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Abstract

Endovascular therapy provides a new treatment modality for patients with aortic disease. By avoiding the morbidity of open surgery,
endovascular approaches make treatment possible for a larger array of patients. However, the durability and long-term survival benefit
of endovascular aortic intervention require further discussion and additional follow-up. We believe that the characterization of the role
of endovascular therapy involves close risk-benefit analysis based on patient risk, disease presentation, native and pathological anatomy,
and long-term outlook. Through review of the randomized prospective literature and relevant retrospective data, we explore the role
of catheter-based solutions in abdominal and thoracic aortic disease, with a focus on aortic aneurysm and aortic dissection (AD). For
patients with appropriate anatomy, endovascular aortic repair (EVAR) has largely supplanted open aortic repair (OAR) in the treatment
of abdominal aortic aneurysm (AAA), both in the elective setting and during rupture. Similarly, thoracic endovascular aortic repair
(TEVAR) has gained popularity in treating disease of the descending thoracic aorta, in both aneurysmal degeneration and AD. Similar
adoption has been seen in treating other disease states, namely traumatic aortic injury. However, we recognize the current limitations of

endovascular therapy and detail the innovations being pursued to advance endovascular therapy in the future.

Keywords: EVAR; TEVAR; aorta; endovascular therapy; aortic aneurysm; aortic dissection

1. Introduction

Those afflicted with aortic disease represent a high-
risk patient subset with increased mortality risk. In fact,
overall global death rates from aortic disease (abdominal
aortic aneurysm, thoracic aortic aneurysm, and acute aortic
dissection) increased from 2.49 cases per 100,000 people
in 1990 to 2.78 cases per 100,000 people in 2010 [1]. Tra-
ditionally, open surgery was the only option for patients.
However, peri-operative mortality ranged from 2.7 to 7.5%
open abdominal aortic repair [2]. Open repair of the distal
thoracic aorta has early mortality rates reaching as high as
20% [3,4]. Hence, ever since approval of the first device
in 1999, endovascular therapy for aortic disease has gained
popularity for providing treatment without the morbidity of
open surgery [5].

However, the efficacy of endovascular therapy in the
treatment of various aortic pathologies in different locations
is an evolving discussion. This manuscript reviews the cur-
rent literature on the efficacy of endovascular therapy in the
treatment of aneurysmal disease and aortic dissection, both
in the abdominal and thoracic aorta. The role of endovas-
cular therapy is dependent on patient risk, disease presenta-
tion, and vessel anatomy, both for the management of im-
mediate risk and for the optimization of long-term survivor-

ship. Additionally, we recognize the current limitations of
endovascular therapy and the associated innovations being
studied to advance therapy in the future (Fig. 1).

2. Methods

Based on a literature search of the PubMed database,
articles related to the outcomes of endovascular surgery
of abdominal and thoracic aortic disease were collected.
Search terms included, but were not limited to: “aortic
aneurysm”, “aortic dissection”, “endovascular aortic re-
pair”, “endovascular aortic repair (EVAR)”, “thoracic en-
dovascular aortic repair (TEVAR)”, “aortic trauma”, “RE-
BOA”, “mesenteric malperfusion syndrome” etc. The liter-
ature included, but were not limited to prospective random-
ized controlled trials, retrospective reviews of population
level data, registry data, and single institution series. Sys-
temic reviews and meta-analysis were also included among
these studies. Furthermore, expert opinion pieces and other
reviews were also included to provide further context and
insight. This review references a wide variety of sources.
Of note, the Journal of Vascular Surgery was heavily refer-
enced in this text. However, references were selected from
a broad subject matter and a variety of authors, thereby en-
hancing the diversity and objectivity of the manuscript’s
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Fig. 1. Relevant anatomy of the human abdominal and thoracic aorta. Created by BioRender.

academic foundation. Each manuscript was individually
reviewed by the authors for relevance and scientific rigor.
Years of publication ranged from 2000 to 2024. Fig. 1 il-
lustrates the vascular anatomy referenced in this review.

3. Literature Review
3.1 Abdominal Aortic Aneurysm

Endovascular therapy in the treatment of abdominal
aortic aneurysm has provided many patients with an ef-
fective treatment option without the morbidity of open re-
pair. Abdominal aortic aneurysm (AAA) is the 13th leading
cause of death in the United States, with up to 40—70% op-
erative mortality upon rupture [2]. Despite this, improved
screening measures and improvements in the management
of atherosclerotic risk factors have resulted in a favorable

decline in mortality [6,7]. The increased adoption of en-
dovascular aortic repair (EVAR) therapy in the treatment of
AAA may also play a role in improved survival.

3.2 EVAR vs. OAR in the Elective Treatment of AAA

Ever since FDA approval in 1999, EVAR has quickly
surpassed open aortic repair (OAR) as the primary treat-
ment for elective AAA. The 2022 AHA/ACC guidelines
give a level 1 recommendation for shared decision making
for AAA in deciding between endovascular and open repair
for low- and medium-risk patients when vessel anatomy is
suitable for endovascular repair [8].

Prospective data have substantiated the non-inferiority
of EVAR to OAR in the elective treatment of AAA in pa-
tients with appropriate vessel anatomy. Namely, the 2011
ACE Trial demonstrated no significant difference in short-
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or medium-term mortality between EVAR (n = 150) and
OAR (n = 149) (30-day mortality: 1.3% vs. 0.6%, 3-year
survival: 86.3% vs. 86.7%, p = 0.24). EVAR did demon-
strate a shorter length of stay (5.8 days vs. 8.4 days, p
< 0.0001), but a higher rate of re-intervention (16% vs.
2.7%, p < 0.0001) [9]. The EVAR-1 Trial, which random-
ized 1252 patients with AAA to endovascular or OAR did
demonstrate a lower 30-day mortality in its EVAR group
(1.8% vs. 4.3%, p = 0.02); however, no significant differ-
ence in all-cause mortality was seen on intermediate (p =
0.72, median follow-up = 6 years) or long-term follow up
(74% vs. 71%, p = 0.14, median follow up = 12.8 years),
although aneurysm-related mortality curves cross-over be-
tween 6 years and 8 years and total mortality curves di-
verge after 10 years [10,11]. The Dutch Randomized En-
dovascular Aneurysm Management (DREAM) Trial ran-
domized 345 patients with AAA above 5 cm to either elec-
tive EVAR or OAR. EVAR demonstrated lower operative
mortality (1.2% vs. 4.3%, p = 0.10) and fewer moderate-
to-severe complications (11.7% vs. 26.4%, p < 0.001) [12].
Lastly, the Open Versus Endovascular Repair (OVER) trial,
comprised of 881 patients, and demonstrated a significant
difference in perioperative mortality with endovascular re-
pair compared to open repair (0.5% vs. 3%, p = 0.004) but
no mortality difference on 2-year follow up (7% vs. 9.8%,
p = 0.13) [13]. While OAR remains a time-tested treat-
ment option, EVAR has supplanted OAR as the first-line
treatment for AAA management for low- and intermediate-
risk patients with favorable anatomy. While EVAR has
demonstrated lower mortality and complication risk in the
short-term, concerns remain about the long-term durability
of repair and evolution of the aneurysm post-EVAR. Hence,
close surveillance of EVAR recipients remains an important
part of disease management.

