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Abstract The choice between an open surgical and an
endovascular approach for abdominal aortic aneurysm
(AAA) repair remains an individualized clinical decision.
As the technology and applications of endovascular aor-
tic aneurysm repair (EVAR) continue to evolve, so does
the literature investigating its outcomes. Multiple high-
quality, randomized controlled trials comparing EVAR to
open surgical repair (OSR) have now been published
with long-term follow-up. Experience with ruptured an-
eurysms and the use of complex endografts is growing
as well. This review is an up-to-date compilation of per-
tinent clinical trials for practitioners placed in the con-
text of individual patient considerations to guide the
choice of an optimal approach to the management of
AAAs.
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Introduction

The surgical approach to aneurysmal disease has changed rad-
ically since Parodi’s first report of endovascular aortic aneu-
rysm repair (EVAR) [1]. Reports of early experience with
EVAR included significant complications but showed promise
to eventually supplant open surgical repair (OSR) in appropri-
ately selected patients [2, 3]. In the two decades since its
introduction, EVAR has become widely popularized. In the
USA, three quarters of elective abdominal aortic aneurysm
(AAA) repairs are now performed via an endovascular ap-
proach [4]. Despite the growth in popularity of EVAR, the
decision between surgical and endovascular repair is individ-
ualized based on anatomic considerations accompanying the
aneurysm and its accessibility for repair, comorbidities that
may further impact the risks of either approach, and patient
preferences regarding follow-up and potential for complica-
tions. High-quality evidence exists to guide practitioners and
patients in choosing the optimal approach. This article seeks to
summarize the most up-to-date evidence comparing OSR to
EVAR. This includes comparisons of both elective and rup-
tured aneurysm repair. We also discuss the latest evidence
addressing treatment of complex abdominal aneurysms utiliz-
ing branched or fenestrated endografts.

Elective Repair of Infrarenal AAA (Standard EVAR
versus Open Surgical Repair)

The common indications for elective repair of AAA are to
prevent rupture or to eliminate symptoms attributed to the
aneurysm. In the preoperative evaluation of a patient for
AAA repair, the expected morbidity and mortality of the op-
erative intervention are weighed against the risk of rupture and
other impact upon quality of life the aneurysm carries when
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recommending repair. The evidence comparing EVAR to
OSR for multiple clinical considerations is summarized in this
section.

Size

The generally accepted size threshold for repair is greater than
5.4 cm or expansion greater than 1 cm in 12 months [5]. This
was established for open repair by the United Kingdom Small
Aneurysm Trial (UKSAT) and the Aneurysm Detection and
Management (ADAM) Veterans Affairs Cooperative study.
These studies randomized patients with aneurysms between
4.0 and 5.4 cm to immediate OSR versus surveillance and
found no statistical difference in long-term survival [6–8].
Two additional trials, the Comparison of Surveillance versus
Endografting for Small Aneurysm Repair (CAESAR) and
Positive Impact of Endovascular Options for Treating
Aneurysm Early (PIVOTAL) trials demonstrated similar re-
sults for EVAR as compared to the open repair results de-
scribed above, despite the lower perioperative mortality of
EVAR [9, 10]. A systematic Cochrane review of these trials
showed no advantage to immediate repair for aneurysms 4.0–
5.4 cm when pooled analysis was performed [11]. A practical
limitation of the trial data pertinent to clinicians is that it in-
cludes a low proportion of women and non-white individuals,
while there are data to suggest women may be at greater risk
for rupture [12, 13]. Fillardo and colleagues demonstrated no
difference in survival when the UKSAT and ADAM trial par-
ticipants were combined and assessed via proportional hazard
models that accounted for gender and AAA size [14].
Unfortunately, the EVAR trials lack the long-term follow-up
of the OSR trials and are underpowered to detect differences
by age subgroup or differences in AAA size within the 4.0–
5.4 cm range. Thus, the existing data favor surveillance over
early repair, particularly for open repair. However, some un-
certainty exists given risk of early rupture in women, making
repair >5.0 cm acceptable [15].

