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Abbreviations and definitions

AAA Abdominal Aortic Aneurysm
AAVS American Association for Vascular Surgery
ABI Ankle-Brachial Index
ASA American Society of Anesthesiologists
CI Confidence Interval
CIA Common Iliac Artery
Conversion Stent-graft explantation and open redo intervention
CRF Case Record Form
CRP C-reactive protein
CT Computed Tomography
(D)US (Duplex) Ultrasound
Endoleak Persistent flow within the excluded aneurysmal sac
Endotension Persistent or recurrent pressurization without evidence of 

endoleak
ESR Erythrocyte sedimentation rate
EVAR Endovascular Aneurysm Repair
GAS Glasgow Aneurysm Score
HR Hazard ratio
IAAA Inflammatory Abdominal Aortic Aneurysm
ICU Intensive Care Unit
ISCVS International Society for Cardiovascular Surgery
Kinking Collapse of the stent-graft caused by excessive bending
Migration Proximal or distal displacement of the stent-graft
MMP Matrix metalloproteinase
MRI Magenetic Resonance Imaging
NS Not significant
OR Odds ratio
OR Open repair
PTA Percutaneous Transluminal Angioplasty
PTFE Polytetrafluoroethylene
RCT Randomised controlled clinical trial
ROC Receiver-operating characteristic
Rupture Aortic wall bursting accompanied with (massive) haemorrhage
SNA Severe Neck Angulation
SVS Society for Vascular Surgery
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General introduction





Abdominal Aortic Aneurysms

An abdominal aortic aneurysm (AAA) is a pathological arterial focal dilata-
tion that can be defined as an irreversible increase in aortic diameter of at
least 50% of normal size.1 Aneurysms can develop anywhere in the arteri-
al system, but predominantly occur at arches, side-branches or bifurca-
tions. The normal size of the infrarenal aorta is 17 mm in men and 15 mm
in women.2 Commonly, an aortic diameter greater than 30 mm is regarded
as aneurysmatically dilated. Rupture of an aneurysm is the most severe
complication of AAA, leading to massive haemorrhage and eventually death
if left untreated.

Aneurysms predominantly affect elderly men (>65 years of age), and are
responsible for approximately 1-2% of deaths.3 Although women are less
frequently affected, rupture and mortality rates are higher in women with
AAA than in men.4 The incidence of AAA increased rapidly in the second half
of the twentieth century, which may be attributed to the aging popula-
tion.5,6

Risk factors for AAA include advanced age, male gender, Caucasian race,
tobacco smoking, elevated serum cholesterol, hypertension and family his-
tory.7-10 Non-ruptured AAAs rarely cause symptoms and diagnosis is usual-
ly made coincidentally at abdominal imaging assessment for other reasons.
Ultrasound, computed tomography (CT) and magnetic resonance imaging
(MRI) all are sensitive imaging techniques for detecting abdominal
aneurysms.5,11

The classic triad of rupture is severe hypotensive shock, a pulsatile
abdominal mass and non-colic abdominal or lower back pain.12 Ruptured
AAAs should be treated as a matter of urgency. Postponing treatment
decreases survival. Even after optimal surgery and postoperative care, the
thirty-day mortality is around 50%. The overall mortality rate following
acute rupture of the aorta including patients treated surgically, and those
who died outside the hospital, is as high as 80-90%.13

Rupture of the aneurysm depends on the diameter and expansion rate of
the AAA.14,15 The risk of AAA rupture means that continuing attempts have
been made to develop prophylactic surgical therapy.16 Aneurysm resection
and replacement with a prosthetic-graft has become the standard treat-
ment of choice for large AAAs.17

Endovascular Repair

In the early nineteen-nineties, Juan C. Parodi introduced the minimally
invasive catheter-based surgical technique of intraluminal grafting as an
alternative to open aortic repair.18 This technique excludes the aneurysm
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from the systemic circulation by delivering a stent-graft into the aneurys-
mal aorta without the need to open the abdominal cavity, thus avoiding
aortic cross-clamping. The stent-graft consists of a stainless steel or nitinol
stent-frame which is covered by an impervious Dacron fabric or polyte-
trafluoroethylene (PTFE) layer. The procedure is best performed in a well-
equipped operating room, suited to handle possible complications or unex-
pected laparotomy in the event of conversion to open surgical repair.19

Because a prosthetic graft is placed intraluminally, operating room condi-
tions have to conform to the highest standards. The procedure can be per-
formed under general, spinal or local anaesthesia according to the prefer-
ences of the patient and the surgeon.20,21 Intravenous heparin is routinely
administered to prevent intraluminal coagulation. Access to one or both
femoral arteries is achieved by a longitudinal or suprainguinal oblique inci-
sion in the groin. After a guidewire and subsequently a catheter are insert-
ed, angiography is performed to assess the arterial anatomy and the site
for proximal anchoring of the stent. The sheath containing the device, the
delivery system, is then advanced into the aneurysm. By pulling back the
sheath, the self-expanding stent is deployed. Older systems, no longer in
use, were expanded by inflating a balloon. Following deployment, a com-
pletion angiogram is done to verify whether deployment has been success-
ful and to see if there is any systemic blood flow in the aneurysmal cavity,
i.e. an endoleak. Nowadays, percutaneous access is gaining in popularity
and may replace surgical arteriotomy in the future.22

The first grafts to be implanted consisted of a single tube and were only
suitable for aneurysms with a distal landing zone above the aortic bifurca-
tion. However, this type of condition only occurs in 6 to 11% of patients.23,24

Later, tapered aortouniiliac stent-grafts were developed that could be
deployed distally in a common iliac artery. To maintain contralateral perfu-
sion, a cross-over femorofemoral bypass was fashioned and the contralat-
eral iliac artery was closed with an occluding stent. Nowadays, most endo-
grafts have a bifurcated configuration congruous with the anatomical situ-
ation, with antegrade blood flow to both iliac arteries. An endograft device
can be custom-made to meet individual patient needs, however, most com-
panies only manufacture fixed size ranges of the individual components
(main body and iliac limbs). Several types of endograft device have been
developed, each having specific characteristics.25 Although differences exist
in the applicability and performance of various types and makes of endo-
graft, no one type can be considered as the single best choice.26 It has been
documented that the new, improved  generation of endografts gives  bet-
ter results than earlier generations.27
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Early reports demonstrated the feasibility of endovascular aneurysm repair
(EVAR),28-31 even in high-risk patients.32 The endovascular technique has
several advantages over conventional open repair which means that often
patients who were denied open aortic repair because of severe comorbidi-
ties, can still be treated. The procedure exerts less physical stress on the
patient's physical well-being. Fewer major postoperative complications,
especially cardiac sequelae, have been observed.33-35 The need for admis-
sion to an intensive care unit has declined and hospital admission has been
reduced to only a few days.29,30,34 Most notably, two randomized-controlled
clinical trials, the British EVAR-1 trial and the Dutch DREAM-trial, reported
a significant decrease in 30-day mortality rate to approximately one-third
of that in patients undergoing conventional open aortic repair.36,37 Although,
in this study the difference in aneurysm-related mortality was sustained
over a postoperative follow-up period of four years, all-cause mortality
rates of endovascular vs. open repair converged after the first postopera-
tive year.38,39 As an explanation, EVAR may only postpone death in patients
who are highly likely to die from non-aneurysm related causes. 

Endovascular abdominal aortic aneurysm exclusion was initially aimed at
treating patients unfit for conventional open repair. However, current opin-
ions diverge on whether patients with severe comorbidities will benefit from
EVAR or whether no interventional treatment is preferable. Sicard et al.
reported EVAR to be a safe form of treatment in patients who would other-
wise be at high risk from open surgery, and that it prevented AAA-related
mortality.40 In contrast, other reports demonstrated that both early and late
mortality rates were substantially increased in patients considered unfit for
open repair when compared with patients with a normal operative risk.41

Moreover, when compared with watchful waiting, the EVAR-2 trial report-
ed no improvement in survival in patients unfit for open repair.42

Therefore, surveillance may be the best option in patients with a short life
expectancy.

Although EVAR seems to offer an attractive alternative to open repair,
there is much dispute about its ultimate role. The long-term durability of
the reconstruction (stent-graft and device fixation) is still unclear and per-
manent aneurysm exclusion can not be ascertained. Continuous follow-up
regimens are necessary because a continued need for secondary interven-
tions has been reported.43-45 Late graft-related complications including
migration, device kinking and endoleakage, have been observed in a con-
siderable proportion of patients.44,46 An endoleak is defined as persistent
blood flow into the aneurysmal sac, resulting in further pressurisation and
strain on the aneurysmal wall. This may lead to further aneurysmal dilata-
tion and ultimately rupture.47 Four different types of endoleak can be dis-
tinguished.48 A Type I endoleak is a leak at the proximal or distal attach-
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ment site i.e. endoleakage at the landing zone. A Type II endoleak is reper-
fusion from arterial branches including the lumbar, inferior mesenteric and
hypogastric arteries. A Type III endoleak  is a mid-graft leak from holes in
the fabric and incomplete sealing of junctions between the body and limbs
of modular endografts. A Type IV endoleak originates from blushing asso-
ciated with the porosity of the fabric of the device. These complications
often require repair by reintervention either by endovascular or open
surgery. For these reasons, many authors recommend lifelong surveil-
lance.44-46,49 Several aspects of surveillance are still the subject of debate.
For instance, the frequency of surveillance, the method that should be
used, and whether every patient needs regular surveillance. Morphologhical
characteristics of the aneurysm, the patient's age and medical condition
may cause the physician to reduce the frequency, or even omit surveil-
lance.

In contrast to other endoleaks, the type II endoleak is non-device relat-
ed and reintervention is not necessary. Most type II endoleaks can be treat-
ed by watchful waiting, particularly in the event of a decreasing or stable
aneurysmal sac diameter.50 The general consensus is that type II endoleaks
should only be repaired if the aneurysmal sac is expanding.48,51 Sometimes
aneurysmal growth is observed in excluded aneurysms without evident
endoleak. This phenomenon is characterised by persistent or recurrent
pressurisation of the aneurysmal sac and is called endotension.52,53 Its
cause is most likely a very low flow endoleak that can not be seen on imag-
ing. The blood may clot at the source of the leakage, the thrombus closes
the leak, but the pressure is conducted through the thrombus. In patients
with endotension but no evidence of endoleak, the risk of rupture is larger
than in patients without endotension or endoleak and therefore, require
treatment similar to patients with endoleaks.

At EVAR follow-up, CT angiography is the method of choice for detecting
endoleak or migration although this imaging technique is currently being
challenged by duplex ultrasound. Ultrasonography is less expensive and
does not require the use of iodinated contrast with its small but inherent
risk of nephrotoxicity, but is not as accurate as CT imaging.54 However,
ultrasound examination may be used to replace CT angiography if initial fol-
low-up CT examinations do not reveal endoleaks and sealing zones are
solid.

Not all AAA patients are suitable for EVAR. Anatomical limitations restrict
the applicability of EVAR. The unaffected infrarenal aortic neck should be
1.0 to 1.5 cm long to provide a landing zone for proximal anchoring of the
device. The iliac arteries need to be of sufficient diameter to allow the pas-
sage of the sheath. Tortuosity of the iliac vessels may complicate unhin-
dered passage of the guidewires. Nevertheless, continuing technical
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improvements are increasing the suitability of EVAR even in patients with
complex arterial anatomy. Ancillary procedures can be employed to facili-
tate passage through the iliac arteries or stent fixation.55 Endografts can be
extended to above the renal arteries using a bare proximal anchoring stent-
ring to improve fixation. More recently, fenestrated stent-grafts have come
into use. These grafts are connected by  covered or bare stents that con-
stitute a bridge between the aortic stent-graft and the renal and superior
mesenteric arteries and celiac trunk, and are increasingly being used in
patients with juxta- or suprarenal AAA.56-58

Before stent-graft treatment of the aneurysm is undertaken, accurate
preoperative imaging assessment should be done. Inaccurate or inade-
quate measuring can lead to incomplete aneurysm exclusion or to a high-
er incidence of device-related complications. Spiral CT is the method of
choice to take morphological measurements in order to select optimal
endograft size.59 Conversely, it has been suggested that spiral CT alone
may not be adequate for predicting the suitability for endovascular treat-
ment and additional angiographic examination is required.60,61 Currently,
image data processing allows the calculation and visualisation of centre
stream lines and stretched images of tortuous segments, thus obviating the
need for preoperative angiograms.

Early elective open surgical repair of small abdominal aortic aneurysms
(40-55 mm) has been demonstrated not to be clinically effective, with an
overall mortality rate after 10 years comparable to patients who were ran-
domised to a strategy of surveillance until the aneurysm had grown or
became symptomatic.62,63 Moreover, costs were lower in the surveillance
only study group. The advent of EVAR with its reduced operative mortality
may be associated with a different outcome. Indeed, patients with small
aneurysms have quite low mortality, and this has led some to expect that
EVAR in this category may compare more favourably with surveillance only.
A clinical randomised trial (CAESAR - Comparison of Surveillance vs. Aortic
Endografting for Small Aneurysm Repair) was conducted which aimed to
demonstrate  improved survival in EVAR in patients with a small aneurysm.64

Later, doubts were cast on this improved outcome, as an Australian audit
has demonstrated EVAR in small AAAs to be inappropriate.65

The EUROSTAR registry

Because of promising favourable short-term advantages and unclear long-
term durability, the need for further assessment of endovascular AAA treat-
ment became apparent when this technique became available at a wider
group of institutions.66 In order to provide quick answers to questions con-
cerning procedural factors and long-term effects, a registry was initiated by
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the European collaborators on Stent-graft Techniques for Abdominal aortic
aneurysm Repair (EUROSTAR). This voluntary multi-centre registry was
established in 1996. A major advantage of organized collaboration is the
ability to gather a large amount of data in a reduced time span.
Furthermore, ongoing analysis of improved or new devices provides updat-
ed knowledge and enables questions arising from previous investigations to
be addressed. The goal of EUROSTAR was the commercially unbiased, sci-
entifically reliable collation and analysis of data of AAA endografts, and
publication of treatment outcome. Obviously, voluntary registries are sub-
ject to a certain bias. Data, especially related to follow-up, is frequently
incomplete.67 Therefore, voluntary registries can supplement but not
replace randomized clinical trials.

Several brands of stent-grafts that have been developed over the years
were included in the EUROSTAR registry. These commercially available
stent-grafts include Anaconda (Sulzer Vascutek, Austin, Texas), AneuRx
(Medtronic Corp., Sunnyvale, Calif), EVT/Ancure (Guidant Endovascular
Technologies, Menlo Park, Calif), Excluder (W.L. Gore Inc., Flagstaff, Ariz),
Fortron (Cordis/Johnson & Johnson, Fort Lauderdale, Fla), Lifepath
(Edwards Lifesciences, Irvine, Calif), Powerlink (Endologix, Irvine, Calif),
Stentor (MinTec, La Ciotat, France), Talent (World Medical Manufacturing,
Sunrise, Fla), Vanguard (Boston Scientific Corporation, Oakland, New
Jersey) and Zenith (Cook Inc., Bloomington, Indiana). Over time several of
these grafts have been withdrawn from the device market. The EUROSTAR
registry was financially supported by endograft companies in exchange for
biannual brand-specific progress reports. It must be emphasized that the
EUROSTAR Steering Group, who was overseeing the scientific output, was
independent from any commercial company regarding data collection, anal-
ysis and publication. The steering committee consisted of vascular sur-
geons and interventional radiologists from across Europe, and was respon-
sible for establishing the EUROSTAR protocol, designing standardized case
record forms (CRF) and supervising the data registry centre and publica-
tion of papers (See Appendix for a list of participating hospitals - the col-
laborators -, and members of the Steering Group).

Patients with a non-ruptured, asymptomatic AAA, who underwent endovas-
cular prophylactic surgery were prospectively enrolled in the registry after
giving informed consent. Findings at follow-up examination were recorded
at 1, 3, 6, 12, 18 and 24 months following the procedure, and annually
thereafter. Data on a relatively small group of patients treated before the
commencement of the registry (October 1996) were retrospectively collect-
ed and thereafter prospectively. A data entry secretary was responsible for
entering the returned forms into the database. Data managers were
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responsible for data verification and analysis, encouraging compliance and
communication with participating collaborators. The EUROSTAR registry
was maintained in an online database from 2002 until December 2006
(www.eurostar-online.org). This site offered password protected data entry
facilities and 24 hour up-to-date descriptive statistics to participating physi-
cians (KIKA Medical, Nancy, France). In addition, endograft companies
were granted access to device-specific global statistics. Alternatively, col-
laborators were able to submit completed CRFs to the data registry centre.

Outline of this thesis

This thesis aims to assess patient, anatomical and procedural factors and
their impact on the effectiveness of endovascular abdominal aortic
aneurysm repair.

Chapter 1 includes a general introduction to endovascular aneurysm repair
and the EUROSTAR registry. 

The first section (Chapters 2-4) addresses risk factors related to adverse
anatomy. In Chapter 2, the results of EVAR in patients with inflammatory
aneurysms are reported. In Chapter 3, the influence of severe infrarenal
neck angulation on procedural outcome is investigated. In Chapter 4, the
endovascular repair of AAA with concomitant common iliac artery
aneurysms is discussed. 

In the second section (Chapters 5-6), procedural factors and their influ-
ence on the outcome of the procedure are assessed. In Chapter 5, the
influence of adjuvant procedures performed during EVAR, on the outcome
of the procedure is investigated. In Chapter 6, the influence of aortic cuffs
and iliac limb extensions on the outcome of EVAR is assessed.

In Chapter 7 the need for and outcome of secondary interventions that
became necessary during long-term follow-up is reported.

Chapter 8 deals with survival prediction following EVAR using the Glasgow
Aneurysm Score.

Chapter 9 comprises a general discussion and final considerations.
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Abstract

Objectives: To investigate the results following endovascular treatment of
patients with inflammatory abdominal aortic aneurysms (IAAA).
Design: Retrospective study based on the EUROSTAR registry.
Material and methods: Patients included in the EUROSTAR registry with
IAAA (n=52, 1.4%) were compared with those having aneurysms without
aortic fibrosis (n=3613, 98.6%). The mean follow-up period in patients
with IAAA was 23 months (range 1-60). In 11 of the patients detailed infor-
mation on the effect of endovascular repair and perianeurysmal fibrosis and
ureteral entrapment was obtained by a dedicated questionnaire.
Results: Twelve patients (23%) with IAAA had preoperative impairment of
renal function and five had known hydronephrosis. Variables that were sig-
nificantly associated with IAAA included younger age (p<0.0001, mean dif-
ference 5.9, CI 3.7-7.9) and lower pulmonary risks score (OR 0.38, CI
0.19-0.74). At completion of the endovascular procedure, device stenosis
was more frequently observed in patients with IAAA (OR 18.1, CI 3.52-
93.0). There were no differences with regard to the rates of mortality, rup-
ture or conversion in patients with IAAA and controls. In the majority, the
aneurysm size regressed irrespective of nature of aneurysm. Of the 11
patients with a detailed assessment three had deterioration of renal func-
tion and three still had ureteral entrapment during follow-up.
Conclusion: Despite persistence of perianeurysmal inflammation in a pro-
portion of patients operative and midterm results of endovascular repair
were comparable in the patients with inflammatory and standard AAA.
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Introduction

Five to 10% of abdominal aortic aneurysms have an inflammatory compo-
nent (IAAA), characterized by a white glistening fibrotic surface, a thick-
ened aneurysm wall and adhesions to neighbour structures. The thickened
wall can be observed on CT and is usually in the range of 0.5-3 cm.
Histologically, the muscular and elastic structures of the media are replaced
by fibrotic tissue. Abundant lymphocytes and plasma cells are present.
Patients with IAAA often have symptoms of abdominal or back pain.
General symptoms like fatigue and weight loss are also common. The ery-
throcyte sedimentation rate (ESR) and C-reactive protein (CRP) are usual-
ly higher than in patients with abdominal aortic aneurysm without fibrosis.1-

3 The fibrotic changes may represent a difficulty during open surgery. This
is reflected by a longer operating time, a higher mortality and morbidity
and a greater need for blood transfusions when compared with non-inflam-
matory aneurysm.4-6 Theoretically, therefore, endovascular repair (EVAR)
could be an option in the treatment of IAAA, however, variation in outcome
has been reported. In some cases, a successful result with shrinking of the
aneurysmal sack has been observed.7-10 In contrast, others have reported
an increased inflammatory response following EVAR in these patients
(Figure 1).11,12

Since the indication for EVAR in patients with IAAA remains controversial,
the purpose was to investigate the outcome in patients with IAAA treated
by EVAR and reported to the EUROSTAR register. The results were com-
pared with EVAR performed in patients with non-inflammatory aortic
aneurysm reported to the same register.
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Figure 1. CT examination 4 months after
stent-graft repair of an IAAA. Note thick
layer of perianeurysmal fibrosis
(arrows). The left ureteric system
became dilated after the procedure and
needed drainage (larger arrow).
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Material and Methods

This report summarises the experience collated in the EUROSTAR-database
as of October 1996 to November 2003. The data of 3665 patients operat-
ed over a 7-year period until October 2003 constituted the basis of this
analysis. The experience was obtained from 90 centres in Europe and the
contributors to this series are listed in the appendices. The organisation of
the EUROSTAR Registry and reports on various aspects after EVAR has
been published previously.13-15 All patients had a minimum follow-up peri-
od of 1 month. The mean follow-up period in patients with IAAA was 23
months (range 1-60). Patients with an aortic aneurysm smaller than 4.0 cm
in diameter, including those with large iliac aneurysms, were excluded from
this study cohort. An exception of this condition was IAAA, for which a
diameter threshold for inclusion of 3.0 cm was used.

To assess the effect of IAAA on the early and midterm outcome after EVAR
the study cohort was subdivided according to the information provided on
the case record forms (CRFs) about the inflammatory status of the
aneurysm: patients with inflammatory aneurysms (IAAA) and patients with
non-inflammatory aneurysms (non-IAAA). Specific details regarding the
increase or decrease in the inflammatory response at follow-up were based
on CRP, ESR and CT. Patients with IAAA were identified and their details
derived from the free text fields in the CRFs as there were no queries specif-
ically directed at IAAA. In addition, all centres participating in the EUROSTAR
Registry received a letter requesting identification of patients with IAAA. To
retrieve additional detailed data related to IAAA, a questionnaire was sent
to the institutions whose records indicated endovascular treatment of
patients with inflammatory aneurysms. Additional information regarding fol-
low-up CT examinations and inflammatory serum markers for 11 patients
were completed and returned to the EUROSTAR Data Registry Centre.

Inclusion criteria as defined in the EUROSTAR registry protocol, comprised
elective treatment of AAA with vascular anatomy suitable for the implanta-
tion of a stent-graft. Baseline data, including comorbidity, estimate of unfit-
ness for open repair, anatomic aspects and operative details were record-
ed by the participating institutions on CRF's and submitted for inclusion to
the Data Registry Centre. Findings at follow-up visits, which involved clini-
cal examination, CT-assessment or (in 5% of the visits) angiography, MRI
or ultrasound, were recorded in data forms and returned at regular inter-
vals to the Data Registry Centre for processing and analysis. There was no
outside monitoring of the centres or involvement of a core laboratory for
the evaluation of CT-scanning or other imaging studies. Follow-up visits
according to the protocol were scheduled at 1, 6, 12, 18 and 24 months
and annually thereafter. Reminders for overdue follow-up data were regu-
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larly sent to the participating institutions. Outcome was reported according
to the guidelines from the Society for Vascular Surgery/American
Association for Vascular Surgery (SVS/AAVS).16 Deaths were classified as
aneurysm-related or all-cause deaths.17 The latter included death related to
co-morbidity and conditions unrelated to the aneurysm. Aneurysm-related
deaths included all deaths within 30 days and deaths that occurred as a
result of aneurysm rupture, endograft infection or death within 1 month
after a secondary surgical procedure for late complications of the
aneurysm.

