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In 2020, the primary treatment options for the management
of the abdominal aortic aneurysm (AAA) consists of either
traditional open aortic surgery or endovascular exclusion.1

With the less invasive nature and early mortality benefit of
endovascular aortic repair (EVAR) seen in major randomized
control trials,2,3 endovascular strategies have gained tre-
mendous popularity in the modern era while open surgery
case numbers have dwindled. It is estimated that by 2010,
EVAR accounted for 78% of all existing AAA repairs.4 Concur-
rently, the total open AAA repairs in Medicare beneficiaries
declined by 76% over one decade.5 Currently, approximately
80% of all AAAs are treated with EVAR, and there is expected
further growth of the endovascular strategy as devices and
capabilities continue to advance.6 However, there are still
many limitations of EVAR, as AAAs often present with a
variety of complexities and may have challenging features
that prohibit repair with standard EVAR. Therefore, open
aortic repair continues to fulfill a fundamental role in the
modern era.

Open Surgical Repair versus Endovascular
Aortic Repair

The reduced operativemortality, shorter length of stay (LOS),
and faster recovery times with EVAR have made it an attrac-
tive option, especially in patients with severe comorbidities.
However, the long-term trajectory and outcomes after EVAR
and how it compares to traditional open repair are still being
elucidated. Four major prospective randomized clinical trials
(RCTs) have compared EVAR to open surgical repair for large
infrarenal AAAs and looked at outcomes on survival and
complications requiring reinterventions. ►Fig. 1 summa-
rizes some of the major endpoints for each trial.2,3,7,8 Impor-
tantly, patients were included for the RCTs only if they met
criteria to be candidates for both open aortic repair and
EVAR. Overall, the data consistently show that although EVAR
offers reduced 30-day mortality, this survival benefit is not
sustained by midterm; and EVAR is associated with a sub-
stantially higher rate of reinterventions. The two largest
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Abstract Since the advent of endovascular aortic repair (EVAR) nearly three decades ago, there
has been a paradigm shift in the treatment of the abdominal aortic aneurysm (AAA) to
favor EVAR due to its reduced operative mortality, less invasive nature, and faster
recovery times. However, more recently there has been an accumulation of data from
large meta-analyses and randomized clinical trials revealing that EVAR has no survival
benefit after approximately 2 years and is associated with substantially higher rates of
reintervention and aneurysm rupture in the long term. These findings call into question
the durability of EVAR compared with open aortic repair and emphasize the need for
surgeons to remain competent with open aortic surgery in the modern era. This article
will provide comprehensive review of a large body of literature comparing endovas-
cular repair to open aortic surgery for the management of AAAs, and it will offer an
overview of the open surgical repair technique for AAAs.
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RCTs, the Endovascular AneurysmRepair trial 1 (EVAR-1) and
the Open Versus Endovascular Repair (OVER) trial, which
included long-term follow-up up to 14 and 15 years post-
repair, respectively, found conflicting results about overall
survival after 8 years from repair. However, both of these
trials, along with multiple large meta-analyses, identified a
strong signal of late endograft failure and rupture with
EVAR.2,3 ►Fig. 2 is adapted from a recent systemic review
and meta-analysis of a large body of patient data from
numerous studies, which consistently observed that the
odds of secondary aortic rupture is nearly four- to fivefold
more likely with EVAR compared with open aortic repair.9

EVAR-1was thefirst and largestof theRCTs comparingopen
aortic repair to EVAR. It was performed in the United Kingdom
and randomized 1,252 total patients. Thirty-day operative
mortality was 1.8% in the EVAR group and 4.3% in the open-
repair group (p¼ 0.02). However, the survival benefit of EVAR
was lost by 1 to 2 years. In fact, after 8 years, the EVAR group
had significantly higher all-cause mortality and aneurysm-
relatedmortality (7 vs. 1%) than the open repair group,mainly
attributable to secondary aneurysm sac rupture. Of note, the

numberofcancer-relateddeaths (excluding lungcancer) in the
EVAR group after 8 years was also significantly higher than in
the open repair group (adjusted hazard ratio [HR]: 1.87, 95%
confidence interval [CI]: 1.19–2.96;p¼ 0.007), raising concern
about the effects of long-term radiation associated with the
more frequent surveillance imaging required with EVAR.
However, this observation was not seen in the other trials
and overall cancer-related deaths were not different between
groups. Finally, the numbers of life-threatening, serious, and
total reinterventions were all significantly higher (more than
twofold) in the EVAR group.2

