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Arterial obstructive disease as a result of atherosclerosis and aneurysmal di-
latation are the two main diseases that affect large and middle-sized arteries 
in the human body. Arterial aneurysmal dilatation often occurs in patients 
with atherosclerosis and both pathologic conditions share common risk fac-
tors. For this reason, aneurysms that do not have a specific aetiology, such 
as a connective tissue disorder, infection, or post-dissection dilatation, are 
often described as “atherosclerotic” aneurysms. The location of the disease 
in the vessel wall, however, is different for atherosclerosis as compared to 
aneurysmal degeneration. In atherosclerosis, lesions are concentrated in the 
intima, whereas aneurysmal degeneration is located in the media and the 
adventitia. In addition, the pathologic feature of atherosclerosis is foam-cell 
formation whereas aneurysmal degeneration is marked by intense oxidative 
stress, inflammatory infiltration, transmural matrix degradation, and apop-
tosis and depletion of smooth-muscle cells.1 As a result of the differences 
in pathophysiology between atherosclerosis and aneurysmal degeneration, 
most aneurysms formerly called “atherosclerotic”, can therefore better be 
described as “nonspecific” or “degenerative” in origin.2  As the incidence of 
aneurysmal degeneration is highest in the infrarenal abdominal aorta, this 
type of aneurysm has been investigated more intensively and serves as the 
basis of understanding of the pathophysiology of less common aneurysms 
occurring in other locations in which similar processes have been disco-
vered.3 
This thesis focuses on the endovascular repair of aneurysms which are lo-
calized distally from the aortoiliac bifurcation and are described as “peri-
pheral aneurysms” throughout the text. 

Peripheral aneurysms of the lower extremity

Aneurysmal degeneration most commonly occurs in the infrarenal abdo-
minal aorta with a prevalence of 3% to 10% in men >50 years old and 
varying with the prevalence of risk factors in the population.4 More periphe-
ral aneurysms, including solitary iliac, popliteal, and femoral aneurysms (in 
decreasing incidence) are less frequently occurring entities. Using the Na-
tional 1990 Hospital Discharge Summary Data, which is a complex sample 
of non-federal short-stay hospitals in the United States, it was shown that 
the incidence of iliac and femoral/popliteal artery aneurysms in hospitalized 
American men was 6.58 and 7.39 per 100,000 respectively.5  
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In a Danish study that screened 4,176 abdominal aortic aneurysms, the 
prevalence of isolated common iliac artery aneurysms was 0.05% in men 
between 65 and 73 years old.6 A large autopsy study on 26,251 patients 
who died in Malmö (Sweden) between 1971 and 1985, found a 0.03% pre-
valence of isolated iliac artery aneurysms.7  
The relative incidence of common and internal iliac artery aneurysms has 
been documented as 80% and 20% respectively, with the external iliac 
artery almost never involved, for reasons not exactly known.8 The relative 
distribution of femoral aneurysms is 80%, 15%, and 5%, for the common, 
superficial, and deep femoral artery, respectively.9 
Peripheral lower extremity aneurysms can all exist as solitary aneurysms 
although they frequently will occur together with aneurysms in another loca-
tion, especially the abdominal aortic aneurysm. In a series studied by Diwan 
et al. of 252 male abdominal aortic aneurysms, the incidence of femoral or 
popliteal aneurysms was 14%.10 In another study by Graham et al. of 100 
profunda femoris artery aneurysms, 85% were associated with an abdomi-
nal aortic aneurysm, and 44% with a popliteal artery aneurysm.11

The nationwide Swedish vascular registry (Swedvasc) showed that 28.1% 
of unilateral popliteal artery aneurysms were associated with an abdomi-
nal aortic aneurysm, 8.4% with an iliac artery aneurysm and 9.4% with a 
femoral aneurysm.12 As a result of the described associations, it is gene-
rally recommended to screen all patients with peripheral lower extremity 
aneurysms for the presence of an abdominal aortic aneurysm and other 
peripheral aneurysms, especially on the contralateral side, using duplex 
examination. In addition, it seems wise to screen all patients with an abdo-
minal aortic aneurysm for the presence of peripheral artery aneurysms. The 
incidence of popliteal artery aneurysms in a population without abdominal 
aortic aneurysm is very low. As a result of a community-based abdominal 
aortic aneurysm screening programme, Claridge et al. found three popliteal 
artery aneurysms in a group of 112 patients with a small abdominal aortic 
aneurysm and no popliteal artery aneurysm in a group of 171 patients with 
a normal-sized aorta.13

A distinct entity is formed by the iatrogenic pseudoaneurysm in the groin. 
As a result of a puncture hole in the femoral artery (most often the com-
mon femoral artery) after an intraarterial catheterization, arterial blood flows 
in a virtual space which is the pseudoaneurysm. The wall of the pseudo- 
aneurysm does not contain one single layer of the native artery but is formed 
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by fibrous tissue. The incidence of femoral postcatheterization pseudo–
aneurysms has been reported between 0.05% and 4% and increases with 
the use of larger sheaths.14