Other outcome events observed during follow-up included endoleaks,
migration, severe device kinking, occlusion, stenosis and aneurysmal
growth. Only endoleaks that were identified at 1 month and thereafter were
included in the analysis, while endoleaks at the completion angiography
were considered. Endoleaks were classified into type I, II and III as previ-
ously described.18 In cases with different types of endoleaks observed at
different follow-up periods, types I and III were considered above type II
for the analysis. The interval between the date of surgery and the date on
which the endoleak was identified for the first time, was used for the life-
table analysis.
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Inflammatory  

N = 52 

Non-inflammatory  

N = 3613 

p-value 

 

Age (years, mean ± sd) 65.8 (±10.1) 71.6 (±7.6) <0.0001 

Length of follow-up (months, mean ± sd) 22.8 (±18.2) 17.9 (±14.9) 0.0205 

Ratio male : female gender  96.1 : 3.9  94.4 : 5.6  0.59 

ASA classifi cation III, III +/IV 25 (48.1%) 1875 (51.9%)  0.58 

ABI ≤ 0.87* 2 (9.1%) 385 (20.6%) 0.18 

Diabetes 5 (9.6%) 418 (11.6%) 0.66 

Smoking 19 (36.5%) 817 (22.6%) 0.0175 

Hypertension  24 (46.2%) 2272 (62.9%)  0.0133 

Hyperlipidemia  14 (26.9%) 1438 (39.8%)  0.06 

Cardiac disease  23 (44.2%) 2146 (59.4%)  0.0272 

Carotid artery disease  8 (15.4%) 551 (15.3%) 0.98 

Renal insufficiency  12 (23.1%) 666 (18.4%) 0.39 

Reduced pulmonary function  11 (21.2%) 1497 (41.4%)  0.0032 

Previous laparotomy  17 (32.7%) 967 (26.8%) 0.34 

Obesity 13 (25.5%) 894 (24.8%) 0.91 

Unfit for open AAA or general anesthesia  12 (23.1%) 862 (23.9%) 0.90 

Table 1. Patient characteristics at the time of operation

* Ankle-Brachial Index is missing in a considerable number of patients.
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Results were reported as mean, range or standard deviation for continuous
variables. Discrete variables were represented as proportions (%) of the
study group. Preoperative patient characteristics, co-morbid factors,
aneurysmal morphology at the time of the initial procedure, and details
regarding the procedure and devices are correlated with the defined study
groups by univariate analysis. Differences in findings between study groups
were assessed by Chi-square tests for discrete variables and by Student's
t and Mann-Whitney tests for continuous variables. A p-value <0.05 was
considered to represent a significant difference. Cumulative rates of free-
dom-from-aneurysm-related deaths, overall deaths, aneurysms rupture,
conversion to open repair, endoleaks and increase of inflammatory reaction
were assessed by life-table analysis. Significant differences between study
groups were assessed by log-rank testing. Variables with clinical relevance
were entered in a multivariate Cox-analysis to assess independent associ-
ations with late outcome. Postoperative change in aneurysm size in the
IAAA group was compared with preoperative measurement by a paired T-
test. All statistical analyses were performed with SAS Statistical Software
(version 8.0, SAS Institute Inc., Cary, North Carolina).

Results

The 3665 patients, 3461 male and 204 female, ranged in age from 43 to
95 years. Fifty-two patients (1.4%) had an IAAA, all diagnosed by CT, and
3613 (98.6%) a non-IAAA. The mean age in patients with IAAA was
approximately 6 years less than in the other patients (Table 1). Other sig-
nificant differences in patient characteristics included a higher incidence of
smoking (p=0.0175), and lower incidence of hypertension (p=0.0133),
better cardiac condition or less previous cardiac events (p=0.0272) and
less pulmonary disease (p=0.0032) in the IAAA group. Regarding existing
anatomy no differences were observed in angulation in the aneurysm neck
(p=0.12), the aneurysm itself (p=0.18) or the iliac arteries (p=0.08). The
infrarenal neck was similar with regard to diameter (p=0.87) and length
(p=0.11) in the two study groups. The aneurysm had comparable diame-
ters (p=0.78) and patency of iliac and hypogastric arteries.

Operating time was 140 min (45-345) in the group with IAAA compared
with 133 min (25-660) in non-IAAA (ns). In the former group 47 had bifur-
cated endografts, one had a tube graft while four had aortouniiliac grafts.
Extraanatomic bypasses were four times as frequent in the group with IAAA
compared with non-IAAA (Table 2). Device or limb stenosis during the pro-
cedure occurred almost 18 times more frequently in the group with IAAA
(p=0.0005). Device migration as observed on the intraoperative angiogram
did not occur in any of the patients with IAAA and in 40 of the patients with
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non-IAAA (1.1%). No differences were observed with regard to length of
stay in hospital, prevalence of endoleak or the incidence of primary conver-
sion to open surgery. Only blocking of one iliac artery was significantly dif-
ferent in the two study groups. Thirteen (25%) occurred in IAAA (nine
intentional and four inadvertently) and 488 (13.5%) in non-IAAA,
p=0.0100.

First month outcome

The first-month mortality in the entire cohort was 2.2% (82 patients).
There was no significant difference between the two study groups. There
were no significant differences with regard to systemic complications (car-
diac, cerebral, pulmonary, renal, hepatobiliary, bowel and sepsis) in the two
study groups. Minor complications from the access sites and lower limb
arteries were similar in the group with IAAA and non-IAAA (3.9 and 6.7%,
respectively; ns). Arterial thrombosis occurred only in the group of patients
with non-IAAA (0.8%). An increased periaortic inflammatory response was
observed in 12% and a decreased periaortic inflammation in 17% of all
patients with IAAA.

 

Inflammatory  

N = 52 

Non-inflammatory  

N = 3613 

p-value* 

Failure to complete procedure  1 (1.9%) 58 (1.6%) 0.69 

Extra-anatomic bypass  2 (3.9%) 32 (0.9%) 0.0086 

Device related complications  6 (11.5%) 261 (7.2%) 0.16 

Device migration  0 (0.0%) 48 (1.3%)  

Device/Device limb stenosis  2 (3.9%) 9 (0.3%) 0.0005 

Hypogastric artery occlusion  13 (25.0%) 488 (13.5%) 0.0100 

Arterial complications  2 (3.9%) 128 (3.6%) 0.72 

Systemic complications  4 (7.7%) 438 (12.1%) 0.63 

Access site complications  2 (3.9%) 241 (6.7%) 0.65 

Type I endoleak  1 (1.9%) 158 (4.4%) 0.50 

Type II endoleak  6 (11.5%) 328 (9.1%) 0.65 

Type III endoleak  2 (3.9%) 88 (2.4%) 0.62 

Death ≤ 30 days 1 (1.9%) 81 (2.2%) 0.66 

Conversion  ≤  30 days 0 (0.0%) 42 (1.2%)  

Rupture  ≤  30 days 0 (0.0%) 1 (0.03%)  

Table 2. Procedural details and predischarge outcomes

* Adjusted for age, smoking, hypertension and cardiac and pulmonary risk status.



Chapter 2

Late outcome

There were no differences in the incidence of type I, II and III endoleaks.
The percentage of patients with aneurysmal growth was similar in the two
groups. Device migration, kinking, stenosis or thrombosis was comparable
in both groups. No differences were observed with regard to all-cause
death, aneurysm-related death, rupture and conversion to open repair
(Table 3). Of 47 patients with IAAA, diameter measurements were record-
ed during follow-up. A regression of the aneurysm was observed in 41
(87%, p=0.0001) (Figure 2). With regard to aneurysm shrinkage, no dif-
ference was observed between patients with and without IAAA.

Detailed information on 11 of the patients with IAAA

At presentation hydronephrosis was present in five patients (45%).
Previous ureteric procedures had been performed in four patients (36%)
(Table 4). Abdominal pain was present in 63% of the patients who had
additional and detailed data provided by the questionnaire. Worsening of
renal function in this subgroup was observed in the early postoperative
period in 9% and in the late postoperative period in 27%. Postoperative
ureteric stenting or ureterolysis was performed in two (18%) of these
patients. No patients needed dialysis early or late postoperatively. Serum
concentration of urea and creatinine decreased in these 11 patients,
although not significantly. The ESR decreased during the early postopera-
tive period. However, later it increased again to preoperative levels. The
CRP levels decreased in the late postoperative phase compared with the
preoperative phase. Aneurysm wall thickness decreased in the 11 patients
with detailed information from 21 mm preoperatively to 17 mm early and
13 mm late postoperatively. Ureteric entrapment was observed in 45% of
the patients preoperatively, decreasing to 27% after the procedure. In one
patient the ureteric obstruction which was present preoperatively remained
troublesome after operation with continued requirement for ureteric stent-
ing.

Discussion

Taking into consideration that open surgery for IAAA is often challenging
from a technical point of view with reported higher mortality and complica-
tion rate,2,4,5 the present investigation indicates that with respect to exclu-
sion of the aneurysm from the circulation, EVAR is a feasible method with
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promising early and midterm results. We have not observed a higher mor-
tality or morbidity rate than for other aneurysms in this study, which is in
contrast with most reports on open surgery for IAAA. A mortality rate of
1.9% must be regarded as satisfactory, especially considering that 23.1%
of the patients with IAA were unfit for open surgery. Systemic complica-
tions also were comparable.

While exclusion of the aneurysm seems to be obtained by EVAR in most
cases, the effect on the fibrosis itself is less clear. Postoperatively both
increased and decreased periaortic inflammation was observed on follow-
up CT-scans although significant increase was only observed in six patients.
The cause of this variable reaction regarding the fibrosis remains unknown.
It is possible that the increased fibrosis in some cases could be related to
the so-called 'post implantation reaction' occasionally seen in patients
treated with EVAR. It would be of importance to follow these changes over
the years, even if the renal function is not deteriorated. Following open
operation, the fibrosis is decreasing in about 75% of the cases.19,20

Although rare, increased fibrosis has also been reported following open
surgery.21,22 In patients with ureteral stenosis, regular CT-surveillance also
seems indicated after open surgery.22

Even if the preoperative anatomy was similar in the two groups, there
was an increased rate of graft limb stenosis in the IAAA group. As there
were no significant anatomical differences between the two groups, the
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Freedom of (4 years)  

Inflammatory  

N = 52 

Non-inflammatory  

N = 3613 

p-value* 

Type I endoleak  100.0% 90.3% 0.97 

Type II endoleak  77.8% 83.8% 0.50 

Type III endoleak  97.8% 92.4% 0.86 

Device migration  95.7% 86.7% 0.59 

Kinking 100.0% 96.7% 0.99 

Stenosis/Thrombosis 97.9% 94.5% 0.52 

Aneurysm growth ≥ 8 mm 84.8% 83.3% 0.22 

Secondary endovascular intervention  83.4% 88.8% 0.23 

Death 92.8% 81.6% 0.69 

AAA-related death  98.1% 96.2% 0.97 

Conversion 95.7% 94.3% 0.68 

Rupture 100.0% 98.6% 0.99 

Table 3. Late outcomes

* Adjusted for age, smoking, hypertension and cardiac and pulmonary risk status.
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higher incidence of graft limb stenosis-occlusion may be related to the dis-
tal landing zone in the external iliac artery. This finding is associated with
the more frequent overlapping of the hypogastric artery by the device limb
in the IAAA group. One femorofemoral crossover was performed due to
occlusion at the time of procedure. It is possible that the iliac arteries
where encapsulated by fibrotic tissue and that the arterial wall as well as
the aneurysm wall was stiffer than in patients with non-inflammatory
aneurysms. Thus, modelling of the endoprosthesis with a balloon catheter
after deployment could become more difficult. It is also possible that IAAA
is a separate disease entity23 with a higher incidence of autoimmune dis-
eases24 and a higher metabolic activity than non-inflammatory AAA.25

However, although statistically significant, the total number of graft limb
obstructions was small and further investigation of this particular phe-
nomenon is necessary.

Hydronephrosis with or without ureteric procedures were frequently
observed in the smaller subset with detailed information. It is likely that
this was a selected group of patients with a high incidence of ureteric com-
plications. Late postoperative worsening of renal function was present in
27%. These findings suggest that EVAR alone may not be the optimal treat-
ment for all patients with IAAA. Possibly some patients with IAAA and
ureteral stenosis might need post-EVAR ureterolysis, omental wrapping of
the ureters or perhaps corticosteroid therapy, although this has not usual-
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 Preoperative  Early postoperative  Late postoperative  

Clinical    

Worsening of renal function  5 (45%) 1 (9%) 3 (27%) 

Ureter stent/urethrolysis  4 (36%) 1 (9%) 1 (9%) 

Need for dialysis   0 (0%) 0 (0%) 

Laboratory values (mean ± SD)    

Urea (mmol/L)  22.4 ± 21.7 10.0 ± 3.1 12.4 ± 6.2 

Creatinine ( μmol/L) 402 ± 537 118 ± 34 140 ± 56 

ESR (mm/h) 50 ± 31 34 ± 35 45 ± 50 

CRP (mg/L) 107 ± 81 66 ± 45 33 ± 45 

CT findings     

Wall thickness (mm)  20.8 ± 15.9 17.4 ± 18.1 12.8 ± 18.4 

Obvious decrease   6 (55%) 6 (55%) 

Ureter entrapment  5 (45%) 4 (36%) 3 (27%) 

Table 4. Additional information on 11 patients with inflammatory aneurysms

* Adjusted for age, smoking, hypertension and cardiac and pulmonary risk status.



ly been considered necessary following open surgery. On the basis of the
present analysis EVAR may especially be considered in patients with IAAA
who have a high risk for open repair or in those who do not have ureteral
stenosis. However, more studies are needed to determine whether EVAR is
also the first-choice in the treatment of good-risk patients with IAAA.

The present study has several limitations including its retrospective
nature and that it is based on questionnaires. It should be noted that the
EUROSTAR database is not specifically designed for analysis of the typical
pathology associated with IAAA. Nevertheless, we could identify a sub-
group of patients with IAAA treated by EVAR, which is the largest series
published in the literature so far. To assess some aspects of this typical con-
dition in greater detail an additional questionnaire was mailed to the par-
ticipants who had enrolled IAAA patients. This questionnaire resulted in
more information in a proportion of our entire study group. The incidence
of IAAA of 1.4% is lower than in most series treated with open surgery
where an incidence of 5-10% has been reported.5,6 Although unlikely, a
lower incidence of IAAA in the present series could be explained by a small-
er number of patients originally found suitable for EVAR according to the
preoperative CT-scans or arteriograms, possibly due to the previously men-
tioned higher incidence of iliac aneurysms. It is also possible that more
patients than we have detected in the registry so far, have an IAAA.

It should also be taken into consideration that about 23% of the patients
were found unfit for open surgery and it is possible that some vascular sur-
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Figure 2. Diameter changes in 47 patients with IAAA. The regression of aneurysm size in this
group was significant (p<0.0001).
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geons did not find EVAR suitable treatment for patients with IAAA, espe-
cially in the early phase of our investigation. Thus, the group of patients
unfit for open surgery perhaps consists of two subgroups; those considered
unfit due to risk factors and those considered unfit because they had IAAA.
This could explain why the incidence of patients unfit for open surgery were
equal in the two groups, despite patients with IAAA being significantly
younger. There are also differences in the classification of IAAA in patients
treated by EVAR and those treated by open surgery. During open surgery
the visual appearance of IAAA can be supplemented by a biopsy, whereas
patients who are treated for EVAR must be classified according to the CT-
scans only. Therefore, more inflammatory aneurysms may be identified
during open surgery. Finding an IAAA by surprise is not rare. This may
explain the relatively low incidence of IAAA in this study.

In conclusion, the results following EVAR of patients with IAAA and patients
with non-IAAA were largely similar with regard to early and mid-term
results. EVAR is a feasible method to exclude IAAA from the circulation.
Perianeurysmal fibrosis did not regress in a proportion of patients, howev-
er, clinical outcome was favourable. The effect upon the fibrotic changes
needs to be studied more thoroughly especially in patients with ureteric
complications to define the exact role of EVAR in patients with inflammato-
ry aortic aneurysms.
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Abstract

Purpose: To examine the influence of severe infrarenal neck angulation
(SNA) on complications after endovascular repair of abdominal aortic
aneurysm (AAA).
Methods: From October 1996 to January 2006, 5183 patients who under-
went endovascular aneurysm repair using a Talent, Zenith, or Excluder
stent-graft were enrolled into the EUROSTAR registry. Incidence of proxi-
mal type I endoleak, stent-graft migration, proximal neck dilatation,
aneurysm rupture, secondary interventions, and all-cause and aneurysm-
related mortality were compared between patients with and without severe
infrarenal neck angulation (>60° angle between the infrarenal aortic neck
and the longitudinal axis of the aneurysm).
Results: In the short term (before discharge), proximal type I endoleak (OR
2.32, 95% CI 1.60 to 3.37, p<0.0001) and stent-graft migration (OR 2.17,
95% CI 1.20 to 3.91, p=0.0105) were observed more frequently in patients
with SNA. Over the long term, higher incidences of proximal neck dilatation
> 4 mm (HR 1.26, 95% CI 1.11 to 1.43, p=0.0004), proximal type I
endoleak (HR 1.80, 95% CI 1.25 to 2.58, p=0.0016), and need for sec-
ondary interventions (HR 1.29, 95% CI 1.00 to 1.67, p=0.0488) were seen
in patients with SNA. All-cause mortality, aneurysm-related mortality, and
rupture of the aneurysm were similar in patients with and without severe
neck angulation.
In the subgroup of patients with an Excluder endograft, proximal endoleak
at the completion angiogram (OR 4.49, 95% CI 1.31 to 15.32, p=0.0166)
and long-term proximal neck dilatation (HR 1.67, 95% CI 1.20 to 2.33,
p=0.0026) were more frequently observed in patients with SNA. In the
Zenith subgroup, proximal endoleak at the completion angiogram (OR
2.62, 95% CI 1.49 to 4.63, p=0.0009) and proximal stent-graft migration
before discharge (OR 2.34, 95% CI 1.06 to 5.19, p=0.0353) were more
common in patients with SNA. In the Talent subgroup, long-term proximal
endoleak (HR 2.09, 95% CI 1.27 to 3.44, p=0.0036), proximal neck dilata-
tion (HR 1.29, 95% CI 1.05 to 1.60, p=0.0168), and secondary interven-
tions (HR 1.54, 95% CI 1.05 to 2.24, p=0.0259) were more frequently
observed in patients with SNA.
Conclusion: Severe infrarenal aortic neck angulation was clearly associat-
ed with proximal type I endoleak, while the relationship with stent-graft
migration was not clear. Excluder, Zenith, and Talent stent-grafts perform
well in patients with severe neck angulation, with only a few differences
among devices.
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Introduction

Endovascular treatment of abdominal aortic aneurysms (AAA) is an estab-
lished alternative to open repair. The 30-day mortality is decreased by two
thirds in patients treated by endovascular aneurysm repair (EVAR). During
longer follow-up, the aneurysm-related mortality remains better than after
open repair. In the endovascular group, the 1-year all-cause mortality rate,
which is primarily related to pre-existing medical conditions, tends to
approximate the rate in open repair patients.1-4 Another concern is that life-
long surveillance is still required to monitor perfect endograft function and
signal the need for secondary interventions.5

EVAR may not always be the best treatment option, as not all patients are
eligible for EVAR owing to aortoiliac morphology. Proper patient selection is
essential to minimize the risk of post-EVAR complications, and several crite-
ria have been described to identify patients at high risk for EVAR failure.6-10

Aortic morphology, especially related to the proximal neck, often compli-
cates the procedure or increases the risk for late device-related complica-
tions. The influence of severe infrarenal aortic neck angulation (SNA) on
EVAR outcome has been assessed in a number of institutional patient
series.11-15 In the present report, we analyzed the data in a large multicen-
tre series. One may suspect SNA to be associated more frequently with
proximal type I endoleak, infrarenal aortic neck dilatation, proximal stent-
graft migration, and eventually rupture of the aneurysm. Therefore, the
aim of this study was to examine the influence of SNA on these complica-
tions after EVAR.

Methods

Registry Design

The EUROSTAR registry is a European collaborative established in February
1996 to collect extensive multicentre experience on EVAR.16,17 Patients with
non-ruptured, asymptomatic infrarenal AAA selected for endovascular
repair were prospectively enrolled into the registry on an intention-to-treat
basis after informed consent was obtained. Patient characteristics, risk fac-
tors put forth in the Society for Vascular Surgery (SVS)/American
Association for Vascular Surgery (AAVS) guidelines,18 aneurysmal morphol-
ogy assessed by computed tomography (CT), procedural details, and post-
operative outcome were recorded. Follow-up findings from clinical exami-
nation and CT assessment or, far less frequently, angiography, magnetic
resonance imaging, or duplex ultrasound scanning were recorded at 1, 3,
6, 12, 18, and 24 months and annually thereafter. Registry data were main-

Severe infrarenal aortic neck angulation



42

Chapter 3

tained in a computerized database (www.eurostar-online.org; KIKA
Medical, Nancy, France) that provided password-protected online access to
participating physicians and industrial companies. 

 Present (n=1152) Absent (n=4031) p 

Age, y 74.3±7.5 72.1±7.7 <0.0001 

Female gender  112 (9.7%) 211 (5.2%) <0.0001 

ASA III/IV 634 (55.0%) 1904 (47.2%) <0.0001 

Unfit for open repair  308 (26.7%) 930 (23.1%)  0.0157 

Unfit for general anesthesia  135 (11.7%) 335 (8.3%) 0.0006 

Diabetes 142 (12.3%) 527 (13.1%)  NS 

Smoking 267 (23.2%) 910 (22.6%) NS 

Hypertension  754 (65.5%) 2675 (66.4%) NS 

Hyperlipidemia  525 (45.6%) 1852 (45.9%)  NS 

Cardiac disease  710 (61.6%) 2451 (60.8%) NS 

Carotid disease  208 (18.1%) 741 (18.4%) NS 

Renal disease  226 (19.6%) 784 (19.5%) NS 

Pulmonary disease  518 (45.0%) 1672 (41.5%) 0.0346 

Previous laparotomy  312 (27.1%) 1036 (25.7%)  NS 

Obesity 320 (27.8%) 1130 (28.0%) NS 

Proximal neck diameter, mm  24.2±3.2 24.2±3.3 NS 

Proximal neck length, mm 24.8±10.4 27.6±12.3 <0.001 

AAA sac diameter, mm  63.8±12.6 57.9±10.4 <0.001 

AAA ≥ 60 mm 683 (59.3%) 1491 (37.0%)  <0.001 

CIA Aneurysm 119 (10.3%) 423 (10.5%)  NS 

Hypogastric artery occlusion  72 (6.3%) 278 (6.9%) NS 

Angulated aneurysm  286 (24.8%) 292 (7.2%) <0.001 

Angulated iliac arteries  711 (61.7%) 1451 (36.0%)  <0.001 

Continuous data presented as means ± standard deviation; categorical data are given as the counts (per-
centage). ASA: American Society of Anesthesiologists, NS: not significant, AAA: abdominal aortic
aneurysm, CIA: common iliac artery.

Table 1. Patient and Morphological Characteristics According to the Presence/Absence of
Severe Neck Angulation (>60°)
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Patient Population

The EUROSTAR database was interrogated to identify patients treated
between October 1996 and January 2006. Patients with (1) a maximum
aneurysm sac diameter <40 mm, (2) missing preoperative infrarenal neck
measurements, and (3) no recorded follow-up visit or drop-out event were
excluded, leaving 5183 patients (4860 men; mean age 72.6±7.7 years)
from 159 centres in 18 countries in the current analysis. The Zenith stent-
graft (Cook Inc., Bloomington, Indiana) was used in 2486 (48.0%)
patients, the Talent stent-graft (Medtronic Vascular, Santa Rosa, Calif) in
1796 (34.6%), and the Excluder stent-graft (W. L. Gore & Associates, Inc.,
Flagstaff, Ariz) in 901 (17.4%). Severe infrarenal aortic neck angulation
was present in 1152 (22.2%) patients.

Endpoints and Definitions

For the purposes of this analysis, severe neck angulation was defined as a
>60° angle between the infrarenal aortic neck and the longitudinal axis of
the aneurysm. The incidence of proximal neck dilatation >4 mm relative to
the preoperative neck diameter and both the short- (at the first postoper-
ative scan and before discharge) and long-term incidences of proximal type
I endoleak, stent-graft migration, aneurysm rupture, secondary interven-
tions, and all-cause and aneurysm-related mortality were compared
between patients with and without SNA. Proximal endoleaks in the short
term were those seen on the completion angiogram at the end of the pro-
cedure. Proximal neck dilatation was defined as an increase of at least 4
mm compared with the proximal neck diameter at the preoperative mea-
surement. Aneurysm-related mortality was defined as death within 30 days
of the initial procedure or after secondary intervention and any death asso-
ciated with rupture or endograft infection.

