Conclusion: ePTFE-covered  endografts have  excellent properties for treatment of SFA 
stenosis or occlusions.There  was  no  intimal hyperplasia inside endografts, and graft 
occlusion occurred due to progression of atherosclerotic disease outside the graft.
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1. Introduction

Endovascular treatment  of occlusive disease of the superficial femoral  artery  (SFA) in 
patients  with intermittent claudication  or chronic limb  ischemia (CLI) is still an attractive 
option. It has been shown that PTA, with  or without stent  placement, has good initial 
technical and  clinical  success. However, a relatively high rate of instent thrombosis  
results in low patency rates  and  limited longterm clinical applicability.1-5 In order  to reduce 
instent  restenosis, several covered stents  (e.g., endografts) were developed, similar 
to the principle of endovascular grafts for aneurysmal disease.6, 7 Early studies  with ePTFE-
covered nitinol stents in the SFA were  not encouraging,8, 9 but others reported better results  
and improved patency rates.10-15 
 We investigated in this prospective non-randomised cohort study the technical 
suitability, biological behaviour and  clinical benefit of the use  of ePTFE-covered endografts 
for localised SFA lesions in patients with invalidating claudication or CLI.

2. Materials and  methods

2.1. Study design and patient selection
To evaluate the  ePTFE-covered  endograft for the treatment  of SFA occlusive disease, we 
started in 2001 with  selection of patients on Duplex-ultrasound (US) and angiographic 
criteria. Claudicants or patients  with CLI with  localised stenoses or occlusion were sched- 
uled  for endovascular treatment. Only patients  with luminal  vessel  diameters >4.4 mm 
above  and below the lesion on Duplex-US were selected. Morphology and  extent of the 
lesions were classified according to the Trans Atlantic  InterSociety Consensus (TASC I) 
Meeting on the Management of Peripheral Artery Disease.16 Patients with  previous 
stent placement, acute embolic occlusions, or previous endarteriectomy or bypass 
surgery were  not included. All procedures were performed in the operating room,  to allow 
surgical exposure of the common femoral artery when antegrade puncture was not possible.
 Patients  were  studied  as  a  prospective cohort. Follow-up was  conducted 
at six  weeks, six  months, one year  and then annually. At each  visit the patient was  
clinically evaluated, in  combination with  ABI measurements according to the American  
Heart Association standard, Duplex-US scanning of the femoropopliteal segment, and 
luminal  diameter measurements of the endografts. During 2004  and  2005, an additional 
cross-sectional analysis of graft position and integrity.
 Based on Rutherford’s criteria, primary patency was defined  as uninterrupted 
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Table I. Baseline subject characteristics
AUC±SE 95%CI

Sex 96
Male                                                                                      75 (78%) 
Female                                                                        21 (22%)
Age 96
Mean                                                                                         65.6
Std Dev                                                                                      9.5
Smoking history (*10 pack years)                 95
Yes                                                                                        56 (59%) 
No                                                                                         39 (41%)
Hyperlipidemia (total  chol.  > 6.0) 96
Yes                                                                                        56 (48%)
No                                                                                         40 (42%)
Diabetes mellitus 96
Yes 33 (34%)
No 63 (66%)
Hypertension   96
Yes            69 (72%)
 No            27 (28%)
Ischemic heart disease              96
Yes  53 (55%)
Renal insufficiency                                                                                                                                    
                                                                       

96

Yes   9 (9%)
No   87 (91%)
Obesity (BMI *30)                                               96
Yes      41 (43%)
No 55 (57%)
ASA category                                     96
I  7 (7%)
II  52 (54%)
III 36 (38%)
IV  1 (1%)
Treated le
g                                                                                                                                                                                                                     

96

Left 42 (44%)
Right      54 (56%)
Note: One subject  was  missing  Smoking History data.

patency with no additional intervention(s) within the graft or at its anastomosis.17 Primary  
patency was  lost when  a subject  undergoes PTA within the endograft, or PTA at one of 
the borders to maintain blood flow, and in the case of acute thrombosis. Assisted primary 
patency was  defined as endografts that have  undergone PTA to maintain patency before 
occlusion or thrombosis. Secondary patency denotes maintained graft function  after 
thrombolytic therapy in  case of acute thrombosis or occlusion. Secondary patency was 
lost when  the endograft  was either irreversibly occluded or after  bypass surgery due  to 
progression of the  disease outside the  graft area. All patients provided informed consent.
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2.2. Technique of endograft placement
Patients  were  treated  under  sterile  conditions in the operation room under  regional 
or general anesthesia. Anti-thrombotic treatment was given by low molecular weight 
heparin s.c. (Fraxiparine® 0.6 mL), in combination with 3  000 IU of heparin intravenously 
at the beginning of the procedure. The SFA was  antegradely punctured via the ipsilateral 
common femoral artery using US-guidance (Site  Rite® IV, BARD Access Systems, Inc., 
Pittsburgh, PA, USA). After placement of a 6-F introducer sheath (Input  TS_ Medtronic 
Inc., Minneapolis, MN, USA), an angiogram was  made to confirm the  pre-procedural 
US measurements and lesion dimensions. Subsequently, the stenosis was passed with 
0.025-inch  hydrophilic guidewire (Terumo® Terumo Corp.,  Tokyo, Japan) and,  in case 
of recanalisation, a  stiff 0.018  inch  guidewire was used when necessary. Longer  
occlusions were recanalised either in the centre of the vessel or subintimally (P.I.E.R.).18 

With the help of a radio-opaque measuring cord (LeMaitre®  Vascular, Inc., Burlington, 
MA, USA), the exact  location  for the endograft  was planned. Through a 9F introducer 
sheath,  the artery was  meticulously dilated  with  balloon  angioplasty over the region  
that would  be covered by the endograft.  Care  was  taken  not to dilate  the  vessel  
outside the planned endograft  area.  Deployment of the graft was performed according 
to the manufacturers’ instructions (Hemobahn® or Viabahn®, W.L. Gore & Associates, 

Table II.Baseline Rutherford categories and TASC I categories
TASC A TASC B TASC C TASC D Total

Rutherford 2: moderate claudication 2 1 1 0 4
Rutherford 3: severe claudication 15 27 28 10 79
Rutherford 4: rest pain 0 2 5 2 9
Rutherford 5: minor tissue loss 1 1 1 1 4
Total 18 30 35 13 96
TASC A: single  stenosis  <3 cm; TASC B: single  stenosis  3-10 cm or 1 or more occlusion(s) <3 cm; TASC C: occlusion >5 cm; TASC 
D: complete SFA steno- sis or occlusion.

Figure  1.Change in Ankle  Brachial  
Index  (ABI) of Treated  Limb over 
Time (t=0 means  ABI prior to 
endograft  placement). 1 P-values are 
paired  t-tests testing for a significant 
improvement from baseline.
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Table III.Grafts utilized/occluded
N. Subjects N. occluded Time of first occlusion 

(months)

6 mm graft implanted 85 21(24.7%)

6x100 33 9 1,1,1,6,12,12,12,24,36
6x150 24 4 1,5,6,20
6x50/6x50 1 0
6x50/6x150 2 1 1
6x100/6x100 2 0
6x100/6x150 6 4 4,6,6,24
6x150/6x150 3 1 6
6x100/7x150 1 0
7 mm graft implanted 11 0 (0,0%)
7x50 4 0
7x100 3 0
7x150 1 0
7x100/7x100 1 0
7x100/7x150 1 0
7x100/7x150/7x150 1 0

Flagstaff, AZ, USA).  After  deployment the graft was  balloon dilated again, and  a 
completion angiography was  performed. Hemostasis of the puncture site was  achieved 
with  local compression (FemoStop® , Radi  Medical Systems, Uppsala, Sweden).
 When preoperative angiograms showed a heavily calcified common femoral 
artery, antegrade puncture was  performed after surgical exposure through a small groin 
incision. Obese patients  were  generally treated by open surgical procedure. In case of 
significant stenosis  of the common  femoral  artery  or stenosis  at the origin of the SFA, 
the endovascular treatment  was combined with  a local  endarteriectomy. No occlusion 
devices were  used.
 Postoperatively, low  molecular weight heparins were  given  subcutaneously 
(Fraxiparine 0.6 mL); in addition, two anti-platelet drugs  were  administered: carbasalate 
calcium  (Ascal®) 1 x 80 mg daily and clopidogrel  (Plavix®) 1 x 75 mg daily for three  
months.

2.3. Statistical analysis
Patency  rates were  calculated using life-table methods  and  were expressed as  the  
percentage of subjects maintaining patency, along with  standard errors. Differences in 
preoperative and postoperative ABI were  assessed with paired  t-tests and considered 
significant  at the P=0.05 level.  Baseline characteristics and changes in luminal diameter 
of the endograft during follow-up were evaluated by univariate statistics. All statistical  
analysis was conducted using  SAS 9.1.3 software (Cary, NC, USA).
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3. Results

3.1. Patient and lesion characteristics
Patient demographics are  presented in Table  I. A total of 96 patients  were treated,  79 
with a single endograft; 17 patients received 2 or 3 overlapping endografts for long  
lesions. As shown in  Table  II, most patients  were  treated  for invalidating claudication 
(Rutherford Category 3), with intermediate lesion lengths (TASC B or C).  Sixty-one out  
of 96 patients (63.5%) were treated through a small  groin  incision (open  procedure). 
In 15 cases  of these  open  procedures,  endograft  placement was  combined with  
an additional endarteriectomy of the  common femoral artery.  All patients  with TASC 
D lesions  were  treated by open groin  exposure. Thirty-five patients (36.5%) could  be 
antegradely punctured adequately.
 Mean  follow-up duration was 18.9±12.2 months (range 6-36). One-year follow-
up data were  available for 85 patients (89%), two-year follow-up for 63 patients  (66%) 
and three-year follow-up for 45 patients (47%). In two  cases,  the  SFA lesion  could  not 
be passed by the guidewire, and  these patients received a femoropopliteal bypass graft 
during the same pro cedure (technical success rate 97.9%). In three patients, the endograft 
was  placed for re-stenosis after former PTA.

Table IV.Restenosis for which PTA was performed during fol- low-up
Location N. Months after edograft placement
Proximal SFA 5 1*,4*,18,24,24
Outside edograft at proximal end 3 1,6,11
Within edograft 3 6,12,18
Outside edograft at distal end 1 6
Distal SFA or popliteal artery 8 6,7,12*,12*,12,18,24,24
*After successful thrombolysis of occluded graft.

Figure 2. Patencies. 1Patencies are 
calculated using the lifetable methods 
from Rutherford (1997).
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3.2. Clinical outcome
As shown in Figure 1, mean preoperative ABI was 0.72 (N.=94; SE=0.02). Six weeks after 
implantation of the endograft, the mean ABI increased to 0.98 (N.=86, SE=0.02, P<0.001). 
This was  in accordance with the clinical improvement, i.e.,  disappearance of claudication 
or rest pain, or improvement of ischaemic foot ulcers. In patients with  patent endografts, 
ABI measurements did not fall significantly. At three-year fol low-up, mean  ABI was  still 
0.92  (N.=23, SE=0.03, P<0.001 from baseline).
 A total of 21 (24.7%) patients  presented graft occlusion (Table III). About half of 
these patients  visited the hospital  immediately after the onset of ischaemic symptoms. 
Only six of these grafts could be successfully  treated with  urokinase. The other  patients 
presented occluded endografts at regular follow-up visits, most  of them  with  recurrence 
of claudication.  In those  cases, no thrombolysis attempt was  made.
Occluded endografts were  only  seen  with  6-mm- diameter grafts  (Table III). Two  out  
of 13  50-mm-length grafts  were occluded (15%),  as  well as  9/33 100-mm-length 
grafts (27%),  4/24 150-mm-length grafts (17%), and 6/18 double grafts (33%). Seventeen 
occlusions occurred during the first year after implantation (17/85=20%), three during  the 
second  year (3/63=5%), and one during  the third year (1/45=2%).
 Additional PTAs were performed in  20  patients (Table  IV), 17 PTAs outside  the  
endograft  in the remaining femoropopliteal arterial segment and  three PTAs for recurrent  
stenoses inside the endograft. Four PTAs were  performed for stenoses in the immediate 
proximity of the proximal or distal end  of the endograft, two of them after successful 
thrombolysis.

Figure 3.Luminal diameters of ePTFE 
endografts at subsequent fol- low-up  
intervals.
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3.3. Patency rates
Primary and  secondary patency rates  are shown in Figure 2. Primary  patency was  76%, 
70%, and 67.7% at 1, 2 and 3 year follow-up. Assisted primary  patency was  81.4%, 76.8%, 
and 74.5%; and secondary patency was  86.9%, 82.2%, and 79.8% at 1, 2, and 3 year 
follow-up, respectively.

3.4. Luminal diameters of endografts
Starting on the first follow-up visit, the internal diameter in each endograft  was 
measured by duplex- US scan. This  led  to a total  of more  than  300  measurements 
in 96 endografts. In the 6 mm-diameter grafts, mean  luminal  diameter was  4.92 mm 
(N.=81, SE=0.06) at six weeks, and 4.85 (N.=75, SE=0.06), 4.80 (N.=55, SE=0.05), 4.82  
(N.=38, SE=0.09) and  4.97 (N.=20, SE=0.10) mm at six months  and  1, 2 and  3 years 
after implantation (Figure 3). These latter values were not significantly different from the 
first measured diameters at  six  weeks. The  7-mm  diameter endografts showed similar, 
although slightly larger, diameters during  follow-up.
 In the group of occluded endografts (6 mm-diameter, N.=21), we calculated the 
mean  luminal  diameters on the last follow-up visit before occlusion. This was  4.92 
mm (SE=0.10),  and not significantly different from baseline diameter at six weeks after 
implantation. Figure  4 shows  angiographic pictures  of endografts after different times  of 
implantation.

Figure 4. Example  of Viabahn® endoprosthesis in TASC A lesion (A=before; B= after endograft  placement); 
Viabahn® endoprosthesis (‘throu- gh pass’) in TASC D lesion (C=before, D=after endograft placement); Viabahn® 
endoprosthesis 3 years  after implantation, bar denotes 6 mm × 5 cm endograft: observe progression of 
atherosclerotic disease proximally and distally in SFA, and a smooth and open endograft in-between (E).
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3.5. Complications and supplemental treatments
One patient who had endograft  placement by antegrade  puncture developed a groin 
hematoma, which did not need further  treatment. In two other  patients, completion 
angiography showed thromboembolic trash or clots in the popliteal artery  below the 
knee. These thrombi were  successfully evacuated by embolectomy and  local urokinase 
injection (250  000U). In contrast to patients with  short localised TASC A or B lesions, 
patients with  TASC D lesions often  suffered  upper-leg discomfort and  pain  during the  
first months after implantation. Two patients who  did not improve sufficiently underwent 
additional lower leg amputation after one and three months, apart from a patent  endograft.

3.6 Cross-sectional X-ray analysis of endograft integrity
A total  of 42 patients were subjected to additional two-plane X-ray analysis of the upper  
leg. Mean duration after implantation was 17.5±13.5 months (range 1-54 months).  We 
did not find any indication for strut breakage in any  patient.  One patient  with  a 
combined endograft  showed insufficient overlap between the two devices, and Duplex-
US examination showed progressive stenosis  at the site of connection. This patient  was 
treated  with an additional 50-mm-length endograft with  sufficient overlap over  both  
original devices.

4. Discussion

This study  undoubtedly demonstrates the potential of ePTFE-covered endografts in 
the treatment  of atherosclerotic lesions in the SFA. For many years it has been known that 
PTA of SFA stenoses or occlusions has  good initial success yet  limited durability. 
This could hardly  be improved by the use of nitinol or titanium  stents  because of 
the high  incidence of instent  restenosis.4,19-21 The covering of a nitinol skeleton with 
ePTFE endo-lining (Viabahn®/Hemobahn®, by W.L. Gore and  Associates) was  based on 
biocompatibility studies of ePTFE bypass grafts,  which are known  to show  minimal  
or no intimal  hyperplasia on the inner graft wall  surface.22-24 Moreover,  experimental  
animal  studies  showed pore-sizedependent cell migration  through the wall material, 
with only smooth muscle cell  endothelisation of ultra-thin ePTFE-covered  endografts 
with  interfiber  distances of <30 µm  microstructure.6, 25 Hemobahn®  and Viabahn® 

grafts,  with  pores of such  a microstructure and  a wall thickness of 100 µm, are  aimed 
at having sufficient effective pore size to allow cell migration through the graft wall, in 
order  to induce a non-throm- bogenic neo-intima of endothelium and smooth muscle cells.6
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 As shown in the design of this study, patient  selection for SFA endograft  treatment  
was based  on type of the lesion,  i.e., localised stenosis  or occlusion, with appropriate 
vessel  diameters above  and  below the lesion. To describe the treated patient cohort, we 
used the originally published TASC I classification, in order to relate  the lesions  to the 
clinical  classification of limb  ischemia according to Rutherford-Becker.16, 26 We found 
that the majority of patients  with invalidating claudication had moderate lesions  (TASC 
B and C, stenosis or occlusion up to 10 cm-long). Only five patients with  TASC A or B 
lesions suffered from rest pain  or tissue  loss,  and  only  two  moderate claudicants had 
multiple stenosis  or longer  occlusions (TASC C/D). This  finding is in agreement with  the  
general viewpoint that shorter SFA lesions are associated with a lower  Rutherford category.
 Patients were treated on the operating room under spinal anesthesia, in order  to 
relieve pain  during vessel dilation and to allow  surgical exposure of the common  femoral 
artery when antegrade puncture was not possible. Most studies  report endograft  
placement by puncture alone,7, 11, 12, 15, 27 but eight or nine French introducer sheaths in the 
common femoral artery give a considerable chance  of groin hematoma. Even with the  use  
of closure devices, groin  hematomas are reported  up to 10%.12, 15, 28, 29 In order to 
improve accessibility and  to reduce groin  hematomas, some authors advise  retrograde 
puncture of the contralateral femoral artery, with  an over-the-bifurcation approach.11, 15 

However, contralateral puncture with long  crossover sheaths diminish guidewire steerability 
and pushability, with less accuracy of graft placement.  In our setting we  have had  only  
two  technical failures, because we could not pass the lesion with the guidewire. Also, we  
faced only  one  mild  groin hematoma and no pseudoaneurysms. Because of the sterile 
conditions and regional anaesthesia in the operating room, we could always convert from 
a US-guided  antegrade puncture to a surgical open puncture procedure. Additionally, 
puncture of the  common femoral artery could be extended with  a local endarteriectomy 
when necessary (15 out of 96 patients). It is conceivable that this additional surgical 
procedure has  had  a favourable influence on  clinical outcome and  patency.
 In all  patients we  had  good clinical success. As shown in Figure 1, ABI increased 
almost to normal and remained stable  for three  years. This could  only  be achieved with 
careful  follow-up and additional PTAs in the femoropopliteal traject.  Most PTAs were  
performed outside  the graft, but some inside endografts, in patients with  heavily calcified 
SFAs in which a calcified plaque protruded into  the  wall of the  endograft.  These  
stenoses were  localised, not extended over  the  full length of the  graft.  This is also  
seen by others.15 We conclude that most  recurrent stenoses occur outside  the endograft, 
as progression of atherosclerotic  disease.
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 Regarding overall patency rates, a primary patency of almost 70%,  and  a 
secondary patency of almost 80% at three  years  is excellent and  comparable to other 
recent studies  with similar endografts.14, 15 As compared to review reports on femoropopliteal 
bypasses, also comparable patency rates were  found.30, 31 By contrast,  much  lower  
patencies were  reported  with studies on bare stents in the femoropopliteal segment.2, 4, 