In certain scenarios, OAR may be preferred over
EVAR. These scenarios include prolonged life expectancy
(>65 years of age), having an unfavorable anatomy, pres-
ence of infection or other contraindications [2]. Hence, ap-
propriate patient selection is key.

The use of EVAR in high-risk populations has also
been studied. The EVAR-2 Trial, which compared EVAR
to isolated medical therapy in patients at too high risk for
OAR, showed lower rates of aneurysm-related mortality in
EVAR (3.6% vs. 7.3%, p = 0.02), but no difference in all-
cause mortality (21% vs. 22.1%, p =0.97) [14]. This study
was limited by a high crossover rate and pre-procedure mor-
tality in the EVAR group [15]. The 2022 AHA/ACC guide-
lines currently give a 2A recommendation for EVAR in
high-risk patients to reduce the risk of 30-day morbidity and
mortality [8].

3.3 EVAR Vessel Access

The 2022 AHA/ACC guidelines provide a level 1 rec-
ommendation for percutaneous, ultrasound-guided femoral
artery access over femoral artery cutdown for vascular ac-
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cess to reduce blood loss, time of wound healing, hospi-
tal length of stay, and post-operative pain [8]. The 2014
(Percutaneous Access Versus Open Femoral Exposure in
Endovascular Aortic Aneurysm Repair) PEVAR trial and
the 2019 Percutaneous Access in Endovascular Repair vs.
Open (PiERO) Trial have validated the improved outcomes
with a percutaneous access approach [16]. In cases of small,
tortuous vessel anatomy or cases of groin scarring, a cut-
down approach can be entertained. When iliac disease pre-
cludes percutaneous access, iliac stenting or surgical im-
plantation of a conduit to the iliac artery may be required
[17].

3.4 EVAR and Vessel Anatomy

Most devices require at least a 10—15 mm proximal
seal zone with angulation less than 60 degrees, but the in-
structions for use may vary by device. Ideally, the aortic
neck should be parallel and free of heavy thrombus or cal-
cification. Aortic neck diameters up to 32 mm can be ac-
commodated when considering appropriate oversizing and
available endograft sizes. Appropriate sizing involves ap-
praisal of aortic neck conicity to prevent endoleak from un-
der sizing and graft pleating from oversizing.

In patients that do not have a 10-15 mm proximal
landing zone, partial renal artery coverage or stenting may
be required. These limitations can be addressed using tech-
niques such as partial renal artery encroachment with ad-
junctive renal artery stenting. Additionally, complete renal
artery coverage with a parallel “snorkel” stent to the renal
artery can be employed. However, enthusiasm for this tech-
nique has been tempered by a 9% rate of Type IA endoleak

[18].

3.5 Fenestrated EVAR

The 2022 ACC/AHA guidelines also provide a 2A rec-
ommendation for the use of a fenestrated endovascular de-
vice (F-EVAR) over open repair for patients with moderate
to high operative risk to reduce risk of perioperative compli-
cations [8]. A 2020 review of 3253 patients with complex
AAA pathology from the Vascular Quality Initiative who
underwent OAR, FEVAR, or physical modified endograft
placement showed no significant difference in perioperative
mortality (5.7% vs. 3.3%, p = 0.17), but open repair was
associated with higher rates of myocardial infarction (MI),
acute kidney injury (AKI) and initiation of new dialysis. On
analysis of propensity-weighted long-term survival, the F-
EVAR group demonstrated higher long-term mortality than
the open repair group (p =0.02). A 2019 study of the Amer-
ican College of Surgeons NSQIP database compared all
patients undergoing elective AAA repair using the Zenith
Fenestrated Endovascular Graft (ZFEN) device to standard
infra-renal EVAR and open complex aortic repair defined as
repair of juxtarenal or suprarenal proximal aneurysmal ex-
tent. On univariate analysis, ZFEN demonstrated lower pe-
rioperative mortality (1.8% vs. 8.8%, p =0.001) and lower
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overall complication rates (11% vs. 33%, p < 0.001) com-
pared to open repair. Furthermore, univariate and adjusted
comparison of ZFEN with infra-renal EVAR demonstrated
no significant difference in mortality or complication rate
[19].

3.6 Ruptured Abdominal Aortic Aneurysms

In the case of ruptured AAA (rAAA), the 2022
ACC/AHA guidelines give level 1 recommendations for
pre-operative computed tomography angiography (CTA) to
assess endovascular candidacy and usage of endovascular
treatment over open repair [8]. The 2014 Immediate Man-
agement of Patient with Ruptured Aneurysm: Open Versus
Endovascular Repair (IMPROVE) trial, composed of 613
patients with rAAA randomized to endovascular or open
surgery demonstrated a 36.4% 30-day mortality with EVAR
compared to 40.6% with OAR (p = 0.62). Endovascularly
treated patients were more likely to be discharged home
compared to those receiving open repair (94% vs. 77%, p
< 0.001) [20]. In this study, all patients were randomized,
including those presenting with hemodynamic instability, a
condition where an endovascular-first approach may prove
particularly beneficial. A retrospective review of the Vas-
cular Quality Initiative of 4929 rAAA repairs demonstrated
that open repair resulted in higher rates of myocardial is-
chemic events (15% vs. 10%, p < 0.001), major adverse
events (67% vs. 37%, p < 0.001) and 30-day mortality
(34% vs. 21%, p < 0.001) compared to endovascular treat-
ment. When propensity-matched, patients receiving en-
dovascular treatment had both lower 30-day mortality (18%
vs. 32%, p < 0.001) and higher 1-year survival (73% vs.
59%, p < 0.001) than traditional open surgical repair [21].