The OVER trial was performed in the United States at
multiple Veterans Affairs medical centers and randomized
881 veterans with AAAs, including 41 patients with AAA
<5.0 cm that had an associated iliac artery aneurysm
�3.0 cm, rapid enlargement, or saccular morphology. Similar
to EVAR-1 and other RCTs, OVER observed an early mortality
benefit with EVAR (0.5 vs. 3.0%; p¼ 0.004), which was not
sustained at 2 years, and overall mortality was no different
between groups. In contrast to EVAR-1, mortality after 8 years
was not statistically higher with EVAR. However, like EVAR-1,

Fig. 1 Compilation of major endpoints from themajor randomized clinical trials comparing endovascular aneurysm repair (EVAR) to open aortic
surgery (OAR) for the treatment of abdominal aortic aneurysms. Values are reported as percentage (%) of total patients in each group. “NS”
indicates no statistical significance, p> 0.05. �DREAM overall mortality and secondary interventions are listed as 100 minus the reported %
survival or % freedom from secondary intervention. EVAR-1,2 United Kingdom Endovascular Aneurysm Repair trial 1; follow-up: 1.8–15.8 years,
median 12.4 years. DREAM,7 Dutch Randomized Endovascular Aneurysm Management trial; follow-up: 5–7 years, reported at 6 years. OVER,3

Open versus Endovascular Repair trial; follow-up: 0.02–14.2 years, median 9.4 years. ACE,8 Anevrysme de l’aorte abdominale: Chirurgie versus
Endoprothese trial; follow-up: 0–4.8 years, median 3 years.

Fig. 2 Meta-analysis of endovascular aneurysm repair (EVAR) vs. open surgical repair (OSR) long-term secondary rupture rate including studies
with 5 to 9 years of follow-up. (Moore 2003 was excluded because there was an event rate of 0% in both groups, leading to a nonestimable odds
ratio [OR]). The solid squares are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal
lines represent the 95% confidence interval (CI). The diamond indicates the weighted odds ratio, and the lateral tips of the diamond indicate the
associated 95% CI. M-H, Mantel-Haenszel; OVER, Open versus Endovascular Repair Veterans Affairs Cooperative Study; Random, random effects.
(Data from Li B, Khan S, Salata K, et al. A systematic review and meta-analysis of the long-term outcomes of endovascular versus open repair of
abdominal aortic aneurysm. J Vasc Surg 2019;70(3):954–969.e30.)
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aortic rupture occurred significantly more frequently in the
EVAR group, (seven patients in EVAR group vs. one patient in
open aortic repair group). The one rupture in the open repair
groupoccurred in thethoracic aorta.3Ofa sidenote, therewere
no significant differences in erectile dysfunction (a secondary
outcome of the study) at 3, 6, and 12 months, despite this
complication thought tobemoreprevalentwithopen repair.10

While these RCTs, by definition, provide the least biased
results comparing EVAR to open surgery, these studies have
limitations. They have been criticized for “poor generaliz-
ability” in representing the AAA population as a whole, as
these studies only included patients with infrarenal AAAs
who meet criteria for both open surgery and standard EVAR.
75% of the patients with AAAs initially screened in EVAR-1
and 52% of those screened for OVER were excluded. Further-
more, the inclusion criteria may have selected for a patient
population favorable for EVAR. For instance, in EVAR-1, 54%
of patients screenedwere eliminated due to unsuitable EVAR
anatomy, and the average aortic neck length of patients in
the RCTs was longer thanwhat is seen in the routine practice
setting.11 It is well established that a longer proximal seal
zone correlates with reduction in the rate of endograft
migration, proximal endoleak, and subsequent aneurysm
sac expansion.1 Thus, it is conceivable that the selective
patient population in the RCTs with favorable anatomy for
EVARmay have led to better outcomes thanwhat would have
been observed in actual practice. In reality, EVAR is frequent-
ly used outside of the device instructions for use (IFU). In a
separate study using the M2S, Inc. imaging database from
1999 to 2008, Schanzer et al found that only 42% of patients
treated with EVAR had anatomy that met the most conser-
vative definition of the device IFUs, including an aortic neck
seal zone of 1.5 cm.12