5, 21 However, when comparing patency rates of different treatment  modalities of SFA lesions  
it must be taken into account that failure mechanisms may  be quite different:  intimal 
hyperplasia at the anastomotic site of bypasses, instentrestenosis of bare  stents, and 
acute  thrombosis  of endovascular grafts.
 Technical studies on the mechanical properties of ePTFE-covered endografts 
show the importance of pliability, tortuosity, strength and  radial force.1, 3, 5 In terms  of 
the inner  surface  of the graft,  the permeability of the ePTFE may  have consequences 
for cell migration  and intimal hyperplasia, while  biocompatibility determines surface 
thrombogenicity. To study the first point of mechanical property, we performed a cross-
sectional analysis of endograft X-ray  images. No graft displacement or strut breakage 
was  seen  in more  than  40 patients with  an average implantation time of almost 18 
months. This is in contrast with reported  studies  on bare  nitinol  stents,3, 5 in  which strut 
breakage is found  to be a limitation. It can  be speculated that  the  ePTFE endo-lining 
inside endografts,  in combination with  vessel  wall  support  on the outside  surface,  
reduces mechanical forces on the nitinol  exoskeleton and  prevents  metal  fatigue  and 
strut breakage.
 To investigate blood biocompatibility of the ePTFE endograft, we  measured 
internal graft  diameters on each follow-up visit.  It was  assumed that  gradual shrinkage 
of the luminal diameter could be attributed to either activated blood-clotting products or 
intimal hyperplasia of migrating vessel wall cells. We did not see  any  significant decrease 
in luminal graft diameter. Even after three  years of implantation, the inner  graft diameter 
was  comparable to the first diameter at six weeks. We conclude that neither graft 
thrombogenicity nor  intimal hyperplasia were important factors  for graft occlusion.
 Another  argument in favor of the above-mentioned hypothesis is found by analysis 
of follow-up data prior to occlusion. When calculating luminal diameters before occlusion, 
no decrease in graft  diameter was seen.  Thus, graft occlusion is the result of acute 
thrombosis, determined by intrinsic blood coagulation properties  (e.g.,  platelet activation), 
blood  flow  velocity and graft thrombogenicity (Virchows  triad). We observed eight 
early graft  occlusions within three months after implantation; three of these patients  
had graft thrombosis immediately after discontinuation of their anti-platelet therapy. One 
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of the remaining five patients  (who  did not discontinue anti-platelet therapy) with early 
graft thrombosis was successfully thrombolysed but  occluded his  endograft again 
shortly thereafter. Subsequent femoropopliteal bypasses all failed in this  patient. It can  
be  assumed that,  in this patient,  intrinsic blood coagulation propensity was individually 
determined. Most patients  presented acute graft  thrombosis due  to impaired blood flow  
velocity inside the  endograft. It is likely that this impaired blood flow was caused by 
new  and recurrent  stenosis above  and below the endograft, or impairment of outflow 
resulting from progression of atherosclerotic disease.
 As shown by the additional performed PTAs, four out of 20 dilations  were  
performed for stenosis  at the proximal or distal  end  of the endograft. The occurrence of 
this so-called “edge stenosis” is also described by others.9, 11, 12 We found edge  stenoses both 
early and late after graft implantation. On the one hand,  edge stenosis might  be caused 
by intimal hyperplasia, due to disturbance of the laminar blood flow  which might be due  to 
incorrect  sizing  of graft diameter and vessel diameter. On the other hand, edge  stenosis  
might be caused by local platelet activation and thrombosis, due to vessel  wall damage 
and plaque rupture  of balloon  angioplasty outside the  graft.  Both  biological processes 
can be interpreted as a result  of technical failure, which stresses the importance of 
meticulous planning and execution of the procedure.32

5. Conclusions

In conclusion, our study  clearly demonstrates the clinical applicability of ePTFE 
endografts in selected patients  with  occlusive disease of the  superficial femoral 
artery. Endografts can  be  easily deployed without major complications, after guidewire 
recanalisation and  balloon angioplasty. Grafts can be inserted by either closed antegrade 
puncture or open common femoral artery exposure, which  has some surgical  advantages 
(local endarteriectomy). Primary and secondary graft patencies are found to be almost 70% 
and  80% at three  years with  stable luminal graft diameters  over  that period. Graft failure 
was  found to be the result of acute graft thrombosis  due to progression of atherosclerotic 
disease above and  below the endograft.
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Abstract

An above-knee femoropopliteal bypass graft constructed of great  saphenous vein became  
dilated  in 2 patients 12 and 25 years after surgery. Both patients  had several concomitant 
disorders. The dilations were treated by insertion   of  an  expanded  polytetrafluoroethylene- 
covered nitinol endoprosthesis. There were no major procedural complications. One minor  
endoleak  that developed  immediately  after  endograft  placement resolved  within  6  
weeks.  The  leg swelling  subsided, and   the   endoprostheses  have  remained   patent   for
18  and  24  months,   respectively.  To  our  knowledge, these  were the  first cases  in which  
an endoprosthesis  was used  to  treat  dilation  of a venous  bypass graft.
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1. Introduction

Dilation  of a venous  bypass  graft  can  occur  many years after the bypass procedure,
1 

when the patient will probably have more comorbidity. The lesion may develop rapidly, 
within weeks or months,  necessitating intervention. The traditional treatment has been 
another  bypass using a second venous graft or a prosthesis,

2  but  this  requires  open  
surgery  in a patient who is likely to be a poor surgical candidate. We describe  2 cases in 
which an aneurysmal  dilation  in an above-knee  (AK) femoropopliteal (FP) venous bypass 
graft was treated  with placement of an expanded  polytetrafluoroethylene  (ePTFE)-
covered nitinol endoprosthesis (Gore Viabahn ® Endoprosthesis,  WL Gore  & Associates,  
Flagstaff,  Ariz) as an alternative  to surgery.

2. Reports

The first patient was a 67-year-old man with a history of cardiac  ischemia,  hypertension, 
diabetes,  transient  ischemic  attacks,   aortic  valve stenosis,   mitral valve insufficiency,  
and  a cerebral  vascular  attack. He  had  undergone several  operations, including  a 
left-leg AK FP bypass using the right great saphenous vein 25 years earlier. On admission, 
the patient had a pulsating  mass  (10  X 3 cm)  15 cm  above the  left knee that  had 
been growing for several months,  but there  was no claudication or tenderness in his 
leg. Duplex   ultrasonography  showed   a  3  to  3.5-cm dilation  of a 15-cm  segment  of 
the  venous  bypass graft. Magnetic  resonance angiography (MRA) revealed a dilation in 
the distal segment of the bypass graft, with good run-off (Figure.  1).
 The second patient  was a 72-year-old man with a history of cardiac  ischemia,  
hypertension, transient ischemic attacks, diabetes, and chronic lymphatic leukemia.  
Twelve years earlier,  he had undergone a right-leg AK FP bypass using the right great 
saphenous  vein. The  patient  had  a nontender, pulsating mass  (3-cm  diameter) 10 cm  
above the  right  knee that had been increasing in size for several weeks. Ultrasonography  
revealed  a  3.2-cm-diameter  dilation of a 4.4-cm segment  of the venous bypass graft. 
Magnetic  resonance angiography showed dilation of the graft, with good distal run-off.
 In both patients, an 8-mm Viabahn endoprosthesis  was  inserted   endoluminally  
into  the   dilated venous graft through  a small groin incision by using an  8F  sheath; a 
standard 8-mm  balloon  was employed  for the  final  ‘‘touch-up.’’ There  were  no major 
complications. The first patient  had  a minor endoleak  immediately  after  placement of 
the  prosthesis (Figure 2), but it occurred  on the cranial  side of the endograft and did not 
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pressurize the dilated segment  of the venous graft. The endoleak  resolved 6 weeks later. 
At 6 and 12 months,  respectively, after the procedure, the patients  had no endoleaks,  
other complications, or claudication; the leg swelling had subsided; and the endografts  
were patent  on ultrasonography thereafter.

3. Discussion

Dilations  in venous bypass grafts may rupture, causing acute  ischemia  and hemorrhage 
that  require  an urgent  surgical procedure to remove the bypass and replace it with a 
venous or prosthetic graft.

3 Surgical repair  may be challenging,  however, because  of the 
presence  of extensive  scar  tissue  and  because patients  with  venous  bypass  dilations  
are  often  at high risk of infection  and other complications. These may be cardiovascular  
or pulmonary  disease,  previous surgery, diabetes,  or a combination of these conditions. A 
minimally invasive procedure is an attractive alternative  to open surgery in such patients 

Figure 2.  Arteriogram showing deployment  of a 
Viabahn endoprosthesis (under  roadmap  guidance)  
to treat  the  venous graft dilation shown in Figure 1. A 
minor endoleak developed at deployment  but resolved 
within  6 weeks.

Figure 1.    Magnetic  resonance angiogram  showing 
dilation  in a distal  segment  of an  above-knee  
femoropopliteal saphenous vein graft in the left leg of a 
67-year-old  man
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because  it avoids a large dissection,  thereby decreasing the risk of infection  and other 
complications and minimizing recovery time. Moreover, in patients without  available 
saphenous vein, such  as our first patient,  placement of an endoprosthesis avoids use 
of a large amount  of prosthetic vascular graft material, which is associated  with an 
increased risk of infection.
 Although  venous  bypass remains  the  goldstandard treatment for severe 
occlusive peripheral arterial  disease,  synthetic  endografts  are often  used for AK FP  
bypasses,  especially  in patients  without available vein. An earlier model of the Viabahn 
endoprosthesis was used as an alternative  to bypass surgery  to  treat  SFA disease  in  
80  patients;   the 1-year primary  patency  rate  was 79%.

4  In a randomized study in 86 
patients, Kedora et al5 found that 1-year patency  results  for the  Viabahn  endograft  in 
AK FP  revascularization were comparable to those for AK FP bypasses using synthetic  
material.
 To our  knowledge,  our  cases  were  the  first  in which an endoprosthesis was 
used to treat a dilation in a venous bypass graft. Our experience  shows that such   
treatment  is  feasible   and  can  be  safe  and effective. This endovascular procedure 
may be especially  valuable  in  patients   who  are  poor  surgical candidates. Additional  
research   is  needed   on  the long-term patency of endografts used to treat venous graft 
dilations.
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Abstract

Objective: Obliteration of collaterals during (endo)vascular treatment of peripheral arterial 
occlusive disease is considered detrimental. We use a model to calculate maximum collateral 
bed flow of the superficial femoral artery in order to provide insight in their hemodynamic 
relevance.

Method: A computational model was developed using digital subtraction angiographies 
in combination with Poiseuille’s equation and Ohm’s law. Lesions were divided into short 
and long (<15 cm and ≥15 cm, respectively) and into stenosis and occlusions. Data are 
presented in relation to the calculated maximum healthy superficial femoral artery flow. 

Results: Stenotic lesions are longer than occlusive lesions (P < 0.05) and occlusions had 
more and larger collaterals (P<0.05). In all four study groups the collateral flow significantly 
increased the total flow (P<0.05). The maximum collateral system flow in the stenosis and 
occlusion groups was 5.1% and 20.8% of healthy superficial femoral artery flow, respectively 
(P < 0.05), and there were no significant differences between short and long lesions (11.2% 
and 6.7% of healthy superficial femoral artery flow, respectively).

Conclusion: The maximum collateral system flow of the superficial femoral artery is only 
a fraction, with a maximum of one fifth, of healthy superficial femoral artery flow. Effects 
of collateral vessel occlusion during (endo)vascular treatment may therefore be without 
detrimental consequences.
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1. Introduction

It is commonly assumed that collateral arteries play a pivotal role in decreasing the clinical 
severity of peripheral arterial occlusive disease (PAOD). Collateral vessels tend to enlarge 
and increase in number with exercise training, thus forming a natural bypass system. 
Larger and more numerous collaterals have been associated with lower ankle-brachial 
indices compared to a healthy situation, greater plaque area in the superficial femoral artery 
(SFA) and a lower prevalence of asymptomatic PAOD, emphasizing the critical role of the 
collateral system.

1 Moreover, more numerous collaterals are associated with better walking 
performance in patients with PAOD.

2

 When the collateral system fails, an (endo)vascular reconstruction may be indicated. 
For extensive lesions of the SFA, the venous femoropopliteal bypass is the golden standard,

3 

although endovascular alternatives
rapidly gain popularity. One of the endovascular options is to implant an endoluminal 
bypass using self-expandable covered stents. Clinical results of these endografts are within 
acceptable range, even for the more complex lesions.

4 The recent randomized Viastar trial 
has shown their superiority in long lesions over bare stents

5 and heparin-bonded endografts 
have repeatedly been related with a patency rate within limits of the femoropopliteal 
bypass.

5–7

 A hypothetical drawback of covered stents is the coverage of collaterals that might 
negatively affect outcome in case of an occlusion. This hypothesis withholds many 
interventionalists from implanting covered stents in the SFA. Nevertheless, we have recently 
shown that a failure of endografts is not associated with deterioration in clinical state and 
is related to a very low amputation rate.

8 To further establish the significance of collateral 
pathways, however, it is imperative to establish the amount of blood that is able to flow. 
Herein, the effect of collateral damage may increase with lower ankle pressures. The aim 
of this study was to calculate maximum SFA collateral system blood flow in PAOD using a 
computational model based on real life cases derived from digital subtraction angiographies 
(DSAs).

2. Material and methods

A computational flow model was developed and parameters were set using DSA values. 
Lower extremity DSAs of patients with PAOD made between 1 January 2013 and 1 October 
2013 at the Rijnstate Hospital, Arnhem, The Netherlands, were included and analyzed. The 
retrospective design of the study on anonymized data rendered central ethical reviewing 
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and informed consent unnecessary and subsequently local approval was provided. DSAs 
were included when showing the SFA and popliteal artery (PA) down to P2 level. When the 
occlusive lesion merged into the PA or any separate lesion was found in the PA, the images 
had to visualize the arteries down to the proximal anterior tibial artery. DSAs were excluded 
when lesions merged into the common femoral artery, the deep femoral artery or when 
a stent was previously inserted in the SFA or PA. DSAs were also excluded when images 
were of poor quality due to low contrast concentration. Two evaluators (E.V. and D.R.) 
independently scored the included images and results were averaged.

2.1. DSA scoring system
Scoring included the number of collaterals, diameters of SFA and collaterals and the level of 
stenosis and SFA lesion length.
 Lesion length was measured and total lesion length was calculated by summing 
individual lesion lengths. It was noted whether there was a stenotic lesion, an occlusion or 
both. In case of a discrepancy between observers about the lesion type and length, a third 
evaluator (MMPJR) classified the lesion and the non-corresponding scoring was overruled. 
When both a stenotic and occlusive lesion was found in one DSA, total lesion length and 
occlusion length were scored.
 Both proximal and distal of the lesion, the healthy SFA diameter was measured 
to assess the normal diameter. The diameter of the narrowest part was measured and 
stenosis percentage thereof was calculated. The number of collaterals was counted from 
the proximal end of the lesion to the knee joint. Mean number of collaterals was rounded 
to integers. When SFA lesions continued to the PA or when a separate lesion in the PA was 
seen, the number of collaterals was counted down to the orifice of the anterior tibial artery. 
The number of collaterals in this segment was determined by analyzing SFA blood flow 
through these prospective collaterals. All collaterals supplying blood at the level or distally 
of the lesion were counted. Scoring collaterals twice was avoided by analyzing the individual 
course of all collaterals. When two branches of one collateral ended in the SFA at different 
locations, these were counted as two separate collaterals. Then the largest diameter of 
each counted collateral was measured. When there were several branches arising from one 
larger collateral, but the branches were counted as separate collaterals, the largest diameter 
of these branches itself was measured and scored as one collateral.
 Lesions were categorized in lesion length and lesion type groups. Patients with 
both stenotic and occlusive lesions were categorized into the occlusion group. In these 
patients, the measured occlusive section length was scored only. This was done to avoid 
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overestimation of the occlusive lesion length. According to the TASC-2 classification, lesions 
were divided into short (<15 cm, TASC A and B) and longer lesions (>15 cm, TASC-2 C and 
D). In patients with both stenotic and occlusive lesions, the original total lesion length was 
chosen as total lesion length. All patients’ variables were averaged to determine the final 
model.

2.2. Computational flow model
In order to calculate volumes flowing through the SFA and its collaterals, the laws of Ohm 
and Poiseuille were used to form a mathematical model. The flow was analyzed in supine 
position and total SFA length was set at 35 cm and diameter at 0.6 cm.

9

 Poiseuille’s law was the basis for this SFA flow model Q = πr4∆P/h8L, wherein Q is 
flow in mL/s, r is the radius of a cylindrical rigid tube in cm and ∆P the pressure difference 
in Pascal; h is the viscosity of the fluid in Pascal-second and L the length of the cylinder 
in cm. This equation indicates that liquid flow is proportional to the fourth power of the 
radius. Ohm’s law states that R =V/I and was added to this model. Our model, as shown in 
Figure 1, can be interpreted as an electrical circuit with three resistors in series. In order to 
calculate Poiseuille’s equation, ∆P must be constant and I in Ohm’s law is Q in Poiseuille’s 
law. Therefore, a constant voltage difference was applied in the circuit. When combining 

Figure	  1	  

	  Figure 1. Translation of the SFA and its collaterals with the laws of Ohm and Poiseuille; (a) stenotic SFA; (b) stenotic 
SFA with two collaterals; (c) translation of the stenotic SFA into an electrical circuit; (d) translation of the stenotic 
SFA with collaterals into an electrical circuit.
SFA 1⁄4superficial femoral artery.
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Ohm’s and Poiseuille’s equation, the resistance of each tube or collateral is R=h8l/πr
44

. 
Using this equation, the resistance of each resistor in the SFA model could be calculated. To 
determine SFA flow the total resistance was calculated by the equation of Rtot=R1+R2+R3. 
Subsequently, the total resistance of all resistors was calculated to determine the total 
SFA and collateral resistance. Then the total resistance can be determined by 1/Rtot =1/
R1 +1/ R2 + 1/R3. To differentiate between SFA and collateral flow, the ratio of the total 
collateral resistance and the SFA stenotic resistance plus the total collateral resistance was 
determined. The inverse of this ratio equals the ratio of collateral blood flow (Figure 2).

2.3. Parameters
In order to focus on the maximal collateral flow capacity, some variables had to be set to 
a constant value (Table 1). In order to calculate ∆P (∆P= Pin -∆Pout), the arterial pressure 
at the origin of the SFA (Pin) and at the end of the SFA (Pout) had to be determined. In 
a supine position no hydrostatic pressure component is added and in this situation, the 
arterial pressure varies from 95 mmHg at the heart to 90 mmHg at the end of the major 
arteries at the ankle level.

10 Therefore, arterial pressures of 94 mmHg at Pin and 91 mmHg 
at Pout were chosen.
A distance between the SFA and the collaterals of 0.5 cm was chosen. By doing so, the 
collateral vessel is close and parallel to the SFA and as such the collateral resistance is 
minimal. This was chosen to exclude the possibility of an underestimation of collateral flow, 

Figure	  2	  

	  

Figure 2. Schematic 
presentation of the 
parameters of the flow 
model. The parameters 
are further explained in 
Table 1.

Table 1. Parameters used in the computational 
flow model. SFA1⁄4superficial femoral artery. 

Definition Value

Pin Blood pressure at 94 mmHg10 

SFA origo

Pout Blood pressure at 91 mmHg10

SFA end

∆P Blood pressure difference 3 mmHg

η Blood viscosity 0.032 P 10 

Ltot Total SFA length 35 cm

rh Healthy SFA radius 3 mm 9

dc Collateral to SFA distance 0.5 cm

Lcoll Collateral length

Locc Lesion length

rocc Stenotic SFA radius

Ncoll Amount of collaterals

rc Collateral radius
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as minimal resistance will maximize calculated flow. The collateral length is defined as half 
the circumference of a circle with radius of dc +2 x rc plus Locc -2 x dc.
 The patient-specific parameters that varied according to the DSA scoring results 
were the healthy SFA radius rh, the lesion length, the radius of the stenotic SFA lesion (rocc), 
the amount of collaterals and the radius of the collaterals.

2.4. Flow calculation

Both SFA and collateral flow were calculated for each patient, using patient-specific 
parameters in this flow model. Each parameter that was used in this model was the mean 
score of the two evaluators. In patients with both stenotic and occlusive lesions, the length 
of the occlusion was defined as lesion length in these calculations (assuming the collaterals 
originate proximal from the occlusion). To assess the impact of collateral vessel loss on SFA 
and collateral flow, the healthy SFA flow, pathologic SFA flow with collaterals and collateral 
flow in the different groups were calculated.

2.5. Statistical analyses
Lesion characteristics were presented as mean ±SD. We performed tests of normality using 
the Shapiro– Wilk test and visual inspection of the normality plots; mean degree of stenosis 
and occlusion length were not normally distributed which can be explained by differences 
between occluded and stenotic segments by nature. Testing those groups separately 
showed that both variables followed the normal distribution.
 Mann–Whitney U test was used to compare lesion characteristics and flow 
parameters between lesion types (stenosis vs. occlusion) and lesion length groups (<15 cm 
vs. >1⁄415 cm). Additionally, we compared flow calculated healthy SFA flow with collateral 
and total flow in the pathologic SFA in all four subgroups (stenotic, occluded, long and short 
lesions). Furthermore, the calculated pathologic SFA flow, with and without collateral flow 
was compared (both again using the Mann–Whitney U test). Analyses were performed 
using SPSS version 22. Statistical significance was defined as a two-sided P-value <0.05.

