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General introduction and outline of the thesis

An aneurysm is a permanent focal dilatation of an artery of more than 
50% of the expected physiological diameter.1 Aneurysmal dilatation can 
occur in every artery but it is most prevalent in the abdominal aorta. Based 
on the normal distribution in the general population, an aortic diameter 
exceeding 3.0cm is regarded as pathological.2 In literature, the prevalence of 
abdominal aortic aneurysms (AAAs) ranges from 1% to 12.7%, depending on 
the characteristics of the studied population.3 Independent risk factors for 
developing an AAA are male gender, smoking, advanced age, other vascular 
disease and a family history of AAA.4

The dilated and weakened arterial wall of an AAA is at risk of rupture, 
which constitutes a serious health threat. A ruptured AAA (rAAA) will lead 
to serious internal bleeding, which is potentially lethal if no emergency 
intervention is performed. The likelihood of rupture is associated with 
increased diameter, female gender and smoking.5 It has been estimated 
that 80% of patients do not survive an rAAA, but it is likely that rAAA-related 
death is underreported.6

To prevent a possible fatal rupture asymptomatic AAAs may be eligible for 
treatment. For preventive measures to be acceptable, it is essential that the 
risk of a rupture outweighs the risk of adverse events of an intervention. 
Current guidelines include both AAA diameter and gender as criteria for 
performing surgery. Patients are eligible for treatment if the diameter 
exceeds 5.5 cm in men or 5.0 cm in women, aneurysm expansion of >0.5 cm 
in 6 months is observed or if an AAA becomes symptomatic.2, 7 Surveillance 
of aneurysms under the diameter threshold is safe, a surgical intervention 
before the 5.5 cm or 5.0 cm has no survival benefit.8, 9 However, the current 
surgical thresholds are debated due to developments in therapy, the 
reduction of risks and new studies regarding gender or AAA morphology.10, 11  
In particular the threshold for treating women with an asymptomatic AAA 
is an important research topic. 2, 7, 12, 13

Different surgical techniques were developed to prevent AAA rupture. One 
of the most famous and nowadays completely abandoned technique was 
wrapping the AAA in polyethene cellophane, which was the procedure 
performed in Albert Einstein in 1948. Cellophane is a tissue irritant that was 
supposed to induce fibrosis and thereby strengthen the aortic wall. Seven 
years after the operation, however, Einstein died as a result of a rupture.
The first description of a successful AAA repair and the basis of modern AAA 
surgery was published by Dubost et al. in 1951.14 The reported treatment 
involved resecting the aneurysmatic aorta and replacing it with an aortic 
homograft. However, the procurement of a homograft is difficult, which 

1
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reduced the applicability and acceptance of this procedure. To overcome 
this problem, experiments with synthetic replacements were performed. 
In 1958, DeBakey et al. started to use polyester (Dacron) grafts, which he 
constructed himself on his wife’s sewing machine.15

In the following decades, the open repair (OR) techniques and graft materials 
evolved and were improved. Nowadays, OR is a proven effective and durable 
intervention, which has been the gold standard for AAA treatment for 
more than 40 years. However, the procedure does involve a laparotomy 
and cross-clamping the aorta, and it is associated with significant blood 
loss and hemodynamic changes.16 Consequently, even contemporary OR is 
associated with substantial perioperative morbidity and 30-day mortality 
of 0.6-4.7%.17-20 These results reflect the physiological impact of surgery on 
patients regarded fit enough to undergo major surgery.

In the past 25 years, the approach to aneurysm repair has changed 
drastically due to the introduction of endovascular treatment. In 1991, Parodi 
et al. and Volodos et al. independently described endovascular aneurysm 
repair (EVAR).21, 22 They described a technique for excluding the aneurysm 
by implanting a metal stent covered with a fabric. The stent graft is inserted 
through the femoral arteries and deployed distal to the renal arteries. The 
stent graft is placed in the correct position using fluoroscopy and a contrast 
agent. EVAR requires no invasive laparotomy nor cross-clamping of the 
aorta, and it can be performed under local anesthesia.

At the beginning of the 21st century, four landmark randomized controlled 
trials (RCTs) compared EVAR with traditional OR in asymptomatic 
patients. The studies clearly proved EVAR to be superior in terms of 
reducing perioperative morbidity and mortality in patients fit for both 
interventions.17-20 Perioperative mortality was significantly reduced to 0.5 - 
1.7% if EVAR was performed. The overwhelming evidence of the short-term 
benefits of EVAR contributed to its rapid and widespread acceptance as the 
first choice for elective AAA repair.23

Although the perioperative advantages are clear, the basic construct of a 
stent graft and the manner of implantation constitute specific challenges. 
Conventional EVAR was designed for infrarenal AAAs with a sufficient 
sealing zone both in the infrarenal aorta (proximal) as well as in the iliac 
arteries (distal). Sealing is achieved by the radial force and apposition of the 
stent graft over a sufficient length. The use of stent grafts and problems 
with sealing can lead to specific complications, such as endoleaks and 
migration.

binnenwerk_Yannickdef.indd   10binnenwerk_Yannickdef.indd   10 15-10-20   10:0915-10-20   10:09
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ENDOLEAK

The most common complication after EVAR is the occurrence of an endoleak, 
which is defined as a ”persistent blood flow within the aneurysm sac but outside 
the stent graft”.24 An endoleak will lead to pressurization of the aneurysm 
sac, which can expand and ultimately rupture. Endoleaks are classified as 
type I through V based on the origin of the endoleak. Endoleaks are detected 
in almost one in four EVAR patients, regardless of the type of stent graft 
implanted.25, 26 The endoleak can either be primary, i.e. visible within 30 
days after the intervention, or secondary, i.e. occurring after an apparently 
successful procedure.24

A type I endoleak is the result of inadequate sealing at the most proximal 
(Ia) or distal (Ib) end of a stent graft. In both cases the aneurysm sac is 
subject to systemic blood pressure and therefore at an increased risk of 
sac expansion and consequent rupture.27 The risk of type Ia endoleaks is 
especially high in case of AAAs with unfavorable infrarenal neck anatomy, 
i.e short, angulated or calcified necks.28

A type II endoleak is defined as retrograde flow from a patent collateral 
artery into the aneurysm sac. This most common type of endoleak is seen 
during follow-up in approximately 10% of EVAR patients.29 The clinical 
significance is not well understood and many regard this type of endoleak 
as benign. Therefore, treatment is only performed if sac expansion is 
observed.30-32

A type III endoleak is reported if there is a defect in the graft material or a 
disconnection of components. Because a type III endoleak is a high-pressure 
leak, with the associated rupture risk, it requires a similar approach as type 
I endoleaks, which means that a secondary intervention is necessary.27

A type IV endoleak is a microleak caused by a porous fabric and is seen 
within 30-days of implantation.2, 7 These endoleaks are becoming less 
common due to the development of more suitable fabrics. The microleaks 
require no intervention as they are often self-limiting.

If a growing aneurysm is seen after EVAR in the absence any apparent 
endoleak, it is regarded as a type V endoleak. This situation is often referred 
to as endotension. Endotension requires a thorough work-up to exclude 
other possible causes for the sac expansion.

1
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MIGRATION

Another possible complication after EVAR is movement of the endograft 
from the original position, which is called migration. Displacement 
is regarded relevant in case of a migration of >10mm, or <10mm but 
causing an endoleak or resulting in symptoms.33 Because a stent graft is 
not biologically incorporated, mechanical fixation is required to prevent 
migration. Important factors to ensure fixation are the radial forces exerted 
by oversizing of the stent graft and the friction between the stent graft and 
a healthy aortic wall of sufficient length. However, some manufacturers 
considered radial force and friction alone not to be insufficient, so they 
added hooks and barbs to aid in fixation and prevent migration. Studies 
in cadavers showed that the force required to dislodge a stent graft is ten 
times higher in models with hooks and barbs than in those without.34, 35 
Increased stability of stent grafts made it possible to treat shorter and more 
angulated infrarenal necks.

Due to differences in stent grafts and aortic morphology, elective 
endovascular AAA repair requires thorough patient selection, procedure 
planning and device selection. In case of rAAAs, however, the situation is 
more challenging. Due the life-threatening condition, the available time 
frame for imaging, pre-operative planning and stent graft selection is very 
short. Nonetheless, the first ruptured EVAR (r-EVAR) was performed in 
1994 but until today it has not received the same acceptance as elective 
EVAR.36 Skeptics of r-EVAR argue that it is not superior because of the need 
for preoperative imaging, planning and having to rely on fluoroscopy. A 
single misinterpretation during planning can result in treatment failure 
and the death of the patient.37 On the other hand, supporters of r-EVAR 
argue that the most vulnerable patients benefit the most from the reduced 
physiological impact of EVAR.38 Theoretically, the postoperative mortality 
and morbidity could be reduced in a fashion similar to elective EVAR.

Various observational studies support the feasibility and advantages of 
r-EVAR.39, 40 However, short-term data from four RCTs did not demonstrate 
a benefit in favor of either EVAR or OR in rAAA.41-44 The discrepancies fuel 
the debate and the validity of trials has been challenged.38, 45 One of the 
concerns is that the trial population does not reflect the real-world rAAA 
situation. In some randomized trials less than 30% of all rAAA patients were 
included.42, 46

Several studies tried to design a tool to determine the likelihood of survival. 
Although these scoring systems can provide a survival estimation, they 
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are not suitable for decision making.47-50 In addition, survival changes are 
likely to be influenced by optimization of pre-hospital care and treatment 
strategies.

An important reason for exclusion for r-EVAR is anatomic unsuitability. 
Approximately 50% of patients have favorable anatomic characteristics 
for EVAR.51 In the RCTs, this rate was even lower, ranging between 32 and 
39%. Remarkably, others claimed to be able to treat all rAAAs with EVAR, 
sometimes with the use of adjunctive procedures.42, 46, 52

Favorable anatomy and suitability are subjective concepts. In current 
practice, suitability is mostly based on the manufacturer’s anatomical 
guidelines in the Instructions for Use (IFU). Since regulatory bodies admit a 
device to the market based on its performance within the IFU, complications 
resulting from off-label use can have legal consequences.53 However, the 
IFU is mainly drafted based on pre-clinical data, and a safety margin is 
embedded.

Many specialists push the anatomical boundaries to be able to treat more 
patients with EVAR. However, treating patients outside IFU is controversial. 
The observed effects of treating patients outside IFU differ in literature. 
Some studies report increased complication rates, in particular with regard 
to type I endoleaks and migration.28, 54, 55 However, other studies suggested 
that treatment of patients outside IFU is safe.56-60 Variations can be caused 
by the inclusion of different stent graft designs in different time periods. 
Possibly more important is the fact that ‘outside IFU’ is a broad concept. The 
risk of complications might be reduced by implanting a stent graft outside 
IFU but within certain limitations.

Besides the infrarenal neck challenges, results may also be influenced by 
the iliac artery anatomy. For example, iliac artery aneurysms are present 
in about 20% of AAA patients.61, 62 One option to obtain sufficient sealing is 
an extension of the stent graft into the external iliac artery. This includes a 
potential risk of a type II endoleak from the completely or partly covered 
internal iliac artery (IIA). Therefore, in such cases, current guidelines advise 
to occlude the IIA. Remarkably, this recommendation is not supported by 
scientific evidence.12 Coverage of the IIA can result in buttock claudication 
and erectile disfunction, which is often temporary. A more recent option that 
can preserve blood flow to the IIA is the use of an iliac branched device (IBD). 
These off-the-shelf iliac extensions have a side branch that can be extended 
into the IIA. Although the negative effect of IIA coverage is resolved, it is a 

1
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technically more difficult solution associated with substantial costs and with 
a limited applicability.63, 64

Another concern in EVAR is the long-term durability of AAA exclusion. 
Progressive arterial dilatation of the proximal and distal sealing zones can 
result in endoleaks and/or in migration. The previously discussed radial force 
results in sufficient sealing up to the construction diameter of the stent graft. 
Added hooks will be able to reduce migration but not endoleaks. To timely 
detect complications and allow for planned interventions, the European and 
American guidelines advise lifelong follow-up.2, 7 However, scientific support 
in form of long-term data, with over 10 years of follow-up is scarce. Recently 
the combined long-term results of the landmark RCTs have been published, 
showing an increased rate of secondary interventions in the EVAR group.65 
As life-long follow-up requires a great amount of resources, it should be 
performed efficiently. Algorithms to reduce the burden of follow-up are 
being proposed. Imaging of stent graft position and changes in sac diameter 
are used to determine the frequency of follow-up.2, 66

There are only a few publications comparing different stent graft designs. 
A study that did report on stent graft design and device evolution showed 
that the most profound improvement was achieved when physician-made 
stent grafts were replaced by commercially-made stent grafts in the mid 
90s.67 Although evolution is interesting in order to interpret historic data, a 
head-to-head comparison of different stent grafts might be more relevant. 
Comparing different stent graft designs can help identify strengths and 
weaknesses of certain design features. Knowledge of strengths can aid 
physicians in their procedure planning.

OUTLINE OF THIS THESIS

This thesis consists of three parts that focus on various challenges in EVAR. 
Part one is dedicated to emergency EVAR. In part two, the emphasis is on 
anatomical limitations and dealing with challenging proximal and distal 
sealing zones. Part three reports on stent graft evolution and long-term 
EVAR results.

Part one – Ruptured abdominal aortic aneurysms

Chapter 2 provides an overview of current strategies in rAAAs with the focus 
on EVAR. Furthermore, challenging anatomy in rAAAs and treatment options 
are discussed. Chapter 3 presents the results of a retrospective multicenter 
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study focused on cardiopulmonary resuscitation prior to ruptured AAA 
surgery. Chapter 4 reports on a high-volume center’s 15-year experience 
in using EVAR for both elective and emergency AAAs.

Part two – EVAR in challenging aortic anatomy

The applicability of EVAR is limited by abdominal aortic anatomy, specifically 
by the anatomy of the infrarenal neck. Many patients have an anatomy that 
is unfavorable for EVAR but are nevertheless treated with EVAR in case of a 
ruptured AAA, as is reported in Chapter 5.
A retrospective study comparing outcomes in r-EVAR patients with favorable 
and unfavorable infrarenal neck anatomy reports both technical and short-
term clinical success.

Chapter 6 presents the short-term results of the Endurant for Challenging 
Anatomy: Global Experience (EAGLE) Registry. The EAGLE Registry is an 
international multicenter registry collecting data on the use of the Endurant 
stent graft outside IFU. Concomitant iliac artery aneurysms can increase 
the complexity of EVAR by using an IBD or coiling of the IIA. In Chapter 7 
the results of coverage of the internal iliac artery without coil embolization 
is described. The study reports mid-term technical results and clinical 
outcomes.

Part three – Long-term outcomes of EVAR

Long-term data is required to gain insight into the safety of EVAR and the 
necessity for lifelong yearly follow-up. Chapter 8 reports the ten-year 
outcomes of patients treated with the Talent stent graft, the predecessor 
of the Endurant stent graft.

A comparison of old and new stent grafts is rare but can help in the 
development of future devices. Chapter 9 compares the outcomes of the 
Talent stent graft with the currently available Endurant stent graft.

1
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ABSTRACT

A ruptured abdominal aortic aneurysm is one of the most fatal medical 
conditions. Although the introduction of endovascular aneurysm repair has 
improved outcomes in non-ruptured abdominal aortic aneurysm, the merits 
appear less distinct in emergency repair.

Results of randomized controlled trials and cohort studies are conflicting. 
An increasing number of patients are being treated through endovascular 
repair. Centers that adopted an EVAR-first approach show improved results. 
The use of endovascular technology brings new challenges that need to be 
addressed.

Besides endovascular treatment, there is a need for refining preoperative 
care, patient selection and postoperative management to improve overall 
survival.

binnenwerk_Yannickdef.indd   26binnenwerk_Yannickdef.indd   26 15-10-20   10:0915-10-20   10:09



27

Current practices and challenges in ruptured AAA repair

INTRODUCTION

A ruptured abdominal aortic aneurysm (rAAA) is a life-threatening medical 
condition that requires immediate surgical intervention. The overall 
mortality of rAAA is estimated at 80%.1 The elective treatment of abdominal 
aortic aneurysms (AAA) was introduced in 1951 by Dubost et al. by means 
of open repair (OR) and replacing an aneurysm with a homograft.2, 3 In the 
following decades both techniques and materials were refined and OR has 
become the gold standard in AAA treatment. Although OR has undergone 
various improvements, rAAA 30-day mortality rates remained as high as 30-
50%.1, 4-7 New approaches to rAAA management and perioperative care might 
provide opportunities to improve survival in this high-risk population.

The treatment of non-ruptured, elective AAAs has undergone significant 
changes in the past 25 years. In 1991, Parodi et al. and Volodos et al., 
independently of one another, introduced endovascular aneurysm repair 
(EVAR).8, 9 EVAR was regarded as an alternative treatment for patients with 
severe comorbidities that made them unsuitable for OR. However, several 
randomized controlled trials (RCTs) showed that EVAR reduces postoperative 
mortality and morbidity compared to OR for all patients.10-12 As a result, 
EVAR has become the preferred treatment of non-ruptured AAAs in general. 
The first EVAR for a rAAA (REVAR) was performed in 1994 by Yusuf et al.13 In 
contrast to elective surgery, EVAR has not become the primary treatment 
for rAAAs over the past two decades.

Following the RCTs for elective AAA repair there have been multiple 
rAAA trials. The results of the Amsterdam Acute Aneurysm (AJAX) trial, 
The Immediate Management of Patients with Rupture: Open Versus 
Endovascular Repair (IMPROVE) trial and Endovasculaire ou Chirurgie 
dans les Anevrysmes aorto-iliaques Rompus (ECAR) trial however, did not 
show a survival benefit of REVAR over OR.4-6 In contrast with these RCT 
findings, reports of high-volume vascular centers that changed to an EVAR 
oriented emergency protocol did show a survival benefit.14-18 There are 
various fundamental differences between RCTs and cohort studies that 
might explain this discrepancy. Regardless of these results, the percentage 
of EVAR for rAAA is increasing, techniques are refined and boundaries are 
being explored.

Since the introduction of EVAR, the number of limitations has gradually 
decreased and the lessons learned from elective surgery have found their 
way into emergency surgery.

2
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In this overview, we will discuss developments and current opinions on 
both pre-operative and surgical care of rAAA patients. The predominantly 
anatomical limitations of EVAR will be discussed in more detail.

PREHOSPITAL CARE AND PATIENT SELECTION

Approximately 30% of patients die before reaching the hospital, leaving 
ample room for improvement.1 Improvements in prehospital care might 
result in a reduced prehospital mortality and also improve a patient’s 
condition on arrival.

An important factor in prehospital, but also in-hospital, care is the first 
response to a hypotensive patient. In general, the primary response 
to hypotensive patients is fluid replacement in an attempt to improve 
circulation. Although this approach is beneficial in multiple medical 
conditions, this practice might even increase mortality in rAAA patients.

In 1991, Crawford published an editorial on the importance of prehospital 
care and fluid therapy.19 In this editorial Crawford suggested that aggressive 
fluid resuscitation, often in excess of 2000 mL of crystalloids, is harmful 
and stated that there is no need to strive for a normalized blood pressure. 
A restricted fluid replacement and acceptance of the subsequent so-called 
‘permissive hypotension’ was proposed. Hypotension in theory reduces 
hemorrhaging and allows for coagulation. A rapid volume expansion on 
the contrary counteracts this mechanism and results in anemia, and both 
consumption and dilution of coagulation products. As a result, aggressive 
fluid replacement impairs organ oxygenation and promotes continued 
blood loss that will result in exsanguination.19 Various studies that focused 
on hemorrhagic shock in rAAA or trauma have confirmed that aggressive 
fluid replacement is potentially harmful.20-25 The lowest acceptable blood 
pressure in rAAA is not well defined. Crawford aimed at maintaining a 
systolic blood pressure of 50-70mmHg while current guidelines advise 50-
100mmHg.19, 26 An important factor in the lowest systolic blood pressure that 
is tolerated is the existence of comorbidity. An elderly patient with significant 
atherosclerosis presumably requires a higher blood pressure than a young 
healthy person to maintain adequate cardiac and cerebral perfusion. 
Therefore, many believe that permissive hypotension should be guided by 
signs of malperfusion, like loss of consciousness and electrocardiogram 
changes, as opposed to systolic blood pressure.23 The IMPROVE trial, 
however, showed a significantly higher mortality in patients with a systolic 
blood pressure of <70mmHg.21 This might indicate a small margin in which 
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permissive hypotension reduces further bleeding without increasing the 
risk of multi organ failure. However, immediate prehospital care is, in many 
countries, the responsibility of paramedics. These first responders need 
to be able to diagnose whether hypotension requires fluid administration 
or not. With sufficient training and instructions, a high adherence rate to a 
permissive hypotension protocol can be achieved, without compromising 
patient safety.27, 28

Another important factor for survival is the likelihood of treatment and 
hospital allocation of a patient. In general, the increasing size of an institution 
is positively associated with survival and low palliation rates.7, 29, 30 Ozdemir 
et al. report that this effect is the result of volume of rAAA repair, medical 
and nurse staffing and increased use of radiodiagnostics.29 The effect of 
medical staff relies predominantly on the number of consultant doctors, 
indicating that experience is of great importance. Furthermore, immediate 
availability of radiodiagnostics might be a measure for the availability of 
REVAR and possible related benefits.29 In centers with a high exposure to 
rAAAs the mortality rate is significantly lower than in those with a lower 
exposure.29 This is an indication that influence of the surgeons’ experience 
even exceeds that of mere hospital size.29, 31, 32 It is highly unlikely that the 
volume effect is the result of successful treatment alone.29

Because complications are inevitable after rAAA surgery, proper vigilance 
and immediate response to complications is essential. The reported so-
called ‘failure to rescue rate’ are lower for both OR and EVAR in high-volume 
AAA centers.33 Consequently, transferring a patient to a large specialized 
center is likely to improve the rAAA outcome. More importantly, there 
is no compelling evidence that the disadvantages of delay by transfer 
outweigh the benefits of specialized care by an experienced staff.21, 34, 35 
Because there are different opinions about the best possible care, and in 
what condition a patient is transferrable, regional cooperation is vital and 
proven effective.35

In an attempt to define patient characteristics that determine transfer 
eligibility, a three-round Delphi questionnaire amongst vascular and 
endovascular specialist in the UK was performed.34 A consensus was reached 
on only a small number of characteristics, a clear indication of the existing 
controversy. Patients aged <85 years who are responsive or have fluctuating 
consciousness with minimal to moderate systemic disease are eligible for 
transport.34 Remarkably, only patients that suffered a cardiac arrest or those 
institutionalized for physical infirmities should not be transferred.34 The 
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results of the Delphi consensus also showed that there is a demand for 
scientific evidence.

An additional benefit of allocating a patient to a large vascular center is 
the likelihood of undergoing a surgical intervention. Karthikesalingam et 
al. compared the outcomes of rAAA treatment in the USA and England to 
investigate possibilities for improvement. The outcomes of rAAA care in 
the USA were significantly better than those in England. Particularly the 
differences in non-corrective treatment are striking. In the USA, rejection 
rates differed between low bed and high bed capacity centers from 51.3% to 
8.9%, respectively. In England, 36.3% of patients did not undergo treatment 
in a high bed capacity center. Not only do these result support transfer 
and treatment to high volume hospitals, it also demonstrates significant 
differences between countries. The combined overall results showed that 
in the USA 19.6% of patients are not offered surgery for a rAAA opposed to 
41.5% in England.7

The decision to deny surgical intervention is difficult, as it requires the 
prediction of survival under time pressure and with (sometimes) limited 
patient information. The results presented by Karthikesalingam et al. Imply a 
rigorous selection strategy in England, resulting in a population to be treated 
in a better condition compared with the USA. However, the postintervention 
mortality rates are similar between the USA and England, 41.7% and 41.8% 
respectively.7 Unfortunately, their study does not allow for case-matching 
or in-depth analysis of patient selection. However, it is illustrative for the 
fact that selecting patients is a challenging task with considerable room for 
improving overall survival.

Various studies aimed at predicting survival based on preoperative data. The 
goal of these studies is to assist clinical decision-making and allowing for a 
fair comparison of hospital outcomes. These studies identified numerous 
patient characteristics that have a significant influence on survival and 
combined them in numerous prediction models. The Vancouver scoring 
system, Hardman Index, Glasgow Aneurysm Score (GAS), Physiological 
and Operative Severity Score for enumeration of Mortality and Morbidity 
(POSSUM) and the Edinburgh Ruptured Aneurysm Score (ERAS) is only a 
selection of the available prediction models. The number of prediction 
models indicates that there is an ongoing demand for a tool that can 
accurately predict mortality. All prediction models are different and some 
require extensive amounts of data, while others need information that is 
readily available in the emergency department.22, 36-41 Regardless of the 
number of variables, there is always a margin of error. The importance 
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of dealing with a margin of error is addressed by a study performed by 
the authors of this overview in which we showed that patients requiring 
cardiopulmonary resuscitation prior to rAAA repair did have a chance of 
survival, in contrast to previous beliefs.42 Therefore, we share the opinion 
that not only predication models should be used to influence decision-
making. An experienced vascular surgeon should assess all rAAA patients 
before rejecting treatment.42, 43

EVAR VERSUS OR

Since the introduction and with the evolution of stent grafts, EVAR has 
become the preferred treatment for elective AAA repair. This popularity is 
supported by RCTs like Endovascular Aneurysm Repair (EVAR)-1 trial, Dutch 
Randomized Endovascular Aneurysm Management (DREAM) trial and Open 
Versus Endovascular Repair (OVER) trial, that showed that short-term results 
of EVAR are superior to those of OR.10-12 The 30-day mortality of 0.5-1.7% 
in EVAR was significantly lower than 3.0-4.7% reported in OR.10-12 The lack 
of a midline laparotomy, reduced blood loss and no need for aortic cross-
clamping are factors that account for the reduced short-term mortality and 
morbidity. This limited physiological impact also allows AAA treatment for 
patients that are regarded unsuitable to endure conventional OR.44 No need 
for an invasive laparotomy and aortic cross-clamping and reduced blood loss 
in elective surgery is likely to benefit vulnerable rAAA patients. Aside from 
these advantages, REVAR can be performed under local anesthesia.21

In order to explore the possible advantages of EVAR in rAAAs four RCTs have 
been performed.4-6, 45 The first RCT, the Nottingham trial, was performed by 
Hinchliffe et al. and randomized 32 patients in a single center in Nottingham 
(UK). This trial showed, in contrast to the authors’ hypothesis, similar results 
in EVAR and OR.45 Hinchliffe et al. do question if the unselected nature of a 
RCT is appropriate to prove superiority in rAAAs.45 A lack of negative results 
made it ethically acceptable to perform appropriately powered multicenter 
trials with the same goal.

The first published multicenter AJAX trial, was performed in the Amsterdam 
region. The AJAX trial randomized a total of 116 patients to be treated in one 
of the three trial centers. Similar to the Nottingham trial, AJAX reported equal 
EVAR and OR mortality rates of 21% and 25%, respectively. However, AJAX 
included only 22% of all rAAA patients in the trial region and analysis of the 
results showed that the study was underpowered.4 Furthermore, the AJAX 
protocol prescribed the implantation of an Aorto-Uni-Iliac (AUI) stentgraft 
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and although only three treatment sites were used, there is no information 
on the operators’ experiences. The low inclusion percentage and the fact 
that high-volume, experienced endovascular centers (with relatively good 
results compared to AJAX) often prefer bifurcated grafts gives reasons to 
doubt whether results of AJAX are comparable to the results of these high 
volume centers with experienced endovascular surgeons.16

The largest rAAA trial currently available is the IMPROVE trial from the UK.5 
In IMPROVE patients were not randomized to a particular therapy but to a 
treatment strategy. Patients were randomized based on the clinical diagnosis 
of a rAAA before any diagnostics. If randomized to the EVAR strategy this 
was the preferred treatment if the aortic anatomy was suitable. As a result 
of this design, 54% of patients allocated to the EVAR strategy were REVAR 
treated. The results are determined on an intention-to-treat basis, meaning 
that patients were analyzed as part of the EVAR strategy group while in fact 
they were unsuitable and received OR. The IMPROVE trial concludes that 
there is no difference in mortality and cost between OR and EVAR strategy.5 
Although this is the largest trial available, the design does not permit a direct 
comparison of EVAR to OR. The IMPROVE trial aimed at exploring differences 
in the approach to suspected rAAAs, not the actual treatment. This resulted 
in an analysis of all patients allocated to either the EVAR group or OR group, 
however, this is often not the treatment given. In the EVAR group only 87% 
had a rAAA and of all rAAA patients 48.7% were actually treated by REVAR. 
However, the results that are presented report on the entire endovascular 
group because of an intention-to-treat analysis. The conclusion of IMRPOVE 
states: “A strategy of endovascular repair was not associated with significant 
reduction in either 30 day mortality or cost”.5 Unfortunately this conclusion 
is commonly interpreted and reported saying there is no difference between 
EVAR and OR. The true mortality rates of EVAR and OR in IMPROVE are 25% 
and 38%, respectively.