Anatomic Considerations

If a patient’s aneurysmmeets criteria for repair because of size
or symptoms, anatomic considerations guide the operative
planning. Some considerations are of particular importance
for determining eligibility for EVAR. The first criterion
assessed is aortic neck characteristics, including diameter,
length, and angulation. A proximal landing zone of 1.0–
1.5 cm with less than 60° of angulation is generally required
for the majority of currently available devices. The vessel
caliber, presence of calcific disease, tortuosity and presence
of aneurysmal disease in the iliac arteries also determine the
choice of endograft and technical challenges with the ap-
proach. Endografts are sized and FDA approved for various

neck diameters as well as native iliac diameters, as demon-
strated in Table 1.

Perioperative and Long-Term Outcomes

In patients anatomically appropriate for EVAR, the perioper-
ative morbidity and mortality as well as the rate of long-term
complications as compared to OSR should be taken into ac-
count when planning the operative approach. There are four
large randomized controlled trials comparing EVAR to OSR
that provide the best basis for this discussion with patients.
The Dutch Randomised Endovascular Aneurysm
Management (DREAM) trial [25, 26], the Anevrysme de
l’aorte abdominale: Chirurgie versus Endoprothese (ACE) tri-
al [27], the U.K. Endovascular Aneurysm Repair 1 trial
(EVAR1) [28–30], and the Open Versus Endovascular
Repair (OVER) Veterans Affairs Cooperative study [31, 32]
all demonstrated decreased short-term mortality for EVAR
compared with OSR, similar rates of intermediate and long-
term survival, and increased re-intervention rates during
follow-up for EVAR. The trials are detailed in Table 2. A
systematic review of these studies confirms the major findings
in a pooled analysis with similar rates between EVAR and
OSR for cardiac death (RR = 1.13, 95 % CI = 0.87–1.46,
p = 0.36) and fatal stroke (RR = 0.91, 95 % CI = 0.49–1.72,
p = 0.79); OSR resulted in slightly higher pulmonary compli-
cation rates (RR = 2.67, 95 % CI = 1.31–5.42, p = 0.001) [33•].
A large propensity-score-matched cohort study of 39,996
pairedMedicarebeneficiaries from2001to2008demonstrat-
ed an improving trend of complications related to EVAR
across this time interval [34••]. Notably, mortality decreased
by0.8% (p = 0.001), open conversions decreased from2.2 to
0.3 % (p < 0.001), and re-intervention rates at 2 years de-
creased from 10.4 to 9.1 % (p < 0.001) [34••]. Perioperative
mortality remained lower inEVARpatients (1.6 versus 5.2%
inOSR, p < 0.001) with a difference persisting until the third
postoperative year; however, EVAR was associated with a
higher risk of late aneurysm rupture after repair (5.4 versus
1.4%inOSR,p < 0.001) [34••].Thisstudyprovidesevidence
of the improving outcomes with EVAR in a large database
while also confirming the findings of the trial data.

Follow-Up/Ultrasound Surveillance

Both EVAR and OSR are associated with long-term compli-
cations that can require re-intervention. Some of these present
clinically and would be difficult to reduce with routine sur-
veillance; these include incisional complications, graft infec-
tions, graft occlusions, and formation of aortoenteric fistula.
Complications from the repair associated with aneurysmal
enlargement that predispose to a complication of late rupture
are routinely diagnosed and followed with imaging to deter-
mine the need for re-intervention. In OSR, para-anastomotic
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aneurysm development is evaluated with non-contrast CT at
5-year intervals after OSR [15]. Compared to OSR, EVAR
requires more rigorous follow-up in the absence of clinically
apparent complications to evaluate for endoleak, graft migra-
tion, or evidence of device failure. Initial surveillance practice
included obtaining a contrast-enhanced CT at 1 month,
6 months, 1 year, and annually thereafter [35]. The exposure
to radiation, potential for contrast-associated injury, and cost
of this surveillance raised significant concerns. Fortunately,
experience with the use of color duplex ultrasonography
(CDU) has suggested that CDU is an acceptable alternative
means for surveillance in the absence of findings of endoleak
or aneurysmal enlargement [36–38]. Additionally, CTat the 6-
month postoperative time point is now only recommended if
abnormalities are detected on the initial 1-month CT [39]. The
frequency of surveillance and possibility for re-intervention
can impact patient preference for the type of repair. Younger
patients who would be subjected to a high frequency of
follow-up or patients who may otherwise have difficulty with
adherence to the recommended follow-up may prefer an open
approach.