3. Results

Thirty-seven DSAs met the inclusion criteria and were used for the study. Lesion parameters 
and flow values (mL/s) of the lesion type (stenosis vs. occlusion) and lesion length (<15 
cm vs. ≥15 cm) groups are depicted in Tables 2 and 3, respectively. Stenotic lesions, with 
a mean stenosis grade of 76%, were significantly longer than occlusive lesions (P < 0.01). 
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Occlusive lesions had significantly more collaterals and larger collateral diameters than 
stenotic lesions (P < 0.05). Comparing healthy SFA diameter between groups with stenotic 
and occlusive lesions, no significant differences were found. There were also no significant 
differences between lesions <15 cm and ≥15 cm in stenosis grade, number of collaterals, 
collateral diameter or healthy SFA diameter.

3.1. Flow calculations
In Figures 3 and 4, the flow calculations, divided per study group, are visualized as a 
percentage of the calculated healthy SFA flow, using the same parameters. In all four study 
groups, the collateral flow alone, and also the sum of pathologic SFA and collateral flow, was 
significantly lower than the calculated healthy SFA flow (P < 0.01). Furthermore, collateral 
flow significantly increased the total flow (sum of pathologic SFA and collateral flow) in all 
four study groups (P < 0.01).
 The calculated pathologic SFA flow in the stenosis group was only 3.3% of healthy 
SFA flow and obviously in the occlusion group there was no flow. The maximum collateral 
system flow was 5.1% of healthy SFA flow in the stenosis group and 20.8% in the occlusion 
group. The difference in collateral flow between the stenosis and occlusion group was 
significant (P < 0.01).
 The calculated pathologic SFA flow was 2.2% of healthy SFA flow in lesions <15 cm 
and 0.8% in lesions <15 cm (P = 0.42). The maximum collateral flow in lesions <15 cm and 
15 cm was 11.2% and 6.7% of healthy SFA flow, respectively (P = 0.51).
According to these calculations, the mean total flow reaching the distal SFA was 8.4% of 
healthy SFA flow in the stenosis group and 20.8% of healthy SFA flow in the occlusion group 
(P = 0.08). In lesions <15 cm the mean total flow reaching the distal SFA was 13.4% and in 
lesions ≥15cm 7.5% of healthy SFA flow (P = 0.29).

4. Discussion

In the present study, we have shown that maximum collateral SFA system flow is only a 
small portion of healthy SFA flow. Although collateral flow significantly increased total flow 
in all groups, the total flow was still only between 8 and 21% of healthy SFA flow, depending 
on lesion type and length. Although a computational model will not completely correlate 
with a real life situation, this may provide tools for the clinician in decision-making.
 A mathematical model was used to calculate maximum collateral system flow and 
to do so all parameters were set to optimize this flow. We assumed that collaterals had one 
diameter over its entire length namely the largest measured diameter. Obviously, this is not 
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the case in vivo, as many tend to decrease in diameter distally and often have a smaller 
diameter at the orifice. were set to optimize this flow. We assumed that collaterals had one 
diameter over its entire length namely the largest measured diameter. Obviously, this is not 
the case in vivo, as many tend to decrease in diameter distally and often have a smaller 
diameter at the orifice.

Table 2. Parameters and flow results of lesion type groups; stenosis and occlusions, 
respectively. Pathologic blood flow is the calculated flow through a stenotic or occlusive 
superficial femoral artery without collateral flow. Total blood flow through the pathologic 
superficial femoral artery and collaterals together. 

Stenosis (N=21) Occlusion (N=9)
P-valueMean SD Mean SD

Parameters
Healthy SFA diameter (mm) 5.8 0.7 5.7 1.0 0.894
Lesion length (mm) 119.8 49.5 71.7 18.3 0.003
Stenosis grade (%) 76.2 11.1 100.0 0.0 0.000
Number of collaterals 3.1 1.7 4.4 0.9 0.012
Mean collateral diameter (mm) 1.3 0.5 1.8 0.5 0.040

Blood flow calculations (ml/s (%))
Healthy SFA (mL/s) 1.066 0.469 1.037 0.616 0.894
(%) 100.0 100.0
Pathologic SFA  (mL/s) 0.035 0.043 0.000 0.000 0.000
(%) 3.3 0.0
Collateral circulation (mL/s) 0.054 0.066 0.215 0.206 0.004
 (%) 5.1 20.8
Total blood flow (mL/s) 0.090 0.095 0.215 0.206 0.086
(%) 8.4 20.8

Table 3. Parameters and flow results of the lesion length groups; <15 cm calculated flow 
through a stenotic or occlusive superficial femoral artery without collateral flow. Total blood 
flow through the pathologic superficial femoral artery and collaterals together. 

<15 cm (N=27) ≥15 cm (N=10)
P-valueMean SD Mean SD

Parameters
Healthy SFA diameter (mm) 5.8 0.8 6.1 0.9 0.533
Lesion length (mm) 89.0 31.1 185.6 29.6 0.000
Stenosis grade (%) 86.6 14.4 84.3 14.7 0.853
Number of collaterals 3.8 1.8 4.3 2.0 0.389
Mean collateral diameter (mm) 1.6 0.5 1.4 0.6 0.335

Blood flow calculations (ml/s (%))
Healthy SFA  (mL/s) 1.100 0.529 1.300 0.692 0.533
(%) 100.0 100.0
Pathologic SFA  (mL/s) 0.024 0.040 0.010 0.019 0.428
(%) 2.2 0.8
Collateral circulation  (mL/s) 0.123 0.147 0.087 0.100 0.511
(%) 11.2 6.7
Total blood flow (mL/s) 0.147 0.148 0.097 0.097 0.286
(%) 13.4 7.5
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 It was also assumed that collaterals were straight and parallel to the SFA, which is 
beneficial for the calculated flow. These assumptions make it likely that the collateral flow 
in vivo is lower than we calculated in our model. On the other hand, we only included those 
collaterals tha were visualized on the DSA and therefore smaller collaterals may have been 
missed. Also, angiographies were two-dimensional pictures. Although collaterals do not 
normally run in the same plane as the SFA over their entire length, some may be missed.
 In this study, lesions were categorized in four study groups with longer or shorter 
lesions and stenosis or occlusion. These subgroups were formed as we hypothesized that 
lesion severity and length could affect the collateral flow potential as was confirmed by 
the analysis for the lesion severity, as collateral flow was significantly higher in occlusions. 
This may well be related to both more and bigger collaterals, as is shown in the anatomical 
data of both groups. Surprisingly, lesion length did not significantly affect collateral flow 
potential.
 Despite the fact that collateral flow is considered to be pivotal for lower limb perfusion 
in patients with PAOD, we could not retrieve any validated method in literature to determine 
this lower limb collateral flow. In cardiac collateral circulation, flow can be measured using 
the pressure derived collateral flow index.

11 This, however, is an invasive method, that 
cannot be performed in an outpatient setting and would require an invasive study. Moreover, 

Figure 3. Flow results of the stenosis group and the occlusion group in relation to the calculated healthy SFA flow 
(set as 100%). Flow is divided in SFA flow (closed bars) and collateral flow (open bars). *1⁄4P < 0.01 stenotic SFA 
flow versus sum of stenotic SFA and collateral flow. **P < 0.011⁄4healthy SFA flow versus sum of stenotic SFA and 
collateral flow. SFA1⁄4superficial femoral artery.
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this method cannot differentiate between flow in individual collateral vessels. Traupe et 
al.

12 have described another method applicable to coronary vessels and translated it into 
the assessment of SFA pressure and flow and of its collaterals in a resting position and 
after exercise during 5min of SFA occlusion. This method, however, only gave an indication 
whether SFA flow limitation would cause clinical symptoms in individuals. Moreover, 
it merely gives an indication of the status of collateralization of the deep femoral artery 
instead of the SFA itself. The development of a reproducible method to measure lower limb 
collateral flow is crucial to further elucidate the function of this system and to confirm the 
data obtained by this study.
 Results from the present study may have important clinical consequences. First, it 
supports the theory that the effect of walking exercise cannot be attributed to an increased 
collateral flow alone. Other factors are likely to be involved, including an increased physical 
condition and a decreased muscle oxygen demand. This could also explain why patients with 
comparable lesion severity and length may have different clinical states. This hypothesis is 
supported by the study of Parmenter et al.

13 who assessed the effect of alternative exercise 
training methods, including upper body exercise. They found that other modes of exercise 
training than walking appear equally beneficial for the treatment of intermittent claudication. 

Figure 4. Flow results of the lesion length <15 cm group and the lesion length ≥15 cm group in relation to the 
calculated healthy SFA flow (set as 100%). Flow is divided in SFA flow (closed bars) and collateral flow (open bars). 
*=P < 0.01 stenotic SFA flow versus sum of stenotic SFA and collateral flow. **P < 0.011⁄4healthy SFA flow versus 
sum of stenotic SFA and collateral flow. SFA=superficial femoral artery.
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Second, our results may explain our previous observation that the coverage of collaterals by 
covered stents in the SFA is not related to clinical deterioration in case of occlusion.

8 This 
gives support to the hypothesis that small numbers of collaterals of the SFA may be safely 
overstented. This may be explained by the observation of Sumner and Strandness

14 
who 

described that flow seems to take the course of least resistance and the collateral system 
is an intricate system of small arteries with relatively high resistance. The consequences 
of the present observations, however, must be considered with care as a large portion of 
the collateral circulation to below the knee is possibly derived from the deep femoral artery. 
Consequences of the present study may therefore also not be extrapolated to the PA.
 The present study has limitations. Above all, it is a theoretical mathematical model, 
although based on clinical data. Another important limitation is the possible difference 
between the calculated and actual blood flow due to the fact that Poiseuille’s law is based 
on a rigid tube and a steady flow, while human vessels are not rigid tubes and there is 
pulsatile flow. A direct flow measurement in vivo would be more appropriate but feasibility of 
such a study is very unlikely. Second, we had to set various parameters and evidently clinical 
parameters, such as cardiac output and calcification of outflow vessels, may also affect the 
collateral flow potential. These variables have not been taken into account in the present 
study. Therefore, our results should be considered with caution and additional studies are 
indicated to confirm our conclusions.
 In conclusion, the maximal flow through the collateral system of the SFA is only a 
fraction of healthy SFA flow, regardless of the observation that the collaterals significantly 
increased total flow in all subgroups. Consequences of an occlusion of a collateral vessel 
during (endo)vascular treatment of POAD is therefore probably without consequence and 
our observations support the theory that the effects of walking exercise cannot be attributed 
to an increase of collateral system flow only.
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Abstract

Objectives: The role of collateral artery circulation in the lower limb is under debate but 
clinically relevant, particularly when using covered stents for occlusive disease. Covered 
stents seem to outperform nitinol stents in extensive disease, but collaterals could be 
essential in case of acute thrombosis. In the present study we describe the collateral 
pathways of the deep and superficial femoral artery (DFA, SFA) and the popliteal artery (PA), 
observed in human cadavers.

Design: Ten fresh frozen cadaver legs were selected. The SFA and DFA were separately 
cannulated and injected with a different colored latex mixture simultaneously. After curing 
of the latex, the circulation was dissected thus visualizing the main arteries and their 
collateral vessels. The process was photographed and recorded and collateral pathways 
were analyzed using a standardized vessel segmentation. The upper leg was divided in 
three regions, i.e. the femoral triangle (F), the adductor canal (H) and the popliteal fossa (P) 
that, in turn, were split in three segments (1,2 and 3, from proximal to distal).

Results: Overall, 113 collateral vessels were found; 69 originated from the DFA, 34 from the 
SFA and 10 from the PA. The majority of collaterals originating from the DFA terminated in 
the SFA (57%).
Fifty-six of 113 collaterals (50%) ended in either the distal adductor channel (H3) or the 
proximal popliteal artery (P1). Another 28 collateral arteries (25%) had their origin in this 
segment (H3, P1) and mostly connected to the P2 and P3 segments. Forty-three collaterals 
of the DFA and the H3 segment had a direct or indirect connection to the below the knee 
muscles. 

Conclusion: The majority of collaterals originate from the DFA and the greater part of all 
collaterals has a connection with the H3-P1 segment. This observation may have clinical 
implications in the planning of endovascular procedures.
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1. Introduction
Occlusive disease of the superficial femoral artery (SFA) and popliteal artery (PA) is prevalent 
with an incidence of 5% in men and 2.5% in women over the age of 60 years and may 
cause intermittent claudication (IC) and critical limb ischemia (CLI). Conservative therapy 
of IC consists of (supervised) walking exercise, which is considered to stimulate collateral 
artery development1. The clinical significance of the collateral circulation in patients with 
SFA occlusive disease, however, is under debate. Studies focusing on collateral artery 
development in response to exercise training have showed no improvement in lower leg 
blood flow suggesting that other mechanisms are involved 2,3. For example, a metabolic 
adaptation of mitochondria could be an alternative mechanism of action 4. The anatomical 
origin and pathways of the collateral arteries in the lower extremity are still largely unknown. 
Over the last decades endovascular techniques and devices for the treatment of SFA 
occlusive disease have considerably evolved. The main advantage of endovascular 
treatment is a lower morbidity and earlier recovery, when compared to open surgery. Nitinol 
stents have significantly improved the outcome of endovascular treatment, but results tend 
to be worse in more extensive disease (i.e. longer lesions) 5. Covered stents outperform 
nitinol stents in these longer lesions, as was shown in the Viastar trial 6. A drawback of 
endovascular treatment of SFA occlusive disease, particularly when using covered stents, 
is the potential obliteration of collateral arteries. The concern is that a loss of collateral 
circulation might reduce limb salvage rate in case of an acute occlusion and may negatively 
affect the level of an eventual amputation, although a previous study showed no validation 
for this concern 7. This emphasizes the clinical significance of knowledge of lower extremity 
collateral circulation.  

In the present study we assessed the SFA, DFA and PA collateral artery pathways, 
obtained from human cadavers, in an attempt to increase knowledge on the anatomical 
variations in this system. This could attribute to a more scientific based procedural planning 
of endovascular procedures. 
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2. Methods
2.1. Design
An anatomical cadaver study was performed at the department of Anatomy of the Radboud 
University Medical Center, Nijmegen, The Netherlands. Cadavers were obtained according 
to the Dutch body donation program for research and education 8. Body donation of humans 
aged 60 years and older with a valid handwritten testament were accepted. 

2.2. Cadaver specimens
Ten fresh-frozen intact cadaver legs (from umbilicus to foot) with a patent external iliac 
artery and no signs of trauma, prior vascular surgery and other scars were selected. One leg 
was excluded and replaced because of excessive leakage of the colored latex mixture from 
a defect in the common femoral artery (CFA), probably due to femoral puncture. Cadaver 
characteristics such as age, sex and cause of death were noted.

2.3. Freezing protocol
The fresh-frozen cadaver specimens were frozen within 72 hours after death at -40 °C for at 
least 1 day and stored at -20 °C. Before use, the cadaver specimens were thawed at room 
temperature for at least 24 hours 9.

2.4. Selection of the injection fluid
Colored latex (Emadere bvba, Ledenberg, The Netherlands; Bichemie Coatings, Almere, The 
Netherlands) was selected as injection product, based on a previous study 9. For each leg, 
two mixtures of 150 ml latex were prepared and colored with 15-drops/30 ml blue or green 
pigment, for the SFA and DFA, respectively.
 
2.5. Vascular infusion process
The CFA was identified and dissected distally to the femoral bifurcation. The SFA and DFA 
were isolated 10-15 mm from surrounding tissue. The inguinal ligament was left intact. The 
SFA and DFA were cannulated separately through the common femoral artery (CFA) with 
curved heparin needles (Van Straten Medical B.V., Nieuwegein, The Netherlands) 2-3 cm into 
the vessels and fixed with 2-0 silk sutures to prevent dislocation and leakage. The colored 
latex mixture was simultaneously injected in both the SFA (blue color) and DFA (green color) 
using a system as illustrated in figure 1 10. Infusion lasted for at least 15 min at a constant 
pressure of 19.6 kPa and a maximum of 60 minutes. Infusion was terminated 5 min after 
leakage of the latex from a small incision in the digital artery of the hallux. Vessel clamps 
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Figure 1: Infusion system for colored latex injection of the lower leg. The infusion pressure is obtained from a 
compressed air line and regulated with a reducer (A). The manometer pressure of the reducer (A) equals the 
pressure (P; SI- unit kPa) in a 1000ml glass bottle (B). Glass bottle (C and D) contain the colored latex and line (E 
and F) resemble the cannula in the SFA and DFA, respectively.

prevented colored latex leakage from other vessels. The injected legs were covered with wet 
cloths to prevent dehydration and were left to cure for at least 24 h at 20°C.

2.6. Dissection of the arterial system 
Dissection was performed after complete curing of the colored latex using a uniform 
protocol. Skin and subcutaneous tissues were removed, paying attention to subcutaneous 
perforating vessels. The upper leg was divided in three regions, i.e. the femoral triangle (F), 
the adductor canal (H) and the popliteal fossa (P). 

The femoral triangle was defined as a triangular landmark, bounded superiorly by 
the inguinal ligament, medially by the adductor longus muscle and laterally by the sartorius 
muscle. The apex of the femoral triangle is formed by the intersection of the sartorius and 
the adductor longus muscles. The SFA in the femoral triangle was divided into three equal 
segments (proximal (F1), middle (F2) and distal (F3)) by marking the midline of the inguinal 
ligament and the apex of the femoral triangle 11. 

We defined the adductor canal (i.e. subsartorial canal or Hunters’ canal) as the 
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Figure 2. Six possible collateral pathways. F=femoral triangle, H= adductor channel and P=popliteal artery.

canal extending from the apex of the femoral triangle to the adductor hiatus in the tendon 
of the adductor magnus muscle. The SFA in the adductor canal was divided in three equal 
segments (proximal (H1), middle (H2) and distal (H3)). 

The popliteal fossa was defined as a diamond shaped depression posterior to 
the knee joint, extending from the adductor hiatus in the tendon of the adductor magnus 
muscle to the inferior border of the popliteus muscle where the PA divides into the anterior 
tibial artery (ATA) and posterior tibial artery (PTA). The PA in the popliteal fossa was divided 
in three segments (proximal (P1), middle (P2), distal (P3)). The P1 segment extending from 
the adductor hiatus to the proximal edge of the patella, the P2 segment from the proximal 
edge of the patella to the knee joint space and the P3 segment from the knee joint space to 
the branch of the ATA. 

2.7. Definition of a collateral
A collateral artery was defined as a branch of a main artery that ran parallel to its parent 
trunk and interconnected with the parent trunk itself or another main artery. Seven possible 
collateral pathways were established:1) DFA-DFA, 2) DFA-SFA, 3) DFA-PA, 4) SFA-SFA, 5) 
SFA-PA, 6) PA-PA, and 7) Other pathways (Fig 2). 

2.8. Measurements and data analysis
The dissection process was recorded and photographed (Fig. 3 and 4). The first, second and 
subsequent degree side branches of the DFA, SFA and PA were systematically numbered 
and described. Noted were the segment, origin, terminus, course and level of arteriosclerosis. 
A segment was defined as the branching level from the SFA or PA in the femoral triangle, 
adductor canal or popliteal fossa  (F1-3, H1-3, P1-3). The origin indicated the direction of the 
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Figure 3. Photograph showing a collateral 
originating in the proximal popliteal fossa (P1) 
and ending in the middle popliteal fossa (P2).

Figure 4: Photograph showing a collateral 
originating from the deep femoral artery (DFA) 
and ending in the superficial femoral artery 
(SFA).

branch: medial, dorsal, ventral, lateral, cranial or caudal from the main artery.  The terminus 
was defined as the termination of a collateral artery in a muscle, bone or other end organ. 
The course was described by the anatomical location of a vessel or collateral. The level of 
arteriosclerosis was estimated by the average of 3 transverse cuts of the SFA lumen. These 
cuts were classified in 4 categories according to percentage stenosis, i.e. <25%, 25-50%, 
50-75% or >75%.  

3. Results
3.1. Demographic data
The average cadaver specimen age was 86 years (range 73-94 years) (Table 1). From two 
specimens both legs were used (legs 2/3 and 4/5, respectively). In leg 4 and 5 a high level of 
atherosclerosis was observed. 
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Table 1: Demographic data of the included cadaver specimen. 
Leg Side Sex Age Cause of death Level of arteriosclerosis

1 R M 82 Leukemia <25%
2 R M 73 Sepsis 25-50%
3 L M 73 Sepsis 25-50%
4 R F 88 Pneumonia >75%
5 L F 88 Pneumonia >75%
6 L M 91 Heart failure <25%
7 R F 91 Breast cancer <25%
8 R F 85 Hypothermia <25%
9 R F 94 Neurotrauma <25%
10 R M 91 Heart failure <25%
R= right; L= left; M= male; F= female.