The latest French trial, ECAR, is similar to AJAX and included 107 patients.6 
ECAR was also unable to demonstrate a survival benefit of EVAR in rAAA. 
Inclusion in ECAR required patients to be stable and to be treated by 
approved operators. These three trials were combined in a meta-analysis 
by Sweeting et al. to produce more robust data. However, the limitations 
of trials included in the meta-analysis, also account for the meta-analysis 
itself. Sweeting et al. concluded that there is a trend supporting the use of 
REVAR. In addition, there is evidence that women benefit from REVAR and 
patients are discharged sooner.46
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Interestingly, the results of various single-center experiences are in contrast 
with the RCT findings. Many specialized vascular centers have adopted an 
“EVAR first” or “EVAR only” strategy for rAAA cases. These centers report 
an improved survival in the period after the new REVAR protocol was 
implemented compared with the pre-protocol period.14-18, 47 Veith et al. 
collected data from 49 centers worldwide showing a clear benefit of REVAR 
with mortality rates of 19.7% while 36.3% is reported for OR.47 A meta-
analysis combining the results of 8201 REVAR procedures with 51740 OR 
procedures also showed a combined 30-day mortality of 30% for REVAR 
and 42% for OR resulting an advantage for REVAR in emergency repair (odds 
ratio (OR), 0.56; 95% confidence interval (CI), 0.50-0.64; p < .01).48 Many 
of these results are single-center populations that, with a risk of bias, do 
send a strong message that counteracts the results of randomized trials. 
Further evidence that EVAR improves the outcomes is drawn from studies 
comparing hospitals. The previously mentioned studies by Ozdemir et al. 
and Karthikesalingam et al. reported that centers with a high rate of REVAR 
had a reduced mortality.7, 29 This raises the question why RCTs were unable 
to prove any differences while other types of studies did show an advantage 
for REVAR. Some argue that, besides the individual flaws of trials, an RCT in 
general is not the appropriate design for studying rAAA care.47

The basis of a RCT is randomization of all patients with a certain condition. 
Like the RCTs in elective AAA repair including all AAA patients suitable for 
EVAR and OR.10-12 In the IMPROVE trial patients were included and randomized 
based on the clinical diagnosis of rAAA, the condition was not proven. Of 
all patients allocated to the EVAR limb, 87% were rAAA of which 64% were 
EVAR suitable. IMPROVE can, based on design, not be compared to trials 
like AJAX and ECAR. In the AJAX and ECAR trial another effect is observed 
that hampers the trials validity. Less than 30% of patients with a rAAA were 
randomized and transferred to a trial center. Reasons for exclusion were, 
among other things, EVAR suitability, no computed tomography (CT) scan, no 
referral to a trial center and hemodynamic instability.4, 6 In daily practice it is 
the unstable patient that benefits the most from a less invasive approach.47 
A recent publication by Gupta et al. supports this assumption showing a 
reduction in mortality in hemodynamic unstable REVAR patients compared 
to OR (35.6% vs. 47.9%, p < .001).49

To determine the effect of REVAR both centers and surgeons must possess 
a comparable level of skill in EVAR and OR. To standardize the level of skill, 
ECAR and IMPROVE had specific requirements for participating surgeons. In 
ECAR, only a procedure performed by surgeon with a minimum of 15 elective 
EVARs was suitable for inclusion.6 There were no specific requirements for 
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rAAA surgery. In the IMPROVE trial, a center must perform a minimum 
of 20 elective EVAR cases a year, and five REVAR cases must have been 
performed.5 In IMPROVE the quantities were used for center selection 
but the individual physician’s experience was not defined. As previously 
described, it is not only center experience but also operator experience 
that is of great importance. Unfortunately, there is no data on the level of 
experience that is required to reduce mortality. However, it is disputable that 
a hospital volume of 20 elective EVAR cases yearly or five REVAR cases ever 
will result in outcomes as produced by high volume centers with a REVAR 
first strategy for many years.

The numerous challenges of an emergency-care related RCT limit the 
possibility of obtaining results with similar strength and impact as in elective 
surgery. Furthermore, an RCT for rAAA might not provide the best care 
for an individual patient and result in unnecessary fatalities. Ambler et al. 
compared the results of their center before and during their participation 
in the IMRPOVE trial. The overall 30-day mortality changed from 15% before 
to 31% during IMPROVE.50 The post OR mortality remained the same while 
the EVAR mortality increased during IMPROVE. Ambler et al. argue that 
this difference is the result of various forms of selection. Regardless of the 
cause, these results show that performing a RCT might not always be in the 
patient’s best interest.

The well-structured manner in which a RCT is performed does provide 
insight into components of rAAA care. Some believe that the required CT-
scan and additional treatment planning compromises patient safety in 
REVAR making it unsuitable for unstable patients. The combined results of 
the RCTs did show that the time to start of repair is longer for REVAR, the 
absolute differences are highly variable.46 However, it is unclear to what 
extent the difference influences the treatment outcome. In recent studies 
the majority of patients had a CT scan without compromising safety.5, 51 
Besides REVAR planning, a CT scan has the possibility to diagnose other 
medical conditions. The clinical diagnosis of a rAAA was incorrect in 13% of 
patients in IMPROVE.5 In the AJAX trial OR was started in three patients with 
a diagnosis other than rAAA.4 Another result of IMPROVE is addressing the 
importance of CT in planning OR as well. Challenging aortic morphology, 
short or angulated infrarenal necks, increased mortality in REVAR but also 
in OR.52 Therefore, a CT scan in all patients does not only increase the 
treatment possibilities but will also assist in clinical decision-making.
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The data from various cohort studies, albeit prone for bias, do provide 
strong indications that REVAR performs better. It is likely that these results 
will only improve with further refinement of techniques.

TECHNICAL CONSIDERATIONS IN EVAR

Within the decades of OR, the techniques have been gradually modified. For 
EVAR this technical refinement is currently ongoing.

First of all, the limited surgical impact of REVAR is supported by a different 
anesthetic approach. Although general anesthesia allows for complete 
patient control and does not require any patient cooperation, it also might 
have deleterious effects. Induction of general anesthesia results in losing 
abdominal wall tension. As a result the tamponade effect of a retroperitoneal 
hematoma is lost and a patient might suffer from a cardiac collapse.53 
Performing emergency REVAR under local anesthesia with sedation has 
been described with good results. When comparing the outcomes local 
to general anesthesia in emergency EVAR it resulted in an up to fourfold 
reduction of mortality (OR 0.27; 95% CI:0.10-0.70).21, 54 Although there is 
strong evidence that local anesthesia is superior, the application varies 
between studies.4, 6, 21 In dedicated endovascular centers a rate up to 86% of 
local anesthesia can be achieved, indicating it is feasible in most patients.55 
However, a procedure started under local anesthesia can be converted to 
general anesthesia after aortic control is obtained. This strategy reduces 
the risk of cardiovascular collapse but does offer patient control while 
completing the procedure. Controlling hemorrhaging can be achieved by 
rapid graft deployment or intra-aortic balloon occlusion.

The ability to obtain visible aortic control by means of cross-clamping is a 
proclaimed reason to perform OR in unstable patients. In general, REVAR 
does not require such measures if the graft is rapidly deployed. However, 
in unstable patients a quicker intervention might be preferred to avoid 
exsanguination before surgery. Inflating a balloon proximal of the aortic 
rupture can cease the hemorrhaging more rapidly as opposed to precision 
placement of the graft. The technique of intra-aortic balloon occlusion has 
been adopted from trauma care and can be performed in the emergency 
room if necessary.56 Inserting the balloon is possible via a brachial or 
femoral approach. Although both approaches achieve the same results, 
the femoral approach is often preferred. The femoral approach leaves 
the arms accessible for the anesthesiologist, there is no interference with 
the C-arm and limits manipulation of wires in the aortic arch.57, 58 The use 
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of this strategy differs greatly between centers and doctors. The results 
of IMPROVE, AJAX and ECAR show a variability between 3.4% in AJAX to 
16.8% in ECAR.46 In our own experience, a balloon occlusion is seldom if 
ever needed. The benefits of balloon occlusion are not very clear as well 
controlled trials are not available. The limited evidence that is available does 
not promote routine application of intra-aortic balloon occlusion but merely 
as a last resort. The available evidence suggests an improved outcome, 
albeit limited, of balloon occlusion in very unstable rAAA patients.59, 60

One of the changes since early rAAA EVAR studies has been the configuration 
of the implanted stent graft. Initially AUI devices were implanted, combined 
with a femoral-femoral cross-over. This approach allowed for rapid aortic 
control, as it did not require contralateral limb placement.4, 61 Furthermore, 
the use of an AUI implied a limited stock of stent grafts in a so-called 
emergency kit. In recent publications, however, the proportion of bifurcated 
grafts has increased although large differences still exist. In the ECAR 
trial, 22.6% of rAAA patients were treated using a bifurcated graft while 
in the IMPROVE trial this rate was 72.6%.6, 21 The reason for these different 
preferences are not entirely clear. The argument that contralateral limb 
placement would take extra time was already disputed by Lachat et al. in 
2002.54 Lachat et al. argues that a bifurcated graft is a more anatomical 
reconstruction maintaining sufficient pelvic and lower extremity blood flow. 
Furthermore, a femoro-femoral bypass requires placement of an occluder 
and a more extensive dissection. The implantation of additional graft 
material might increase the risk of infection. A difference in performance of 
AUIs or bifurcated grafts is not demonstrated in rAAA, however bifurcated 
stent grafts perform better compared with AUIs in elective surgery.62 In 
our center a bifurcated graft is preferred for similar reasons as stated by 
Lachat et al.54

CHALLENGES

Mayer et al. have described a revolutionary “EVAR only” approach to 
rAAAs in two centers.16 This progressive approach is the result of a 
comprehensive experience and being able to cope with the limitations of 
standard (infrarenal) EVAR. It is known that a substantial group of patients 
is unsuitable for EVAR based on anatomical features. The Achilles’ heel is 
predominantly the infrarenal neck and to some extent femoral access.63 All 
stent grafts have instructions for use (IFU) indicating the anatomical range 
for which the graft is intended.
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The IFU is specific for every device, however, in general an infrarenal neck 
of <15mm or with an angulation >60° infrarenally is regarded as outside 
IFU. An infrarenal neck <10mm is regarded outside IFU for all commercially 
available endografts.

Because the IFU has legal status and is based upon pre-clinical data, there is 
a considerable margin of safety. Many believe that the IFU is a guideline that, 
with sufficient experience, can be approached in a liberal manner. A less 
strict reading of the IFU would especially benefit the treatment of rAAA.

Reduced infrarenal neck length and aortic neck angulation results in 
approximately 50%-80% of rAAA patients non-compliant with the IFU, in 
contrast to 30% reported in elective AAA cases.63-66

Promising results have been reported in two meta-analyses performed on 
off-label elective EVAR. A technical success of 97% can be achieved with the 
use of adjunctive procedures.67, 68 After the initial successful treatment there 
is an increased risk of type-I endoleaks within the first year. However, the 
influence of a challenging procedure on survival is very limited and some 
argue non-existent.67, 68

Remarkably, there is little known about off-label use in rAAA. While some 
report that an infrarenal neck >5mm is accepted, there is no data on 
REVAR performance between 5 and 10mm necks.55 A publication from our 
center on the subject showed that off-label use did not increase 30-day 
mortality.66 Similar to the results obtained in elective AAA, more adjunctive 
procedures are required to achieve technical success. Therefore, these 
procedures should only be attempted in experienced centers with sufficient 
stock to overcome intraoperative complications. Several techniques that 
were designed for elective AAA repair have been adapted for REVAR. This 
creates the possibility to treat even the most challenging ruptured cases 
with EVAR.

In essence these techniques transfer the sealing zone proximally with using 
off-the-shelf components. The chimney technique, introduced in 2003 by 
Greenberg et al. is very promising.69 The described treatment uses covered 
stents placed via a brachial approach in the renal arteries. After renal access 
is obtained the aortic stent graft is moved proximally, creating a seal that 
covers the renal ostium. After deploying the stent in the renal arteries these 
stents run parallel between the graft and the aortic wall. A comparable result 
can be achieved using a femoral approach through the contralateral limb. 
This technique allowed for visceral perfusion with the use of commercially 
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available grafts.69 In the following years the technique has been improved 
and experience has been gathered. Recently two dedicated registries have 
published their results using the chimney technique. The first registry 
Performance of the chimney technique for the treatment of complex aortic 
pathologies (PERICLES) included 517 patients worldwide. This is the largest 
registry so far that proved chimney EVAR to be a safe technique with limited 
possible disadvantages. The most common disadvantage is type-I endoleaks 
through “gutters”. These gutters arise alongside the renal stents because the 
aortic graft is not intended to mold around another graft. PERICLES had a 
technical success of 97.1% showing that the risk of gutters is acceptable.70 
The second registry, Performance of the Endurant abdominal stent-graft in the 
treatment of pararenal pathologies by the chimney technique (PROTAGORAS), 
used a standard set of grafts. PROTAGORAS showed, similar to PERICLES, 
that the technique is safe and that also a fixed graft combination is feasible.71 
With the use of off-the-shelf components, often present in the emergency 
stock, this technique is suitable for complex rAAAs. If the chimney technique 
is used in rAAAs it could increase the REVAR suitability to 60% or even more. 
Some even argue that a 100% is feasible.16, 72 However, current clinical data on 
emergency chimney is limited to case reports and small series.70, 73 The largest 
series is part of the PERICLES registry with 29 patients. The 30-day mortality 
in this group was 24.1%, comparable to mortality rates of the rAAA trials.4-6, 70 
Unfortunately no further data on postoperative complications is available to 
evaluate treatment success.70 The promising results are inspiring but they are 
produced by world leading centers in this field reducing the applicability.

For elective AAA repair custom made fenestrated devices have been 
available for almost two decades. The custom design and manufacturing 
time limits the applicability in emergency care. However, more recently 
off-the-shelf branched devices have become available to overcome this 
limitation. These special grafts could be a valuable addition to the range of 
endovascular options in short infrarenal necks or juxtarenal rAAAs.74, 75 In 
theory 49% of the short infrarenal neck (<15 mm) rAAAs could be treated 
with one of these devices.76 Although the treatment appears to be safe 
and effective, there is little evidence of their performance in emergency 
procedures.77 Just as chimney EVAR this technique requires a high level of 
skill and experience. A more practical issue is the need for additional grafts 
in an emergency stock.

Some might argue that off-label use should not be performed because 
unnecessary risks are being taken with new techniques. In addition, these 
challenging cases might be excellent for OR. However, short infrarenal necks 
are also a challenge for OR, where no IFUs apply.
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The data from the IMPROVE trial showed that short and angulated necks 
not only challenge REVAR but also OR.52 Cross-clamping in OR is preferably 
done just below the renal arteries to allow for sufficient perfusion. However, 
challenging morphology does not allow for infrarenal clamping, and higher 
aortic occlusion can reduce survival.52 These results show that patients with 
short infrarenal neck require additional consideration before any treatment. 
The results of endovascular solutions are limited and are predominantly 
to prove feasibility. We believe that the current trend of EVAR for the most 
complex rAAAs in specialized centers will provide more answers. However, it 
is questionable if the skills and experience can be obtained in lower volume 
centers.

Besides the difficulties of the proximal sealing zone, both iliac access and 
distal sealing can present a challenge. A substantial amount of stent graft 
development has focused on reducing the sheath diameter to increase 
eligibility. This evolution made EVAR available for a wider range of patients, 
especially women. This is an important population because historically the 
survival in female patients is considerably reduced opposed to men. There 
are indications that EVAR might provide a better outcome in female rAAA 
patients.5 In addition to reducing french size the flexibility of grafts has 
increased. This permits the use in highly angulated iliac arteries. As a result, 
iliac access has become less of a factor in EVAR suitability.

Not only iliac access can be an obstacle but also iliac sealing. A large common 
iliac artery has the risk of developing a distal type-I endoleak resulting in 
treatment failure. To overcome the problems of distal sealing manufactures 
produce flared iliac limbs. Unfortunately, the request for these types of 
grafts is limited making them not suitable for inclusion in an emergency 
EVAR kit in many centers. This is also the case for iliac-branched devices 
that are effective but are not suitable as an addition for emergency EVAR. 
Extending the iliac limb into the external iliac artery is a good way to 
overcome distal sealing problems.

In elective repair the extension into the external iliac artery is generally 
accompanied by occlusion of the internal iliac artery. This practice prevents 
type-II endoleaks from the covered internal iliac artery. Pre-emptive 
occlusion is difficult in emergency repair and requires time that is not 
always available. Currently there is an increasing amount of data showing 
that occluding the internal iliac artery is not necessary because the risk of 
endoleaks is limited. There is a risk of buttock claudication but this is often 
resolved within one year.78, 79
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ENDOVASCULAR AORTIC SEALING

Besides widely used conventional self-expendable nitinol stents covered 
with a graft material, new approaches to aneurysm exclusion are emerging. 
Endovascular aortic sealing (EVAS) is an innovative concept for aneurysm 
sealing and graft anchoring. Briefly, the system uses balloon-expandable 
stent grafts that are surrounded by polyurethane endobags. Usually a single 
graft is inserted from either side and the required polymer is measured by 
prefilling the endobags. If the correct amount of polymer is determined the 
bags are filled under 180mmHg of pressure and the polymer hardens in 3 to 
5 minutes. The first registry results of EVAS have been published recently.80, 81 

Böckler et al. showed that a high rate of success could be achieved with a 
limited number of complications.

While the filling of the space between the graft and aortic wall should 
prevent endoleaks they are reported in 7.6% of patients.80 In addition to 
the result of Böckler et al., the single-center results described by Brownrigg 
et al. showed that increased experience and technical refinement reduce the 
level of complications.81 The two lumen design and sealing that is provided 
by endobags, instead of graft dimensions, would make EVAS theoretically 
ideal for rAAAs. Planning can be reduced to simply measuring the length 
of a graft. In addition, prefilling the endobags would result in hemostasis 
while preserving flow to the limbs. Because the filling requires a pressure of 
180mmHg concerns have been raised that the aortic tear might be enlarged. 
Reijnen et al. recently published the results of 28 rAAAs that have undergone 
EVAS and 30 symptomatic AAAs.82 The outcomes show that EVAS is feasible 
in rAAAs with a mortality rate of 32%, comparable to the large trials.4-6, 82  
In addition, the reported series included two patients with a chimney 
EVAS procedure.82 EVAS is potentially better suited for chimney because 
the endobags, as opposed to conventional EVAR, can be molded around 
the parallel grafts reducing gutters. Using EVAS in emergency repair has 
benefits with regards to sizing, early hemostasis and number of grafts 
in stock. However, there is only limited data of a highly selected group of 
patients treated in a handful of endovascular centers. Furthermore, this 
new technique also brings new complications that require other solutions 
and materials. A two-lumen design hinders the use of aortic cuffs or bare 
metal stents to resolve type-Ia endoleaks. Type-Ia endoleak can be resolved 
with liquid embolization agents or coils. Unfortunately, there is no long-term 
evidence proving effectiveness.81
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POSTOPERATIVE COMPLICATIONS

Severe complications after rAAA repair are an inevitable problem. 
Complication rates vary greatly depending on the level of surveillance 
and reporting. In the large RCTs up to 54% had at least one postoperative 
complication.4, 6 For REVAR a dedicated protocol should be present to 
detect adverse events. An important reason for this specific attention is 
that patients after REVAR have a shorter stay on an intensive care unit 
(ICU), or are not admitted to an ICU at all.4-6 On a general ward there is less 
monitoring while complications that can arise are very subtle. An important 
complication that requires structured surveillance after REVAR is abdominal 
compartment syndrome (ACS).

During OR the retroperitoneal hematoma is evacuated and in case of 
increased abdominal pressure the fascia might not be closed.83 In REVAR 
the presence of a large retroperitoneal hematoma might cause a rise in 
abdominal pressure resulting in ACS. Impaired blood flow, as a result of 
ACS, can cause visceral ischemia and will be, if not timely diagnosed, fatal.

In up to 20% of patients ACS is diagnosed after REVAR for a rAAA.55, 57 
However, the estimates differ between various studies, a recent meta-
analysis reports an average ACS rate of 8%.84 In AJAX, IMPROVE and 
ECAR the ACS rates are 9%, 5.4% and 14%, respectively.46 This difference 
is most likely the result of specific surveillance protocols and indications 
to intervene. Some centers will operate when intra-abdominal pressure 
exceeds 20mmHg while others only treat an increased abdominal pressure 
accompanied by signs of organ failure.47, 55 As almost 50% of patients will 
have an intra-abdominal pressure peak exceeding 20mmHg, an incidence 
of 20% is plausible.83, 84

A recent review on the topic by Björck et al. provides several suggestions 
to increase vigilance and subsequently improve outcome. One of the 
recommendations is to monitor intra-abdominal pressure for at least 48 
hours in all rAAA patients.83 A trans-bladder technique to measure intra-
abdominal pressure is advised every four hours. This technique uses a 
Foley catheter and manometer and due to its simplicity can be applied on 
a general ward.83

In addition to surveillance, Björck et al. propose an algorithm to assist in 
clinical decision-making. They suggest that decompression laparotomy 
is indicated if intra-abdominal pressure exceeds 30mmHg, organ failure 
is present or persisting intra-abdominal pressure exceeding 20mmHg is 
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measured.83 There are various strategies that might reduce the risk of ACS 
but sufficient evidence to quantify the effect is limited.

Besides ACS, endoleaks form a threat to successful endovascular rAAA 
exclusion. Because endoleaks often are asymptomatic routine imaging is 
advised. Some prefer performing a CT-scan directly after treatment while 
others only obtain a scan prior to discharge.15, 55 In our experience there 
might be small endoleaks present on a final angiography that resolve 
before the first control CT at 6 weeks follow-up.66 The observed endoleaks 
were relatively small and appeared late on angiography, indicating limited 
flow. Spontaneous resolving of a small endoleak is most likely the result 
of correction of the coagulopathy that is caused by severe hemorrhaging. 
Therefore, timing of a CT-scan might be adjusted according to the final 
angiography. There is no scientific evidence preferring routine imaging on 
day one or at discharge.

CONCLUSIONS

The treatment of rAAA is a challenging task requiring structured protocols 
and experience of all medical professions involved. Regional cooperation 
and the possible transfer of patients to high volume, experienced centers 
are likely to increase survival. RCTs were unable to show different outcomes 
between OR and REVAR. However, there is compelling evidence that the 
introduction of REVAR has been able to reduce mortality rates. There are 
various approaches to REVAR that can be adopted, there is little evidence 
regarding best practice. However, local anesthesia is preferred until aortic 
control is achieved. Current developments make it possible to treat every 
rAAA with off-the-shelf stent grafts. Caution is advised when striving for 
a REVAR only approach as the present knowledge is derived from leading 
endovascular centers. Implementation of an endovascular oriented rAAA 
protocol with a REVAR first strategy also requires a specific approach to 
detect and treat complications.
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ABSTRACT

Objective: A ruptured abdominal aortic aneurysm (RAAA) is associated with 
a high mortality rate. If cardiopulmonary resuscitation (CPR) is required 
before surgical repair, mortality rates are said to approach 100%. The aim 
of this multicenter, retrospective study was to study outcome in RAAA 
patients who required CPR before a surgical (endovascular or open) repair 
(CPR group). RAAA patients who did not need CPR served as controls (non-
CPR group).

Methods: Over a 5-year time period, demographic and clinical characteristics 
and specifics of preoperative CPR if necessary were studied in all patients 
who were treated for a RAAA in three large, nonacademic hospitals.

Results: A total of 199 consecutive RAAA patients were available for 
analysis; 176 patients were surgically treated. Thirteen of these 176 patients 
(7.4%) needed CPR, and 163 (92.6%) did not. A 38.5% (5 of 13) survival rate 
was observed in the CPR group. Thirty-day mortality was almost three 
times greater in the CPR group compared with the non-CPR group (61.5% 
vs.22.7%; p = .005). Both CPR patients who received endovascular aortic 
repair survived. In contrast, survival in 11 CPR patients who underwent 
open RAAA repair was 27% (3 of 11; p = .128). A trend for higher Hardman 
index was found in patients who received CPR compared with patients who 
did not receive CPR (p = .052). The 30-day mortality in patients with a 0, 1, 
2, or 3 Hardman index was 16.1%, 31.0%, 37.9%, and 33.3%, respectively 
(p = .093).

Conclusions: An RAAA that requires preoperative CPR is not necessarily 
a lethal combination. Patient selection must be tailored before surgery is 
denied.
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A ruptured AAA requiring preoperative CPR is not necessarily lethal

INTRODUCTION

Although there has been substantial improvement in health care over the 
past decades, mortality rates in populations with a ruptured abdominal 
aortic aneurysm (RAAA) remain invariably high. For instance, the estimated 
total mortality rate of a recent series of patients who suffered from RAAAs 
was 81%.1 In case patients arrive alive in the hospital and undergo emergent 
surgery, up to half will subsequently die in the perioperative period.2-4

Surgical outcome of RAAA might possibly improve if selection criteria for 
intervention are optimized. Scoring systems that combine clinical findings 
and biochemical results were introduced for RAAA patients as a means 
to predict survival. One of these tools is the Hardman index, which uses a 
set of five parameters. Although easily applicable, additional factors might 
also determine outcome.2 To date, not a single scoring system allows for a 
proper pre- operative selection of candidates who might optimally benefit 
from vascular surgery for RAAA.

The necessity of preoperative cardiopulmonary resuscitation (CPR) reflects 
the dismal condition of a RAAA before an invasive procedure. Therefore, 
it is highly questionable whether RAAA patients who require preoperative 
CPR should be offered surgical treatment at all. Previous publications on 
the matter show that after cardiac arrest there is a possibility of survival.5, 

6 However, a slim body of low-level literature are adamant that these 
patients are unlikely to survive.7-9 Senior authors of the present study 
have experienced that some patients might survive after the unfortunate 
combination of CPR before RAAA treatment.
The aim of the study was to evaluate clinical outcome in RAAA patients who 
received CPR before surgery (CPR). RAAA patients who did not need CPR 
served as controls (non-CPR). We also studied whether the Hardman index 
was of prognostic value in these resuscitated RAAA patients.

METHODS

Patient population

Consecutive patients registered with an RAAA (Dutch administrative 
code: DBC 406) between February 2009 and January 2014 were identified 
from hospital records of three large, nonacademic teaching hospitals in 
the Netherlands. Inclusion criteria were RAAA and treatment with either 
endovascular aortic repair (EVAR) or open repair (OR). An RAAA was defined 
as a typical event of sudden severe abdominal pain in a patient with an 

3
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aneurysm of the abdominal aorta and the presence of blood outside 
the adventitia of an aneurysmal abdominal aortic wall determined using 
ultrasound. A contrast-enhanced computed tomography angiography 
scan was performed, if possible, to confirm the diagnosis and to allow for 
a precise treatment plan. Patients were excluded if evidence of a rupture 
was lacking during OR. This retrospective study was conducted according 
to the Declaration of Helsinki and approved by the local medical ethics 
committees. Patient informed consent was not required because this 
retrospective study did not involve medical treatment. Patient data were 
stored anonymously.

Patient data were collected through hospital, emergency department (ED), 
and surgical records. All patients were treated by or under the supervision 
of a consultant vascular surgeon. Type of surgery (OR or EVAR) was left to 
the discretion of the surgeon. If the prognosis was deemed exceedingly poor 
because of comorbidity or if treatment options were limited, patients were 
managed conservatively after consultation in the presence of the patient 
and family.

Definitions and outcomes

Two patient populations were compared, a CPR and a non-CPR group. CPR 
was defined as the combination of artificial respiration and heart massage 
by the exertion of pressure on the chest for at least a 5-minute period before 
the decision to institute invasive vascular surgery in an RAAA patient. A 
5-minute minimum was used to preclude the chance that an inadequate 
bystander reaction on loss of consciousness was registered as CPR. 
Whether the indication to initiate CPR was correct (type of cardiac arrest 
[eg, ventricular fibrillation] was not the aim of our study, because we studied 
outcome after CPR [performed by bystander, paramedic, or in-hospital]). We 
strived to answer the question whether CPR in itself was conditional for a 
surgeon to abstain from further action. The primary end point was 30-day 
or in-hospital mortality.

The Hardman index was chosen for risk assessment. This tool was selected 
because it is easy to use in an emergency room setting as opposed to other 
scoring systems. It converts the presence or absence of five factors including 
age (> 76 years), serum creatinine (> 190 mmol/L), hemoglobin (<5.6 mmol/L), 
loss of consciousness after arrival at the ED, and electrocardiographic signs 
of ischemia into a 0- to 5-point score.2 We calculated the Hardman index 
only in treated RAAA patients with available information regarding all five 
factors to avoid underscoring.
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Statistical analysis

Statistical analyses were performed using SPSS version 21 for MAC (IBM 
Corp, Armonk, NY). Categorical variables are presented as frequencies 
with percentages. Continuous variables are presented as mean ± standard 
deviation or as median and interquartile range (IQR) in case of skewed data. 
The χ2 or Fisher exact test were used for categorical variables according to 
sample size. Incidence rates with 95% confidence intervals were determined. 
A p value < .05 was considered statistically significant.

RESULTS

A total of 199 consecutive RAAA patients were identified during the 5-year 
period of interest. No surgical treatment was offered to 23 patients (11.6%). 
Seven of these received prolonged CPR (>30 minutes) during transportation 
and/or during their stay in the ED. However, these efforts were in vain and 
they did not regain cardiac output. Sixteen additional patients received 
palliation; a vascular intervention, as considered by the attending vascular 
surgeon, was no option. Subjective reasons to deny invasive treatment in 
these patients were severe comorbidity and unfavorable vascular anatomy 
in patients who were physically not suitable to undergo OR.

Table 1. Baseline characteristics, Hardman index score, 30-day mortality

Variables CPR N = 13
% (n/N)a

Non-CPR N = 163
% (n/N)a p-value

Age (years) (Mean ± SD) 75.3 ± 8.0 74.2 ± 8.0 .623

Male 84.6% (11/13) 85.3% (139/163) 1.000b

Hemoglobin (mmol/L) 7.0 ± 1.4 7.5 ± 1.3 .199

Creatinine (μmol/L) 102 [95 – 153] 107 [90 – 133] .604

Hardman index score .052b

0 0% (0/9) 30.4% (31/102)

1 33.3% (3/9) 38.2% (39/102)

2 44.4% (4/9) 24.5% (25/102)

3 22.2% (2/9) 6.9% (7/102)

Treatment .047

Open aneurysm repair 84.6% (11/13) 57.1% (92/163)

Endovascular aneurysm repair 15.4% (2/13) 42.9% (71/163)

30-day mortality 61.5% (8/13) 22.7% (37/163) .005b

CPR, Cardiopulmonary resuscitation; IQR, interquartile range.
a Values are reported as mean ± standard deviation, median [IQR], or as frequencies (%) (n/N). 
Denominator differs when there are missing values.
b Fisher exact test.

3
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In the remaining 176 patients (88.4%), a treatment strategy consisting of 
controlled hypotension, medication, and intravenous fluids followed by 
surgery was initiated. Temporary CPR before surgery was required in 13 
patients (CPR group, 7.4%) and 163 patients did not (non-CPR group, 92.6%). 
There were no significant age or sex differences between these two groups 
(Table 1). One hundred three open procedures (58.5%) and 73 endovascular 
procedures (41.5%) were performed (Table 2)

Table 2. Outcome based on type of treatment

Variables OR N = 103
% (n/N)

EVAR N = 73
% (n/N) p-value

Age (years) (Mean ± SD) 73.9 ± 8.0 74.9 ± 8.0 .430

Gender 85.4 (88/103) 84.9 (62/73) .926

Cardiopulmonary resuscitation 10.7 (11/103) 4.1 (2/73) .047

Hardman index .503a

0 26.6 (17/64) 29.8 (14/47)

1 35.9 (23/64) 40.4 (19/47)

2 31.3 (20/64) 19.1 (9/47)

3 6.3 (4/64) 10.6 (5/47)

30-day mortality 32.0 (33/103) 16.4 (12/73) .019

OR, open aneurysm repair; EVAR, endovascular aneurysm repair
a Fisher’s exact test

There were more open procedures in the CPR group (11 of 13; 84.6%) 
compared with the non-CPR group (92 of 163; 56.4%; p = .047). Table 3 
shows patient demographic and CPR characteristics including duration and 
adrenalin and atropine administration. Most patients were resuscitated in 
the hospital (10 of 13; 76.9%). Median CPR duration was 20 minutes (IQR, 
12.5-30 minutes). Table 3 also shows the lowest pH, highest lactate levels, 
and intraoperative-required blood products.