Given the limitations of the RCTs and their somewhat
conflicting findings on long-term survival, many large meta-
analyses have been performed in effort to gain clarity.
Schermerhorn et al performed a retrospective propensity-
score–matched cohort study containing 39,966 matched
pairs of Medicare beneficiaries who underwent AAA repair
between 2001 and 2008.4 In contrast to the RCTs, the
decision for the type of repair (open vs. EVAR) was deter-
mined by the surgeon and patients may not have been
candidates for both types of repair. In this highly powered
analysis, perioperative mortality (5.2% with open repair vs.
1.6% with EVAR) was very similar to what was observed in
RCTs, and again this mortality benefit was lost by midterm
follow-up (3 years), and there was no overall survival differ-
ence at 8 years. Also consistent with RCTs, EVAR had a
significantly higher reintervention rate than open repair.
However, this difference was smaller than what had been
observed in EVAR-1 because this analysis included all lapa-
rotomy-related complications, which accounted for the
majority of late reinterventions in the open repair group.
EVAR had significantly higher rates of overall, minor, and
major complications requiring reintervention, including per-
sistent endoleak, stent migration, thrombosis, and aortic
rupture. Strikingly, the rate of aneurysm-related reinterven-
tions was markedly higher with EVAR (18.8% compared with

3.7% with open repair, p< 0.001), and the rate of AAA
rupture was substantially higher with EVAR compared
with open repair (5.4 vs. 1.4%, p< 0.001). These findings
are particularly concerning and raise question about the
durability of endovascular repair compared with traditional
open surgery.4

Aortic Rupture

Aortic rupture is the catastrophic ultimate manifestation of
AAAdisease,which results inmassive hemorrhage and death
for most patients. Of all aortic ruptures that occur in the
community setting, approximately 50% of patients die before
they make it to the hospital. Of those who make it to
the hospital, only about half survive to be discharged. Large
community-based studies reported mortality rates of 85 to
90% with AAA rupture.13 Given the less invasive nature of
EVAR and low operative mortality seen in the repair of
asymptomatic AAA patients, there has been hope that
EVAR could lessen this dismal sequela of ruptured AAA.
However, none of the major RCTs comparing open to endo-
vascular repair of ruptured AAA have shown a difference in
early mortality between approaches.14–16

The first two of these major RCTs were the ECAR
trial (Endovasculaire versus Chirurgie dans les Anévrysmes
Rompus)14 in France and the AJAX trial (Amsterdam Acute
Aneurysm)15 in theNetherlands. Patientswere included only
if their anatomy was suitable for EVAR, and primary end-
points included 30-day mortality. These studies had rela-
tively small sample sizes (116 and 107, respectively), which
had been powered based on a robust survival benefit of EVAR
that was previously seen in many observational studies.
However, these RCTs failed to show survival benefit with
EVAR. The largest and most recent trial was the IMPROVE
trial (Immediate Management of the Patient with Ruptured
Aneurysm: Open Versus Endovascular repair)16 in the United
Kingdom and Canada. It was higher powered with 613
patients, and the randomization design differed to include
patients with anatomy unfit for EVAR. At the point of clinical
diagnosis, patients were randomized to EVAR if found
anatomically suitable on CT, versus open repair if not. Even
with this design that presumably selected those with less
challenging anatomy for EVAR, IMPROVE failed to show a
statistical difference in mortality at 30 days (35% with EVAR
vs. 37% with open) and at 1 year (all-cause mortality was
41.1% for the EVAR group vs. 45.1% for the open repair group,
p¼ 0.325).17

In stark contrast to these RCTs, multiple large observation
studies, including a propensity-matched cohort study using
the VQI database and in Medicare beneficiaries, show a
substantial survival benefit of EVAR compared with open
repair for ruptured AAAs.18,19 A recent study matched cohort
using real-world evidence from the Premier Healthcare Data-
base between 2009 and 2015, showed significantly higher
adjusted mortality with open aortic repair compared with
EVAR (36.3 vs. 23.8%; p< 0.001) as well as a higher complica-
tion rate.20 Importantly,mortalitywas adjusted fordifferences
in demographics, hospital characteristics, and comorbidities,
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but it did not take into account anatomic constraints. Thus, it is
conceivable that those elected for open repair had more
challenginganatomy,whichcouldaccount forworseoutcomes
in those patients. Hostile aortic anatomy can lead to poor
outcomes and increased mortality with endovascular repair,
but has not been shown to affect outcomeswith open repair.21

Thus, while potential survival benefit of EVAR for ruptured
AAA remains to be elucidated, open aortic repair is certainly
the mainstay treatment for many patients whose anatomy is
unfavorable to EVAR.