rAAA may present with large infra-renal aortic diam-
eters and short neck lengths, which may impact candidacy
for endovascular intervention. A sub-analysis of aorta mor-
phology of patients in the IMPROVE trial demonstrated
that an aneurysm neck length was inversely related to open
and overall mortality (OR: 0.72 for every 16 mm of added
aortic neck length). Since patients with shorter aortic necks
do not meet the criteria for endovascular treatment, more
patients with higher mortality risk end up receiving open
repairs. This may explain why an early mortality difference
is seen in the retrospective, observational literature, but not
in randomized controlled trial data [22]. Overall, rAAA
has historically presented a 50% mortality rate with open
repair, while endo-first strategies have demonstrated mor-
tality rates as low as 18.5%. The combination of increas-
ing institutional endovascular experience, creation of orga-
nized protocols for rAAA patients including early preopera-
tive cross sectional imaging, and early aortic balloon occlu-
sion under fluoroscopy has allowed endovascular therapy to
supplant open repair in the treatment of ruptured abdominal
aortic aneurysm [8].

3.7 Descending Thoracic Aortic Aneurysms

The 2022 ACC/AHA guidelines call for repair of in-
tact descending thoracic aortic aneurysm (TAA) at diam-
eters at or above 5.5 cm; repair can be pursued at diame-
ters below 5.5 cm in presence of risk factors for rupture.
ACC/AHA guidelines provide a level 1 recommendation
for TEVAR over open surgery in the treatment of patients
without connective tissue disease, who meet the appropriate
size threshold and anatomic criteria for endovascular repair
[8].

Safety and feasibility trials of FDA-approved devices
demonstrated technical success in >97% of patients, 30-
day mortality ranging from 0 to 5.3%, and 91.3 to 99% free-
dom from aneurysm-related mortality on short and interme-
diate follow-up [23]. These trials and subsequent advance-
ments have demonstrated safety and short-term efficacy of
endovascular treatment of descending thoracic aneurysms
when anatomy is suitable for repair. However, long-term
prospective data comparing endovascular and open repair
is lacking.

A 2011 retrospective review of US Medicare claims
data compared 12,573 patients receiving open repair to
2732 patients who underwent TEVAR. TEVAR patients
demonstrated lower crude 30-day all-cause mortality in pa-
tients with non-ruptured (6.1% vs. 7.1%, p = 0.07) and
ruptured (28% vs. 46%, p < 0.0001) TAA. However, for
patients presenting without rupture, TEVAR demonstrated
worse survival compared to open repair on 1-year (82% vs.
87%, p =0.001) and 5-year (62% vs. 72%, p = 0.001) fol-
low up. Perhaps this can be attributed to a more liberal use
of TEVAR in sicker patient cohorts, thus affecting long term
outcomes. Additionally, lack of practitioner experience and
inferiority of earlier endovascular devices may also have
worsened outcomes in the TEVAR group. These factors
may explain the worse survival seen in TEVAR compared
to open surgery [23].

Another 2013 review of US Medicare claims data
compared the results of TEVAR and open repair based on
patient volume. High volume was defined as >8 cases/year
while low volume was defined as <8 cases/year. Be-
tween 2004 and 2007, the proportion of hospitals perform-
ing TEVAR increased from 24% to 76% (p < 0.01), while
the proportion of hospitals doing open surgery decreased
from 95% to 57% (p < 0.01). For open repair, overall mor-
tality was 15% at low volume hospitals and 11% at high vol-
ume hospitals (p < 0.01). However, for TEVAR, mortality
was similar between low volume (3.9%) and high volume
(5.5%) hospitals (p = 0.43). Low hospital volume was inde-
pendently associated with higher mortality in open repairs
(p < 0.01) but not with TEVAR [24]. These findings sug-
gest that TEVAR can be safely performed over a broader
spectrum of hospitals, which may play a role in its increas-
ing popularity.
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3.8 Ruptured Descending Thoracic Aortic Aneurysm

In the treatment of ruptured descending TAA (rTAA),
endovascular repair is preferred over open repair because
of decreased perioperative death and morbidity (Grade 1
Recommendation, 2022 ACC/AHA Guidelines). A 2009
study from our group, looking at single institution data of
all patients receiving either open or endovascular repair for
ruptured thoracic aorta from 1993 to 2009, uncovered 35
patients undergoing TEVAR and 34 patients undergoing
open repair. This study included 18 patients with a fusiform
aneurysm, 22 patients with a saccular aneurysm, and 29 pa-
tients with aortic dissection. Recipients of TEVAR were
those who had favorable anatomy for endovascular therapy
or those who were deemed too high risk for OAR. TEVAR
patients demonstrated a lower 30-day mortality (11.4% vs.
26.5%, p = 0.13). Multivariate analysis identified hemo-
dynamic instability (p < 0.001) and open repair (p = 0.02)
as independent predictors of composite morbidity and mor-
tality. Of note, the open repair group demonstrated sig-
nificantly higher mean aortic dimensions (6.8 cm vs. 5.6
cm, p < 0.04) as well as higher rates of aortic arch repair
(79.4% vs. 54.3%, p < 0.04). Aortic arch repair was an in-
dependent predictor of late mortality (p < 0.04) on regres-
sion analysis. Lastly, on Kaplan-Meier analysis, TEVAR
demonstrated lower freedom from re-intervention at 4-year
follow-up (61.2% vs. 87.4%, p=0.037). Hence, analysis of
the experience at a quaternary care center demonstrates ac-
ceptable short-term mortality reduction but uncertain dura-
bility seen in other studies [25].

A 2011 retrospective review from Yale of rTAA pa-
tients from 7 institutions spanning from 1995-2010, com-
piled 92 patients receiving TEVAR and 69 patients under-
going open repair [26]. TEVAR patients had a significantly
lower composite outcome of death, stroke, and permanent
paraplegia compared to open repair (21.7% vs. 36.2%, p =
0.044). On multivariate regression analysis, patient age (p
= 0.036) and hypovolemic shock (p = 0.03) were indepen-
dent predictors of death, stroke, or paraplegia. Utilization
of TEVAR was noted to be significantly protective in this
study (OR: 0.44, 95% CI: 0.20-0.95, p = 0.039). The study
also demonstrated a decrease in r'TAA-related 30-day mor-
tality, from 32.4% before 2000 down to 15% from 2005—
2009. This decrease correlated with a fall in the number
of open r'TAA repairs from 100% before 2000, to 57.4%
between 2000-2004, to 10% after 2005 [26]. Hence, the
advent of TEVAR in the management of rTAA may play a
role in reducing mortality rates.