Statistical Analysis

Chi-square, Mann-Whitney, and logistic regression analyses were per-
formed to assess short-term outcome variables; Kaplan-Meier life tables
and Cox proportional hazards models were used to assess long-term out-
come variables. Results were expressed as adjusted odds ratio (OR) or haz-
ard ratios (HR) with corresponding 95% confidence intervals (CI); p<0.05
was considered statistically significant. All analyses were performed using
SAS statistical software (version 8.02; SAS Institute Inc., Cary, North
Carolina). Reporting was in accordance with the guidelines of the ad hoc

Severe infrarenal aortic neck angulation
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Committee for Standardized Reporting Practices in Vascular Surgery of the
SVS/AAVS.19

Results

The 1152 patients with SNA were older (74.3 versus 72.1 years,
p<0.0001), more often female (9.7% versus 5.2%, p<0.0001), had a high-
er ASA (American Society of Anesthesiologists) score (55.0% versus
47.2%, p<0.0001), and were more often unfit for open AAA repair (26.7%
versus 23.1%, p=0.0157) and general anesthesia (11.7% versus 8.3%,
p=0.0006) than patients without SNA (Table 1).

SNA was associated with preoperative maximum aneurysm diameter
(63.8 versus 57.9 mm, p<0.0001), aneurysm angulation (24.8% versus
7.2%, p<0.0001), and iliac artery angulation (61.7% versus 36.0%,
p<0.0001). Proximal infrarenal neck length was shorter in patients with
SNA (24.8 versus 27.6 mm, p<0.0001), while proximal neck diameter was
similar (24.2±3.3 mm) in both groups. Prevalence of co-existing common
iliac artery aneurysm (10.3% versus 10.5%, p=NS) or hypogastric artery
occlusion (6.3% versus 6.9%, p=NS) was similar in both groups (Table 1).

Proximal type I endoleak (Table 2) at the completion angiogram was
observed significantly more frequently in patients who had SNA than in
patients who did not (OR 2.32, 95% CI 1.60 to 3.37, p<0.0001). Early
proximal stent-graft migration was significantly more common in patients
with SNA (OR 2.17, 95% CI 1.20 to 3.91, p=0.0105). The incidences of
perioperative aneurysm rupture, need for secondary intervention, and 30-
day mortality were similar in both patient groups.

Categorical data are given as the percentage.
CI: confidence interval, NS: not significant.
* Odds ratio adjusted for age, gender, risk factors, morphological factors, and experience.

 Present 

(n=1152) 

Absent 

(n=4031) 

Adjusted* 

Odds Ratio 95% CI p 

Proximal endoleak  4.9% 1.9% 2.32 1.60 to 3.37  <0.0001 

Stent-graft migration  1.6% 0.8% 2.17 1.20 to 3.91  0.0105 

Aortic rupture  0.26% 0.02% 6.44 0.64 to 64.59  NS 

Secondary intervention  3.1% 2.6% 0.96 0.64 to 1.43 NS 

Mortality 4.0% 2.9% 0.89 0.62 to 1.30  NS 

Table 2. Multivariate Analysis of Short-term Outcomes (30 Days) According to the
Presence/Absence of Severe Neck Angulation (>60°)
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During follow-up (mean 19.9±17.9 months), proximal infrarenal neck
dilatation >4 mm was observed more often in patients with SNA (HR 1.26,
95% CI 1.11 to 1.43, p=0.0004) (Table 3, Figure 1). After the first month,
the incidence of proximal type I endoleak (Figure 2) was still higher (HR
1.80, 95% CI 1.25 to 2.58, p=0.0016), but the incidence of stent-graft
migration was not significantly increased in patients with SNA (Figure 3).
The incidence of rupture was similar in both patient cohorts: ~2% after 4
years. Secondary interventions (Figure 4) were more frequently required in
patients with SNA (HR 1.29, 95% CI 1.00 to 1.67, p=0.0488). Both mor-
tality from all causes and aneurysm-related mortality were similar in both
patient groups.

Subgroup analysis according to device brand (Table 4) revealed that SNA
was more often present in patients treated with the Excluder device
(26.8%) compared with patients with the Talent or Zenith devices (both
21.3%, p=0.0016). In patients who received the Excluder device, proximal
type I endoleak at the completion angiogram (OR 4.49, 95% CI 1.31 to
15.32, p=0.0166) and proximal neck dilatation (HR 1.67, 95% CI 1.20 to
2.33, p=0.0026) were significantly more frequently observed in patients
with SNA. In patients with the Zenith device, perioperative proximal type I
endoleak (OR 2.62, 95% CI 1.49 to 4.63, p=0.0009) and migration (OR
2.34, 95% CI 1.06 to 5.19, p=0.0353) were associated with SNA. The

Severe infrarenal aortic neck angulation

Categorical data are given as the percentage.
CI: confidence interval, NS: not significant.
* Odds ratio adjusted for age, gender, risk factors, morphological factors, and experience.

 Present 

(n=1152) 

Absent 

(n=4031) 

Adjusted* 

Hazard Ratio  

95% CI 

 

p 

 

Proximal neck dilatation  50.1% 46.8% 1.26 1.11 to 1.43  0.0004 

Proximal type I endoleak  6.5% 3.2% 1.80 1.25 to 2.58  0.0016 

Stent-graft migration  5.9% 4.3% 1.25 0.79 to 1.98  NS 

Rupture 2.1% 1.7% 1.51 0.68 to 3.34  NS 

Secondary intervention  13.6% 10.8% 1.29 1.00 to 1.67  0.0488 

All-cause mortality 24.1% 23.6% 0.87 0.72 to 1.04 NS 

Aneurysm-related 

mortality 

6.8% 4.7% 1.02 0.75 to 1.38 NS 

Table 3. Multivariate Analysis of Long-term Outcomes According to the Presence/Absence of
Severe Neck Angulation (>60°)
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Talent device was associated with an increased incidence of infrarenal neck
dilatation (HR 1.29, 95% CI 1.05 to 1.60, p=0.0168) and proximal type I
endoleak at both the completion angiogram (OR 2.29, 95% CI 1.38 to 3.80,
p=0.0014) and during follow-up (HR 2.09, 95% CI 1.27 to 3.44, p=0.0036)
in patients with SNA. In addition, the need for secondary interventions (HR
1.54, 95% CI 1.05 to 2.24, p=0.0259) was associated with SNA in patients
who received the Talent device.

Discussion

Infrarenal proximal aortic neck morphology is one of the most important
determinants for successful endovascular abdominal aneurysm repair. The
current study demonstrated a substantial increase in the incidence of prox-
imal type I endoleak at the attachment site both at the postoperative com-
pletion angiogram and during follow-up assessments. Despite the increase
in proximal endoleaks, the rate of stent-graft migration was elevated only
in the perioperative period. Although proximal endoleak is strongly associ-
ated with rupture of the aneurysm,20 the incidence of rupture was too low
to reveal any significant association with severe infrarenal aortic neck
angulation in the entire study group. However, incidences of proximal
endoleak and proximal migration in ruptured patients were as high as 17%

Figure 1.  Freedom from proximal neck.
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and 24%, respectively. Dilatation of the proximal infrarenal aortic neck,
which was found to be another predictor for endograft migration in an ear-
lier EUROSTAR report,21 was also associated with SNA. Secondary interven-
tions associated with repair of proximal endoleaks were more frequently
performed in patients who had severe infrarenal aortic neck angulation.

Dias et al.,12 who also assessed the consequences of SNA, did not observe
an association between proximal endoleak at the completion angiogram
and angulated infrarenal necks or any other adverse neck characteristic.
This absence of correlation probably was due to their small patient cohort.
In another report, Robbins et al.14 found no association with endoleak,
stent-graft migration, or aneurysm sac expansion. However, device kinking
was observed more frequently in patients who had severe neck angulation.
Although device kinking was univariately associated with severe neck angu-
lation (p=0.0049) in our study, it just barely failed to achieve statistical sig-
nificance after adjustment for confounding factors. Dillavou et al.15 claimed
clinical outcomes in patients with hostile neck anatomy that were not dif-
ferent from patients with more suitable anatomy. This observation was only
partly based on severe infrarenal aortic neck angulation, as their compari-

Severe infrarenal aortic neck angulation

Figure 2.  Freedom from proximal type I endoleak.
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son regarded several adverse configurations of the neck. However, our cur-
rent study also adds evidence for acceptable outcomes of EVAR in patients
with angled infrarenal necks. Lee et al.,22 who investigated anatomical risk
factors for stent-graft migration, failed to demonstrate any association with
neck angulation, but their report encompassed only a small patient series.

Sternbergh et al.13 claimed that aortic neck angulation was an important
determinant of outcome after endovascular repair. They reported an
increased rate of operative death and early conversion to open aortic repair
in patients with moderate (40°-59°) and severe (>60°) aortic neck angula-
tion, which would have major implications for considering EVAR in these
patients. However, in our study, we could not demonstrate an adverse
effect of infrarenal neck angulation on 30-day mortality or conversion rates.
Sternbergh further reported an increase in late aneurysm sac expansion,
proximal type I endoleak, and endograft migration. Our analysis confirmed
the first two correlating events but not migration. A clinical association of
neck angulation with proximal endoleak and stent-graft migration was also
observed by Albertini et al.,11 who claimed infrarenal neck angulation to be
the most important determinant for these two complications. The same
investigators also demonstrated the correlation between proximal endoleak

Figure 3.  Freedom from stent-graft migration.
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and the degree of neck angulation in an experimental flow model using
adjustable silicone tubes representing the abdominal aorta.23

Blood flow through a stent-graft acts as a displacing force. In severely
angulated aortic necks, the endograft is curved, resulting in a larger force
exerted at the outer wall and thus a larger displacement force. The endo-
graft is normally held in position by friction dependent on the radial force
of the graft against the aneurysm wall and the contact surface between the
graft material and the wall. The length of the proximal attachment may be
decreased in severely angulated necks, leading to a smaller contact surface
and thus lower friction forces.11 When displacement forces exceed friction
forces, stent-graft migration will occur. However, in our study, we could
demonstrate only the association of severe neck angulation with early post-
operative stent-graft migration, while the absolute rate of migration during
follow-up was too low to confirm the role of SNA.

Considering specific endograft devices, all investigated devices (Excluder,
Zenith, and Talent) had satisfactory treatment outcomes in patients with
SNA, with only an increased risk for short-term proximal type I endoleak
and migration for the Excluder and Zenith models, while the Talent device
presented an increased long-term risk to proximal type I endoleak and sec-
ondary intervention.

Severe infrarenal aortic neck angulation

Figure 4.  Freedom from secondary interventions.



50

Chapter 3

Neck angulation is just one factor that determines whether an endovascu-
lar approach is feasible. Patients with severely angulated infrarenal necks
often display co-existing features of complex neck morphology.15 The
degree of neck angulation has been correlated with maximum aneurysm
sac diameter, neck length, aneurysm length, reversed neck tapering,
suprarenal aortic angulation, and sac to left iliac artery angulation,24 all fac-
tors that may interfere with good EVAR outcomes. Fenestrated stent-grafts
crossing the orifices of the renal arteries have been developed to overcome
insufficient neck lengths.25,26 This type of graft is still a novelty under inves-
tigation, and its deployment in an angulated neck is considerably more
risky than in a straight neck.

Limitations

The degree of aortic neck angulation was not taken into account in the cur-
rent study, as there was considerable variation in the severity of angula-
tion. We believe this to be the result of interobserver variability. In addi-
tion, it was left to individual physicians in this registry to judge whether
neck angulation was severe. An exact definition of aortic neck angulation

  Short-term   Long-term  

 

Severe 

Angulation, %  OR* 95% CI p HR* 95% CI p 

Excluder (n=901)  26.8       

  Proximal endoleak  4.49 1.31 to 15.32  0.0166    

  Proximal neck dilatation      1.67 1.20 to 2.33  0.0026 

Talent (n=1796)  21.3       

  Proximal ne ck dilatation      1.29 1.05 to 1.60  0.0168 

  Proximal endoleak  2.29 1.38 to 3.80  0.0014 2.09 1.27 to 3.44  0.0036 

  Secondary intervention      1.54 1.05 to 2.24  0.0259 

Zenith (n=2486)  21.3       

  Proximal endoleak  2.62 1.49 to 4.63  0.0009    

  Migration  2.34 1.06 to 5.19  0.0353    

Table 4. Multivariate Analysis of Device-Specific Outcome (Significant Associations)

Categorical data are given as the percentage. OR: odds ratio, HR: hazard ratio, CI: confidence
interval. * Odds and hazard ratios adjusted for age, gender, risk factors, morphological fac-
tors, and experience.



was not used in this registry, which may be considered a weakness of the
current study. However, in general, an angle >60° was considered severe.
As a result, the measured angulation is likely not accurate and an exact
cutoff value above which EVAR would be associated with a worse outcome
could not be defined. Further limitations relate to disadvantages that apply
to registries in general, including a bias due to voluntary reporting. Despite
these limitations, the data of a large international experience may con-
tribute to further consensus on endovascular repair.

Conclusion

Severe infrarenal aortic neck angulation was associated with proximal type
I endoleak, while the risk of migration was less clear. The Excluder, Zenith,
and Talent stent-grafts all are appropriate for patients with severe neck
angulation.
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Abstract

Background:To compare outcomes following endovascular repair in abdom-
inal aortic aneurysm (AAA) patients with and without concomitant iliac
artery aneurysm disease.
Methods: Data on patient characteristics and risk factors, aneurysm mor-
phology, interventional details, complications, and mortality were retrieved
from the EUROSTAR registry database for the period from October 1996 to
November 2006. AAA patients without concomitant iliac aneurysm disease
(group I, n=6286) were compared with 1268 patients with aneurysmal iliac
vessels (group II) regarding mortality, device-related complications, and
need for secondary interventions. Logistic regression and Cox proportional
hazards model were performed to assess independent associations with
outcome parameters in the study groups.
Results: Group II had more patients classified as ASA III or IV (55.1% ver-
sus 50.3% in group I; p=0.002); they were more frequently unfit for open
aortic repair (30.3% versus 23.4%; p<0.0001) and had larger-diameter
aneurysms (62.3 versus 60.7 mm; p<0.0001) and infrarenal necks (24.5
versus 24.1 mm; p<0.001). In addition, group II patients had a higher rate
of internal iliac artery occlusion (11.4% versus 5.2%; p<0.0001) and more
significant angulation of the aortic neck (30.8% versus 24.3%; p<0.0001)
and iliac artery (48.3% versus 41.9%; p<0.0001). Group II patients had
higher 5-year cumulative incidences of distal type I endoleaks (9.1% ver-
sus 4.3%; p<0.0001), iliac limb occlusion (5.9% versus 4.4%; p=0.040),
secondary transfemoral intervention (17.6% versus 8.9%; p=0.019), and
aneurysm rupture (4.5% versus 1.7%; p=0.042).
Conclusion: Although aneurysm-related mortality and mortality from other
causes were similar in both study groups, concomitant iliac artery
aneurysms in AAA patients were associated with an increased incidence of
distal type I endoleak, iliac limb occlusion, and aneurysm rupture.
Therefore, caution is warranted, and efforts should be made to avoid pro-
cedural mishaps.
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Introduction

Elective endovascular aneurysm repair (EVAR) for abdominal aortic
aneurysms (AAA) has become an important interventional alternative to
open aortic repair, with a lower procedure-related mortality rate demon-
strated by randomized clinical trials.1-4 In ~15% to 40% of the patients, the
aneurysm extends into at least one of the common iliac arteries (CIA).5-9

Involvement of a CIA frequently complicates the procedure and may exert
a higher risk for complications.6 Therefore, EVAR in AAA patients with co-
existing iliac aneurysms may require special technical expertise. Most stud-
ies of concomitant iliac aneurysm disease focus on technical and anatomi-
cal problems and strategies to overcome these difficulties.6,9-13 However,
whether the midterm success rate in these patients differs from EVAR with-
out device extension into the external iliac arteries was not addressed in
most of the previous studies. Therefore, we assessed whether the simulta-
neous exclusion of concomitant CIA aneurysms influences outcome of EVAR
in terms of mortality, device-related complications, and need for secondary
interventions.

Methods

Database and Population Characteristics

Perioperative data on 7554 patients (7043 men; mean age 72.4 years,
range 41-100) from 177 centres in 19 countries were retrieved from the
database of the European collaborators on Stent-graft Techniques for
abdominal aortic Aneurysm Repair (EUROSTAR) registry.14,15 This voluntary
multicentre registry was established in October 1996 with the objective of
collecting data on endovascular repair of AAA patients. Patients with a non-
ruptured, asymptomatic AAA (maximum diameter >50 mm) selected for
elective endovascular surgery were prospectively enrolled into the registry
on an intention-to-treat basis to prevent selection bias. Informed consent
was obtained. The EUROSTAR database closed enrollment in November
2006.

Patients received commercially available CE-approved stent-grafts:
Anaconda (Sulzer Vascutek Ltd, Inchinnan, Scotland; 74 patients), AneuRx
(Medtronic Vascular, Santa Rosa, Calif; 670 patients), EVT (Guidant Inc,
Menlo Park, Calif; 65 patients), Excluder (W.L. Gore & Associates, Inc,
Flagstaff, Ariz; 1011 patients), Fortron (Cordis, a Johnson & Johnson com-
pany, Miami Lakes, Fla; 90 patients), Lifepath (Edwards Lifesciences,
Irvine, Calif; 114 patients), Powerlink (Endologix, Irvine, Calif; 126
patients), Talent (Medtronic Vascular; 2209 patients), and Zenith (Cook
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Inc, Bloomington, Indiana; 3131 patients). Patients with Vanguard or
Stentor stent-grafts, devices that have long been withdrawn from the mar-
ket, were excluded from the analysis to reflect the current EVAR situation.

Data Retrieval

Gender, age, American Society of Anesthesiologists (ASA) class, risk factors
according to the Society for Vascular Surgery/International Society for
Cardiovascular Surgery (SVS/ISCVS) guidelines,16 aneurysm morphology
assessed by contrast-enhanced computed tomography (CT) and angiogra-
phy, procedural technical details, and postoperative outcome regarding
mortality, endoleaks, complications, secondary interventions, and ruptures
were registered. Patients in whom no AAA classification (Fig. 1) was given
were excluded from the current study. Findings at clinical examination and
CT assessment, angiography, magnetic resonance imaging (MRI), or duplex
ultrasound during follow-up were recorded at 1, 3, 6, 12, 18, and 24
months and annually thereafter. 

Two study groups were distinguished according to AAA classification.
Patients with an aneurysm that had an anatomical class A, B, or C
(EUROSTAR classification, Fig. 1) were assigned to group I (6286 patients,
83.2%). Patients with an aneurysm that had a uni- or bilateral CIA/AAA
classification (D or E) were assigned to group II (1268 patients, 16.8%).
Preoperative patient characteristics and risk factors and postoperative out-
come were compared between study groups. The early adverse events that
were analyzed included device migration, endoleaks at the completion
angiogram [categorized into proximal or distal type I, perfusion from side
branches (type II), and midgraft (type III)], paraplegia, bowel ischemia,
and systemic complications. In addition, secondary interventions (subdivid-
ed into transfemoral, extra-anatomical, and transabdominal) were
assessed. Postoperative 30-day mortality, aneurysm rupture, and conver-
sion to open repair were compared between the study groups. The late
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Figure 1. AAA classification



adverse events involved device migration, kinking, endoleak (categorized
as indicated above), iliac limb occlusion, intermittent claudication or but-
tock claudication, and aneurysm growth (defined as an 8 mm increase from
the preoperative measurement). Furthermore, secondary interventions
(categorized into transfemoral, extra-anatomical, or conversion to open
repair), aneurysm rupture, all-cause mortality, and AAA-related death
(defined as within 30 days of the initial or any secondary intervention or
associated with rupture or endograft infection) were investigated.
Reporting was in accordance with the guidelines of the ad hoc Committee
for Standardized Reporting Practices in Vascular Surgery of the Society for
Vascular Surgery/American Association for Vascular Surgery.17

Statistical Analysis

Analyses were performed using chi-square tests, Mann-Whitney tests, and
multivariate logistic regression for procedural outcome. Kaplan-Meier life
tables and Cox proportional hazards model were used to evaluate late out-
come comparing patients in groups I and II. The resulting p values were
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Table 1: Characteristics and Risk Factors of 7554 AAA Patients Undergoing Endovascular
Aneurysm Repair

 Group I (n=6286)  Group II (n=1268)  p* 

Age, y 72.4±7.6 72.6±7.6 NS 

Men 5833 (92.8%)  1209 (95.3%)  0.001 

ASA risk classification ≥III 3164 (50.3%)  698 (55.1%)  0.002 

SVS/ISCVS risk scores     

  Current smoking  1383 (22.0%)  320 (25.2%)  0.012 

  Hypertension ≥2 1869 (29.7%)  418 (33.0%)  0.022 

  Cardiac disease ≥2 1928 (30.7%)  481 (37.9%)  <0.0001 

  Renal disease ≥2 291 (4.6%) 79 (6.2%) 0.016 

  Pulmonary disease ≥2 1242 (19.8%)  322 (25.4%)  <0.0001 

Obesity 1637 (26.0%)  390 (30.8%)  <0.001 

Unfit for open repair 1473 (23.4%)  384 (30.3%)  <0.0001 

Continuous data are presented as means ± standard deviation; categorical data are given as
counts (percentages). ASA: American Society of Anesthesiologists, SVS/ISCVS: Society for
Vascular Surgery/International Society for Cardiovascular Surgery, NS: not significant.
*Univariate analysis.
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stepwise adjusted for patient (age, gender, risk factors), anatomical (dimen-
sions, angulation, occlusive disease), procedural (type of stent-graft, adjunc-
tive procedures), and physician-related (team experience) factors. p<0.05
was considered statistically significant. All analyses were performed using
SAS statistical software (version 8.02; SAS Institute, Cary, North Carolina).

Results

Concomitant iliac aneurysms were less frequently observed in women
(4.7% in group II versus 7.2% in group I; p=0.001; Table 1). Patients in
group II with uni- or bilateral CIA/AAA classification D or E were more fre-
quently classified as ASA III or IV (55.1% versus 50.3%; p=0.002) and
unfit for open aortic repair (30.3% versus 23.4%; p<0.0001) than control
patients. Of all SVS/ISCVS risk scores, current smoking (25.2% versus
22.0%; p=0.012), hypertension (33.0% versus 29.7%; p=0.022), and car-
diac (37.9% versus 30.7%; p<0.0001), renal (6.2% versus 4.6%;
p=0.016), and pulmonary diseases (25.4% versus 19.8%; p<0.0001)
were more frequently observed in group II compared with group I.
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Table 2: Aneurysm Anatomy of 7554 AAA Patients Undergoing Endovascular Aneurysm
Repair.

 Group I (n= 6286)  Group II (n=1268)  p* 

Measurements     

  Infrarenal neck diameter, mm  24.1± 3.3 24.5± 3.4  <0.001 

  Infrarenal neck length, mm  26.8±11.5 27.7±12.6 NS 

  Maximum aneurysm diameter, mm  60.7±10.4 62.3±11.2 <0.0001 

  Common iliac artery, mm  14.8±4.7 25.9±13.2 <0.0001 

Occlusion    

  Common or external iliac artery  109 (1.7%) 23 (1.8%) NS 

  Hypogastric artery  329 (5.2%) 144 (11.4%)  <0.0001 

Angulation    

  Aortic neck  1529 (24.3%)  390 (30.8%)  <0.0001 

  Aneurysm 776 (11.7%) 160 (10.9%)  NS 

  Iliac artery  2632 (41.9%)  612 (48.3%)  <0.0001 

Continuous data are presented as means ± standard deviation; categorical data are given as
counts (percentages). NS: not significant. *Univariate analysis.