Durability of Endovascular Aortic Repair

Although endovascular therapiesmay be a reasonable option
for patients who cannot tolerate an extensive open aortic
repair, multiple studies have raised concern about the long-
term durability of EVAR. Schanzer et al reported that the
5-year post-EVAR rate of AAA sac enlargement was 41%.12

Furthermore, sac expansion significantly correlates with late
mortality. At 5-year post-EVAR, survival in patientswith AAA
sac expansion (>5mm) was 68% compared with 83% in
patients without sac expansion (p< 0.001).22 Endoleak is
an independent predictor of sac expansion and can be
considered the “Achilles’ heel” of EVAR. In fact, evidence
suggests that endoleak is the predominant cause of late
ruptures after EVAR.23 ►Fig. 3 shows angiography demon-
strating a type Ia endoleak (a), type Ia endoleak with rupture
(b), and type III endoleak with rupture (c).

Several studies have suggested that EVAR performed
outside of device-specific IFUs may contribute to endoleak.
In a largemulticenter retrospective study in Canada, 43.8% of
patients underwent EVAR with violation of device-specific
IFU, most frequently in regard to neck diameter and angula-
tion. Furthermore, violation in IFUs was significantly associ-
ated with adverse outcomes including endoleak and
aneurysm-relatedmortality.24Weknow that after treatment
with EVAR, there is often proximal neck dilation that occurs
overtime, even when there is early AAA sac regression.
Although a proximal seal may be achieved initially, neck
angulation or inadequate seal length may increase tendency
for neck dilation and susceptibility to development of type Ia

endoleak.25 This notion was further supported by a retro-
spective case–control study evaluating endovascular techni-
ques performed on AAAswith angulated necks outside of IFU
and found increased development of type Ia endoleak in the
long term (i.e., 7 years). These endoleaks had not been
present at early or midterm, but were associated with
proximal neck enlargement over time.26 These studies high-
light the importance of achieving adequate proximal seal
zone to prevent the development of type 1a endoleak and
risk of subsequent rupture.

The Technique of Open Aortic Surgery

The technique ofopen surgery forAAA repair as it is performed
today was first described in the 1950s; however, records of the
description of aneurysms and their treatment date back to as
early as the Egyptians around 2000 BC. In 1951, Charles Dubost
in Paris performed thefirst successful resection of an AAAwith
graft replacement.27Shortlyafter this,DentonCooleydescribed
performing thefirst repairofa rupturedAAAwithhomograft.28

Also around this time, Michael DeBakey created the Dacron
graft for the replacement of the aneurysmal aorta, which is
essentially the standard arterial graft used for AAA repair in
practice today.29Graft configurations vary depending on aneu-
rysmextension.A straight tubegraft ispreferredwhensuitable,
and is sewn end to end to the aorta, proximally and distally. A
bifurcated graft is used in the setting of aneurysmal disease
involving the distal aorta or iliac vessels and can be sewn
distally to the iliac or femoral arteries. A graft with a proximal
side arm can be used to reimplant a renal or visceral artery.

Open aortic repair can be performed from either a retro-
peritoneal or transabdominal approach. The transabdominal
approach is customarily performed by making a midline
abdominal incision extending from xiphoid to symphysis
pubis. The ligament of Treitz is divided and retroperitoneum
is incised to the left of the aorta. For an infrarenal clamp, the
retroperitoneum is incised to expose the aorta up to the level
of left renal vein. Mobilization or division of the left renal
vein to facilitate suprarenal aortic clamping is often neces-
sary. Distal clamping is often done at the level of the iliac
arteries because aneurysmal disease frequently extends to

Fig. 3 (a) Angiography demonstrating type Ia endoleak (arrow). (b) Computed tomography angiography axial image showing type Ia endoleak
with aortic rupture. (c) Computed tomography angiography coronal image showing type III endoleak from iliac limb component separation
(arrow), causing aortic rupture.
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the aortic bifurcation, evenwhen using a tube graft sewing to
the distal aorta.6When exposing the iliac vessels, meticulous
care should be taken to avoid division of the nerves erigentes,
which may result in erectile dysfunction or retrograde
ejaculation.