A larger 2017 analysis of the National Inpatient Sam-
ple between years 1993 and 2012 identified 1622 patients
receiving TEVAR (13%), 2808 patients undergoing open
repair (23%), and 7969 undergoing non-operative manage-
ment (64%) for isolated rTAA. TEVAR demonstrated an
increasing proportion of repairs from 2% of total admis-
sion in 2003—2004 to 43% in 2011-2012 (p < 0.001), along
with an associated decrease in non-operative management
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and open repair. The total number of patients receiving a
repair had increased since 1993, mainly driven by an in-
crease in patients over 80 years of age, who experienced a
7.5-fold increase in volume. Procedural mortality dropped
from 36% in 2003-2004 to 27% in 2011-2012 (p < 0.001),
driven mainly by the introduction of TEVAR. On multi-
variate logistic regression analysis, both open repair and
non-operative management were associated with a 2-fold
and 5-fold increase in in-hospital mortality risk, when us-
ing TEVAR as a reference [27].

More recently, a 2024 study from the University
of Pennsylvania looked at long-term mortality and re-
intervention after TEVAR for both intact and ruptured tho-
racic aortic aneurysms. Compared to intact TAA, rTAA had
a lower 30-day survival (69.2% vs. 96.9%, p < 0.001).
Long-term survival at 1 year, 5 year, and 8 year follow-up
were 46%, 27%, and 20% versus 86%, 48%, and 32% for
ruptured and intact cohorts, respectively. However, when
censoring analysis to patients who survived the first 90 days
of hospitalization, long-term survival over 8 years was not
different between groups (34% vs. 33%, p = 0.43). As
the largest study with long-term follow up, these findings
show comparable survivability between intact and ruptured
TEVAR patients if patients survive the early post-operative
period [28].

3.9 TEVAR Access

Preoperative computed tomography (CT) angiogram
for TEVAR patients to evaluate iliofemoral access and con-
sideration of conduit access in the setting of inadequate il-
iac artery anatomy are both grade 1 recommendations from
2022 ACC/AHA guidelines. Choosing total percutaneous
access over open femoral cutdown in patients with favor-
able anatomy is a 2A recommendation [8]. A retrospec-
tive review of the Gore Global Registry for Endovascular
Aortic Treatment (GREAT) registry identified 944 patients
undergoing TEVAR. In this group, 315 (33.4%) patients re-
ceived total percutaneous access, 505 patients (53.6%) re-
ceived surgical cut-down, and 124 (13.1%) received a hy-
brid access technique. Increasing sheath size did not corre-
late with the risk of access site complications. In total, 18
patients (1.9%) receiving TEVAR reported an access site
complication. Total percutaneous access was associated
with lower rates of access site complications compared to
open cut-down and hybrid techniques (p = 0.03) Interest-
ingly, a linear relationship between access site complica-
tions and body mass index (BMI) was established regard-
less of access technique (p < 0.001 for all) [29]. Another
interesting sub-analysis from the GREAT registry of 887
TEVAR recipients found that, on adjusted analysis, female
gender was significantly associated with access site com-
plications (OR: 2.85, p < 0.001) [30]. Overall, choice of
access should be based on appraisal of patient habitus and
vessel anatomy on a case-by-case basis. Percutaneous ac-
cess is preferred to mitigate complication risk.
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3.10 TEVAR Landing Zones

As a general rule, proximal and distal landing zones
greater than 20 mm are required for an appropriate seal;
however, when treating more angulated or longer aortic
segments, larger landing zone sizes may be required. This
is pertinent to atherosclerotic aneurysms, since the degener-
ative process may extend past aneurysmal segments leading
to higher risks of device migration, wall trauma or endoleak.
Additionally, stiffness of the endograft may prevent appro-
priate apposition of the stent graft with the inner curve of the
aorta, resulting in bird beaking and eventual device failure
[31].

3.11 Celiac Artery Management

Celiac artery (CA) coverage is sometimes, albeit un-
commonly, required in order to establish a quality distal
seal. ACC/AHA guidelines give a grade 2A recommen-
dation to confirm adequate collateralization to mitigate risk
[8]. A 2014 retrospective analysis from the University of
Alabama identified 18 patients (5%) who received CA cov-
erage out of 366 patients who received a TEVAR over a
9-year period. Only 1 patient in this group required pre-
operative superior mesenteric artery (SMA) stenting be-
fore the index procedure. At the end of the procedure,
2 patients (11%) demonstrated Type 1A endoleaks, 2 pa-
tients (11%) demonstrated Type 1B endoleaks, and 2 (11%)
demonstrated Type 2 endoleaks. Post operatively, 30-day
mortality of 1 patient (5%) was observed, 2 (11%) devel-
oped visceral ischemia, 1 (5%) developed weight loss, and 2
(11%) developed spinal cord ischemia. Four more patients
died within the year, of which 1 was an aneurysm-related
death. Lastly, 50% survival was reached at 40 months as
per survival analysis. The authors recommend preopera-
tive angiographic evaluation of mesenteric collateral flow
before CA coverage and assert that new symptoms should
not occur unless the SMA is compromised [32]. Hence,
preoperative assessment of vessel anatomy and close post-
operative surveillance for symptom onset are recommended
when CA coverage is considered.

3.12 Management of the Left Subclavian Artery

When patients present with inadequate space for an
adequate seal zone, branch vessel encroachment may be
necessary. Based on single center reviews, left subclavian
artery (LSA) coverage is required in up to 40% of TEVAR
cases in the treatment of TAA [33]. Review of early fea-
sibility trials for TEVAR with various devices have shown
>20% of cases with Zone 2 proximal landing zones [34].
While the LSA is supported by collateral flow, routine ex-
clusion is not recommended due to the risk of stroke and/or
spinal cord ischemia. Dominant left vertebral blood flow,
atretic right vertebral artery, incomplete circle of Willis,
aberrant right subclavian artery, occluded internal iliac ar-
teries, or anomalous left vertebral artery origin are indica-
tions for concurrent LSA revascularization. Additional in-

dications include presence of left internal mammary artery
graft for CABG patients and the presence of left arm dial-
ysis access. Long segment coverage (150 mm) or previous
infra-renal aortic stent graft coverage are also indications
for LSA revascularization [35].