Natural history and symptomatology

The natural history of peripheral aneurysms is associated with continuous 
enlargement. As with abdominal aneurysms, larger peripheral aneurysms 
seem to grow faster than smaller ones. The average expansion rate of a 
common iliac artery aneurysm has been calculated to be at least 2.9 mm per 
year in a series of 104 cases.15 Others describe an average expansion rate 
of 0.5 to 1.5 mm per year for aneurysms <3 cm with an increase up to 2.8 
mm per year for aneurysms ≥3 cm.16 In a series of 24 popliteal aneu-rysms 
described by Pittathankal and Galland et al., growth rates were 1.5 mm, 
3.0 mm, and 3.7 mm per year for aneurysms of <20 mm, 20-30 mm, and 
>30 mm in diameter, respectively.17 This is in concordance with the study of 
Stiegler et al. who also reported a doubling of the growth rate for popliteal 
aneurysms >20 mm in diameter as compared to smaller ones.18 Unlike for 
abdominal artery aneurysms, where female sex, smoking, and a higher mean 
blood pressure were found to be independent risk factors for rupture19, no 
such association has been demonstrated for peripheral aneurysms.
Iliac aneurysms are particularly associated with rupture. Due to the anatomi-
cal location deep in the pelvis, iliac aneurysms are difficult to detect during 
clinical examination and will often stay asymptomatic until they rupture.  
Nevertheless, they can exert compression on adjacent pelvic structures, 
leading to ureteral obstruction, hematuria, iliac vein thrombosis, large bowel 
obstruction, and lower extremity neurological deficits. Femoral aneurysms 
will often be detected by the presence of a palpable mass in the groin or 
thigh region and eventually lead to pain.20 Popliteal aneurysms more often 
will lead to distal ischemia as a result of thrombosis or embolization and 
rarely present with rupture. The annual complication rate associated with an 
asymptomatic popliteal artery aneurysm was found to be 14%, increasing 
to 68% after 5 years.20,21 Femoral and popliteal aneurysms that are large 
enough to exert compression on adjacent structures can obviously lead to 
deep venous thrombosis or a neurological deficit.
Although no clear guidelines have been formulated, the recommended and 
generally accepted diameter thresholds for intervention in asymptomatic 
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good-risk and surgically fit patients are the following: 3.5 cm for a common 
iliac artery aneurysm, although most iliac aneurysms do not rupture until 
they have reached a diameter of 4 or 5 cm15; 3.0 cm for an internal iliac  
artery aneurysm22; 2.5 cm for a common femoral artery aneurysm; 2.5 cm 
for a superficial femoral artery aneurysm20; 2.0 cm for a profunda 
femoris artery aneurysm21; and 2.0 cm for a popliteal artery aneurysm.18,25-28

With regard to the popliteal artery, a lot of controversy still exists about the 
exact diameter cut-off point for treatment, with a gray zone between 2 and 
3 cm. Galland et al. have advocated using a combination of aneurysm size 
and distortion of the popliteal artery as a guideline to treat asymptoma-
tic popliteal aneurysms. The highest predictive value for symptomatology 
would be a diameter of ≥3 cm and a distortion of >45°, measured as the 
angle of the most proximal curve in the popliteal artery.21 
The impact of thrombus in the wall of the aneurysm on the occurrence of 
symptoms is unclear, although it is reasonable to believe that thrombus 
may dislodge and cause peripheral embolization. In the Swedvasc registry, 
96.6% of the popliteal artery aneurysms had >2 mm of thrombus in the wall 
of the popliteal artery.12

Diagnosis and follow-up

Asymptomatic peripheral aneurysms are nowadays often diagnosed on a 
computed tomography (CT) scan that was performed for another indication. 
A clinical suspicion of a peripheral aneurysm can be confirmed by duplex 
ultrasound examination or by CT or magnetic resonance (MR) angiography. 
Follow-up of a peripheral aneurysm can best be performed with a duplex 
ultrasound scan to measure the maximal diameter in a plane perpendicu-
lar to the axis of the vessel. In addition, with a duplex scan, the presence 
of thrombus in the wall of the aneurysm can be visualised. The quality of 
the inflow and outflow tract can be assessed and ankle/brachial pressure 
indices measured. Follow-up intervals should be dictated by the expected 
growth rate of the aneurysm. The exact growth rate of the different types of 
aneurysms, however, is difficult to predict, is often characterized by a stac-
cato pattern29, and may be subject to factors as smoking15 and hyperten-
sion.17 To give recommendations on the ideal follow-up interval for the diffe-
rent aneurysms based on diameter and threshold for intervention is difficult.  
It should rather be dictated by the individual patient’s risk factors, including 
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contralateral disease, aneurysmal disease elsewhere, smoking and hyper-
tension.29

Treatment

Historical perspective

Operative treatment of peripheral aneurysms started in the 18th century. The 
indication for treatment in the early days of surgical practice for peripheral 
aneurysms was actually to induce thrombosis. Patients presented with pain, 
swelling of the leg due to venous compression, and rupture of the aneu-
rysm. Thrombosis was induced either by compression or ligation. Different 
techniques have been described and were dictated by the anatomical loca-
tion of the aneurysm, either deep in the pelvis (iliac vessels) or located more 
superficially (femoral or popliteal vessels).
The “Hunterian ligation”, performed by John Hunter (St George’s Hospital, 
London) in 1785 on a 45-year-old coachman with a popliteal artery aneu-
rysm was said to be a legendary intervention in those days. It proved to be 
successful after 15 months when the patient died of other causes and the 
aneurysm proved to be still thrombosed. In 1817, Sir Astley Paston Cooper 
(Guy’s Hospital, London), who was an apprentice of Hunter, performed the 
first operation for an iliac artery aneurysm in a 37-year-old man with a trau-
matic aneurysm of the external iliac artery that was eroding through the skin. 
He ligated the aorta above the aneurysm. The patient survived the operation 
but died 40 hours later.30 Valentine Mott (New York) who had been trained by 
Cooper in London, performed the first successful operation for a common 
iliac artery aneurysm in a 33-year-old farmer in 1827. He ligated the proximal 
iliac artery.27 Until the 1950’s, ligation was the only treatment option for iliac 
artery aneurysms.31

In the 20th century, for popliteal artery aneurysm repair, a reconstruction 
through a posterior approach with a vein graft interposition was first intro–
duced by Erich Lexer (University of Jena, Germany) in 1912, next by Hogarth 
Pringle (Glasgow Royal Infirmary) and Bertram Bernheim (Union Protestant 
Infirmary, Baltimore) in 1915. In 1969, Edwards described for the first time 
the technique of proximal and distal ligation and reversed saphenous vein 
bypass grafting through a medial approach.28
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current treatment modalities

Since the era of John Hunter and Sir Astley Cooper, not only operative 
techniques, but also the indications for treatment have evolved. In the early 
days, symptoms of compression and rupture including pain, obstruction of 
adjacent structures, and swelling of the limb were indications for treatment. 
In present times, peripheral aneurysms are primarily treated to prevent all 
complications mentioned above. Operative techniques have evolved from 
simple compression and ligation to induce thrombosis to revascularization 
using a bypass or interposition graft. For this purpose, techniques using 
autologous material such as the saphenous vein were developed first. Pros-
thetic graft material was introduced in the 1950’s. Stanley Crawford repor-
ted in 1958 the use of Dacron as bypass material to treat popliteal artery 
aneurysms.32

In the last decade of the 20th century, the rapid evolution towards endovas-
cular techniques using covered stents, which are introduced through the 
common femoral artery, has changed the surgical landscape of peripheral 
aneurysm repair significantly. 