Table 2: Number of collaterals per route per leg. 
Route Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 6 Leg 7 Leg 8 Leg 9 Leg 10 Total

1 DFA-DFA 1 0 0 3 9 0 0 2 0 0 15
2 DFA-SFA 1 9 0 9 6 0 2 5 3 4 39
3 DFA-PA 1 1 2 4 2 0 2 1 0 0 13
4 SFA-SFA 0 3 0 2 3 1 2 0 1 1 13
5 SFA-PA 0 2 1 6 3 1 1 2 1 4 21
6 PA-PA 1 0 2 4 2 0 0 0 1 0 10
7 Other 1 0 0 0 1 0 0 0 0 0 2
TOTAL 5 15 5 28 26 2 7 10 6 9 113
DFA= deep femoral artery; SFA= superficial femoral artery; PA= popliteal artery.

3.2. Collateral circulation
A total of 113 collateral vessels were found of which 69 originated from the DFA, 34 from the 
SFA and the 10 remaining from the PA (Table 2). 

3.3. Collaterals originating from the DFA 
The majority of collaterals originating from the DFA terminated in the SFA (39 of 69, 57%), 13 
in the PA (19%) and 15 in the DFA itself (22%) (Table 3). Of the 39 collaterals terminating in 
the SFA, 37 ended in the adductor canal of which 24 were connected to the distal segment 
(H3). Ten of the 13 collaterals (77%) terminating in the PA ended in the proximal segment 
(P1). One collateral was found to terminate in the inferior gluteal artery and another in the 
superior gluteal artery. In another leg a collateral ran along the sciatic nerve and connected 
to the PA.

3.4. Collaterals originating from the SFA and PA 
A total of 34 collaterals were found originating from the SFA and 10 from the PA (Table 4). 
Of the 34 collaterals originating from the SFA only 5 originated from the femoral triangle 
and the vast majority (22/34) derived from the distal segment of the adductor channel (H3). 
Eight of 29 collaterals originating in the adductor canal (H1-H3) also ended in this segment 
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Table 3:  Collaterals originating from the DFA. 
Route Terminus Collaterals
1. DFA-DFA DFA 15
2. DFA-SFA F1-F3 2

H1-H3 37
 H1 5
 H2 8
 H3 24

3. DFA-PA P1-P3 13
P1 10
P2 3
P3 0

7. Other IGA 1
SGA 1

Total 69
DFA= deep femoral artery; SFA= superficial femoral artery; PA= popliteal artery; IGA= inferior gluteal artery; SGA= superior gluteal 
artery. 

(H3), while the remaining 21 ended in the popliteal artery. Nine of 10 collaterals originating 
from the PA derived from the most proximal segment (P1) and the majority (9/10) ended in 
the two most distal segments (P2-P3).

3.5. Blood supply to the lower leg
The regular blood supply to the muscles of the lower leg started in one leg at the junction of 
the P1 and P2 segment and in 9 cases at the P2 segment of the PA. A total of 47 collaterals, 
originating from the DFA (n=18) and the H3 segment of the SFA (n=14), were found to have 
a connection (direct or indirect) to regular side branches from the P2 segment that supplied 
the below the knee muscles, including the soleus muscle, medial and lateral head of the 
gastrocnemius muscle, the plantaris muscle and the deep dorsal compartment of the lower 
leg. 

4. Discussion
In the present study we show the existence of multiple collateral pathways between the 
DFA, SFA and PA in cadavers. The DFA is the most frequently observed origin of collateral 
arteries, followed by the SFA in a frequency that was about 50% lower. Half of all observed 
collaterals ended in either the distal adductor canal or the proximal popliteal artery (H3 
and P1, respectively). Another 25% of collateral arteries had their origin in this section, 
emphasizing the importance of this anatomical segment. A previous study on collateral 
the collateral circulation, using magnetic resonance angiography, showed that 91% of 
collaterals were located near the adductor canal level with 78% of them  located in the fat 
in or surrounding the posterior muscle 12. The large number of collaterals in the H3 an P1 
area suggests a relation with early development, although this requires further studies. In 
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Table 4. Origin and terminus of the collaterals of the SFA and PA. 
Route Origin Terminus Collaterals Total
4. SFA-SFA F1 H2 1 1

F2 H2 1 1
F3 F3 1 3

H3 2

H1 H3 4 4
4. SFA-SFA H2 H3 1 3
5. SFA-PA P1 1

P2 1

4. SFA-SFA H3 H3 3 22
5. SFA-PA P1 10

P2 6

P3 3

6. PA-PA P1 P1 1 9
P2 5

P3 3

P2 P2 1 1

Total 44 44

DFA= deep femoral artery; SFA= superficial femoral artery; PA= popliteal artery.

the early embryonic phase is the sciatic artery, a branch of the umbilical artery, the principal 
arterial supply of the developing lower limb 13. Later, during the 12 mm stage, it develops into 
the CFA and SFA. The SFA will then descend to knee level terminating at the bifurcation of 
the medial descending geniculate artery and the superior communicating branch. The latter 
joins the sciatic artery just above knee level. At the third month of embryology the sciatic 
artery is normally interrupted, when blood supply to the lower limb is completely provided 
by the SFA. The potential correlation with embryologic development is supported by the 
observation of a collateral running parallel to the sciatic nerve. This could be a remnant of the 
persistent sciatic artery as was previously described by Patel et al. 14. Another explanation 
for the high number of collaterals in this segment could be, that this area is known to be 
at risk for the development of atherosclerotic lesions. Nevertheless, severe lesions were 
observed in only two of ten studied legs. 

The high number of collaterals deriving from the DFA may explain why DFA revascularization 
could be an effective treatment in case of critical limb ischemia, especially in case of an 
SFA occlusion, when distal perfusion is solely depending the collateral circulation. Evidence, 
however, is restricted to relatively small case series. Diehm et al. described a disappointing 
clinical treatment efficacy of 25% at one year after DFA revascularization in 20 patients with 
of CLI 15. Major amputation and persistent CLI dominated in patients with stage IV disease, 
whereas rest pain resolved in the majority of patients with stage III disease. More positive 
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results were described by Witz et al., who found an improved clinical state in 27 treated 
limbs including relief of rest pain, healing of ischaemic ulcers and good healing after minor 
amputations 16. After a mean follow-up of 30 months (range 12 - 45 months) all patients 
remained asymptomatic. In addition, Donas et al. found a limb salvage rate of 95% at three 
years after endovascular treatment of the DFA in a series of 15 patients with CLI 17. 
 The apparent importance of the H3-P1 segment in collateral artery circulation may 
have important clinical implications. In case of extensive SFA occlusive disease covered 
stents seem to outperform nitinol stents, with regard to patency. Lesions, however, often 
involve the proximal popliteal artery and, as such, the H3-P1 segment may be overstented. 
In a recent retrospective study on 73 legs treated with a heparin-bonded covered stent in 
70 patients, the P1 segment was still diseased and thus overstented in about one third 
of cases 18. Previously, however, we have shown that failure of these covered stents, 
even when extended into the PA, is not related to a clinical catastrophe 7. In a series of 49 
patients presenting with a failed covered stent, the majority had a similar or even improved 
Rutherford category compared to before placement. Only 20% had a deteriorated category 
and the amputation rate was only 4.1% (n= 2). This discrepancy might be related to the fact 
that the collateral flow can only be a fraction of normal SFA flow, with a maximum of 20%, 
based on a mathematical model 19. In contrast, Traupe el al. showed that preexisting femoral 
artery collaterals could provide more than half of the antegrade flow within three minutes 
of sudden arterial occlusion, suggesting that collateral system circulation can represent a 
significant amount of flow 20. The flow volume through a collateral artery correlated to the 
size of the vessels. Measuring the actual size of a collateral, however, is complicated as the 
diameter tends to be larger at their origin and to taper distally. 
 Colored latex was chosen as infusion fluid because it is a cheap, water-soluble, 
flexible and elastic product, which facilitates dissection, with a proven applicability 9. In a 
comparative study on vascular injection fluids in fresh-frozen cadaver arms we reached 
complete filling of the arterial tree up to <0.01 mm diameter with diluted higher viscosity 
latex 9. In preliminary legs we tested different latex with a relatively low viscosity (no dilution 
with water), which resulted in better arterial penetration and curing times. However, in this 
study we experienced some difficulties with the infusion of this lower viscosity latex (i.e. 
no filling of the digital artery of the hallux after 60 minutes of infusion) in the legs with 
>75% atherosclerosis. During dissection we also found incomplete filling of some arterioles/
smaller arteries and collaterals. Perhaps longer infusion with a higher pressure or a lower 
viscosity could have overcome this problem. However using a higher pressure may also 
result in blood vessel rupture and dilution compromises the curing process, which results in 



92

Chapter 7

leakage of the colored latex in the surrounding tissues and in turn compromises dissection. 
   This study has limitations. First, the number of studied legs was limited and 
there was a large variance in the number of observed collaterals per leg. This results in 
the incapability to define certain collateral pathways. Regardless the fact that this type 
of study is extremely labor intense, with a study time of 7 days per leg with two persons, 
future studies should preferably include a larger sample size. As an alternative method 
angiographies could have been studied, but the DFA is only rarely selectively canalized, 
decreasing the value of such a strategy. To better understand collaterals in atherosclerotic 
disease one should also consider a study of selected patients. Importantly, the majority 
of studied limbs had no significant atherosclerotic disease, which could have affected our 
results. Arteriogenesis is driven by altered fluid shear stress leading to increased vessel 
lumen and wall thickness 21, 22. We do not know whether our cadaver vessels were exposed 
to shear stress, as occlusive disease was not an inclusion criterion. Also, it is possible that 
the observed collaterals were not functional to lower leg perfusion since it was an ex vivo 
study and flow direction was unknown. Three operators were involved in the dissection 
process, which could have affected results, although all were properly trained and using the 
same protocols. 
 In conclusion, we have shown that the majority of collaterals originate from the 
DFA and the greater part of all collaterals has a connection with the H3-P1 segment. This 
observation may have clinical implications in the planning of endovascular procedures
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Abstract

Objective: Self-expanding covered  stents for  superficial femoral artery (SFA)  occlusive  
disease  have undergone an evolution during the years. Early  results of the latest 
generation, the heparin-bonded Viabahn (W. L. Gore  & Associates, Flagstaff, Ariz) with  a 
contoured proximal edge, were promising, with reported 1-year  primary patency rates of 
73% to 78% in long  lesions.  The  aim of this study was to present the 3-year  outcome 
of the heparin-bonded Viabahn for SFAocclusive  disease.

Methods: All patients treated with  a heparin-bonded Viabahn in three  centers  between 
April  2009 and  December 2011 were included in the study  and retrospectively analyzed. 
Clinical state in Rutherford category, ankle-brachial indexes,  and duplex  ultrasound scans 
were the features of follow-up at 6 weeks and  6, 12,  24,  and  36 months. Primary end 
points of the  study  were the  3-year  primary, primary assisted,  and  secondary patency  
rates.

Results: A total of 73 SFAs in 70 patients were treated with  a heparin-bonded Viabahn 
and  included in the study. Fiftyfour  patients were male (77%), and  the mean  age was 
70.0 ± 9.1  years. The  mean  lesion length was 17.4 ± 7.0  cm, and 84% were  classified  
TransAtlantic Inter-Society Consensus II types  C  and  D.  The  median follow-up was  25  
months (range, 2-55 months). The  3-year  primary, primary assisted,  and  secondary 
patency  rates  were  59%, 71%, and  82%, respectively, with  a 3-year  freedom from  
amputation of 100%.

Conclusions: The  use of a heparin-bonded Viabahn for  SFA occlusive disease is 
related to patency  rates  within limits of  surgical   reconstruction.  The   procedure  is  
related  to   low   morbidity  and   amputation  rates.  CH
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1. Introduction
Plain  balloon  angioplasty  and  bare-metal   stenting yield good results for short 
occlusive and stenotic lesions in the superficial femoral artery (SFA). Results, however, 
tend to decrease with lesion length. For that reason, alternative strategies have been 
developed, including atherectomy, paclitaxel-based technologies, and use of covered 
stents. Initially, the use of covered stents was related to mixed results, likely to be 
due to a variety of patient  and  lesion  characteristics,  treatment  protocols, and  
improvements  of  the  covered  stent.

1,2   The  latest generation  Viabahn (W. L. Gore & 
Associates, Flagstaff, Ariz) has incorporated  the heparin-bonding technology, and the 
proximal edge has been reshaped toward a contoured  edge to prevent infolding in 
case of oversizing. Moreover,  longer stents are now available, reducing  the number  of 
overlap zones.  Initial 1-year results of three case series and one randomized  trial have 
demonstrated a primary patency rate of 67% to  78%.

3-6   The  randomized VIASTAR 
trial (Viabahn endoprosthesis  with Propaten   bioactive   surface  vs  bare   nitinol   
stent   in   the treatment   of  long   lesions  in  SFA  occlusive  disease) comparing   the   
heparin-bonded   Viabahn   with   baremetal stents proved the superiority of the Viabahn 
over bare-metal  stents  at  24  months.7  There  was, however, no significant impact 
on clinical outcome  and target revascularization  rate.  Recently,  the  performance   
and safety of the 25-cm-long  heparin-bonded Viabahn were assessed in TransAtlantic 
Inter-Society  Consensus  II (TASC II) type C and D lesions, showing 1-year primary and 
secondary patency rates of 67.0% and 96.9%, respectively.

6

 In the previously published 1-year results of our two-center  cohort
3   of  56  

limbs  treated   with  the  heparin- bonded  Viabahn, the primary patency at 1 year was 
76%, with a primary assisted rate and a secondary patency rate of  82%  and   89%,  
respectively.  As  patency   rates  may decrease  over  time,  it  is essential to  assess a 
prolonged follow-up. The  aim of this study was to assess the 3-year outcome  of the 
heparin-bonded Viabahn in the treatment of SFA occlusive disease. To  increase the  
sample size, a third center was added to the cohort.

2. Methods

2.1. Patient population. 
All patients  treated  with a heparin-bonded  Viabahn  between  April  2009  and December 
2011 in one of the three participating hospitals (Rijnstate  Hospital,  Arnhem;  Isala 
Clinics, Zwolle;  and St. Antonius Hospital, Sneek, The Netherlands)  were gathered  in a 
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database and retrospectively analyzed. The initiation  time  of the  randomized  SUrgical 
vs PERcuta-neous   Bypass  (SuperB)   trial,  comparing   the   heparin- bonded    Viabahn    
with    the    venous    femoropopliteal bypass,  was  the  end  date  of  inclusion  in  
the  present study.

8     Patients   of  this  cohort   may  also  have  been included in 
other subanalyses.

3,9-12 Data were retrospectively collected and anonymously analyzed. 
Retrospective research  of  patients’  charts  is not  in  the  scope  of  the Dutch Law on 
research with human participants, and therefore  neither  formal  approval  of the  Central  
Committee  on  Research  Involving  Human  Subjects nor  patient consent  was required.
 Indication for intervention included disabling claudication and critical limb 
ischemia. In all patients, secondary risk prevention was performed according to national 
guidelines, and patients with disabling claudication were primarily treated with supervised 
walking exercise. The choice  for endovascular  treatment   with  a covered  stent was  
based  on  anatomic   suitability  and  preferences  of the patient and interventionalist. 
Interventions were performed  by vascular surgeons and interventional radiologists.
 Patient  characteristics, medical history, clinical state, and demographics were 
retrieved. Clinical state was classified by the  Rutherford  system,

13   cardiovascular 
risk factors according to the Society for Vascular Surgery and American Association 
for Vascular Surgery medical comorbidity grading system, and lesion characteristics 
according  to  the  TASC  II  criteria.

14    Procedural  aspects and postprocedural  data 
were retrieved from the case files. Standard follow-up consisted of clinical assessment, 
anklebrachial index measurements, and duplex ultrasound examination  at  6  weeks,  6  
months,  and  12  months  and annually afterward.

2.2.Treatment  protocol.  
The   treatment   protocol   has been  described  before.

3   In  summary,  the  common 
femoral artery was approached either percutaneously or by surgical cutdown.  In case 
of a concomitant  lesion in the common or deep femoral artery, an endarterectomy was 
performed.  The  stenotic  section  was passed with a Terumo  wire (Terumo   Medical  
Corporation,  Elkton,  Md) and  a  catheter,   and  a  distal  reentry  was  made.  The 
diseased segment was dilated, and endografts (Viabahn endoprostheses)  were placed 
from distal to proximal with minimal  oversizing.  The  entire   diseased  segment   was 
covered with endografts, which were postdilated with an angioplasty balloon of the same 
size as the endograft. Control  angiography of the endograft and outflow vessels was 
routinely performed.  All patients received statin treatment   and  dual  antiplatelet   
inhibitors   for  at  least 6 months,  unless oral anticoagulation  was indicated  for other  
reasons.
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2.3. Definitions. 
Primary patency was defined as the 
absence of restenosis or occlusion in 
the treated  segment as  measured   on   
duplex   ultrasound.   Primary   assisted 
patency was defined as patency achieved 
by secondary endovascular interventions 
to treat restenosis of the target vessel. 
Secondary patency was defined as 
patency achieved by all procedures aimed 
at recanalizing an occluded endograft,  
preserving the  endograft.  Restenosis was 
defined as a peak systolic velocity ratio 
>2.5, as measured on  duplex  ultrasound.

15   

An  occlusion  was  defined  as absence 
of flow in the  treated  segment.  A failure 
of the endoluminal  graft was defined  
as occlusion  of the endograft,  with or 

without  clinical symptoms, not responding  to  therapy.  Limb  salvage was defined  as 
the absence of an above-ankle amputation.

2.4. End  points. 
The primary end points of this study were the 3-year primary, primary assisted, and 
secondary patency rates  of  the  endograft.   Secondary  end  points  included adverse 
outcomes,  defined as secondary interventions  and amputation  rate.

2.5. Statistical analysis.  
Normality was tested with the Shapiro-Wilk test. Categorical variables are presented  as 
numbers followed by percentages; continuous  variables are presented as mean 6 standard 
deviation or as median with range when appropriate. Patency rates were determined  by 
the  Kaplan-Meier life-table method.  Cox  regression  analyses were performed  to  analyze 
potential  risk factors for loss of primary patency.  P values < .05  were considered 
statistically significant. All analyses were performed  with SPSS 22.0 (SPSS Inc, Chicago, 
Ill).

Table  I.  Baseline characteristics including 
cardiovascular risk factors, Rutherford  
classification, and ankle-brachial index (ABI)
Tobacco use 39 (56)
Hyperlipidemia 54(77)
Diabetes mellitus 30 (43)
Hypertension 59(84)
Renal failure 15(21)
Pulmonary disease 16 (23)
Coronary artery disease 26(37)
Cerebrovascular disease 8(11)
Rutherford classification
3 51(73)
4 7(10)
5 11(16)
6 1(1)
ABI 0,59 ±0,17
ABI exercise (n1/4 15) 0,39 ±0,23
ASA class
1 1(1)
2 32(46)
3 34(49)
4 3(4)
ASA, American Society of Anesthesiologists.
Continuous variables are  presented  as mean   ±  standard  
deviation,  and categorical variables are presented  as number  
(%).
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3. Results
A total of 73 SFAs in 70 patients were 
treated with a heparin-bonded  Viabahn  
during  the  study  period  and were  included  
in  the  study  group.  Fifty-four  patients 
were male (77%), and the mean age was 
70.0 ± 9.1 years. Patient characteristics 
are shown in Table I. Fourteen  patients 
(20%) had previously undergone treatment  
of the ipsilateral  leg,  which  consisted  of  
angioplasty  of  the SFA (n = 7), angioplasty 
of the iliac artery (n = 1), angioplasty of 
the  iliac artery and  stent  placement  of 
the iliac artery  (n  = 2),  aortoiliac  bypass 
surgery  (n  = 1), and   endarterectomy    of  
the   common   femoral   artery (n = 1). 
Two patients had already undergone an 

Table  II. Lesion characteristics including 
lesion length, popliteal level, and outflow 
vessels
Left leg/right leg 34 (47)/39 (53)
Lesion length, cm 17,4  ±  7.0
Flush occlusion 21 (28)
Occlusions 40/73 (55)
TASC II

A 1(1)
B 9(15)
C 24(33)
D 37(51)

Popliteal level
P1 50(69)
P2 20(27)
P3 3(4)

Outflow vessels
0 1(1)
1 6(8)
2 14(19)
3 52(71)

TASC II, TransAtlantic Inter-Society  Consensus  II.
Continuous variables are  presented  as mean   ±  standard  
deviation,  and categorical variables are presented  as number  
(%).

ipsilateral toe amputation.  Lesion characteristics are shown in Table II.