Hardman index

A full set of five variables was obtained and analyzed in 111 of 176 
patients (63.1%) who received surgery. Values of serum creatinine, loss of 
consciousness, and electrocardiographic information was missing in 3 (1.7%), 
7 (4.0%), and 63 (35.8%) of the patients, respectively. No risk factor was 
present in 31 patients whereas 42 patients had 1, 29 patients had 2, and 9 
patients had 3; no patient possessed more than three risk fac- tors. Hardman 
index values were comparable between EVAR and OR patients (p = .503). As 
expected, the CPR group showed a trend toward a higher Hardman index 
compared with non-CPR patients (p = .052).
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Mortality

CPR patients had an almost three times higher 30-day mortality rate 
compared with non-CPR patients (CPR, 8 of 13; 61.5% vs. non-CPR, 37 of 
163; 22.7%; p = .005). The five surviving CPR patients were still alive, and 
lived independently, at the time of the writing of this report (March 2015) 
with a median of 1631 days (IQR, 735-2015 days; Table 3). Notably, 30- day 
mortality was significantly lower for EVAR compared with OR across the 
entire population (EVAR 16.4% vs. OR 32.0%; p = .019). Thirty-day mortality in 
the CPR group was zero in patients who received EVAR (n=2) compared with 
73% for patients who received OR (8 of 11; p = .128). The overall mortality 
rates in groups with a 0, 1, 2, or 3 Hardman Index were 16.1%, 31.0%, 37.9%, 
and 33.3%, respectively (Table 4). There was a tendency (p = .093) toward 
the presence of a higher Hardman index and mortality.

Table 4. Thirty-day mortality in relation to the Hardman index

Variable Mortality
% (n/N) p-value

Risk factors, No .093

0 16.1 (5/31)

1 31.0 (13/42)

2 37.9 (11/29)

3 33.3 (3/9)

DISCUSSION

The ominous effect of CPR on survival in RAAA patients has been scarcely 
studied. Two studies that reported a 100% mortality rate in preoperatively 
resuscitated patients advocate that invasive treatment should be denied.7, 9 

In contrast, 67% and 72.8% 30-day mortality rates have been observed 
in patients with an RAAA that required CPR.6, 10 To our knowledge, this is 
the first multicenter study to describe survivors after resuscitation before 
RAAA surgery. As expected, the present study shows a substantially higher 
mortality rate in resuscitated RAAA patients (CPR 61.5% vs.non-CPR, 22.7%; 
p = .005). Conversely, the 38.5% survival rate in our CPR patients is not far 
removed from the 33% survival rate reported by Crawford.10

The identification of people who require out-of-hospital CPR is difficult if 
not impossible. As a consequence, timing and duration of CPR might not 
always be optimal.11 Although CPR might possibly be deemed unnecessary 
in retrospect by experts, a CPR before ED presentation might lead to a 

3
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less objective and a less aggressive patient assessment, on the basis of the 
premise that the combination of CPR and RAAA is always lethal. A recent 
report on palliated RAAA patients created a subgroup on the basis of CPR, 
and indicated this as the main reason for palliation.12 In contrast, the current 
study demonstrated that 38.5% of RAAA patients survived a period of CPR 
before surgery and should therefore be given a fair assessment.

Several explanations for increased survival rates after preoperative CPR in an 
RAAA population might be proposed. Overall, improvements in preoperative 
management have reduced RAAA mortality rates in the past 2 decades.1 
A previous adage of aggressive fluid administration in an RAAA patient 
was replaced by the concept of permissive hypotension. In 1991, Crawford 
suggested that extensive volume resuscitation in RAAA promoted loss of 
whole blood and coagulation factors. In contrast, ‘permissive’ hypotension 
would reduce these losses and thus increase survival possibilities.10 This 
concept is widely accepted and integrated in contemporary guidelines.13 
Systolic blood pressures between 50 and 100 mmHg are considered 
optimal if tolerated.13 Survival is in part also determined by the experience 
of dedicated professionals. In the Netherlands, well-trained paramedics 
provide prehospital care. The application of permissive hypotension by 
Dutch ambulance staff in a retrospective study demonstrated an 81% 
adherence rate.14 These modifications in preoperative patient management 
possibly have led to a better outcome.

The second major paradigm shift to influence outcome in RAAA is related 
to the vascular technique. Most modern vascular surgeons would contend 
that EVAR is the treatment of choice in elective RAAA surgery.15 With 
increased endovascular possibilities, experienced vascular centers have 
also adopted an ‘EVAR first approach’ for the treatment of RAAAs. In 
our study, not all three centers used an EVAR first approach at any time. 
However, an increase of endovascular repair over time was observed. 
Large efforts such as in the Immediate Management of the Patient with 
Rupture: Open Versus Endovascular strategies (IMPROVE) trial and the 
Amsterdam Acute Aneurysm trial that compared EVAR with OR and failed 
to demonstrate a beneficial effect of either technique on mortality rates.3, 

4 However, centers that introduced an EVAR-first approach for RAAA did 
report improved overall mortality rates.16, 17 The reduction in mortality is 
presumably related to reduced blood loss and shorter procedural time.4, 18 
Moreover, emergency EVAR can be safely performed with local anesthesia 
in cooperative patients and avoid systemic cardiovascular depression 
associated with general anesthesia.19, 20 In our total population the 30-day 
mortality on the basis of treatment alone was significantly lower for EVAR 
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compared with OR, respectively 16.4% vs. 32.0% (p = .019). Of the treated 
patients, EVAR was performed in two patients who required CPR (14.5%) 
and in 71 (42.9%) patients who did not. It is noteworthy that both CPR 
patients who underwent EVAR survived even though their parameters such 
as pH, lactate, and lowest blood pressure were poor (Table 3). Therefore, 
endovascular repair is a feasible therapy, also in highly unstable patients. 
A recent study supports the contention that hemodynamically unstable 
RAAA patients possibly benefit from EVAR compared with OR, reflected by 
30-day mortality rates.21

There are roughly two options in the management of hemodynamic unstable 
RAAA patients. Patients can be directly transported to the operating theater 
to initiate OR, or they can undergo a computed tomography scan to allowing 
for a decision on EVAR or OR. When considering that aneurysm morphology 
is a predictor of mortality in EVAR and OR, a computed tomography 
angiography scan is of the utmost importance in treatment selection.22 In 
specialized vascular centers, there is sufficient time to perform imaging and 
to assess EVAR suitability.23

Despite all of these considerations, RAAA mortality rates are exceedingly 
high. It is therefore important to study tools that allow for an improved 
selection of patients, and prevent fruitless attempts and high costs. In the 
present study, 23 RAAA patients (11.6%) did not receive invasive treatment 
(CPR, n=7; non-CPR, n=16). These patients were deemed inoperable or were 
deceased before surgery could be initiated. A turndown rate of 11.6% is 
low compared with previously reported rates of up to 40%.24 Comparisons 
in RAAA care between the United States and the United Kingdom show 
a very different palliation rate although treatment mortality rates are 
comparable.24 Although there is no obvious explanation for this difference, 
the results do underline the difficulty in selecting patients who benefit from 
surgical repair.

Various scoring systems to objectively identify high-risk patients have 
been forwarded including the Glasgow Aneurysm Score, the Vascular-
Physiological and Operative Severity Score for enUmeration of Mortality 
and Morbidity, Vancouver scorings system, and the Hardman index.2, 25-27 The 
Hardman index is a five-parameter tool that does not require calculations or 
knowledge of the patient’s medical history and is therefore highly suiTable 
1n an emergency setting. It was previously found that mortality rates 
were 16%, 37%, 72%, and 100% in populations with a score of 0, 1, 2, or 3, 
respectively.2 Because the Hardman index is reasonably blunt, it provides 
a method less capable in identification of individual high-risk patients.28, 29 

3
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In the present study, the Hardman index was not a priori determined as 
a tool to preoperatively identify high-risk patients. After selection by the 
attending surgeon, the 30-day mortality rates of the entire population were 
16.1%, 31.0%, 37.9%, and 33.3% for a Hardman index of respectively 0, 1, 
2, and 3. These percentages indicate that experienced vascular surgeons 
are capable of selecting patients, even from a group regarded as high-risk 
patients. Therefore, a surgeon’s experience and judgment should always 
outweigh a tool like the Hardman index. In addition, Cho et al showed that 
CPR is not associated with an increased mortality rate.5 This underlines that 
tools like the Hardman index and the notion of CPR should not be referred 
to as a reason for palliation; individual assessment is vital.

Study limitations

The present study is a retrospective analysis with a limited sample size and 
therefore has its shortcomings. An unknown number of RAAA patients might 
have died before being correctly diagnosed so registration was possibly 
incomplete. Because of the urgent nature of an RAAA, documentation is 
sometimes limited. As a consequence, a substantial percentage of Hardman 
parameters were missing (36.9%). The conclusions should be interpreted 
with caution because of the limited sample size. Nevertheless, these 
limitations do not affect the finding of the present study in which a group 
of patients survived the combination of CPR and treatment for a RAAA as 
opposed to previous beliefs.

CONCLUSIONS

Patients with RAAAs who respond to CPR before emergency repair do have 
a chance of survival. Although CPR and a high Hardman index are associated 
with a poor outcome, both parameters should not be used as an absolute 
criterion to deny surgical intervention in a patient with a RAAA.
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ABSTRACT

Purpose: To evaluate the differences in technical outcomes and secondary 
interventions between elective endovascular aneurysm repair (el-EVAR) 
procedures and those for ruptured aneurysms (r-EVAR).

Methods: Of the 906 patients treated with primary EVAR from September 
1998 until July 2012, 43 cases were excluded owing to the use of first-
generation stent-grafts. Among the remaining 863 patients, 773 (89.6%) 
patients (mean age 72 years; 697 men) with asymptomatic or symptomatic 
abdominal aortic aneurysms (AAAs) were assigned to the el-EVAR group; 90 
(10.4%) patients (mean age 73 years; 73 men) were assigned to the r-EVAR 
group based on blood outside the aortic wall on preoperative imaging. 
The primary study outcome was technical success; secondary endpoints, 
including freedom from secondary interventions and late survival, were 
examined with Kaplan-Meier analyses.

Results: At baseline, r-EVAR patients had larger aneurysms on average (p 
< .001) compared to el-EVAR patients. Technical success was comparable 
(p = .052), but there were more type Ia endoleaks at completion angiography 
in the r-EVAR group (p = .038). As anticipated, more patients died in the first 
month in the r-EVAR group (18.9% vs.2.2% el-EVAR, p < .001). At 5 years, 
there was an overall survival of 65.1% for the el-EVAR patients vs. 48.1% in 
the r-EVAR group (p < .001). The freedom from AAA-related mortality was 
95.7% for el- EVAR and 71.0% for r-EVAR (p < .001). Five-year freedom from 
type I/III endoleaks was significantly lower in the r-EVAR group (78.7% vs. 
90.0%, p = .003). Five-year freedom from secondary intervention estimates 
were not significantly different (el-EVAR 84.2% vs. r-EVAR 78.2%, p = .064).

Conclusion: Within our cohort of primary EVAR patients, r-EVAR cases 
showed comparable stent-graft–related technical outcome. Although there 
was a higher incidence of type Ia endoleaks on completion angiography in 
the r-EVAR group, the overall secondary intervention rate was comparable 
to el-EVAR.
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INTRODUCTION

Endovascular aneurysm repair (EVAR) has become the preferred treatment 
of elective and ruptured abdominal aortic aneurysms (AAAs). EVAR is less 
invasive compared with open surgical repair and demonstrates decreased 
early mortality and morbidity.1, 2 EVAR is, however, associated with increased 
rates of endograft-related complications, requiring more extensive follow-up 
and secondary interventions.3

The technical success of EVAR depends on accurate pre-operative planning, 
including aneurysm measurements and adequate endograft selection. In 
patients presenting with ruptured AAAs (rAAAs), planning has to be done 
under pressure and in a limited time frame. Usually, there is no time for 
extensive image reconstructions with a dedicated measuring program. 
In addition, the endograft will be selected from the limited available 
stock. Because of the nature of rAAAs, it is reasonable to assume that the 
interventionist will speed up the procedure to reach adequate hemostasis. 
All these factors can influence the procedure, which can hypothetically have 
an effect on the safety, durability, and effectiveness of the endograft in both 
the short and long term.

This study describes the short- and long-term outcome of EVAR in a 
consecutive cohort of patients treated in a high-volume center to evaluate 
the differences between elective EVAR (el-EVAR) and EVAR for rAAA  
(r-EVAR).

METHODS

Study design and patient sample

The study included patients collected in the database of Catharina Hospital, 
a high-volume, tertiary center with a vascular surgery unit that has been 
performing EVAR since 1995 (the first r-EVAR patient was treated in March 
1999). The database was interrogated to identify primary EVAR procedures 
conducted from September 1998 until July 2012 in patients with infrarenal 
aortoiliac aneurysms. Patients who were treated with the first generation 
of endovascular stent-grafts (mainly before 1998) were excluded from this 
analysis.

Of the 906 patients treated with primary EVAR during the observation period, 
43 cases were excluded because a first-generation device was implanted. 

4
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Among the remaining 863 patients, 773 (89.6%) patients (mean age 72 years; 
697 men) with asymptomatic or symptomatic AAAs were assigned to the el-
EVAR group; 90 (10.4%) patients (mean age 73 years; 73 men) were assigned 
to the r-EVAR group based on blood outside the aortic wall on preoperative 
imaging. In the same period, 409 open procedures were performed, 290 
elective and 119 ruptured. Follow-up for all EVAR patients was completed 
up to February 2013 by intensive review of patient files and the national 
mortality registry. General practitioners and local hospitals were contacted 
to fill in missing data.

Patient demographics and risk factors (Table 1) were typical for an AAA 
population, with a high prevalence of cardiovascular risk factors and 
comorbidities. A variety of endografts were used, including AneuRx, 
Talent, and Endurant (Medtronic, Santa Rosa, CA, USA); Excluder (W.L. 
Gore and Associates, Flagstaff, AZ, USA); Zenith (Cook, Bloomington, IN, 
USA); PowerLink (Endologix, Irvine, CA, USA); LifePath (Edwards Lifesciences 
LLC, Irvine, CA, USA); and Fortron (Cordis Corp, Bridgewater, NJ, USA). 
The selection of stent-graft was at the surgeon’s discretion and based on 
device availability. Postoperative follow-up included clinical examination 
at discharge and imaging at 1, 6, and 12 months and yearly thereafter.

Definitions and outcomes

The primary outcome was initial technical success, defined as successful 
delivery and deployment of the endograft without unintentional coverage 
of the renal, internal iliac, or visceral arteries and no type I or III endoleak.4 
The secondary outcomes were perioperative (30-day) mortality, overall 
survival, late complications, and need for secondary procedures. Aneurysm-
related mortality included all deaths due to aneurysm rupture, a primary 
or secondary procedure, or surgical conversion. A secondary procedure 
was defined as an endovascular or open surgical intervention performed 
after the initial EVAR in order to maintain the function or patency of 
the endograft and to treat the most common complications of EVAR 
procedures (endoleaks, endograft migration, and graft limb stenosis/
occlusion). Endograft obstruction included endograft-related occlusion, 
stenosis, kinking, and migration. Device migration after EVAR was endograft 
movement >10 mm relative to anatomic landmarks on imaging or any 
migration causing symptoms or requiring intervention.5
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Statistical analysis

Categorical variables are presented as frequencies with percentages and 
were tested using the Chi-square or Fisher exact test. Continuous variables 
are presented as mean ± standard deviation or median and interquartile 
range (IQR) in case of skewed data. The independent t test was used to 
test the significance of mean differences and the Mann-Whitney U test for 
median differences. Kaplan-Meier curves and log-rank tests were used 
to evaluate survival. A p < .05 was considered statistically significant. All 
statistical analyses were performed using SPSS software for MAC (version 
21; IBM Corporation, Somers, NY, USA).

RESULTS

The el-EVAR and r-EVAR groups were similar but for the significantly smaller 
mean AAA diameter in the el-EVAR group (59 vs. 70 mm for r-EVAR, p < .001; 
Table 1). Technical success was obtained in 95.0% of elective and 90.0% 
of ruptured cases (p = .052). The most commonly used endograft in both 
groups was the Talent device. A bifurcated endograft configuration was 
more frequently used in the elective group (90.9% vs. 45.6%, p < .001).
In the 773-patient el-EVAR group, 12 (1.6%) patients were converted to 
open repair vs. 2 (2.2%) of the 90 r-EVAR patients (p = .650; Table 2). No 
stent-grafts were implanted in 1 (1.1%) r-EVAR and 4 (0.5%) el-EVAR patients 
(excluded from follow-up analysis). The median procedure duration was 120 
minutes (IQR 90–150) in the el-EVAR patients and 135 minutes (IQR 101–180) 
in the r-EVAR group (p = .002; Table 2). There were no intraoperative deaths 
recorded. Median hospital stay was 3 days (IQR 2–5) for the el-EVAR group 
vs. 9 days (IQR 5–14) for the r-EVAR patients (p < .001).

Endoleak

The presence of a type Ia endoleak at final angiography was significantly 
higher for the r-EVAR group (6.9% vs. 2.8%, p = .038; Table 2). Within 30 days, 
16/26 type Ia endoleaks resolved without any secondary intervention; 1 type 
Ia endoleak was resolved with placement of a proximal extension. Three 
type Ia endoleaks were persistent. All (6/6) type Ia endoleaks at completion 
angiography in the r-EVAR group resolved without intervention. One type 
Ib endoleak in the el-EVAR group was excluded with a distal extension. The 
two type III endoleaks in the el-EVAR group on completion angiography both 
resolved without intervention. There was no difference in the incidence of 
type III endoleaks. At 30 days, there were significantly more type I endoleaks 
reported in the r-EVAR group (4.5% vs. 1.0%, p = .014).

4
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Table 1. Patient demographics, risk factors, and stent-graft details for the study groupsa.

 Variable el-EVAR N = 773a r-EVAR N = 90a p- value

Age (years) 72.2 ± 7.7 73.4 ± 8.5 .189

Gender .009

    Male 90.2% (697) 81.1% (73)

    Female 9.8% (76) 18.9% (17)

AAAb diameter (mm) 59 ± 12 70 ± 18 < .001

Smoker 23.4% (181) 14.4% (13) .054

Hypertension 65.7% (508) 64.4% (58) .810

Hyperlipidaemia 40.1% (310) 48.9% (44) .109

Diabetes mellitus 10.7% (83) 7.8% (7) .385

Cardiac disease 38.3% (296) 43.3% (39) .353

Pulmonary disease 14.9% (115) 12.2% (11) .500

Renal disease 4.8% (37) 7.8% (7) .222

Carotid artery disease 7.8% (60) 7.8% (7) .996

Graft name

    Aneurx 8.0% (62) 2.2% (2)

    Endologix 1.4% (11) 1.1% (1)

    Endurant 30.7% (237) 31.1% (28)

    Excluder 7.2% (56) 1.1% (1)

    Fortron 1.2% (9) 0% (0)

    Lifepath 0.9% (7) 0% (0)

    Talent 30.8% (238) 63.3% (57)

    Zenith 19.8% (153) 1.1% (1)

Type of main device < .001

    Bifurcated 90.9% (703) 45.6% (41)

    Aortouni-iliac 8.3% (64) 53.3% (48)

    Tube 0.8% (6) 1.1% (1)

Abbreviations: AAA, abdominal aortic aneurysm; el-EVAR, elective endovascular aneurysm 
repair; r-EVAR, emergent endovascular aneurysm repair for rupture.
a Continuous data are presented as the means ± standard deviation; categorical data are 
given as the percentage (counts).
b These were the stent-grafts selected for the patients; 5 procedures were unsuccessful and 
the device was not implanted.
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Perioperative complications and reinterventions

In-hospital systemic complications (cardiac, pulmonary, cerebral, renal, 
bowel, and sepsis) were observed in 40 (5.3%) of 757 el-EVAR patients 
available for follow-up vs. 23 (25.6%) of 87 r-EVAR patients (p < .001; 
Table 2). Significantly more patients died in the first month in the r-EVAR 
group [15/87 (17.2%) vs. 15/757 (2.0%), p < .001]. In patients with reported 
hemodynamic instability, the 30-day mortality was 46.2%. The deaths in the 
r-EVAR group were the result of shock (33.3%), cardiac (26.7%), pulmonary 
(20.0%), sepsis (6.7%), visceral ischemia (6.7%), and 1 (6.7%) unknown. In 
the el-EVAR group, the causes of death were cardiac (33.3%), pulmonary 
(26.7%), visceral ischemia (13.3%), sepsis (6.7%), palliative sedation (6.7%), 
and unknown (13.3%).

Table 2. Intraoperative details and 30-day outcomes for the study groupsa

 Variable el-EVAR N = 773a r-EVAR N = 90a p- value

Type anaesthesia < .001

    General 34.8% (269/773) 61.1% (55/90)

    Regional 63.6% (492/773) 18.9% (17/90)

    Local 1.6% (12/773) 20.0% (18/90)

Intraoperative endoleakb

    Type Ia 2.8% (20/757) 6.9% (6/87) .038

    Type Ib 0.1% (1/757) 0% (0/87) 1.000

    Type III 0.3% (2/757) 0% (0/87) .631

Procedural duration (mins) 120 (90-150) 135 (101-180) .002

Procedure outcome

    Success 95.0% (734/773) 90.0% (81/90) .052

    Conversion 1.6% (12/773) 2.2% (2/90) .650

    NO implant 0.5% (4/773) 1.1% (1/90) .424

Intraoperative death 0% (0) 0% (0) -

In-hospital complications 5.3% (40/757) 26.4% (23/87) < .001

Length of stay, d 3 (2-5) 9 (5-14) < .001

Outcomes at 30 days

    Endoleak

    Type I 1.0% (7/711)c 4.5% (3/66) .014

    Type III 1.0% (7/711) 1.5% (1/66) .683

    Secondary interventions

4
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Table 2. Continued.

 Variable el-EVAR N = 773a r-EVAR N = 90a p- value

    Endovascular procedure 1.2% (9/757) 3.4% (3/87) .092

    Extra-anatomical bypass 0.4% (3/757) 0% (0/87) .556

    Conversion 0% (0/757) 3.4% (3/87) < .001

    All cause mortality 2.0% (15/757) 17.2% (15/87) < .001

Abbreviations: el-EVAR, elective endovascular aneurysm repair; r-EVAR, emergent 
endovascular aneurysm repair for rupture.
a Continuous data are presented as the median (interquartile range); categorical data are 
given as the percentage (count/sample).
b Completion angiography was not available in 16 el-EVAR patients and 3 r-EVAR patients due 
to conversion or no implants.
c Includes 3 type I endoleaks seen at completion angiography during the index procedure.

Nine (1.2%) el-EVAR patients vs. 3 (3.4%) r-EVAR patients underwent a 
secondary endovascular procedure in the first month, mainly to resolve 
endoleaks and occlusions of the endograft. Three patients underwent extra-
anatomic bypass surgery to resolve progressive limb occlusion, all in the 
el-EVAR group. Within the first 30 days, 3 cases were converted to open 
surgery, all in the r-EVAR group. One patient had removal of an infected 
endograft. Another conversion was necessary because the endograft was 
blocking both renal arteries. The third patient was converted to open surgery 
because of a type Ia endoleak that was not present at final angiography.

Late outcomes

Median follow-up was 37.8 months (IQR 16.6–77.7) for the el-EVAR patients 
and 21.0 months (IQR 2.8–65.2) for the r-EVAR group. Freedom from 
secondary procedures after 5 years was 84.2% for el-EVAR and 78.2% 
for r-EVAR (p = .064; Figure 1A). Freedom from type I/III endoleaks was 
significant lower in the r-EVAR group after 5-year follow-up (78.7% vs. 90.0% 
for el-EVAR, p = .003; Figure 1B). Of the 63 el-EVAR patients who developed a 
type I/III endoleak, 32 were corrected with a secondary intervention (Table 
3), 28 resolved spontaneously, and 4 persisted during follow-up. There were 
14 type I/III endoleaks in the r-EVAR group, of which 9 were corrected with 
a secondary intervention; the remaining 5 resolved spontaneously. After 
5 years of follow-up, there was no significant difference in freedom from 
endograft obstruction between groups (el- EVAR 91.9% vs. r-EVAR 87.0%,
p = .073; Figure 1C).

At 5-year follow-up, there were significantly more interventions for graft 
obstructions in the el-EVAR group (p = .034). Sixteen patients could not be 
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treated endovascularly and under- went open repair within 5 years for type 
I endoleak (n=6), graft infection (n=4), graft occlusion (n=2), renal artery 
obstruction (n=2), type III endoleak (n=1), and migration (n=1).
The survival rates for all-cause mortality after 5 years were 65.2% for el-EVAR 
and 48.1% for r-EVAR (p < .001) and freedom from AAA-related mortality was 
95.7% for el-EVAR and 71.0% for r-EVAR (p < .001, Figure 1D).

There were 10 late AAA-related deaths within 5 years (2 r-EVAR and 8 el- 
EVAR); half were related to a secondary intervention and the other half were 
the result of a ruptured aneurysm.

Figure 1. Kaplan-Meier graphs representing the 5-year freedom from (A) secondary proce-
dures (B) type I/III endoleaks, (C) endograft obstruction (occlusion, stenosis, kinking, and 
migration), and (D) all-cause and aneurysm-related mortality in elective endovascular an-
eurysm repair (el-EVAR) patients and emergency EVAR for ruptured aneurysm (r-EVAR). SE, 
standard error.

4
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DISCUSSION

Our 15-year single-center experience shows that endovascular repair 
of elective and ruptured AAAs is a safe and feasible technique. In our 
comparison, we found a higher overall-mortality and a greater incidence 
of type I endoleaks in the r-EVAR group after 30 days and a higher incidence 
of type I/III endoleaks after 5-year follow-up.

Since first reported by Yusuf et al.6 in 1994, the endovascular approach to 
rAAAs has been applied with increasing frequency.7 To improve the outcome 
and ensure high-quality r-EVAR care, Mehta et al.8 suggested a standardized 
multidisciplinary protocol that included the presence of an experienced 
staff consisting of vascular surgeons, anesthesiologists, emergency room 
physicians, and operating room personnel. The vascular surgeon must have 
a dedicated operating room and a sufficient stock of off-the-shelf endografts 
available. Following such a protocol, anatomically suitable rAAAs are now 
primarily treated with EVAR with better outcome.9-11

A theoretically lower technical success for r-EVAR might be expected owing 
to the limited endograft availability and the need for rapid assessment of 
aneurysm morphology and swift endograft deployment. However, our 
study demonstrated excellent technical success rates for EVAR in both 
elective and emergency settings (95% and 90%, respectively). The need 
for conversion to open surgery was low in both groups and there were no 
intraoperative deaths reported. However, we did find a significant difference 
in the incidence of type Ia endoleaks at completion angiography in favor of 
electively treated patients.

Because of an increased risk of AAA rupture, aggressive management 
of intraoperative type Ia endoleaks is recommended.12 If adjunctive 
intraoperative endovascular procedures are unsuccessful, only small type 
Ia endoleaks in already stabilized rAAA patients can be accepted. This 
might seem daunting; however, a low-flow endoleak combined with the 
pressure in the retroperitoneal space caused by hemorrhage and abdominal 
wall pressure will most likely stop the bleeding. In the first month, the 
majority of type Ia endoleaks resolved spontaneously without the need 
of a secondary procedure. The disappearance of type Ia endoleaks after 
appropriate endograft sizing may result from improved graft-wall apposition 
and thrombosis after correction of coagulation disorders.13 Extensive image 
surveillance is advised in these patients because high recurrence rates have 
been reported after spontaneous sealing of type Ia endoleaks.14, 15
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The Achilles’ heel of EVAR is the high rate of secondary interventions after an 
initial advantage in terms of survival. Various studies have shown a need for 
secondary interventions in up to 30% of cases within 5 years after el-EVAR. 
The majority of secondary interventions in EVAR are performed to resolve 
endograft migration and type I and III endoleaks, which are independent 
risk factors for AAA rupture after EVAR. All delayed type I and III endoleaks 
should be treated because of a high risk for rupture.5, 16

Despite significantly more type I endoleaks in the r-EVAR group, our single-
center study found no significant differences in the need for endograft-
related secondary interventions at 5 years. We also found that a large 
percentage of endoleaks resolved spontaneously. The anatomical fit 
between the aortic anatomy and the stent-graft could be considered as 
predictive factors for reintervention.17, 18 Therefore, accurate sizing is 
essential to select the most suitable endograft. This study also showed 
that swift anatomical assessment and the availability of a limited stock of 
endografts did not influence the outcome. In specialized vascular centers, 
the limited time seems to be sufficient to perform imaging and to assess 
EVAR suitability in patients with a rAAA without increasing mortality.19

The evolution of endograft technology has resulted in a multitude of 
endograft configurations with modular components and lower profile 
delivery systems, which allows treatment of patients who may have been 
ineligible previously. This study reflects the variety of endografts marketed 
in the past 2 decades. Since the risk for endograft-related complications is 
considerably higher in patients treated with early generation stent-grafts,20, 21  
we excluded all patients treated with first-generation endografts (Stentor 
and Vanguard).

The complexity of aneurysms treated with EVAR has also increased over time, 
partly due to these developments in EVAR. In the early years of emergency 
EVAR, there was no consensus on whether to use bifurcated or aorto-uni-iliac 
(AUI) devices for the management of rAAAs. Some interventionists prefer 
the AUI devices because there is no need for cannulation of the contralateral 
limb, which may result in faster hemorrhage control.22 However, a major 
disadvantage of AUIs remains the need for a femorofemoral crossover 
bypass to perfuse the contralateral leg, which results in longer operating 
times and a higher risk of graft infection and thrombosis. In contrast to AUI 
devices, emergency EVAR with bifurcated devices can be performed under 
local anesthesia.23 In our study, AUI devices were frequently used for the 
treatment of rAAAs, which could be explained by the limited availability of 
bifurcated grafts in the early years of r-EVAR.24 In the last decade, with an 
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increased stock of endografts, we prefer to use bifurcated devices for the 
treatment of rAAAs.

Limitations

The majority of data were collected prospectively and analyzed 
retrospectively. Selection criteria for endovascular treatment have evolved 
during the inclusion period, which resulted in more challenging aortic 
morphologies being treated in recent years.

CONCLUSION

Endovascular aneurysm repair appears technically comparable in patients 
with nonruptured and ruptured AAAs. Swift anatomical assessment and the 
availability of a limited stock of endografts do not influence the technical 
success or secondary intervention rate of r-EVAR.
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ABSTRACT

Objective: To compare the mid-term results of endovascular aortic 
aneurysm repair (EVAR) for ruptured abdominal aortic aneurysms (RAAAs) 
in patients with favourable aortic neck anatomy (FNA) and hostile aortic 
neck anatomy (HNA).