Treatment of iliac artery aneurysms

open surgical repair

Open surgical treatment of iliac artery aneurysms is still a challenge for the 
21st century vascular surgeon. Often, the location of the iliac artery is deep 
in the pelvis, complicated by adjacent structures as deep veins, the ureter, 
and on the left side by the overlying sigmoid colon. These anatomical con-
figurations make an intervention in this area difficult and prone to compli-
cations. In case of an aortoiliac aneurysm, reconstruction through a midline 
laparotomy is still preferred, although some do advocate a retroperitoneal 
approach, especially for high-risk patients.33 An aortobiiliac bypass graft is 
constructed, preferably by landing on the iliac bifurcation. In case of an 
aneurysmatic iliac bifurcation or internal iliac artery, the distal anastomosis 
is constructed on the external iliac artery or, in case of severe atherosclero-
sis, even on the common femoral artery through a separate groin incision. 
For solitary unilateral aneurysms of the common or internal iliac artery, a re-
troperitoneal approach through an incision in the lower flank is preferred.30,34  
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The aneurysm is opened and an interposition graft is constructed. When 
a large internal iliac artery aneurysm is present, the distal branches of the 
internal iliac artery are ligated from the outside or over sewn from the in-
side after opening the aneurysm, followed by an interposition graft between 
common and external iliac artery. 

Endovascular repair

For endovascular repair of iliac artery aneurysms there are basically two 
options. An endovascular aortobiiliac bifurcation graft (or aortouniiliac stent-
graft with crossover bypass graft) is used to treat aortoiliac aneurysms and 
solitary iliac aneurysms with a too short or absent proximal landing zone 
to be treated with a single stent-graft in the iliac artery. For solitary com-
mon and/or internal iliac artery aneurysms with a proximal neck suitable as 
proximal landing zone, a stent-graft is positioned in the iliac artery, starting 
at the aortic bifurcation and landing distally in the distal common iliac artery, 
provided there is a suitable landing zone, or else in the external iliac artery. 
In 1998, and still at the beginning of the endovascular era, Krupski et al. 
wrote that ‘endovascular repair may be less durable and effective than di-
rect surgical repair’.30 Since then, however, endovascular techniques have 
flourished, also for the treatment of iliac artery aneurysms and some as-
pects of this evolution are illustrated in this thesis.

the internal iliac artery

The fate of the internal iliac artery is an important issue in iliac aneurysm 
repair. Occlusion of the internal iliac artery can result in pelvic ischemic 
complications with both buttock claudication and erectile dysfunction being 
most prevalent. Bladder dysfunction, sacral decubitus ulceration, colonic 
ischemia, spinal cord ischemia, and scrotal skin sloughing also can occur. 
The debate as regards the incidence and clinical significance of internal 
iliac artery occlusion is still ongoing. Especially the difference in outcome 
between unilateral and bilateral occlusion and between embolization versus 
simple overstenting of the internal iliac artery is still not clear.35 Lin et al. 
recently reviewed the literature regarding the treatment of solitary iliac aneu-
rysms from 2000 to 2008 and found that buttock claudication appeared 
with an incidence of 28% (198/706) for unilateral and of 42% (43/102) for 
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bilateral internal iliac artery occlusion. New onset erectile dysfunction emer-
ged in 19% (29/152) for unilateral and in 24% (17/70) for bilateral internal 
iliac artery occlusion. The incidence of colonic ischemia after endovascular 
abdominal aneurysm repair (EVAR) and internal iliac artery occlusion was 
increased with an overall incidence of 3.4%. After solitary iliac aneurysm 
repair, this incidence must be lower because the inferior mesenteric artery is 
not compromised. The risk of spinal cord ischemia after internal iliac artery 
occlusion is <0.1%.35 
When trying to predict the occurrence of adverse effects of internal iliac 
artery occlusion, it is important to understand that the circumflex branches 
of the common femoral artery and branches of the profunda femoris artery 
provide greater collateral circulation than the contralateral internal iliac ar-
tery.35,36 In addition, risk factors for complications after internal iliac artery  
occlusion are younger age and bad left ventricular function.37 Other risk 
factors predictive for symptoms of ischemia after internal iliac artery  
occlusion were found to be >70% stenosis of the contralateral internal iliac 
artery, absence of filling of three or more named hypogastric branches, and 
diseased or absent ascending branches of the ipsilateral femoral artery.38 
Also, patency of the inferior mesenteric artery, the subclavian artery, and 
previous history of abdominal or thoracic aneurysm repair, either open or 
endovascular, must be considered before the decision is taken to occlude 
one or both internal iliac arteries.39 
Occlusion of the internal iliac artery can be established by embolization or 
by simply overstenting the origin of the artery. Embolization can be perfor-
med with coils or with a plug (e.g. Amplatzer vascular plug, AGA Medical 
Co., Plymouth, Minn, USA), both preferably positioned in the proximal part 
of the internal iliac artery so as not to overstent and occlude the origin of the 
branches and thereby compromizing collateral flow.40 Overstenting alone 
may be performed when there is circumferential apposition of the stent-graft 
to the wall of the artery at the level of the origin of the internal iliac artery. A 
type II endoleak, which may result from back bleeding from the internal iliac 
artery, can at that point in time, however, not be solved in an endovascular 
way. 
In endovascular abdominal aneurysm repair (EVAR), no benefit has been 
shown of sequential as compared to simultaneous (i.e. at the time of aneu-
rysm exclusion) internal iliac artery embolization.40 
For the preservation of the internal iliac artery in iliac aneurysm repair,  
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different techniques have been developed. With the hypogastric artery by-
pass, an endograft is introduced from the ipsilateral common femoral artery 
and positioned from the external to the internal iliac artery, combined with 
a contralateral aortouniiliac endograft and a surgical crossover bypass.41,42 
Antegrade hypogastric stent-grafting combined with a surgical crossover 
bypass20 and relocation of the iliac bifurcation are other solutions.43 Finally, 
the iliac branched device (IBD) which constitutes of a bifurcated endograft 
for the common iliac artery with an incorporated branch for the internal iliac 
artery, is the only totally endovascular option to spare the internal iliac artery. 
This technique will be discussed in detail in this thesis.