For the retroperitoneal approach, the patient is positioned
in the right lateral decubitus position, and the table is jack-
knifed to widen the space between the left costal margin and
the left anterior superior iliac spine. An incision is typically
made from the left 10th intercostal space extendedmedially to
just medial to the anterior iliac spine. The incision is carried
through the flank musculature. The left kidney is mobilized
anteriorly, and the left ureter is identified and is retracted
anteriorlywith thekidney. The left crus of the diaphragmmust
be divided to access the visceral aorta. ►Fig. 4 demonstrates
the sequential steps of the retroperitoneal approach for an
infrarenal AAA repair using a bifurcated tube graft sewn
distally to the bilateral common iliac arteries.

Usually, systemic heparin (80–100 units/kg) is adminis-
tered prior to clamping the aorta, regardless of the approach.
Typically, the sequence of clamping begins with the distal
sites first followed by the proximal aorta to reduce the risk of
distal embolization.

Operative Risks and Complications

Open aortic surgery is a major undertaking that is accompa-
nied by notable operative risks. The overall operative mor-
tality for open AAA repair historically averages around 5%, as

seen in the RCTs. However, lower mortality rates have been
reported at high-volume institutions with high-volume sur-
geons.30 The majority of deaths in patients undergoing AAA
repair are related to pulmonaryor cardiac complications, and
a large percentage of patients with AAAs also have chronic
obstructive pulmonary disease (COPD) and/or coronary
artery disease (CAD). A large meta-analysis found the occur-
rence of perioperative myocardial infarction and pneumonia
with open AAA repair to be around 5 and 13%, respectively.4

Despite preoperative optimization efforts, postoperative
pneumonia and myocardial infarction after open aortic
repair are not infrequent events and are commonly culprits
in the operative mortality.4,6,31 Preoperative renal failure is
also a predictor of mortality in patients undergoing AAA
repair with both open surgery and EVAR. Postoperative renal
dysfunction is a common complication after open AAA repair
occurring in approximately 20% of patients, having an
increased risk with a suprarenal aortic cross-clamping site.
Some rare but dreaded complications that are uniquely
associated with open repair compared with EVAR include
anastomotic pseudoaneurysm formation, aortoenteric fistu-
la, and sexual dysfunction or retrograde ejaculation. More
commonly, laparotomy-related complications such as inci-
sional hernia, bowel obstruction, and ileus can occur, partic-
ularly when using a transabdominal approach.

Outcomesafter repair of rupturedAAAareworse compared
with elective repair, regardless of repair approach. In a large
single-center experience of open AAA repairs, the in-hospital
mortality was 2.3% for elective cases versus 20.9% for urgent

Fig. 4 Sequential steps for an infrarenal abdominal aortic aneurysm repair. (a) Left flank incision for retroperitoneal approach. (b) Vessel loop
control of bilateral common iliac arteries and a retro-aortic left renal vein. (c) Dacron graft sewn to infrarenal aorta proximally and right limb
sewn to right common iliac artery. Note vascular clamps on left iliac artery and left limb of aortic graft. (d) Completed aortic graft anastomoses
to infrarenal aorta and bilateral common iliac arteries. Clamps removed to allow for reperfusion to lower extremities and pelvis.
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repair.30 Abdominal compartment syndrome is a major
adverse sequela that can occur at a rate of approximately 7%
after aortic rupture and repair with either EVAR or open
surgery. Risk factors for developing abdominal compartment
syndrome include use of aortic balloon occlusion, coagulop-
athy, massive transfusion, and use of an aorto-uni-iliac (AUI)
stent graft. Ischemic colitis is another complication with
increased risk after ruptured AAA repair, occurring in as
many as 20 to 30% of patients.6