Patients in group II had a larger maximum aneurysm diameter (62.3 ver-
sus 60.7 mm; p<0.0001) and a larger infrarenal neck diameter (24.5 ver-
sus 24.1 mm; p<0.001) than patients in group I (Table 2). In agreement
with the selection criteria for the study groups, patients in group II had a
larger CIA diameter (25.9 versus 14.8 mm; p<0.0001). Patients in group
II more frequently had occlusion of at least one of the hypogastric arteries
(11.4% versus 5.2%; p<0.0001). Significant angulation of the aortic neck
(30.8% versus 24.3%; p<0.0001) and iliac artery (48.3% versus 41.9%;
p<0.0001) was more frequently observed in group II aneurysms compared
with group I aneurysms.
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Table 3: Early Adverse Events, Reinterventions, and Mortality

 Group I (n= 6286)  Group II (n=1268)  p 

Device migration  79 (1.3%) 20 (1.6%) NS 

Endoleaks at the completion 

angiogram 

1022 (16.3%)  224 (17.7%)  NS 

  Proximal anastomotic  188 (3.0%) 44 (3.5%) NS 

  Distal anastomotic  66 (1.1%) 36 (2.8%) <0.0001/ 

<0.0001* 

  Perfusion from side branches  642 (10.3%) 108 (8.5%) NS 

  Midgraft prosthetic  99 (1.6%) 34 (2.7%) 0.006/ 

0.025* 

Paraplegia 4 (0.1%) 1 (0.1%) NS 

Bowel ischemia  21 (0.3%) 3 (0.2%) NS 

Systemic complications  666 (10.8%) 156 (12.6%)  NS 

Secondary intervent ion† 163 (2.6%) 49 (3.9%) 0.012/ 

0.026* 

  Transfemoral  72 (1.2%) 23 (1.8%) NS 

  Extra-anatomical  31 (0.5%) 12 (1.0%) NS 

  Transabdominal  67 (1.1%) 15 (1.2%) NS 

Major events at 30 days     

  Rupture 4 (0.1%) 1 (0.1%) NS 

  Conversion  56 (0.9%) 12 (1.0%) NS 

  Mortality  146 (2.3%) 35 (2.8%) NS 

Categorical data are given as counts (percentages). NS: not significant. *Univariate/multivari-
ate analysis. †Secondary intervention predischarge or within the first postoperative month.
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The incidences of distal type I endoleak (2.8% versus 1.1%; p<0.0001)
and midgraft prosthetic endoleak (2.7% versus 1.6%; p=0.025) at the
completion angiogram were increased in patients with concomitant iliac
aneurysms compared with control patients (Table 3). The incidences of
device migration, paraplegia, bowel ischemia, and systemic complications
were not significantly different among the study groups. Predischarge post-
operative interventions were more frequently performed in group II
patients compared with group I (3.9% versus 2.6%; p=0.026). In the first
30 days following the primary procedure, aneurysm rupture was observed
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Table 4: Late Adverse Events, Reinterventions, and Mortality (5-Year Cumulative Incidence)

 Group I (n= 6286), 

% 

Group II (n=1268), 

% 

p 

Device migration  9.8 9.8 NS 

Kinking 3.3 2.9 NS 

Endoleak 26.9 30.2 NS/0.047* 

  Proximal type I  5.6 7.4 NS 

  Distal type I  4.3 9.1 <0.0001/ 

<0.0001* 

  Type II (side branches)  18.4 21.2 NS 

  Type III (midgraft) 7.2 5.7 NS 

Iliac limb occlusion  4.4 5.9 0.026/0.040*  

Claudication or buttock claudication  1.0 2.4 0.047/NS* 

Aneurysm growth  14.0 13.0 NS 

Secondary intervention  15.6 23.0 0.005/0.018*  

  Transfemoral  8.9 17.6 0.007/0.019*  

  Extra-anatomical  2.1 2.7 NS 

  Femorofemoral bypass  1.6 1.8 NS 

Conversion to open repair  6.4 4.7 NS 

Major event     

  Rupture 1.7 4.5 0.026/0.042*  

  Mortality  26.8 36.0 0.010/NS* 

  Aneurysm-related mortality  4.5 7.4 0.040/NS* 

NS: not significant. *Univariate/multivariate analysis.



in 4 (0.1%) patients in group I compared with 1 (0.1%) patient in group
II. Fifty-six (0.9%) conversions to open repair and 146 (2.3%) deaths were
observed in patients with AAA classification A, B, or C as opposed to 12
(1.0%) conversions and 35 (2.8%) deaths in patients with AAA classifica-
tion D or E, all not significantly different between the 2 study groups.

The mean length of follow-up was 18.6 months (range 0-108). The 5-year
cumulative incidence of distal type I endoleak was higher in group II
patients than in group I (9.1% versus 4.3%; p<0.0001; Table 4 and Fig.
2). Iliac limb occlusion was more frequently reported in patients with aor-
toiliac aneurysms than in patients with aortic aneurysms (5.9% versus
4.4%; p=0.040; Fig. 3). 

Secondary interventions were more frequently performed in group II
patients (23.0% versus 15.6% at 5 years; p=0.018). These reinterventions
consisted primarily of transfemoral procedures (17.6% versus 8.9%;
p=0.019; Fig. 4), which were performed in 30.3% of patients with a distal
type I endoleak and in 27.9% of patients with iliac limb occlusion compared
with 3.2% in all other patients (p<0.0001 and p<0.0001, respectively).
Femorofemoral crossover grafts were needed in a minority of patients in
both study groups (1.8% versus 1.6% at 5 years; p=NS). There was 1
lower extremity amputation due to iliac limb occlusion in a patient without
concomitant iliac aneurysm disease.
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Figure 2. Freedom from distal type I endoleak.
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Figure 3. Freedom from iliac limb occlusion.

Figure 4. Freedom from transfemoral secondary intervention.
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Figure 5. Freedom from aneurysm rupture.

Figure 6. Survival.
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The 5-year cumulative incidence of aneurysm rupture was significantly
higher in group II than in group I (4.5% versus 1.7%; p=0.042; Fig. 5).
The excess rupture rate in group II was attributable to distal attachment
site endoleak (odds ratio 9.68; 95% CI 4.60 to 20.39; p<0.0001). The 5-
year cumulative mortality rate in group I patients was 26.8% and 36.0%
in group II patients, which was not significantly different after adjusting for
confounding factors (Fig. 6). No other independent outcome measures
associated with concomitant iliac aneurysm disease were observed.

Discussion 

The proportion (17%) of AAA patients with concomitant iliac aneurysms in
the EUROSTAR database was comparable to previous studies.5-9

Endovascular repair of these aneurysms frequently consists of embolization
of the hypogastric artery to prevent retrograde flow and extension of the
endograft into the external iliac artery. Although, hypogastric embolization
is considered a safe procedure,18 symptoms of pelvic ischemia, such as but-
tock claudication and erectile dysfunction, have been reported by several
investigators, especially in patients with bilateral hypogastric emboliza-
tion.19-25 Although this was rarely observed in our study, bowel ischemia
may be a severe and often lethal complication.24 Pelvic flow should be pre-
served at least unilaterally.22 Delle et al.12 suggested a lower risk for
ischemic complications by unilaterally extending the endograft into the
hypogastric artery combined with a crossover bypass. Branched iliac
devices combined with aortic bifurcated stent-grafts to preserve hypogas-
tric artery flow are being investigated in specialized centres and may pro-
vide a new solution in the treatment of CIA aneurysms.13,26 In the present
study, branched iliac devices have not been considered, and the conse-
quences of hypogastric inflow obliteration and stenting to the external iliac
artery are assessed. In the group with concomitant iliac aneurysm disease,
we found a significantly higher incidence of limb occlusion, which is the
most frequent cause of lower extremity ischemia24 after aortoiliac stent-
graft treatment. However, in the present series, claudication or buttock
claudication was not a prominent symptom, and its higher incidence in
group II was not significant.

Sanchez et al.27 reported a perioperative mortality rate of 2.5% for iso-
lated iliac aneurysms treated by endovascular techniques, which was com-
parable to the mortality in patients undergoing EVAR for aortic aneurysm.
According to the same author group, the endoleak rate was 5%, which was
less than the 15% to 20% incidence that was found in a meta-analysis of
AAA stent-grafting.28 In a more recent study, Boules et al.29 also found
EVAR of isolated CIA aneurysm to appear safe and effective, with initial
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results similar to those after EVAR of AAAs. However, combined CIA and
infrarenal aortic aneurysms may predispose for a higher risk of complica-
tions. Parlani et al.7 studied the influence of CIA aneurysm presence on the
outcome of endovascular AAA repair. In a group of 336 AAA patients of
whom 59 (18%) had concomitant iliac aneurysm disease, these authors did
not find any difference in early or late outcome between the study groups.

In our study, we found a strong association (p<0.0001) of distal type I
endoleaks with concomitant iliac aneurysms, which was sustained for sev-
eral years after the initial intervention. The increased incidence of these
endoleaks may be attributed to a more caudal deployment of the device
with a less robust fixation in the external iliac artery. A higher prevalence
of angulated iliac arteries in patients with aortoiliac aneurysms supports
this supposition. It is more difficult to achieve an adequate distal seal and
fixation in tortuous or diseased arteries than in healthy vessels. The exact
length of the distal seal zone and the degree of oversizing could not be
investigated in the current series. The risk of a type I endoleak is aneurysm
rupture,30,31 so prophylactic secondary intervention is strongly indicated. In
the current series, both iliac limb occlusions and distal type I endoleaks
were repaired by secondary interventions, mainly via the transfemoral
approach. Nonetheless, a higher incidence of aneurysm rupture was
observed in AAA patients with concomitant iliac aneurysm disease, which
could frequently be attributed to distal type I endoleak. However, stent-
graft migration, which was similar in both study groups, was not signifi-
cantly associated with distal type I endoleak.

Despite an increase in device-related complications and aneurysm rup-
ture, aneurysm-related mortality was not significantly different between
the study groups. AAA-related mortality may be underestimated because
the cause of death is unknown or controversial in a considerable number of
patients. Furthermore, many device-related complications are not fatal and
can be successfully managed. In addition, death from other causes, such
as cardiovascular diseases or malignancies, is considerable in AAA patients,
who frequently suffer from comorbidities.

AAA patients with concomitant iliac aneurysms demonstrated a higher
prevalence of infrarenal aortic neck angulation. In a previous EUROSTAR
report, an association of infrarenal neck angulation to proximal type I
endoleak was observed.32 However, no difference in the incidence of prox-
imal type I endoleaks was seen between the 2 groups in the current study.

Before discharge, type III endoleaks were more frequently found in the
group of patients with coexistent iliac aneurysms than in the control group.
These junction leaks are known to be associated with modular devices, and
concomitant iliac artery aneurysms more frequently require an additional
distal component. Therefore, an increased rate of type III endoleaks is not
surprising. However, following the perioperative period, the incidences of
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type III endoleaks were comparable in both study groups, indicating that
concomitant CIA aneurysm disease was not a risk factor for type III
endoleak beyond the perioperative period.

Patients with aortoiliac aneurysms had a higher prevalence of comorbidi-
ties, indicated by risk classification (higher ASA class, more frequently unfit
for open repair) as well as specific risk factors (higher cardiac, renal, and
pulmonary risk classification). This may be explained by the shared etiolo-
gy of iliac aneurysms and comorbidities and by a higher frequency of con-
servative or expectative treatment of physically low-risk patients with com-
plex aneurysm morphology. 

The AAA diameter was also larger in group II patients. Aneurysm diame-
ter was demonstrated as being representative of more advanced aneurysm
disease, which is also likely to be associated with coexistent iliac artery
aneurysms.33 Adjusted for these factors, the overall and aneurysm-related
mortality rates were similar for the study groups. These findings indicate
that EVAR of AAA with concomitant CIA aneurysms can be regarded as a
safe procedure.

Limitations of our study included disadvantages that apply to registries in
general; the data are incomplete and subject to interobserver variability
due to the participation of many surgeons and interventional radiologists.
Owing to its large size, this series should provide a realistic reflection of
current EVAR practice.

Conclusion

The findings of our study revealed a higher incidence of distal type I
endoleak, an increased need for secondary transfemoral interventions, and
a higher incidence of aneurysm rupture but similar mortality following EVAR
in AAA patients with concomitant CIA aneurysm disease compared with
EVAR of simple AAA. Whereas endovascular repair can be safely performed
in patients with aortoiliac aneurysm, caution is warranted regarding vari-
ous complications, and efforts should be made to avoid procedural
mishaps. 
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Abstract

Objective: The purpose of this study was to assess whether there is a dif-
ference in outcome of endovascular repair in patients with and without
intraoperative adjuvant procedures.
Methods: Demographic, anatomic and operative details were assessed in
patients undergoing endovascular repair using the EUROSTAR registry and
correlated with morbidity and mortality rates. Three groups of adjuvant
procedures: (A) endovascular, (B) surgical peripheral arterial and (C) sur-
gical abdominal arterial were compared with a group of patients without an
adjuvant procedure (D). Logistic regression and Cox proportional hazards
model were used for statistical analysis.
Results: Of 4631 endovascular repairs, 1353 patients (29.2%) required
adjuvant procedures. Additional endovascular procedures were performed
in 1057 (78.1%), surgical peripheral arterial in 193 (14.3%) and surgical
abdominal arterial in 103 (7.6%). The 30-day mortality rate was signifi-
cantly higher in categories with peripheral arterial surgical (6.7%) and
abdominal surgical procedures (7.8%) compared with patients without
adjuvant procedures (1.5%, p=0.001 and p=0.004 respectively). Life-
table-analysis demonstrated that late mortality, conversion or rupture
rates were not increased in patients with an adjuvant procedure.
Conclusion: Adjuvant surgical procedures were associated with increased
30-day mortality. Because of this higher risk, endovascular repair should
be recommended with caution when surgical adjuvant procedures are
anticipated.
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Introduction

Endovascular stent-grafting is a popular treatment for abdominal aortic
aneurysms (AAA).1-3 Due to ongoing technical evolution of stent-grafts the
indications for endovascular aneurysm repair (EVAR) have widened.4

Patients with co-morbidities or complex aneurysm anatomy often require
adjuvant procedures.5-7 Moreover, adjuvant procedures are used to resolve
intraoperative pitfalls.8 Adjuvant procedures may be performed for gaining
access to the aneurysm in case of tortuous or occluded iliac arteries, for
better anchoring the device in case of imperfect fixation and for preserving
the blood flow to peripheral arteries. Thus, many patients, who otherwise
would be treated by open repair, can undergo endovascular repair by
employing additional techniques.7,9,10 There are few reports on the outcome
of adjuvant procedures performed during EVAR.8,9,11 The objective of this
study was to compare the early and late outcome of endovascular repair
requiring adjuvant procedures with uncomplicated endovascular therapy.

Materials and methods

Design

Data was retrieved from the European collaborators on stent-graft tech-
niques for abdominal aortic aneurysm repair (EUROSTAR) registry.12,13 This
multi-centre voluntary registry was established in 1996 with the objective
of collecting and analysing data from AAA patients undergoing endovascu-
lar treatment with commercially available self-expanding stent-grafts,
including Talent (AVE/Medtronic, Sunrise, Fla), AneuRx (AVE/Medtronic),
Zenith (William Cook, Bloomington, Indiana), Excluder (Gore and associ-
ates, Newark, DE), Fortron (Cordis, Waterloo, Belgium) and Lifepath
(Edwards, Irvine, Calif). The operative procedure has been described in
detail previously.14,15 Patients with a non-ruptured, asymptomatic AAA were
selected for elective endovascular surgery. All patients had read the patient
information and consent was obtained. Enrollment in the registry was
prospective on an intention-to-treat basis to prevent selection bias.
Patients who were treated before the commencement of the registry (the
retrospective cohort) were excluded from the analysis. Participating physi-
cians had to complete a standardised case record form (CRF) for submit-
ting to the registry centre. Since 2002, patient data could be entered online
into the EUROSTAR database via the website www.eurostar-online.org
(KIKA Medical, Nancy, France).

Demographic information of the patient, risk factors according to SVS-
ISCVS risk score, aortic anatomic characteristics assessed by enhanced
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computer tomography (CT) and angiography, operative technical and pro-
cedural details, mortality, endoleaks, complications, secondary interven-
tions and ruptures were recorded. Findings at clinical examination and CT
assessment, angiography, magnetic resonance imaging (MRI) or duplex
ultrasound scanning (DUS) during follow-up were recorded at 1, 3, 6, 12,
18 and 24 months and annually thereafter. The patient series analysed in
this report was enrolled between October 1996 and November 2003.

Early and late outcome were compared between patients without (group D)
and with intraoperative adjuvant procedures. The latter category is subdi-
vided into endovascular (group A), surgical peripheral arterial, including
groin procedures (group B) and surgical abdominal arterial (group C) adju-
vant procedures. Patients who had more than one adjuvant procedure were
assigned to the group according to their most invasive intervention.
Crossover femoro-femoral bypasses and occluders in patients with an aor-
touniiliac stent-graft and endograft extensions were not regarded as an
adjuvant procedure. Patients with a maximal aneurysm diameter of less
than 40 mm (N=248), patients with missing operation data (N=62) and
patients with stent-grafts that are now withdrawn from the market
(N=1365) were excluded from this study. 

Outcome variables

Early complications were divided into device migration, graft thrombosis,
arterial thrombosis, emboli, endoleaks at the completion angiogram, sys-
temic complications, 30-day conversion, rupture and mortality.
Intraoperative adverse events were not regarded as outcome measures.
Late outcome events included endoleaks, endograft migration, kinking,
stenosis and thrombosis. Moreover, AAA rupture, aneurysmal growth
(defined as an 8 mm increase from the preoperative measurement), sec-
ondary intervention and all-cause and aneurysm-related mortality were
assessed as outcome events. Aneurysm-related mortality was defined as
death within 30 days of initial or secondary intervention or associated with
rupture or endograft infection. Reporting was in accordance with the guide-
lines of the ad hoc Committee for Standardized Reporting Practices in
Vascular Surgery of The Society for Vascular Surgery/American Association
for Vascular Surgery.16

Statistical analysis

Univariate chi-square tests and multivariate logistic regression analysis
were performed to study the differences in procedural outcome and mor-
tality between patients with and without adjuvant procedures. Kaplan-
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Meier analysis and Cox proportional hazards model were used to assess the
differences in late outcome and mortality. The results of the comparisons
were expressed as odds ratios (OR) or hazard ratios (HR) with correspond-
ing 95% confidence interval (CI). Adjustment for patient, anatomic, proce-
dure and physician factors; including age, gender, anatomic characteristics,
type of stent-graft, year of procedure and team experience were made. A
p value less than .05 was required to achieve statistical significance. All
analyses were performed with the SAS system (version 8.00, SAS Institute,
Cary, North Carolina).

Results

Patients
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Table 1. Classification of adjuvant procedures

Endovascular  

(N = 1154 patients)  

N Surgical peripheral  

(N = 199 patients)  

N Surgical abdominal  

(N = 103 patients)  

N 

PTA/stent for stenosis  681 Patch, E-E anast, fem -distal 

bypass, prof unda plasty  

38 Ilio-femoral bypass for 

access 

43 

(Coil-)embolisation of side-

branches 

487 Endarterectomy  70 Hypogastric artery 

bypass/implantation  

9 

Brachial artery 

catheterisation  

17 Crossover femoro-femoral 

bypass* 

47 Decoiling, retroperitoneal 

approach for access  

2 

Plugs, coils common iliac 

artery 

5 CFA aneurysm repair  9 Hypogastric surgical 

ligation 

7 

Additional thoracic 

endografts  

7 Thrombectomy, 

embolectomy, lysis  

9 Common iliac art surgical 

ligation 

6 

Hypogastric artery branch 

endograft 

9 AV-fistula surgical 

correction 

1 Iliac artery repair  1 

Miscellaneous endovascular 

interventions  

22 Other peripheral 

interventions  

25 Ilio-fem/ilio-iliaca crossover  9 

    Pull down manoeuvre  3 

    Other surgical abdominal 

interventions  

24 

Total number of procedures  1228  199  104 

 
Note: 1154 patients had 1228 endovascular procedures. One thousand and fifty-seven of
them had no surgical adjuvant procedures and were assigned to group A. From 199 patients
with peripheral surgical adjuvant procedures six had also surgical abdominal procedures and
were assigned to group C. * Crossover femoro-femoral bypass with an aortouniiliac stent was
not regarded as an adjuvant procedure.
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In total 4631 patients from 146 centres were included in the study-group.
One thousand three hundred and fifty-three patients (29.2%) required
1531 adjuvant procedures (Table 1). These were categorized into group A,
endovascular (1057, 78.1%), group B, surgical peripheral arterial (193,
14.3%) and group C, surgical abdominal arterial (103, 7.6%).
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Table 2. Patient characteristics and risk factors

Patient 

characteristics, N = 

4631 patients  

Mean (±SD) Endovascular 

(group A),  

N = 1057 

Surgical 

peripheral 

(group B),  

N = 193 

Surgical 

abdominal 

(group C),  

N = 103 

Controls (group 

D), N = 3278 

Age (years) 71.7 (7.7) 71.5 (7.9) 71.9 (7.9) 71.5 (7.7) 

Max aneurysm 

diameter 

(mm) 58.3 (10.8)  58.6 (13.3)  59.8 (12.2)  58.2 (10.6)  

Length of follow-up (months) 15.4 (14.7)  14.1 (14.3)  11.2 (12.7)  15.4 (15.1)  

 N (%)     

Gender Male 995 (94.1) 173 (89.6) 93 (90.3) 3090 (94.3)  

 Female 62 (5.9) 20 (10.4), 

p=0.009 

10 (9.7) 188 (5.7) 

ASA class I 78 (7.5) 13 (6.7) 6 (5.9) 267 (8.3) 

 II 379 (36.2), 

p=0.007 

69 (35.8) 29 (28.7), 

p=0.012 

1328 (41.1)  

 III 514 (49.1), 

p=0.001 

89 (46.1) 52 (51.5) 1407 (43.5)  

 III+/IV 75 (7.2) 22 (11.4), 

p=0.025 

14 (13.6), 

p=0.012 

232 (7.2) 

Diabetes  121 (11.5) 28 (14.5) 14 (13.6) 406 (12.4) 

Smoking  282 (26.7), 

p=0.004 

50 (25.9) 22 (21.4) 734 (22.4) 

Hypertension   652 (61.7) 131 (67.9) 66 (64.1) 2085 (63.6)  

Hyperlipemia   469 (44.4) 97 (50.3) 44 (42.7) 1348 (41.1)  

Cardiac risk   644 (60.9) 125 (64.8) 69 (67.0) 1960 (59.8)  

Carotid risk   192 (18.2) 38 (19.7) 21 (20.4) 522 (15.9) 

Renal risk   199 (18.8) 49 (25.4),   

p=0.020 

27 (26.2) 610 (18.6) 

Pulmonary risk   469 (44.4) 105 (54.4), 

p<0.001 

57 (55.3), 

p=0.006 

1366 (41.7)  

Previous lapara tomy  277 (26.2) 58 (30.1) 34 (33.0) 866 (26.4) 

Obesity  238 (22.5), 

p=0.007 

57 (29.5) 31 (30.1) 875 (26.7) 

Unfit for open 

surgery or general 

anaesthesia  

 290 (27.4) 59 (30.6) 49 (47.6), 

p<0.001 

803 (24.5) 

P-values represent significant differences compared with group D.



Percutaneous transluminal angioplasty (PTA) (55.5%) and coil embolisation
(39.7%) were the most frequently performed endovascular adjuvant proce-
dures. Endarterectomy (35.2%) and crossover femoro-femoral bypass
(23.6%) were the most frequent surgical peripheral adjuvant procedures and
iliofemoral bypass for access (41.4%) was the most frequent surgical abdom-
inal adjuvant procedure. Females required significantly more peripheral sur-
gical adjuvant procedures than males (p=0.009) (Table 2).

Early outcome

The 30-day mortality was significantly higher in group B (OR: 3.0, 95% CI:
1.5-6.1, p=0.001) and group C (OR: 4.0, 95% CI: 1.8-9.2, p=0.004) com-
pared with group D (Table 3). Rupture and conversion rates in the first 30
days were not significantly different between procedural categories. 
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Table 3. Outcome: early adverse events and mortality

 

Endovascular (group 

A) 

Surgical peripheral 

(group B) 

Surgical abdominal 

(group C) 

Controls 

(group D) 

N (%) 

1057 

(22.8) 

 193 

(4.2) 

 103 

(2.2) 

 3278 

(70.8) 

Procedural outcome 

(early postoperative)  

% OR (95% CI)  % OR (95% CI)  % OR (95% CI)  % 

Device migration 0.5 - 1.0 - 1.9 - 0.3 

Graft thrombosis  1.2 - 1.6 - 1.0 - 0.7 

Arterial thrombosis  1.0 3.0 (1.2-7.7), 

p=0.023 

2.6 11.4 (3.8-34.1), 

p<.001 

0.0 - 0.3 

Emboli 0.4 - 1.6 4.2 (1.1-16.4), 

p=0.032 

2.9 6.7 (1.7-27.3), 

p=0.006 

0.3 

Endoleaks at the 

completion angiogram 

18.2 - 13.5 - 19.4 - 15.2 

Systemic complications  14.7 1.3 (1.1-1.6), 

p=0.011 

18.7 1.7 (1.1-2.5), 

p=0.002 

21.4 2.0 (1.2-3.3), 

p=0.003 

10.7 

30-day conversion  0.5 - 2.1 - 2.9 - 1.1 

30-day mortality  2.4 - 6.7 3.0 (1.5-6.1), 

p=0.001 

7.8 4.0 (1.8-9.2), 

p=0.001 

1.5 

Duration Mean 

(±SD) 

 Mean 

(±SD) 

 Mean 

(±SD) 

 Mean 

(±SD) 

Procedure (min)  148 

(59.7) 

p<0.001 181 

(78.5) 

p<0.001 224 

(101.5

) 

p<0.001 121 (46.4)

Hospital stay (days)  5.8 

(7.0) 

- 7.3 

(10.8) 

p=0.027 10.3 

(13.2) 

p<0.001 5.6 (6.5) 

P-values represent significant differences compared with group D.
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Primary conversion on the first day was less frequently performed in group
A (OR: 0.2, 95% CI: 0.0-0.9, p=0.37). There was only one rupture in the
first month in the whole study group.