Treatment of femoral artery aneurysms

Common femoral artery aneurysms are in general treated by open surgery 
with an interposition graft from the distal external iliac artery or proximal 
common femoral artery to the superficial femoral and/or profunda femoris 
artery. The main reason for which the common femoral artery aneurysm is 
generally not treated with a stent-graft is that the femoral bifurcation is often 
involved in the aneurysm and therefore either profunda femoris or superficial 
femoral artery would be sacrificed. 
For a profunda femoris artery aneurysm, a femoral interposition graft is the 
preferred treatment above ligation alone, in view of the frequent preexistent 
superficial femoral artery occlusion in these cases.24 Endovascular repair is 
anecdotal but feasible in selected cases with proximal and distal landing 
zones, away from the femoral artery bifurcation.44,45 
For a superficial femoral artery aneurysm, an interposition graft or bypass 
with proximal and distal ligation can be constructed. Endovascular therapy 
is feasible and seven cases treated with a Wallgraft (Boston Scientific, Na-
tick, Mass, USA) have been reported with a 100% patency after 1 year.46

For postcatheterization false aneurysms of the groin, open repair was the 
gold standard up till 1991. At that time, ultrasound scan-guided compres-
sion was introduced. This technique was a painful exercise for both patient 
and laboratory technician, and it was time consuming. Ultrasound scan-
guided thrombin injection was introduced in 1986 by Cope and Zeit but 
became popular only years later. With ultrasound scan guidance and as 
an outpatient procedure, a concentrated solution of thrombin is injected in 
the pseudoaneurysm, after which thrombosis of the aneurysm and sealing 
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of the puncture hole immediately follow. Antiplatelet therapy or oral anti–
coagulation is not a contraindication and does not limit clot formation. It is 
an almost painless and relatively costeffective and durable procedure. It has 
become the new gold standard for treatment of femoral postcatheterization 
pseudoaneurysms.47

Treatment of popliteal artery aneurysms

open surgical repair

In contrast to the concept in the era of John Hunter, popliteal artery aneu–
rysms are nowadays treated to prevent both the effects of chronic silent 
embolization and acute embolization or thrombosis. Both situations will 
eventually lead to some degree of limb ischemia, such as claudication or  
critical ischemia. All popliteal aneurysms contain thrombus to a certain de-
gree, which depends on the size of the aneurysm.12,48,49 It is reasonable to 
think that thrombus in the wall of the aneurysm will be the source of the em-
boli. Evidence that only aneurysms with a proven thrombus in the wall are at 
a high risk for embolization or thrombosis, however, is scarce.49

Type of approach and type of conduit 

Open repair is still considered the gold standard. The different surgical tech-
niques for exclusion of a popliteal artery aneurysm can be divided into two 
groups. One is construction of a bypass via a medial approach after proxi-
mal and distal ligation of the popliteal artery. The other is an interposition 
graft after aneurysmectomy via a posterior approach. 
With the standard medial approach, the popliteal artery is ligated proxi-
mally and distally to the aneurysm, and a bypass is constructed through a  
medial above-knee and below-knee incision. Bypasses start preferably from 
the above-knee superficial femoral artery to keep the bypass as short as 
possible. In cases where the superficial femoral artery is degenerated with 
aneurysmal dilatation or stenosis, a long bypass originating from the com-
mon femoral artery can be constructed. The distal anastomosis is usually 
performed onto the distal popliteal artery. When aneurysmal dilatation ex-
tends onto the tibioperoneal trunk or stenosis is present at that level, the 
distal anastomosis is made onto the peroneal or one of the tibial vessels. 
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With the medial approach, side branches cannot always be controlled un-
less a large incision over the knee joint is made with transection of the ten-
dons of the pes anserinus and the semimembranosus muscle. 
The posterior approach is used less frequently than the medial one. In a 
large Swedish registry, only 8.7% (60/717) of popliteal artery aneurysms 
were treated via a posterior approach.12 With the patient in a prone posi-
tion, and usually through an S-shaped incision with the upper limb of the 
incision on the medial side and the lower limb in between the two heads of 
the gastrocnemius muscles, the popliteal artery is dissected free with care 
of the tibial and peroneal nerves and the popliteal veins. Arterial and nerve 
branches to the medial head of the gastrocnemius muscle that cross the 
popliteal space from lateral to medial often have to be transsected. The ar-
teries above and below the popliteal artery aneurysm are clamped and the 
aneurysm is opened, side branches are over sewn from within the aneurysm, 
and an interposition graft is constructed with end-to-end anastomoses. 
Good results have also been reported using a straight incision instead of an 
S-shaped curvilinear incision.50 The posterior approach provides a limited 
proximal access only up to the level of the adductor hiatus and is therefore 
not indicated for large aneurysms that extend beyond the hiatus. Distally, 
the trifurcation vessels can be exposed by dissection between the medial 
and lateral heads of the gastrocnemius muscle, although a medial approach 
with venous bypass is to be preferred when the distal anastomosis is on the 
tibial or peroneal vessels. 
For both types of reconstruction, via the medial or the posterior approach, 
autologous venous grafts and prosthetic grafts are used. Harvesting the 
long saphenous vein is, however, easier through a medial approach. Venous 
reconstruction with the posterior approach using the long saphenous vein 
necessitates either two separate incisions and turning the patient’s position 
during the operation, or the use of the short saphenous vein. 
Beseth and Moore have described a series where only the posterior ap–
proach was used for repair of 30 popliteal artery aneurysms with a pros-
thetic graft (6 mm Dacron or 6 to 8 mm polytetrafluoroethylene (PTFE)).50 
Primary patency after 2 years was 92%. The authors state that they only 
used a medial approach with a venous graft when the aneurysm extended 
beyond the hiatus and when the distal anastomosis was onto the trifurca-
tion vessels. One explanation for the good results in this series could be the 
relatively short length of the bypass.51 In a multicenter case-matched study 
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comparing the medial and posterior approaches (33 posterior versus 33  
medial), Kropman et al. found that primary patency at 1 and 4 years was 
79% and 66% for the posterior approach and 93% (P < 0.05) and 69% 
(P = NS) for the medial approach after a mean follow-up of 47 months.48 
In addition, irrespective of approach, venous reconstructions resulted in 
significantly higher primary patency rates compared with prosthetic recon-
structions at 3-year follow-up (84% versus 67%; P < 0.01).52 The Swedvasc 
registry demonstrated a primary patency rate at 1 year with venous and 
prosthetic bypass grafts of 90% and 72% respectively (P < 0.001).12 This 
can be explained by the fact that longer bypasses give better results with 
vein than with prosthetic grafts.51