Aortic Cross-Clamping and Complex AAAs

AAA classification is based on proximal extension of the aneu-
rysm to the level of the major visceral branches, as depicted
in ►Fig. 5.1 The extent of aneurysmal involvement at the
visceral segment determines the device selection and case
complexity for EVAR, or the clamp and sew sites for open aortic
repair. Identifying an aortic cross-clamp site is a critical consid-
eration for open repair. The ideal clamp site should be a non-
diseased segment of aorta as distal as possible to minimize or
eliminate visceral and renal ischemia. Clamping of calcified
atherosclerotic plaque may cause fracture of the aortic wall,
which can result in excessivehemorrhage. Suprarenal clamping

compared with infrarenal clamping is, not surprisingly, associ-
atedwith higher postoperative renal insufficiency and a higher
overall complication rate; however, similarmortality rates have
been observed.32 When comparing clamping above one renal
artery versus both renal arteries, a large cohort from the
American College of Surgeons National Surgical Quality
Improvement Program (NSQIP) showed no difference in mor-
tality or postoperative renal insufficiency. However, in compar-
ison to suprarenal clamp, supraceliac clamping was associated
with higher mortality and higher major complication rate
including new dialysis and unplanned reoperation.33 Others
had also observed increasedmortality and postoperative renal
dysfunction with supraceliac clamping (compared with supra-
renal clamping), despite shorter clamp times.34 These findings
strongly support choosing a clamp site that avoids visceral
ischemia when achievable.

Given the increased morbidity and mortality related to a
more proximal aortic cross-clamp, there is hope that endo-
vascular strategies may offer enhanced benefit in the repair of
complex AAAs involving the visceral segment that would
otherwise require a supraceliac clamp.However, endovascular
repair options for juxtarenal andpararenal AAAs and extent IV
TAAAs are limited. Only one endovascular device, the Cook

Fig. 5 Classification of proximal neck anatomy of abdominal aortic aneurysm (AAA). (a) Infrarenal AAA. (b) Juxtarenal AAA. (c) Suprarenal AAA.
(d) Type IV thoracoabdominal aortic aneurysm. (Illustration by Winona W. Wu, MD, Division of Vascular and Endovasular Surgery, Beth Israel
Deaconess Medical Center, Boston, MA. Reprinted with permission from Swerdlow NJ, Wu WW, Schermerhorn ML. Open and endovascular
management of aortic aneurysms. Circ Res 2019;124(4):647–661.)
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Zenith fenestrated endovascular graft (Z-fen), is approved for
juxtarenal AAA repair. The industry-sponsored prospective
multicenter trial, designed to evaluate the safety and effective-
ness of the Z-fen, showed encouraging outcomes. In 67
patients, Oderich et al achieved 100% technical success,
30-day mortality was 1.5% (one patient died of bowel ische-
mia), and 5-year survival was 91%. At 5 years, there were no
aneurysm ruptures or conversions to open repair, one patient
developed a type Ia endoleak, and 22% required secondary
intervention (primarily for renal artery stenosis or stent
occlusion).35 These outcomes were comparable to those
seen in the RCTs for infrarenal EVAR. However, there is no
Food and Drug Administration–approved device designed to
treat pararenal AAAs or extent IV TAAAs; therefore, open
repair is the default approach in these situations, as illustrated
in ►Fig. 6.

Obstacles to EVAR Favoring Open Repair

One of the major obstacles to EVAR is aorto-iliofemoral
occlusive disease, which may be prohibitive or increase the
complexity and risks of adverse outcomes, including iliac
artery rupture. It has been shown that among patients with
AAA, 43% have iliofemoral stenosis or occlusion. Traditional-
ly, an iliac artery diameter of 7mm is required for insertion of
the main body device for EVAR. In a large single-institutional
experience of over 400 patients undergoing EVAR at a

tertiary academic medical center between 2009 and 2013,
Etkin et al found that 48% of patients had difficulty of access
(defined as having a diameter of iliac arteries smaller than
7mm bilaterally). With the use of adjunctive techniques,
including arterial dilators, iliac artery balloon angioplasty
and stenting, AUI with femoral–femoral bypass, SoloPath
balloon-expandable transfemoral access system, and direct
iliac artery access via retroperitoneal flank incision, success-
ful EVAR was made possible in the setting of iliac occlusive
disease without change in complication rate.36 Additionally,
newer and lower profile endovascular stent grafts have been
designed specifically to accommodate narrow aortic bifur-
cations and iliac occlusive disease. Although devices and
techniques are becoming more sophisticated, access site
complications with EVAR are not infrequent, and occlusive
disease may necessitate open aortic repair.