3.1. Procedural aspects.  
Twenty-two  subjects (30%) were treated  under  local, 26 (36%) under  spinal, and 25 
(34%) under  general  anesthesia. During  all procedures,  heparin was   administered    
intravenously.    Twenty-four    lesions (34%) were treated with one endograft, 23 (31%) 
with two endografts,  25  (34%) with  three  endografts,  and  1  (1%) with four endografts. 
In total, 149 endografts were used, of which 9 (6%) had a diameter  of 5 mm, 116  (78%) 
had a diameter of 6 mm, 22 (15%) had a diameter of 7 mm, and  2 (1%) had a diameter  
of 8 mm.  Concomitant treatment was performed in 29 procedures (39%), consisting of 
endarterectomy of the common  femoral artery (n=13), angioplasty of the iliac arteries(n= 
7),angioplasty of the poplitealartery(n=3), endovascular abdominal aneurysm repairs(n=2), 
surgical débridement of an ulcer(n=2) and toe amputation(n=1); one subject was treated 
with thrombolytic therapy because of preprocedural crural thrombosis.
 There were two procedural complications: one due to a perioperative thrombosis, 
which was treated with thrombolysis; and one due to a dissection of the popli teal artery, 
which was treated with an additional endograft.
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3.2. Post operative period. 
Postoperative complications occurred  in 10  cases (14%).  In  two  cases,  a rebleed  
in the groin required  surgery; one patient  had atrial fibrillation, which was treated  
with medication;  another  patient  had  a  hematoma   of  the  groin,  and  one  patient 
had  a  wound   infection,  both   treated   conservatively. One patient underwent  a 
nonscheduled  forefoot amputation because of progression of necrosis with a patent 
endograft.   One   patient   had   hypopotassemia,   which was treated with oral 
medication; another  had a dislocation  of  the  hip,  after  falling  out  of  bed,  which  
was treated with a closed reduction; a patient had urine retention,   which  was treated  
with  a  urinary  catheter; and  a  last  patient   developed  pneumonia,   which  was 
treated  with  antibiotics.  With  the  two  previously mentioned procedural complications, 
the total 30-day morbidity  rate was 16%.
 The    median    hospital   stay   was   2   days   (range,1-12 days). The majority of 
patients were postoperatively treated   with  acetylsalicylic acid  80  mg  in  combination 

Fig 1.  Primary, primary assisted, 
and secondary patency rates up 
to 36 months  of follow-up. SE, 
Standard error.
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with clopidogrel 75 mg daily (n = 57). The remaining patients were treated  with a 
daily dose of acetylsalicylic acid 80 mg and dipyridamole 400 mg (n = 9) and coumarin 
derivates alone (n = 1) or in combination  with clopidogrel 75 mg (n = 3) or acetylsalicylic 
acid 80 mg (n = 3).

3.3. Follow-up. 
The median follow-up was 25 months (range,   2-55   months).   Seventeen   patients   
(24%)  died during the study period unrelated to the treatment. During follow-up,   14   
patients   (20%)  were   lost   to   follow-up because of moving from the hospital area, 
patient preference,  and  terminal  illness. In  another  11  patients  (15%), not all data could 
be retrieved from the case files.
 The  majority of patients (92%) had an improved Rutherford category after endograft 
placement. The mean postprocedural   ankle-brachial  index  was 0.95 ± 0.19.  In five cases, 
early occlusion occurred,  of which four were successfully treated with thrombolytic  therapy, 
and one received a surgical bypass. These early occlusions were considered primary failures. 
The  1-, 2-, and 3-year primary patency rates were  73%, 64%, and  58%, respectively (Fig 1).  
The  primary assisted patency rates were 78%, 71%, and 71%, and the secondary patency 
rates were 91%, 82%, 82% at 1, 2, and 3 years, respectively.
 The Cox regression analysis of factors that could affect patency did not show 
any significant differences. The use of  multiple   stents   showed   a  nonsignificant   
difference in the 3-year primary patency of 73%, 56%, and 45% with one stent, two 
stents, and three stents, respectively (P = .77).

3.4. Occlusions. 
Of the 73 SFAs treated  with a heparin- bonded  endograft,  14  (19%) presented  with  
an  occlusion,   including    the    5   early   occlusions   mentioned before, during follow-
up, and all were treated with thrombolytic  therapy,  9 successfully. During  follow-up, 
four of these reoccluded  and failed, leading to a total of nine  endografts  with  a  
permanent   failure. Six patients with a permanent  failure were eventually treated  with 
a surgical bypass, one  above the  knee and  five below the knee.   The   remaining   three   
permanent   failures  were treated  conservatively because of lack of clinical symptoms. 
During follow-up, no major amputations were performed.
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4. Discussion

In this study, we have shown that the heparin-bonded Viabahn inserted for SFA occlusive 
disease is related to a good midterm  outcome.  This is the first study describing a 
3-year follow-up with the  newest generation  Viabahn. In  a  recent  meta-analysis,  
Rychlik  et  al

16   have  shown that   the   3-year   primary   patency   rate   for   prosthetic 
above-knee bypasses is 46% to 70%, which is in line with the results of our study. 
Obviously, patient groups might not be comparable as they have not been matched. 
Nevertheless, 84% our patients were treated for TASC II type C and D lesions with a mean 
lesion length of 17.8 ± 7.2 cm. In  a  randomized   trial,  McQuade   et  al

17 
have  already 

shown that the regular Viabahn was related to similar patency  rates as the  above-knee  
prosthetic  bypass up to 4  years. The  3-year primary  patency  of McQuade  et  al was 
63% for both  the  endograft  and the  surgical bypass groups, which is close to the 59% 
described in our study. Whether   the   heparin-bonding  technology   indeed   improves  
patency  rates  of  the  Viabahn  remains  therefore to be shown. The heparin-bonding 
technology lowers platelet deposition and reduces thrombogenicity.

18 Moreover, the 
laser-cut contoured proximal edge may improve apposition  of the device to the vessel 
wall, possibly improving endograft  performance.
 The role of endografts in the treatment  of SFA occlusive disease will remain under 
debate. Several studies have shown a satisfying outcome after treatment  of extensive SFA 
occlusive disease using paclitaxel-based stents or balloons.

19-21 The advantage of the use of 
drug-coated balloons could be that no foreign materials are implanted and that collaterals 
are preserved. Direct comparative studies are clearly needed to assess the position of both 
techniques in the treatment  algorithm. Previously, we have shown that  overstenting  of 
collaterals does not deteriorate  clinical outcome  in case of failure, suggesting that the 
clinical relevance of overstenting  collaterals in the SFA is low.

10   In our study, only nine 
treated  SFAs had a permanent failure, of which six were eventually treated with a surgical 
bypass, whereas the amputation  rate was 0%, confirming the safety of the technique. To 
date, surgery is still considered the “gold standard”  for extensive SFA occlusive disease  in  
various  guidelines  that   could   be  considered outdated. Minimally invasive techniques  
may yield fewer complications in this group of often frail patients. Nevertheless, studies 
like the  SuperB trial, comparing  the  heparin- bonded Viabahn with the venous bypass, are 
essential to provide further support for an endovascular-first strategy also in extensive SFA 
occlusive disease.

8

 The minimally invasive character of the endovascular treatment may be reflected 
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in the low morbidity rate. Surgical bypass of the  femoropopliteal  region  is known for 
a relatively high morbidity,  including wound  healing problems,  graft infection,  and  
edema.  The  incidence  of these  complications  varies  between   5% and  60%.

22-25
 Our 

study showed an overall complication rate of 16%. Because of its minimally invasive 
character and a low complication and amputation  rate, treatment with a heparin-
bonded endograft could also be considered a supplementary  treatment option,  thus 
postponing  surgical reconstructions.
 Limitations   of  our   study   were   the   retrospective design  of  the  study  and  
small  sample  size,  rendering any  subanalysis  unreliable.   The   small  sample  size  
is related to the fact that the use of self-expanding covered stents for SFA occlusive 
disease is not  a widely accepted treatment   modality  in  our  country.   In  addition,   
the entire   cohort   did   not   complete   the   36   months   of follow-up. We could not  
exclude a selection bias as patients  were  treated  according  to  the  institutional  
standards  and  at  the  discretion  of  the  surgeon  and interventional radiologist. 
Unfortunately, a reliable comparison with other treatment  modalities is not feasible 
owing  to  the  retrospective  design  of the  study.  Moreover,  an  identification   of  
performed   alternative  treatments for the same indication is not possible with the 
current  hospital registration  databases.

6. Conclusions

Use of heparin-bonded endografts  for SFA occlusive disease is a safe and good 
treatment  option  with low morbidity and amputation  rates. The 3-year patency rates 
are promising but need to be established in comparative studies  with  both  other  
endovascular  options  and surgery.
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Abstract

Purpose: To investigate the 5-year outcome of patients treated with self-expanding covered 
stents for superficial femoral artery (SFA) occlusive disease and identify parameters  that 
could predict loss of primary patency. 

Methods: In a dual-center study, 315 consecutive patients (mean age 69.0±10.1 years; 232 
men) treated for SFA occlusive  disease in 334 limbs with Viabahn self-expanding  covered 
stents  between 2001 and 2014 were retrospectively analyzed. Mean lesion length was 
11.7±8.8 cm, and half of the lesions were classified as TASC  II C/D. Five-year patency rates 
were calculated, and Cox regression analyses were performed to assess potential factors 
affecting patency. 

Results: All-cause mortality at 5 years was 14.1%. Primary patency rates at 1, 3, and 5 years 
were 72.2%, 51.8%, and 47.6%, respectively, with secondary patency rates of 86.2%, 78.7%, 
and 77.5%. Parameters predicting loss of primary patency in a univariate analysis were 
covered stent diameter (p=0.001), the number of covered stents per lesion (p=0.015), 
and TASC II D classification (p=0.007). Covered stent diameter was the only parameter 
predicting loss of primary patency in the multivariate regression analysis (p=0.001), with 
7-mm covered stents having superior performance. 

Conclusion: Five-year patency rates of self-expanding covered stents  inserted for SFA 
occlusive disease are within an acceptable range. Covered  stent  diameter is the most 
relevant factor in predicting loss of primary patency, and thus, an adequate diameter of the 
distal landing site seems to be among the most important factors in the decision-making 
process. In smaller vessels, one should not use covered stents but venous conduits, as 
oversizing may be detrimental.
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1. Introduction

Endovascular techniques for the treatment of superficial femoral artery (SFA) occlusive 
disease have undergone tremendous development, particularly owing to the introduction of 
nitinol stents.

1,2 Despite this improvement, the patency rates for longer and more complex 
lesions have not always been satisfying, which has driven the ongoing search for alternatives, 
such as drugbased treatment modalities with paclitaxel-coated stents or balloons and 
the use of mechanical barriers with expanded polytetrafluoroethylene (ePTFE)–covered 
stents. Although the latter technique is not new, and multiple studies, including a number 
of randomized controlled clinical trials, have been published on this subject,

3–6 the use of 
covered stents is still being debated.
 The possible coverage of collaterals by covered stents makes many hesitant. Reported 
results have been inconsistent, with 1-year primary rates of 44% to 86% and secondary 
patency of 58% to 93%.

7

 Besides changes in stent design throughout the years, patient and lesion 
characteristics may have contributed to these differences. Two factors that have been 
suggested as playing roles in the loss of patency of covered stents are stent diameter, with 
5-mm stents performing worse,

8 and the use of 3 or more stents.
9 Others, however, did 

not confirm these observations. To define which patients may particularly benefit from 
treatment with covered stents and in which patients a loss of patency can be expected, an 
assessment of predictors of failure is indispensable.
 The present study had 2 goals: first, to describe the 5-year outcome of a large cohort of 
patients treated for SFA occlusive disease with a self-expanding covered stent and second, 
to identify those factors that may predict long-term loss of primary patency to optimize 
patient selection.

2. Methods

2.2. Study Design
A retrospective study was undertaken of 315 patients (mean age 69.0±10.1 years; 232 men) 
who were treated between January 2001 and January 2014 in the Isala Clinics, Zwolle, and 
the Rijnstate Hospital, Arnhem, the Netherlands. The vascular databases were merged, 
and data were retrospectively completed and analyzed. Patients who were treated with a 
self-expanding covered stent for a popliteal artery aneurysm were excluded. Outcomes of 
subgroups of this patient cohort have been published in the past.

9–13
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 Patients were treated for critical 
limb ischemia (CLI; 110, 35%) or disabling 
claudication not responding to (supervised) 
walking exercise (205, 65%). Baseline patient, 
limb, and lesion data are given in Table 1. 
Diagnosis was made using ankle-brachial 
indices (ABI) and duplex ultrasound imaging 
and confirmed with magnetic resonance 
angiography, computed tomography 
angiography, or digital subtraction 
angiography. The level of chronic ischemia 
was classified using the Rutherford category 
system; lesions were scored according to 
the TASC II (TransAtlantic Inter-Society 
Consensus) classification.

14 Secondary risk 
prevention was performed according to 
national guidelines
 The choice for endovascular repair 
instead of open surgery in patients with TASC 
II C or D lesions was based on the preference of 
the patient and the treating physician. In both 
centers, patients were accepted for treatment 
with a covered stent only when there was 
no flow-limiting aortoiliac stenosis and with 
a distal outflow of at least 1 patent crural 
vessel. Concomitant lesions in the common 
femoral artery were treated simultaneously 
as a hybrid procedure (73/334, 22%).

2.3. Procedure
The treatment protocol has been described 
previously.

9,13 In summary, the common 
femoral artery was accessed percuta- 
neously by ultrasound guidance or by surgical 
cutdown. Usually an antegrade approach 

Table 1. Characteristics of 315 Patients.a 
Patient demographics  

Age, y 69.0±10.1  
Male  232/309 (75.1)

Risk factors
Smoking 171/300 (57.0)
Hypertension  221/315 (70.2)
Hypercholesterolemia  180/315 (57.1)
Ischemic heart disease  145/315 (46.0)
Diabetes mellitus  116/315 (36.8)
Obesity 95/315 (30.2)
Renal failure  52/315 (16.5) 
ASA classification (n=288) 

I 10/288 (3.5)
II  152/288 (52.8)
III  116/288 (40.3) 
IV 9/288 (3.1)
V  1/288 (0.3) 

Limb characteristics (n=334) 
Rutherford category 

3 217/332 (65.0)
4 43/332 (12.9)
5   70/332 (21.0) 
6 2/332 (0.6)

Baseline ABI  0.63±0.17 
Lesion characteristics (n=334) 

Stenosis 125 (37.4) 
Occlusion 209 (62.6)
Length, mm  117.5±88.1 
TASC II classification 

A 77 (23.1)
B  93 (27.8)
C  67 (20.1)
D  97 (29.0)

Covered stent diameter, mm 5 
5 22/328 (6.7)
6 259/328 (79.0)
7   47/328 (14.3) 

Number of covered stents 
1 196 (59.4)
2 95 (28.8)
3  39 (11.8) 

Type of covered stents (per limb)
Regular 171 (51.2)
Heparin-bonded 163 (48.8) 

Abbreviations: ABI, ankle-brachial index; ASA, American 
Society of Anesthesiologists; TASC: TransAtlantic Inter-
Society Consensus.
a Continuous data are presented as the means ± standard 
deviation; categorical data are given as the counts 
(percentage/sample if less than n).
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was chosen. In case of reentry difficulties, the popliteal artery was punctured. All patients 
received heparin (5000 units). After a sheath was positioned, a Terumo guidewire (Terumo 
Medical Corporation, Elkton MD, USA) and a catheter were used to pass the diseased 
segment of the SFA, and a reentry to the lumen was created distally. The diseased segment 
was predilated, and self-expanding nitinol ePTFE covered stent(s) (Viabahn Endoprosthesis; 
W. L. Gore & Associates, Flagstaff, AZ, USA) were deployed from distal to proximal with 
minimal oversizing. Lesions were covered from healthy to healthy lumen. Postdilation 
was performed with an angioplasty balloon that was the same size as the covered stent. 
Postprocedural outflow was routinely assessed.
 Patients were treated with dual antiplatelet inhibitors for at least 6 months unless 
coumarin derivatives were prescribed for other indications. Standard follow-up consisted 
of clinical assessment, physical examination, ABI measurement, and duplex ultrasound 
imaging at 3, 6, and 12 months and every year thereafter.

2.4. Definitions
Primary patency was defined as the absence of restenosis or occlusion of the treated 
segment achieved without reintervention. Secondary patency was defined as patency after 
surgical or endovascular intervention for covered stent occlusion. Restenosis was defined 

as a lesion with a peak systolic velocity ratio 
≥2.5 measured on duplex ultrasound imaging.

2.5. Statistical Analysis
Lesion and patient characteristics are 
presented as mean with the standard 
deviation, unless otherwise specified. 
Patency rates are estimated using the 
Kaplan-Meier method. Possible predictors 
of loss of primary patency were analyzed 
using a univariate Cox regression analysis; 
the parameters analyzed were Rutherford 
classification, diabetes mellitus, lesion length 
and location, TASC II classification, diameter 
of the covered stent, number of covered 
stents used, heparin-bonded vs non–heparin-
bonded covered stent, antiplatelet agents, 

	  

Figure 1. Kaplan-Meier survival curve showing the 
overall survival rate. SE, standard error.
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Table 2. Morbidity at 30 Days.a 
Wound infection 5 (1.5) 
Urinary retention 1 (0.3)
Early thrombosis  12 (3.6)  
CFA occlusion due to closure device 2 (0.6)
Bleeding  2 (0.6)
Hematoma 2 (0.6) 
Abbreviation: CFA, common femoral 
artery.
a Data are given as the counts (percentage) per limb. 

and hybrid vs percutaneous approach. A 
p<0.05 was considered to be statistically 
significant. Factors with a significant effect 
on primary patency were further assessed 
using a multivariate Cox regression analysis 
to establish their effect on primary patency. 
All analyses were performed with SPSS 20.0 
software (IBM Corp, Somers, NY, USA).

3. Results
Thirty-eight percent of the procedures (130/334, 38.9%) were performed under general 
anesthesia; the others used regional (117, 35.0%) or local (33, 10.0%) anesthesia. In the 
remaining 54 (16.2%) procedures, the type of anesthesia was missing due to a conversion 
to electronic patient files.
 Planned minor amputations were done in 18 (5.4%) limbs; all but one were performed 
during the primary surgery or shortly thereafter. Two (0.6%) CLI patients required major 
amputations within 30 days of the primary surgery.
The 30-day morbidity was 11.3% (Table 2). The most frequently observed complications 
were wound infections in 5 (1.5%) limbs and bleeding in 2 (0.6%) limbs.
 The mean follow-up was 2.9±2.2 years, during which 49 (15.6%) patients died (55 
limbs) and 37 (11.7%) were lost to follow-up (37 limbs). The all cause mortality was 4.7%, 
11.4%, and 14.1% at 1, 3, and 5 years, respectively (Figure 1).

3.1. Patency
The primary patency rates were 72.2%, 51.8%, and 47.6% at 1, 3, and 5 years, respectively, 
with corresponding secondary patency rates of 86.2% 78.7%, and 77.5% (Figure 2). At 5 
years, there was a loss of secondary patency in 75 (22.5%) limbs: 27 (8.1%) were treated 
conservatively and 48 (14.4%) required a surgical bypass; in another limb, the covered stent 
was removed, followed by a remote endarterectomy.
 The 5-year primary patency rates for 5-, 6-, and 7-mm stents were 45.5%, 41.3%, and 
83.0%, respectively (Figure 3) nd secondary patency rates were 72.7%, 74.1%, and 97.9%, 
respectively. The lesion length for the 5-, 6-, and 7-mm stents were 154±111, 113±85, and 
123±93 mm, respectively (p=0.76). Five-year primary patency rates for 1, 2, and 3 covered 
stents were 45.9%, 45.3%, and 28.2%. Primary and secondary patency rates tended to 
decrease with higher TASC II classifications. The 5-year primary patency rates for TASC 
II A, B, C, and D were 49.4%, 43.0%, 44.8%, and 39.2%, respectively; the secondary patency 
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rates were 84.4%, 75.3%, 76.1%, and 69.1%, respectively. Patients treated with a heparin-
bonded stent- graft had a significantly longer lesion length compared to patients treated 
with a regular stent-graft (150±91 vs 89±74 mm, respectively; p<0.001).
 The univariate Cox regression analysis of factors affecting patency (Table 3) yielded 
statistical significance for covered stent diameter (p=0.001), the number of covered stents 
used (p=0.015), and TASC II classification (p=0.007). The multivariate Cox regression 
analysis yielded significance only for covered stent diameter (p=0.001).