Methods: Patients treated for a RAAA in a high volume endovascular centre 
in the Netherlands between February 2009 and January 2014 were identified 
retrospectively and divided into two groups based on aortic neck anatomy, 
FNA and HNA. HNA was defined as RAAA with a proximal neck of < 10 mm, 
or a proximal neck of 10 -15 mm with a suprarenal angulation (α) > 45° and/or 
an infrarenal angulation (β) > 60°, or a proximal neck of > 15 mm combined 
with α > 60° and/or β > 75°. Patient demographics, procedure details, 30 day 
and 1-year outcomes were recorded.

Results: Of 39 included patients, 17 (44%) had HNA. Technical success was 
100% for FNA and 88% for HNA (p = .184). There were no type Ia endoleaks 
on completion angiography in either group; however, more adjunctive 
procedures were necessary for intra-operative type Ia endoleaks in the HNA 
group (24% vs. 0%, p = .029). Thirty-day mortality rates were comparable, 
FNA 14% vs. HNA 12% (p = 1.000). There were no statistically significant 
differences at 1 year follow up in type I endoleaks, secondary endovascular 
procedures, or all-cause mortality.

Conclusion: Emergency EVAR provides excellent results for treatment 
of RAAA patients with both FNA and HNA. EVAR in RAAAs with HNA is 
technically feasible and safe in experienced endovascular centres.

WHAT THIS PAPER ADDS

Patients with a ruptured AAA are often excluded from EVAR based on 
aortic morphology. This paper evaluates technical and clinical outcomes 
of emergency EVAR in patients with hostile infrarenal aortic neck anatomy 
and reports excellent results, suggesting that emergency EVAR in ruptured 
AAA with hostile aortic neck anatomy is technically feasible and safe in 
experienced hands.
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INTRODUCTION

A ruptured abdominal aortic aneurysm (RAAA) is fatal without emergency 
surgical intervention. The first report of a successful endovascular treatment 
of RAAA was published in 1994.1 With doctors becoming more experienced 
in endovascular techniques, and also the improved availability of off the shelf 
endografts, an increasing number of RAAA patients undergo endovascular 
treatment. Endovascular aneurysm repair (EVAR) might improve short term 
survival rates of RAAA patients compared with traditional open surgical 
repair (OR).2 The implementation of an EVAR first strategy for RAAAs in 
experienced centres shows an improved clinical outcome.3 However, 
according to the best available data, the IMPROVE trial, the AJAX trial, and a 
recent meta-analysis, there is no significant difference in short-term survival 
rates between EVAR and OR.4-6

The choice between OR and EVAR is based on operator preference, patient 
characteristics, and anatomical suitability. Anatomical suitability is defined 
in the instructions for use (IFU) of each endograft. With the evolution of 
endografts, the anatomical suitability for EVAR increased from 20% to 
approximately 46 – 64% with current devices.4, 5, 7 Unfavourable aneurysm 
anatomy and adverse anatomical characteristics of the aortic neck could 
be predictors of poorer short-term outcomes.8 However, in experienced 
endovascular centres, an increasing number of patients with abdominal 
aortic aneurysms (AAA) are treated outside the IFU. In the authors’ 
experience, this certainly includes RAAAs.

This study aimed to compare the 1-year results of EVAR for RAAA patients 
with favourable aortic neck anatomy (FNA) and hostile aortic neck anatomy 
(HNA).

METHODS

Patient selection

Patients with a proven RAAA were identified retrospectively based on 
the Dutch administrative code for RAAA (406) in the hospital records of a 
large, tertiary referral centre for cardiovascular disease in the Netherlands. 
Patients were included for this analysis if the RAAA had been treated by 
means of EVAR between February 2009 and January 2014. A RAAA was 
defined as bleeding outside the adventitia of a dilated aortic wall. The 
diagnosis of a ruptured AAA was based on clinical findings, an ultrasound 

5
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(US) in the emergency department, followed by a contrast enhanced 
computed tomography angiography (CTA) to confirm the diagnosis and 
allow for precise treatment planning. Patients were excluded if there was 
no evidence of a rupture. Patients who underwent previous EVAR or OR 
were also excluded.

Patient clinical status, medical history, treatment and follow up data 
were collected through hospital, emergency department and operation 
records.

Patient management

All patients were treated by (or under the supervision of) an experienced 
endovascular surgeon. The type of treatment (OR or EVAR) was left to the 
discretion of the surgeon, although under an EVAR first strategy. All patients 
scheduled for endovascular treatment underwent pre-operative CTA to 
determine baseline aortic and aneurysmal dimensions. Both bifurcated 
and aorto-uni-iliac (AUI) devices were used, including Endurant (Medtronic 
Vascular, Santa Rosa, CA, USA) and Excluder (W.L. Gore and Associates, 
Flagstaff, AZ, USA). All endografts were implanted through the common 
femoral artery via a transverse surgical cutdown.

If the prognosis because of comorbidity was exceedingly poor or if treatment 
options were limited, patients were palliated.
Standard follow up of treated RAAA patients was performed at 1 month 
with a CTA scan, and yearly thereafter with CTA or duplex ultrasound.

Anatomical evaluation

Two trained researchers blinded for treatment outcome, reviewed all 
available pre-operative CTAs independently. Measurements were made 
using dedicated three-dimensional (3D) sizing software (3mensio, 3mensio 
Vascular, Bilthoven, The Netherlands). The central lumen line (CLL) was 
generated manually. Measurements were taken perpendicular to the CLL, 
and suprarenal and infrarenal angulations were determined according to 
the method described by Van Keulen et al.9 In case of a discrepancy of 
more than 2 mm neck length or 5° angulation, consensus was obtained by 
consultation with one of the endovascular surgeons. A common iliac artery 
(CIA) with a diameter ≥17 mm in males or ≥15 mm in females was considered 
aneurysmal.10
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Definitions and outcomes

The study cohort of patients was divided into two groups based on infrarenal 
aortic neck anatomy. FNA was defined as a proximal neck of ≥15 mm 
combined with a suprarenal angulation (α) ≤60° and an infrarenal angulation 
(β) ≤75° or defined as a proximal neck of ≥10 mm combined with α ≤45° and 
β ≤60°. HNA was defined as RAAAs with a proximal neck of <10 mm, or a 
proximal neck of 10-15 mm with α > 45° and/or β > 60°, or a proximal neck of 
> 15 mm combined with α > 60° and/or β > 75°. The limits correspond with 
the instructions for use (IFU) for the Endurant stent graft.

Technical success was defined as successful delivery and deployment 
of the endograft, without unintentional coverage of renal or visceral 
arteries, followed by successful removal of the delivery system, and the 
absence of either a type I or III endoleak. Completion angiography was 
performed to document any possible endoleaks and other endograft related 
complications. The duration of procedure was defined as the time between 
arterial cutdown and closure. Thirty day and 1-year outcomes included 
endograft related complications, mortality rates, and need for secondary 
interventions. Significant migration was defined as a displacement of the 
endograft of ≥10 mm. There was no loss to follow up at 1 year.

Statistical analysis

Statistical analyses were performed using SPSS version 21 for MAC (IBM 
Corporation, Armonk, NY, USA). Categorical variables are presented as 
frequencies with percentages. The χ2 or Fisher’s exact test were used for 
categorical variables depending on sample size. Continuous variables are 
presented as mean ± standard deviation (SD) or as median and interquartile 
range (IQR) in case of skewed data. Mean differences were assessed using 
independent group t tests and median differences were assessed using 
Mann-Whitney U tests. A p value < .05 was considered statistically significant. 
A per protocol analysis was performed for the technical endograft related 
observations. All other variables were evaluated on an intention to treat 
basis. Missing values were excluded for analysis. Follow up data were 
analysed by Kaplan-Meier life table analysis and the log-rank test.

5
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RESULTS

Patients

Sixty-nine patients presented with a RAAA at the emergency department 
between February 2009 and January 2014. Six patients were rejected for 
surgery based on extensive comorbidities and four did not regain cardiac 
output after cardiopulmonary resuscitation. Of the 59 patients that 
underwent an intervention, 12 patients (20%) underwent OR. The primary 
reason for OR was the presence of a juxtarenal aneurysm. The remaining 
47 patients (80%) underwent EVAR; eight of these patients were excluded 
because they had a secondary rupture after previous AAA repair (5 OR and 
3 EVAR). The remaining 39 patients were included in the present study. The 
FNA group consisted of 22 patients (56%), and the remaining 17 patients 
(44%) were assigned to the HNA group.

Table 1. Patient demographics and risk factors by neck anatomy

Variables FNA (N = 22) a HNA (N = 17) a p-value

Age, years 72.6 ± 8.2 75.6 ± 6.5 .230b

Female 18% (4/22) 18% (3/17) 1.000c

Admission data

Pulse (beats per minute) 85 ± 21 79 ± 13 .378b

Blood pressure (mmHg)

Systolic 112 ± 29 114 ± 37 .920b

Diastolic 69 ±19 67 ± 21 .843b

Haemoglobin (mmol/L) 7.3 ± 1.2 7.0 ± 1.4 .589b

Creatinine (μmol/L) 115 (82 – 130) 110 (98 - 38) .573d

Risk factors

Tobacco use 22% (4/18) 35% (6/17) .471c

Hypertension 79% (15/19) 71% (12/17) .706c

Hypercholesterolemia 67% (12/18) 59% (10/17) .631e

Diabetes 11% (2/18) 6% (1/17) 1.000c

Cancer 17% (3/18) 6% (1/17) .603c

Cardiac disease 39% (7/18) 41% (7/17) .890e

Pulmonary disease 17% (3/18) 29% (5/17) .443c

Renal insufficiency 6% (1/18) 6% (1/17) 1.000c

a Values are reported as mean ± standard deviation, median and interquartile range (IQR) or 
as frequencies (%) (n/N).
b T-test
c Fisher’s Exact test
d Kruskal-Wallis test
e Pearson Chi-Square
Denominator differs when there are missing values.
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Pre-operative clinical and anatomic features

Demographic data, haemodynamic status, serum creatinine, haemoglobin, 
and baseline risk factors of the study groups are outlined in Table 1. There 
were no significant differences in age, gender, haemodynamic stability, and 
risk factors. Mean pre-operative AAA measurements are listed in Table 2. 
The HNA group tended to have a larger maximum AAA diameter (HNA 86 ± 
15 mm vs. FNA 70 ± 18 mm, p = .004). The shortest proximal neck was 4 mm, 
and the largest α and β were 85° and 90°, respectively. In the HNA group, 
seven (41%) patients had a proximal aortic neck length < 10mm, seven (41%) 
patients had a suprarenal angulation > 60°, and 11 (65%) patients had an 
infrarenal angulation > 75°.

Table 2. Baseline aneurysm characteristics by neck anatomy

Variable FNA (N = 22)a HNA (N = 17)a p-value

Suprarenal angulation (α), degrees 27 ± 17 47 ± 19 .002c

Infrarenal angulation (β), degrees 50 ± 15 73 ± 16 < .001c

Neck length, mm 35 ± 14 22 ± 16 .016c

Neck diameter, mm 23 ± 4 22 ± 4 .595c

Maximum AAAb diameter, mm 70 ± 17 86 ± 15 .004c

Right iliac diameter, mm 22 ± 18 16 ± 5 .184c

Left iliac diameter, mm 19 ± 9 17 ± 8 .639c

Right femoral diameter, mm 10 ± 4 9 ± 2 .144c

Left femoral diameter, mm 10 ± 2 9 ± 2 .356c

Iliac aneurysm 55% (12/22) 35% (6/17) .232d

aValues are reported as mean ± standard deviation or as frequencies (%) (n/N).
bAbdominal aortic aneurysm
c T-test
d Pearson Chi-Square

Intra-operative results

Operation time was significantly longer for HNA (HNA 122 [IQR 88-179] min 
vs. FNA 87 [IQR 65-104] min p = .021). There was trend for implanting more 
AUI devices in HNA patients; however, the difference was not significant 
(Table 3). One HNA patient had no endograft implanted because of iliac 
access difficulties. Severe comorbidities meant that this patient was not 
converted to open surgery and died within 24 hours. Intra-operative type 
Ia endoleaks were more frequent in the HNA group (Table 3). However, all 
endoleaks were addressed and resolved during the initial procedure. All 
intra-operative endoleaks required the use of a balloon expandable stent, 
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and in one patient an extension cuff was added. Unintentional overstenting 
of both renal arteries occurred in one HNA patient. A hepato-renal bypass 
was performed to preserve blood flow to one kidney. Technical success was 
100% (22/22) for FNA and 88% (15/17) for HNA (p = .184). Two FNA patients 
(9%) and two HNA patients (12%) died within 24 hours of surgery.

Table 3. Initial procedural data and evaluation by neck anatomy

Variable FNA (N = 22)a HNA (N = 17)a p-value

Duration of procedure (mins) 87 (65-104) 122 (88-179) .021c

Anaesthesia used .584d

General 50% (11/22) 59% (10/17)

Local or Regional 50% (11/22) 41% (7/17)

Configuration endograft .147e

Bifurcated 95% (21/22) 76% (13/17)

AUIb 5% (1/22) 24% (4/17)

Device name 1.000e

Endurant 95% (21/22) 100% (17/17)

Excluder 5% (1/22) 0% (0/17)

Adjunctive procedures

Resolve endoleak type Ia 0% (0/22) 24% (4/17) .029e

Resolve endoleak type III 0% (0/22) 6% (1/17) .436e

Completion angiography

Endoleak type Ia 0% (0/22) 0% (0/17) -

Endoleak type III 0% (0/22) 0% (0/17) -

Unintentional overstenting of renal 
artery

0% (0/22) 6% (1/17) .436e

Basic outcome

Technical success 100% (22/22) 88% (15/17) .184e

No implant 0% (0/22) 6% (1/17) .436e

Conversion to open surgery 0% (0/22) 0% (0/17) -

Dead within 24 hours 9% (2/22) 12% (2/17) 1.000e

a Values are reported as median and interquartile range (IQR) or as frequencies (%) (n/N).
b Aorto-uni-iliac
c Kruskal-Wallis test
d Pearson Chi-square
e Fisher’s Exact test
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Thirty-day outcome

Within 30 days of implant, three FNA patients (13%) died, versus two HNA 
patients (12%, p = 1.000), including the direct post-operative deaths. One-
month imaging was performed in 33 implanted patients (85%), one patient 
was diagnosed with metastasised cancer therefore no follow up was 
planned. Table 4 presents the 30-day clinical and technical outcomes. One 
FNA patient developed a type Ia endoleak on post-operative day one, which 
required open surgical correction. Unfortunately, the patient died during 
this procedure. One HNA patient was converted to open repair because 
of an AAA re-rupture based on a type Ia endoleak on post-operative day 
three. One type Ib endoleak was reported in an HNA patient, requiring 
an extension cuff just to the level of the hypogastric artery. An endograft 
limb occlusion was observed in an FNA patient, which was corrected by 
converting the bifurcated graft to an AUI graft in combination with a femoro-
femoral bypass.

A total of four HNA patients (24%) versus zero FNA patients developed 
an abdominal compartment syndrome, which required decompression 
laparotomy (p = .029).

Table 4. Patient outcome within 30-days by neck anatomy

Variable FNA (N = 22)a HNA (N = 17)a p-valuee

Technical outcomeb

Endoleak type Ia 5% (1/19) 7% (1/14) 1.000

Endoleak type Ib 0% (0/19) 7% (1/14) .424

Endoleak type III 0% (0/19) 0% (0/14) -

Endograft occlusion 5% (1/19) 0% (0/14) 1.000

Endograft migration 0% (0/19) 0% (0/14) -

Clinical outcomec

Secondary surgical procedures

Endovascular procedure 5% (1/22) 6% (1/17) 1.000

Laparotomy for ACSd 0% (0/22) 24% (4/17) .029

Conversion to open surgery 5% (1/22) 6% (1/17) 1.000

Aneurysm rupture 0% (0/22) 6% (1/17) .421

All-cause mortality 14% (3/22) 12% (2/17) 1.000

a Values are reported as frequencies (%) (n/N).
b Per protocol analysis. Only patients with 30-day imaging were included in the analysis.
c Intention-to-treat analysis. All patients were included in the analysis.
d Abdominal compartment syndrome
e Fisher’s Exact test

5
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One-year outcome

One-year imaging was available for 28 (72%) patients (Table 5). No new type 
I endoleaks were reported in either group. One FNA patient developed a 
type III endoleak, which was corrected endovascularly with an interposition 
graft. Freedom from device related secondary interventions at 1 year was 
comparable between groups (FNA 85% vs. HNA 87%, p = .962, Fig. 1). In 
addition, there were no significant differences in estimated freedom from all 
cause mortality (FNA 77% vs. HNA 65%, p = .413, Fig. 2). Within 1 year, four 
HNA patients died (urosepsis, sepsis of unknown origin, cardiac, incarcerated 
femoral hernia). In the FNA group two patients died (metastasised cancer, 
pulmonary insufficiency). In all patients there were no stent graft related 
complications.

Table 5. Patient outcome at 1-year by neck anatomy

Variable FNA (N = 22)a HNA (N = 17)a p-valuec

Endograft related complicationsb

Endoleak type Ia 0% (0/16) 0% (0/12) -

Endoleak type Ib 0% (0/16) 0% (0/12) -

Endoleak type III 6% (1/16) 0% (0/12) 1.000

Endograft occlusion 0% (0/16) 0% (0/12) -

Endograft migration 0% (0/16) 0% (0/12) -

a Values are reported as frequencies (%) (n/N).
b Per protocol analysis. Only patients with 1-year imaging were included in the analysis.
c Fisher’s Exact test
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Figure 1. Kaplan-Meier curves representing the 1-year freedom from device-related second-
ary interventions (Log-rank, p = .962). Five patients in the FNA group and six patients in the 
HNA group died within one year and were censored.

Figure 2. Kaplan-Meier curves representing the 1-year freedom from all-cause mortality 
(Log-rank, p = .413).

5
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DISCUSSION

To the authors’ knowledge, this is the first report that evaluates the 
outcomes of EVAR in RAAAs with hostile aortic neck anatomy. Encouraging 
results are reported with no differences in clinical and technical outcomes 
between FNA and HNA patients.

Mortality is of the utmost importance in the discussion of whether patients 
with hostile anatomical features should be treated with EVAR. In this study, 
following an EVAR first strategy, the overall 30-day or in hospital mortality 
was 13%. This is in line with reports showing an improvement in 30-day 
mortality in various centres that changed from an OR first to an EVAR first 
approach.11 When taking aneurysm morphology into account, it has been 
shown that especially short infrarenal neck length influences mortality, as 
it does in OR.12 In OR this is most likely caused by the need for high cross 
clamping, impairing circulation of the visceral arteries. In this study the 
mortality rates were not influenced by the suitability for EVAR (FNA 14% vs. 
HNA 12% p = 1.000). This supports the authors’ view that patients should 
not be denied endovascular surgery based on hostile anatomical features 
alone, especially when considering that data on emergency EVAR in HNA are 
limited and OR in this population shows no survival benefit.12

In this study, 44% of patients undergoing EVAR had HNA. This is in contrast 
with reports estimating that 17-30% of elective patients are treated outside 
IFU.13, 14 Anatomical unsuitability for EVAR remains one of the main reasons to 
treat AAAs via open surgery, and there have been reports stating that up to 
80% of RAAAs are regarded as not suitable for EVAR.7 However, unsuitability 
is based on preclinically obtained test data and defined by the
manufacturer. With increasing experience, off label use of several stent 
grafts has become widely accepted in elective surgery.

The discrepancy between the present results and those from previous 
reports on suitability can be explained partly in that juxtarenal AAAs 
underwent OR and were not included in this analysis. However, this does 
not account for the difference between elective and emergency EVAR. 
One reason for the high number of patients treated with HNA may be the 
diameter of the AAA. In this study, the mean AAA diameter was significantly 
larger for HNA patients. Besides increasing the risk of a rupture, a large AAA 
diameter may also negatively influence infrarenal neck length or shape, 
or both, which can result in a higher percentage of RAAAs regarded as 
unsuitable for EVAR.7 Although the present study shows no difference 
between HNA and FNA at 1-year, the larger AAA diameter could contribute to 
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a higher re-intervention rate at long-term follow up as has been previously 
described.15

The present results did show a significantly higher rate of adjunctive 
procedures for intra-operative type Ia endoleaks in HNA patients. 
Comparable results can be found in studies reporting the outcome of EVAR 
in elective AAA patients with hostile infrarenal necks. A recent meta-analysis 
of these studies also concluded that patients with hostile neck anatomy 
required significantly more adjunctive procedures to resolve intra-operative 
type Ia endoleaks (FNA 9% vs. HNA 22%, p < .001).16 Remarkably, however, 
the present study reported a comparable rate of adjunctive procedures of 
24% in HNA patients, even though there was notably less time for procedure 
planning compared with elective surgery. This indicates that emergency 
planning by an experienced vascular surgeon was adequate, and did not 
lead to an increased need for adjunctive procedures.

Although EVAR requires lifelong follow up and has an increased secondary 
intervention rate compared with OR, no differences were found in the 
need for secondary interventions between HNA and FNA within 1-year. 
This finding is in line with previous reports on AAAs with challenging aortic 
necks treated with comparable devices in an elective setting.17-19 This implies 
that the need for secondary interventions within 1-year of follow up was not 
influenced by the emergency setting and the higher number of adjunctive 
procedures in the present study.

A marked advantage of EVAR is that its physiological impact is notably 
reduced compared with OR, because of the possibility of local anaesthesia 
and the avoidance of aortic cross clamping. A recent study by Gupta et al. 
supports this theory, with an improved mortality in unstable patients who 
received EVAR.20 On the other hand, the AJAX trial and IMPROVE trial did 
not show any significant differences in 30-day mortality between EVAR and 
OR.4, 5 However, it should be noted that these two randomised trials reported 
only on a selected group of patients with RAAA and are not necessarily 
generalisable to the general population. Moreover, the nature of these trials 
did not permit surgeons to perform the procedure they personally prefer.

Although the present study suggests that a hostile infrarenal neck is not 
necessarily a reason for OR, there are limitations to the use of a “regular” 
endograft, depending on the extent of neck hostility. Several techniques 
have been developed to increase EVAR suitability, one of which is the 
chimney technique introduced by Greenberg et al.21 This is a cheap and 
readily available procedure and therefore ideal for RAAAs. However, 

5
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evidence is scarce and consists of small studies, and case reports without 
long-term follow up.22

Even without advanced techniques, a low percentage (14%) of RAAA patients 
were rejected for intervention. This finding may inform the debate on 
rejection for repair, which is considered to be subject to many influencing 
factors. In the current literature, rejection rates vary greatly between 
centres and countries, ranging from 20% to up to 42%.23 These differences 
arise because of the wide variation in criteria used to decide whether or not 
to operate on a patient. Some patients are rejected for any form of surgery 
because anatomy does not allow EVAR and comorbidity precludes OR.

At the authors’ hospital, treatment decisions are based on a multitude 
of anatomical and patient characteristics. Therefore, the present patient 
sample ranges from small haemodynamically stable retroperitoneal 
haemorrhaging to large free intraperitoneal ruptures. While open surgery 
is probably lethal in the latter patients, they may potentially survive EVAR in 
combination with optimised in hospital logistics (availability of pre-operative 
CT scan, an experienced endovascular team, and immediate availability of a 
variety of endografts) and the use of permissive hypotension.3

In clinical practice, a CT scan is essential, even in an emergency setting, to 
determine the best surgical care and to make a substantiated decision to 
perform open or endovascular surgery. A previous study suggests that, in 
the majority of RAAA patients, there is enough time to obtain CT imaging, 
assess AAA morphology and EVAR suitability, and transfer the patient to 
the operating theatre.24

This study is limited by the small sample size and the single centre design. 
Because of the low rate of complications, modern stent grafts require a 
large patient sample in which to detect significant differences. The results 
of emergency EVAR were described in a hospital with three vascular 
surgeons performing over 100 EVARs annually and these results may not be 
generalisable to centres with less experience in EVAR. Further prospective 
studies, with a larger group of patients, and longer follow up are necessary 
to evaluate the safety and durability of EVAR in patients with RAAAs and 
hostile infrarenal aortic neck anatomy.
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CONCLUSION

EVAR in RAAAs with hostile infrarenal aortic necks appears technically 
feasible and safe in experienced hands. Endograft related complication 
rates and secondary intervention rates were not significantly higher in RAAA 
patients with HNA at 1-year.

5
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ABSTRACT

Objective: The aim of the EAGLE registry is to prospectively collect 
data of patients with challenging infrarenal neck anatomy undergoing 
an endovascular aneurysm repair (EVAR) with the Endurant Stent Graft 
System.

Methods: From February 2012 to September 2017, patients with an 
abdominal aortic aneurysm with challenging infrarenal neck and deemed 
suitable for EVAR were prospectively included at 23 European centers. 
Patients were categorized by anatomy in three groups. Short neck (SN); 
infrarenal neck 5-10mm in combination with suprarenal angulation (α) ≤ 45° 
and infrarenal angulation (β) ≤ 60°. Medium neck (MN); infrarenal neck 10-
15mm with α ≤ 60° and β 60°-75° or α 45°-60° and β ≤ 75°. Long neck (LN); 
infrarenal neck ≥ 15mm with α ≤ 75° and β 75°-90° or α 60°-75° and β ≤ 90°. 
All computed tomography scans were reviewed by an independent core lab. 
Primary outcomes were technical and clinical success. Secondary endpoints 
were adverse events, endoleaks, migration, and secondary interventions.

Results: One-hundred and fifty patients, 81.3% male, were included, SN = 55, 
MN = 16 and LN = 79. In the overall cohort, technical success was 93.3%, a 
small persistend type Ia endoleak was seen in 6.7% at final intraoperative 
angiogram of which 80% had resolved spontaneously at 30-day follow-up. 
Clinical success was 93.2% and 88.6% at 30-days and one-year respectively. 
Freedom from all-cause mortality was 98.6% and 90.8% at 30 days and 
1-year respectively. Late type Ia endoleaks were seen in 2.6% at 1-year 
follow-up. Freedom from migration and secondary intervention were 99.3% 
and 90.6% at 1-year respectively.

Conclusion: Early results of the EAGLE registry indicate that endovascular 
repair with the Endurant stent graft can provide acceptable outcomes in 
selected patients with challenging infrarenal neck anatomy.
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INTRODUCTION

Endovascular aneurysm repair (EVAR) has changed the treatment of 
abdominal aortic aneurysms (AAA’s) since its introduction in 1991.1,2 EVAR 
nowadays is considered standard of care, however, challenging aneurysm 
morphology can impede successful aneurysm exclusion.3,4 Short and 
angulated infrarenal necks are associated with insufficient sealing, hence an 
increased risk of type Ia endoleaks and/or migration.3,4 Stent manufacturers 
enclose anatomical guidelines within the instructions for use (IFU) of their 
devices. Based on the IFU 19.3-37% of patients are excluded from EVAR, 
predominantly due to the infrarenal neck morphology.5-7

The IFU is based on pre-clinical data and experiences with previous devices. 
Increased experience and technical advancements have resulted in better 
outcomes and also stimulated the exploration of the limits of EVAR.8,9,10 In 
current practice, 17.9-44% of AAAs treated with a regular EVAR device are 
outside IFU.11-13 Adjunctive procedures during regular EVAR, for example 
endostaples or bare metal stents can be applied to increase proximal 
stability and seal16.

Advanced endovascular solutions for off-label use, fenestrated-EVAR  
(f-EVAR) and chimney-EVAR (ch-EVAR) are gaining in popularity, but still are 
technically challenging and not widely available nor applicable.14,15 Especially 
females are often not eligible for custom devices due to challenging 
access.

It is our hypothesis that, within certain limits, patients with challenging 
infrarenal neck anatomy (outside IFU) can be treated with a regular EVAR 
procedure without compromising outcome. The Endurant Stent Graft 
System (Medtronic Vascular, Santa Rosa, Calif) is designed to accommodate 
complex infrarenal neck morphology by improved fixation, conformability 
and proximal seal.11 Various studies suggest that this stent graft performs 
well in patients with challenging infrarenal neck anatomy.10,17,18 However, 
challenging neck anatomy and “outside IFU” is a very broad concept with a 
large range in complexity.

The EAGLE registry was initiated to evaluate the technical and clinical success 
rate of stent grafts being used in patients with challenging neck anatomy 
outside IFU, but within certain anatomical limits.

6
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METHODS

Study design

The Endurant for Challenging Anatomy: Global Experience (EAGLE) 
Registry is a physician initiated, prospective, multicenter, observational, 
non-randomized study of patients treated with an Endurant Stent Graft 
System (Medtronic Vascular, Santa Rosa, Calif).19 Between February 2012 
and September 2017, patients were included from European centers with 
extensive experience with the use of the Endurant stent graft. During the 
course of the registry centers were added to the study, eventually resulting 
in 23 participating sites.

Inclusion criteria

All patients 18-years and older with a non-ruptured AAA and an indication 
for EVAR were eligible if the infrarenal neck was regarded as “outside IFU”. 
Indication for EVAR and the use of the Endurant system was at the discretion 
of the treating physician. Computed tomography scans (CT-scans) were 
reviewed by an independent core lab. Based on the report provided by the 
core lab, anatomical eligibility for the registry, and allocation into one of 
the three pre-specified registry subgroups was determined. The subgroups 
are: short neck (SN), medium neck (MN) and long neck (LN). The specific 
anatomical definitions are displayed in figure 1.

Patients with ruptured aneurysms, or planned adjunctive procedures to treat 
a challenging infrarenal neck, were excluded. Patients that were unlikely to 
adhere to the follow-up protocol were also not eligible for enrollment.
A signed informed consent for authorization of data release was required. 
The trial was conducted according to the Declaration of Helsinki and the 
International Conference on Harmonization (ICH) Good Clinical Practice 
(GCP) guidelines, and approved by the local medical ethics committees. This 
study was also approved by the Dutch Health Inspection.

Procedure and follow-up

Graft sizing was done by the treating physician. The implant procedure was 
performed according to the local protocol. There were no restrictions with 
regards to approach (cutdown or percutaneous), type of anesthesia, or other 
procedure specifics.
Follow-up was ideally done at 30-days, 1 year, and yearly thereafter. If local 
follow-up protocol did not correspond with this schedule, dates closest to 
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these points were regarded as 30-day and 1 year. Both ultrasound and CT 
angiogram were regarded as adequate imaging modalities for follow-up.