Likewise, concomitant iliacarteryaneurysmswill influence
options for AAA repair. With regard to open repair, the trans-
peritonealapproach isgenerally favored in thesettingofa right
common iliac artery aneurysm, because access to the right
external and internal iliac arteries is limited from a left
retroperitoneal approach. Endovascular exclusion of iliac ar-
tery aneurysms is an alternative approach, which may reduce
the risks and morbidity associated with open repair. For
concomitant common iliac artery (CIA) aneurysms in the
setting of AAA, the EVAR limbs are often extended into the
external iliac arteries to achieve an adequate distal seal zone.
However, this usually requires embolization of the ipsilateral
internal iliac artery to prevent a type II endoleak. Open repair
of aortoiliac aneurysm was for long the favored approach,
owing to the requirement to sacrifice one or both internal iliac
arteries with EVAR. Recently, new endovascular devices have
been designed particularly to treat iliac aneurysmal disease
and preserve flow to both internal and external iliac arteries.
TheGoreExcluder IliacBranchEndoprosthesis is commercially
available, and the Cook Zenith Iliac Branch Device is under
investigation.

Special Circumstances: Connective Tissue
Disorders

While the majority of AAAs are considered to be of the
degenerative phenotype that is closely associated with ath-
erosclerotic disease, other etiologies of aortic aneurysm for-
mation include infectious, inflammatory, and genetic.
Genetically linked connective tissue disorders associated
with aortic aneurysms include Marfan’s syndrome (abnormal
production of fibrillin-1 protein), vascular Ehlers–Danlos syn-
drome (defect in type III collagen synthesis), and Loeys–Dietz
syndrome (mutation in transforming growth factor-β receptor
gene). Each of these syndromes have more aggressive rates of
aneurysm expansion than degenerative aneurysms and are
more likely to require intervention at an earlier age.37 Endo-
vascular repair is not thought to be a primary option for
treatment in these individualsduetopooroutcomes, including
high rates of endoleak and need for reintervention.38 In a
relatively largesingle-center studywith theuseEVARorTEVAR
(thoracic endovascular aortic repair) for acute and chronic

Fig. 6 Illustration of an open extent IV thoracoabdominal aortic
aneurysm (TAAA) repair performed with a beveled proximal anasto-
mosis incorporating the ostia of the celiac, superior mesenteric, and
right renal arteries, using a Dacron graft with single side-arm for
reimplantation of the left renal artery (arrow).
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Marfan’s aortic pathology, Waterman et al concluded that
although endovascular therapy may provide an adjunct or
bridge to open surgical treatment in select patients, failure of
endovascular therapy in patients with Marfan’s syndrome is
common and associated with frequent need for reinterven-
tion.39 Thus, open aortic repair is the gold standard for the
treatment of aortic pathology inMarfan’s syndrome and other
connective tissue disorders.

Special Circumstances: Aortic Dissection

Aneurysmaldegeneration is amajoradversesequelaofchronic
aorticdissection thatoccurs frompathologic remodelingof the
thoracic and abdominal aorta, which can be seen sporadically
and in patients with connective tissue disorders. It is hypoth-
esized that turbulent false lumen flow among other adverse
hemodynamic changes results in loss of elastic lamina and
deterioration of the media leading to aneurysmal degenera-
tion.40 While treatment of aortic dissection with TEVAR can
improve aortic remodeling in approximately two-thirds of
patients, false lumen flow can persist and lead to late aneu-
rysmformation.41Aneurysmaldegenerationoccurs inapprox-
imately 40% of Stanford type B (aka DeBakey III) chronic
dissections managed medically and in approximately one-
third of patients treated with TEVAR.42 In a recent study in
medically managed chronic DeBakey IIIB dissections, 83% of
thosewith aneurysmal degeneration required aortic interven-
tion.43Often, aneurysm formation in chronic dissectionaffects
the thoracicandabdominal aorta, requiringanextensiveTAAA
repair with relatively high rates of paraplegia. Staged proce-
dures in which TEVAR is performed in adjunct with open
extent III or extent IV TAAA repair have been described and
may decrease paraplegic risk and enhance the technical feasi-
bility of repair.44 Without adjunctive endovascular or open
methods, sealing a stent graft in a dissected aorta is difficult or
impossible, so while TEVAR is a mainstay of treatment for
thoracic aortic dissections (in which the proximal seal is
accomplished in normal undissected aorta, usually at the left
subclavianartery takeoff), repair of thevisceral andabdominal
aorta and iliac arteries is most often accomplished with open
repair when dissection results in aneurysmal degeneration.