Device migration and graft thrombosis were not increased in the early
postoperative phase in any adjuvant procedure category. The prevalence of
arterial thrombosis was significantly higher in patients with endovascular
(OR: 3.1, 95% CI: 1.2-7.8, p=0.023) and surgical peripheral adjuvant pro-
cedures (OR: 11.4, 95% CI: 3.8-34.1, p<0.001) compared with the con-
trol group. Emboli were observed more frequently in the category of surgi-
cal peripheral adjuvant procedures (OR: 4.2, 95% CI: 1.1-16.4, p=0.032)
and of surgical abdominal adjuvant procedures (OR: 6.7, 95% CI: 1.7-
27.3, p=0.005) than in the control group. The incidence of endoleaks at the
completion angiogram, combined types and specific types, was not
increased in any group. Systemic complications combined (p=0.011 for
group A, p=0.002 for group B and p=0.011 for group C) correlated signif-
icantly with any adjuvant procedure. In particular, an increased incidence
in hepatobiliary (OR: 16.7, 95% CI: 2.3-120, p=0.008) and bowel (OR:
6.3, 95% CI: 2.6-15.1, p<0.001) complications in group B was notable.

Outcome at follow-up

Life table analysis (Fig. 1) demonstrated a significantly higher overall mor-
tality in patients with surgical abdominal adjuvant procedures (HR: 2.0,
95% CI: 1.2-3.6, p=0.012) compared with un-assisted procedures. 

However, the late mortality (>30 days) was not increased (Fig. 2). The
aneurysm-related mortality was increased in patients with surgical periph-
eral arterial and in patients with surgical abdominal adjuvant procedures
compared with patients without adjuvant procedures (p=0.026 and
p<0.001, respectively). The incidence of secondary interventions during
follow-up (including conversion to open surgery, femoro-femoral bypass,
stent placement), device-related complications (device migration, stenosis
or thrombosis and kinking), endoleaks (combined and type-specific), rup-
ture and aneurysmal growth was not increased in any of the groups with
adjuvant procedures (Table 4).
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 Endovascular  

(group A) 

Surgical peripheral  

(group B) 

Surgical abdominal  

(group C) 

Controls 

(group D) 

Interval (months)  # entering/survival  # entering/survival  # entering/survival  # entering/survival  

0 1057 97.92 193 93.78 103 93.20 3278 98.75 

1 1035 97.70 181 93.18 96 92.01 3237 98.47 

3 911 96.45 155 92.54 77 87.95 2792 97.64 

6 845 93.70 144 90.51 65 86.51 2583 94.89 

12 750 91.83 134 88.70 60 78.82 2315 93.04 

18 588 89.85 98 84.95 41 78.82 1761 91.48 

24 409 86.15 68 79.75 30 75.39 1294 89.58 

36 303 83.26 46 79.75 22 75.39 987 86.30 

Figure 1. Life-table of survival for each type of adjuvant procedure. Follow-up data up to 72
months was available, but the number of patients at that interval was too low for visualiza-
tion. AP, adjuvant procedure.
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 Endovascular  

(group A) 

Surgical peripheral  

(group B) 

Surgical abdominal  

(group C) 

Controls 

(group D) 

Interval (months)  # entering/survival  # entering/survival  # entering/survival  # entering/survival  

0 1057 100 193 100 103 100 3278 100 

1 1057 100 193 100 103 100 3278 100 

3 913 98.71 156 99.31 78 95.59 2800 99.16 

6 845 95.90 144 97.14 65 94.02 2583 96.37 

12 750 93.98 134 95.19 60 85.66 2315 94.49 

18 588 91.96 98 91.17 41 85.66 1761 92.91 

24 409 88.18 68 85.59 30 81.94 1294 90.97 

36 303 85.22 46 85.59 22 81.94 987 87.65 

Figure 2. Life-table of patient survival excluding 30-day mortality relative to different types of
adjuvant procedure. AP, adjuvant procedure.



Discussion

The relatively high prevalence of adjuvant procedures (29.2% overall) in this
EUROSTAR series is comparable to other studies.8-10 A higher ASA classifica-
tion was predictive of adjuvant procedures. This may be explained by a
higher frequency of adverse anatomic characteristics in patients with co-
morbid factors. Female gender appeared to be an additional risk factor for
surgical adjuvant procedures. This observation is in agreement with the
findings of Wolf et. al. who reported a higher incidence of arterial recon-
structions and access difficulties because of smaller arteries in women.17

The largest category of adjuvant procedures consisted of endovascular pro-
cedures (group A, 78.1%). This kind of procedure demonstrated a higher
incidence of early complications of arterial and systemic origin. However,
the incidence of major events, such as mortality, conversion and rupture
was not significantly different. It was of note that primary conversion to
open surgery on the first day was less frequently observed in patients with
adjuvant transfemoral procedures (group A) compared with patients with-
out. The commonest cause of primary conversion is access failure.18 Before
the decision is taken to convert the procedure, quite frequently endovascu-
lar adjuvant procedures are attempted to overcome the access problem
and other pitfalls. Adjuvant procedures were either planned or unexpected-
ly required to resolve intraoperative complications. Because of this, it was
of no surprise that early procedural outcome was associated with the group
assignment. We did not consider intraoperative events in this analysis.

None of the severe late adverse outcomes, such as mortality, conversion or
rupture rate was significantly increased in the patients with endovascular
adjuvant procedures. Thus, the application of endovascular adjuvant pro-
cedures may be considered as a relatively safe option. However, previous
studies are not all in agreement with this conclusion. For instance it has
been noted that certain complications such as pelvic ischaemia has
occurred more frequent after coil embolisation of a hypogastric artery in
patients with common iliac aneurysms.9,19

Surgical peripheral arterial adjuvant procedures (group B) were associated
with a higher rate of early perioperative complications than un-assisted
cases. The observed increase in hepatobiliary and bowel systemic compli-
cations in this group of patients cannot readily be explained. Moreover, a
10-fold increase in prevalence of postoperative predischarge arterial
thrombosis was observed in this category, a four-fold increase in peripher-
al emboli and a six-fold increase in occlusion of the renal artery. An
increased thrombogenicity may explain the reasons for the adjuvant pro-
cedures as well as the thromboembolic complications. Moreover, any adju-
vant surgical procedure may cause a systemic response perhaps resulting
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in hepatobiliary, bowel and thrombotic complications. Patients in group C,
who underwent surgical abdominal vascular procedures, often developed
systemic complications, mostly of cardiac and pulmonary origin. Our find-
ings are in accordance with those of Lee et al., who assessed the outcome
after retroperitoneal adjunctive procedures.10 These authors observed an
almost twofold increase in perioperative complications.

Most importantly, the 30-day mortality rate was significant higher in surgi-
cal peripheral and abdominal adjuvant procedures than in patients who did
not require adjuvant procedures. This rate of 6.7% and 7.8%, respective-
ly, is comparable with the mortality rate for conventional open repair found
in other studies.20-24 This underscores the risks of endovascular repair when
it is performed in patients with an unfavourable anatomy. It may be
hypothesized that endovascular therapy is not a good substitute for open
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Table 4. Outcome: late adverse events and mortality

 

Endovascular (group 

A) 

Surgical peripheral 

(group B) 

Surgical abdominal 

(group C) 

Controls 

(group D) 

N (%) 

1057 

(22.8) 

 193 

(4.2) 

 103 

(2.2) 

 3278 

(70.8) 

Late postoperative 

outcome (4 years)  

% HR (95% CI)  % HR (95% CI)  % HR (95% CI)  % 

Device migration  19.0 - 21.3 - 5.9 - 10.8 

Stenosis/thrombosis  4.9 - 3.8 - 11.8 - 5.4 

Kinking 3.7 - 5.6 - 0.0 - 2.9 

Endoleaks 26.6 - 27.0 - 16.9 - 27.0 

Rupture 2.0 - 3.6 - 0.0 - 1.2 

Secondary intervention 

transfemoral  

16.4 - 7.8 - 3.7 - 10.1 

Secondary femoro-

femoral bypass 

1.9 - 2.8 - 0.0 - 1.1 

Late conversion (>30 

days) 

7.2 - 6.5 - 1.5 - 3.7 

Mortality (4 years)         

Overall 20.0 - 20.3 - 24.6 2.0 (1.2-3.6), 

p=0.012 

16.8 

Late (>30 days)  18.1 - 14.4 - 18.1 - 15.6 

AAA-related 5.7 - 88 2.2 (1.2-4.1), 

p=0.017 

14.1 3.1 (1.5-6.6), 

p<0.001 

2.9 

P-values represent significant differences compared with group D.



repair in patients at high risk for a surgical adjuvant procedure. Conversion
to open repair is associated with a higher operative mortality than initial
elective open repair.18 A recent publication recommended open repair in
patients at high anatomic and low physical risk, while in patients at high
anatomic and high medical risk endovascular repair with adjunct proce-
dures to overcome these anatomic difficulties is recommended.7 However,
after the 30-day postoperative period, no increased incidence is expected
in any of the studied adverse events, including mortality. The aneurysm-
related mortality is increased, however, this increase is mainly caused by
the increased 30-day mortality rate rather than by late deaths. From the
present study we may conclude that when surgical adjuvant procedures
can be performed with acceptable initial morbidity and mortality, long term
mortality is not increased.

Caution is warranted when using a registry. The risk of selection bias in the
different study groups may influence the comparisons. There was a mod-
erate discrepancy in the distribution of patient characteristics between
groups. However, there is no reason to assume that the study findings are
not valid, as the calculated odds ratios have been adjusted for these char-
acteristics and preoperative measurements. The main selection bias may
be that the use of adjuvant procedures allows endovascular surgery for
aneurysms with a more complex anatomy and a widening of indications.9,10

Multi-centre studies generally report less favorable results than single-cen-
tre investigations.22 Therefore, an underestimation of the mortality rate is
less likely than an overestimation.
In conclusion, in the long term no adjuvant procedure was associated with
an increased incidence of adverse events. Endovascular repair might not be
recommended in patients expected to require surgical adjuvant procedures
because of the increased 30-day mortality. However, endovascular adju-
vant procedures may be regarded as low risk.
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Abstract

Background: In a proportion of patients with an endovascular abdominal
aortic aneurysm repair (EVAR), aortic cuffs or iliac graft limb extensions are
required to enhance sealing or to fix the position of the device. This
requirement arises when these goals are not primarily obtained with the
basic stent-graft configuration. The aim of this study was to assess the
influence of the use of endograft extensions during the primary EVAR pro-
cedure on the short- and long-term outcome.
Methods: The study was based on the data of the EUROSTAR registry.
Patient and anatomic characteristics, data regarding the procedure, post-
operative complications, and mortality of patients undergoing EVAR were
retrieved from the database. Patients were divided in three groups: (1) no
extensions, (2) proximal aortic cuffs, and (3) iliac limb extensions. Logistic
regression and Cox proportional hazards models were used to compare sig-
nificant influences of the use of cuffs or extensions on different outcomes
relative to control patients, adjusted for patient and anatomic factors.
Results: The overall cohort comprised 6668 patients: 4932 (74.0%) with-
out extensions, 259 (3.9%) with an aortic cuff, and 1477 (22.2%) with an
iliac endograft extension. Both the 30-day (2.3-3.9%) and the all-cause
mortality rate (23-27% at 4 years) were similar in the three study groups.
The use of proximal cuffs or iliac extensions did not have an effect on the
incidence of endoleaks of any type (24-32% at 4 years). The incidences of
device kinking (p=0.0344) and secondary transfemoral interventions
(p=0.0053) during follow-up were increased in patients in whom iliac limb
extensions were used. In patients with aortic cuffs, no significant associa-
tions with altered outcome found were observed.
Conclusion: The use of iliac graft limb extensions at EVAR was associated
with a higher incidence of kinking and secondary transfemoral interven-
tions, whereas proximal aortic cuffs did not influence outcome.
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Introduction

Elective endovascular repair (EVAR) of an abdominal aortic aneurysm
(AAA) is an accepted interventional alternative to open aortic repair.
Randomized clinical trials demonstrated a lower initial mortality rate com-
pared with open repair.1-4 In a considerable number of patients, complete
exclusion is not obtained with the basic endograft combination, typically
consisting of a body piece and unilateral or bilateral iliac limb endografts.
In addition to these two- or three-piece devices, one of the current brands
markets a unipiece model. In cases in which aneurysmal disease of the iliac
arteries is present, a multi-junctional graft containing one or more graft
limb extensions is sometimes needed to reach the external iliac artery for
a safe sealing. In other cases, inaccurate preoperative size or length mea-
surements of aneurysm morphology necessitate an endograft extension.
Finally, sealing may be incomplete at the site of proximal or distal attach-
ment because of calcifications, resulting in endoleakage. Proximal aortic
cuffs or distal iliac graft limb extensions have been demonstrated to be
helpful for achieving successful stent grafting.5 In some patients, multiple
graft extensions may be needed to obtain complete aneurysm exclusion.
Optimal preoperative imaging may reduce the need for stent-graft exten-
sions. In a study by Velazquez et al,6 fewer iliac graft limb extensions were
required when software-assisted three-dimensional reconstruction based on
computed tomography (CT) was used. However, in the day-to-day practice
of many centres, these advanced imaging techniques are not the routine. 

An endograft that is composed of multiple parts is more complex and pre-
sumably has a greater risk of device-related complications.7 Furthermore,
the use of graft extensions prolongs the procedure, and this may be asso-
ciated with a greater incidence of procedure- or patient-related complica-
tions. Most studies concerning endograft extensions describe their applica-
tion during secondary interventions.5,8 Little is known about the relationship
between the use of aortic cuffs and iliac extensions during the primary pro-
cedure and the effects on long-term outcome. The objective of this study
was to assess whether the use of endograft extensions influences the early
or late outcomes of EVAR of AAAs. 

Materials and methods

Perioperative data of 6668 patients from 167 centres in 19 countries were
retrieved from the European collaborators on stent-graft techniques for
AAA repair (EUROSTAR) registry.9,10 This voluntary registry was founded in
1996 with the objective of collecting data on EVAR of AAAs. Several com-
mercially available stent-grafts were used, including 47 Anaconda (Sulzer
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Vascutek Ltd, Inchinnan, Scotland), 924 AneuRx (Medtronic Corp, Santa
Rosa, Calif), 915 Excluder (Gore Inc, Flagstaff, Ariz), 71 EVT (Guidant Inc,
Menlo Park, Calif), 84 Fortron (Cordis/Johnson & Johnson, Fort Lauderdale,
Fla), 127 Lifepath (Edwards Lifesciences, Irvine, Calif), 123 Powerlink
(Endologix, Irvine, Calif), 1855 Talent (Medtronic) and 2522 Zenith (Cook
Inc, Bloomington, Indiana). Vanguard and Stentor stent-grafts were initial-
ly enrolled into the EUROSTAR registry but have been excluded from recent
analyses together with EVT devices enrolled before June 1, 1998. The pur-
pose of this was to obtain study outcomes representative of the current sit-
uation. Eligible patients with EVAR of a non-ruptured, asymptomatic AAA
were prospectively enrolled into the registry on an intention-to-treat basis
to prevent selection bias. Informed consent was obtained. From 2002,
most patient data were entered online into the EUROSTAR database at the
Website http://www.eurostar-online.org (KIKA Medical, Nancy, France).
Alternatively, contributing physicians could complete a printed standardized
case record form (CRF) for submission to the data registry centre by fax or
mail. In this study, the 3-year follow-up was 74% complete for all patients
expected to have a 3-year follow-up.

Sex, age, American Society of Anaesthesiologist class, risk factors
according to the Society for Vascular Surgery/International Society for
Cardiovascular Surgery guidelines,11 aneurysm morphology assessed by
enhanced (CT) and angiography, procedural technical details, and postop-
erative outcomes (including mortality, endoleaks, complications, secondary
interventions, and ruptures) were recorded. All patients had a maximum
aneurysm diameter of at least 40 mm, and patients with missing operative
data were excluded from the analysis. Furthermore, patients without any
follow-up were excluded from the current analysis. Follow-up findings at
clinical examination and CT assessment and, in a small proportion, angiogra-
phy, magnetic resonance imaging, or duplex ultrasonography were record-
ed at 1, 3, 6, 12, 18, and 24 months after surgery and annually thereafter.
Patients who underwent operation up to December 2005 were enrolled in
the current study.

Study group assignment was based on the use of aortic cuffs or iliac graft
limb extensions only during the primary stent-graft procedure. The first
cohort consisted of patients without any graft extension. The second cohort
of patients had a proximal aortic cuff, and the third cohort included patients
who had an iliac graft limb extension device. Some patients required both
a proximal aortic cuff and an iliac limb extension. In this analysis, these
patients were assigned to the cohort of proximal aortic cuffs. Postoperative
outcome was compared between these three groups. Early procedural and
clinical outcome events included 30-day mortality, rupture, and conversion
rate. Cardiac, neurologic, gastroenterologic, and renal complications were
assessed, combined, and indicated as systemic complications. Late postop-
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erative outcome events involved device migration, stenosis, thrombosis,
kinking (a collapse of the stent-graft caused by excessive bending),
endoleaks, aneurysm rupture, aneurysmal growth (defined as an 8-mm
increase from the preoperative measurement), the need for secondary
interventions (subdivided into transfemoral, extra-anatomic, and conver-
sion to open aortic repair), and all-cause and aneurysm-related mortality.
Aneurysm-related mortality was defined as death within 30 days of the ini-
tial or any secondary aortic intervention or that associated with aneurysm
rupture or endograft infection. Reporting was in accordance with the guide-
lines of the ad hoc Committee for Standardized Reporting Practices in
Vascular Surgery of The Society for Vascular Surgery/American Association
for Vascular Surgery.12

Chi-square tests, Mann-Whitney tests, and multivariate logistic regression
were performed for procedural outcomes, and Kaplan-Meier life tables and
Cox proportional hazards models were used for late outcomes of proximal
aortic cuffs and iliac limb extensions compared with endografts without any
additional extension. Resulting P values were adjusted for confounding
variables, including patient-related (age, sex, and risk factors), anatomic
(dimensions, angulations, iliac aneurysmal disease, and occlusive disease),
procedural (type of stent-graft), and physician-related (team experience)
factors. A P value <0.05 implied statistical significance. Statistical analysis
was performed with the SAS system (version 8.02; SAS Institute, Cary,
North Carolina).

Results

The study group consisted of 6668 patients out of a total of 10,146 enrolled
into the EUROSTAR database, with a mean age of 72.4 years (range, 43-
100 years). Patients were enrolled between October 1996 and December
2005, and the mean follow-up period was 21.3 months (range, 0-108
months). Three groups were distinguished: group 1 (4932 patients;
74.0%), who did not require any additional endograft extension; group 2
(259 patients; 3.9%), who had an aortic cuff; and group 3 (1477 patients;
22.2%), who had an iliac graft limb extension. Patients with iliac graft limb
extensions were older than the control group (72.9 vs 72.2 years;
p=0.0037), had more frequent hyperlipemia (47.1% vs 43.5%; p=0.0143)
and renal co-morbidities (21.0% vs 17.6%; p=0.0036), and were more fre-
quently unfit for open repair (27.9% vs 24.8%; p=0.0174) compared with
the control group (Table I). Patients with aortic cuffs had less frequent
hypertension observed (56.4% vs 64.4%; p=0.0089), and a higher propor-
tion was female (9.7% vs 6.4%; p=0.0384).
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Aortic cuffs were more frequently used in patients with larger aneurysms
(61.1 vs 58.0 mm diameter; p<0.0001) and with a shorter (25.4 vs 27.0
mm; p=0.0058) and more angulated (44.0% vs 19.9%; p<0.0001)
infrarenal neck length (Table II). Iliac limb extensions were also used in
aneurysms with a larger diameter (60.6 vs 58.0 mm; p<0.0001). In this
group, infrarenal necks were longer (28.0 vs 27.0 mm; p=0.0012) and
wider (24.1 vs 23.9 mm; p=0.0058) compared with those in patients with-
out extensions. Aortic cuffs were more frequently used in AneuRx (7.0%),
Lifepath (10.2%), and Endologix (36.6%) and less frequently in Zenith
(1.4%) devices compared with the entire cohort. Iliac limb extensions were
more frequently used in AneuRx (32.5%), Talent (27.0%), and Lifepath
(40.2%) and less frequently in Zenith (14.1%), EVT (1.4%), and Endologix
(9.8%) devices.
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Table 1. Patient characteristics and risk factors.

Variable Group 1 

(controls; n = 4932)  

Group 2 

(proximal aortic cuff, 

n = 259) 

p-value Group 3 

(iliac extensions;  

n = 1477) 

p-value 

Age, y (range) 72.2 (43-100)† 72.9 (52-87)† 0.1939 72.9 (45-93)† 0.0037* 

Female sex 315 (6.4%) 25 (9.7%) 0.0384* 82 (5.6%) 0.2428 

ASA class III/III +/IV 2411 (48.9%)  113 (43.6%)  0.0991 759 (51.4%) 0.0914 

Unfit for open 

AAA/general 

anesthesia 

1224 (24.8%)  72 (27.8%) 0.2798 412 (27.9%) 0.0174* 

SVS-ISCVS risk 

scores 

     

  Diabetes 617 (12.5%) 27 (10.4%) 0.3210 191 (12.9%) 0.6686 

  Smoking 1111 (22.5%)  63 (24.3%) 0.5002 358 (24.2%) 0.1697 

  Hypertension  3175 (64.4%)  146 (56.4%)  0.0089* 955 (64.7%) 0.8422 

  Hyperlipemia  2146 (43.5%)  104 (40.2%)  0.2879 696 (47.1%) 0.0143* 

  Cardiac status  2920 (59.2%)  139 (53.7%)  0.0775 902 (61.1%) 0.2001 

  Carotid status  865 (17.5%) 40 (15.4%) 0.3865 256 (17.3%) 0.8549 

  Renal status  870 (17.6%) 37 (14.3%) 0.1659 310 (21.0%) 0.0036* 

  Pulmonary status  2033 (41.2%)  99 (38.2%) 0.3393 628 (42.5%) 0.3745 

ASA, American Society of Anesthesiologists; AAA, abdominal aortic aneurysm; SVS-ISCVS,
Society for Vascular Surgery/International Society for Cardiovascular Surgery. * P < 0.05.
† Mean with range of lowest and highest observation.



Coexisting common iliac aneurysm was more frequent in patients with iliac
device limb extensions (18.8% vs 8.0%; p<0.0001). In addition, occlusion
of the hypogastric artery during the procedure by stent-graft covering
occurred more frequently in group 3 (10.7% vs 5.1%; p<0.0001) com-
pared with the control group. In group 2, patients also had more frequent
hypogastric device overlapping during the procedure (8.1% vs 5.1%;
p=0.0367). Severe angulation (>60°) of the aortic neck and the iliac arter-
ies was significantly more frequently observed in patients with both types
of endograft extensions (groups 2 and 3).
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Table 2. Morphologic characteristics

Measurement  Group 1 

(controls; n = 4932)  

Group 2 

(proximal aortic cuff, 

n = 259) 

p-value Group 3 

(iliac extensions; n = 

1477) 

p-value 

Proximal neck 

diameter, mm 

(range) 

23.9 (9-46)† 24.0 (16-38)† 0.7172 24.1 (14-48)† 0.0058* 

Proximal neck 

length, mm (ran ge) 

27.0 (2-96)† 25.4 (5-100)† 0.0058* 28.0 (2-90)† 0.0012* 

Maximum sac 

diameter, mm 

(range) 

58.0 (40-150)† 61.1 (40-100)† <0.0001* 60.6 (40-172)† <0.0001* 

Patency of iliac 

arteries 

     

  Aneurysm a. iliaca 

com. 

392 (8.0%) 23 (8.9%) 0.5898 278 (18.8%) <0.0001* 

  Occlusion a. iliaca 

com. 