Primary revascularization for patients with Zone 2
coverage can be achieved through preoperative carotid-
subclavian bypass or subclavian transposition. For Zone 1
coverage with left carotid artery occlusion, additional right-
to-left carotid bypass can be employed for revasculariza-
tion. Endovascular options for arch vessel revascularization
have also been described.

A 2009 meta-analysis from the United Kingdom,
looking at TEVAR for all pathologies, found an increase in
stroke rates for TEVAR patients with LSA coverage com-
pared to those without LSA coverage, both without revas-
cularization (4.7% vs. 2.7%, p = 0.005) and with primary
revascularization (4.1% vs. 2.6%, p=0.02). There was also
a noted increase in spinal cord ischemia rates for patients
without LSA revascularization (2.8% vs. 2.3%, p = 0.005),
but not for those who received revascularization (0.8% vs.
2.7%, p = 0.35) [36]. These findings indicate that revas-
cularization may not entirely protect against neurological
complications. Similarly, a 2016 meta-analysis from the
Cedar Sinai group saw a significantly heightened stroke rate
with LSA coverage compared zone 3 and zone 4 TEVARs
(7.4% vs. 4%, p < 0.001). However, LSA coverage with
revascularization demonstrated trends toward lower stroke
rates compared to those without revascularization (3.1% vs.
5.6%, p = 0.07). This analysis also included both aortic
aneurysms and dissections in their analysis [37]. In con-
trast, a 2016 meta-analysis of 5 observational studies cap-
turing 1161 patients with LSA exclusion of which 444 un-
derwent LSA revascularization while 717 patients did not.
No significant difference in stroke (p = 0.15), spinal cord
ischemia (p = 0.09), or mortality (p = 0.56) was found be-
tween groups [38]. This study also included both patients
with aneurysms and dissection aortic pathologies.

Currently, AHA/ACC guidelines provide a level 1 rec-
ommendation for revascularization before TEVAR to pre-
vent spinal cord ischemia, reduce stroke risk, and risk of
other ischemic complications [8]. Hence, thorough consid-
eration of revascularization is advised.

3.13 Aortic Arch Disease

Complete endovascular solutions to aortic arch dis-
ease have been sought after due to the risk of mortality
and stroke with open and hybrid approaches. Endovascular
treatment of the aortic arch is limited due to the high curva-
ture of the vessel, heightened hemodynamic forces, and the
presence of great vessels. Parallel stent grafting of branch
vessels including chimneys, periscopes, and snorkels has
been described, especially in the urgent/emergent setting
when encroachment onto great vessel territory is required.
Aortic grafts are typically oversized to prevent gutter for-
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mation and leakage around parallel grafts. Parallel grafts
typically extend 1-2 cm past aortic grafts to prevent branch
collapse. However, strong evidence supporting endovascu-
lar treatment in aortic arch disease is lacking. Feasibility
trials may demonstrate reasonable technical success. How-
ever, rates of endoleak, need for conversion to open surgery,
and short-term morbidity are barriers to further implemen-
tation [39,40].

In-situ fenestration of endovascular stent grafts has
also been proposed as a solution for branch vessel man-
agement in the treatment of aortic arch disease. Modalities
include needle fenestration, laser fenestration, and radio-
frequency fenestration, which are used to puncture the stent
graft, followed by balloon dilation and stenting of branch
vessels. The proximal aspect of the branch vessel is typ-
ically flared to increase the diameter and reduce the num-
ber of endoleaks. Stent material, branch vessel angulation,
presence of vessel dissection, and proximity to other vessels
are important variables to consider when utilizing fenestra-
tion [41-43]. The chances of fabric tears and branch vessel
thrombosis increase the risk of these procedures.

Experiences with physician-modified endografts
(PMEG) have been described in the literature. The role of
back table modified endografts in the treatment of aortic
arch disease is unclear. These are typically done under
institutional review board (IRB) with investigator device
exemption (IDE) approval prior to use. PMEG is the
least commonly used branch vessel management strategy.
Fenestrations are typically made with an ophthalmic
cautery device and then suture-reinforced with radio-
opaque markers. After this, the graft is manually replaced
into the sheath. Concerns about the long-term durability
of home-made fenestrations have limited widespread
application of this technique. ~However, practitioners
should still be aware of its use as a bailout maneuver
in acute presentations. A 2020 meta-analysis of all
PMEGs identified six articles accounting for 239 patients.
Aneurysmal disease accounted for 25.9% of patients, while
64.4% had acute or subacute aortic dissection. Technical
success was achieved in 93.7%. Thirty-day mortality was
2.9%, cerebrovascular accident (CVA) occurred in 2.1%
of patients, and paraplegia occurred in 0.4% of patients.
While these early results are encouraging, 70% of cases
were done at 4 high volume centers, thus affecting result
generalizability [44]. While studies have demonstrated
proof of concept in the total endovascular management of
aortic arch disease, limitations still exist preventing large
scale adoption of these techniques.

3.14 Complicated Type B Aortic Dissection

The principal role of endovascular therapy in Type B
aortic dissection is in the management of complicated dis-
ease. Complicated disease is defined by the presence of
aortic rupture, static and/or dynamic malperfusion, dissec-
tion extension, acute aortic enlargement, intractable pain,
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uncontrolled hypertension. In theory, stent coverage of the
entry tear redirects flow through the true lumen, preventing
dynamic malperfusion, and promoting aortic remodelling.
However, static malperfusion may remain unresolved and
should be treated appropriately.