Results after elective surgical repair

The elective repair of an asymptomatic popliteal artery aneurysm is often 
mentioned as being associated with excellent results.53 For asymptoma-
tic cases only, 5-year patency rates vary between 78% and 86%.54-56 Most  
series, however, report combined results for symptomatic and asymptoma-
tic cases, with 5-year primary patency rates of between 60% and 86%.14,51-

55,57-60 Limb salvage rates for elective cases vary between 93% and 100%, 
indicating that surgical popliteal artery aeurysm repair is not without risk.54-56 

Primary patency rates at 10 years also vary considerably between studies 
and have been reported as low as 66% for elective cases.53

In the various reports on open repair of popliteal artery aneurysms, only limi-
ted data are available on complications including saphenous nerve injuries 
for medial approaches, tibial and peroneal nerve injuries for posterior ap-
proaches, excessive blood loss due to injuries to the deep veins during dis-
section, postoperative deep venous thrombosis, lymph leakage, and wound 
healing problems. Morbidity as a result of these complications has to be 
taken into account when comparing open and endovascular treatment. In a 
series by Kropman et al. early (30 day) complications occurred in 21% of the 
cases, for both the medial and posterior approach (n = 33 in both groups).52 
Risk factors for amputation after open repair are poor run off, urgent treat-
ment, age above 70 years, and the use of a prosthetic graft.12
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Continuous aneurysmal sac flow and growth

The exclusion of a popliteal artery aneurysm through a medial approach car-
ries a risk for continuous collateral flow and growth of the aneurysm through 
backflow from genicular side branches originating from the aneurysm. Ravn 
et al. reported a 33% (57/174) incidence of continuous aneurysm perfusion 
after repair via a medial approach, with 88% of the cases becoming symp-
tomatic and 14% requiring reoperation.12 The authors noted that, especially 
after a long bypass originating from the common femoral artery, proximal 
ligation was often not performed. In contrast, with the posterior approach, 
8.3% (2/24) of the aneurysms had expanded at re-examination and there 
were no reoperations for expansion.12 Kirkpatrick et al. reported continuous 
aneurysm flow in 30% (12/36) of the cases, with growth in 50% after a 
48-month follow-up.61 Mehta et al. reported 38% (10/26) of cases showing 
flow in the aneurysmal sac after a follow-up of 38 months, with 23% demon-
strating growth of the aneurysm and 12% ruptures.58 Some authors there-
fore concluded that double ligation of the artery both proximally and distally 
has to be performed as close as possible to the popliteal artery aneurysm in 
order to achieve complete exclusion of the aneurysm.12,58,59,61,62, Even then, 
collaterals originating from the aneurysm itself can be the source of conti-
nuous sac flow. Especially with the medial approach these collaterals are 
difficult to ligate.

Endovascular repair

The endovascular repair of a popliteal artery aneurysm was first mentioned in 
1994. Marin et al. used a polytetrafluoroethylene (PTFE) bypass with a stent 
attached on both ends to secure the graft in the popliteal artery above and be-
low the aneurysm.63 Numerous commercial stent-grafts have been developed 
since then and used to treat popliteal artery aneurysms. To place a stent-graft 
in the popliteal artery that is subject to repetitive flexion-extension movements 
requires radial force for apposition of the graft to the wall of the artery and to 
prevent migration. Flexibility to prevent kinking, and a specific design to pre-
vent fracture of the stent material are other features of the ideal stent-graft. 
Description of the endovascular repair of popliteal artery aneurysms with the 
Hemobahn/Viabahn stent-graft, results and outcome of the procedure, and a 
review of the literature, are described in this thesis in detail. 
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Emergency repair

Emergency repair is a predictor of worse outcome after surgical popliteal 
aneurysm repair compared with elective repair, with 5-year primary paten-
cy rates of between 49% and 65% and limb salvage rates no higher than 
64%.54-56 In the Swedvasc registry, 235 patients (33%) treated for acute  
ischemia between 1987 and 2002 had a higher risk for amputation than the 
patients who were treated electively.12 The amputation rate at 1 year had 
decreased gradually since 1987 and was 5.4% for the period 1998 to 2002. 
This may reflect the increased use of pre-operative thrombolysis over the 
years.12