Elective Repair of Complex or Inflammatory AAA

Approximately 15 % of AAAs originate in close proximity to
the renal arteries and require suprarenal aortic cross-clamping
during open repair; these are termed juxtarenal aortic aneu-
rysms [40]. This class of aneurysms is associated with an
increased risk of perioperative morbidity and mortality, espe-
cially postoperative renal dysfunction, secondary to

unavoidable renal and/or visceral ischemia from aortic
cross-clamping as well as technical challenges of the surgical
dissection when compared to infrarenal aneurysms [41].
Similar to OSR, treatment of this class of aneurysms with
EVAR presents unique technical challenges requiring ad-
vanced technology to obtain aneurysm coverage by the
endograft without endoleak while maintaining flow to the
renal and visceral arteries. The development of endografts
with fenestrations or branched stents and early experience in
patients deemed at high risk for open repair has paved the
way for treatment of increasingly complex aneurysms via an
endovascular approach [42]. These devices were initially
custom-made with a manufacturing period of several weeks,
but there is growing experience with commercially available
Boff the shelf^ endografts with excellent technical success
[43].

Comparisons of Complex EVAR with OSR

Unfortunately, no randomized data exists comparing fenestrat-
ed or branched stent EVAR (FEVAR) and OSR; however,
publications of experience with FEVAR are increasing. The
GLOBALSTAR registry in the UK provided nationwide data
on the early experience with FEVAR quoting a 99 % likeli-
hood of primary procedure technical success, 7 % rate of 30-
day re-intervention, and an associated 4.1 % perioperative
mortality [44]. In 2015, Rao and colleagues published a sys-
tematic review and meta-analysis examining 35 existing case
series of OSR and fenestrated EVAR (FEVAR) totaling 2326
patients (751 FEVAR, 1575 OSR) since 1990 [45•]. The re-
view demonstrated no significant difference in short-term

Table 1 Summary of FDA approved devices for EVAR

Device namea Manufacturer Approved Minimum
neck length

Required
neck diameter

Iliac (distal fixation)
length and diameter

Angulation of infrarenal neck,
other specifications

Ancure Aortoiliac System [16] Guidant 2002 15 mm <26 mm

Excluder bifurcated endoprosthesis
[17]

Gore 2002 15 mm 19–26 mm 10 mm; 8–13.5 mm <60°

Zenith AAA endovascular graft
[18]

Cook 2003 15 mm 18–28 mm 10 mm; 7.5–20 mm <60° relative to long axis of
aneurysm and <45° relative
to axis of suprarenal aorta

Powerlink stent-graft system [19] Endologix 2004 15 mm 18–26 mm 15 mm; 10–14 mm <60°; <90° iliac angle relative
to aortic bifurcation

Talent Abdominal Stent Graft
System [20]

Medtronic 2008 10 mm 18–32 mm 15 mm; 8–22 mm <60°

Endurant Stent Graft System [21] Medtronic 2010 10 mm 19–32 mm 15 mm; 8–25 mm <60°

Ovation Abdominal stent graft
system [22]

Trivascular 2012 7 mm 16–30 mm 10 mm; 8–20 mm <60° if proximal neck >10 mm,
<45° if <10 mm

Zenith Fenestrated AAA
Endovascular Graft [23]

Cook 2012 4 mm 19–31 mm 30 mm; 7–21 mm <45°; aortic branch vessel
diameters 3–8 mm

Aorfix Flexible Stent Graft
System [24]

Lombard 2013 15 mm 19–29 mm 15 mm; 9–19 mm <90°

a Thoracic endografts and non-FDA approved devices are not represented in this table