The 2015 GORE TAG 08-01 study was a prospective,
multi-center, non-randomized study of 50 patients with type
B aortic dissection complicated by either malperfusion or
rupture who underwent TEVAR. In total, 4 patients (8%)
experienced operative mortality, and 28 patients (56%) ex-
perienced at least one serious adverse event in the post-
procedure period. In particular, 9 patients (18%) experi-
enced stroke, 5 patients (10%) experienced new aortic dis-
section events, and 4 patients (8%) experienced spinal cord
ischemia. Regarding long-term analysis, 4 patients expe-
rienced late death, putting 2-year survival at nearly 85%.
For the 2-year follow-up of 41 patients who had successful
stent exclusion of their entry tear, 20 patients demonstrated
complete false lumen thrombosis (74.1%) while 6 patients
(22.2%) experienced partial thrombosis. Lastly, at their 2-
year follow-up, 10 patients (38.3%) experienced a greater
than 5 mm decrease in overall aortic diameter, while 3 pa-
tients (11.5%) experienced a greater than 5 mm increase
[45]. These findings identify a higher complication and
stroke rate in TEVAR in the setting of the life-threatening
complications of Type B dissection. However, TEVAR did
demonstrate acceptable late survival and positive aortic re-
modeling compared to previous literature. The TAG Com-
plex Pathology Trial, an earlier 2009 study from the same
author, looked at 59 patients who received TEVAR deploy-
ment for either complicated type B dissection, traumatic
tear, or thoracic aneurysm rupture. Of the 19 patients who
received therapy for complicated type B dissection, 3 pa-
tients (16%) experienced the 30-day composite endpoint of
mortality or paraplegia compared to a 24.1% mortality rate
seen in historic controls (n = 800) undergoing open repair
(p < 0.04) [46].

More recently, the 5-year follow-up data from the Dis-
section Trial were published. This study followed 50 pa-
tients who received the Valiant Captivia thoracic stent graft
from Medtronic for acute complicated type B aortic dis-
section. Of note, 94% of patients presented with DeBakey
class IIIB dissection. At their 5-year follow up, patients
demonstrated 83% freedom from aneurysm-related mortal-
ity. Furthermore, 89% of patients demonstrated decreased
complete false lumen thrombosis. True lumen diameter was
stable or increased in 94% of patients and false lumen di-
ameter was stable or decreased in 77% of patients. These
findings indicate that TEVAR in the treatment of compli-
cated type B aortic dissection does promote positive aortic
remodeling when assessed at long-term.

Retrospective literature also supports the role of en-
dovascular therapy in Type B dissection. A 2015 meta-
analysis from Athens University of 2531 patients under-
going TEVAR for acute complicated type B dissection and
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1276 patients undergoing open repair. The TEVAR group
demonstrated lower in-hospital mortality (7.3% vs. 19%),
lower stroke rates (3.9% vs. 6.8%), and comparable 5-year
survival (61%—81% for TEVAR vs. 44-82% for open re-
pair based on the study) [47]. Another 2021 meta-analysis
identified 2565 patients receiving TEVAR for acute compli-
cated Type B aortic dissection presenting with either rup-
ture or malperfusion. Actuarial survival analysis adjusted
for study quality demonstrates 85.4%, 79.1%, 69.8%, and
63.1% survival at 2, 4, 6, and 8 year-follow up, respectively.
Freedom from re-intervention was 73.2%, 67.6%, 63.7%,
and 63.7% at the aforementioned time-points. While these
findings suggest long-term performance with endovascular
intervention, randomized controlled trial data is required to
further substantiate these trends [48].

Outside of patients with malperfusion or rupture, acute
intractable pain or uncontrolled hypertension may also
characterize a subset of patients who would benefit from
endovascular repair. A 2010 review of the International
Registry of Acute Aortic Dissection (IRAD), identified 69
patients with Type B aortic dissection without classic com-
plications, but with severe pain and/or uncontrolled hyper-
tension. Compared to 296 uncomplicated cases of Type B
Aortic Dissection, those with pain or elevated blood pres-
sure had higher in-hospital mortality (17.4% vs. 4%, p =
0.0003). However, with endovascular management, no sig-
nificant difference in in-hospital mortality was found be-
tween groups (3.7% vs. 9.1%, p = 0.5). On multivariate
regression analysis, refractory pain or hypertension were
identified as predictors of in-hospital mortality (OR: 3.31,
p=0.041) [49]. At the University of Michigan, acute pain
and uncontrolled hypertension have been associated with
iliofemoral or renal malperfusion, and are therefore sought
for and, if indicated, treated in every interventional radi-
ology procedure. Therefore, the definition of complicated
disease may extend to hypertensive patients and those with
intractable pain.

3.15 Uncomplicated Type B Dissection

Current management guidelines dictate that uncom-
plicated Type B Dissections are treated with anti-impulse
therapy. As per the 2022 ACC/AHA guidelines, medical
therapy as an initial strategy is a grade 1 recommendation,
while endovascular management for those with high-risk
characteristics is given a 2B grade [8]. However, emerging
evidence may call for a paradigm shift to a more aggressive
approach in appropriately selected patients.

The 2014 ADSORB trial, a randomized prospective
trial studied 61 patients with acute uncomplicated type B
aortic dissection (< 14 days) randomized to either best med-
ical therapy (BMT) or BMT and endovascular management
with the Gore TAG stent graft (BMT+ stent). There were no
30-day mortalities in either group. However, 3 cross-overs
from the BMT to the BMT+stent group occurred within the
week due to disease progression. At their 1-year follow-up,

2 patients in the BMT group experienced treatment failure
from malperfusion and aneurysmal degeneration, respec-
tively. Lastly, 1 patient died in the BMT+stent group. The
primary end point for the study was a composite of aor-
tic dilatation, aortic rupture, and incomplete/no false lumen
thrombosis. BMT+stent had lower rates of incomplete false
lumen thrombosis (43% vs. 97%, p < 0.001). On average,
true lumen size increased in the BMT+stent group, while
remaining unchanged in the BMT group (p < 0.001). At
1-year follow-up, aortic transverse diameter decreased in
the BMT+stent group but remained unchanged in the BMT
group (38.8 vs. 42.1; p = 0.062). These results suggest
that endovascular management can induce positive aortic
remodeling when combined with medical therapy in the
treatment of uncomplicated, acute type B dissection [50].