78 (1.6%) 4 (1.5%) 0.9628 33 (2.2%) 0.0916 

  Aneurysm a. 

hypogastrica  

77 (1.6%) 9 (3.5%) 0.0187* 62 (4.2%) <0.0001* 

  Occlusion a. 

hypogastrica  

253 (5.1%) 21 (8.1%) 0.0367* 158 (10.7%) <0.0001* 

Angulation      

  Aortic neck 980 (19.9%) 114 (44.0%)  <0.0001* 384 (26.0)  <0.0001* 

  Aneurysm 515 (10.4%) 36 (13.9%) 0.0783 193 (13.1%) 0.0048* 

  Iliac arteries  1935 (39.2%)  127 (49.0%)  0.0017* 692 (46.9%) <0.0001* 

a., arteria; com., communis.  * P < 0.05 † Mean with range of lowest and highest observation.
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The incidence of postoperative systemic morbidity after EVAR was compa-
rable in all groups of patients. The hospital stay was longer (6.0 vs 5.7
days; p<0.0001) in group 3 compared with group 1 (Table 3). The all-cause
mortality rate was similar in all patient groups. Aneurysm-related mortali-
ty was not higher in patients with iliac limb extensions than in patients
without any extensions (6.0% vs 4.2% after 4 years; p=0.0694; Fig 1).
The use of an aortic cuff or iliac limb extension was not associated with an
increased risk of late rupture of the aneurysm. Thirty-nine patients experi-
enced a late rupture after a mean of 25.1 months (the 3-year cumulative
rate of rupture was 0.9% in the entire cohort). The late conversion rate was
comparable in the three study groups (4.9%, 8.9% and 5.1% after 4 years
in groups 1, 2, and 3, respectively).

Endoleaks, irrespective of type, did not correlate with the use of any type
of endograft extensions. Kinking of the stent-graft was more frequently
observed in patients who had iliac endograft extensions (p=0.0344).
Secondary transfemoral interventions were more frequently required in
group 3 than in the control group (p=0.0053; Table 4). The cumulative inci-
dence of transfemoral intervention after 4 years is 8.0%, 11.2%, and
12.6% in groups 1, 2, and 3, respectively (Fig 2). Stent-graft migration,
stenosis, and thrombosis were not associated with the use of iliac graft
extensions.
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Table 3. Early postoperative outcome.

Thirty-day rate Group 1 

(controls; n = 4932)  

Group 2 

(proximal aortic cuff, 

n = 259) 

p-value Group 3 

(iliac extensions; n = 

1477) 

p-value 

Systemic 

complications  

569 (11.6%) 38 (14.7%) 0.2855 169 (11.5%) 0.1850 

Rupture of the 

aneurysm 

2 (0.04%) - 0.9824 2 (0.14%) 0.3350 

Conversion to open 

aortic repair  

59 (1.2%) 2 (0.8%) 0.7539 7 (0.5%) 0.0278* 

Mortality 126 (2.6%) 6 (2.3%) 0.5513 58 (3.9%) 0.3437 

Hospital stay, d 

(range) 

5.7 (0-165) 6.2 (0-82) 0.6891 6.0 (0-86) <0.0001* 

* P < 0.05
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Figure 1. Freedom from aneurysm-related mortality. No significant differences were observed
among the three groups.

Figure 2. Freedom from secondary transfemoral interventions. Significant differences were
observed between patients with iliac limb extensions and patients without extensions
(p=0.0053).

p==.5717
p==.0053
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Discussion

Among the findings of this study were a substantial increase in late device
kinking and secondary transfemoral interventions in patients with an iliac
device limb extension during the primary operation. The use of aortic cuffs
yielded a comparable difference from patients without extensions, although
none of these differences reached significance, perhaps because of a small-
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Table 4. Late adverse events, reinterventions, and mortality

Four-year cumulative 

incidence 

Group 1 

(controls; n = 4932)  

Group 2 

(proximal aortic cuff, 

n = 259) 

p-value Group 3 

(iliac extensions;  

n = 1477) 

p-value 

Any endoleak  24.2% 32.8% 0.7670 25.9% 0.2444 

Type I endoleak  8.1% 17.8% 0.3713 8.1% 0.8347 

Type II endoleak 16.5% 17.2% 0.8752 17.4% 0.3477 

Type III endoleak  5.8% 7.8% 0.6455 8.8% 0.1845 

Device migration  7.4% 5.4% 0.9010 10.2% 0.0590 

Stenosis/thrombosis  4.3% 5.6% 0.6114 4.2% 0.1201 

Kinking 1.9% 6.6% 0.1137 4.7% 0.0344* 

Aneurysmal growth 

(≥8 mm) 

12.2% 12.1% 0.1636 12.5% 0.0716 

Any secondary 

intervention  

12.6% 20.0% 0.1823 17.3% 0.0036* 

Transfemoral 

intervention  

8.0% 11.2% 0.5717 12.6% 0.0053* 

Extra-anatomic 

intervention  

1.3% 4.8% 0.1751 1.9% 0.7850 

Conversion to open 

repair 

4.9% 8.9% 0.2927 5.1% 0.9402 

Rupture of the 

aneurysm 

1.4% 0.6% 0.9313 3.0% 0.0652 

Mortality 23.1% 27.2% 0.0889 24.9% 0.1234 

AAA-related 

mortality 

4.4% 4.2% 0.9093 6.0% 0.0694 

AAA, Abdominal aortic aneurysm. * P < 0.05



er size of group 2. Endograft extensions were not associated with an
increased incidence of postoperative systemic complications or an
increased 30-day or long-term mortality. These observations may be reas-
suring when the use of extensions seems appropriate.

Some patients in the current study required both an aortic cuff and an
iliac limb extension, and this category was considered in the proximal cuff
category. To categorize the patients in this way was chosen after a prelim-
inary analysis demonstrated that a number of main outcome parameters
(mortality, device-related complications, and need for secondary interven-
tions) in patients with both types of device extensions were closer in agree-
ment with the group in which aortic cuffs were used than in those with iliac
limb extensions. Because of this, we included these patients in group 2, in
which an aortic cuff was used. Both groups with endograft extensions
included patients who had multiple device extensions. However, for practi-
cal reasons, we did not further subdivide the patient categories.

In general, the use of a device extension results into an additional graft
junction, which has the potential to increase the risk of a type III
endoleak.6,7 In this study, there was a trend toward an increased incidence
of type III endoleaks in patients with endograft extensions. However, this
difference did not reach the level of significance in either group 2 or 3.
Although there was a large increase in the incidence of type I endoleaks for
aortic cuffs, this also did not reach statistical significance. It has been
reported previously that type I and III endoleaks are associated with a sig-
nificantly increased risk of aneurysm rupture13,14; this emphasizes the need
for a prompt repair by reintervention, most notably by a secondary device
extension.15

In the long term, the use of iliac endograft extensions was associated
with an increased incidence of secondary transfemoral procedures. These
secondary interventions were due to the occurrence of an endoleak of
either type, endograft migration, stenosis, or thrombosis. The incidence of
each of these different device-related complications was not related to the
use of extensions. The incidence of device limb kinking was increased in
patients with iliac limb extension. However, device kinking was not associ-
ated with an increased rate of secondary transfemoral procedures. The all-
cause mortality was similar in all patient groups. Although aneurysm-relat-
ed mortality was significantly higher in patients with iliac limb extensions
in univariate analysis, this difference disappeared in multivariate analysis.
AAA diameter, neck length, patient age, and fitness were all associated with
aneurysm-related mortality in this group of patients.

Device kinking and secondary transfemoral interventions were the only
long-term adverse outcomes that were increased in patients with an iliac
graft limb extension. The same morphologic factors that necessitate the
use of iliac limb extensions may also be responsible for these adverse
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effects. Although aortic cuffs demonstrated an influence on kinking or rein-
tervention similar to that of iliac limb extensions, this correlation was not
significant, probably because of group size and fewer follow-up data. With
regard to treatment cost, extensions and cuffs increase the expense of the
procedure. Having said this, the adverse clinical effects of endograft exten-
sions seemed quite small, and when the need arises, they should be used.

Coexisting iliac aneurysm is observed in approximately 20 to 40% of AAA
patients.16-19 These patients more frequently require distal extension of the
endograft. Iliac graft limb extensions were used when the basic endograft
combination was not long enough to exclude the entire aneurysm or when
adequate distal sealing was not obtained. In this series, 34% of the
patients had some aneurysmal involvement of the iliac arteries, and of this
group, 53% (18% of the total population) had extensive aneurysmatic iliac
arteries. In 45% of these cases, an iliac endograft extension was deemed
necessary. The hypogastric artery was understandably significantly more
frequently overlapped and occluded in patients requiring an endograft
extension. In most patients, the overlapping was combined with a coil
embolization to prevent backflow from the hypogastric artery. 

Increased anatomic risk in group 3 also included a larger infrarenal neck
and AAA diameter and more angulation of the aortic neck and iliac arter-
ies. It is more difficult to achieve good attachment of the device in tortu-
ous or diseased arteries than in patent or healthy arteries. According to
Greenberg et al,20 patients at both clinical and anatomic risk constitute a
particularly appropriate indication for endovascular therapy even when
extensions or additional procedures are necessary. One may conclude that
the use of aortic or iliac graft limb extensions allows EVAR in aneurysms
with a more complex anatomy and widens the indication for EVAR.

In the present series, an aortic cuff or iliac graft limb extension was used
in as many as 35% of the patients during the initial procedure. Elkouri et
al21 performed 9 aortic and 39 iliac extensions in their initial 100 patients.
Velazquez et al6 reported a 16% use of aortic cuffs and up to 62% iliac
extensions. Studies regarding endovascular extensions are limited and
mostly concern extensions during secondary interventions.5,8 However,
Biebl et al22 found that proximal cuffs were an effective intraoperative
adjunct to achieve proximal seal with similar postoperative survival, type I
endoleak rate, and need for secondary interventions compared with
patients without proximal aortic cuffs. The only adverse outcome in the cat-
egory with aortic cuffs was an increased incidence of late endograft migra-
tion, which could not be confirmed in the current EUROSTAR study. Alas,
the use of iliac graft limb extensions was not investigated by Biebl et al.22

Weaknesses of the current study included a large interobserver variability and
an incomplete dataset, which are commonly seen in multicentre registries.
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However, the large number of patients increased the reliability by reducing
the effect of variability.

The reasons for the use of extensions were not registered in the
EUROSTAR database and could not be analyzed on a patient-to-patient
basis, and this is a shortcoming of this analysis. It was also impossible to
distinguish between deliberately planned and unplanned extensions.
However, this study enabled us to investigate statistical associations of the
use of device extensions compared with basic stent-graft combinations. To
assess specific technical queries regarding the use of extensions, such as
fixation and length of overlapping with the primary stent, additional and
more detailed studies will be more suitable.

In conclusion, despite an increased incidence of device kinking and sec-
ondary interventions in patients treated with iliac graft extensions, it is
encouraging to find that EVAR with the use of additional extensions pro-
vides satisfactory procedural results. However, single devices are potential-
ly less vulnerable to late failure, and cuff or limb extensions should only be
used when there is a clear indication for them. Extensions may be avoided
by accurate preoperative or intraoperative assessment of the aortoiliac
anatomic configuration.
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Abstract

Objective: The purpose of this study was to evaluate the need for sec-
ondary interventions after endovascular abdominal aortic aneurysm repair
with current stent-grafts.
Methods: Studied were data from 2846 patients treated from December
1999 until December 2004. The data were recorded from the EUROSTAR
registry. The only patients studied were those with a follow-up of at least
12 months or until they had a secondary intervention within the first 12
months. The cumulative incidences of secondary transabdominal, extra-
anatomic, and transfemoral interventions during follow-up (after the first
postoperative month) were investigated.
Results: A secondary intervention was performed in 247 patients (8.7%) at
a mean of 12 months after the initial procedure within a follow-up period
of a mean of 23 ± 12 months. Of these, 57 (23%) transabdominal, 43
(16%) involved an extra-anatomic bypass, and 147 (60%) were by trans-
femoral approach. The cumulative incidence of secondary interventions
was 6.0%, 8.7%, 12%, and 14% at 1, 2, 3, and 4 years, respectively. This
corresponded with an annual rate of secondary interventions of 4.6%,
which was remarkably lower than in a previously published EUROSTAR
study of patients treated before 1999. Type I endoleaks (33% of proce-
dures), migration (16%), and rupture (8.8%) were the most frequent rea-
sons for secondary transabdominal interventions. Graft limb thrombosis
was the indication for extra-anatomic bypass (60%). Type I endoleak
(17%), type II endoleak (23%), device limb stenosis (14%), thrombosis
(23%), and device migration (14%) were the most frequent reasons for
secondary transfemoral interventions. Operative mortality was higher after
secondary transabdominal interventions (12.3%, p=0.007) compared with
transfemoral interventions (2.7%). Overall survival was lower in patients
with secondary transabdominal (p=0.016) and extra-anatomic interven-
tions (p<0.0001) compared with patients without a secondary intervention.
Conclusion: Although the incidence of secondary interventions after
endovascular aneurysm repair has substantially decreased in recent years,
continuing need for surveillance for device-related complications remains
necessary.
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Introduction

Endovascular treatment of abdominal aortic aneurysms (AAA) has been
used successfully for more than a decade.1-3 Recently, two randomized tri-
als demonstrated that the aneurysm-related mortality was lower in patients
with endovascular repair than in those with open repair of their aneurysm
during a follow-up period of 4 years.2,3 Despite this favourable mid-term
outcome, the long-term durability remains a subject of concern, and life-
long surveillance to observe satisfactory endograft function is considered
essential.4-8

Device-related complications such as endoleak and graft migration were
frequently observed. These events are associated with an increased risk for
aneurysm rupture and therefore need to be identified as early as possible.9-

10 Graft thrombosis may cause also considerable symptoms. These adverse
events are repaired by a secondary intervention.4,11-13

The incidence of secondary interventions may be considered a surrogate
parameter of impending failure of treatment while also representing an
important factor to maintain the long-term functionality of the stent-graft
repair. Secondary procedures can be categorized according to the invasive-
ness of the procedure: (1) transabdominal interventions (either with con-
version to open repair or with preservation of the endograft), (2) extra-
anatomic interventions, and (3) transfemoral interventions. 

The need for secondary interventions after endovascular AAA repair had
been investigated previously by using the EUROSTAR database.4 In this
previous assessment, however, the study outcome was primarily deter-
mined by the early generation stent-grafts. New developments in endograft
design most likely will provide better outcome results.14 In the present
EUROSTAR review, the need for secondary interventions according to cur-
rent treatment was reassessed.

Methods

Design

The project of European collaborators on stent-graft techniques for AAA
repair (EUROSTAR) registry was established in February 1996 with the pur-
pose of collating and investigating an extensive multicentre experience on
endovascular AAA repair.15,16 Patients with a nonruptured, asymptomatic
infrarenal AAA who underwent elective endovascular repair were prospec-
tively enrolled into the registry after their consent and studied on an inten-
tion-to-treat basis. All patients received commercially available CE-
approved stent-grafts. The endograft brands that were used in this study
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included: Zenith (Cook, Bloomington, Indiana), Talent (Medtronic/AVE,
Santa Rosa, Calif), AneuRx (Medtronic/AVE), Excluder (W.L. Gore and
Assoc., Flagstaff, Ariz), Lifepath (Edwards Lifesciences, Irvine, Calif),
Fortron (Cordis/Johnson & Johnson, Ft Lauderdale, Fla), Powerlink
(Endologix, Irvine, Calif), Ancure (Guidant, Menlo Park, Calif), and
Anaconda (Sulzer Vascutek, Inchinnan, United Kingdom).

The EUROSTAR database is maintained on a Website (www.eurostar-
online.org). This site offers data entry facilities to participating physicians
(KIKA Medical, Nancy, France), and password-protected access is available
for centres and companies to their own data. Alternatively, data submission
by fax or mail is available.

The current analysis includes 2846 patients from 131 centres (Appendix,
online only). Primary procedures were performed between December 1999
and December 2004. The patients had a minimal follow-up of 12 months
unless a secondary intervention occurred before the 12 month visit. These
inclusion criteria were similar as in our earlier series. Additional interven-
tions performed at the time of the initial procedure were not counted as sec-
ondary procedures. Follow-up visits were scheduled at 1, 3, 6, 12, 18, and
24 months postoperatively and annually thereafter. The aneurysm diameter
was determined over the minor axis at the site of the largest cross section.
All patients included in the analysis had an aneurysm diameter of >40 mm.

The cumulative incidences of secondary interventions were categorized in
transabdominal, extra-anatomic, and transfemoral procedures. In patients
who underwent multiple procedures, only the most extensive procedure
was taken into account, and if two interventions of equal extent were per-
formed, the first one was considered the index intervention.

Secondary interventions were correlated with findings at computed
tomography examination and clinical assessment during follow-up to
assess for reintervention. Indications included device migration, different
types of endoleak, thrombosis, stenosis, kinking of endograft limbs, and
rupture of the aneurysm. In addition, procedure-related mortality (defined
as death <30 days of the secondary intervention) and the all-cause mortal-
ity during follow-up were compared among the three types of reinterven-
tions. Reporting was in accordance with the guidelines of the ad hoc
Committee for Standardized Reporting Practices in Vascular Surgery of The
Society for Vascular Surgery/American Association for Vascular Surgery.17

Statistical analysis

Kaplan-Meier life tables were used to draw cumulative incidence and sur-
vival curves for all types of secondary interventions. Values were repre-
sented as means ± standard deviation and ranges. Relative risk ratios (RR)
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were calculated to correlate secondary interventions with their indications
in the follow-up visit preceding reintervention. Multivariate logistic regres-
sion was performed for independent comparisons of operative 30-day mor-
tality. The multivariate Cox proportional hazards model was used to calcu-
late independent associations with survival during the postoperative and
entire follow-up period. p<0.05 was considered statistically significant.
Analysis was performed by using SAS (version 8.0) statistical software
(SAS Institute Inc, Cary, North Carolina).

Results

The 2846 patients who constituted the study group had a mean age of 72.0
± 7.5 years (range, 43 to 100 years) at the time of the primary procedure.
The Zenith endograft was the most frequently used device (40%), followed
by Talent (28%) and Excluder (15%) (Table 1). The mean length of follow-
up was 23 ± 12 months (range, 1 to 60 months). During the follow-up peri-
od, the mean AAA diameter shrunk from 58 to 51 mm. Most of the patients
were classified as American Society of Anesthesiologists (ASA) grade II or
III (Table 2). In 1755 patients (62%), the maximum transverse diameter
of the aneurysm was >5.5 cm, and 1091 patients (38%) had an aneurysm
between 4 and 5.5 cm.
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Table 1. Endograft devices.

 Patients with secondary procedure (%)*  

Zenith (Cook) 1 91/1147 (7.9)  

Talent (Medtronic/AVE) 2 77/791 (9.7)  

Excluder (W.L. Gore) 3 25/421 (5.9)  

AneuRx (Medtronic/AVE) 2 29/264 (11.0)  

Lifepath (Edwards Lifesciences) 4 12/67 (17.9)  

Fortron (Cordis) 5 2/52 (3.8) 

Powerlink (Endologix) 6 6/51 (11.8)  

EVT (Guidant) 7 1/36 (2.8) 

Anaconda (Sulzer Vascutek) 8 4/17 (23.5)  

* Percentage of endoprotheses of each device brand with secondary intervention
1 Cook Inc., Bloomington, Ind.; 2 Medtronic Corp, Santa Rosa, Calif.; 3 W.L. Gore and
Associates, Inc., Flagstaff, Ariz.; 4 Edwards Lifesciences, Irvine, Calif.; 5 Cordis/Johnson &
Johnson, Fort Lauderdale, Fla.; 6 Endologix, Irvine, Calif.; 7 Guidant Inc., Menlo Park, Calif.
8 Sulzer Vascutek Ltd., Inchinnan, United Kingdom.
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Secondary interventions were performed in 247 patients (8.7%) at a mean
time of 12 ± 13 months (range, 1 to 48 months) after the initial procedure.
There was no significant difference in the rates of reintervention between
the different stent-graft labels or bifurcated or aortouniiliac endograft con-
figuration. In large aneurysms (>5.5 cm), the incidence of secondary inter-
ventions after 2 years was higher than in small aneurysms (9.9% com-
pared with 7.1%, Kaplan-Meier analysis p=0.0348). No other morphologic
parameters were found to correlate with the incidence of secondary inter-
ventions. In aneurysms without endoleaks (completely excluded), the inci-
dence of secondary intervention after 2 years was lower than in patients
with endoleaks at the completion angiogram (8.2% compared with 12.0%,
p=0.0133). Follow-up continued for a mean of 11 ± 12 months (range, 0
to 47 months) after the secondary intervention.

A transabdominal approach was used for 57 of the interventions (23%), 43
procedures (16%) involved extra-anatomic exposure, and 147 interven-
tions (60%) were transfemoral procedures. The cumulative incidence of all
secondary interventions in the entire patient cohort was 6.0%, 8.7%, 12%,
and 14% at 1, 2, 3, and 4 years respectively (Fig 1). This corresponded
with an annual rate of 4.6%.
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Table 2. Baseline characteristics

Characteristic  All patients  Patients with secondary 

procedure*  

Age at initial procedure (yrs)  72.0 (43-100) 71.8 (48-89) 

Gender   

Males 2688 (94) 233 (94) 

Females 158 (5.6) 14 (5.7) 

Maximum AAA diameter (mm)  58.3 (40-110) 60.0 (40-102) 

ASA Physical status   

I 249 (8.8) 21 (8.5) 

II 1299 (46) 112 (45) 

III 1127 (40) 101 (41) 

IV 152 (5.4) 13 (5.3) 

AAA, Abdominal aortic aneurysm; ASA, American Society of Anesthesiologists. * Values are
represented as mean and range or as number and percentage.



Transabdominal secondary interventions

Conversion to open AAA repair constituted 40 of the 57 secondary transab-
dominal interventions. In 17, the endograft was preserved, which involved
a banding procedure for endoleak, iliofemoral bypass, or laparoscopic clip-
ping. The cumulative incidence of secondary transabdominal interventions
was 0.9%, 1.9%, 3.2%, and 5.0% at 1, 2, 3, and 4 years, respectively.

The indications for conversion to open surgical repair were rupture of the
aneurysm in 5 patients (RR, 34.1), device migration in 8 (RR, 24.2), type
I endoleak in 10 (RR, 20.1), aneurysmal growth in 14 (RR, 14.6), and
endograft infection in 3 (RR, 71.2) (Table 3). Eight patients had more than
one indication, and no indication was given in five patients. The indications
for secondary transabdominal interventions with preservation of endograft
function were type I endoleak in five (RR, 28.3), thrombosis in two (RR,
43.1), and aneurysmal growth in five (RR, 12.4). Three patients had more
than one indication, and no indication was given in one patient.
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Extra-anatomic secondary interventions

Most of the extra-anatomic procedures (28 of 43) consisted of femoro-
femoral cross-over bypasses. In a few patients, axilofemoral bypasses were
used. The cumulative incidence of secondary extra-anatomic interventions
was 1.2%, 1.6%, and 2.3% at 1, 2, and 4 years, respectively. The most
frequent indication for a secondary extra-anatomic bypass graft was graft
thrombosis in 24 cases (RR, 78.5) (Table 3). Further indications were type
I endoleak in five (RR, 9.0) and stenosis in six patients (RR, 53.4). Two
patients had more than one indication, and no indication was given in three
patients. 

Transfemoral secondary interventions

Secondary transfemoral interventions consisted of 76 additional stent-graft
or stent placements, including endograft limb extensions, stenting using
bare stent or endovascular conversion to an aortouniiliac endograft, 30 coil
embolizations of endoleak, 10 thrombectomies, and 13 angioplasty proce-
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Table 3. Indications for secondary interventions

Indication Total* Conversion Other 

transabdominal  

Extra-

anatomic 

Transfemoral  No 

intervention  

Type I endoleak  144 14 5 5 25 95 

Type II endoleak  370 7 6 4 34 319 

Type III endoleak  101 4 2 2 12 81 

Thrombosis  68 2 2 24 23 17 

Stenosis 32 - - 6 20 6 

Migration 73 8 1 - 20 44 

Kinking 40 1 - 5 9 25 

AAA growth 43 14 5 3 20 1 

AAA rupture  13 5 - - 2 6 

Bleeding/hematoma  8 2 1 - 2 3 

Graft infection  3 3 - - - - 

Unknown - 5 1 3 15 - 

AAA, Abdominal aortic aneurysm. * Patients may have more than one indication.



dures. In 18 patients, the type of secondary transfemoral intervention was
not specified. The cumulative incidence of secondary transfemoral inter-
ventions was 3.7%, 5.4%, 6.8%, and 8.0% at 1, 2, 3, and 4 years, respec-
tively. All device-related complications that were assessed during follow-up
correlated significantly with the use of secondary transfemoral interven-
tions. Type I endoleak was present in 25 patients (RR, 9.5), type II
endoleak in 34 (RR, 3.9), type III endoleak in 12 (RR, 6.9), kinking in 9
(RR, 11.1), stenosis in 20 (RR, 19.5), thrombosis in 23 (RR, 17.4), device
migration in 20 (RR, 10.9), aneurysmal growth in 15 (RR, 3.2), and rup-
ture in 2 (RR, 4.7). More than one indication was present in 22 patients.
The indication for the secondary intervention was unknown in 15 patients.