Intra-arterial thrombolysis is recommended as preoperative adjunct to  
recanalize the tibial vessels in case of an acutely thrombosed popliteal  
artery aneurysm. The choice between preoperative thrombolysis followed 
by a semiacute reconstruction, and intraoperative thrombolysis, however, 
is still controversial. Galland et al. demonstrated that preoperative intra- 
arterial thrombolysis was associated with an increased risk for embolization 
of thrombus and acute ischemic deterioration in up to 13% of the cases 
compared with intraoperative lysis.64 The authors favour infusing the lytic 
agent during construction of the proximal anastomosis. In contrast, Ravn 
et al. found that the risk of amputation was lower in patients treated with 
preoperative thrombolysis than in those who received immediate surgical 
repair with adjunctive intraoperative thrombolysis.12 Some have successfully 
experimented with intraoperative isolated perfusion of lytic agents.65

Despite thrombolysis, however, in some cases fragments will have emboli-
zed that cannot be lysed or removed during the subsequent intervention. In 
these cases, permanent loss of sensory or motory function will ensue or it 
will lead to amputation of the limb.28

Conclusion

Peripheral artery aneurysms, defined in this thesis as aneurysms located 
distally from the aortic bifurcation, are rare entities. When they become 
symptomatic and lead to thrombosis, embolization or rupture, however, 
they can lead to severe morbidity and mortality. Therefore, patients with 
peripheral aneurysms nowadays ought to be treated before symptoms will 
occur. In the different paragraphs of this introduction, an overview was given 
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which concerns past and presence of open surgical repair. In the following 
chapters of this thesis, a number of different aspects of the endovascular 
repair of peripheral aneurysms will be described in detail.

References

1. Weintraub NL. Understanding abdominal aortic aneurysm. N Engl J Med 361;

 11:1114-1116. 

2. Cronenwett JL. In: Rutherford RB. Ed. Vascular Surgery, Sixth edition. Philadelphia: 

Elsevier Saunders, 2005:1405.

3. Jacob T, Hingorani A, Ascher E. Role of apoptosis and proteolysis in the pathogenesis 

of iliac artery aneurysms. Vascular 2005;13:34-42.

4. Schermerhorn M. A 66-year-old man with an abdominal aortic aneurysm: review of 

screening and treatment. JAMA 2009;302:2015-2022.

5. Lawrence PF, Lorenzo-Rivero S, Lyon JL. The incidence of iliac, femoral and popliteal 

artery aneurysms in hospitalized patients. J Vasc Surg 1995;22:409-415.

6. Vammen S, Lindholt J, Henneberg EW, Fasting H. A comparative study of iliac and 

abdominal aortic aneurysms. Int Angio 2000;19:152-157.

7. Brunkwall J, Hauksson H, Bengtsson H, Bergqvist D, Takolander R, Bergentz SE.  

Solitary aneurysms of the iliac arterial system: an estimate of their frequency of 

 occurrence. J Vasc Surg 1989;10:381-384.

8. McCready RA, Pairolero PC, Gilmore JC, Kazmier FJ, Cherry KJ Jr, Hollier LH.  

 Isolated iliac artery aneurysms. Surgery 1983;93:688-693.

9. Hardy DG, Eadie DG. Femoral aneurysms. Br J Surg 1972;59:614-616.

10. Diwan A, Sarkar R, Stanley JC, Zelenock GB, Wakefield TW. Incidence of femoral and 

popliteal artery aneurysms in patients with abdominal aortic aneurysms. J Vasc Surg 

2000;31:863-869.

11. Graham LM, Zelenock GB, Whitehouse WM Jr, Erlandson EE, Dent TL, Lindenauer 

SM, Stanley JC. Clinical significance of arteriosclerotic femoral artery aneurysms. 

 Arch Surg 1980;115:502-507.

12. Ravn H, Bergqvist D, Björck M on behalf of the Swedish Vascular Registry. 

 Nationwide study of the outcome of popliteal artery aneurysms treated surgically. 

 Br J Surg 2007:94:970-977.

13. Claridge M, Hobbs S, Quick C, Adam D, Bradbury A, Wilmink T. Screening for popliteal 

aneurysms should not be a routine part of a community-based aneurysm screening 

programme. Vasc Health Risk Manag 2006;2:189-191.

14. Olsen DM, Rodriguez JA, Vranic M, Ramaiah V, Ravi R, Diethrich EB. A prospective 



25

INtrODUCtION

study of ultrasound scan-guided thrombin injection of femoral pseudoaneurysms: a 

trend toward minimal medication. J Vasc Surg 2002;36:779-782.

15. Huang Y, Gloviczki P, Duncan AA, Kalra M, Hoskin TL, Oderich GS, McKusick MA. 

Common iliac artery aneurysm: expansion rate and results of open surgical and endo-

vascular repair. J Vasc Surg 2008;47:1203-1211.

16. Santilli SM, Wernsing SE, Lee ES. Expansion rates and outcomes for iliac artery 

 aneuryms. J Vasc Surg 2000;31:114-121.

17. Pittathankal AA, Dattani R, Magee TR, Galland RB. Expansion rates of asymptomatic 

popliteal artery aneurysms. Eur J Vasc Endovasc Surg 2004;27:382-384.

18. Stiegler H, Mendler G, Baumann G. Prospective study of 36 patients with 46 popliteal 

artery aneurysms with non-surgical treatment. Vasa 2002;30:43-46.

19. Brown LC, Powell JT. Risk factors for aneurysm rupture in patients kept under 

 ultrasound surveillance. UK Small Aneurysm Trial participants. Ann Surg 1999;230:

 289-296.