In contrast, the 2009 INSTEAD Trial, another ran-
domized controlled trial comparing medical management
(BMT) versus medical management and endovascular ther-
apy, focused on cases of uncomplicated Type B dissection
of subacute or older chronicity (>14 days). At the 2-year
follow-up, there was no difference in survival (BMT: 95.6%
vs. BMT+stent: 88.9%, p = 0.15) and no difference in the
composite end-point of aortic-related death and disease pro-
gression (p = 0.65). Three neurological events occurred in
the BMT+stent group compared to 1 in the BMT group.
However, the BMT+stent group did demonstrate greater
rates of true-lumen recovery and false-lumen thrombosis
compared to the BMT group (91.3% vs. 19.4%, p < 0.001).
Overall, the study was underpowered to uncover a mortality
difference on account of the low mortality seen in the BMT
group. These findings tout the efficacy of isolated medical
therapy in the modern era for uncomplicated Type B aortic
dissections and may over-estimate long-term mortality risk
for those receiving medical therapy alone [51,52]. Addi-
tionally, the 16.2% of patients who crossed over from BMT
to the BMT+stent group due to disease progression still
experienced anatomic remodeling after endovascular treat-
ment despite initial isolated medical therapy [53]. Hence,
these initial findings question the efficacy of prophylactic
endovascular scaffolding of the aorta in uncomplicated non-
acute disease. However, 5-year follow-up data, published
in 2014 as the INSTEAD-XL Trial, showed lower aorta-
related mortality (6.9% vs. 19.3%, p = 0.04) and lower
disease progression (27% vs. 46.1%, p = 0.04) in those
receiving TEVAR versus those receiving medical manage-
ment alone. Furthermore, when landmarking survival anal-
ysis to 2 years, TEVAR demonstrated significant benefit for
all endpoints (all-cause mortality 0% vs. 16.9%, p=0.0003,
aorta-specific mortality: 0% vs. 16.9%; p = 0.0005) [54].
Therefore, these findings indicate that the survival benefit
from TEVAR induced aortic remodeling is reflected in long
term follow up.
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3.16 Ascending Aortic Disease

Ascending aortic aneurysm or type A aortic dissection
is typically treated with open surgery. Inadequate spacing
for quality seal zones as well as the elasticity, curvature, and
pulsatile forces of the ascending aorta limit endovascular
treatment of the ascending aorta [55]. Feasibility trials have
been conducted [56]. However, open surgery remains the
gold standard for treatment of the ascending aorta.

3.17 Endovascular Fenestration for Mesenteric
Malperfusion Syndrome: The Michigan Experience

Mesenteric malperfusion syndrome (MMS), defined
as clinical end-organ dysfunction or necrosis secondary to
inadequate bowel perfusion, can result in a five-fold in-
crease in mortality risk for type A aortic dissection (AD)
patients [57]. In fact, the in-hospital mortality of MMS has
ranged from 65—-100% [58—64]. Hence, the team at the Uni-
versity of Michigan has pioneered a mesenteric reperfusion-
first approach in appropriately selected type A aortic dissec-
tion patients.

A 2019 review from our group of 597 type A aor-
tic dissection patients treated between the years 1997 and
2017, identified 135 patients with type A aortic dissection
with mesenteric malperfusion. In the second decade of the
study, the risk of dying from organ ischemia was 6.9 times
higher than the risk of death from aortic rupture. However,
in-hospital mortality for patients with mesenteric malperfu-
sion who received endovascular revascularization followed
by staged aortic repair was only 4%, which was much lower
when compared to the projected 33% in-hospital mortal-
ity with an upfront open repair approach (p = 0.001) [65].
Hence, for the hemodynamically stable patient with clinical
mesenteric malperfusion, endovascular mesenteric reperfu-
sion before open aortic repair may improve survival. At the
University of Michigan, unless a patient presents with rup-
ture, wide-open aortic insufficiency, neurovascular malper-
fusion, or cardiac tamponade, stable patients with clini-
cal mesenteric malperfusion syndrome will undergo mesen-
teric reperfusion with interventional radiology (IR), with
close follow up of bowel and lower extremity perfusion.
After this, staged aortic repair is pursued. As per the Michi-
gan Classification System, malperfusion can be dynamic,
resulting from dissection flap coverage of the branch vessel
orifice by the dissection flap, or static, resulting from pri-
mary vessel dissection, or can be a combination of both.
Either type can be complicated by true lumen thrombo-
sis. Standard TEVAR can treat dynamic, but not static
malperfusion. Hence, primary endovascular dissection flap
fenestration and/or stenting is utilized to treat mesenteric
malperfusion syndrome. If a thrombus is present in the il-
iac and superior mesenteric arteries, localized thromboly-
sis or thrombectomy is used before central aortic flow is
restored. If thrombolysis is used, transesophageal echocar-
diography (TEE) is used to monitor the pericardial sac and
cardiac function. A gradient of less than 15 mmHg between
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the ascending aorta and compromised branch vessel is in-
dicative of successful revascularization. Following revas-
cularization, the patient is closely monitored in the intensive
care unit (ICU) setting to confirm resolution of mesenteric
or lower extremity malperfusion syndrome. In addition, up-
front repair of ischemia and clearance of thrombus also cre-
ates reliable transition zones between viable and non-viable
tissue for the vascular or general surgeon. Based on clinical
and laboratory monitoring of ischemia by the ICU, vascular
surgery, and general surgery, exploratory laparotomy and
bowel resection and limb fasciotomy are considered and
performed as indicated. Only after resolution of ischemia
and repair of ischemic damage in stable patients is aortic
repair considered. The traditional up-front aortic surgery
approach not only delays time till mesenteric reperfusion
but also accentuates the ischemic insult through the stres-
sors of surgery. The treatment algorithm at the University
of Michigan requires close inter-departmental cooperation
between intensivists, aortic surgeons, and interventional ra-
diologists. Integration of surgical and endovascular exper-
tise has allowed practitioners at our institution to innovate
and improve patient care (Fig. 2, [65]).

3.18 Endovascular Treatment of Aortic Trauma

Endovascular therapy has greatly improved outcomes
in the treatment of traumatic aortic disease. The 2022
ACC/AHA guidelines give a level 1 recommendation in
the treatment of traumatic pseudo-aneurysm or rupture
and a 2A recommendation for intervening on intramural
hematomas with high-risk imaging features. Furthermore,
TEVAR is recommended over open repair in the treatment
of thoracic aortic injury as a level 1 recommendation [8].

Analysis of the National Trauma Data Bank from
2007-2015 found 14,422 patients diagnosed with blunt tho-
racic aortic injury (BTAI), comprising 0.3% of all patients.
Of those with BTAI, 3628 received intervention: 3226 re-
ceived TEVAR (87.9%) and 445 (12.1%) received open re-
pair. Rate of open repair procedures decreased from 7.4%
to 1.9% during the study period, while the rate of TEVAR
usage increased from 12.1% to 25.7% during the same time-
frame. On multi-variate analysis, receipt of open repair
over TEVAR significantly increased mortality risk (OR:
1.63, 95% CI: 1.19-2.23, p < 0.05) [66]. Similar results of
increased TEVAR adoption as well as improved morbidity
and mortality with TEVAR compared to OAR, have been
documented in reviews of other Trauma databases [67,68].
Especially in the setting of poly-trauma, TEVAR provides
a minimally invasive treatment without further compromis-
ing tenuous patients.