Risk factors for secondary intervention

Independent baseline risk factors for secondary interventions were a
required adjuvant procedure (p=0.0001), proximal endoleak (p=0.0040),
and midgraft endoleak (p=0.0170) evident at the primary procedure.
Patient age, gender, ASA risk classification, systemic comorbidities, type of
device, and preoperative aneurysm diameter with thresholds at 5.5, 6.0,
and 6.5 cm were not independent risk factors for a secondary intervention.

Secondary interventions and associated mortality

The operative mortality rate after transabdominal reintervention was
12.3%. This was significantly higher than the operative mortality rate of
2.3% for patients with extra-anatomic and 2.7% for transfemoral sec-
ondary interventions (p=0.0069). Six patients died after conversion to
open repair (15.0%), and one patient died after an endograft-saving trans-
abdominal intervention (5.9%). The difference between these two was not
significant (p=0.34). Considering only conversions to open repair, operative
mortality was significantly higher than for less invasive reinterventions,
such as extra-anatomic and transfemoral procedures combined
(p=0.0009). The difference between endograft-saving transabdominal
intervention and the combined group with extra-anatomic and transfemoral
interventions was not significant.

The all-cause mortality rate was higher for both secondary transab-
dominal interventions (p=0.0157, hazard ratio, 2.6; 95% confidence inter-
val, 1.2 to 5.5) and extra-anatomic interventions (p=0.0001, hazard ratio,
2.0; 95% confidence interval, 1.4 to 2.9) compared with patients without
a secondary intervention, independent of patient age, fitness, endoleaks,
and all graft-related complications, as assessed by multivariate Cox regres-
sion. The 3-year survival rates were 80.5%, 62.5%, and 86.2% for patients
with transabdominal, extra-anatomic, and transfemoral reinterventions,
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respectively (Fig 2). All deaths after transabdominal reinterventions were
operative death <30 days of the secondary procedure; no further deaths
occurred. Seven patients who underwent extra-anatomic reinterventions
died of unrelated causes, and one died perioperatively. The mortality rate
for patients who underwent secondary transfemoral interventions was not
higher than for patients without reinterventions. Ten patients who under-
went transfemoral reintervention died of unrelated causes, one died of
aneurysmal rupture, and three died of procedure-related causes. The dif-
ference in mortality rate between transabdominal and extra-anatomic rein-
terventions was not significant (p=0.33).
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Figure 2. Survival.



Discussion

The main finding of the current study was a markedly reduced annual rate
of secondary interventions compared with the earlier EUROSTAR experi-
ence reported on the patient series who had operations before December
1999 (4.6% vs 9.1%).4 In 8.7% of patients, a secondary procedure was
performed at some time during follow-up in contrast to 18% of patients in
the early experience. A survey of 15 studies demonstrated secondary inter-
ventions in 17% of patients (683/3905) with endovascular aneurysm
repair, ranging from 10% to 34%, which was higher than in the current
study.6,7,11-13,18-27 This is in agreement with our present results and suggests
that the need for secondary interventions has tended to decline in recent
years.

The lower rate of secondary interventions compared with earlier implant-
ed stent-grafts may be explained by improved stent-graft design14 and by
increased experience of the physicians.28 In grafts of early design, a con-
siderably higher secondary intervention rate of 48% to 54% was report-
ed.13,29 The main differences in baseline variables between the two study
periods included use of current devices in 100% compared with 26% and
a median patient age of 72 vs 69 years in the present and previous
overview, respectively. Other variables, including the median aneurysm
diameter, were similar in both studies. 

There was a trend towards a higher relative proportion of transabdominal
and extra-anatomic reinterventions compared with our earlier series (23%
and 17% of the total number of secondary procedures vs 12% and 11%,
respectively). This trend was largely due to a significant decline in the need
for secondary transfemoral interventions compared with the earlier experi-
ence, whereas the need for surgical procedures had not significantly
decreased. However, the most frequently performed reinterventions still
consisted of transfemoral procedures. In contrast with our findings, Flora et
al13 reported a shift from open to endovascular secondary interventions. In
their experience, more complications were managed by endovascular tech-
niques over time when they compared the outcome in two study periods.
In addition, a decreased incidence of device-related complications was
observed in the more recent period, suggesting that this type of complica-
tion was increasingly dealt with by endovascular technique.

Similar to Sampram et al,12 proximal type I endoleak evident on the com-
pletion angiogram was predictive of later secondary interventions. They
found that the incidence of secondary interventions correlated with the
aneurysms with the largest diameter and whether the patient was treated
later in the study period. The given explanation was that reinterventions
were performed more aggressively in large aneurysms and increased over
time with more anatomically challenging cases. We could not confirm the
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aneurysm size, and we found an opposite association for the frequency of
reinterventions over time. This was in agreement with their expectation
that newer devices might diminish the rate of secondary procedures.

Transabdominal and extra-anatomic procedures were more risky for the
patient, as these procedures generally were associated with a higher mor-
tality rate. Extra-anatomic procedures had an increased risk of late death
independent of patient fitness and prothrombotic state, and transabdomi-
nal procedures were associated with increased operative mortality. The
mortality rate of 15% after secondary conversion to open repair was high
and exceeded the perioperative mortality rate after elective open repair.31,32

This observation was in agreement with the findings in other studies rang-
ing from 0% to 40%,11,12,18,21,22,26,30,33,34 but is lower than the reported
24.4% mortality after secondary conversion in the earlier EUROSTAR expe-
rience.9 When a transabdominal reintervention was survived for the first
month, no further deaths during continued follow-up were recorded in the
present study cohort. This suggests that patients who were medically fit
were selected for an open secondary intervention.

From the previous EUROSTAR and other studies, a considerable amount of
device-related complications are known to occur for which no reinterven-
tions are performed.16,19 Some of these will be managed conservatively, and
there is a consensus that type II endoleaks without aneurysm growth
should be treated expectatively.35 Other endoleaks and graft complications
may intentionally be left untreated because the patient is unfit. Most physi-
cians will agree, however, that a secondary intervention is definitely indi-
cated in case of aneurysm growth, whereas the complication may only be
observed in shrinking aneurysms.

Some patients in the EUROSTAR cohort were awaiting intervention that
had been planned, but was not yet performed, and some reinterventions
may have yet to be reported because of delay in follow-up data entry. This
may underestimate the incidence of secondary interventions. On the other
hand, some secondary interventions were performed without a recorded
indication (i.e. missing information). This underreporting of indications is a
weakness of a voluntary registry such as EUROSTAR. Elaborate case record
forms may cause poor compliance of participants, and the follow-up form
that was used represented an unavoidable compromise. 

Further limitations included possibly a lack of consecutive patient entry.
Because patient enrolment was voluntary, it was not known how many cen-
tres did not enroll all of their patients but only selected cases. From person-
al communication with participating centres, we suppose that most did enroll
consecutive cases, at least for the period of participation in the registry. 

116



An additional aspect that may have influenced the observed rate of sec-
ondary interventions was the exclusion from our analysis of patients that
had an uneventful follow-up period of <1 year. The reasons for this were:
1. The requirement of a secondary intervention is a function of follow-up

time. Including many patients with short follow-up would have result-
ed in a relatively lower rate, whereas we wanted to avoid a picture that
was too positive regarding the need of secondary interventions.

2. A comparison of the rates of performed reinterventions with the out-
comes in our previous publication4 was considered most important.
That substantially lower secondary intervention rates were found indi-
cates the positive effect of the use of current generation stent-grafts.

Accurate parameters that define the need for secondary interventions to
treat endoleaks have not yet been fully established.13 Expansion of the
aneurysm sac is, however, an accepted indication for reintervention.36 In
the present study, aneurysm expansion was observed in 17% of patients
with secondary interventions, and it was the only reason in 10%.

Conclusion

The incidence of secondary interventions after endovascular aneurysm
repair had decreased significantly in recent years. This decrease was most-
ly due to a lower incidence of transfemoral secondary procedures.
Transabdominal and extra-anatomic reinterventions had relatively
decreased less and were associated with an increased mortality risk.
Continuing need for surveillance with regard to device-related complica-
tions remains necessary.
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Abstract

Background: The aim of the present study was to evaluate the efficacy of
the Glasgow Aneurysm Score (GAS) in predicting the survival of 5498
patients who underwent endovascular repair (EVAR) of an abdominal aor-
tic aneurysm (AAA) and were enrolled in the EUROpean collaborators on
Stent-graft Techniques for abdominal aortic Aneurysm Repair (EUROSTAR)
Registry between October 1996 and March 2005.
Methods: The GAS was calculated in patients who underwent EVAR and was
correlated to outcome measurements.
Results: The median GAS was 78.8 (interquartile range 71.9-86.4, mean
79.2). Tertile 30-day mortality rates were 1.1 per cent for patients with a
GAS less than 74.4, 2.1 per cent for those with a score between 74.4 and
83.6, and 5.3 per cent for patients with a score over 83.6 (p<0.001).
Multivariate analysis showed that GAS was an independent predictor of
postoperative death (p<0.001). The receiver-operator characteristic curve
showed that the GAS had an area under the curve of 0.70 (95 per cent con-
fidence interval 0.66 to 0.74; s.e. 0.02; p<0.001) for predicting immediate
postoperative death. At its best cut-off value of 86.6, it had a sensitivity of
56.1 per cent, specificity 76.2 per cent and accuracy 75.6 per cent.
Multivariable analysis showed that overall survival was significantly differ-
ent among the tertiles of the GAS (p<0.001).
Conclusion: The GAS was effective in predicting outcome after EVAR.
Because its efficacy has also been shown in patients undergoing open
repair of AAA, it can be used to aid decisions about treatment in all patients
with an AAA.
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Introduction

Elective endovascular repair (EVAR) of abdominal aortic aneurysms (AAAs)
has been practised for more than a decade.1 A lower 30-day mortality rate
after EVAR compared with elective open aortic repair has been reported in
randomized clinical trials (1.2-1.7 versus 4.6-4.7 per cent).2,3

Although the immediate postoperative mortality rates after EVAR are low,
they are not negligible and have been reported to be somewhat higher in
other series.4,5 In a recent EVAR trial that included patients unfit for open
AAA repair, the 30-day mortality rate was 9 per cent.6 This makes the iden-
tification of patients at high risk of immediate postoperative death of major
importance, as it allows better preoperative patient selection.
The Glasgow Aneurysm Score (GAS)7 has been shown to be a good predic-
tor of immediate postoperative death after elective open repair of AAA.8-10

The aim of the present study was to evaluate the efficacy of the GAS in pre-
dicting the outcome of patients who underwent EVAR for an asymptomat-
ic, unruptured infrarenal AAA.

Patients and methods

This study was conducted in cooperation with the Division of Cardiothoracic
and Vascular surgery of Oulu University Hospital, Oulu, Finland, and the
EUROpean collaborators on Stent-graft Techniques for abdominal aortic
Aneurysm Repair (EUROSTAR) Registry.11,12 Patients with a non-ruptured,
asymptomatic infrarenal AAA who underwent elective EVAR and gave writ-
ten consent were enrolled prospectively into a database (www.eurostar-
online.org) that provided online data entry to participating physicians
(KIKA Medical, Nancy, France). All patients received commercially available
self-expanding stent-grafts (Table 1). Technical details of stent deployment
have been described previously.13,14

A total of 5498 patients from 160 centres who underwent EVAR between
October 1996 and March 2005 were included in the present analysis.
Patients with a maximum aneurysm diameter of less than 40 mm and those
treated with a withdrawn endograft were excluded from the study. All the
patients had a minimum follow-up of 1 month unless death, aneurysm rup-
ture or conversion to open repair occurred before the first outpatient visit.
Follow-up visits were scheduled at 1, 3, 6, 12, 18 and 24 months after
surgery, and annually thereafter.
Reporting was in accordance with the guidelines of the ad hoc Committee
for Standardized Reporting Practices in Vascular Surgery of the Society for
Vascular Surgery/American Association for Vascular Surgery.15
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The GAS was calculated from data entered prospectively online according
to the following formula: risk score = (age in years) + (7 points for myocar-
dial disease) + (10 points for cerebrovascular disease) + (14 points for
renal disease).6 Myocardial disease refers to previously documented
myocardial infarction and/or ongoing angina pectoris. Cerebrovascular dis-
ease refers to all grades of stroke and includes transient ischaemic attack.
Renal disease refers to a history of acute or chronic renal failure and/or a
creatinine level above 133 µmol/L and/or creatinine clearance below 50
mL/min, that is a Society for Vascular Surgery/International Society of
Cardiovascular Surgery risk score of 1 or more.

Statistical analysis

Statistical analysis was performed using SPSS® version 12.0.1 (SPSS,
Chicago, Illinois) and SAS® version 8.00 (SAS Institute, Cary, North
Carolina) statistical software. Continuous data were reported as median
(interquartile range, i.q.r.). The Chi2 test was used for univariate analysis
of categorical data. The Mann-Whitney U test was used for univariate anal-
ysis of the distribution of the GAS in subgroups. Receiver-operator charac-
teristic (ROC) curves were used to evaluate the performance of the GAS
and to identify its best cut-off value in predicting immediate postoperative
death. Multivariate logistic regression with backward selection was used to
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Table 1. Types of stent-graft used for Endovascular Aneurysm Repair.

Zenith (William Cook) a 1926 (34.8) 

Talent (Medtronic/AVE) b 1557 (28.3) 

AneuRx (Medtronic/AVE) b 907 (16.5) 

Excluder (W.L. Gore) c 737 (13.4) 

Lifepath (Edwards Lifesciences) d 119 (2.2) 

Powerlink (Endologix) e 92 (1.7) 

Fortron (Cordis/Johnson & Johnson) f 77 (1.4) 

EVT (Guidant) g 69 (1.3) 

Anaconda (Sulzer Vascutek) h 24 (0.4) 

a William Cook, Bloomington, Indiana; b Medtronic/AVE, Santa Rosa, Calif; c W. L. Gore,
Flagstaff, Ariz; d Edwards Lifesciences, Irvine, Calif; e Endologix, Irvine, Calif; f Cordis/Johnson
& Johnson, Fort Lauderdale, Fla; g Guidant, Menlo Park, Calif; h Sulzer Vascutek, Inchinnan, UK.



determine independent associations of risk factors with 30-day mortality
rate. Kaplan-Meier analysis with the log rank test and multivariate Cox pro-
portional hazards regression analysis with backward selection were used to
estimate the influence of different variables on long-term outcome.
p<0.050 was considered statistically significant.

Results

In total, 5498 patients (94.1 per cent men) with a median age of 72.7
(i.q.r. 67.3 - 77.7) years and a median aortic diameter of 56 (i.q.r. 51 - 63)
mm underwent elective EVAR. Co-existing myocardial disease was present
in 59.5 per cent of patients, 5.7 per cent had cerebrovascular disease and
18.2 per cent had renal disease. The median GAS was 78.8 (i.q.r. 71.9-
86.4, mean 79.2).

Thirty-day postoperative mortality

One hundred and fifty-five patients (2.8 per cent) died within 30 days of
the initial procedure. Univariate analysis showed that preoperative
aneurysm diameter (p<0.001) and GAS (p<0.001) were associated with an
increased risk of death within 30 days. Tertile 30-day mortality rates were
1.1 per cent for patients with a GAS less than 74.4, 2.1 per cent for those
with a score between 74.4 and 83.6, and 5.3 per cent for patients with a
score over 83.6 (p<0.001). Multivariate analysis showed that GAS indepen-
dently predicted postoperative death (p<0.001).

Analysis of the ROC curve showed that the GAS had an area under the
curve of 0.70 (95 per cent confidence interval (c.i.) 0.66 to 0.74; s.e. 0.02;
p<0.001) for predicting postoperative death. According to this curve, the
best cut-off value was 86.6, which yielded a sensitivity of 56.1 per cent,
specificity 76.2 per cent, accuracy 75.6 per cent, positive predictive value
6.4 per cent and negative predictive value 98.4 per cent. The 30-day mor-
tality rate was 1.6 per cent in patients with a score below the cut-off value
and 6.4 per cent among those with a higher score (p<0.001).

Long-term outcome

The median follow-up was 18 (i.q.r. 6-24) months. The overall 1-, 2- and
5-year survival rates were 91.7, 87.1 and 76.7 per cent respectively.
Multivariate analysis showed that overall survival differed significantly
among the tertiles of the GAS (p<0.001) (Fig. 1).
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The overall 1-, 2- and 5-year rupture rates were 0.2, 0.6 and 1.7 per cent
respectively. Five, thirteen and nine aneurysm ruptures were observed in
the lowest, middle and highest tertiles of the GAS respectively. The cumu-
lative rates of aneurysm rupture were not significantly different between
the tertiles (p=0.225).
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No. at risk  0 12 24 36 48 60 72 

  GAS < 74.4  1833 1601 1059 858 522 268 124 

  GAS 74.4 – 83.6 1832 1517 940 730 412 219 93 

  GAS > 83.6  1833 1394 739 555 310 152 63 

Figure 1. Overall survival according to Glasgow Aneurysm Score (GAS) tertiles. p<0.001,
lower versus middle tertile; p=0.008, middle versus upper tertile; p<0.001, lower versus
upper tertile (log rank test).



Discussion

The present results suggest that the GAS is a valuable risk scoring method
in predicting immediate postoperative death after EVAR. Even though the
area under the ROC curve was not optimal, its value in identifying high-risk
patients is satisfactory. Three of the four variables included in the GAS were
significantly associated with 30-day postoperative mortality. This study
suggested that the median GAS was higher (78.8 versus 73), and its best
cut-off value much higher (86.6 versus 76) than in a previously reported
large nationwide study on patients undergoing open aneurysm repair in
Finland.9 This observation confirmed that EVAR was associated with low
immediate postoperative mortality rates despite a higher notional operative
risk.

Although aneurysm diameter is an important determinant of survival, its
efficacy in predicting immediate postoperative death was inferior to that of
the GAS, with an area under the ROC curve of 0.65 (95 per cent c.i. 0.60
to 0.70).

The GAS appeared to be a good predictor of long-term overall survival.
Patients with a score of more than 83.6 had a 30-day postoperative risk of
death of 5.3 per cent and a 5-year overall survival rate of 65.2 per cent.

Besides its efficacy, the GAS has the merit of simplicity as it can easily be
calculated at bedside, providing a quick estimation of the operative risk. It
could aid decisions in low-risk patients who can safely be treated by open
aneurysm repair with an expected low risk of late graft-related complica-
tions. On the contrary, as in the present study, high-risk patients can be
treated by EVAR with an acceptable risk of immediate postoperative death
and fairly good long-term outcome.
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Introduction

Endovascular repair is an alternative to open aortic resection in the prophy-
lactic treatment of non-ruptured abdominal aortic aneurysms. This minimal
invasive method exerts less stress on the patient's physical well-being. In
addition, its considerable short-term benefits include a decrease in periop-
erative complications and a reduction in ICU and hospital admission time.1,2

However, long-term durability remains a subject of concern. Device-related
complications are not uncommon and frequently require secondary inter-
ventions.3,4 As well as technical improvements, proper selection of patients
may enhance initial technical success and reduce long-term complications
and the need for reintervention. Understanding of possible risk factors con-
cerning adverse anatomy or procedural factors is necessary for proper
patient selection. Therefore, the goal of this thesis was to assess procedural,
patient and anatomical factors and their impact on the effectiveness of
endovascular abdominal aortic aneurysm repair.

Risk factors related to adverse anatomy

Inflammatory abdominal aortic aneurysms

Approximately 5 to 10% of abdominal aortic aneurysms have an inflamma-
tory component (IAAA). Conventional surgery of IAAA patients is associat-
ed with longer operating time, higher mortality and morbidity rates and an
increased need for blood transfusions.5 For these reasons, EVAR may be a
valuable treatment option in these patients. Since EVAR in IAAA patients is
still controversial, the goal was to investigate the outcome of EVAR in
patients with IAAA and to compare it with EVAR in patients with non-
inflammatory AAA.

Out of 3665 patients, 52 (1.4%) had IAAA which was diagnosed by com-
puted tomography (CT). These patients were relatively younger, had a bet-
ter cardiac condition, but were more frequently smokers than patients
without IAAA. Technical success was comparable in both groups of patients.
Similar mortality and morbidity rates were observed up to four years of fol-
low-up. There were no differences in the incidences of type I, II, and III
endoleaks, device migration, kinking, stenosis, or thrombosis.

In conclusion: The results following EVAR in patients with IAAA and
patients with non-inflammatory AAA were largely similar with regard to
early and mid-term results. EVAR is a feasible method of excluding the
IAAA from the circulation. Although perianeurysmal fibrosis did not regress
in a considerable proportion of patients, clinical outcome was favourable.
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Severe infrarenal aortic neck angulation

Proper selection of patients is essential to minimize the risk of post-EVAR
complications as not all patients are eligible for EVAR owing to aortoiliac
morphology. Aortic morphology, especially related to the proximal neck,
often complicates the endovascular procedure, or increases the risk of
device-related complications. Moreover, severe angulation of the infrarenal
aortic neck is thought to be a predictor of adverse outcome in EVAR.6

Therefore, the goal was to examine the influence of severe neck angulation
on proximal type I endoleak, infrarenal aortic neck dilatation, proximal
stent-graft migration, and eventually rupture of the aneurysm following
EVAR.

In a group of 5183 patients, severe infrarenal neck angulation was asso-
ciated with proximal type I endoleak seen on the completion angiogram
and stent-graft migration before discharge. Late adverse events included
proximal neck dilation >4 mm, proximal type I endoleak, and the need for
secondary interventions. Mortality and rupture rates were similar in
patients both with and without severe neck angulation.

There were only minimal differences between the three most frequently
used stent-graft brands that were assessed. Infrarenal neck angulation was
associated with proximal endoleak seen on completion angiogram in
patients who received an Excluder or a Zenith stent-graft, and associated
with early proximal migration in Zenith stent-grafts. Late proximal neck
dilation was associated with infrarenal neck angulation in patients with an
Excluder or a Talent stent-graft. Patients with a Talent stent-graft and
severe neck angulation were also more prone to late proximal endoleaks
and more frequently required secondary interventions.

In conclusion: Severe infrarenal aortic neck angulation was clearly asso-
ciated with proximal type I endoleak, while the relationship with stent-graft
migration was not clear. Excluder, Zenith, and Talent stent-grafts performed
well in patients with severe neck angulation, with only minor differences
between these devices.

Concomitant common iliac artery aneurysms

In approximately 15 to 40% of AAA patients, the aneurysm extends into at
least one common iliac artery (CIA).7 Since coexistence of a CIA aneurysm
frequently complicates the procedure, special technical expertise may be
required. Technical and anatomical considerations have been focused upon,
while less has been reported on mid-term success rates.8 Therefore, the
aim was to investigate the influence of simultaneous CIA aneurysm exclu-
sion on mid-term outcome of EVAR.
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Concomitant CIA aneurysm was present in about 17% of a cohort of 7554
AAA patients. These patients were less physically fit (more frequently unfit
for open repair and/or classified as ASA III or IV) and had more complex
aneurysms (larger AAA diameter and infrarenal necks, more frequently
hypogastric artery occlusion, and severe angulation of the aortic neck or
common iliac arteries) than patients without CIA aneurysms. These
patients had higher 5-year cumulative incidences of distal type I endoleak,
iliac limb occlusion, secondary transfemoral intervention, and aneurysm
rupture, but had mortality rates similar to AAA patients without concomi-
tant iliac aneurysms.

In conclusion: Patients with CIA aneurysms have more advanced
aneurysmatic disease and comorbidity. The incidence of device-related
complications was increased which warrants caution with EVAR in these
patients.

Procedural factors

Adjuvant procedures

Nowadays, a larger proportion of patients with AAA (in some institutions
over seventy percent of those presenting) are being treated by EVAR than
in the nineteen-nineties. Co-morbidities and complex aneurysmal anatomy
means that adjuvant procedures to obtain successful aneurysm repair are
frequently required.9 Moreover, adjuvant procedures are performed to
resolve intraoperative pitfalls e.g. gaining access to the aneurysm, anchor-
ing the device, or preserving peripheral blood flow. Thus, adjuvant proce-
dures enable the surgeon or interventional radiologist to provide EVAR to
patients who would otherwise not be eligible. The success of these tech-
niques has not been thoroughly investigated. Therefore, our purpose was
to compare the outcome of EVAR with adjuvant procedures with unassist-
ed EVAR. Examples of adjuvant procedures are the use of an iliac artery
conduit for access, balloon angioplasty or bare stents to improve iliac limb
flow, and large bare stents to assist fixation at the infrarenal neck. Surgical
procedures may include endarterectomy, patch plasty of access arteries, or
banding procedures to resolve type I proximal or distal endoleak.