20. Leon LR, Mills JL, Psalms SB, Goshima K, Duong ST, Ukato C. A novel hybrid appro-

ach to the treatment of common iliac aneurysms: antegrade endovascular hypogastric 

stent grafting and femorofemoral bypass grafting. J Vasc Surg 2007;45:1244-1248.

21. Galland RB. Popliteal aneurysms: controversies in their management. Am J Surg 

2005;190:314-318.

22. Dawson I, Sie R, van Baalen JM, van Bockel JH. Asymptomatic popliteal aneurysm: 

elective operation versus conservative follow-up. Br J Surg 1994;81:1504-1507.

23. Dix FP, Titi M, Al-Khaffaf H. The isolated internal iliac artery aneurysm - review. 

 Eur J Vasc Endovasc Surg 2005;30:119-129.

24. Harbuzariu C, Duncan AA, Bower TC, Kalra M, Gloviczki P. Profunda femoris artery 

aneurysms: association with aneurysmal disease and limb ischemia. J Vasc Surg 

2008;47:31-35.

25. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, Hiratzka LF, 

Murphy WR, Olin JW, Puschett JB, Rosenfield KA, Sacks D, Stanley JC, Taylor LM 

Jr, White CJ, White J, White RA, Antman EM, Smith SC Jr, Adams CD, Anderson JL, 

Faxon DP, Fuster V, Gibbons RJ, Hunt SA, Jacobs AK, Nishimura R, Ornato JP, Page 

RL, Riegel B; American Association for Vascular Surgery; Society for Vascular Sur-

gery; Society for Cardiovascular Angiography and Interventions; Society for Vascular 

Medicine and Biology; Society of Interventional Radiology; ACC/AHA Task Force on 

Practice Guidelines Writing Committee to Develop Guidelines for the Management of 

Patients With Peripheral Arterial Disease; American Association of Cardiovascular and 

Pulmonary Rehabilitation; National Heart, Lung, and Blood Institute; Society for 

 Vascular Nursing; TransAtlantic Inter-Society Consensus; Vascular Disease Foundation.



26

Chapter 1

 ACC/AHA 2005 Practice Guidelines for the management of patients with peripheral 

arterial disease (lower extremity, renal, mesenteric, and abdominal aortic): a collabo-

rative report from the American Association for Vascular Surgery/Society for Vascu-

lar Surgery, Society for Cardiovascular Angiography and Interventions, Society for 

Vascular Medicine and Biology, Society of Interventional Radiology, and the ACC/AHA 

Task Force on Practice Guidelines (Writing Committee to Develop Guidelines for the 

Management of Patients With Peripheral Arterial Disease): endorsed by the 

 American Association of Cardiovascular and Pulmonary Rehabilitation; National Heart, 

Lung, and Blood Institute; Society for Vascular Nursing; TransAtlantic Inter-Society 

Consensus; and Vascular Disease Foundation. Circulation 2006;113:463-654.

26. Dawson I. Management of popliteal aneurysm. Br J Surg 2003;90:248-250.

27. Duffy ST, Colgan MP, Sultan S, Moore DJ, Shanik GD. Popliteal aneurysms: a 10-year 

experience. Eur J Vasc Endovasc Surg 1998;16:218-222.

28. Berridge DC, Wolfe JH. Popliteal aneurysms – The case for elective surgery “Don’t wait 

too long…Norman Hertzer, 1986”. Eur J Vasc Endovasc Surg 1995;9:127-128.

29. Magee R, Quigley F, McCann M, Buttner P, Golledge J. Growth and risk factors for 

expansion of dilated popliteal arteries. Eur J Vasc Endovasc Surg 2010;39:606-611.

30. Krupski WC, Selzman CH, Floridia R, Strecker PK, Nehler MR, Whitehill TA. Contem-

porary management of isolated iliac aneurysms. J Vasc Surg 1998;28:1-13.

31. Suy RM. In: Arterial aneurysms: a historical review. 2004:70.

32. Galland RB. History of the management of popliteal artery aneurysms. Eur J Vasc 

Endovasc Surg 2008;35:466-472.

33. Kirby LB, Rosenthal D, Atkins CP, Brown GA, Matsuura JH, Clark MD, Pallos L. 

Comparison between the transabdominal and retroperitoneal approaches for aortic 

reconstruction in patients at high risk. J Vasc Surg 1999; 30:400-405.

34. Philpott JM, Parker FM, Benton CR, Bogey WM, Powell CS. Isolated internal iliac 

 artery aneurysm resection and reconstruction: operative planning and technical 

 considerations. Am Surg 2003;69:569-572.

35. Lin PH, Chen AY, Vij A. Hypogastric artery preservation during endovascular aortic 

aneurysm repair: is it important? Semin Vasc Surg 2009;22:193-200.

36. Iliopoulos JI, Heermreck AS, Thomas JH, Pierce GE. Hemodynamics of the hypo-

 gastric arterial circulation. J Vasc Surg 1989;9:637-641.

37. Farahmand P, Becquemin JP, Desgranges P, Allaire E, Marzelle J, Roudot-Thoraval F. 

 Is hypogastric artery embolization during endovascular aortoiliac aneurysm repair 

(EVAR) innocuous and useful? Eur J Vasc Endovasc Surg 2008;35:429-435.

38. Yano O, Morrissey N, Eisen L, Faries PL, Soundararajan K, Wan S, Teodorescu V, 

Kerstein M, Hollier LH, Marin ML. Intentional internal iliac artery occlusion to facilitate 



27

INtrODUCtION

endovascular repair of aortoiliac aneurysms. J Vasc Surg 2001;34:204-211.

39. Dalainas I. A word of caution before killing hypogastric arteries. Cardiovasc Intervent 

Radiol 2008;31:835.

40. Bratby MJ, Munneke GM, Belli AM, LoosemoreTM, Loftus I, Thompson MM, Morgan 

RA. How safe is bilateral internal iliac artery embolization prior to EVAR? Cardiovasc 

Intervent Radiol 2008;31:246-253.