Figure 1. Inclusion criteria

Outcomes

The primary outcomes are both clinical and technical success as defined 
by Chaikof et al.20 Technical success was defined as successful deployment 
of the stent graft system without unintentional coverage of renal and iliac 
arteries, conversion, mortality, type I or III endoleaks at final intraoperative 
angiogram, or graft limb obstruction within 24 hours of the procedure. 
Clinical success was defined as absence of secondary intervention, type I 
or III endoleak, stent migration > 10mm, graft limb occlusion, or aneurysm-
related mortality. All deaths within 30 days were considered aneurysm 
related. Secondary endpoints were adverse events, endoleaks, migration, 
and secondary intervention. Endoleaks were divided into perioperative; 

6
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within 30 days, and late endoleaks; after 30 days. Perioperative major 
adverse events included all-cause mortality, bowel ischemia, myocardial 
infarction, paraplegia, procedural blood loss > 1000cc, renal failure, 
respiratory failure, and stroke within 30-days. Acute kidney injury was 
classified as a relative increase of 150% in serum creatinine.21

Statistical analysis

Data was collected on standardized case report forms (CRFs) by the local 
investigators. Categorical variables are presented as frequencies with 
percentages. Differences between groups were assessed using the Chi-
square, or Fisher-Freeman-Halton exact test if cells had an expected count 
less than 5. Continuous variables are presented as means ± standard 
deviation (SD) or as median and interquartile range (IQR) in case of skewed 
data. Differences between groups were assessed by a One-Way ANOVA, 
or Kruskal Wallis test in case of non-normal distribution. Secondary 
interventions, aneurysm-related mortality and all-cause mortality, were 
assessed as Kaplan-Meier estimates. A per protocol (PP) analysis was 
performed for the clinical success rate and the technical observations. All 
other variables were evaluated on an intention-to-treat (ITT) basis.

RESULTS

A total of 242 patients were screened and eventually 150 patients were 
included (figure 2). Based on the core lab report, 31 patients were excluded 
because of anatomy inside IFU, 40 cases were excluded due to anatomy 
exceeding the inclusion criteria (extremely complex anatomy). Furthermore, 
10 patients did not provide informed consent and 11 received treatment 
other than EVAR with an Endurant stent graft.

The majority of aneurysms, 52.7% have a long neck with severe angulation. 
Baseline characteristics are depicted in Table 1 A total of 81.3% of patients 
were male and 11.3% had a symptomatic AAA.

Aneurysm morphology

All pre-operative aneurysm details as determined by the core lab are 
presented in table 2. There are no significant differences between groups 
other than criteria used for grouping.
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Figure 2. Inclusion flow-chart; LTFU: Loss to follow-up

6
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Procedure and in hospital

Procedural characteristics and differences between subgroups are 
displayed in table 3. Technical success was 93.3% (SN = 96.4%, MN = 87.5%, 
LN = 92.4%). Successful access and deployment of the stent graft was 
achieved in 100%. In one case the main body was positioned too low by 
accident and unintentional movement was recorded in 2.0% (N = 3), all were 
without clinical consequences. In 10 patients (6.7%) a small type Ia endoleak 
persisted after additional ballooning, but was accepted. In 14 patients, 
additional devices were required to successfully resolve an intraoperative 
type Ia endoleak or improve apposition: extension cuff (N = 7), bare metal 
stent (N = 6) and endostaples (N = 1). In two cases a right renal artery was 
partially covered at index procedure. In both of these cases a renal stent 
was placed, during the initial intervention, to secure kidney perfusion.
The majority of procedures were performed under general anesthesia 
through a surgical cutdown. One tube configuration and 4 aorto-uni-iliac 
(AUI) devices were used in this series.

Table 3. Procedural data

Variable Total 
N = 150a

SN 
N = 55a

MN 
N = 16a

LN 
N = 79a p-value

Anesthesia type .185 c

General 111 (74.0) 42 (76.4) 14 (87.5) 55 (69.6)

Spinal 28 (18.7) 10 (18.2) 0 (0) 18 (22.8)

Local 11 (7.3) 3 (5.5) 2 (12.5) 6 (7.6)

Procedural duration, 
min

88
[70-110]

82 
[60-105]

105 
[79-131]

90
 [75-110]

.083 b

Contrast volume use, cc 85
 [65-125]

80
 [60-124

98 
[74-170]

85 
[68-123]

.255 b

Fluoroscopic time, min 18 
[14-24]

15
 [12-19]

23 
[15-35]

20 
[15-25]

.001 b

Blood loss, cc 200
[100-300]

200
[100-300]

250
[100-425]

200
[100-350]

.771 b

Main section type .769 d

Bifurcated 145 (96.7) 52 (94.5) 16 (100) 77 (97.5)

AUI 4 (2.7) 2 (3.6) 0 (0) 2 (2.5)

Tube 1 (0.7) 1 (1.8) 0 (0) 0 (0)

Access type .595 d

Surgical cutdown 131 (87.3) 50 (90.9) 14 (87.5) 67 (84.8)

Percutaneous 19 (12.7) 5 (9.1) 2 (12.5) 12 (15.2)
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Table 3. Continued

Variable Total 
N = 150a

SN 
N = 55a

MN 
N = 16a

LN
N = 79a p-value

Intraoperative endoleak 29 (19.3) 11 (20.0) 3 (18.8) 15 (19.0) .425 c

type Ia 10 (6.7) 2 (3.6) 2 (12.5) 6 (7.6)

type II 16 (10.7) 8 (14.5) 0 (0) 8 (10.1)

 type III 0 (0) 0 (0) 0 (0) 0 (0)

undetermined 3 (2.0) 1 (1.8) 1 (6.3) 1 (1.3)

Technical success 140 (93.3) 53 (96.4) 14 (87.5) 73 (92.4) .338d

Postoperative stay, days 3 [2-5] 2 [1-4] 4 [2-8] 3 [2-5] .052b

Acute Kidney Injury 1 (0.7) 0 (0) 1 (6.2) 0 (0) .117d

a Values are reported as median [IQR], or as frequencies N (%)
b Kruskal-Wallis
c Chi-Square
d Fisher-Freeman-Halton

Clinical success at hospital discharge was 90.7% (SN: 94.5%, MN: 81.3%, 
LN: 91.0%). During hospitalization 4 (2.7%) secondary interventions were 
performed. The malpositioned stent graft was extended the following 
day.

One patient had a type Ia endoleak not recorded during initial procedure, 
this was resolved with a non-covered stent 8 days postoperatively. In 
another patient a limb occlusion was resolved with kissing stents, and in 
the fourth patient a type B dissection occurred. A thoracic stent graft was 
used to treat the dissection. However, after this intervention the patient 
refused preoperatively started hemodialysis, and died due to renal failure. 
One patient suffered a fatal cerebral hemorrhage, and a third patient died 
due to cardiac failure 104 days after treatment. Resulting in an in–hospital 
mortality of 2.0% (N = 3). Perioperative major adverse events were recorded 
in 5 cases (3.3%): all-cause mortality in three cases, postoperative myocardial 
infarction in one case, and procedural blood loss > 1000cc in one case.

30-day outcomes

Follow-up was available for 96.7% of patients of which the outcomes are 
shown in table 4. Postoperative imaging was performed in 96.6%. In 14 
patients a CT-scan was made prior to discharge and not at 30-day follow-
up. Clinical success at 30-days was 93.2% (SN: 94.5%, MN: 80.0%, LN: 
94.9%). 30-Day mortality was 1.3% (N = 2). Secondary interventions within 

6
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30 days were performed in 5 cases. In addition to the abovementioned 
4 secondary interventions during admission, the fifth case underwent an 
axillo-bifemoral bypass due to a right limb occlusion, 22 days after index 
procedure. The subgroup analysis showed a significant difference in 
secondary interventions between groups (p = .009). Post-hoc Fisher’ exact 
test showed MN had significantly more secondary interventions than SN 
(p = .034) and LN (p = .014).

At 30-day follow-up 80.0% (8/10) of type Ia endoleaks had resolved 
spontaneously. In addition to the 2 persisting endoleaks, one new type Ia 
endoleak and one Ib endoleak were reported. Therefore, 3 (2.7%) type Ia 
endoleaks were present at 30-days. All type I endoleaks were planned for 
secondary intervention. Migration was reported in one case and caused 
the abovementioned new type Ia endoleak. A type II endoleak was seen 
in 13 cases none requiring treatment. No type III or IV endoleaks were 
identified.

Table 4. 30-day outcomes

Variable Total
N(%)

SN
N(%)

MN
N(%)

LN
N(%) p-value

30-day follow-up 145 (96.7) 55 (100) 14 (87.5) 76 (96.2)

Imaging 
performed

140 (96.6) 53 (96.4) 14 (100) 72 (95.7) .083 a

CT-scan 124 (88.6) 52 (98.1) 13 (92.9) 59 (81.9)

Duplex 16 (11.4) 1 (1.9) 1 (7.1) 13 (18.1)

Clinical success* 138/148 (93.2) 52/55 (94.5) 12/15 (80.0) 74/78 (94.9) .137a

All-cause 
mortality

2 (1.3) 0 (0) 1 (6.3) 1 (1.3) .193a

Reinterventions 5 (3.3) 1 (1.8) 3 (18.8) 1 (1.3) .009a

30-day endoleak 18 (13.0) 6 (10.9) 2 (15.4) 10 (14.1) .833a

type Ia 3 (2.2) 2 (3.7) 0 (0.0) 1 (1.4)

type Ib 1 (0.7) 0 (0.0) 0 (0.0) 1 (1.4)

type II 13 (9.4) 4 (7.4) 1 (7.7) 8 (11.3)

type III 0 (0) 0 (0) 0 (0) 0 (0)

a Fisher-Freeman-Halton
* Patients who were lost to follow-up or who withdrew informed consent were not included 
in the clinical success analysis.
** Only patients with imaging were included in the 30-day endoleak analysis.
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1-year outcomes

Follow-up was available for 127 (84.6%) patients, thirteen patients died 
prior to the 1-year follow-up visit, two patients withdrew consent, and 
eight patients were lost to follow-up. A flow-chart of follow-up compliance 
is presented in figure 2. Imaging was performed in 116/127 patients (91.3%). 
Clinical success was 88.6% at 1-year (SN: 90.2%, MN: 83.3%, LN: 88.3%). 
Estimated freedom from all-cause mortality and freedom from aneurysm-
related mortality were 90.8% and 97.2% respectively (figure 3). In addition 
to the 30-day mortality, two patients died after secondary intervention for 
a type Ia endoleak. One after open surgical conversion which resulted in 
multi-organ failure. The second after bleeding at the level of the right renal 
artery, after successful resolution of the type Ia endoleak.

Kaplan Meier estimate of freedom from secondary intervention is 90.6% 
at 1-year (figure 3 and 4). In total, secondary interventions within 1-year 
were performed in 13 cases. A late type Ia endoleak (>30days) was seen in 
3/116 (2.6%) patients (SN: 90.2%, MN: 83.3%, LN: 88.3%). Two of the type Ia 
endoleaks were left untreated: one patient refused treatment, in another 
patient, a small endoleak without sac change was accepted. In the third 
patient, the late type Ia endoleak was treated with endostaples.

No new cases of migration were reported. Type II endoleaks were seen 
in nine cases. One (0.9%) late type III endoleak was reported. All 1-year 
outcomes are presented in table 5.

6
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Figure 3. Kaplan-Meier curves representing freedom from reintervention.

Figure 4. Kaplan-Meier curves representing freedom from mortality.

DISCUSSION

Patients with anatomy outside the current IFU for EVAR comprise a 
significant group within the AAA population. This is reflected in the literature 
where up to 44% is being treated outside manufacturers IFU.11,12,22 In this 
prospective, multicenter, single device registry outcomes of treatment 
outside IFU, within certain anatomical limits for the infrarenal neck, are 

6
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reported. These early results indicate that implantation of the Endurant 
stent graft into a challenging infrarenal neck is safe and effective.

An overall 6.7% type Ia endoleak rate at final intraoperative angiogram was 
reported. The reported 9.3% of additional proximal devices is comparable 
to the outside IFU analysis of the GREAT registry and ENGAGE registry of 
10.3% and 7% respectively. 10,23 The majority of persistent type Ia endoleaks 
after final angiogram (80%) resolved spontaneously as described previously 
by Bastos Goncalves et al. and Kontopodis et al.24,25 Notably, this led to an 
increase in clinical success at 30-days when compared to hospital discharge. 
The 30-day type Ia endoleak rate is 2.7% which is comparable to other 
studies also within IFU11.

In the EAGLE registry the estimated freedom from secondary intervention 
at 1-year is 90.6%. The majority of interventions were performed for either 
a limb occlusion (5/13) or a type Ia endoleak (5/13). Freedom from secondary 
interventions within IFU varies between 93.4-95.2% in the literature.26-30 
Freedom from secondary intervention for patients treated outside IFU 
range between 91.3-97.6% which is comparable to our results.10,26,27,31 Group 
size and complication rate does not allow for extensive analysis. However, 
subgroup analysis showed only one patient (1.3%) in the Long Neck group 
required a secondary intervention for a type Ia endoleak. A previous study 
on highly angulated necks supports this finding with 97.7% freedom from 
neck related secondary interventions at 1-year follow-up.32

Aside from complex morphology, the EAGLE registry included a large group 
of females (18.7%) who are more prone to complications, especially in 
complex anatomy.33 This seems to be in line with our secondary intervention 
rates of 2.5% versus 7.1%, and 7.4% versus 14.3% in males versus females 
at 30 days and 1-year respectively.

The 2.6% late Ia endoleaks and 0.7% migration at one-year follow-up suggest 
that endovascular treatment of challenging anatomy with the Endurant stent 
graft system can be an acceptable alternative to open surgery or customized 
endografts in experienced centers. It should be noted that our follow-up 
is currently too short to draw any solid conclusion. The limited physical 
impact of EVAR treatment outside IFU makes it well suited for patients with 
comorbidities. Median procedural time was 88 minutes, contrast use was 
85cc, and the postoperative hospital stay was 3 days. These results are 
comparable to inside IFU outcomes28. For example, procedural times for 
f-EVAR or ch-EVAR are 180 to 233 minutes using over 150cc of contrast14,15,34. 
Our study reports 0.7% of postoperative acute kidney injury which is 
markedly lower than the 17.5% observed in the PERICLES registry14.
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Study limitations

The strictly defined inclusion criteria combined with alternative treatment 
options with growing popularity (i.e. Ch-EVAR, f-EVAR) made inclusion 
challenging. Choice of therapy was at the discretion of the treating physician. 
Only patients considered for regular EVAR were presented to the study 
group for inclusion. Therefore, no data on considerations regarding the 
type of intervention were available. In addition, no target group size was 
conceived for SN, MN or LN.

Due to duplex ultrasound being the advised modality for follow-up imaging 
in the European and American guidelines, migration or stent fractures might 
be underreported unless it leads to endoleaks or aneurysm sac growth35,36. 
Furthermore, there is no control group of patients treated inside IFU so 
results can only be compared to other publications. Lastly, these are the 
results after 1-year of follow-up, results from long-term follow-up (5 years) 
should be awaited.

CONCLUSION

The EAGLE registry is to our knowledge the only prospective registry that 
has focused solely on performance outside IFU of the Endurant stent graft. 
Preliminary results at 30 day and 1-year follow-up support the hypothesis 
that patients with challenging anatomy of the infrarenal neck (within certain 
boundaries), treated with the Endurant stent graft system, show acceptable 
results.

6
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ABSTRACT

Purpose: To analyze the results of endovascular repair of common iliac 
artery (CIA) aneurysms without preemptive coil embolization of the internal 
iliac artery (IIA).

Materials and methods: Between January 2010 and July 2016, 79 patients 
(mean age 74.3 ± 8.4 years; 76 men) underwent endovascular repair 
extending into the external iliac artery owing to a CIA aneurysm. The 
procedure was performed for a ruptured aneurysm in 22 (28%) patients. 
Eighty-one IIAs were intentionally covered. The median CIA diameter was 
37 mm (range 20–90). The primary outcomes were the occurrence of type 
II endoleaks and the incidence of buttock claudication.

Results: Five (6%) patients died within 30 days (4 with ruptured aneurysms 
and 1 elective case). Two type II endoleaks originating from a covered IIA 
were recorded; one required an endovascular intervention because of 
aneurysm growth. The other patient died of a rupture based on an additional 
type III endoleak. Mean follow-up was 37.6 ± 26.3 months. Nineteen (26%) 
patients required a secondary intervention. Buttock claudication was 
reported in 21 (28%) of 74 patients and persisted after 1 year in 7. No severe 
ischemic complications as a result of IIA coverage were recorded, and no 
revascularization was required during follow-up. 

Conclusion: Treatment of CIA aneurysms by overstenting the IIA without 
preemptive coil embolization is safe and has a low risk of type II endoleak 
and aneurysm growth. Persisting buttock claudication is rare.
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INTRODUCTION

Approximately 20% of patients with an abdominal aortic aneurysm (AAA) 
have involvement of the iliac arteries.1, 2 Aneurysms of the common iliac 
arteries (CIA) impose a challenge in obtaining adequate distal sealing 
during endo vascular aneurysm repair (EVAR). A large proportion of CIA 
aneurysms can be addressed by using flared iliac limbs. However, when the 
CIA diameter exceeds the available diameter of the largest iliac limbs or the 
length of the sealing zone is insufficient, the stent-graft must be extended 
into the external iliac artery (EIA) to ensure proper aneurysm exclusion. An 
iliac branched device (IBD) could be used, but many patients are not eligible 
for an IBD based on the instructions for use.3

Extension of a stent-graft into the EIA means covering the internal iliac artery 
(IIA), which may lead to type II endoleak. Therefore, preventive occlusion of 
the IIA is often favored over straightforward coverage.4, 5 Various occlusion 
techniques have been developed, but European and American guidelines 
promote the use of coil embolization as an effective intervention that can 
be performed on the day of graft implantation.4, 5 However, severe ischemic 
complications have been reported, especially when coils are placed deep 
into the IIA.6, 7

One may hypothesize that a patent IIA will always lead to a type II endoleak, 
but there is no solid evidence supporting this theory and the subsequent 
need for preventive measures. When taking into account that coil 
embolization is a costly intervention, with increased exposure to radiation 
and contrast agent, its necessity must be investigated.

In 2010, our department implemented a policy that no preemptive coil 
embolization would be performed whenever stent-graft extension into the 
EIA was required because other options were impossible or undesirable. 
After promising short-term results,8 this strategy was continued, and we 
now update the results of our strategy in a larger population with longer 
follow-up. Our aim was to determine if IIA coverage without preemptive coil 
embolization is safe and effective during longer follow-up and if it is well 
tolerated by patients.

7
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MATERIALS AND METHODS

Study design and patient population

The department’s prospectively maintained database was interrogated 
to identify all patients with intentional overstenting of a patent IIA during 
treatment of a CIA aneurysm between January 2010 and July 2016. Patients 
with intact and ruptured abdominal aortic aneurysms (AAA) or iliac 
aneurysms were eligible for inclusion because the study outcomes were 
related solely to IIA-associated complications.

The decision to cover the IIA was at the discretion of the operating vascular 
surgeon. In general, indications to cover the IIA were a CIA diameter ≥30 
mm, an insufficient distal sealing zone, hostile anatomy for an IBD or flared 
limbs, or emergency repair. All patients were treated by or under the direct 
supervision of a senior vascular surgeon. Regular follow-up was performed 
at 1 month, 1 year, and annually thereafter. If the 1-month computed 
tomography angiography (CTA) scan showed satisfactory position of the 
stentgraft, follow-up was continued with duplex ultrasound by experienced 
vascular technicians. CTA follow-up was performed on indication.

Of the 667 endovascular procedures performed in the observation period, 
the IIA was covered in 102 patients. Twenty-three cases were excluded 
because extension into the EIA was either accidental or performed to 
resolve intraoperative complications, such as a distal endoleak or dissection, 
leaving 79 patients (mean age 74.3 ± 8.4 years; 76 men) in which IIA coverage 
was planned due to a CIA aneurysm (27 patients previously described8). 
An AAA was present in 46 (58%) patients. Twenty-two (28%) patients had a 
ruptured aneurysm, 12 iliac, and 10 AAA. Two patients underwent planned 
bilateral IIA coverage. One patient was wheelchair dependent and previously 
underwent a total colectomy; the second patient suffered from a ruptured 
AAA with bilateral CIAAs. In total, there were 81 covered IIAs in the study 
group. Median CIA aneurysm diameter was 37 mm (range 20–90). All 
morphologic characteristics are presented in Table 1.
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Table 1. Baseline characteristics of the 79 study patients

 Variable n/N (%)

Age, y 74.3 ± 8.4

Men 76/79 (96)

Comorbidities

    Smoking history 40/77 (52)

    Hypertension 61/78 (78)

    Hypercholesterolemia 49/79 (62)

    Coronary artery disease 34/78 (44)

    Arrhythmia 24/78 (31)

    Cerebrovascular disease 17/78 (22)

    Peripheral artery disease 15/78 (19)

    Diabetes mellitus 16/78 (21)

    COPD 10/78 (13)

Previous aortic surgery 12/79 (15)

Ruptured aneurysm 22/79 (28)

ASA classification

    II 30/79 (38)

    III 23/79 (29)

    IV 4/79 (5)

    V 22/79 (28)

Aortic morphology

    AAA 46/79 (58)

    AAA diameter, mm 60 ± 18

    CIA diameters, mm (n=81)

    Maximum 37 (20–90)

    Proximal 18 (9–47)

    Mid 36 (15–90)

    Distal 18 (6–76)

AAA, Abdominal Aortic Aneurysm
CIAA, Common Iliac Artery Aneurysm
CIA, Common Iliac Artery
IIA, Internal Iliac Artery
a Continuous data are presented as the mean ± standard deviation
or median (absolute range); categorical data are given as the number
(percentage). Denominators differ owing to missing values.
b Denominator represents internal iliac arteries not covered by a graft.

7
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Data collection and outcome measures

An experienced vascular surgeon reviewed the preoperative contrast-
enhanced CT scans and measured the CIAs at 3 points: directly distal of 
the aortic bifurcation, middle of the iliac artery, and just proximal of the iliac 
bifurcation. A CIA with a maximum diameter ≥ 17 mm in men or ≥ 15 mm in 
women was considered aneurysmal.9 All CIA measurements and IIA-related 
complications are reported based on the number of covered IIAs.

The primary outcomes were the occurrence of IIA-related type II endoleaks 
and the incidence of buttock claudication. Events were registered based 
on entries in the patient records, which were reviewed independently by 2 
senior vascular surgeons. Referring physicians were contacted if patients 
continued follow-up outside our center. The national mortality registry was 
consulted to determine the date of death. The general practitioner was 
contacted if no data were available in the hospital system on the cause of 
death.

Statistical analysis

Categorical variables are presented as frequencies with percentages. 
Continuous variables are presented as mean ± standard deviation or as 
median and absolute range in case of skewed data. Time-to-event analysis 
was performed using the Kaplan-Meier method for survival, freedom from 
any secondary intervention, and freedom from type II endoleak. Estimates 
are presented with the 95% confidence interval (CI). The threshold of 
statistical significance was p < .05. Statistical analyses were performed using 
SPSS for MAC (version 21; IBM Corporation, Armonk, NY, USA).

RESULTS

Sixty-two bifurcated stent-grafts were implanted, and 7 CIA aneurysms were 
treated with iliac limbs only (Table 2). Two aortouni-iliac devices combined 
with femoral-femoral crossover bypasses were used; the contralateral IIA 
was patent on the final angiography. In 12 (15%) cases IIA overstenting was 
part of a secondary intervention; 8 received iliac extensions. There were no 
intraoperative deaths or conversions to open repair.
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Thirty-day survival

Five (6%) patients died within 30 days of treatment, including 4 (18%) of the 
22 patients with a ruptured aneurysm and 1 (2%) of the 57 electively treated 
EVAR patients. In one of the ruptured aneurysm deaths both IIAs were 
covered. The electively treated patient died at home 19 days after surgery 
of an unknown cause.

Table 2. Treatment details and follow-up outcomes.a

 Variable n/N (%)

Stent-grafts

    Bifurcated 62/79 (79)

    AUI + FFX 2/79 (3)

    Iliac limb only 7/79 (9)

    Iliac extensionb 8/79 (10)

Contralateral IIA (n=77)

    Patent 69/77 (90)

    Occluded 6/77 (8)

    Unplanned coverage 2/77 (3)

30-day mortality 5/79 (6)

Follow-up, mo (n=74) 37.6 ± 26.3

Buttock claudication 21/74 (28)

    Persisting > 1 y 7

IIA-related type II endoleakc 2/75 (3)

Secondary intervention 19/74 (26)

Ipsilateral occlusion/stenosis 8/19 (42)

Open conversion 5/74 (7)

Ruptured aneurysm 5/74 (7)

Abbreviations: AUI, aortouni-iliac; FFX, femoral-femoral crossover; IIA, internal iliac artery.
a Continuous data are presented as the mean ± standard deviation; categorical data are given 
as the number (percentage).
b Placed as part of a secondary intervention.
c Denominator represents covered internal iliac arteries.

Outcomes in follow-up

The mean follow-up in 74 surviving patients (75 covered IIAs) was 37.6 ± 
26.3 months (range 0.4–92.5). One patient refused further follow-up due 
to deteriorating health after 26.8 months.

7

binnenwerk_Yannickdef.indd   131binnenwerk_Yannickdef.indd   131 15-10-20   10:1015-10-20   10:10



132

Chapter 7

Overall survival was estimated for ruptured and intact aneurysm cases 
separately. The Kaplan-Meier survival estimates at 3 years were 76.9% (95% 
CI 68.0% to 90.3%) for intact aneurysms vs. 58.7% (95% CI 41.5% to 81.9%) 
for ruptured aneurysms (Figure 1A). Four of the 26 deaths between 30 days 
and 60 months were aneurysm related. One death was related to the IIA: 
the patient died of ruptured AAA due to a type III endoleak originating from 
the limb connection 8 weeks after first documentation of the IIA-associated 
type II endoleak. Another patient succumbed to rupture caused by a type 
III endoleak that occurred after an occluded IBD was diagnosed. Another 
patient, originally treated for a ruptured iliac aneurysm, returned with a 
ruptured AAA based on an aortic infection for which he previously refused 
follow-up or treatment. He died due to sepsis after emergency repair. The 
fourth patient died of multiple organ dysfunction syndrome following 
conversion to open repair for bilateral limb occlusion 57 days after EVAR.

During follow-up, the maximum CIA diameter on the ipsilateral side was 
recorded in 71 cases. The mean CIA diameter of the patients with follow-
up was 43 ± 17 mm at baseline and 36 ± 20 mm at last known imaging (p < 
.01). Iliac aneurysm growth was seen in 4 (5%) patients: 3 had an endoleak 
other than a type II and 1 patient had an IIA-related type II endoleak.

Complications

Two (3%) type II endoleaks originating from the covered IIA were reported 
during follow-up. The Kaplan-Meier estimates for freedom from any IIA-
associated type II endoleak at 1, 3, and 5 years were 100%, 98.3% (95% CI 
88.2% to 99.8%), and 95.5% (95% CI 82.3% to 98.9%), respectively (Figure 
1B). Both patients had an additional type III endoleak on the ipsilateral 
side. One patient was mentioned above; the second patient had a ruptured 
AAA based on a type III endoleak that was resolved by endolining. The 
rupture occurred 3 weeks after the first report of the type II endoleak, 
which remained visible after the secondary intervention. A conversion to 
open repair was performed after multiple attempts to occlude the IIA.

The Kaplan-Meier estimates of freedom from any secondary intervention 
at 1, 3, and 5 years were 86.7% (95% CI 76.0% to 92.9%), 72.3% (95% CI 
58.2% to 82.4%), and 64.1% (95% CI 46.5% to 77.2%), respectively (Figure 1B). 
Secondary interventions were required in 19 (26%) patients, predominantly 
for limb occlusion or symptomatic stenosis (8 in the ipsilateral iliac limb). 
Reinterventions were predominantly endovascular, though 5 patients 
were converted to open repair. Indications for conversion were stent-graft 
occlusion without possibility for endovascular revascularization, stent-graft 
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migration, graft infection, false lumen perfusion after type A dissection, and 
the previously mentioned persistent type II endoleak.

Buttock claudication was initially reported in 21 (28%) of 74 patients. 
Symptoms persisted for > 1 year in 7 patients. In 2 cases the contralateral 
IIAs were occluded, one due to accidental coverage. The other was coil 
embolized at another institute for a concomitant IIA aneurysm. Severity 
of complaints differed greatly, ranging from a pain-free walking distance 
of 180 meters to over a kilometer. There was only one report of erectile 
dysfunction. There were no reports of ischemic colitis, gluteal necrosis, or 
spinal cord ischemia. Patients were advised to start a supervised exercise 
program if their mobility was restricted by the buttock claudication. No 
patient required revascularization of the IIA.

7

binnenwerk_Yannickdef.indd   133binnenwerk_Yannickdef.indd   133 15-10-20   10:1015-10-20   10:10



134

Chapter 7

Figure 1. Kaplan-Meier curves representing (A) patient survival [ruptured (R) vs. non-ruptured 
(NR) aneurysm] and (B) freedom from reintervention and from type II endoleak associated 
with the covered internal iliac artery. SE, standard error.
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DISCUSSION

Preemptive coil embolization of the IIA is common in endovascular treatment 
of CIA aneurysms and is recommended practice according to international 
guidelines.4, 5 This study was designed to challenge the indication for coil 
embolization, not to compare embolization vs. overstenting. Our data show 
that abandoning the practice of coil embolization prior to IIA coverage 
is effective, safe, and well tolerated. Furthermore, the rate of persistent 
buttock claudication was low; no severe ischemic complications occurred, 
and there was no need for revascularization of the IIA. In addition to our 
data there is a growing body of evidence that shows that abandoning 
preemptive coil embolization in EVAR does not lead to increased type II 
endoleak rates.10-14

To our knowledge there is no scientific evidence that type II endoleaks 
originating from the IIA are a common risk. Only 2 were encountered in our 
study, and both patients suffered a ruptured AAA from an additional type III 
endoleak, of which any causal relationship is unclear. The 3% endoleak rate 
is comparable to other studies that show rates ranging from 0% to 6.3%.8, 10-14  
Three studies reported endoleaks from a coil embolized IIA ranging in 
incidence from 1.3% to 3.8%.11, 14, 15 It is questionable if such a low risk of 
developing a type II endoleak justifies preemptive coil embolization in all 
patients as the procedure does not offer a 100% success rate. Furthermore, 
type II endoleaks are a challenging entity because their clinical significance 
is equally questionable at the aortic level.10, 16 Even though the overall 
type II endoleak rate after EVAR ranges from 8% to 44%, preemptive coil 
embolization of lumbar or mesenteric arteries is not common practice.16 
Abandoning coil embolization is not without type II endoleaks; however, 
the incidence is low and the application of preventive measures provides 
similar results.