In a group of 4631 patients, 29.2% required adjuvant procedures of
which the majority were endovascular (78.1%). The remainder comprised
surgical procedures via the groin or abdomen which were associated with
a higher 30-day mortality rate than in patients who underwent unassisted
EVAR. Complication and mortality rates beyond the operative period were
similar to those in AAA patients in whom these ancillary techniques were
not carried out.
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In conclusion: The 30-day mortality rate was increased in patients requir-
ing groin and abdominal surgical procedures. EVAR should be recommend-
ed with caution when these procedures are anticipated.

Aortic cuffs and iliac limb extensions

Complete exclusion of the aneurysm cannot always be obtained with the
basic endograft components (body and uni- or bilateral iliac limb).
Inaccurate preoperative size or length measurement, primary endoleaks,
or extended iliac aneurysmal disease may necessitate the use of aortic
cuffs or iliac limb extensions, to achieve complete proximal and distal seal-
ing of the aneurysm. These extensions, deployed during the initial inter-
vention are presumably associated with a greater risk of procedure-related
complications.10 This may either be caused by the use of the device exten-
sion or by the underlying abnormality. Therefore, the objective was to
assess whether the use of endograft extensions influenced early or late
outcomes of EVAR.

Aortic cuffs were used in approximately 4% and iliac limb extensions in
22% of 6668 AAA patients. Patients in whom aortic cuffs were deployed had
larger aneurysms, and shorter and more frequently angulated proximal
infrarenal necks. Patients in whom iliac limb extensions were deployed had
larger aneurysms and more frequently aneurysmatic, occluded or angulat-
ed iliac arteries. Both types of extensions yielded comparable technical suc-
cess in AAA patients who did not have any endograft extensions. Additional
graft junctions did not lead to an increased incidence of type III or any other
endoleaks. Aortic cuffs were not associated with any late adverse events,
whereas iliac limb extensions were associated with an increased incidence
of device kinking and secondary transfemoral interventions.

In conclusion: Despite an increased incidence of device kinking and sec-
ondary interventions in patients treated with iliac limb extensions, it is
reassuring to find that EVAR still gives satisfactory results even if exten-
sions are required. However, graft extensions should be used only when
there is a clear indication for them, because single-component devices are
potentially less vulnerable to late device failure. Accurate pre- or intraop-
erative assessment of the aortoiliac morphological configuration helps
avoid unnecessary extensions.

Secondary interventions

The long-term durability of EVAR remains a subject of concern, despite
generally reported favourable short- and mid-term outcomes. Currently
there is consensus that life-long surveillance is necessary to monitor endo-
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graft function.11 Device-related complications are frequently observed. The
EUROSTAR analysis showed that overall 9% of patients with EVAR required
a secondary procedure. The most severe events included migration,
aneurysmal growth, type I or III endoleak, bleeding and graft infection;
these constituted the indication for reintervention in 60%. As these com-
plications are generally considered to be associated with an increased risk
for aneurysm rupture, early identification and repair by secondary inter-
vention is required to obviate poor outcome.12,13 Because previous studies
investigating secondary interventions primarily assessed first generation
stent-grafts, our purpose was to provide an assessment of the need for
secondary intervention in a cohort treated with currently available stent-
grafts.

Secondary interventions were performed in 8.7% of 2846 AAA patients
with at least twelve months of follow-up, corresponding with an annual rate
of 4.6%. This rate was lower than in older studies suggesting the benefi-
cial effect of better devices and greater surgical experience. The majority
of secondary interventions consisted of transfemoral procedures, primarily
indicated by type I or II endoleak, device limb stenosis, thrombosis, and
device migration. Abdominal procedures (conversion to open repair or
banding of sealing sites) were indicated by type I endoleaks, device migra-
tion, and aneurysm rupture, whereas extra-anatomical bypasses were indi-
cated by graft limb thrombosis. Mortality rates were increased for abdom-
inal and groin secondary procedures. Secondary transfemoral procedures
had a mortality rate comparable with that of patients who did not need sec-
ondary intervention.

In conclusion: Although the incidence of secondary intervention following
EVAR has decreased over recent years, transabdominal and extra-anatom-
ical reinterventions were associated with an increased mortality risk and
the continuing need for surveillance with regard to device-related compli-
cations is generally considered necessary. The quantitative effects of
endovascular AAA repair, intensive surveillance, and subsequent secondary
interventions on patient survival have been blurred by extensive competi-
tion from severe comorbidities in a heterogenous population, and are
therefore incompletely known.

Glasgow Aneurysm Score

Although postoperative mortality after EVAR is low, the mortality risk in
physically unfit patients may be considerable. In the UK EVAR II trial com-
prising unfit patients, the 30-day mortality was 9%. This emphasizes the
importance of identifying patients at high risk for early postoperative death
in two ways. First, to improve patient selection prior to endovascular inter-
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vention, and second, to allow a more reliable comparative analysis of
results from EVAR versus open repair. The Glasgow Aneurysm Score (GAS)
has been demonstrated to be a good predictor of early postoperative death
after elective open AAA repair.14 The aim of this chapter was to evaluate the
efficacy of this risk scoring method in predicting outcome following EVAR of
asymptomatic, unruptured, infrarenal AAA.

Multivariate analysis demonstrated that GAS was an independent predic-
tor of 30-day mortality following EVAR. The area under the curve in a
receiver operating characteristic curve was 0.70 with a 95% confidence
interval of 0.66 to 0.74 for predicting postoperative mortality. The 30-day
mortality was 1.6% in AAA patients with a GAS less than its best cut-off
value of 86.6 and 6.4% in patients with a higher score. Late survival was
associated with GAS as well.

In conclusion: GAS is an effective risk scoring method in predicting 30-
day mortality of AAA patients undergoing EVAR. Since, its efficacy has been
demonstrated in elective open repair as well, GAS can be valuable in treat-
ment decision-making.

Considerations

Overall, good clinical results with an acceptable incidence of complications
were obtained in patients with AAA during endovascular repair even in
anatomically challenging aneurysms including inflammatory AAA (Chapter
2), complicated angulated infrarenal aortic necks (Chapter 3), and con-
comitant iliac aneurysms (Chapter 4).

Endovascular repair may also be successful in complex procedures involv-
ing adjuvant procedures (Chapter 5) and/or the need for aortic cuffs or iliac
extensions (Chapter 6). Nevertheless, lifelong surveillance remains neces-
sary. Secondary procedures (Chapter 7) also yield satisfactory outcomes,
but should be managed cautiously, as secondary open procedures may be
more harmful to patients than initial open procedures.

As the risk of complications may be considerable, careful selection of
patients is indicated, although the boundaries of aortoiliac morphological
properties have not yet been fully explored. The Glasgow Aneurysm Score
(Chapter 8) may help in predicting outcome following EVAR and has been
demonstrated to be a strong predictor of 30-day mortality. However, the
development of a predicting score especially designed for endovascular
repair, may allow for a more accurate identification of AAA patients who
have the most to gain with EVAR.
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Registries

Voluntary registries of vascular interventions are an essential tool in the
clinical evaluation of new technologies. These registries provide non-com-
parative data on the performance of new and unproven treatments. As
endovascular techniques are constantly improving, data from vascular reg-
istries can be applied to monitor its feasibility and effectiveness. The
EUROSTAR registry was established to quickly collate up-to-date scientifi-
cally reliable data on endovascular AAA repair. EUROSTAR has provided
information on the pitfalls as well as the potential clinical benefits of EVAR
in Europe since 1996.

The collaboration of well over 100 vascular centres throughout Europe
has made it possible to gather data on a large number of patients in a
reduced time-span. By the end of 2006, more than 10,000 patients with
abdominal aortic aneurysms had been registered. Over the course of 10
years, several generations of endovascular devices have been used
enabling ongoing analysis of current clinical practice. The inclusion of
patients with a variety of aortoiliac morphological configurations and co-
existing morbidities, and who have undergone adjuvant procedures,
reflects common practice in European vascular centres. The large number
of registered endovascular procedures created an opportunity to address
research questions concerning small subpopulations such as patients with
inflammatory aneurysms, which is harder to examine in trials or single-
centre series.

The accuracy of the EUROSTAR database was enhanced by a requirement
for prospective enrolment of newly-treated patients 24 hours before inter-
vention. Data checks at regular intervals were performed by tracing incon-
sistencies between correlated data fields and by verifying electronic data
with written data on CRFs and returned follow-up forms. Major inconsisten-
cies or missing data were retrieved by contacting collaborating physicians.
This process was conducted to ascertain absence of impossible or doubtful
values as well as inconsistent interactions in the database. Nevertheless,
data accuracy may be impaired by lack of double data entry and on-site
monitoring, leading to underestimation of outcome results. Completeness
of follow-up data was about 70%, which may also predispose to underes-
timation of outcome results.

Data were accessible to all participating vascular centres through a web-
site maintained and hosted by KIKA Medical, Nancy, France. Global and
centre-specific statistics could be requested to stimulate continuous patient
enrolment.

Because a large variety of patients with differing risk profiles, aneurysmal
dimensions, and co-morbidities was included, correction for possible con-
founders was deemed necessary. Almost all analyses were performed by
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multivariate logistic regression or Cox proportional hazards model for cen-
sored data to obtain reliable results.

Since randomised controlled clinical trials (RCT) have been published in
support of EVAR over conventional surgery for relatively fit patients, scien-
tific evidence of a higher level has become available.15,16 The question aris-
es if an endovascular registry is still able to contribute to provision of infor-
mation and improving knowledge on AAA repair. The value of registries
could be enhanced considerably in the post-randomised trial era. There are
three reasons for this:

First, there is a need for ongoing evaluation of endograft technology
which is continuing to evolve. Evaluation of the performance of new itera-
tions of stents, stent-grafts and other technical devices such as anti-
embolism filters can be achieved only by continuous audit.

Secondly, there are applications of endovascular technologies that have
not and will not be subjected to the test of randomised trials. EVAR of tho-
racic aneurysms, although an already well-established treatment, is unlike-
ly to be subjected to a randomised controlled trial.17 The perceived bene-
fits over open repair in terms of lower operative mortality and morbidity are
such that almost no clinician is left in any doubt about its advantages.
Similarly, fenestrated and branched endografts for the treatment of com-
plex juxtarenal and thoracoabdominal aneurysms or hybrid procedures for
similar complex cases are extremely unlikely to be assessed in randomised
trials. Thus, in a considerable number of procedures, where conditions are
not uniform or application is less common, examination by RCTs is not
expected. In the absence of level-1 evidence from RCTs, registries may be
essential for careful monitoring outcomes of treatment.

Thirdly, the widespread use of EVAR as mainstream treatment in many
vascular centres throughout Europe raises serious issues about quality con-
trol. Considering the small margin of advantage of EVAR over open repair,
any relaxation of clinical standards, patient selection and technical perfor-
mance of the procedure may easily result in a complete loss of advantage.
Therefore, registries may continuously observe endovascular practice and
monitor current treatment. In addition, there is a requirement for bench-
marking and comparative audit as tools for quality control.

The EUROSTAR registry terminated its activities in 2007 after achieving
the main targets set more than ten years before. Numerous scientific ques-
tions have been addressed and many peer-reviewed journal articles have
been published. In addition, including the present one, three doctoral the-
ses have been based on EUROSTAR data. Now EUROSTAR has ended, its
role should be continued by the vascular community. For effective bench-
marking of those institutions performing endovascular AAA repair, data col-
lection needs to be both comprehensive and complete. Thus, all centres
undertaking these procedures should be required to submit all relevant



data on all eligible patients. Compulsory data submission may be enhanced
in nationwide registries under governmental or societal control.

Conclusion

For ten years, the EUROSTAR registry collected and analysed data on the
outcome of EVAR. Many questions relevant to achieve optimal patient
selection and to improve the endovascular procedure were addressed.
EVAR has withstood the tests of extensive clinical assessment and scientif-
ic discourse well. Central data registries are needed to demonstrate the
responsiveness of the vascular surgical profession to public demand for
transparency in the provision of a higher quality care.
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Chapter 10

Samenvatting

Een abdominaal aorta aneurysma (AAA) is een pathologische verwijding
van de aorta, de grote slagader in de buikholte. Er wordt pas van een
aneurysma gesproken bij een toename in diameter van minimaal 50%. De
toegenomen diameter gaat gepaard met een verhoging van de druk op de
wand van de aorta. In combinatie met de verzwakte vaatwand neemt de
kans op een ruptuur, een scheuring van de aorta, explosief toe, waarbij een
ernstige bloeding in het peritoneum of het retroperitoneum optreedt.

Een aneurysma is goed te vergelijken met een zwakke plek in een fiets-
band. Wanneer men de fietsband te hard oppompt, zal deze ter hoogte van
de zwakke plek als eerste opzwellen en indien de druk te hoog wordt uitein-
delijk knappen. Aneurysma's komen vooral voor bij mannen boven de 65
jaar en zijn verantwoordelijk voor 1 tot 2% van de mortaliteit in deze
groep. Naast leeftijd en het mannelijke geslacht zijn andere risicofactoren
voor een aneurysma hypertensie, roken en het hebben van een eerste-
graads familielid met een AAA. De incidentie van AAA's is sinds de tweede
helft van de twintigste eeuw snel toegenomen, wat toegeschreven kan wor-
den aan het ouder worden van de bevolking. Met de nog immer toene-
mende vergrijzing in het vooruitzicht, mag verwacht worden dat AAA's een
steeds grotere impact op de volksgezondheid zullen hebben.

Niet-geruptureerde aneurysma's vertonen zelden symptomen en worden
vaak bij toeval ontdekt tijdens een bezoek aan het ziekenhuis. Detectie van
een aneurysma gebeurt met beeldvormende technieken zoals echografie,
computer tomografie (CT) en magnetische resonantie (MRI). Een gerup-
tureerd aneurysma presenteert zich typisch met een hevige buik- of lage
rugpijn in combinatie met een hypotensieve shock en een pulserende
massa in de buikholte. Behandeling is met spoed geboden wanneer een
patiënt zich hiermee presenteert. Uitstel van behandeling verkleint de kans
op overleving drastisch; zelfs met adequate behandeling en nazorg overlijdt
50% van de patiënten binnen 30 dagen na de spoedoperatie. Een groot
aantal patiënten haalt niet eens levend het ziekenhuis waardoor de totale
mortaliteit na een acuut ruptuur tot 80 à 90% kan oplopen.

De kans op een ruptuur hangt samen met de diameter van de aorta en met
de groeisnelheid hiervan. Voor patiënten met een onbehandeld AAA groter
dan 5,0 cm wordt wel 25% binnen vijf jaar aangegeven. De aanzienlijke
kans op een ruptuur geeft aanleiding tot preventieve behandeling van het
aneurysma. Hierbij wordt tijdens een invasieve open operatie het aneurys-
ma verwijderd en een vaatprothese ingenaaid op de locatie van de laesie.
Dubost was in 1951 de eerste die deze operatie succesvol uitvoerde en
sindsdien is dit de gouden standaard geworden voor electieve behandeling
van een AAA. De mortaliteit van deze behandeling bedraagt 5% in de eerste
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30 dagen na operatie. Voor patiënten met een kleine diameter van het AAA
weegt dit risico niet op tegen het risico van een ruptuur. Er is een algemene
consensus dat pas vanaf een diameter van 5,5 cm een indicatie geldt voor
profylactische operatie. Voor vrouwen of in het geval van een snelgroeiend
aneurysma kan een lagere drempelwaarde gehanteerd worden.

In het begin van de jaren '90 is er een nieuwe techniek voor electieve
behandeling van het AAA geïntroduceerd door dr. Juan C. Parodi waarbij de
buikholte niet geopend hoeft te worden. Deze veelbelovende techniek
wordt endovasculaire aneurysma reparatie (EVAR) genoemd. Via de arte-
ria femoralis wordt een stent-graft omhooggeschoven die in de abdominale
aorta wordt ontplooid. De stent-graft bestaat uit een stent-frame van
roestvrij staal of van nitinol en een kunststof prothese van Dacron of van
polytetrafluoroethylene (PTFE). EVAR is minder invasief voor de patiënt en
resulteert daardoor in een lagere postoperatieve mortaliteit en morbiditeit,
geringer bloedverlies en een korter verblijf in het ziekenhuis. Tevens kun-
nen met EVAR patiënten geholpen worden die vanwege hun gezondheid-
stoestand niet in aanmerking komen voor een klassieke reparatie.

Hoewel EVAR een aantrekkelijk alternatief lijkt, is deze techniek nog
relatief jong en kent talloze onopgeloste problemen. De stabiliteit van de
stent-graft is nog verre van optimaal en een garantie voor bescherming
tegen een ruptuur kan niet gegeven worden. Zo kan de stent-graft ver-
schuiven (migratie), knikken (kinking), of kan er een lekkage optreden
(endoleak). Tevens kan een iliacale poot van de prothese gethromboseerd
raken. Hernieuwde opname en reïnterventie is geïndiceerd wanneer
dergelijke complicaties zich voordoen. Aangezien deze zich te allen tijde
kunnen presenteren, is levenslange controle een pre. Daarnaast heeft niet
elke patiënt met een AAA een geschikte anatomische configuratie voor
EVAR. Het onaangetaste deel van de infrarenale aorta moet lang genoeg
zijn om de stent-graft te verankeren en de iliacale arteriën moeten breed
genoeg zijn om de stent-graft doorheen te leiden.

Door de onzekerheid op de lange termijn is er behoefte ontstaan aan
verder onderzoek naar endovasculaire behandeling. In 1996 is er onder ini-
tiatief van de European collaborators on Stent-graft Techniques for
Abdominal aortic aneurysm Repair (EUROSTAR) een internationale regis-
tratie opgestart met de bedoeling zoveel mogelijk gegevens over de
uitkomsten van de endovasculaire behandeling te verzamelen om weten-
schappenlijk verantwoorde up-to-date kennis te verschaffen en snel nieuwe
onderzoeksvragen te kunnen beantwoorden. Gegevens over patiënt karak-
teristieken, de procedure, de postoperatieve uitkomst en een tot 10-jarige
follow-up van vele klinische centra door heel Europa werden verzameld in
een grote database.
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In de verschillende hoofdstukken wordt specifiek ingegaan op relevante
onderzoeksvraagstellingen. In hoofdstuk 2 is gekeken naar de effectiviteit
van EVAR in patiënten met een inflammatoir aneursyma (IAAA).
Aangezien, de conventionele behandeling van een IAAA geassocieerd is
met een langere operatieduur en een hogere mortaliteit, zou EVAR een uit-
stekend alternatief kunnen zijn voor deze groep patiënten. Van de 3665
geïncludeerde patiënten bleek slechts 1,4% een IAAA te hebben. EVAR
bleek in deze groep even vaak succesvol als in de controlegroep, terwijl de
mortaliteit en morbiditeit in de eerste vier jaar gelijkbleven, waaruit dus
geconcludeerd kan worden dat EVAR een prima alternatief is voor patiën-
ten met een IAAA.

In hoofdstuk 3 is gekeken naar de angulatie van de infrarenale nek (het
bovenste onaangetaste deel van de aorta net onder de arteria renalis). Een
te sterke angulatie kan nadelige gevolgen hebben voor de operatie. In een
groep van 5183 patiënten bleek infrarenale nek angulatie sterk geasso-
cieerd te zijn met type 1 endoleak aan de proximale zijde van de stent-graft
en met dilatatie van de nek. Daarentegen was er geen verband tussen
infrarenale nek angulatie en mortaliteit of ruptuur van het AAA. Hieruit kan
geconcludeerd worden dat EVAR in patiënten met ernstige angulatie van
hun infrarenale nek veilig is, maar dat serieus rekening gehouden moet
worden met complicaties en elke patiënt individueel op geschiktheid moet
worden beoordeeld.

In hoofdstuk 4 is gekeken naar de gelijktijdige aanwezigheid van een ili-
acaal aneurysma. Van de 7554 onderzochte patiënten met een AAA had
ongeveer 17% een gelijktijdig iliacaal aneurysma. Deze groep patiënten
was algeheel in een slechtere medische conditie en had vaker complexe
aneurysma's met een grotere diameter, een bredere en meer geanguleerde
infrarenale nek en een geoccludeerde arteria hypogastrica. Complicaties als
distaal type 1 endoleak, occlusie van de iliacale poot en ruptuur kwamen
vaker voor dan in de controlegroep en hernieuwde operaties waren vaker
geïndiceerd. De toepassing van EVAR in deze groep zal dus met
voorzichtigheid benaderd moeten worden.

In hoofdstuk 5 is gekeken naar adjuvante technieken die gebruikt worden
tijdens de endovasculaire operatie. Deze zijn geïndiceerd wanneer er zich
intraoperatief problemen voordoen. Hierdoor kunnen patiënten met EVAR
behandeld worden die anders niet hiervoor in aanmerking kwamen. In een
groep van 4631 patiënten was bij 29% een adjuvante procedure toegepast,
waar het bij de meerderheid een endovasculaire procedure betrof.
Adjuvante procedures waarvoor een open ingreep in de lies of buik benodigd
was, waren geassocieerd met een hogere 30-dagen mortaliteit, waardoor
terughoudendheid met EVAR betracht dient te worden, wanneer dergelijke
adjuvante procedures te verwachten zijn.
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In hoofdstuk 6 is gekeken naar de toepassing van aorta manchetten en ili-
acale extensies tijdens de endovasculaire behandeling. Niet altijd kan
volledige exclusie van het AAA bereikt worden door de standaard stent-
graft en zijn verlengingen noodzakelijk om de interventie tot een succes te
brengen, bijvoorbeeld wanneer het aneurysma zich uitstrekt tot in de ilia-
cale arteriën. In een groep van 6668 patiënten werd bij 4% een aorta
manchet en bij 22% één of meer iliacale extensies toegepast. Ondanks dat
deze groepen vaker een complex AAA hadden, was EVAR even vaak suc-
cesvol als in de controlegroep en hadden deze niet meer device-gerelateerde
complicaties, maar waren wel vaker reïnterventies geïndiceerd in de groep
met iliacale extensies. Hieruit kan geconcludeerd worden dat het gebruik
van manchetten en extensies de gunstige effecten van EVAR niet vermin-
deren.

In hoofdstuk 7 is gekeken naar de noodzaak tot secundaire interventie
vanwege een opgetreden complicatie. In een groep van 2846 patiënten die
tenminste 12 maanden in de studie hebben gezeten, was bij 8,7% een
hernieuwde ingreep noodzakelijk. De meerderheid van deze ingrepen
betrof een transfemorale procedure. De overige reinterventies betroffen
open abdominale procedures en extra-anatomische bypasses. De mortal-
iteit was verhoogd in deze laatste twee groepen. De totale incidentie van
secundaire interventies is wel minder dan in oudere studies, maar levens-
lange opvolging van elke behandelde patiënt blijft nog steeds gewenst.

In hoofdstuk 8 is gekeken naar de voorspellende waarde van de Glasgow
Aneurysm Score (GAS) op de mortaliteit van patiënten met een AAA die
een endovasculaire behandeling ondergingen. De mortaliteit van patiënten
in een slechte conditie die EVAR ondergaan is aanzienlijk en daarom is het
van belang om vooraf zo goed mogelijk te bepalen welke patiënten voor
EVAR in aanmerking kunnen komen. Op basis van de EUROSTAR gegevens
is GAS een onafhankelijke voorspeller van de 30-dagen mortaliteit, waarbij
de oppervlakte onder de curve in een receiver operating characteristic 0,70
is met een betrouwbaarheidsinterval van 0,66-0,74. De 30-dagen mortaliteit
was 1,6% in patiënten met een GAS van minder dan de beste cut-off
waarde van 86,6 en 6,4% in patiënten met een GAS van boven deze
waarde. Hieruit blijkt dat GAS een effectieve voorspeller is van de 30-dagen
mortaliteit in patiënten met een AAA die voor EVAR in aanmerking komen
en kan deze score van waarde zijn in het behandelproces.

In het algemeen worden goede klinische resultaten behaald met EVAR
waarbij de incidentie van complicaties acceptabel blijft. Een adequate
selectie van patiënten blijft geboden om de kans op succes verder te ver-
hogen en de incidentie van complicaties verder terug te dringen.
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De EUROSTAR registratie heeft ruim 10 jaar bestaan en heeft een grote bij-
drage geleverd aan de wetenschappenlijke literatuur omtrent endovascu-
laire complicaties. EVAR staat inmiddels niet meer in de kinderschoenen,
maar is nog lang niet volwassen. Nieuwe initiatieven zijn gewenst om de
volgende generatie stent-grafts te onderzoeken en de kwaliteitscontrole
van de huidige toepassing te garanderen nu die in steeds meer klinische
centra wereldwijd wordt toegepast.
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