Special Circumstances: Need for Endograft
Explantation

Persistent endoleak with sac expansion warrants treatment.
For type Ia endoleak, proximal extensionwith an aortic cuff is
frequently used. However, proximal extension is not always
effective or possible, and open surgery may be required.
Besides in the setting of type Ia endoleak, failure of endovas-
cular therapy is not an uncommon indication for open repair.
Single-center retrospective studies have evaluated EVAR ex-
planationand conversion to open aortic surgery performed for
various indications including persistent endoleak (primarily
type Ia), graft migration, thrombosis, rupture, and infection. A
tube graft was used for repair in the majority of cases, and
partial resection of the endograft was occasionally performed
in select cases, with the distal anastomosis sewn to the distal

unresected portion of the endograft. In the setting of an
infected endograft, a rifampin-soaked or antibiotic-impreg-
nated Dacron graft or aortic homograft can be used. For EVAR
with suprarenalfixationdevices, explantation can be especial-
ly challenging and may require a supraceliac aortic cross
clamp. Overall, these experiences showed that while explan-
tation of EVAR and conversion to open aortic repair is a major,
technically challenging undertaking, it can be accomplished
withmorbidity andmortality rates similar to that of tradition-
al open repair for complex AAAs.45,46

Reevaluating the Treatment Paradigm

The accumulation of data over recent years revealing the
problems with EVAR durability has generated question of its
widespread use as a primary treatment. With sac expansion
rates reported over 40% at 5 years, substantially increased risk
of rupture and reintervention rates compared with open
surgery, as well as exceedingly high costs, it seems hard to
justify the use of EVAR in patients who are candidates for open
repair. In fact, the National Institute for Health and Care
Excellence (NICE), a well-established and respected advisory
institution in the United Kingdom, initially recommended
against theuseofEVARcompletely in their 2018 “best practice”
guidelines for themanagement of AAAs. This left open surgery
as the only recommended intervention for asymptomatic
AAAs, with patients who were not surgical candidates to be
offered only conservative management with risk reduction.
This created significant controversy withmuch of the vascular
community and conflicted with the aims and endeavors of
major organizations including the U.S. Society for Vascular
Surgery and the European Society for Vascular Surgery, who
were reluctant to abandon a rapidly advancing technique that
seems to hold much potential.47 NICE revised their guidelines
in March 2020, permitting the use of EVAR for asymptomatic
infrarenal AAAs, but reserving its use to patients with comor-
bidities, anesthetic risks, or pathologies such as hostile abdo-
men that would make them poor candidates for open surgery.
For complex AAA, the recommendations were less stringent
and permitted offering EVAR to patients suitable to undergo
both open surgical and endovascular repair, as long as candid
discussion of the risks and uncertainties of EVARwasheldwith
the patients, and they consented to enter theNational Vascular
Registry for research purposes.48 These modified recommen-
dations seem reasonable and justified.

In conclusion, open aortic surgery remains the gold stan-
dard forAAA repair and shouldbeconsidered in themajorityof
patients who can tolerate open surgery and have a life expec-
tancybeyonda few years.While endovascular repair does have
a place in the treatment of AAA for select patients, the aneu-
rysm complication rate and risk of rupture seenwith EVAR are
particularly concerning. Patients for which EVAR may offer
significant benefit over open aortic repair include those with
short life expectancy (< 2–5 years) and those with significant
comorbidities includingCOPD,CAD, congestiveheart failure, or
cerebrovascular disease which would pose high risk of the
adverse outcomes with open repair. As endovascular techni-
ques continue to advance and improve, its use in the treatment
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of complex AAAs that would otherwise require a supraceliac
clamp and higher operative risk with open repair may be a
particular area to benefit fromendovascular therapy.However,
for themajority of patients with infrarenal AAAs and certainly
for those whose anatomy is not conducive to EVAR, the long-
term data strongly support the continued utilization of open
repair.
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