41. Derom A, Vermassen F, Ongena K. Endograft exclusion of residual common iliac artery 

aneurysms. J Endovasc Ther 2000;7:251-254.

42. van Groenendael L, Zeebregts CJ, Verhoeven EL, van Sterkenburg SM, Reijnen MM. 

External-to-internal iliac artery endografting for the exclusion of iliac artery aneu–

rysms: an alternative technique for preservation of pelvic flow? Cath Cardiovasc Interv 

2009;73:156-160.

43. Parodi JC, Ferreira M. Relocation of the iliac artery bifurcation to facilitate endoluminal 

treatment of abdominal aortic aneurysms. J Endovasc Surg 1999;6:342-347.

44. Klonaris C, Bellos JK, Katsargyris A, Avgerinos ED, Moschou M, Avgerinos E,  

Verikokos C. Endovascular repair of two tandem profunda femoris  aneurysms. J Vasc 

Interv Radiol 2009;20:1253-1254.

45. Paisley KE, Wells IP, Roobottom CA. Transcatheter treatment of profunda femoris 

aneurysm. Clin Radiol 2001;56:862.

46. Howell M, Krajcer Z, Diethrich EB, Motarjeme A, Bacharach M, Dolmatch B, Walker 

C. Wallgraft endoprosthesis for the percutaneous treatment of femoral and popliteal 

artery aneurysms. J Endovasc Ther 2002;9:76-81.

47. Maleux G, Hendrickx S, Vaninbroukx J, Lacroix H, Thijs M, Desmet W, Nevelsteen A, 

Marchal G. Percutaneous injection of human thrombin to treat iatrogenic femoral pseu-

doaneurysms: short- and midterm ultrasound follow-up. Eur Radiol 2003;13:209-212.

48. Varga ZA, Locke-Edmunds JC, Baird RN. A multicenter study of popliteal aneurysms. 

J Vasc Surg 1994;20:171-174.

49. Galland RB. Popliteal aneurysms: from John Hunter to the 21st century. Ann R Coll 

Surg Engl 2007;89:466-471.

50. Beseth BD, Moore WS. The posterior approach for repair of popliteal artery  aneu–

rysms. J Vasc Surg 2006;43:940-945.

51. Blanco E, Serrano-Hernando FJ, Moñux G, Vega M, Martin A, Rial R, Reina T,  

Sánchez-Hervas L. Operative repair of popliteal aneurysms: effect of factors related to 

the bypass procedure on outcome. Ann Vasc Surg 2004;18:86-92.

52. Kropman RH, van Santvoort HC, Teijink J, van de Pavoordt HD, Belgers HJ, Moll FL, 

de Vries JP. The medial versus the posterior approach in the repair of popliteal artery 

aneurysms: a multicenter case-matched study. J Vasc Surg 2007;46:24-30.



28

Chapter 1

29

53. Davies RS, Wall M, Rai S, Simms MM, Vohra RK, Bradbury AW, Adam DJ. Long-

term results of surgical repair of popliteal artery aneurysm. Eur J Vasc Endovasc Surg 

2007;34:714-718.

54. Laxdal E, Amundsen R, Dregelid E, Pedersen G, Aune S. Surgical treatment of popli-

teal artery aneurysms. Scand J Surg 2004;93:57-60.

55. Pulli R, Dorigo W, Troisi N, Innocenti AA, Pratesi G, Azas L, Pratesi C. Surgical  

management of popliteal artery aneurysms: which factors affect outcomes? 

 J Vasc Surg 2006;43:481-487.

56. Box B, Adamson M, Magee TR, Galland RB. Outcome following bypass, and proximal 

and distal ligation of popliteal aneurysms. Br J Surg 2007;94:179-182.

57. Aulivola B, Hamdan AD, Hile CN, Sheahan MG, Skillman JJ, Campbell DR, Scovell SD, 

LoGerfo FW, Pomposelli FB Jr. Popliteal artery aneurysms: a comparison of outcomes 

in elective versus emergent repair. J Vasc Surg 2004;39:1171-1177.

58. Mehta M, Champagne B, Darling III C, Roddy SP, Kreienberg PB, Ozsvath KJ, Paty PS, 

Chang BB, Shah DM. Outcome after popliteal artery aneurysms after exclusion and 

bypass: significance of residual patent branches mimicking type II endoleaks. 

 J Vasc Surg 2004;40:886-890.

59. Jones WT 3rd, Hagino RT, Chiou AC, Decaprio JD, Franklin KS, Kashyap VS. Graft 

 patency is not the only predictor of success after exclusion and bypass of popliteal 

artery aneurysms. J Vasc Surg 2003;37:392-398.

60. Mahmood A, Salaman R, Sintler M, Smith SR, Simms MH, Vohra RK. Surgery of 

 popliteal artery aneurysms: a 12-year experience. J Vasc Surg 2003;37:586-593.

61. Kirkpatrick UJ, McWilliams RG, Martin J, Brennan JA, Gilling-Smith GL, Harris PL.  

Late complications after ligation and bypass for popliteal aneurysm. Br J Surg 

2003;91:174-177.

62. Othoro D, Kyriakides C. Late complications after ligation and bypass for popliteal 

aneurysm. Br J Surg 2004;91:778-780.

63. Marin ML, Veith FJ, Panetta TF, Cynamon J, Bakal CW, Suggs WD, Wengerter KR, 

Baronè HD, Schonholz C, Parodi JC. Transfemoral endoluminal stented graft repair of 

popliteal artery aneurysm. J Vasc Surg 1994;19:754-757.

64. Galland RB, Magee TR. Management of popliteal aneurysm. Br J Surg 2002;89:1382-

1385.

65. Greenberg R, Wellander E, Nyman U, Uher P, Lindh M, Lindblad B, Ivancev K. 

 Aggressive treatment of acute limb ischemia due to thrombosed popliteal aneurysms. 

Eur J Radiol 1998;28:211-218.