Curr Atheroscler Rep (2016) 18: 76 Page 3 of 8 76



survival for FEVAR versus OSR (4.1 % for both, p = 0.82) or
postoperative renal dysfunction (11.4 versus 13.9 % OSR,
p = 0.54); however, FEVAR had higher rates of secondary
re-intervention (12.7 versus 4.9 % in OSR, p < 0.001), pro-
gression to renal failure (19.7 versus 7.7 % in OSR,
p < 0.001) during the 1–5-year follow-up periods from includ-
ed series, and a decreased 5-year survival (55 versus 73 % in
OSR, p = 0.09) in series with sufficient follow-up [44]. The
review’s comparisons are limited by significant heterogeneity
in the series included.Moreover, FEVAR patients were 5 years
older on average, with higher frequencies of preoperative re-
nal impairment, diabetes, as well as cardiopulmonary disease,
reflective of FEVAR’s initial use in patients deemed high risk
for OSR [45•]. A prospective multicenter registry (WINDOW
registry) from France demonstrated a 6.7 % 30-day mortality
rate, 10.1 % in-hospital mortality rate, and 22 % combined
rate of mortality or severe complication defined as renal fail-
ure, spinal cord ischemia, or re-intervention within 30 days for
FEVAR [46]. When the WINDOW registry was compared to
a matched control group of OSR patients extracted from a
national hospital database, there was no difference in 30-day
mortality and a lower rate of permanent hemodialysis for
FEVAR (5.6 versus 20.8 % in OSR, p < 0.001); FEVAR was
associated with a higher rate of paraplegia (4.1 versus 1.0 % in
OSR, p < 0.001), myocardial infarction (3.1 versus 1.2 % in
OSR, p = 0.019), stroke (4.2 versus 0.7 % in OSR, p < 0.001),
and re-interventions in the first 30-days (15.3 versus 10.3 % in
OSR, p = 0.017) [47]. However, it should be noted that the
patients receiving FEVAR were deemed to be at high risk
for OSR and different methodologies were used to evaluate
clinical outcomes in the registry versus the control database,
which may importantly bias the results [48]. A retrospective
analysis of well-matched patients with complex AAAs taken
from the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database between
2005 and 2010 included 1091 OSR and 264 FEVAR patients;
the study demonstrated FEVAR had lower 30-day mortality
(0.8 versus 5.4 % in OSR, p = 0.001), significantly lower rates
of renal complications (1.5 versus 9.9 % in OSR, p < 0.001),
pulmonary complications (2.3 versus 21.3 % in OSR,
p < 0.001), and cardiovascular complications (1.9 versus
7.4 % in OSR, p = 0.001), as well as a 1-week decreased
length of stay (p < 0.001), when compared to OSR [49]. The
above studies represent the initial publications within an
evolving area of investigation and should be interpreted with
great caution. Taken collectively, the studies demonstrate that
complex EVAR can be performed with adequate technical
results and with similar or lower 30-day mortality when com-
pared to OSR. However, long-term follow-up and data on re-
interventions are lacking. The NSQIP data stands in contrast
to the other studies in suggesting lower morbidity for FEVAR,
presumably due to the high-risk population included in studies
of FEVAR from Europe.T
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Inflammatory Aneurysms

Another important category of aneurysms, which accounts
for 5–10 % of patients with AAA, is the inflammatory
aneurysm (IAAA) [50]. These aneurysms have a character-
istic perianeurysmal fibrosis that is often adherent to sur-
rounding bowel, renal vessels, or ureter and makes the
dissection in OSR technically challenging, with a higher
incidence of perioperative complications [51]. For this rea-
son, EVAR is the recommended approach for these aneu-
rysms in the Society for Vascular Surgery practice guide-
lines [15]. A recent retrospective comparative study of
OSR and EVAR in the Greek population by Kakkos and
colleagues demonstrated lower rates of transfusion, oper-
ating times, and length of stay for EVAR but was under-
powered to detect differences in morbidity and mortality
given a 27 patient sample size [52]. Paravastu and col-
leagues performed the most recent large systemic review
of existing data comparing approaches to IAAA in 2009;
the study included 1020 patients (999 OSR, 121 EVAR)
and demonstrated lower all-cause mortality at 1 year for
EVAR (2 versus 14 % in OSR, p = 0.02) [53]. A recent
Cochrane review highlighted the lack of randomized and
prospective evidence for IAAA and called for studies to
better characterize the perioperative and long-term compli-
cation rates [54].