Apart from technical outcomes, clinical consequences are important but 
often underreported. In our population about a quarter of patients reported 
buttock claudication but only a few persisted after 1 year. No severe ischemic 
complications occurred nor was revascularization required. Several studies 
show similar results.17, 18 In some comparative studies no differences in 
buttock claudication rates were reported for embolized vs. non-embolized 
IIAs.13, 14, 19, 20 Farahmand et al11 reported rates of 58% vs. 28% (p = .01) in 
favor of simple coverage. Coils that are placed too distally increase the risk 
and severity of ischemic complications.7, 11, 18 Occlusion of an IIA is associated 
with a significant risk of temporary buttock claudication; malposition of coils 

7
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increases this risk and severity of persistent complications compared with 
straightforward coverage.7, 11, 18, 20

Alternative strategies designed to cope with hostile iliac arteries and maintain 
pelvic perfusion have been proven effective. However, the complexity of 
these procedures reduces the applicability and success rate.3, 21, 22 Besides 
technical and clinical considerations, IBDs have similar drawbacks as those 
of coil embolization. They require additional fluoroscopy and contrast use 
and increase the costs of a standard EVAR substantially. We believe that IIA 
coverage without preemptive coil embolization should be considered if IIA 
patency cannot be maintained. In general, simple coverage is an effective 
solution that can be widely applied.

In addition to symptoms and complications directly related to the IIA, 
about a quarter of patients required a secondary intervention. It has been 
previously described that patients with concomitant iliac aneurysms had an 
increased risk of complications.2 Occlusion or stenosis of the ipsilateral iliac 
limb was the indication to intervene in over a third of cases that required a 
secondary intervention. It is likely that this rate of occlusion is not related 
to the presence or absence of coil embolization but is associated with the 
landing of the stent-graft in the EIA. Landing in the EIA is a strong and 
independent predictor of limb occlusion regardless the type of stent-
graft.23-25 The increased risk of occlusion is most likely related to the reduced 
diameter and increased tortuosity of EIAs.25 Therefore, it is important that 
patients are informed of the increased risk of limb occlusion and instructed 
to contact their physician.

Limitations

First, there was no coil embolized IIA group, so failure rates cannot be 
compared to show noninferiority. Although the data retrieval was aimed at 
the outcomes of IIA coverage and the clinical outcomes, no standardized 
questionnaires were used to contact the patients directly. This might 
lead to an underreporting of buttock claudication and especially erectile 
dysfunction. However, symptoms that were severe or required treatment 
were reported in the medical records. These limitations could be overcome 
by a randomized controlled trial that compares embolization to coverage 
and systematically records symptoms. However, our results combined with 
the current literature give reason to reconsider current practice.
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CONCLUSION

Treatment of CIA aneurysms by intentional overstenting of the IIA without 
preemptive coil embolization is safe and has a low risk for the development 
of type II endoleaks. Buttock claudication rarely persists after 1 year.

7
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ABSTRACT

Objective: Lifelong yearly surveillance is advised after endovascular 
aneurysm repair (EVAR) for abdominal aortic aneurysms. This follow-up 
requires a substantial amount of health care resources. The aim of this 
paper was to assess the occurrence of stent graft-related complications and 
secondary interventions during a minimum 10-year follow-up after elective 
EVAR.

Methods: Patients who were treated in a high-volume endovascular 
center in The Netherlands with the Talent infrarenal stent graft (Medtronic 
Vascular, Santa Rosa, Calif) between June 1999 and February 2005 were 
included. Patients with previous aortic surgery or emergency interventions 
were excluded. Our primary outcome was clinical success up to 10 years. 
Secondary end points were technical success and survival.

Results: A total of 149 patients were included; 91.9% were male. The mean 
age was 70.2 ± 7.8 years. A stent graft was implanted in 98% of patients; 
technical success was achieved in 89.9%. Clinical success after 30 days, 1 
year, 5 years, and 10 years was 81.1%, 74.3%, 70.3%, and 65.5%, respectively. 
In 30 patients (20.7%), a secondary intervention was required; 80.0% of 
first secondary interventions occurred within the first 5 years. Six late 
conversions were necessary because of stent graft infection (2), migration 
(2), or persisting endoleak (2). The 5- and 10-year overall survival rates were 
55.2% and 38.6%, respectively.

Conclusions: The risk of EVAR-related complication is highest in the first 
5 years. Consequently, the main focus should be on that period; further 
follow-up must not be neglected, as complications occur up to 10 years 
after treatment.
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INTRODUCTION

The treatment of aneurysms has changed impressively since Parodi et 
al introduced endovascular aneurysm repair (EVAR) in 1991.1 EVAR has 
rapidly become the preferred method to treat abdominal aortic aneurysms 
(AAAs), mainly because of its positive short-term results compared with 
open repair (OR).2, 3 The main downside of EVAR, however, is the risk of late 
complications, such as endoleaks, stent graft migration, stent fractures, 
and stent graft occlusions, which may require secondary interventions.4, 5 
These long-term risks require intensive follow-up, with regular imaging of 
the stent graft and aneurysm.

Current guidelines advise a lifelong yearly surveillance to detect EVAR-
related complications in time.6, 7 This implies that a young patient would 
need up to 20 years of follow-up. The evolution of stent graft systems has 
improved the applicability of EVAR and has reduced stent graft-related 
complications.1, 8 To date, there is little evidence on long-term stent graft 
durability to support these intensive and costly follow-up recommendations. 
We report on a cohort treated more than 10 years ago with a widely used, 
commercially available stent graft.

The aim of this paper was to assess the occurrence of stent graft-related 
complications and secondary interventions during a minimum of 10 years 
of follow-up.

METHODS

Study population

This study included patients who were primarily treated with a Talent 
Abdominal Stent Graft (Medtronic Vascular, Santa Rosa, Calif) in a tertiary 
referral center for cardiac and vascular disease in The Netherlands between 
June 1999 and February 2005. Patients were eligible for inclusion only if they 
were scheduled for the implantation of a Talent main body (bifurcated, tube, 
or aortouni-iliac stent graft). All data were checked against the implantation 
logbook to avoid missing patients. Elective and symptomatic patients were 
included for analysis. Patients with previous aortic surgery, aortic fistulas, 
or ruptured AAAs were excluded from this analysis.

8
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Data collection

A prospectively maintained database was consulted to collect demographics, 
preoperative characteristics, comorbidities, and procedure details. An 
experienced vascular surgeon together with an anesthesiologist determined 
if a patient was either fit or unfit for OR. This decision was based on a 
combination of comorbidities, age, and medical history. All procedures were 
performed by or under the direct supervision of two vascular surgeons; the 
graft selection was at their discretion.

Follow-up was performed at 1 month, 6 months, and 12 months and 
yearly thereafter. A computed tomography scan was routinely performed 
at 1 month, followed by duplex ultrasonography by specialized vascular 
technicians at subsequent follow-up visits. Additional data were retrieved 
from referring hospitals or from the patient’s general practitioner. The date 
of death was retrieved from hospital records or, if absent, from the municipal 
personal records. This study was conducted according to the Declaration of 
Helsinki and approved by the Catharina Hospital review board. Informed 
consent was not required because only existing medical data were used.

Outcomes

The outcomes are defined according to the reporting standards of Chaikof et 
al.4 The primary outcome was clinical success up to 10 years after treatment 
on an intention-to-treat basis. Clinical success was defined as the absence 
of aneurysm-related death, graft stenosis, occlusion or infection, type I or 
type III endoleak, aneurysm expansion, aneurysm rupture, or conversion 
to OR. Migration, type IV endoleak, or other graft integrity disruptions were 
defined as clinical failure. Stent graft migration was defined as displacement 
of more than 10 mm. A vascular surgeon and interventional radiologist 
performed the interpretation of imaging; complications were discussed in 
weekly meetings. Secondary end points were technical success and overall 
survival. Technical success was defined as a successful introduction and 
deployment and the absence of a type I or type III endoleak at completion 
angiography. Aneurysm-related mortality included 30-day mortality as well 
as death caused by a rupture or resulting from a secondary intervention. 
Aneurysm-related death after 30 days was reported as late aneurysm-
related mortality. Secondary interventions were defined as all surgical or 
endovascular interventions performed after the index procedure to resolve 
graft-related complications. Secondary intervention data were analyzed on 
a per protocol basis.
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Statistical analysis

Categorical variables are presented as frequencies with percentages. 
Continuous variables are presented as mean ± standard deviation or as 
median and interquartile range in case of skewed data. The χ2 or Fisher exact 
test was used for categorical variables, depending on sample size. Incidence 
rates with 95% confidence intervals (CIs) were determined. A p value < .05 
was considered statistically significant. Baseline factors influencing 10-year 
survival were identified using multivariate regression analysis. All univariate 
statistically significant baseline characteristics were included in this model. 
Statistical analyses were performed using SPSS version 21 for MAC (IBM 
Corporation, Armonk, NY).

RESULTS

A total of 542 procedures were performed for AAAs between June 1999 and 
February 2005. EVAR was performed in 318 (58.7%) cases; this rate increased 
to 76.1% by 2004. In 202 of the 318 EVAR cases, a Talent stent graft was 
implanted. Of these 202 patients, 53 were excluded because of ruptures, 
previous aortic surgery, implantation of iliac limbs only, and aortic fistulas, 
resulting in 149 included patients.

The baseline characteristics of the 149 included patients are presented in 
table 1. Patient demographics were typical for an AAA population. A total 
of 91.9% of the included patients were male, and the mean age was 70.2 
± 7.8 years. Patients were regarded as unsuitable for OR in 37.5%. The 
infrarenal neck length was available for 138 patients; 11.6% (16/138) were 
outside the instructions for use because the infrarenal neck was ≤10 mm. 
Survival and secondary intervention data were available on 145 patients and 
constituted the basis for further analysis. Four patients were not included 
in the survival analysis because of intraoperative conversion (n = 3) or loss 
to follow-up (n = 1). This last patient was not also included in the clinical 
success analysis.

8
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Table 1. Baseline characteristics, overall and stratified by 10-year survival

Variables Overall
% (n/N)a

N = 149

Survival
<10 yearsb

N = 89

Survival
 > 10 yearsb

N = 56 p-value

Age (years) (Mean ± SD) 70.2 ± 7.8 73.8 ± 7.6 67.5 ±6.3 < .001

Male 91.9 (137/149) 93.3 (83/89) 92.9 (52/56) NS

Max AAA diameter (mm) 59 [55 – 68] 60 [55 – 68] 58 [54 - 65] NS

Tobacco use 33.8 (50/148) 30.7 (27/88) 39.3 (22/56) NS

Hypertension 58.8 (87/148) 64.4 (56/87) 37.5 (21/56) .002

Renal insufficiency 16.7 (25/149) 20.2 (18/89) 7.1 (4/56) .033

Cardiac disease 60.1 (89/148) 66.3 (59/89) 50.0 (28/56) .051

ASA classification < .001

Class I 18.2 (25/137) 13.6 (11/81) 26.4 (14/53)

Class II 46.7 (64/137) 33.3 (27/81) 64.2 (33/53)

Class III 20.4 (28/137) 28.4 (23/81) 9.4 (5/53)

Class IV 14.6 (20/137) 24.7 (20/81) 0 (0/53)

Unsuitable for OR 37.3 (53/142) 48.2 (41/85) 18.5 (10/54) < .001

a Values are reported as mean ± standard deviation, median [IQR], or as frequencies (%) (n/N). 
Denominator differs when there are missing values.
b Groups corrected for conversions and lost to follow-up
AAA, Abdominal Aortic Aneurysm
ASA, American Society of Anesthesiologists
OR, Open Repair

Technical success

Intraoperative data are depicted in table 2. Technical success was achieved 
in 89.9% of the procedures. In three patients (2.0%), no graft was implanted. 
In two female patients, the device could not be implanted because of access 
difficulties, which resulted in one direct and one delayed conversion to OR. 
In the third patient, conversion to OR was required because the radiopaque 
ring was detached from the sheath. In 8.1% (12/149) of cases, a type I 
endoleak was described on final angiography. In seven cases, an adjunctive 
procedure, either balloon dilation (n = 4) or cuff placement (n = 3), resulted 
in a reduction of the magnitude of the visualized endoleak. There were no 
deaths within 24 hours after implantation.

Clinical success

A 30-day clinical success was achieved in 81.1% (120/148) of patients. The 
30-day mortality was 4.7% (7/148), involving four cardiac complications, one 
renal failure, one sepsis after necrotic cholecystitis, and one unknown cause. 
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Patients who died within 30 days (n = 7) were significantly older (80.3 ± 4.5 
vs. 71.1 7.7 years; p = .001) and had more cardiac disease (100% vs. 58.2%; 
p = .042) and renal disease (57.1% vs. 14.2%; p = .014).

A total of 75.0% (9/12) of the type I endoleaks had resolved spontaneously 
by the first follow-up imaging. One proximal type I endoleak required a 
secondary intervention, and two patients with an intraoperative type I 
endoleak died of cardiac complications within 30 days. The 1-, 5, and 10-
year clinical success rates were 74.3%, 70.3%, and 65.5%, respectively.

Table 2. Perioperative outcomes

Variables Overall
% (n/N)a

Primary technical success 89.9 (134/149)

Type I endoleak 8.1 (12/149)

No implant 2.0 (3/149)

Configuration

Bifurcated 82.2 (120/146)

AUI 15.1 (22/146)

Tube 1.4 (2/146)

Bifurcated converted to AUI 1.4 (2/146)

Duration of procedure (mins) 120 [105 – 150]

LOS (days) 4 [3-5]

30-day mortality 4.7 (7/148)

a Values are reported as mean ± standard deviation, median [IQR],
or as frequencies (%) (n/N). Denominator differs when there are missing values.
AUI, Aortic-Uni-Iliac graft
LOS, Length of Stay

Secondary interventions

The freedom from secondary interventions is presented in a Kaplan-Meier 
curve (Fig 1). Freedom from secondary intervention at 1-, 5-, and 10-year 
follow-up was 90.5%, 83.3%, and 80.6%, respectively. During the complete 
follow-up, a total of 38 secondary interventions were required in 30 patients 
(20.7%). Of these interventions, 60% were performed within 1 year and an 
additional 20% in the following 4 years. Three patients required a secondary 
intervention within 30 days, one for an iliac stenosis, one for an iliac limb 
occlusion, and one for a type III endoleak. All specific interventions and 
indications are depicted in Table 3 The indication for secondary interventions 
was the presence of an endoleak in 57.9% of the cases, the majority of these 
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being proximal type I endoleak. In short infrarenal necks (≤10 mm), 25% 
of patients required a secondary intervention, all related to the proximal 
sealing zone. In 73.7% of complications, patients were asymptomatic, which 
means the majority of complications were detected during regular follow-
up. Complications could be resolved endovascularly in 64.9% of cases. A 
total of six patients were converted to OR during follow-up. The reasons for 
conversion were stent graft infection in two cases, proximal migration in two 
cases, and a persisting endoleak in two cases. One type I endoleak persisted 
after the placement of a bare-metal stent. One patient was converted for 
a type II endoleak with a growing aneurysm. A single patient required two 
revisions of a femoral-femoral crossover because of an infection of the 
bypass.

Only six patients had their first secondary intervention after 5 years of 
follow-up. It concerned three cases of proximal type I endoleak due to 
progressive neck dilation. One patient had a distal endoleak after a Talent 
tube stent graft for a saccular aortic aneurysm, and one patient had an 
intervention for poor distal sealing without having an endoleak. One patient 
was operated on for an infection of his crossover bypass.

Table 3. Indications for secondary interventions and the type of procedures

Variables Cases (N)

Indication for intervention

Endoleak 22

Type Ia 10

Type Ib 3

Type II 5

Type III 3

Type V 1

Iliac occlusion/stenosis 6

Short distal sealing 1

Migration, no endoleak 3

Infection 4

Rupture 2

Secondary interventions

Proximal cuff 3

Ballooning 1

Proximal BMS 3

Endolining 7
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Table 3. Continued.

Variables Cases (N)

Iliac extension 6

Coiling/Ligation 4

Fem-fem crossover 6

Thrombectomy/PTA 2

Explantation 6

AUI, Aortic-Uni-Iliac graft
PTA, Percutaneous Transluminal Angioplasty
BMS, Bare Metal Stent

Figure 1. Kaplan-Meier curve representing the 10-year freedom from secondary procedures

Survival

The freedom from all-cause mortality and freedom from AAA-related 
mortality are presented in figure 2. The median overall survival was 74.2 
months. A total of 89 patients (61.4%) died within 10 years. The 1-, 5-, and 
10-year survival rates were 88.3%, 55.2%, and 38.6%, respectively. Late 
aneurysm-related mortality was 2.9%. Two deaths were the result of a 
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rupture, and one patient died after excessive perioperative blood loss during 
a secondary intervention.

Survivors vs. nonsurvivors

A total of 56 patients (38.6%) were alive after 10 years (“survivors”). Survivors 
and nonsurvivors differed significantly in age, hypertension (Society for 
Vascular Surgery/International Cardiovascular Society [SVS/ICVS] ≥1), 
cardiac disease (SVS/ICVS ≥1), renal insufficiency (SVS/ICVS ≥1), suitability for 
OR, and American Society of Anesthesiologists classification.9 Multivariate 
regression analysis showed that 10-year mortality was significantly 
influenced by an American Society of Anesthesiologists classification 
of class 3 or higher (odds ratio, 7.3; 95% CI, 2.1-27.7), age (odds ratio, 1.1; 
95% CI, 1.0-1.2), and hypertension (odds ratio, 3.1; 95% CI, 1.2-7.7). Cardiac 
disease, renal insufficiency, and suitability for OR were not associated with 
10-year mortality in multivariate analysis. No differences between survivors 
and nonsurvivors were recorded regarding the number of secondary 
interventions (19.6% vs. 21.3%; p = .080). Full compliance with the follow-
up schedule was comparable between survivors and nonsurvivors (84.6% 
vs. 84.4%; p = .974).

Figure 2. Kaplan-Meier curve representing freedom from all cause and freedom from AAA-re-
lated mortality
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DISCUSSION

Current guidelines advise lifelong surveillance after EVAR, anticipating a 
continued risk of late complications.6, 7 These guidelines are based on several 
reports describing long-term results and estimated outcomes. The current 
paper, however, more specifically describes the long-term outcome of one 
widely applied stent graft and gives insight into the kind of complications 
and their occurrence over time.

EVAR-related complications occurred throughout the complete 10-year 
follow-up. In our population, the 30-day, 1-year, 5-year, and 10-year clinical 
success rates were 81.1%, 74.3%, 70.3%, and 65.5%, respectively. These 
results are difficult to compare with those of previous studies because 
many publications use a variety of definitions for clinical success that are 
not in line with the reporting standards of Chaikof et al.4 Although a clinical 
success rate clearly describes deviations from ideal treatment, it does 
not reflect the impact of these deviations. In the present study, the initial 
clinical success is strongly influenced by the occurrence of type I and type 
III endoleaks at completion angiography, both generally considered risk 
factors for adverse clinical events. However, the relevance, in particular, of 
small type I endoleaks is widely debated. It has been shown that these type 
I endoleaks may seal spontaneously, which is in line with our results.10, 11 
Consequently, initial clinical success rate is highly influenced by endoleaks 
with (in retrospect) limited clinical relevance. The success rate in our series 
declines steadily during 10 years of follow-up. This decline indicates that 
new complications occur throughout the complete follow-up period, but 
the rate rapidly decreases after 1 year.

In total, 20.0% (30/145) of patients required at least one secondary 
intervention during a 10-year follow-up. In 39.5% (15/38) of all interventions, 
the indication was related to infrarenal neck issues, type Ia endoleak, or 
proximal migration. In our opinion, this is related to the challenging anatomy 
of the proximal necks that were being treated; of the patients (n = 16; 11.6%) 
with short (≤10 mm) infrarenal necks, 25% required a secondary intervention 
to address an infrarenal neck-related complication. This finding indicates 
that the Talent stent graft was in retrospect not suitable for these types 
of aneurysms being treated outside the instructions for use because it 
lacked the necessary active fixation and conformability. The Endurant graft 
(Medtronic Vascular), as its successor, does seem to have the ability to cope 
with difficult necks.12, 13

8
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The overall secondary intervention rates and their indications as reported in 
this study are comparable with previous reports.11, 14 The physiologic impact 
of the interventions was limited, as 64.9% could be resolved by endovascular 
means. Secondary interventions were performed during the entire 10-year 
period. Although the rate of secondary interventions seemed to stabilize 
after 1 year of follow-up, 20.0% of the initial secondary interventions were 
still performed after 5 years (Fig 1). Of the patients who needed a secondary 
intervention, 73.7% experienced no symptoms. Consequently, our data show 
that EVAR- related complications requiring an intervention occur across the 
entire follow-up period. Therefore, regular and continued follow-up with 
imaging is advised.

Lifelong yearly follow-up requires a great investment of time and resources. 
Guidelines propose computed tomography angiography at 30 days, 6 
months, and 1 year after surgery. After 1 year, an annual duplex ultrasound 
examination is advised in combination with plain radiographs.6 However, the 
follow-up strategy might be adjusted to better comply with current needs 
because recent improvements of EVAR have resulted in a better treatment 
outcome and in a decline of the need for secondary interventions.8 A 
hidden benefit of follow-up is the ability to monitor cardiovascular risk 
management and to detect other medical conditions. This might result in 
an improved survival and therefore deserves consideration in designing a 
follow-up protocol. In a future update of guidelines, both follow-up intensity 
and imaging modality may be addressed to improve efficacy and to save 
resources.

Our results show that the large majority of complications arise in the first 5 
years after implantation. One possibility for designing an efficient protocol 
is to allocate patients in risk groups based on baseline data, perioperative 
data, and early follow-up data. Follow-up may be rationalized by means of 
innovations like the development of the St George’s Vascular Institute risk 
score.15 Follow-up strategies may have to be reconsidered because of the
increasing quality of stent grafts but also because of new approaches to 
EVAR.8, 16, 17 In addition, aneurysm shrinkage during early follow-up is also 
associated with a reduced likelihood of secondary interventions.18

Our findings justify a more tailored follow-up protocol as well. Of the 
4.1% (n = 6) of our patients who needed a secondary intervention after 5 
years, only four patients presented with an endoleak. One patient had an 
endoleak after a tube stent graft, which is no longer used. Three patients 
had a reintervention for a proximal type I endoleak due to neck dilation. 
On the basis of these results, follow-up after 5 years could be drastically 
downsized in case during the first 5 years no reinterventions for endoleak 
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have been performed and in case aneurysm as well as neck diameter has 
not been shown to increase.

Our paper reports a perioperative mortality of 4.7% in patients treated in 
the same period as the large randomized trials. The Dutch Randomized 
Endovascular Aneurysm Management (DREAM) and EVAR 1 trials reported 
markedly lower perioperative mortality for EVAR of 1.2% and 1.6%, 
respectively.2, 3 However, our patient inclusion is not comparable to these 
trials as patients who were not suitable for OR were also included in our 
study (37.5%). Our hospital is a tertiary referral center for cardiac disease, 
thereby attract-ing a population with challenging vascular and cardiac 
conditions. The EVAR 2 trial that focused on patients who were unsuitable 
for OR showed a mortality rate of 9%.19 Other series reporting on the Talent 
stent graft reported a 30-day mortality of 1.1% to 3.9%.11, 14, 20, 21 Previous 
research, however, shows that the brand of stent graft does not influence 
30-day mortality.22, 23 A closer analysis of our results showed that patients 
who died within 30 days were significantly older and had a higher incidence 
of cardiac and renal disease than those who survived. As our study included 
all patients, fit or unfit for OR, our results represent the day-to-day practice 
during early EVAR experience. Over time, however, with growing experience 
and the results of the EVAR 2 trial in mind, the indications for EVAR have 
been refined in our center, leading to a 30-day mortality rate of 2.3% for 
elective EVAR.

The main benefit of EVAR is short-term survival, whereas long-term survival 
rates have been demonstrated to be fairly comparable to those of OR.24, 25  
We report an overall long-term survival of 55.2% and 38.6% at 5-year and 
10-year follow-up, respectively. This is not in line with other studies that 
showed an overall 5-year survival of 61% to 78% for endovascular treatment 
of AAAs.11, 14, 21, 26-28 The difference could be explained by the all-comers 
nature of our population in contrast with various inclusion criteria of other 
studies. In 2004, 76.1% of patients were treated by endovascular means in 
our center, as opposed to 22% in the United Kingdom between 2005 and 
2007.29 Wibmer et al reported a similarly low 10-year survival rate of 37.7%.26 
Our results confirm that baseline characteristics significantly influence long-
term survival.

In our cohort, the total aneurysm-related mortality was 7.3%, whereas 
the late aneurysm-related mortality was 2.9% (3/140). Other studies show 
similar late aneurysm-related mortality, ranging from 2.1% to 4.6%.26, 27, 30, 31  
In accordance with our results (Fig 2), aneurysm-related deaths occur 
throughout the complete follow-up.26, 27 However, caution is advised when 
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interpreting these results, as post- mortem examination is not common 
practice in The Netherlands, and aneurysm-related death could therefore 
be underestimated.

The retrospective nature of this paper gives rise to several limitations. The 
database was not designed to identify factors influencing clinical success 
and survival. The reported population cannot be compared with an OR 
population because a significant number of patients were not eligible for 
OR. The cohort therefore does represent a real-world population. Another 
limitation is that this study reports on a single type of stent graft, which 
implies that the data regarding technical and clinical success cannot be 
generalized to other stent grafts.

CONCLUSIONS

The risk of EVAR-related complications is highest in the first 5 years after 
surgery. Consequently, the main focus of surveillance should be on that 
period, but further follow-up must not be neglected as complications occur 
up to 10 years after treatment.
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ABSTRACT

Objective: Stent graft evolution is often addressed as a cause for improved 
outcomes of endovascular aneurysm repair for patients with an abdominal 
aortic aneurysm. In this study, we directly compared the midterm result 
of Endurant stent graft with its predecessor, the Talent stent graft (both 
Medtronic, Santa Rosa, Calif).

Methods: Patient treated from January 2005 to December 2010 in a single 
tertiary center in The Netherlands with a Talent or Endurant stent graft 
were eligible for inclusion. Ruptured abdominal aortic aneurysms or patients 
with previous aortic surgery were excluded. The primary end point was the 
Kaplan-Meier estimated freedom from secondary interventions. Secondary 
end points were perioperative outcomes and indications for secondary 
interventions.

Results: In total, 221 patients were included (131 Endurant and 90 Talent). 
At baseline, the median aortic bifurcation was narrower for the Endurant (30 
mm vs. 39 mm; p < .001). Median follow-up was 64.1 ± 37.9 months and 59.2 
± 25.3 months for Talent and Endurant, respectively. The estimated freedom 
from secondary interventions at 30 days, 1 year, 5 years, and 7 years was 
94.3%, 89.4%, 72.2%, and 64.1% for Talent and 96.8%, 89.3%, 75.2%, and 
69.2% for Endurant (p = .528). The indication for secondary interventions 
does differ; more patients required an intervention for a proximal neck-
related complication (type Ia endoleak or migration) in the Talent group 
(18.2% vs. 4.8%; p = .001), whereas more interventions for iliac limb stenosis 
were seen in the Endurant group (0.0% vs. 4.8%; p = .044). In a binomial 
regression analysis, suprarenal angulation, infrarenal neck length, and type 
of stent graft were independent predictors of neck-related complications.

Conclusions: Evolution from the Talent stent graft into the Endurant has 
resulted in significant reduction of infrarenal neck-related complications; on 
the other hand, iliac interventions increased. The overall midterm secondary 
intervention rate was comparable.
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INTRODUCTION

Since the first endovascular aneurysm repair (EVAR), reported by Parodi et 
al. and Volodos et al. independently of each other, materials and techniques 
have changed tremendously.1, 2 Early physician-made grafts were rapidly 
replaced by commercially produced stent grafts, allowing the majority of 
aneurysm patients to be treated by EVAR.

To allow all abdominal aortic aneurysm (AAA) patients to be treated by EVAR, 
some anatomic challenges, particularly the infrarenal neck and iliac artery 
morphology, have to be overcome. Therefore, stent graft development 
has focused on reducing the sheath profile, increasing graft flexibility, and 
optimizing deployment precision. Stent graft evolution resulted in more
liberal instructions for use (IFU) and an overall improvement of short-term 
technical and clinical outcomes.3-5

However, studies on stent graft evolution compared large groups of different 
manufacturers. 3, 6 By combining data into stent graft eras, the cause of 
differences is difficult to determine; evolution, natural selection, or operator 
experience can be responsible for the results.3, 6 A randomized controlled 
trial, comparing various manufacturers over time, would be preferred; 
however, this kind of study is subjected to a high number of stent graft and 
introducer variations. Consequently, the outcomes are nearly impossible 
to analyze specifically. Therefore, our aim was to directly compare two 
widely used stent graft systems, the Endurant AAA Stent Graft and the 
predecessor Talent Abdominal Stent Graft (both Medtronic, Santa Rosa, 
Calif). A previous study by Mensel et al. showed encouraging 30-day results 
in a small population.7 In this study, we present midterm data to determine if 
durability in addition to short-term outcomes has improved as this remains 
one of the major drawbacks of EVAR.

METHODS

Stent design

The Talent and Endurant stent grafts are both a two-piece design with a 
nitinol-based wireframe covered with a polyester fabric. There are several 
design features fundamentally different between the grafts. Proximal 
anchoring pins are added to the suprarenal stent to increase proximal 
stability of the Endurant stent graft. Furthermore, the main body is 

9
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constructed of smaller and closely positioned M-shaped stents, increasing 
flexibility and conformability of the Endurant.

Longitudinal connecting rods in the iliac limbs were removed, further 
increasing flexibility and reducing the risk of kinking. The amplitude of the 
iliac stents was reduced and they were positioned closely together. The 
introducer mechanism remained similar, but profile size was reduced from 
22F to 18F for a bifurcated graft.

The Talent stent graft was suitable for infrarenal necks of ≥10 mm and an 
angulation of ≤60 degrees. The Endurant IFU were slightly adapted to an 
infrarenal neck ≥10 mm with an infrarenal angulation of ≤60 degrees and 
suprarenal angulation of ≤45 degrees. For proximal necks of ≥15 mm, an 
infrarenal angulation of ≤75 degrees and suprarenal angulation of ≤60 
degrees is accepted.

Study population

A retrospective study included patients who were treated with either a Talent 
Abdominal Stent Graft or an Endurant Stent Graft System in a single tertiary 
referral hospital in The Netherlands. Patients treated for a nonruptured 
aneurysm, including symptomatic, from January 2005 to December 2010 
were eligible. The stent grafts were used alongside each other for a short 
period; the first Endurant was implanted in February 2008, and the last 
Talent was used in September of that year. Patients with ruptured AAAs, 
fistulas, or treated as part of a secondary intervention were excluded. If only 
an iliac limb was implanted, patients were also excluded. Patients treated 
later than 2010 were not included to ensure sufficient follow-up in both 
groups. Stent graft selection was at the operator’s discretion.