Table 3. Five-Year Cox Regression Analyses of Primary Patency.a

Univariate Multivariate

Variable β Hazard Ratio β Hazard Ratio

Covered stent diameter, mm - 0.531 0.599 (0.432 to 0.832) p=0.001
 7 (referent) — (p=0.001)  
 5 1.270 3.561 (1.565 to 8.100) p=0.001  
 6 1.200 3.321 (1.801 to 6.122) p=0.000  
Lesion length 0.001 1.001 (1.000 to 1.003) p=0.143  
Number of stents 0.121 1.152 (0.893 to 1.485) p=0.348
 1 (referent) — (p=0.015)  
 2 0.323 1.382 (0.988 to 1.933) p=0.059  
 3 0.563 1.755 (1.154 to 2.670) p=0.009  
Diabetes mellitus 0.226 1.254 (0.933 to 1.684) p=0.133  
Rutherford category  
 3 (referent) — (p=0.216)  
 4 0.047 1.048 (0.659 to 1.665) p=0.844  
 5 0.396 1.485 (1.027 to 2.149) p=0.036  
 6 - 9.937 0.000 (0.000 to 1.259) p=0.954  
TASC II classification 0.128 1.150 (0.973 to 1.358) p=0.128
 A (referent) — (p=0.007)  
 B 0.421 1.523 (1.002 to 2.315) p=0.049  
 C 0.474 1.607 (1.020 to 2.531) p=0.041  
 D 0.729 2.073 (1.371 to 3.134) p=0.001  
SFA lesion location  
 Proximal (referent) — (p=0.229)  
 Mid - 0.692 0.501 (0.250 to 1.002) p=0.051  
 Distal - 0.627 0.534 (0.285 to 1.002) p=0.051  
Total SFA length - 0.535 0.586 (0.305 to 1.127) p=0.109  
Covered stents 
(heparin-bonded vs regular)

0.210 1.233 (0.914 to 1.664) p=0.170  

Abbreviations: SFA, superficial femoral artery; TASC: TransAtlantic Inter-Society Consensus.
a Hazard ratio is give with the 95% confidence interval in parentheses.
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Figure 2. Kaplan-Meier survival curve showing the 
primary and secondary patency rates. SE, standard 
error.

Figure 3. Kaplan-Meier survival curve showing the 
primary patency rates stratified by diameter of the 
covered stent. SE, standard error.

4. Discussion

The present study has shown that the 5-year primary patency of ePTFE-covered 
selfexpanding stents in the SFA is 47%, with a secondary patency of 77%. Covered stents 
with a diameter of 7 mm perform significantly better than smaller diameter stents and are 
the only independent predictor of loss of primary patency. The 5-year primary patency rates 
may seem low but are in line with the 5-year results of prosthetic above-knee femoropopliteal 
bypasses (between 36% and 52%) in a recent review by Rychlik et al.

15 The authors concluded 
that a vein graft, when available, is the superior conduit for lower extremity arterial bypass. 
Whether the newest generation Viabahn, which has a contoured proximal edge and the 
heparin-bonding technology incorporated in the ePTFE, will challenge this gold standard for 
long lesions is currently being studied in the SuperB trial.

16

 Our study found that covered stents with a diameter of 7 mm performed significantly 
better than the smaller ones. This observation confirms the earlier findings of McQuade 
et al

8,17 in a randomized trial of covered stents compared with prosthetic bypasses. They 
divided their cohort into smaller (5 mm) and larger diameters (6 and 7 mm), yielding a trend 
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toward better patency in larger diameters at 2 and 4 years. After a prolonged follow-up, 
however, they could no longer find this difference.

17 Others have also described a trend for 
better patency in covered stents with a diameter of ≥6 mm.

18 In contrast to these studies, 
our study did not indicate a difference between 5- and 6-mm covered stents but only for the 
7-mm stents.
 Based on these data one may question whether the use of smaller-diameter covered 
stents is still justified. However, 3 recent publications on the newest-generation Viabahn 
found no differences for 5-mm vs larger-diameter stents.

9,19,20 One study reported the 
amount of oversizing significantly affected outcome.

20 The amount of oversizing was not 
considered in our analysis, but it does not seem wise to exceed oversizing to increase the 
covered stent diameter. The key factor seems to be the diameter of the distal landing zone. 
The consequence of this observation could be that a venous conduit should be preferred in 
patients with smaller-diameter landing zones.
 The univariate analysis also showed that the TASC II classification and the number 
of implanted stents were possible predicting factors. More complex lesions were related 
to inferior results in this analysis. Such a correlation between lesion severity and patency 
is well known for bare metal stents.

2,21,22 Nevertheless, with a 5-year secondary patency 
of 68% for TASC II D lesions, the performance still seems to be acceptable. The VIASTAR 
trial, comparing the heparin-bonded Viabahn with bare metal stents, showed a superiority 
of the covered stents up to 24 months.

19 Long lesions in that study had a mean lesion 
length of 19.0±6.3 cm in the Viabahn group and 17.3±6.6 cm in the bare metal stent group. 
Zeller et al

23 have observed similar results in TASC II C and D lesions that were treated with 
the 25-cm long Viabahn. The Kaplan- Meier estimates in these lesions for 1-year primary 
and secondary patency were 67.0% and 96.9%, respectively. In another randomized trial 
comparing the old-generation Viabahn with prosthetic bypass surgery, no differences in 
patency rates were observed up to 48 months for lesions with a mean stented length of 
25.6±15.0 cm.

24 In a previous study, we observed a nonsignificant trend toward a decreased 
patency rate in patients who were treated with 3 or more covered stents.

9 In the current 
analysis, we observed this relation in the univariate analysis only. With the availability of the 
25-cm-long covered stent, the use of more than 2 covered stents is no longer necessary.
 In the current analysis, the heparin-bonded Viabahn did not outperform the older-
generation devices. On the one hand, this might have been negatively influenced by the fact 
that with growing experience, more complex cases were treated in recent years, reflected 
in the significantly longer lesion length in the heparin-bonded group. On the other hand, the 
early results may have been biased by a learning curve effect. Approximately 20% of the 
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patients in the present study were treated for TASC II A lesions and could subsequently also 
have been treated by plain balloon angioplasty only or bare metal stenting. The reasons for 
choosing a covered stent in these patients were often not clear from the case files.
 Clinical aspects, such as Rutherford classification and diabetes, did not influence 
patency rates. Surgical bypasses usually perform worse in patients with CLI, possibly 
due to a higher incidence of multilevel disease.

25 Many of these patients have significant 
comorbidities rendering surgery unattractive. The observation that CLI patients respond 
as well as those treated for disabling claudication confirms the safety of the technique in 
this subset of patients. The relationship of diabetes with poorer outcome is well known. 
Iida et al

26 found a negative correlation between diabetes and the incidence of restenosis 
after bare metal stenting compared with nondiabetic patients. In addition, Sabeti et al

21 

observed that 40% of diabetic patients developed instent restenosis after nitinol stenting 
within an 8-month period. We did not find any negative effect of diabetes, which might imply 
that diabetic patients may especially benefit from the use of covered stents, although this 
requires additional studies.
 Patients with peripheral artery occlusive disease have reduced survival. One-year 
mortality of up to 30% in CLI patients has been described.

27–29 Approximately 25% of them 
are treated with medical therapy and 25% with amputation.

14 In this study, 29 (8.9%) patients 
died within 30 days of treatment. All-cause 5-year mortality was only 14.1%; of these, 19 
(5.8%) limbs had CLI and 10 (3.1%) had intermittent claudication. Whether these percentages 
are achieved through treatment of CLI or secondary risk prevention cannot be concluded. 
With the patency rates given, this shows that endovascular treatment of this patient group 
is not only safe but also an option to be considered in the critically ill.

4.1. Limitations
First, the retrospective design likely has caused a selection bias, especially because a protocol 
was not in place for patient selection and data were not always complete. Moreover, during 
the years of inclusion, the device has undergone several changes that could have affected 
outcome. Increased experience resulted in more complex lesions being treated over time, 
as mentioned above, whereas a learning curve effect could have been present in the early 
phase. The database included only patients who were successfully treated, and patients 
without technical success were excluded. In addition, medical therapy has changed over 
the years and differed between centers; all patients used aspirin, but it was combined with 
clopidogrel or dipyridamole. Moreover, the use of statins became more common during 
recent years.
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5. Conclusion

The 5-year patency rates of covered stents are within the reported range of prosthetic 
above-knee bypass grafts. The only predicting factor for loss of primary patency is covered 
stent diameter. An adequate distal landing site diameter therefore seems among the most 
important factors in the decision making process. In smaller vessels, one should not use 
covered stents but venous conduits, as oversizing may be detrimental.

Declaration of Conflicting Interests
The author(s) declared the following potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article: Rombout Kruse, Wilbert Fritschy, 
and Michel Reijnen have received speaker’s fee and/or research funding from W. L. Gore & 
Associates.



118

Chapter 9

References
1. Lammer J, Dake MD, Bleyn J, et al. Peripheral 

arterial obstruction: prospective study of 
treatment with a transluminally placed self-
expanding stent-graft. International Trial 
Study Group. Radiology. 2000;217:95–104.

2. Schillinger M, Sabeti S, Loewe C, et al. Balloon 
angioplasty versus implantation of nitinol 
stents in the superficial femoral artery. N Engl 
J Med. 2006;354:1879–1888.

3. Klinkert P, Schepers A, Burger DH, et al. Vein 
versus polytet- rafluoroethylene in above-
knee femoropopliteal bypass graft- ing: five-
year results of a randomized controlled trial. 
J Vasc Surg. 2003;37:149–155.

4. Alimi YS, Hakam Z, Hartung O, et al. Efficacy of 
Viabahn in the treatment of severe superficial 
femoral artery lesions: which factors influence 
long-term patency? Eur J Vasc Endovasc 
Surg. 2008;35:346–352.

5. Bosiers M, Deloose K, Callaert J, et al. Superiority 
of stent- grafts for in-stent restenosis in the 
superficial femoral artery: twelve-month 
results from a multicenter randomized trial. J 
Endovasc Ther. 2015;22:1–10.

6. LammerJ,ZellerT,HauseggerKA,etal.Heparin-
bondedcovered stents versus bare-metal 
stents for complex femoropopliteal artery 
lesions: the randomized VIASTAR trial 
(Viabahn endoprosthe- sis with PROPATEN 
bioactive surface [VIA] versus bare nitinol 
stent in the treatment of long lesions in 
superficial femoral artery occlusive disease). 
J Am Coll Cardiol. 2013;62:1320–1327.

7. Doomernik DE, Golchehr B, Lensvelt MM, et 
al. The role of superficial femoral artery 
endoluminal bypass in long de novo lesions 
and in-stent restenosis. J Cardiovasc Surg 
(Torino).2012;53:447–457.

8. McQuade K, Gable D, Hohman S, et al. Randomized 
comparison of ePTFE/nitinol self-expanding 
stent graft vs prosthetic femoral-popliteal 
bypass in the treatment of superficial femo- 

ral artery occlusive disease. J Vasc Surg. 
2009;49:109–115.

9. Lensvelt MM, Fritschy WM, van Oostayen JA, etal. 
Results of heparin-bonded ePTFE-covered 
stents for chronic occlusive superficial 
femoral artery disease. J Vasc Surg. 
2012;56:118–125.

10. Golchehr B, Lensvelt MM, Fritschy WM, et al. 
Outcome of thrombolysis and thrombectomy 
for thrombosed endografts inserted in the 
superficial femoral artery for occlusive 
disease. J Endovasc Ther. 2013;20:836–843.

11. Golchehr B, Holewijn S, Kruse RR, et al. Efficacy 
of treatment of edge stenosis of endografts 
inserted for superficial femoral artery 
stenotic disease. Catheter Cardiovasc Interv. 
2015;86:492–498.

12. Lensvelt MM, Golchehr B, Kruse RR, et al. The 
outcome of failed endografts inserted for 
superficial femoral artery occlu- sive disease. 
J Vasc Surg. 2013;57:415–420.

13. Fritschy WM, Kruse RR, Frakking TG, et al. 
Performance of ePTFE-covered endograft 
in patients with occlusive disease of the 
superficial femoral artery: a three-year clinical 
follow- up study. J Cardiovasc Surg (Torino). 
2010;51:783–790.

14. Norgren L, Hiatt WR, Dormandy JA, et al. Inter-
Society Consensus for the Management of 
Peripheral Arterial Disease (TASC II). J Vasc 
Surg. 2007;45(suppl S):S5–S67.

15. Rychlik IJ, Davey P, Murphy J, et al. A meta-
analysis to compare Dacron versus 
polytetrafluoroethylene grafts for above-knee 
femoropopliteal artery bypass. J Vasc Surg. 
2014;60:506–515.

16. Lensvelt MM, Holewijn S, Fritschy WM, et al. 
SUrgical ver- sus PERcutaneous Bypass: 
SUPERB-trial; heparin-bonded endoluminal 
versus surgical femoro-popliteal bypass: 
study protocol for a randomized controlled 
trial. Trials. 2011;12:178.

17. McQuade K, Gable D, Pearl G, et al. Four-

CH
AP

TE
R 9



Five-year outcome of self-expanding covered stents for superficial femoral artery occlusive disease

119

year randomized prospective comparison of 
percutaneous ePTFE/nitinol self- expanding 
stent graft versus prosthetic femoral-popliteal 
bypass in the treatment of superficial femoral 
artery occlusive disease. J Vasc Surg. 
2010;52:584–590.

18. Schneider JR, Verta MJ, Alonzo MJ, etal. 
Results with Viabahn-assisted subintimal 
recanalization for TASC C and TASC D 
superficial femoral artery occlusive disease. 
Vasc Endovascular Surg. 2011;45:391–397.

19. Lammer J, Zeller T, Hausegger KA, et al. 
Sustained benefit at 2 years for covered 
stents versus bare-metal stents in long 
SFA lesions: the VIASTAR trial. Cardiovasc 
Intervent Radiol. 2015;38:25–32.

20. Saxon RR, Chervu A, Jones PA, et al. Heparin-
bonded, expanded polytetrafluoroethylene-
lined stent graft in the treatment of 
femoropopliteal artery disease: 1-year results 
of the VIPER (Viabahn Endoprosthesis with 
Heparin Bioactive Surface in the Treatment 
of Superficial Femoral Artery Obstructive 
Disease) trial. J Vasc Interv Radiol. 
2013;24:165–173.

21. Sabeti S, Mlekusch W, Amighi J, et al. Primary 
patency of long-segment self-expanding 
nitinol stents in the femoropop- liteal arteries. 
J Endovasc Ther. 2005;12:6–12.

22. Ihnat DM, Duong ST, Taylor ZC, et al. 
Contemporary outcomes after superficial 
femoral artery angioplasty and stenting: the 
influence of TASC classification and runoff 
score. J Vasc Surg. 2008;47:967–974.

23. Zeller T, Peeters P, Bosiers M, et al. Heparin-

bonded stent- graft for the treatment of 
TASC II C and D femoropop- liteal lesions: 
the Viabahn-25 cm trial. J Endovasc Ther. 
2014;21:765–774.

24. Kedora J, Hohmann S, Garrett W, et al. 
Randomized com- parison of percutaneous 
Viabahn stent grafts vs prosthetic femoral-
popliteal bypass in the treatment of superficial 
femo- ral arterial occlusive disease. J Vasc 
Surg. 2007;45:10–16.

25. Dormandy JA, Rutherford RB. Management 
of periph- eral arterial disease (PAD). 
TASC Working Group. TransAtlantic Inter-
Society Consensus (TASC). J Vasc Surg. 
2000;31:S192–S196.

26. Iida O, Uematsu M, Soga Y, et al. Timing of 
the restenosis following nitinol stenting in 
the superficial femoral artery and the factors 
associated with early and late restenoses. 
Catheter Cardiovasc Interv. 2011;78:611–
617.

27. Van Belle E, Nikol S, Norgren L, et al. Insights on 
the role of diabetes and geographic variation 
in patients with critical limb ischaemia. Eur J 
Vasc Endovasc Surg. 2011;42:365–373.

28. Belch J, Hiatt WR, Baumgartner I, et al. 
Effect of fibroblast growth factor NV1FGF on 
amputation and death: a ran- domised placebo-
controlled trial of gene therapy in critical limb 
ischaemia. Lancet. 2011;377:1929–1937.

29. Meltzer AJ, Evangelisti G, Graham AR, et al. 
Determinants of outcome after endovascular 
therapy for critical limb isch- emia with tissue 
loss. Ann Vasc Surg. 2014;28:144–151.



120

Summary, General discussion and future perspective

117

Appendices
Summary, General discussion 
and future perspective
Nederlandse samenvatting
Dankwoord
Curriculum Vitae

General discussion

Peripheral arterial occlusive disease (PAOD) is a generalized condition in which atherosclerosis 
causes a thickening and loss of elasticity of the vessel wall. This can be seen in aortic as 
well as in femoropopliteal disease. PAOD was first categorized morphologically  by the Trans 
Atlantic Inter-Society Consensus (TASC) for the management of PAOD (TASC I) in 2000 (1). 
This was updated in 2007 (2) (TASC II) to stay on track with technical developments in 
open vascular and endovascular treatment modalities.  Morphology dictates the treatment 
options in this classification system. Short lesions are to be treated minimally invasive. 
Longer lesions should be treated with open bypass surgery, where in the superficial femoral 
artery (SFA) region, a venous conduit is still the option of first choice. 
 Although the TASC II classification system is the only one used widely and has 
demonstrated its value in the treatment of SFA occlusive disease, it has some limitations. 
New techniques and treatments alter the vascular landscape and increase treatment 
options. Although the advice of the TASC II committee is still to perform bypass surgery in 
TASC C and D lesions, these new treatment possibilities present a shift of paradigm. Smaller 
incisions and shorter hospital stay, together with the wish to assess patency rates and 
possible factors correlated with this, are among the most important arguments to further 
develop these endovascular options. This—coupled with the concern of blocking possible 
SFA side branches or collateral circulation—is the focus of this thesis. 
 In Part I, Chapter 2 we perform a literature search to establish current knowledge 
about femoropopliteal bypass surgery. The published data on early complication incidence 
in femoropopliteal bypass surgery is the focus of this chapter. This study found an overall 
morbidity rate of 37% and also found a slight favor toward vein grafts in all complications, 
except for lymphedema. Wound infections and early occlusions seem to occur slightly 
more often in prosthetic grafts. These grafts, however, consist of different materials, and 
statements on modern prosthetic grafts based on these results should be considered 
with care. This perioperative morbidity rate, however, together with a 17% rate found in 
endovascular surgery in the literature, has stimulated the development of these modalities. 
(3) This is especially so for longer SFA lesions.
 In Chapter 3 we focus on possible new treatment modalities in femoropopliteal 
bypass surgery found in the literature. This search is performed for studies during the 
past decade to establish whether new treatment possibilities have led to better results 
and insights compared with endovascular surgery.  This study found no new techniques 
or improvement in patency results during the past 10 years compared with those found a 
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well as in femoropopliteal disease. PAOD was first categorized morphologically  by the Trans 
Atlantic Inter-Society Consensus (TASC) for the management of PAOD (TASC I) in 2000 (1). 
This was updated in 2007 (2) (TASC II) to stay on track with technical developments in 
open vascular and endovascular treatment modalities.  Morphology dictates the treatment 
options in this classification system. Short lesions are to be treated minimally invasive. 
Longer lesions should be treated with open bypass surgery, where in the superficial femoral 
artery (SFA) region, a venous conduit is still the option of first choice. 
 Although the TASC II classification system is the only one used widely and has 
demonstrated its value in the treatment of SFA occlusive disease, it has some limitations. 
New techniques and treatments alter the vascular landscape and increase treatment 
options. Although the advice of the TASC II committee is still to perform bypass surgery in 
TASC C and D lesions, these new treatment possibilities present a shift of paradigm. Smaller 
incisions and shorter hospital stay, together with the wish to assess patency rates and 
possible factors correlated with this, are among the most important arguments to further 
develop these endovascular options. This—coupled with the concern of blocking possible 
SFA side branches or collateral circulation—is the focus of this thesis. 
 In Part I, Chapter 2 we perform a literature search to establish current knowledge 
about femoropopliteal bypass surgery. The published data on early complication incidence 
in femoropopliteal bypass surgery is the focus of this chapter. This study found an overall 
morbidity rate of 37% and also found a slight favor toward vein grafts in all complications, 
except for lymphedema. Wound infections and early occlusions seem to occur slightly 
more often in prosthetic grafts. These grafts, however, consist of different materials, and 
statements on modern prosthetic grafts based on these results should be considered 
with care. This perioperative morbidity rate, however, together with a 17% rate found in 
endovascular surgery in the literature, has stimulated the development of these modalities. 
(3) This is especially so for longer SFA lesions.
 In Chapter 3 we focus on possible new treatment modalities in femoropopliteal 
bypass surgery found in the literature. This search is performed for studies during the 
past decade to establish whether new treatment possibilities have led to better results 
and insights compared with endovascular surgery.  This study found no new techniques 
or improvement in patency results during the past 10 years compared with those found a 
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General discussion