Ruptured Aneurysm

Another important population of patients with AAA is
those who present with rupture and require emergent repair.
Yusuf and colleagues reported the first use of EVAR in a
patient with a leaking AAA in 1994, drawing attention to
the potential of a minimally invasive approach to improve
outcomes in a population with a perioperative mortality
approaching 50 % [55]. Since the initial report, the appli-
cation of EVAR in the ruptured population has grown sig-
nificantly and multiple randomized trials have been per-
formed. The first trial was conducted at a single center in
Nottingham, UK, between 2002 and 2004 and included 32
patients; the study was underpowered to detect differences
in the study groups but nonetheless reported an equivalent
30-day mortality of 53 % percent in each group (RR = 1.01,
95 % CI = 0.52–1.93, p = 0.98) and greater than 75 % rates
of moderate to severe postoperative complications in the
two arms as well [56]. This trial laid the groundwork for
three larger trials that have since followed. These trials are
the Amsterdam Acute Aneurysm (AJAX) trial, the
Endovasculaire versus Chirurgie dans les Anévrismes
Rompus (ECAR) trial, and the Immediate Management of
the Patient with Ruptured Aneurysm (IMPROVE) trial
[57–59]. AJAX randomized 116 patients anatomically

suitable for EVAR after CT scan between 2004 and 2011;
there was no difference in the primary outcome of 30-day
mortality (21 versus 25 % in OSR, p = 0.66) [57]. ECAR
randomized 107 patients in a similar fashion between 2008
and 2012, also demonstrating no difference in the primary
endpoint of 30-day mortality (18 versus 24 % in OSR,
p = 0.47) [58]. IMPROVE randomized 613 patients be-
tween 2009 and 2013 to an endovascular versus open strat-
egy at the time of clinical diagnosis of ruptured aneurysm
and prior to CT scan; there was again no significant differ-
ence in 30-day mortality between the groups (36 versus
41 % in OSR strategy, p = 0.62) despite the difference in
design and larger number of patients [59]. Pooled meta-
analysis of the patients suitable for EVAR following the
publication of the latest three trials demonstrated no surviv-
al difference between EVAR and OSR at 90 days
(RR = 0.98, 95 % CI = 0.81–1.17, p = 0.78) and 1 year
(RR = 0.84, 95 % CI = 0.63–1.11), p = 0.24) [60•, 61]. The
trial data are in contrast to recent large-scale observational
studies in the USA that suggest early mortality benefit of
EVAR [62–64] but are supported by a review of the
Swedish Vascular Registry [65]. The differences between
observational and randomized data may be explained in
part by a selection bias driven by short aneurysm necks,
which will preclude standard EVAR and adversely impact
outcomes of OSR as previously discussed [66]. While the
initial reported data in ruptured aneurysms focused heavily
on survival, the AJAX collaborators recently published 5-
year observational data demonstrating a higher re-
intervention rate for EVAR in patients who survive the initial
hospital stay (33 versus 10 % in OSR, p < 0.01), similar
to the difference in elective repair [67]. In summary, the
randomized trial data in rupture differs from that of elective
repair; there is no benefit seen in early mortality with
EVAR when compared to OSR in patients who are candi-
dates for both interventions. This makes both options ac-
ceptable and the approach will often be dependent on hos-
pital capabilities and surgeon preference.

Conclusion

Selection of the optimal approach for aneurysm repair should
remain an individualized clinical decision. Each aneurysm can
present a unique combination of anatomic variation, clinical
symptoms, associated comorbidities, and patient preference
for consideration before a given intervention. Fortunately,
there is a large body of evidence with a focus on meaningful
clinical outcomes to guide practitioners in this process.
Experience with complex EVAR will continue to grow and
represent the next opportunity for high-quality prospective
comparisons to open repair in an attempt to improve outcomes
in these patients.
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