Data collection

The local EVAR database was consulted to identify patients and to collect 
demographics, preoperative characteristics, comorbidities, and procedure 
details. The data were retrospectively completed. Three-dimensional sizing 
software (3mensio; Pie Medical Imaging BV, Maastricht, The Netherlands) 
was used for aortic measurements. All procedures were performed by 
or under the direct supervision of four vascular surgeons; all operators 
had previously obtained a minimum of 5 years of EVAR experience. 
Retrospective “patient’s files” research is not in the scope of the Dutch 
WMO (Wet Mensgebonden Onderzoek: law human bound research), and 
Investigational Review Board approval was therefore not required. As a 
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consequence, informed consent of the patients was not obtained. Patients’ 
data were analyzed anonymously.

Routine follow-up was performed at 1 month, ± months, and 1 year and 
yearly thereafter. At 1-month follow-up, computed tomography angiography 
(CTA) was routinely performed, followed by duplex ultrasound examination 
by specialized vascular technicians or CTA at subsequent follow-up visits. 
Referring physicians were contacted to collect follow-up data. The date of 
death was retrieved from hospital records or, if absent, from the municipal 
personal records. Patients who were not registered in The Netherlands were 
censored at last date of follow-up.

Outcomes

Technical success was defined as a successful introduction and deployment 
and the absence of a type I or type III endoleak at completion angiography. 
Assisted technical success was defined if an endoleak resolved with an 
additional procedure at the time of implantation. Secondary interventions 
were defined as any intervention, surgical or endovascular, required to 
resolve stent graft complications. A type Ia endoleak or proximal migration 
was registered as an infrarenal neck-related complication. Displacement 
of the stent graft > 10 mm or requiring any intervention was defined as 
migration. Type II endoleaks that caused aneurysm sac expansion were 
considered for treatment. Obstructive iliac complications, stenosis or 
occlusion, were diagnosed on the basis of clinical signs of ischemia.
Aneurysm-related mortality included 30-day mortality and death caused 
by a rupture or resulting from a secondary intervention.

Statistical analysis

Categorical variables are presented as frequencies with percentages. 
Continuous variables are presented as mean ± standard deviation or as 
median and interquartile range (IQR) in case of skewed data. The χ2 or Fisher 
exact test was used for categorical variables, depending on sample size. For 
continuous variables, a t-test or a Mann-Whitney U test in case of skewed 
data was performed. Statistical difference for Kaplan-Meier curves was 
tested by means of log-rank. A p value < .05 was considered statistically 
significant. Risk factors for complications were determined with a binominal 
logistic regression analysis that included all univariate significant factors. 
Only patients with a full set of morphologic data were eligible for analysis. 
Statistical analyses were performed using SPSS version 21 for Mac (IBM 
Corp, Armonk, NY).

9
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RESULTS

Between 2005 and 2010, a Talent or Endurant stent graft was implanted 
in 264 patients. A total of 221 (90 Talent, 131 Endurant) patients met the 
inclusion criteria, accounting for 63.3% of all electively implanted endografts. 
Other devices were used during the study period; graft selection was not 
based on aneurysm morphology. Baseline characteristics, depicted in table 
1, are similar for both groups.

Table 1. Baseline characteristics

Variable Talent
(N = 90)

Endurant
(N = 131) p-value

Age, years 73.0± 7.4 72.6 ±8.0 .680

Male 93.3 (84/90) 85.5 (112/131) .071

Risk factors

Tobacco use 43.3 (39/90) 30.0 (39/130) .042

Hypertension 81.1 (73/90) 80.9 (106/131) .971

Hypercholesterolemia 56.7 (51/90) 45.7 (59/129) .111

Diabetes 13.3 (12/90) 13.0 (17/131) .939

History of Cancer 21.1 (19/90) 16.8 (22/131) .417

Cardiac disease 66.7 (60/90) 63.8 (83/130) .666

Carotid disease 28.9 (26/90) 20.3 (26/128) .144

Pulmonary disease 30.0 (27/90) 24.8 (32/129) .394

Renal insufficiency 36.7 (33/90) 23.8 (31/130) .040

ASA .312

I 1.1 (1/88) 6.1 (8/131)

II 68.2 (60/88) 66.4 (87/131)

III 26.1 (23/88) 24.4 (32/131)

IV 4.5 (4/88) 3.1 (4/131)

ASA, American Society of Anesthesiologists.
Values are reported as mean ± standard deviation or frequencies (%) (n/N)

Preoperative CTA was analyzed in 173 patients (55 Talent, 118 Endurant); for 
47 patients, no imaging was available as they were referred. For one patient, 
only a magnetic resonance imaging data set was available that could not be 
assessed in 3mensio. The results of central lumen line measurements are 
reported in table 2. The aortic bifurcation of patients in the Endurant group 
was significantly smaller (30 mm vs. 39 mm; p < .001).
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Table 2. Morphological data when a pre-operative CTA was available

Variable Talenta

(N = 55)
Enduranta

(N = 118) p-valueb

Proximal Neck length, mm 39 ± 12.8 32 ± 13.7 .183

Proximal neck diameter, mm 23 ± 2.6 23 ± 3.2 .505

Distal neck diameter, mm 24 ± 3.0 24 ± 3.7 .652

>32mm (n) 1 2

Suprarenal Angulation, degrees 20 (14 – 28) 20 (14 – 35) .565

Infrarenal Angulation, degrees 48 ± 21.1 47 ± 25.3 .699

AAA diameter, mm 58 (54 - 65) 57 (53 – 62) .354

Bifurcation diameter, mm 39 (30 – 47) 30 (23 – 38) .000

Right CIA maxc, mm 17 (14 – 21) 16 (13 – 19) .047

Left CIA maxc, mm 15 (13 – 19) 15 (13 – 18) .141

Right EIA, mm 9 (9 - 10) 9 (8 – 10) .089

Left EIA, mm 10 (8 – 11) 9 (8 – 10) .199

Infrarenal neck Outside IFUc (n/N) 18.2% (10/55) 16.1% (19/118) .733

<10mm 2 1

10-14mm d 1 2

> 15mm e 7 16

AAA, Abdominal aortic aneurysm; CIA, common iliac artery; EIA, external iliac artery;
IFU, instructions for use.
Values are reported as mean ± standard deviation or median (interquartile range (IQR)).
aThe t-test if mean ± standard deviation are presented; Mann-Whitney U test if median and 
IQR are presented.
bLargest common iliac artery diameter measured.
cIFU of the Endurant stent graft.
dInfrarenal angulation > 60 degrees or suprarenal angulation > 45 degrees.
eInfrarenalangulation> 75 degrees or suprarenal angulation> 60 degrees

Procedural characteristics are depicted in table 3. Initial technical success 
was comparable (90.1% for Talent vs. 93.8% for Endurant; p = .313). After 
additional procedures, the assisted technical success increased to 93.3% 
for Talent and 97.7% for Endurant (p = .116). In addition to procedures to 
resolve endoleaks, 11.8% required an iliac intervention either to allow device 
implantation or to optimize the end result on completion angiography. Rates 
were not significantly different between Talent and Endurant (15.6% and 
9.2%, respectively; p = .202). In total, five patients were not treated by EVAR; 
two procedures were aborted, and three patients were directly converted 
to open repair. Iliac access was the reason for failure in four cases; the fifth 
case was converted because of unintended renal coverage.

9
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Table 3. Procedural details

Variable Talent
(N = 90)

Endurant
(N = 131) p-value

Symptomatic AAA 15.6 (14/90) 13.0 (17/131) .588

Duration of procedure, minutes 136 (110-182) 95 (80-119) < .001

Anaesthesia .165

General 26.7 (24/90) 38.9 (51/131)

Regional 72.2 (65/90) 60.3 (79/131)

Local 1.1 (1/90) 0.8 (1/131)

Planned stent graft Configuration .004

Bifurcated 83.3 (75/90) 95.4 (125/131)

AUI 16.7 (15/90) 3.8 (5/131)

Tube 0.0 (0/90) 0.8 (1/131)

Distal sealing EIA 11.1 (10/90) 15.3 (20/131) .375

Procedural outcome

Technical success 90.0 (81/90) 93.1 (122/131) .403

Assisted technical success 93.3 (84/90) 97.7 (128/131) .106

No Implant 2.2 (2/90) 2.3 (3/131) -

Type Ia endoleak 4.4 (4/90) 0.0 (0/131)

30-day Mortality 0.0 (0/90) 1.5 (2/131) .515

IQR, Inter Quartile Range; AUI, Aortic-Uni-Iliac; EIA, External Iliac Artery

More bifurcated grafts were implanted in the Endurant group, and in general 
the procedure was quicker. When focusing only on bifurcated grafts, the 
difference in median procedure time was 127 minutes (IQR, 110-168 minutes) 
vs. 94 minutes (IQR, 80-116 minutes; p < .001) for Talent and Endurant.
Thirty-day mortality was 0.0% (0/90) for Talent and 1.5% (2/131) for Endurant. 
One patient died of a perforated gastric ulcer and the second as the result 
of cardiac failure.

Follow-up and secondary interventions

Follow-up was available for 214 patients (126 Endurant and 88 Talent, 
excluding 30-day mortality and no-implant). Overall mean follow-up was 
61.2 ± 31.1 months. The follow-up for Talent and Endurant was 64.1 ± 37.9 
months and 59.2 ± 25.3 months, respectively.

During follow-up, a total of 80 secondary interventions were performed on 
55 patients. Figure 1 shows the Kaplan- Meier curve representing freedom 
from secondary interventions. The Kaplan-Meier freedom from secondary 
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interventions estimate at 30 days, 1 year, 5 years, and 7 years is 94.3%, 
89.4%, 72.2%, and 64.1% for the Talent and 96.8%, 89.3%, 75.2%, and 69.2% 
for the Endurant (log-rank, p = .528).

Table 4. Total number of individual interventions and number of affected patients

Variable Talent
patients 

(Interventions)

Endurant
patients 

(Interventions) p-value

Secondary interventions 28.4% (25/88) 23.8% (30/126) .449

Independent interventions

Type Ia 10 (12) 6 (6) .071

Type Ib 2 (2) 3 (3) 1.000

Type II 0 4 (4) .145

Type III 1 (1) 3 (3) .645

Graft migration 7 (8) 0 (0) .002

Limb dislocation 2 (2) 1 (1) .570

Occlusion 3 (3) 7 (7) .531

Stenosis 0 (0) 6 (10) .044

Marginal sealing 3 (3) 5 (5) 1.000

Other 7 (9) 1 (1)

Intervention for proximal necka 18.2% (16/88) 4.8% (6/126) .001

Intervention for iliac limbb 3.4% (3/88) 7.9% (10/126) .172

Endovascular interventions 68.4% (32/40) 90.0% (36/40)

a Intervention for either graft migration or type Ia endoleak
b Intervention for either stenosis or occlusion

The indications for secondary interventions are displayed in table 4. 
Significantly more Talent patients required a secondary intervention 
for proximal neck complications (p = .001), either migration or a type Ia 
endoleak. This difference remains significant if it is adjusted for time in a 
Kaplan-Meier curve (Fig 1). More patients in the Endurant group required an 
intervention for a stenosis (0% vs. 4.8%; p = .044); when combining patients 
with either a stenosis or an occlusion, no difference was recorded (3.4% vs. 
7.9%; p = .172).

9
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Figure 1. Freedom from secondary interventions and freedom from infrarenal neck-related 
interventions. AAA, Abdominal aortic aneurysm; SE, standard error.

To identify influencing factors for the risk of proximal complications, all 168 
(55 Talent, 113 Endurant) patients with both a full morphologic data set and 
follow-up were included. A total of 15 of these patients had proximal neck 
complications. Off-label use, type Ia endoleak on completion angiography, 
infrarenal neck length, and suprarenal angulation were significantly different 
in addition to the type of stent graft. Binomial logistic regression analyses 
showed that the Talent stent graft (odds ratio (OR), 6.727; 95% confidence 
interval (CI), 1.653-27.382), suprarenal angulation (OR, 1.036; 95% CI, 1.001-
1.071), and infrarenal neck length (OR, 0.943; 95% CI, 0.982-0.997) were 
statistically significant predictors of proximal neck complications.

Day 0 30 days 1-year 5-years 7-years

Talent overall
Patients at risk (SE)

88 81 (.025) 72 (.034) 36 (.055) 31 (.062)

Endurant overall
Patients at risk (SE)

126 120 (.016) 104 (.028) 65 (.042) 8 (.052)

Talent proximal
Patients at risk (SE)

88 85 (.011) 76 (.021) 40 (.049) 30 (.060)

Endurant proximal
Patients at risk (SE)

126 124 (.000) 115 (.012) 82 (.021) 13 (.021)
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Figure 2. Overall survival and freedom from abdominal aortic aneurysm (AAA)-related mor-
tality, intention-to-treat basis. SE, Standard error.

Overall survival and AAA-related survival of patients after stent implantation 
are depicted in Figure 2. In case no stent graft was implanted, patients were 
censored at the day of discharge. The Kaplan-Meier estimate of the overall 
survival at 1 year, 5 years, and 7 years is 94.3%, 62.9%, and 53.6% for Talent 
and 93.0%, 72.7%, and 65.6% for Endurant (p = .119).

In the Endurant group, three AAA-related fatalities were recorded, two within 
30 days and one after ruptured AAA due to a type III endoleak. Six AAA-
related deaths occurred in the Talent group; one was the result of a ruptured 
AAA, and the other five were related to a secondary intervention. Of the 
secondary interventions, two were performed endovascularly; the other 
three patients required a laparotomy. The AAA-related survival estimates 
at 30 days, 1 year, 5 years, and 7 years are 100%, 98.9%, 93.1%, and 91.3% 
for Talent and 98.4%, 98.4%, 97.6%, and 97.6% for Endurant (p = .104).

Day 0 30 days 1-year 5-years 7-years

Talent overall
Patients at risk (SE) 

90 88 (.000) 83 (.025) 54 (.052) 46 (.054)

Endurant overall
Patients at risk (SE) 

131 126 (.011) 119 (.023) 93 (.039) 32 (.045)

Talent AAA
Patients at risk (SE)

90 88 (.000) 83 (.011) 54 (.030) 46 (.035)

Endurant AAA
Patients at risk (SE)

131 126 (.022) 119 (.011) 93 (.014) 32 (.014)

9

binnenwerk_Yannickdef.indd   171binnenwerk_Yannickdef.indd   171 15-10-20   10:1015-10-20   10:10



172

Chapter 9

DISCUSSION

Stent graft evolution is often addressed as an argument as to why results 
of previous research cannot be applied to today’s devices. However, there 
is little evidence to show that changes in stent graft design, independent 
of other factors, resulted in improved outcomes. In this study, we showed 
that there is no significant difference in the rate of secondary interventions 
between the groups, but vulnerabilities (such as infrarenal neck-related 
complications) have been successfully addressed.

First, this study shows no overall reduction in the secondary intervention 
rate after the introduction of a new stent graft. In accordance with our 
results, studies that compared graft generations reported no significant 
difference in secondary intervention rates.3, 4, 8 Other papers that studied 
both stent grafts showed similar freedom from secondary intervention 
rates.9-11 On the other hand, comparisons of the Talent and Endurant showed 
that the performance of the latter appears to be better.7, 12 The results of 
the U.S. regulatory pivotal trials of the Endurant and Talent were compared, 
showing favorable outcomes for the Endurant.12, 13 Although both these trials 
are similar in design, they are divided by a 5-year inclusion gap and have 
different participating centers. Furthermore, the strict inclusion criteria limit 
the applicability of the trial results to a real-world population. It is likely that 
design changes do improve performance in a well-controlled population, but 
they are not directly translated to the average AAA patient.

One important indication that evolution does improve treatment results 
in our population is a shift in the indication for secondary interventions. 
The most significant change is a reduction of infrarenal neck-related 
complications, migration or proximal endoleaks, in comparable infrarenal 
necks. Binomial regression analysis showed that the type of stent graft 
significantly influences the risk of infrarenal neck-related complications. The 
risk of proximal complication with the Talent is significantly higher (6.727; 
95% CI, 1.653-27.382) compared with its successor. One explanation for this 
improvement comes from research in cadaveric models that demonstrated 
more force was required to dislocate a stent graft with fixation pins as 
opposed to a device without.14 Whether the changed wireframe design 
contributes to the described reduction is unclear. Current wireframe 
designs vary greatly between devices; consequences of these differences 
are elucidated.

Benefits of improved proximal stability appear to be countered by iliac 
challenges. In our population, 5.6% of Endurant patients had an iliac occlusion 
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and 4.8% had a stenosis. This is fairly higher than the 3.4% occlusion and 
0.0% stenosis rates in the Talent group. In other studies, occlusion rates 
between 2.7% and 4.0% for the Endurant stent graft have been reported.9, 15-17  
Known risk factors for iliac complications are narrow iliac arteries, tortuous 
vessels, and a landing zone in the external iliac artery.16, 18 In the IFU of 
stent grafts, iliac access is addressed only with regard to diameters and 
minimum sealing length. There is no widely accepted technique to 
assess iliac complexity, hampering research, objective comparisons, and 
specifying IFU limitations. Increasing applicability, by reducing stent graft 
profile and increasing flexibility, stimulates the implantation in narrow 
and tortuous iliac arteries.8, 19 In addition to patient factors, increased 
stent graft flexibility increases the risk of compression.15 The longitudinal 
rod in Talent iliac limbs has the tendency to kink but also enhances the 
visibility of kinking on fluoroscopy.18 Therefore, it is likely that challenging 
iliac situations were avoided or quickly addressed. A more aggressive 
intraoperative and postoperative intervention strategy is suggested to 
improve stent graft patency if there is a suggestion of iliac compression 
in modern devices.17 Performing the final two-directional angiography 
after removal of stiff guidewires and measuring iliac pressure can aid in 
improving recognition of stenosis.17 Other techniques, like duplex ultrasound 
and intravascular ultrasound, can be applied to quantify a stenosis. For 
the new-generation Endurant, Endurant Evo, the design of the iliac limbs 
has changed. The current stent rings are replaced by a helical stent design 
for the iliac limbs.20 Expanding EVAR suitability is associated with a risk of 
iliac complications and therefore requires vigilance, in both planning and 
surgery. A validated technique to assess iliac complexity, similar to infrarenal 
neck measurements, can assist in comparing outcomes and planning of 
treatment.

One of the implications of our results is that different stent grafts have 
specific vulnerabilities. However, proposed follow-up regimens and imaging 
modalities are the same for all grafts, regardless of manufacturer or model.21, 22 

A review by Wilt et al. showed that secondary intervention rates range from 
3.8% to 55%, and there are large differences in endoleak rates between 
grafts.23 Although reviews are influenced by large study variations, it is clear 
that complications differ between stent grafts.6, 8, 23, 24 Cost-effectiveness 
of EVAR is widely debated, and follow-up is a significant contributor to 
the costs. Several studies have attempted to base follow-up on the risk of 
complications; the type of stent graft was not included in these models.25, 26  
Therefore, large cohorts with a substantial number of different grafts are 
needed to determine a device-specific complication profile required to 
design an efficient and evidence-based surveillance.

9
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A retrospective study of consecutive stent grafts has several limitations. 
Because patients were included during a 5-year period, the more recent 
patients could have benefited from increased experience. However, all 
operators had extensive EVAR experience before 2005, and the deployment 
systems of the Endurant and Talent are similar. Nevertheless, initial results 
and specific complications of a new device are included that might be 
avoided in the future. A relatively low rate of secondary interventions makes 
it difficult to determine specific risk factors for each complication.

CONCLUSIONS

Evolution of the Talent stent graft into the Endurant has resulted in a 
significant reduction of infrarenal neck-related complications in similar 
morphology. Improved handling likely encouraged application in more 
challenging iliac anatomy, not reducing the overall midterm intervention 
rate because of an increased rate of iliac complications.
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SUMMARY AND GENERAL DISCUSSION

In the past three decades, endovascular aneurysm repair (EVAR) has 
become the preferred treatment for elective abdominal aortic aneurysms 
(AAA). However, the application of EVAR is still a subject of debate in case 
of ruptured AAAs (rAAAs) and in patients with challenging aneurysm 
morphology. This thesis uses cohort data to evaluate outcomes of EVAR 
in case of rAAAs and to assess the implications of using EVAR in patients 
with challenging aortic anatomy. In this thesis durability of EVAR and the 
evolution of stent grafts are studied using data of historical cohorts. Since 
this research predominantly uses data from registries, the results provide 
a good indication of the effectivity of EVAR in a real-life population, rather 
than results obtained from a selected population as included in randomized 
controlled trials (RCTs).1-4.

PART ONE: RUPTURED ABDOMINAL AORTIC ANEURYSMS

An untreated AAA can lead to a rupture, which is a life-threatening condition 
if left untreated. In Chapter 2 we describe the developments in treating 
rAAAs, with a special emphasis on the use of EVAR.
Pre-hospital and emergency department care has gradually shifted from 
massive fluid resuscitation to permissive hypotension.5, 6 A target blood 
pressure is lacking due to natural variations, but current guidelines advise 
maintaining values between 50 and 100 mmHg.7, 8 However, it is more 
important to ensure that the patient remains conscious and that there are 
no signs of cardiac ischemia.

If the patient is eligible for treatment, the preferred intervention is still a 
matter of debate. Unlike the trials on elective surgery of AAAs, RCTs on 
surgical treatment of rAAAs showed no early advantage of EVAR over open 
repair (OR).9-11 However, registry data on patients with rAAAs do show 
improved survival rates after EVAR compared to OR.12, 13 An important 
difference between the trials and registry data is the strict patient selection 
in the randomized trials. The AJAX and ECAR trials included only 22% and 
20% of eligible patients, respectively.10, 11 These low inclusion rates increase 
the risk of a potential bias and hence the results of these RCTs might not 
reflect a ‘real-world’ situation. The British IMPROVE trial is different as 
this RCT was designed to determine which strategy was best, EVAR-first 
or OR-first. However, strategy allocation did not always result in patients 
receiving that intervention. In the EVAR-first cohort, only 54% were treated 
endovascularly.14 Despite the high number of crossovers, the rigorous way 
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in which this trial was performed did result in a lot of reliable information on 
various aspects of rAAA care. A recent publication based on the IMPROVE 
trial data showed long-term advantages of the EVAR strategy: at three-
year follow-up, the endovascular strategy was associated with a survival 
advantage, increased quality of life and reduced costs.15 Follow-up data of 
the AJAX trial, combined with a cohort of patients that were not included, 
show no difference in survival or re-interventions.16

According to a meta-analysis of Reimerink et al., overall mortality rates 
of rAAAs remain as high as 81%.17 Perioperative mortality ranges from 
25 to 50%. 10, 11, 14, 17, 18 According to some studies, patients requiring 
cardiopulmonary resuscitation (CPR) have no survival probability at all.19,20

We studied 199 rAAA patients in 3 non-academic teaching-hospitals over 
a period of 5 years and reported the results in Chapter 3. We found a 
reported turndown rate of 11.6%, which is low compared to the rate of 40% 
reported in a large English cohort.18 Pre-operative CPR was required in 13 
(7.4%) of the 199 patients, and in the majority of these, CPR was performed 
in hospital (76.9%). Two of the 13 resuscitated patients underwent EVAR, 
both of whom survived, while the survival rate among the 11 OR patients 
was 38.5%. While these small numbers of patients and the retrospective 
nature of this study preclude drawing strong conclusions, it is clear that in 
contrast to the advice of previous studies, patients who require CPR should 
not automatically be excluded from intervention.19, 20 Endovascular treatment 
in this group is feasible and might be preferred on theoretical grounds.

One of the reasons for not performing EVAR in rAAAs is the need for pre-
operative imaging and planning. A successful result might be prevented 
by lack of sufficient time and by having a limited selection of stent grafts 
in stock. Chapter 4 describes a single center’s results in operating non-
ruptured (n=773) and ruptured aneurysms (n=90) with EVAR over a period 
of 15 years.

Based on the protocol at that time, an aorto-uni-iliac device was used in 
53.3% of the ruptured cases compared to 8.3% in the non-ruptured group. 
The operative success was 95.0% for non-ruptured AAAs and 90.0% (p = .052) 
for ruptured AAAs. More intraoperative type Ia endoleaks were seen in 
the ruptured group at the final angiogram (6.9% vs. 2.8%, p = .038) but the 
majority of these type Ia endoleaks had resolved spontaneously at 30-day 
follow-up and did not require a secondary intervention. During follow-up 
there was no significant difference in secondary intervention rates. Overall 
5-year survival was significantly lower in the ruptured group (48.1% vs. 65.2% 
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p < .001), but this was not caused by a higher percentage of secondary 
interventions or late aneurysm-related death. Based on these data, we 
conclude that EVAR can be performed safely for ruptured aneurysms with 
technical outcomes that are comparable to elective cases.

PART TWO: EVAR IN CHALLENGING AORTIC ANATOMY

Anatomical challenges are the main reason not to perform EVAR in rAAAs. 
Unfavorable characteristics are present in up to 80% of patients.21, 22 In 
Chapter 5 we report on outcomes of rAAA patients with hostile neck 
anatomy (HNA) and patients with favorable neck anatomy (FNA) according 
to the manufacturers’ instructions for use (IFU). Endovascular treatment was 
performed in 39 patients, 17 (44%) of whom had a hostile infrarenal neck 
anatomy. Comparable technical success was achieved (FNA 100% vs. HNA 
88.2% p = .184) but the HNA group required more adjunctive procedures 
to reach this outcome (0% vs. 23.5%, p = .029.) At one-year follow-up, no 
differences in outcomes were recorded. This small series indicates that 
rAAAs with hostile aortic neck anatomy can be successfully treated with 
EVAR if the operating team and the surgeon have sufficient experience in 
EVAR techniques and if a sufficient inventory is present.

The criteria for anatomical suitability described in the IFU exclude a large 
group of patients from elective EVAR.23 Those not suitable for conventional 
EVAR may be treated with fenestrated EVAR (f-EVAR), chimney EVAR (ch-
EVAR), or branched EVAR (b-EVAR), challenging techniques that require 
custom-made devices or combining stents. However, various studies have 
reported good outcomes of conventional EVAR in challenging anatomy.24-26 
It is important to note that most of these studies reported on small, 
retrospective series and cases from a single center, which includes a risk 
of bias. The Endurant for Challenging Anatomy: Global Experience (EAGLE) 
Registry was initiated to prospectively collect data and evaluate the 
results “one step beyond” the current IFU. Inclusion and exclusion criteria 
concerning the infrarenal neck were determined in order to select patients 
that were outside IFU, but still within certain boundaries.

Short-term results of the EAGLE Registry are reported in Chapter 6. The 
EAGLE Registry included 150 patients that were assigned to three groups 
based on their infrarenal neck anatomy: long neck (> 15mm) with severe 
angulations, medium neck (10-15mm) with moderate angulation and short 
neck (5-10mm) with little angulation. Although baseline characteristics 
were comparable to those of other registries, the EAGLE registry included 
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a relatively high percentage of women (18.7%). Technical success was 
achieved in 93.3% of the included patients. Of the 10 type Ia endoleaks that 
were seen on the final intraoperative angiograms, 80% (n=8) had resolved 
spontaneously at 30-day follow-up. Within 1 year, 5 patients required a 
secondary intervention for an infrarenal-neck-related complication. The 
estimated freedom from secondary intervention was 90.6% at 1-year 
follow-up. These results indicate that treatment with EVAR outside the 
IFU with regard to infrarenal neck anatomy leads to acceptable outcomes. 
Unfortunately, the small number of complications does not allow for a more 
extensive analysis.

Not only infrarenal neck sealing but also iliac sealing can be a challenge in 
approximately 20% of patients.27, 28 If extension into the external iliac artery 
is required, the internal iliac artery (IIA) can be preserved by means of an iliac 
branched device (IBD) or the IIA can be covered. Guidelines advise occlusion 
of the IIA with the use of coils but in Chapter 7 we describe the effect of 
coverage without embolization. The mid-term results of abandoning coil 
embolization are reported for 79 patients.29 In the population, including both 
ruptured and non-ruptured aneurysms, type II endoleaks originating from 
the covered IIA were reported in only 2 patients. Shortly after identification 
of the endoleaks, both these patients suffered a rupture based on a different 
type III endoleak; the causality remained unclear. One of these two patients 
did not survive emergency repair. Buttock claudication was reported in 28% 
of patients but it rarely lasted longer than a year. These results indicate that 
abandoning coil embolization has a low risk of endoleaks and limited side 
effects. In view of the lack of evidence supporting occlusion of the internal 
iliac artery, simple coverage should be seriously considered, especially since 
embolization requires time, contrast agents, and resources, and deeply 
positioned coils can result in ischemic complications.30

PART THREE: LONG-TERM OUTCOMES OF EVAR

The Achilles’s heel of EVAR has always been the need for secondary 
interventions and the limited long-term clinical success. In contrast to 
open repair, EVAR requires many more secondary interventions to ensure 
prolonged aneurysm exclusion. However, due to limited availability of long-
term data the incidence of events is unclear. Also, there is no information 
based on a ‘head-to-head’ comparison of different stent graft types.
Chapter 8 describes the ten-year results of treatment with the predecessor 
to the Endurant stent graft, the Talent stent graft (Medtronic Vascular, Santa 
Rosa, Cal, USA). Data of a cohort of 149 patients with 10-year follow-up 
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showed that 20.7% of these patients required a secondary intervention, 60% 
within the first year and 80% within 5 years. Almost three quarters (73.7%) 
of all patients experienced no clinical symptoms resulting from stent graft 
failure. These results indicate that regular follow-up is required for timely 
identification of complications.

It is unclear if the results described in Chapter 8 also apply to other stent 
grafts. Comparisons of devices are scarce and often not specific enough to 
draw conclusions.31, 32 In Chapter 9, we compared the Talent stent graft to 
its successor, the Endurant stent graft. Our goal was to study if and how 
changes in design influence the mid-term outcomes. We retrospectively 
compared 90 Talent patients with 131 Endurant patients. Patient and 
aneurysm characteristics were similar in both groups, with patients in the 
Endurant group having a narrower aortic bifurcation (30mm vs 39mm, p 
< .001). Similar technical success was achieved with both stent grafts, but 
operating time was shorter in the Endurant group, with a median of 94mins 
vs. 127min (p < .001).

More interestingly and contrary to our expectations, the Endurant group 
did not show an improved rate of freedom from secondary intervention: 
at 5 years, this was 72.2% for Talent and 75.2% for Endurant. The nature of 
these secondary interventions did change. The Talent group predominantly 
suffered from infrarenal neck related complications whereas the Endurant 
group required more iliac interventions.

Variations in the type of complications might require different follow-up 
regimes. Also, the knowledge of specific graft characteristics may help select 
a suitable graft for each individual patient.