Peripheral arterial occlusive disease (PAOD) is a generalized condition in which atherosclerosis 
causes a thickening and loss of elasticity of the vessel wall. This can be seen in aortic as 
well as in femoropopliteal disease. PAOD was first categorized morphologically  by the Trans 
Atlantic Inter-Society Consensus (TASC) for the management of PAOD (TASC I) in 2000 (1). 
This was updated in 2007 (2) (TASC II) to stay on track with technical developments in 
open vascular and endovascular treatment modalities.  Morphology dictates the treatment 
options in this classification system. Short lesions are to be treated minimally invasive. 
Longer lesions should be treated with open bypass surgery, where in the superficial femoral 
artery (SFA) region, a venous conduit is still the option of first choice. 
 Although the TASC II classification system is the only one used widely and has 
demonstrated its value in the treatment of SFA occlusive disease, it has some limitations. 
New techniques and treatments alter the vascular landscape and increase treatment 
options. Although the advice of the TASC II committee is still to perform bypass surgery in 
TASC C and D lesions, these new treatment possibilities present a shift of paradigm. Smaller 
incisions and shorter hospital stay, together with the wish to assess patency rates and 
possible factors correlated with this, are among the most important arguments to further 
develop these endovascular options. This—coupled with the concern of blocking possible 
SFA side branches or collateral circulation—is the focus of this thesis. 
 In Part I, Chapter 2 we perform a literature search to establish current knowledge 
about femoropopliteal bypass surgery. The published data on early complication incidence 
in femoropopliteal bypass surgery is the focus of this chapter. This study found an overall 
morbidity rate of 37% and also found a slight favor toward vein grafts in all complications, 
except for lymphedema. Wound infections and early occlusions seem to occur slightly 
more often in prosthetic grafts. These grafts, however, consist of different materials, and 
statements on modern prosthetic grafts based on these results should be considered 
with care. This perioperative morbidity rate, however, together with a 17% rate found in 
endovascular surgery in the literature, has stimulated the development of these modalities. 
(3) This is especially so for longer SFA lesions.
 In Chapter 3 we focus on possible new treatment modalities in femoropopliteal 
bypass surgery found in the literature. This search is performed for studies during the 
past decade to establish whether new treatment possibilities have led to better results 
and insights compared with endovascular surgery.  This study found no new techniques 
or improvement in patency results during the past 10 years compared with those found a 
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decade earlier in open above-knee bypass surgery. We did find—as was found earlier—that a 
venous conduit yielded better results than prosthetic bypasses, but not better than a decade 
ago. All of these developments in endovascular surgery lead to the question of whether a 
venous conduit is still the gold standard in vascular surgery. 
 In Part II we describe in 2 clinical studies the performance, patencies, and possibilities 
of endovascular repair with covered stents in the SFA. Chapter 4 focuses on the 3-year 
performance of expanded polytetrafluoroethylene (ePTFE)-covered stents to treat occlusive 
disease in the SFA. A secondary 3-year patency rate that approaches 80% demonstrated in 
2010 the potential of these endografts in the treatment of SFA occlusive disease. 
 Percutaneous transluminal angioplasty of SFA occlusive disease was the 
treatment of choice for many years, with acceptable success in shorter lesions but with 
limited durability. Because of the high incidence of in-stent restenosis, this could hardly 
be improved with nitinol bare-metal stents. (4) The rationale behind the covered stent was 
based on biocompatibility studies of ePTFE bypass grafts, which are known to hardly show 
inner surface intimal hyperplasia. (5) In this study we found acceptable clinical success, with 
ankle-brachial indices increasing up to normal and remaining so for 3 years. The occlusions 
found in this study were not so much caused by in-stent restenosis or intimal hyperplasia 
but more so by acute thrombosis correlated with disease progression above and below the 
endograft. 
 Chapter 5 focuses on other applications for ePTFE-covered stents. This chapter 
describes the treatment of serious dilations of venous bypass grafts. These dilations may 
develop over weeks or months and may rupture, causing hemorrhage requiring urgent 
surgery. This was performed in long lesions, and the endografts were patent after 12 and 
24 months. Because dilatation mostly occurs in the critically ill, this minimally invasive 
procedure is an attractive alternative to open surgery. This experience shows that this 
treatment is both feasible and safe.
 In Part III we focus on 2 studies investigating the question of what the significance 
of SFA collateral circulation is with specific attention to the decision-making process 
in covered stent application. The concern in this process is that coverage of collaterals 
may have negative consequences when covered stents occlude. To properly answer this 
question, we need to look at 2 aspects: the volume aspect and the anatomical aspect. We 
look at the volume aspect in Chapter 6 and at the anatomical aspects in Chapter 7.
 Because measuring blood volume running through collateral vessels is not 
currently possible, we have devised a computational model of the SFA collateral system. 
Angiographic values were used to develop this model with Poiseuille’s and Ohm’s laws. 
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 Because measuring blood volume running through collateral vessels is not 
currently possible, we have devised a computational model of the SFA collateral system. 
Angiographic values were used to develop this model with Poiseuille’s and Ohm’s laws. 

These equations show that liquid flow is proportional to the fourth power of the radius of the 
tube (the artery) it is running through. From this we estimated collateral SFA system flow.  
This model showed that this maximum flow compared with healthy SFA flow is 5.1% in 
patients with SFA stenoses and 20.8% in patients with SFA occlusions. In this study we have 
thus reported that maximum collateral system flow is only a small portion of healthy SFA 
flow. Although collateral flow is considered to be pivotal for lower limb perfusion in patients 
with PAOD, we could not retrieve any validated method in the literature to determine this 
volume of lower limb collateral flow. Results from our study may have clinical consequences 
because they explain previous observations that coverage of single collaterals by covered 
stents is not necessarily related to clinical deterioration (11). This supports the theory that 
small numbers of SFA collaterals may be safely overstented.
 We were also particularly interested in the anatomical pathways of collateral 
circulation. In Chapter 7 we describe an anatomical study performed in 10 cadaveric 
legs. The clinical significance of collateral circulation continues to be debated, as studies 
on supervised exercise training have shown (12). In this study we assessed SFA, deep 
femoral artery (DFA), and popliteal artery (PA) collateral pathways to increase anatomical 
knowledge of this system and contribute to more scientifically based procedural planning 
of endovascular procedures. We observed that half of all DFA collaterals ended in the distal 
part of the adductor canal (H3) or the proximal PA (P1) and that 25% of collateral arteries 
had their origin in this section. The importance of this segment in collateral circulation may 
have clinical implications, where one should be careful in occluding these. In extensive SFA 
occlusive disease, however, longer covered stents seem to outperform bare-metal stents 
in patency. Thus, proximal PA lesions are often involved and overstented in this segment. 
We showed in a retrospective study that covered stent failure, even when extended into the 
PA, is not related to clinical catastrophe (11). This study thus shows that most collaterals 
originate from the DFA and that the greater part of all collaterals have an H3-P1 segment 
connection.  
 Part IV, Chapter 8 focuses on the midterm outcome of heparin-bonded stent grafts 
in occlusive SFA disease. It reports results of the latest generation of covered stents, where 
heparin-bonding technology was incorporated in the inner surface of the graft and the 
proximal edge was reshaped to prevent infolding in case of oversizing. Because Viastar has 
shown the superiority of covered stents over nitinol stents in longer lesions at 24 months 
(10), assessing the results of this new graft is a logical step. The aim of this study was 
to look at 3-year outcome. This is the first study on this particular graft to do so, and it is 
related to good midterm outcome: 84% of patients were treated for TASC II C and D lesions, 
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with 82% overall secondary patency. Although these results are in line with those found in 
other studies (6), devising comparative studies to assess the position of this technique in 
relation to others in a treatment algorithm seems necesary. The relatively low overall 16% 
complication rate is to be taken into account when considering a surgical option. This could 
be seen as a supplementary treatment option possibly postponing surgical reconstruction. 
In Chapter 9 we report the long-term outcome of ePTFE covered SFA stents and also 
zoom in on factors that could influence patency. In this study we find that primary patency 
is 47% and secondary 5-year patency is 77%. Although compared with the still superior 
venous conduit, these 5-year results may seem low but are still in line with results found 
in literature for above-knee prosthetic bypass (6). The newest generation Viabahn with an 
altered proximal edge and heparin-bonded inner surface may challenge this gold standard 
for long lesions, as is being studied in the SuperB trial (7). We also find that diameter is 
an independent predictor of loss of primary patency. Although earlier studies of McQuade 
hinted in this direction (8,9), out study shows better patencies for larger diameter stent 
grafts in a Cox regression analysis. Therefore, a distal landing site with an adequate diameter 
seems among the most important factors in the decision-making process for inserting an 
ePTFE covered stent. Also in smaller vessels, one would be advised to use a venous conduit 
because oversizing may be detrimental. 

Future perspectives

This thesis focuses on the clinical results of endovascular treatment of PAOD with special 
attention to the SFA and its side branches or collaterals. In the 1980s we started with 
percutaneous transluminal angioplasty or “Dotter” treatment of the occluded SFA, followed 
by bare-metal stenting because of poor long-term clinical results. These nitinol bare-metal 
stents yielded better results but were still outperformed by open bypass surgery. Then 
in the 1990s, covered stents were developed. First, these were used in shorter, and than 
over time, in longer SFA lesions. One can currently see a revival of balloon angioplasty, 
also over longer lesions. (13) Now, however, these balloons have different properties, and 
agents, such as paclitaxel,  are involved. These balloons seem to generate better results 
than previous versions, mainly in longer lesions, but their use seems a step back in time. 
Although the notion that nothing should be left behind has resulted in the emergence of 
bioresolvable grafts, these grafts will not meet long-term patency results of other grafts, 
because vascular disease is an on-going process that is exacerbated in many patients by 
their unwillingness to give up smoking habits. Although PAOD will remain a challenging 
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develop over weeks or months and may rupture, causing hemorrhage requiring urgent 
surgery. This was performed in long lesions, and the endografts were patent after 12 and 
24 months. Because dilatation mostly occurs in the critically ill, this minimally invasive 
procedure is an attractive alternative to open surgery. This experience shows that this 
treatment is both feasible and safe.
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disease, future developments will most probably be in the field of endovascular repair rather 
than open bypass surgery. Although open bypass procedures will remain an important 
option in limb-saving surgery, this is not where major developments have been and are to 
be expected. One possibility is a drug-eluting stent with an ePTFE endolining, where the 
drug will improve patency in the short-term and the endolining will improve the long-term 
outcome. This may be more so in longer lesions. At the same time, it will generate better 
quality of life in early after surgery because it is a minimally invasive technique. As such, 
a randomized controlled trial of endoluminal bypass compared with open surgery should 
be performed to assess long-term patency results together with quality of life and proper 
complication assessment in the postoperative period. Perhaps it can be seen as an extra 
arrow in the vascular surgeon’s quiver and not necessarily as a replacement of open surgery.
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but more so by acute thrombosis correlated with disease progression above and below the 
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may have negative consequences when covered stents occlude. To properly answer this 
question, we need to look at 2 aspects: the volume aspect and the anatomical aspect. We 
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 Because measuring blood volume running through collateral vessels is not 
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Angiographic values were used to develop this model with Poiseuille’s and Ohm’s laws. 
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with PAOD, we could not retrieve any validated method in the literature to determine this 
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because they explain previous observations that coverage of single collaterals by covered 
stents is not necessarily related to clinical deterioration (11). This supports the theory that 
small numbers of SFA collaterals may be safely overstented.
 We were also particularly interested in the anatomical pathways of collateral 
circulation. In Chapter 7 we describe an anatomical study performed in 10 cadaveric 
legs. The clinical significance of collateral circulation continues to be debated, as studies 
on supervised exercise training have shown (12). In this study we assessed SFA, deep 
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occlusive disease, however, longer covered stents seem to outperform bare-metal stents 
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We showed in a retrospective study that covered stent failure, even when extended into the 
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in occlusive SFA disease. It reports results of the latest generation of covered stents, where 
heparin-bonding technology was incorporated in the inner surface of the graft and the 
proximal edge was reshaped to prevent infolding in case of oversizing. Because Viastar has 
shown the superiority of covered stents over nitinol stents in longer lesions at 24 months 
(10), assessing the results of this new graft is a logical step. The aim of this study was 
to look at 3-year outcome. This is the first study on this particular graft to do so, and it is 
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Perifeer arterieel occlusief vaatlijden (PAOD) is een gegeneraliseerde aandoening, waarbij 
atherosclerose verdikking en verlies van elasticiteit van de vaatwand veroorzaakt. Dit wordt 
zowel in centraal als in perifeer arterieel vaatlijden gevonden. Morphologisch is het voor 
het eerst gecatagoriseerd door de Trans Atlantic Inter-Society Consensus (TASC) voor 
de behandeling van PAOD (TASC I) in 2000 (1). Dit is in 2007 herzien om met open en 
endovasculaire technische ontwikkelingen en behandelopties bij te blijven (2). Morphologie 
bepaalt de behandelopties in dit classificatie systeem. Korte afwijkingen dienen minimaal 
invasief behandeld te worden. Lange afwijkingen zouden met open bypass chirurgie 
behandeld dienen te worden, waarbij de veneuze bypass in het gebied van de arteria 
femoralis superficialis (SFA) nog steeds die optie van 1e keus is. 
 Alhoewel de TASC II classificatie het enige systeem is, dat algemeen gebruikt 
wordt, en het zijn waarde in de behandeling van SFA vernauwend vaatlijden bewezen 
heeft, heeft het zijn beperkingen. Nieuwe technieken en behandelingen veranderen het 
vasculaire landschap en verbeteren de behandel mogelijkheden. Terwijl het advies van 
de TASC II commissie nog steeds open bypass chirurgie is in TASC C en D afwijkingen 
geven deze nieuwe behandel mogelijkheden fundamentele verandering van denken. 
Kleinere incisies en kortere opnames in ziekenhuizen, gecombineerd met de wens om de 
aantallen functionerende vaatreconstructies te meten en de mogelijke factoren die hiermee 
samenhangen, is een aantal van de belangrijkste argumenten om deze minimaal invasieve 
opties verder te ontwikkelen. Dit – gekoppeld aan de zorg mogelijke zijtakken of collateralen 
te blokkeren – is de focus van dit onderzoek.
 In Deel I, Hoofdstuk 2 verrichten we een literatuur onderzoek om de huidige kennis 
te evalueren ten aanzien van femoropopliteale bypass chirurgie. De gepubliceerde gegevens 
van de incidentie van vroege complicaties in femoropopliteale bypass chirurgie is het 
thema van dit hoofdstuk. Deze studie toont een totale postoperatieve morbiditeit van 37% 
en een lichte voorkeur voor veneuze bypasses bij alle complicaties behalve lymfoedeem. 
Wond infecties en vroege occlusies lijken meer voor te komen in prothetische bypasses. 
Deze bestaan echter uit verschillende materialen en uitspraken over moderne protheses 
gebaseerd op deze resultaten moeten met zorg bekeken worden. Deze postoperatieve 
morbiditeit, tezamen met een 17% morbiditeit gevonden in de literatuur in endovasculaire 
chirurgie heeft de ontwikkeling in deze mogelijkheden echter gestimuleerd (3). Dit geldt met 
name voor de langere SFA afwijkingen. 
 In hoofdstuk 3 evalueren we de mogelijk nieuwe behandelopties in femoropopliteale 
bypass chirurgie, die in de literatuur gevonden worden. Hier is een zoektocht gedaan in 
de literatuur naar studies van de laatste 10 jaar om vast te stellen of nieuwe behandel 
mogelijkheden hebben geleid tot betere resultaten en inzichten vergeleken met 
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endovasculaire chirurgie. Deze studie vond geen nieuwe technieken of verbetering van 
resultaten gedurende de laatste 10 jaar vergeleken met die gevonden 10 jaar geleden in 
open bypass chirurgie boven de knie. We vonden wel – zoals ook eerder is gevonden- dat 
een veneuze bypass betere resultaten geeft dan prothese materiaal, maar niet beter dan 
10 jaar geleden. Alle ontwikkelingen in endovasculaire chirurgie werpen de vraag op, of een 
veneuze conduit nog de gouden standaard is in de vaatchirurgie. 
 In Deel II beschrijven we in 2 klinische studies de resultaten en mogelijkheden 
van de endovasculaire behandeling met gecoverde stents in het femoropopliteale traject. 
Hoofdstuk 4 behandelt de 3-jaars resultaten van expanded polytetrafluoroethylene (e-PTFE) 
gecoverde stents voor de behandeling van occlusief vaatlijden in de SFA. De 3-jaars resultaten 
na eventuele interventie die tegen de 80% open gecoverde stents lieten zien, toonden de 
mogelijkheden van deze grafts in 2010 in de behandeling van occlusief vaatlijden in het 
femoropopliteale traject.
Percutane transluminale behandeling van SFA occlusief vaatlijden was gedurende jaren 
een voorkeurs behandeling met acceptabele resultaten in korte afwijkingen, maar beperkte 
levensduur. Gezien de hoge incidentie van in-stent restenose kon dit nauwelijks verbeterd 
worden met nitinol bare stents (4). De ratio achter de gecoverde stent was gebaseerd op 
biocompatibiliteits studies van ePTFE bypasses, waarbij bekend was, dat die nauwelijks 
intima hyperplasie lieten zien (5). In deze studie werden acceptabele klinische resultaten 
gevonden met enkel/arm indices die vrijwel normaal waren en dit gedurende 3 jaar 
bleven. Occlusies werden niet zozeer veroorzaakt door in-stent restenose of door intima 
hyperplasie, maar door acute trombosering gecorreleerd aan ziekte progressie boven en 
onder de endograft. 
 Hoofdstuk 5 behandelt eventuele andere toepassingen voor ePTFE gecoverde 
stents. Dit hoofdstuk beschrijft de behandeling van ernstige verwijdingen van veneuze 
bypasses. Deze verwijdingen kunnen zich in weken of maanden ontwikkelen en ruptureren, 
hetgeen bloedingen verzoorzaakt, waarvoor acute chirurgie nodig is. Dit werd gedaan in lange 
afwijkingen en de endografts functioneerden na 12 en 24 maanden. Aangezien verwijdingen 
meestal ontstaan in ernstig zieke patiënten, is deze minimaal invasieve behandeling een 
aantrekkelijk alternatief voor open chirurgie. Deze ervaring toont, dat deze behandeling niet 
alleen mogelijk is, maar ook veilig. 
 In deel III focussen we op 2 studies, die de vraag adresseren wat de relevantie is 
van het collateraal systeem van de SFA met specifieke aandacht voor het beslis proces 
in de toepassing van gecoverde stents. De zorg in dit proces is, dat het afsluiten van 
collateralen mogelijk negatieve consequenties heeft bij occlusie van een gecoverde stent.                          
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Om deze vraag goed te beantwoorden, dienen we naar 2 aspecten te kijken: het volume 
aspect en het anatomische aspect. In hoofdstuk 6 kijken we naar het volume aspect en in 
hoofdstuk 7 naar het anatomische aspect. Aangezien op dit moment het meten van bloed 
volumina die collateralen passeren niet mogelijk is, hebben we een rekenmodel van het SFA 
collateraal systeem ontworpen. Angiografische waarden werden gebruikt, om dit model met 
de wet van Poiseuille en Ohm te ontwikkelen. Deze vergelijkingen laten zien, dat een vloeistof 
stroom evenredig is met de straal van een buis (de arterie) waar deze door heen gaat tot 
de 4e macht. Hieruit werd het volume van het collateraal systeem geschat van het SFA 
systeem. Dit model laat zien, dat de maximale volume stroom vergeleken met een normale 
stroom door de SFA 5,1% is bij patiënten met een vernauwing, en 20,8% in patiënten met een 
occlusie. Deze studie toont aan, dat maximale collaterale bloed stroom door het collateraal 
systeem slechts een klein deel is van de normale bloedstroom door de SFA. Alhoewel 
collateralisatie geacht wordt van groot belang te zijn voor onderbeens perfusie in patiënten 
met PAOD konden we geen gevalideerde methode vinden in de literatuur om dit volume in 
onderbeens collateralisatie vast te stellen. De resultaten van onze studie kunnen klinische 
consequenties hebben, aangezien deze eerdere observaties verklaren, dat afsluiting van 
collateralen door gecoverde stents niet noodzakerlijkerwijs leidt tot klinische achteruitgang 
(11). Dit ondersteunt de theorie, dat kleine aantallen SFA collateralen veilig overstent zouden 
kunnen worden. 
 We waren ook met name geïnteresseerd in de anatomische paden van de 
collateraal circulatie. In hoofdstuk 7 beschrijven we een anatomische studie verricht in 10 
kadaver benen. De klinische significantie van collateraal circulatie blijft een onderwerp van 
discussie, zoals studies met gesuperviseerde looptraining hebben laten zien (12). In deze 
studie zijn collateraal paden onderzocht van de SFA, de arteria profunda femoris (APF) en 
de arteria poplitea (AP) ter verbetering van onze anatomische kennis van dit systeem en 
om een bijdrage te leveren aan een meer wetenschappelijke benadering voor het plannen 
van een endovasculaire procedure. We vonden, dat de helft van alle collateralen uit de APF 
eindigden in het distale deel van het adductoren kanaal (H3) of het proximale deel van de 
AP (P1) en dat 25% van de collateraal arteriën hun oorsprong hadden in dit deel. Het belang 
van dit segment in de collateraal circulatie kan klinische consequenties hebben, waar 
men voorzichtig zou moeten zijn in het occluderen hiervan. In uitgebreide occlusies van 
de SFA, lijken lange gecoverede stents beter te presteren dan de bare metal stents. Aldus 
zijn proximale afwijkingen van de AP vaak betrokken en overstent in dit segment. In een 
retrospectieve studie hebben we aangetoond, dat occlusie van een gecoverde stent, ook als 
dit tot in de AP is, niet gerelateerd is met een klinische catastrophe (11).  Deze studie toont 
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aldus, dat de meeste collateralen hun origine hebben in de APF en dat een groter deel van 
alle collateralen een connectie hebben met het H3-P1 segment. 
 Deel IV, hoofdstuk 8 focust op de middellange termijn uitkomsten van heparine 
gebonden gecoverde stents. Het laat de resultaten zien van de laatste generatie gecoverde 
stents, waarbij heparine gebonden technologie was geïncorporeerd in het binnen oppervlak 
van de stent en het proximale uiteinde was herzien om naar binnen vouwen te voorkomen bij 
oversizing. Aangezien de Viastar trial de superioriteit van gecoverde stents heeft laten zien 
boven nitinol stents in langere afwijkingen bij 24 maanden (10) is het bezien van de resultaten 
van deze graft een logische stap. Het doel van deze studie was de 3-jaars resultaten. Dit is de 
eerste studie van deze specifieke graft waarbij dit wordt gedaan en de middellange resultaten 
zijn acceptabel: 84% van de patiënten werd behandeld voor TASC C en D afwijkingen met 
82% nog goed functionerende grafts. Alhoewel deze resultaten in overeenstemming zijn met 
die gevonden in eerdere studies (6), lijkt het nodig een vergelijkende studie op te zetten om 
de positie van deze techniek te bepalen ten opzichte van andere in een behandel algoritme. 
De relatief lage complicatie ratio dient meegenomen te worden bij het overwegen van een 
chirurgische optie. Dit kan gezien worden als een bijkomende behandel optie, waarbij een 
chirurgische reconstructie mogelijk uitgesteld kan worden. 
 In hoofdstuk 9 rapporteren we over de lange termijn resultaten van de ePTFE 
gecoverde stent in de SFA en zoomen we in op factoren, die van invloed kunnen zijn op 
occlusie. In deze studie vinden we 47% primaire patency en 77% secundaire patency na 5 
jaar. Vergeleken met de nog immer superieure veneuze bypass lijken deze 5-jaars resultaten 
laag; ze zijn echter nog steeds in lijn met de resultaten gevonden in de literatuur bij 
prothetische bypasses boven de knie (6). De nieuwste generatie viabahns met veranderde 
proximale uiteinde en heparine gebonden binnen oppervlakte zou een uitdaging kunnen zijn 
voor de gouden standaard voor lange afwijkingen zoals nu bestudeerd wordt in de SuperB 
trial (7). We vonden tevens, dat diameter een onafhankelijke voorspeller is voor verlies van 
primaire patency.  Alhoewel eerdere studies van McQuade in deze richting hebben gewezen 
(8,9) laat onze studie betere patencies zien voor de grotere diameters in een Cox regressie 
analyse. Daarom lijkt een distale landing zone met een adequate diameter een van de meest 
belangrijke factoren in het beslis proces voor het inbrengen van een ePTFE gecoverde stent. 
In kleinere vaten is het advies om een veneuze bypass te gebruiken, aangezien oversizing 
nadelig kan zijn. 
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Toekomst perspectief