STUDY LIMITATIONS AND FUTURE PERSPECTIVES

Outcomes presented in this thesis are based on data from extensive 
databases, both single and multicenter rather than on RCTs, even though 
RCTs are regarded as the highest form of study design in the hierarchy 
of scientific evidence. The landmark trials improved our knowledge and 
determined the way we treat AAAs today.1-4 However, the data gathered 
in those trials represent a selected, relatively healthy population, which 
was treated with some devices that are no longer available. These 
limitations reduce the applicability of those trials’ results to the modern 
AAA population.33
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Performing a similar RCT once again could show how contemporary EVAR 
performs against OR. However, to perform a good RCT, both OR and EVAR 
should be performed by surgeons with the same level of experience in both 
techniques, whereas current Dutch audit data shows that 75% of elective 
patients are treated with EVAR, resulting in a decrease of OR experience.34 
OR requires sufficient annual surgeon volume to reduce complications and 
mortality35, 36. Various studies have warned that the strong reduction in OR 
exposure of young vascular surgeons will cause them to lose the skill to 
perform this important procedure in AAA surgery.37, 38 In reaction, some 
centers are developing training programs to maintain OR skills in young 
vascular surgeons.39 However, the level of experience needed to minimize 
complications and mortality is unknown. An RCT will therefore be vulnerable 
to criticism based on the execution.

The latest European AAA guideline acknowledged the value of cohort and 
registry studies in the evaluation and development of treatment.7 According 
to this guideline, the structured and prospective collection of data in RCTs 
can also be achieved in registries. The first, and still frequently cited registry 
was EUROSTAR, which gave a realistic insight into the performance of EVAR 
in the nineties.40

After EUROSTAR, a few high-quality registries were performed, but in the 
last decade, more and more registries have started. Some of these registry 
studies are centered around one specific device, such as the ENGAGE registry, 
the GREAT registry, the RATIONALE registry and the EVAS FORWARD global 
registry.41-44 This group of device-specific registries is research-oriented, 
collecting vast amounts of data to show how a single stent graft performs. 
Detailed information is required to support the positive outcomes and to 
explain possible negative results. Collecting highly detailed data is labor 
intensive and requires sufficient resources. At the same time, the results of 
these device-specific registries only apply to the device under investigation 
and cannot be used to substantiate any form of evolution, because the 
registries are usually terminated when a new device is introduced.

Other types of registries are aimed at collecting data encompassing all stent 
grafts in order to evaluate current practices and to improve treatment. 
Examples are the Vascular Quality Initiative, the Japan Committee for 
Stentgraft Management registry, VASCUNET and the Dutch Surgical 
Aneurysm Audit.45-47 As a result of the all-comers nature, these registries 
also provide information about less common pathology, while the amount 
of data does result in well substantiated advice.48 Because this second type 
of registries is aimed at quality control and registering local or national 
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trends they require less detailed data. Unfortunately, limited data reduces 
the possibility to explain the outcomes or to use the registries’ data for more 
in-depth studies.

Expanding the amount of information registered is costly. The large 
general registries often have limited resources provided by governments, 
insurance companies or local vascular societies. Therefore, registries rely 
on the dedication of their participants. In the future, an extensive database 
should become available via smart use of electronic patient files. Patient 
characteristics, measurements and operation reports are already digitally 
available for planning. Unfortunately, the data is often stored in such a way 
that human intervention is required for extraction to create a database. 
Digitalization and structured recording will reduce the amount of manual 
labor and possibly also reduce the risk of errors. Results can then be used 
to inform patients, but also to encourage new research and to improve the 
level of care. Since it is fundamental that each patient’s privacy is respected 
and well protected, the European Union has already reformed the privacy 
rules in 2018.49

To aid in this process, generally accepted and clear outcome measures 
should be determined. A lack of clear outcome measures even limits 
the possibility to compare the landmark trials.33 The generally accepted 
standards of the Society of Vascular Surgery, published in 2002, still leave 
room for interpretation and are not widely applied.50, 51

Ruptured abdominal aortic aneurysms

Many discussions about treatment of rAAAs are still ongoing, the most 
important being the discussion about the use of EVAR versus OR.52, 53 As 
addressed in Chapter 2, the rigorous design of an RCT does not appear to 
be adequate to settle this dispute, especially in view of the life-threatening 
condition of a rAAA. However, a 2017 Cochrane review concluded that more 
high-quality RCT data is needed.54

First, as previously discussed, an RCT might not be the correct design, 
especially with changing levels of expertise in OR and EVAR.35, 37, 38, 55 The 
outcomes of previous RCTs and the favorable results of registries provide 
no basis to perform a new RCT and to expect a different outcome. Recent 
European and American guidelines recommend EVAR in rAAA patients if the 
morphology is suitable.7, 8
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A promising way to improve the level of care is comparing outcomes of 
different centers or countries. A comparison between databases in England 
and the United States of America revealed a difference in approach and 
also a difference in outcomes.18 The need for registration is supported 
by the outcomes of the IMPROVE trial. The IMPROVE investigators have 
shown the importance of aneurysm morphology, the benefits of permissive 
hypotension and local anesthesia, and a similar need for secondary 
interventions in EVAR and OR.15, 56-58

In addition to the scientific merits of registries, they can also compare the 
outcome of an individual center compared to others, and to evaluate the 
results of changes in protocol.

A scoring system to classify patients and weigh outcomes is ideal for 
research purposes but not for decision support, as discussed in Chapter 3.59 

Aneurysm anatomy

We studied the use of conventional EVAR in patients with challenging 
anatomy and reported satisfying results. This finding is in contrast to studies 
that discourage treatment with EVAR challenging anatomy and claim that OR 
might be more suited. For example, a Canadian study showed that long-term 
survival after EVAR outside IFU was shorter than in patients outside IFU that 
underwent OR.60 However, what this study also showed is that the EVAR 
group was significantly older, suffered fewer perioperative complications 
and had a lower 30-day mortality. Therefore, long-term benefits of OR 
might serve those patients who are fit enough to overcome perioperative 
complications, while older patients with more comorbidities might benefit 
from EVAR.

Currently there are various options, besides open repair, that can be 
considered in complex anatomy, such as f-EVAR, b-EVAR and ch-EVAR. Data 
show good results of ch-EVAR and f-EVAR, but it is difficult to compare these 
patients to a registry like EAGLE.61-63 Patients included in the ch-EVAR and 
f-EVAR studies often have pararenal or thoracoabdominal aneurysms. In 
contrast, EAGLE included infrarenal aneurysms with a short or angulated 
neck.

It should be noted that treatment outside IFU has become common practice, 
as we can deduct from literature.23, 64-72 These patients are also included in 
the large post-market registries improving the scientific foundation of the 
IFU.24, 42
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Chapter 7 describes a way to safely reduce adjunctive procedures. 
Guidelines advise the use of coil embolization when covering the IIA but 
this advice is not supported by scientific data.7, 8 Although several studies 
have shown that abandoning this practice leads to good results, it remains 
controversial.30, 73-77 Due the negative effects of IIA coverage with regard to 
buttock claudication and sexual dysfunction, the use of IBDs is becoming 
more popular. If technically possible, efforts should be made to ensure 
blood flow to the IIA. However, if the use of an IBD is not possible, coverage 
can be safely performed without coil embolization.

Durability of EVAR

The conclusions of all landmark RCTs on EVAR stressed the importance 
of follow-up studies in order to assess the true merits of EVAR.1-4 More 
recently, the long-term results of these trials were published.33, 78-80 What 
these results have in common is the finding that the early survival benefit 
is lost during follow-up and that there is a higher secondary intervention 
rate in the EVAR group. It is therefore recommended to perform regular 
follow-up with imaging. However, this recommendation applies to all stent 
grafts and patients regardless of post-operative findings.

As reported in Chapter 9, there are significant differences in the performance 
of stent grafts. Future studies should focus on a differentiated follow-up 
program based on the type of stent graft and likelihood of complications. 
Differentiation involves the type of imaging and the follow-up intervals. 
Some studies have designed a risk score to determine which patients might 
need a more or less intensive follow-up schedule based on pre-operative 
data.81 Also, infrarenal neck properties and changes in stent graft position 
might be predictors of long-term treatment failure.82, 83

There appears to be no clinical equipoise to perform a new EVAR versus 
OR trial to assess the long-term outcomes of modern devices. The original 
trials were clear with regard to the short-term mortality and morbidity, 
and current studies only show improving results. A new trial would be a 
modern snapshot and would be outdated by the time long-term results 
are available.

An officially published draft of AAA UK guidelines by the National Institute 
for Health and Care Excellence (NICE) propose to return to OR as preferred 
treatment for elective AAAs.84 The NICE committee base their advice on 
the higher rate of secondary interventions and AAA related mortality in 
the RCT’s.78-80
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The fact that some guidelines do not apply the findings of registry studies 
can be interpreted as contempt for the years of research and for the 
developments that changed the practice of vascular surgery. Especially 
when modern guidelines of the European and American vascular societies 
apply and underline the importance of registries.7, 8 Recent criticism and 
discussions at symposia will most likely lead to changes in the final version 
of the NICE guidelines.85-87 However, the recommendations of the draft 
of the NICE guidelines can also be seen as a wake-up call.85 Results of 
historical studies should not be used to keep validating current surgical 
care but as a basis for further research. It is clear from the long-term data 
that EVAR requires more secondary interventions than OR.78-80 However, 
this information must be used to improve stent grafts, patient selection 
and follow-up regimes to improve cost-effectiveness.87 In addition, when 
using studies to prepare guidelines they must be weighed appropriately. 
As mentioned throughout this thesis, RCTs do not always reflect real-world 
conditions.

Clinical practice must be supported and adjusted with the help of real-
time data to provide patients with the best possible care. A physician must 
be able to provide good advice based on evidence that is relevant for the 
individual patient.

10
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I DUTCH SUMMARY (NEDERLANDSE SAMENVATTING)

In de afgelopen drie decennia is endovasculair aneurysma herstel (EVAR) 
de voorkeursbehandeling geworden voor electieve abdominale aorta 
aneurysmata (AAA). Echter, is de toepassing van EVAR onderwerp van 
discussie in het geval van geruptureerde AAA's (rAAA's) en in patiënten met 
uitdagende aneurysma anatomie. Dit proefschrift gebruikt cohort data om 
de uitkomsten van EVAR in rAAA’s te evalueren en de gevolgen van het 
gebruik van EVAR bij uitdagende aorta anatomie. In dit proefschrift wordt 
ook duurzaamheid van EVAR en de evolutie van stent grafts bestudeerd 
aan de hand van data uit historische cohorten. Aangezien dit onderzoek 
voornamelijk data uit registraties gebruikt geeft het een goed beeld van 
de effectiviteit van EVAR in een alledaagse populatie, in tegenstelling tot 
resultaten van geselecteerde populaties zoals in gerandomiseerde studies 
(RCT’s).1-4

DEEL ÉÉN: GERUPTUREERDE ABDOMINALE AORTA 
ANEURYSMATA

Een AAA kan resulteren in een ruptuur wat tot een levensbedreigende 
situatie leidt indien geen behandeling wordt gestart. In Hoofdstuk 2 
beschrijven we de ontwikkelingen in de behandeling van rAAA’s, de nadruk 
ligt hierin op het gebruik van EVAR.

Binnen de pre-hospitale en spoedeisende hulp zorg is er een verschuiving 
van massale vocht toediening naar gecontroleerde hypotensie geweest.5, 

6 Een streef bloeddruk bestaat niet vanwege natuurlijke variaties, huidige 
richtlijnen adviseren wel een waarde tussen de 50 en 100 mmHg.7, 8 Het is 
echter belangrijker om te zorgen dat de patiënt bij bewustzijn blijft en er 
geen tekenen zijn van cardiale ischemie.

Wanneer de patiënt geschikt is voor behandeling dan is de 
voorkeursbehandeling nog steeds onderwerp van discussie. In tegenstelling 
tot studies in electieve AAA-chirurgie wordt er in RCT’s bij rAAA geen 
voordeel gezien van EVAR boven open herstel (OR).9-11 Echter, registratie 
data bij rAAA patiënten laten wel een overlevingsvoordeel zien voor EVAR 
boven OR.12, 13 Een belangrijk verschil tussen de RCT’s en registratie data 
is de strikte patiënt selectie van gerandomiseerde studies. De AJAX en 
ECAR-studie includeerde slechts 22% en 20% van geschikte patiënten, 
respectievelijk.10, 11 Deze lage inclusiepercentages hebben het risico op 
potentiele bias en daarom zouden de RCT’s niet een reflectie zijn van de 

A
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dagelijkse praktijk. De Britse IMPROVE-studie onderscheidt zich hiervan, 
omdat deze RCT is ontworpen om te bepalen welke strategie, EVAR-eerst 
of OR-eerst, het beste is. Echter strategie toewijzing leiden niet altijd tot het 
ondergaan van die specifieke behandeling. In de EVAR-eerst groep werden 
slechts 54% endovasculair behandeld.14 Ondanks het hoge percentage aan 
wisselingen in behandeling heeft de consciëntieuze uitvoering een grote 
hoeveelheid betrouwbare data opgeleverd over verschillende aspecten 
van rAAA zorg. Een recente publicatie gebaseerd op de IMROVE-studie laat 
lange termijn voordelen zien van de EVAR-strategie: na 3-jaar follow-up 
was de endovasculaire strategie geassocieerd met een betere overleving, 
hogere kwaliteit van leven en reductie van kosten.15 Follow-up informatie 
van de AJAX-studie, gecombineerd met een cohort van niet geïncludeerde 
patiënten, toonde geen verschil in overleving of re-interventies.16

Een meta-analyse van Reimerink et al. spreekt van een overall mortaliteit 
tot wel 81% als gevolg van rAAA’s.17 Perioperatieve sterfte varieert van 25 tot 
50%.10, 11, 14, 17, 18 Volgens sommige studies is er zelfs geen kans op overleving 
bij patiënten die gereanimeerd (CPR) moeten worden.19, 20

Wij hebben 199 rAAA patiënten bestudeerd in 3 niet-academische 
opleidingsziekenhuizen gedurende een periode van 5-jaar, de resultaten 
staan beschreven in Hoofdstuk 3. Wij zagen dat 11.6% van de patiënten 
werd afgewezen voor behandeling, dit is laag ten opzichte van de 40% uit 
een groot Engels cohort.18 Preoperatieve CPR was noodzakelijk in 13 (7.4%) 
van de 199 patiënten, in de meerderheid van de gevallen (76.9%) werd dit 
in het ziekenhuis uitgevoerd. Twee van de 13 gereanimeerde patiënten 
ondergingen EVAR, beiden hebben het overleefd, de overleving van de 11 
OR-patiënten was 38.5%. De kleine aantallen en de retrospectieve opzet van 
de studie zorgen dat het niet mogelijk is om sterkte conclusies te trekken. 
Het is wel duidelijk, in tegenstelling tot het advies uit eerdere studies, dat 
patiënten die CPR nodig hebben niet automatisch afgewezen moeten 
worden voor behandeling.19, 20 Endovasculaire behandeling is mogelijk en, 
op basis van theoretische gronden, heeft het misschien zelfs de voorkeur.

Eén van de redenen om geen EVAR te verrichten in rAAA patiënten is 
de noodzakelijke preoperatieve beeldvorming en planning. Succesvolle 
behandeling kan belemmerd worden door een gebrek aan voldoende tijd en 
een beperkte stent graft inventaris. Hoofdstuk 4 beschrijft de resultaten van 
EVAR bij de behandeling van niet-geruptureerde (n=773) en geruptureerde 
aneurysmata (n=90) in één ziekenhuis gedurende 15 jaar.
Conform het protocol destijds werd 53.3% van de rAAA’s behandeld met een 
aorto-uni-iliacaal device, in de niet geruptureerde groep was dit 8.3%. Het 
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operatieve succes was 95.0% voor de niet-geruptureerde AAA’s en 90.0% 
(p = .052) voor geruptureerde AAA’s. Meer intra-operatieve type Ia endoleaks 
werden gezien in de geruptureerde groep op de afsluitende angiografie 
(6.9% vs. 2.8%, p = .038). Het merendeel van deze type Ia endoleaks was 
niet meer aanwezig bij de 30-dagen controle en behoefte geen secundaire 
interventie. Gedurende de follow-up was er geen significant verschil in het 
percentage secundaire interventies tussen de groepen. Overall 5-jaars 
overleving was significant lager in de geruptureerde groep (48.1% vs. 65.2% 
p < .001), dit werd niet veroorzaakt door secundaire interventies of late 
aneurysma gerelateerde sterfte. Op grond van deze data concludeerde we 
dat EVAR veilig kan worden uitgevoerd in geruptureerde aneurysmata met 
vergelijkbare technische uitkomsten.

DEEL TWEE: EVAR IN UITDAGENDE AORTA ANATOMIE

De hoofdreden om geen EVAR te verrichten in rAAA’s is uitdagende anatomie. 
Ongunstige kenmerken zijn aanwezig in tot wel 80% van de patiënten.21, 22 
In Hoofdstuk 5 rapporteren we de uitkomsten van rAAA patiënten met 
ongunstige hals anatomie (HNA) en patiënten met gunstige hals anatomie 
(FNA) volgens de gebruiksaanwijzing van de fabrikant (IFU). Endovasculaire 
behandeling werd verricht in 39 patiënten, bij 17 (44%) was er sprake van 
ongunstige infrarenale hals karakteristieken. Er werd een vergelijkbaar 
technisch succes verkregen (FNA 100% vs. HNA 88% p = .184) maar in de 
HNA-groep waren meer aanvullende behandeling nodig om dit te bereiken 
(FNA 0% vs. HNA 23%, p = .029). Na één jaar follow-up werden er geen 
verschillen gezien. Deze kleine serie laat zien dan rAAA's met ongunstige 
hals anatomie succesvol met EVAR behandeld kunnen worden, wel moet 
er een operatieteam met voldoende endovasculaire ervaring zijn en een 
ruime inventaris.

De criteria voor anatomische geschiktheid in de IFU sluiten een grote groep 
patiënten uit voor electieve behandeling met EVAR.23 Zij die niet geschikt 
worden geacht voor conventionele EVAR kunnen behandeld worden met, 
fenestrated EVAR (f-EVAR), chimney EVAR (ch-EVAR) of branched EVAR (b-
EVAR). Dit zijn uitdagende technieken die opmaatgemaakte stents gebruiken 
of combinaties van stents. Echter, meerdere studies laten goede resultaten 
zien van conventionele EVAR in uitdagende anatomie.24-26 Het is belangrijk 
om te erkennen dat deze studies kleine groepen, retrospectieve series en 
casus uit één centrum beschrijven waardoor er een risico op bias is. De 
“Endurant for Challenging Anatomy: Global Experience (EAGLE) Registry” werd 
gestart om prospectief data te vergaren en resultaten te evalueren één 
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stap buiten de geldende IFU. In- en exclusiecriteria met betrekking tot de 
infrarenale hals werden opgesteld om patiënten te selecteren die buiten de 
IFU waren, maar nog altijd binnen bepaalde grenzen.

Korte termijn resultaten van de EAGLE Registry worden weergegeven in 
Hoofdstuk 6. De EAGLE Registry heeft 150 patiënten geïncludeerd die 
werden onderverdeeld in drie groepen op basis van de infrarenale hals 
anatomie: Lange hals (> 15mm) met ernstige angulatie, medium hals (10-
15mm) met matige angulatie en korte hals (5-10mm) met beperkte angulatie. 
Alhoewel basiskenmerken overeenkwamen met andere registratie studies, 
heeft de EAGLE registry een relatief hoog percentage vrouwen geïncludeerd 
(18.7%). Technisch succes werd bereik in 93.3% van de geïncludeerde 
patiënten. Van de 10 type Ia endoleaks die op de afsluitende angiografie 
werden gezien was 80% (n=8) spontaan verdwenen bij 30-dagen follow-up. 
Binnen 1 jaar hadden 5 patiënten een interventie nodig vanwege infrarenale 
hals gerelateerde complicaties. Geschat werd dat op 1-jaar follow-up 90.6% 
van de patiënten vrij was van een secundaire interventie. Deze resultaten 
geven aan dat EVAR buiten de IFU, op basis van infrarenale hals anatomie, 
acceptabele uitkomsten geeft. Helaas is vanwege de kleine aantallen 
complicaties een diepgaande analyse niet mogelijk.

Niet alleen de infrarenale hals maar ook iliacale afdichting is uitdagend in 
ongeveer 20% van de patiënten.27, 28 Wanneer verlenging tot in de iliaca 
externa noodzakelijk is kan de arterie iliaca interna (IIA) worden gespaard 
met behulp van een iliacaal branched prothese (IBD) of bedekt worden. 
Richtlijnen adviseren occluderen van de IIA met coil embolisatie maar in 
Hoofdstuk 7 beschrijven we het effect van bedekken zonder embolisatie. De 
middellange termijn resultaten van het verlaten van coil embolisatie bij 79 
patiënten zijn beschreven.29 In de populatie, waarin zowel geruptureerde als 
niet-geruptureerde aneurysmata zijn geïncludeerd, werden type II endoleaks 
vanuit de IIA in slechts twee patiënten gezien. Kort na het diagnosticeren 
van de endoleaks hadden beide patiënten een aneurysma ruptuur op basis 
van een type III endoleak; het oorzakelijk verband is nog onduidelijk. Eén 
patiënt overleefde een spoedingreep niet. Bilclaudicatio werd in 28% van 
de patiënten gedocumenteerd maar dit duurde zelden langer dan één jaar. 
Deze resultaten geven aan dat het achterwege laten van coil embolisatie een 
laag risico op endoleaks heeft en beperkte bijwerkingen. Met inachtneming 
van een gebrek aan bewijs die embolisatie van IIA ondersteunt, moet alleen 
bedekking overwogen worden, helemaal omdat embolisatie, tijd, contrast 
en materialen behoeft waarbij verkeerd geplaatste coils tot ischemische 
complicaties kan lijden.30
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DEEL DRIE: LANGE TERMIJN RESULTATEN VAN EVAR

De Achilleshiel van EVAR is altijd de noodzaak voor secundaire interventies 
en beperkt lange termijn klinisch succes. In tegenstelling tot OR, heeft EVAR 
veel meer secundaire interventies nodig om voor langdurige uitsluiting van 
het aneurysma te zorgen. Echter, vanwege beperkte beschikbaarheid van 
lange termijn data is de incidentie onduidelijk. Daarbij is er geen informatie 
vanuit een directe onderlinge vergelijking van verschillende type grafts.

Hoofdstuk 8 beschrijft de 10-jaar resultaten van behandeling met de 
voorloper van de Endurant stent graft, de Talent stent graft (Medtronic 
Vascular, Santa Rosa, Cal, USA). Informatie van een 149 patiënten groot 
cohort met 10-jaar follow-up toonde dat 20.7% van hen een secundaire 
ingreep nodig hadden, 60% in het eerste jaar en 80% binnen 5 jaar. 
Nagenoeg driekwart van alle patiënten ervaarde geen symptomen van de 
stent problemen. Deze resultaten tonen dat reguliere follow-up geïndiceerd 
is voor tijdige identificatie van complicaties.

Het is onduidelijk of de resultaten van Hoofdstuk 8 ook gelden voor andere 
stent grafts. Vergelijkingen van stents zijn schaars en niet specifiek genoeg 
om conclusies te trekken.31, 32 In Hoofdstuk 9 vergelijken wij de Talent 
stent graft met de opvolger, de Endurant stent graft. Ons doel was om te 
bestuderen hoe ontwerpveranderingen de middellange termijn resultaten 
beïnvloeden. Retrospectief hebben we 90 Talent patiënten met 131 Endurant 
patiënten vergeleken. Patiënt en aneurysma karakteristieken waren 
gelijk in beide groepen, patiënten in de Endurant groep hadden wel een 
smallere aorta bifurcatie (30mm vs. 39mm, p < .001). Vergelijkbaar succes 
werd verkregen waarbij de operatieduur in de Endurant groep korter was, 
mediaan van 94 min vs. 127 min (p < .001).

Opvallend, en in tegenstelling tot de verwachtingen, liet de Endurant groep 
geen verbeterde vrijheid van secundaire interventies zien: op 5-jaar was 
dit 72% voor de Talent en 75% voor de Endurant. De reden voor secundaire 
interventies was wel anders. De Talent groep had voornamelijk infrarenale 
hals gerelateerde problemen waar de Endurant groep meer iliacale 
interventies werden verricht.
Variaties in het soort complicaties vragen mogelijk om andere follow-up 
programma’s. Kennis van specifieke stent karakteristieken kan ook helpen 
om de meest geschikte prothese voor de individuele patiënt te selecteren.

A
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II VALORISATION

An abdominal aortic aneurysm (AAA) is a pathological dilatation and 
weakening of the abdominal aorta. A dilated aorta can rupture AAA (rAAA), a 
fatal event if no emergency intervention is performed. To prevent a rupture 
of an AAA, asymptomatic AAAs require follow-up and need treatment if 
certain criteria are reached.

In the 1950’s the first successful AAA exclusion was performed by open 
repair, replacing the AAA with a homograft. The homograft was eventually 
replaced by a synthetic graft. A major drawback of open repair is the need 
for a laparotomy with cross-clamping of the aorta, a very invasive procedure 
resulting in substantial risk of complications and death.

In 1991 the first articles of a novel less invasive technique were published.1,2 
Endovascular aneurysm repair (EVAR) is performed by inserting a stent 
covered with fabric through the femoral arteries and positioning it in the 
infrarenal aorta. The absence of a laparotomy or cross-clamping the aorta 
was thought to greatly reduce operative risks and mortality. A reduction of 
risks also increased the eligibility for elective AAA repair.

Large randomized controlled trials (RCTs) conducted in the late 1990’s 
and early 2000’s were designed to compare EVAR to the already proven 
open repair. These RCTs all showed a significant reduction in both early 
complications and mortality.3-5 EVAR was, as a result of the overwhelming 
data, quickly accepted as the preferred intervention for asymptomatic AAAs. 
However, under certain circumstances the application of EVAR remained 
open for discussion. This thesis uses registry data to study the perceived 
boundaries of conventional EVAR.

Even though the current boundaries for EVAR are generally accepted a lot 
is still unclear. In Part one the use of EVAR in rAAAs is discussed. RCTs have 
shown no clear advantage of emergency EVAR, yet it is seen by many as the 
preferred method of treatment for rAAAs.

Part two focuses on the anatomical limitations for conventional EVAR. 
Manufacturers draft anatomical limitations in their instructions for use (IFU) 
in which the stent graft is expected to perform well. However, clinical data 
suggest that these limitations might be too conservative.

For Part three long-term outcomes of EVAR were collected. There is 
controversy how these results should be interpreted. Some physicians are 
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convinced that, based on these long-term results open repair should be the 
treatment of choice for AAA repair.7

SOCIO-ECONOMIC RELEVANCE

Endovascular treatment of AAAs requires a large amount of resources for 
both the treatment and post-operative surveillance. Efficient use of stent 
grafts and customized follow-up schemes might be a way to reduce costs.

Anatomically challenging AAAs might require a custom-made (fenestrated 
EVAR-) device, that is far more expensive than a conventional (EVAR-) 
device. The IFU of a stent graft encompasses the anatomical range in which 
the device is proven to be effective. As mentioned earlier, from clinical 
experience, devices are expected to be more suitable than defined in the 
IFU. Increasing the application of conventional EVAR can reduce the need 
for a more expensive custom-made solution. Although the data presented 
in this thesis is not sufficient to change an IFU, a registry designed like the 
EAGLE registry, might.

Complications and the following secondary interventions mandate extensive 
and lifelong follow-up. Although this is important, studies reporting on 
historic cohorts are limited. The long-term data of RCTs show an increased 
need for secondary interventions in the EVAR group. To improve the efficacy 
of EVAR follow-up, details on anatomy, stent graft selection and indication 
for intervention are of the utmost importance. In this thesis complications 
occurring up to 10 years after implantation, but also on the difference 
between stent grafts, are reported.

Complications occur up to 10 years post implantation but there is a 
difference between devices. This kind of information can help increase 
efficacy of follow-up. The variety of stent grafts and indications for a 
secondary intervention, require large cohort studies in order to be able 
to identify risk factors. As shown in this thesis differences, with regards to 
limb patency and proximal sealing, exist and they need to be addressed.

TARGET AUDIENCE

As this thesis presents real-world data, it targets both endovascular 
specialists and policy makers. Because EVAR has become the preferred 
treatment for AAAs, research often focuses on novel techniques or 
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exceptional cases. However, the majority of patients is treated with 
conventional EVAR using of-the-shelf devices. Information about long-
term outcomes and specific device characteristics can assist physicians in 
determining the best treatment for an individual patient.

Exploring the boundaries of EVAR is part of daily practice for some physicians, 
sometimes forced by the circumstances or and sometimes accidently. Not 
only can past experiences avoid future mistakes, it might also help to reduce 
adjunctive procedures as described in Chapter 7.

Even though treatment outside IFU is not part of daily practice for everyone, 
this thesis shows it is feasible within certain limits and with sufficient 
experience. In experienced hands an off-the-shelf stent graft can be used 
in a larger population.

Updating and adjusting guidelines requires reliable and contemporary data. 
One of the lessons that can be learned from the proposed NICE guidelines 
is that the endovascular society must be able to support their guidelines 
with solid data.7 Registries can become a valuable part of guidelines as they 
are up-to-date and a reflection of real-world conditions. The acceptance 
of registries is addressed in the latest European guidelines and supported 
by the fact that Chapters 3, 4 and 5 have become part of the European 
guidelines.8

INNOVATIONS AND THE FUTURE

An RCT is considered the most reliable design to answer scientific questions. 
Landmark EVAR versus open repair trials are clear about the short-term 
superiority of EVAR. Long-term outcomes of RCTs show that the short-term 
benefit is undone by the higher rate of complications in EVAR. However, these 
data provide a snapshot of the past, not always reflecting current expertise 
and new materials. Although the results leave no room for interpretation 
the current relevance of these outcomes can be questioned. Some argue 
that open repair should be considered as the primary treatment option 
for AAA, others suggest that new RCTs should be performed to evaluate 
current practice. Such new trial will be subject to the same criticism as the 
landmark trials.

For the future, it is important to improve intervention selection and 
reduce long-term complications. An IFU should never be ignored, but 
the circumstances might allow to treat patients outside the IFU. Sharing 
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both success and failure of these cases will increase knowledge of EVAR 
and possibly prevent others from taking unnecessary risks. Because the 
percentage of specific complications is low, large study groups are required. 
Various initiatives are already in action, often promoted by national 
societies. In the Netherlands the Dutch Surgical Aneurysm Audit (DSAA) is 
collecting data to get insight in the quality of aneurysm care and to stimulate 
improvements. The DSAA network could be the basis of a database that 
also provides follow-up information. However, this requires significant 
investments and efforts. A lot of data is already present in the patients’ 
files. Intelligent use of hospital systems can improve the storage of data and 
extraction of that information for a nationwide database. European law is 
already prepared to facilitate anonymous patient data sharing.

Increased knowledge about stent grafts will result in a more patient specific 
treatment. This also means that open repair remains a valid treatment 
option for both elective and emergency AAA procedures.
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