Dit onderzoek behandelt de klinische resultaten van de endovasculaire behandeling van 
PAOD met speciale aandacht voor de SFA en zijn zijtakken of collateralen. In de jaren ’80 
zijn we begonnen met percutane transluminale angioplastieken of ‘Dotter’ behandelingen 
van de geoccludeerde SFA, gevolgd door bare metal stenting gezien de matige lange termijn 
klinische resultaten. Deze nitinol bare metal stents gaven betere resultaten, maar open 
bypass chirurgie deed het nog altijd beter. Daarna in de 90-er jaren, werden de gecoverde 
stents ontwikkeld. Allereerst vonden deze hun toepassing in kortere afwijkingen, daarna 
na enige tijd in langere afwijkingen van de SFA. We zien tegenwoordig een opleving van 
angioplastieken met een ballon, ook bij langere afwijkingen (13). Tegenwoordig hebben deze 
ballonnen echter andere eigenschappen en middelen, zoals paclitaxel. Deze ballonnen lijken 
betere resultaten te geven, ook in langere afwijkingen, maar het gebruik hiervan lijkt een 
stap terug in de tijd. Hoewel de gedachte, dat niets achter gelaten mag worden geresulteerd 
heeft in de opkomst van oplosbare stents, zullen deze stents de lange termijn patency 
resultaten van andere stents niet halen, aangezien vaatziekte een doorgaand proces is, dat 
verergert bij vele patiënten die niet willen stoppen met roken. Hoewel PAOD een uitdagende 
aandoening blijft, zullen toekomstige ontwikkelingen meest waarschijnlijk in de hoek van 
de endovasculaire behandeling te vinden zijn en niet zozeer in de open bypass chirurgie. 
Ondanks, dat open bypass chirurgie een belangrijke optie zal blijven bij patiënten met 
kritieke ischaemie is dit niet waar de grote ontwikkelingen zijn geweest, of zullen zijn. Een 
mogelijkheid is een drug eluting stent met een ePTFE binnenbekleding, waar het gekoppelde 
geneesmiddel de korte termijn resultaten zal verbeteren en de binnen bekleding de langere 
termijn uitkomst. Dit zou met name kunnen zijn in de langere afwijkingen. Daarbij zal het 
een betere kwaliteit van leven geven in de periode kort na chirurgie, aangezien het een 
minimaal invasieve techniek betreft. Als zodanig zou een gerandomizeerd onderzoek dienen 
plaats te vinden, waarbij endoluminale bypass vergeleken wordt met open bypass chirurgie 
teneinde lange termijn resultaten te evalueren tezamen met kwaliteit van leven en een goede 
complicatie meting van de postoperatieve periode. Wellicht kan dit gezien worden als een 
extra pijl op de boog van de vaatchirurg en niet noodzakerlijkerwijs als een vervanging van 
open chirurgie. 
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Niets van dit alles was ooit tot stand gekomen zonder de niet aflatende hulp en bijstand 
van een aantal mensen. Sommigen in een heel vroeg stadium, anderen later. Allereerst 
mijn promotor en copromotores. 

Prof dr F.L. Moll, beste Frans. Een bezoek aan jou is steeds het beste te vergelijken geweest 
met een warm bad. Altijd was er op het UMCU het luisterende oor met goede suggesties 
en ideeën en een kop koffie. Ik geloof dat het inmiddels zo’n 10 jaar geleden is geweest, dat 
we elkaar voor het eerst over dit werk spraken en de contouren hebben uitgezet. Dit laat 
een paar dingen zien: jouw vasthoudendheid in deze, maar ook en met name je engelen 
geduld. Vooral je immer aanwezige vraag naar ‘time tables’, waar ik volgens mij volstrekt 
onvoldoende mee heb gewerkt, laat dit zien. Ik ben je zeer veel dank verschuldigd.

Dr MMPJ Reijnen, beste Michel. We hebben elkaar leren kennen op de congressen, en je 
kwam bij mij altijd over als een gedreven chirurg met een warm gevoel voor je collega’s. Al 
snel wist ik mijn ideeën bij jou uit te kunnen werken. Het is steeds een feest geweest om 
dit met jou te kunnen doen. Je bent snel van geest, vol van ideeën en enorm aanhoudend. 
Dit zijn allemaal kwaliteiten die onontbeerlijk zijn geweest in de vorming van dit boekje. Ik 
kan je niet genoeg bedanken voor de bijdrage, die je hebt geleverd aan de totstandkoming 
hiervan. 

Dr W.M. Fritschy, beste Wilbert. Waar moet ik in Godsnaam beginnen? Je hebt je bijdrage 
geleverd aan het nakijken van artikelen, het spuien van ideeën bij het knapperend 
haardvuur in langdurige sessies, het regelen van tijd in de maatschap en het in het 
algemeen faciliteren van van alles en nog wat. Je bent een onmisbare pilaar geweest, 
waarop ik vele malen heb kunnen steunen tijdens het maken van dit werk. Zonder jou was 
het er gewoon niet gekomen. 

Mijn paranymfen Sven van Helden en Frederike Rutgers van der Loeff-Kruse.  
Beste Sven, onze vriendschap bestaat al heel lang. De afgelopen tijd is deze door pieken 
en dalen gegaan, maar altijd is je steun in en buiten de maatschap duidelijk geweest. 
Volgens mij is dit ook een van de vele mooie kenmerken van vriendschap. Hiervoor ben 
ik je zeer erkentelijk en hoop nog vele jaren met je te kunnen samen zijn zowel binnen als 
buiten het ziekenhuis. 

Lieve Frederike, wat ben ik blij, dat je mijn paranymf bent en dat je getuige kan zijn van 
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Prof dr F.L. Moll, beste Frans. Een bezoek aan jou is steeds het beste te vergelijken geweest 
met een warm bad. Altijd was er op het UMCU het luisterende oor met goede suggesties 
en ideeën en een kop koffie. Ik geloof dat het inmiddels zo’n 10 jaar geleden is geweest, dat 
we elkaar voor het eerst over dit werk spraken en de contouren hebben uitgezet. Dit laat 
een paar dingen zien: jouw vasthoudendheid in deze, maar ook en met name je engelen 
geduld. Vooral je immer aanwezige vraag naar ‘time tables’, waar ik volgens mij volstrekt 
onvoldoende mee heb gewerkt, laat dit zien. Ik ben je zeer veel dank verschuldigd.

Dr MMPJ Reijnen, beste Michel. We hebben elkaar leren kennen op de congressen, en je 
kwam bij mij altijd over als een gedreven chirurg met een warm gevoel voor je collega’s. Al 
snel wist ik mijn ideeën bij jou uit te kunnen werken. Het is steeds een feest geweest om 
dit met jou te kunnen doen. Je bent snel van geest, vol van ideeën en enorm aanhoudend. 
Dit zijn allemaal kwaliteiten die onontbeerlijk zijn geweest in de vorming van dit boekje. Ik 
kan je niet genoeg bedanken voor de bijdrage, die je hebt geleverd aan de totstandkoming 
hiervan. 

Dr W.M. Fritschy, beste Wilbert. Waar moet ik in Godsnaam beginnen? Je hebt je bijdrage 
geleverd aan het nakijken van artikelen, het spuien van ideeën bij het knapperend 
haardvuur in langdurige sessies, het regelen van tijd in de maatschap en het in het 
algemeen faciliteren van van alles en nog wat. Je bent een onmisbare pilaar geweest, 
waarop ik vele malen heb kunnen steunen tijdens het maken van dit werk. Zonder jou was 
het er gewoon niet gekomen. 

Mijn paranymfen Sven van Helden en Frederike Rutgers van der Loeff-Kruse.  
Beste Sven, onze vriendschap bestaat al heel lang. De afgelopen tijd is deze door pieken 
en dalen gegaan, maar altijd is je steun in en buiten de maatschap duidelijk geweest. 
Volgens mij is dit ook een van de vele mooie kenmerken van vriendschap. Hiervoor ben 
ik je zeer erkentelijk en hoop nog vele jaren met je te kunnen samen zijn zowel binnen als 
buiten het ziekenhuis. 

Lieve Frederike, wat ben ik blij, dat je mijn paranymf bent en dat je getuige kan zijn van 
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Niets van dit alles was ooit tot stand gekomen zonder de niet aflatende hulp en bijstand 
van een aantal mensen. Sommigen in een heel vroeg stadium, anderen later. Allereerst mijn 
promotor en copromotores. 

Prof dr F.L. Moll, beste Frans. Een bezoek aan jou is steeds het beste te vergelijken geweest 
met een warm bad. Altijd was er op het UMCU het luisterende oor met goede suggesties 
en ideeën en een kop koffie. Ik geloof dat het inmiddels zo’n 10 jaar geleden is geweest, dat 
we elkaar voor het eerst over dit werk spraken en de contouren hebben uitgezet. Dit laat 
een paar dingen zien: jouw vasthoudendheid in deze, maar ook en met name je engelen 
geduld. Vooral je immer aanwezige vraag naar ‘time tables’, waar ik volgens mij volstrekt 
onvoldoende mee heb gewerkt, laat dit zien. Ik ben je zeer veel dank verschuldigd.

Dr MMPJ Reijnen, beste Michel. We hebben elkaar leren kennen op de congressen, en je 
kwam bij mij altijd over als een gedreven chirurg met een warm gevoel voor je collega’s. Al 
snel wist ik mijn ideeën bij jou uit te kunnen werken. Het is steeds een feest geweest om dit 
met jou te kunnen doen. Je bent snel van geest, vol van ideeën en enorm aanhoudend. Dit 
zijn allemaal kwaliteiten die onontbeerlijk zijn geweest in de vorming van dit boekje. Ik kan je 
niet genoeg bedanken voor de bijdrage, die je hebt geleverd aan de totstandkoming hiervan. 

Dr W.M. Fritschy, beste Wilbert. Waar moet ik in Godsnaam beginnen? Je hebt je bijdrage 
geleverd aan het nakijken van artikelen, het spuien van ideeën bij het knapperend haardvuur 
in langdurige sessies, het regelen van tijd in de maatschap en het in het algemeen faciliteren 
van van alles en nog wat. Je bent een onmisbare pilaar geweest, waarop ik vele malen heb 
kunnen steunen tijdens het maken van dit werk. Zonder jou was het er gewoon niet gekomen. 

Mijn paranymfen Sven van Helden en Frederike Rutgers van der Loeff-Kruse.  
Beste Sven, onze vriendschap bestaat al heel lang. De afgelopen tijd is deze door pieken en 
dalen gegaan, maar altijd is je steun in en buiten de maatschap duidelijk geweest. Volgens 
mij is dit ook een van de vele mooie kenmerken van vriendschap. Hiervoor ben ik je zeer 
erkentelijk en hoop nog vele jaren met je te kunnen samen zijn zowel binnen als buiten het 
ziekenhuis. 

Lieve Frederike, wat ben ik blij, dat je mijn paranymf bent en dat je getuige kan zijn van 
de conceptie van dit boekje. In de loop van de jaren zijn de momenten dat we samen zijn 
geweest schaarser geworden. Zo gaat dat nu eenmaal, maar ik prijs me gelukkig zo een 
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zusje en ‘kunstenmaker’ te hebben. Je hebt altijd een geïnteresseerd oor gehad voor mijn 
verhalen uit het ziekenhuis en vaak had dit geen bal te maken met dit onderzoek, maar altijd 
zijn je opmerkingen oprecht geweest. Dank hiervoor. 

Chirurgen vakgroep van de Isala Klinieken veel dank. Zonder jullie bijdrage en met name 
het moreel bijstaan was het niet mogelijk geweest in de vakgroep dit tot stand te brengen. 
Met name de vaatchirurgen Jacques Oskam, Maurice Pierie en Wilbert Fritschy hebben 
altijd zonder omzien en met gulle hand de mogelijkheden geschapen om dit mogelijk te 
maken naast de werkdruk van de kliniek. Dit kan alleen in goed onderling vertrouwen en 
samenwerking. Hiervoor veel dank. 

Ook veel dank aan de chirurgen vakgroep van het St Jansdal en met name René The en 
Willem Akkersdijk. Vooral het laatste jaar is er veel tijd gegaan in de totstandkoming van 
de laatste artikelen en het boekje, hetgeen regelmatig tijdnood gaf. Ook jullie hebben me de 
ruimte gegeven om dit erin te steken. Dank hiervoor.

Verpleegkundig specialisten Iris Feenstra en Ilona Siebelt ben ik ongelooflijk veel dank 
verschuldigd. Het bijhouden van statussen en de daaruit gehaalde gegevens zijn onmisbaar 
gebleken in het samenstellen van de klinische onderzoeken. Zonder jullie hulp, ondersteuning 
en altijd aanwezige positiviteit zou dit boekje er niet geweest zijn. 

Floris Poelmann: je bent bij ons begonnen als enthousiaste jonge co-assistent en bent nu in 
opleiding tot chirurg. Je bent altijd positief en vol vertrouwen en hebt jezelf enorm ontwikkeld. 
Je hebt niet alleen inhoudelijk een grote bijdrage geleverd, maar ook je persoonlijkheid 
maakt het samen doen van onderzoek tot een feest. Wat een geduld en vasthoudendheid 
heb je gehad met de vorming van onze stukken. Je bent een voorbeeld voor toekomstige 
co-assistenten en arts assistenten. Dank voor je bijdrage. 

Denise Doomernik: We hebben samen het anatomische onderzoek gedaan in de kelders van 
het anatomische gebouw in het Radboud in een voor jou onzekere tijd met sollicitaties voor 
de opleiding. Jouw scherpte en inzichten hebben geleid tot de artikelen en uiteindelijk tot het 
resultaat wat er nu ligt, waarvoor ik je veel dank verschuldigd ben. 

Aan mijn ouders, Pap en Mam: wat ben ik blij, dat jullie hier allemaal bij kunnen zijn. Jullie 
hebben mij altijd gestimuleerd om verder te gaan en dieper te graven. ‘Het beste is net goed 
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genoeg’ is een uitdrukking, die nog met enige regelmaat in mijn hoofd doorklinkt. Daarbij 
hebben jullie me altijd de vrijheid gegeven me op mijn eigen manier te ontwikkelen hetgeen 
met ‘ups en downs’ gepaard is gegaan. Heel veel dank hiervoor. 

Voor mijn schoonmoeder, lieve Ma: wat moet ik bij het maken van dit boekje en het leggen 
van de laatste hand hieraan aan U denken. Aan al die middagen en avonden, dat we samen 
aan de keukentafel over geneeskunde zaten te praten. Het geïnteresseerde oor en de 
verstandige opmerkingen. Ze zijn altijd raak geweest. Die interesse is iets wat ik altijd met 
me mee zal nemen. Dank hiervoor. 

Oom Jan en tante Leida: in tijden van nood kent men zijn vrienden. Op één van de moeilijkste 
momenten zijn jullie er geweest, en ik hoop dat jullie er ook op dit moment bij kunnen zijn. 
Van daaruit kon ik namelijk verder kijken en is alles weer op de rails gekomen, met uiteindelijk 
ook dit boekje als ultiem resultaat. Veel dank hiervoor. 

My Friends Sam A Nickell en James S Titus: you have helped me to set my first paces in 
Surgery and in Research. Sometimes in endless sessions lasting through the night with 
‘support dogs’. Sometimes in endless sessions phylosiphyzing in ‘the Plough and Stars’ in 
Boston. It must not have been easy sometimes to keep me in line. If I couldn’t have set these 
steps with you, I would not be here today with the underlying result. Not only that, you have 
given me something of more value: your friendship. Thank you for all of it. 

Voor mijn vriend Freek Monster, beste Freek, jij hebt me op het juiste moment de juiste 
zet gegeven. Jouw positiviteit en opmerkingen in deze hebben me op een lastig moment 
precies de goede richting opgeduwd. Dank voor je vriendschap en ‘push’. 

Evelien Marsman, mijn secretaresse. Wat ben je doortastend. Op verschillende momenten 
is het jouw inzet geweest, die ervoor heeft gezorgd, dat het administratief goed kwam met 
het boekje. Daarbij is het een plezier om met je samen te werken. Dank voor je inzet. 

Tot slot Diederick, Willem en Anne. Het is niet altijd even makkelijk geweest met een vader 
die altijd iets in zijn achterhoofd had om ‘te moeten gaan doen’. Het is jullie positiviteit, 
energie en ondersteuning geweest, die het allemaal dragelijk heeft gemaakt. 
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En ‘last but not least’ Pauline, mijn lieve Poele. Jouw steun en toeverlaat en ook eindeloze 
geduld heeft dit alles mogelijk gemaakt. Als jij hier niet in zou hebben geloofd, hoe had ik dit 
dan kunnen doen? Op de achtergrond ben je mijn immer aanwezige rots geweest. Hoe kan 
ik je hiervoor ooit genoeg danken?
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