Endovascular therapy has also provided benefit in
those afflicted with blunt abdominal aortic injury (BAAI).
BAAI is a relatively rare occurrence. A retrospective anal-
ysis from the Western Trauma Association spanning from
1996 to 2011 identified 113 patients with BAAI (0.03% of
all blunt trauma cases) from 12 major trauma centers. Of
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Fig. 2. Algorithm for the treatment of mesenteric malperfusion syndrome during type A dissection at the University of Michigan

[65]. At the University of Michigan, patients presenting with type A aortic dissection with mesenteric malperfusion syndrome, but

without complications such as cardiac tamponade, aortic rupture, wide-open aortic insufficiency, or neurovascular malperfusion, are

treated with upfront endovascular revascularization followed by delayed open aortic repair. This deviates from the traditional approach

of upfront aortic repair. Created by BioRender.

these, 40 cases (35.4%) underwent non-operative manage-
ment and 3 cases resulted in failure of non-operative man-
agement. Recipients of non-operative management most
often presented with lower grade aortic injuries. Forty-
nine cases (43.4%), including all 30 patients who presented

10

with aortic rupture, underwent OAR; mortality was 57.1%
(28 cases). Recipients of endovascular therapy demon-
strated no operative mortality when EVAR was the primary
treatment means. While differences in injury grade pre-
clude comparison of OAR and EVAR in the treatment of
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BAALI, these findings encourage the adoption of endovas-
cular treatment in appropriately selected patients. Other
endovascular modalities such as Resuscitative Endovascu-
lar Balloon Occlusion of the Aorta (REBOA) have also
been introduced as a means of hemorrhage control in the
acute setting [69]. A comprehensive review of REBOA in
the treatment of life-threatening hemorrhage from trauma is
outside the scope of this overview, but recent data support
that in-hospital survival is greater for patients undergoing
REBOA than resuscitative thoracotomy for all injury pat-
terns [70].

4. Conclusion

The application of endovascular therapy for aortic dis-
ease continues to evolve with ongoing technological ad-
vancements. Catheter-based platforms have revolutionized
the treatment of aortic disease by expanding access to life-
saving interventions while minimizing the morbidity asso-
ciated with open surgery. Hence, an ‘endovascular first’
approach is utilized in the current clinical landscape for pa-
tients with appropriate anatomy. EVAR has demonstrated
improved short-term outcomes across all patient risk strata
in the elective setting. Additionally, due to ease of deploy-
ment, EVAR provides an expedient solution in the setting
of rupture. Similarly, TEVAR has supplanted open repair in
the treatment of descending thoracic aortic aneurysm both
in the elective setting and during rupture. Lastly, TEVAR
is recommended in the treatment of complicated Type B
dissection and emerging data demonstrate its utility in im-
proving aortic remodeling, possibly suggesting a benefit
of TEVAR in the treatment of uncomplicated Type B AD.
Endovascular therapy for the treatment of ascending aor-
tic disease and aortic arch disease remains undefined and
further exploration is needed, including more prospective
data regarding long-term repair durability and aortic remod-
eling after endovascular treatment. This is especially true
when considering the effect of selection bias on retrospec-
tive data comparing endovascular therapies to other treat-
ment modalities. Overall, while more remains to be learned,
endovascular therapy to date has been highly encouraging
and highlights significant promise for the future.

Abbreviations

AAA, abdominal aortic aneurysm; rAAA, rup-
tured abdominal aortic aneurysm; TAA, thoracic aor-
tic aneurysm; rTAA, ruptured thoracic aortic aneurysmy;
AD, aortic dissection; EVAR, endovascular aortic repair;
TEVAR, thoracic endovascular aortic repair; CA, Celiac
Artery; SMA, superior mesenteric artery; REBOA, re-
suscitative endovascular balloon occlusion of the aorta;
OAR, open aortic repair; BAAI blunt abdominal aortic
injury; BTAI, blunt thoracic aortic injury; TEE, trans-
esophageal echocardiography; IR, interventional radiol-
ogy; MMS, mesenteric malperfusion syndrome; BMT, best
medical therapy; PMEG, physician modified endograft;

&% IMR Press

IRB, institutional review board; IDE, investigator device
exemption.

Author Contributions

RP, SR, MK, JE, BY, and DMW all made substan-
tial contributions to conception and design as well as ac-
quisition and interpretation of data. RP, SR, MK, BY, JE,
and DMW were involved in drafting the manuscript or re-
viewing it critically for important intellectual content. All
authors gave final approval of the version to be published
and take public responsibility for appropriate portions of the
content and are accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Bossone E, Eagle KA. Epidemiology and management of aor-
tic disease: aortic aneurysms and acute aortic syndromes. Na-
ture Reviews. Cardiology. 2021; 18: 331-348. https://doi.org/
10.1038/s41569-020-00472-6.

Sharafuddin MJ. Abdominal Aortic Aneurysms: Open Surgi-
cal Treatment. Rutherford’s Vascular Surgery and Endovascular
Therapy (pp. 925-947). 10th edn. Elsevier: Philadelphia, PA.
2022.

Rigberg DA, McGory ML, Zingmond DS, Maggard MA,
Agustin M, Lawrence PF, et al. Thirty-day mortality statis-
tics underestimate the risk of repair of thoracoabdominal aortic
aneurysms: a statewide experience. Journal of Vascular Surgery.
2006; 43: 217-222; discussion 223. https://doi.org/10.1016/j.jv
$.2005.10.070.

[4] Cowan JA, Jr, Dimick JB, Henke PK, Huber TS, Stanley JC,
Upchurch GR, Jr. Surgical treatment of intact thoracoabdom-
inal aortic aneurysms in the United States: hospital and sur-
geon volume-related outcomes. Journal of Vascular Surgery.
2003; 37: 1169-1174. https://doi.org/10.1016/s0741-5214(03)
00085-5.

Zarins CK, White RA, Moll FL, Crabtree T, Bloch DA, Hodgson
KlJ, et al. The AneuRx stent graft: four-year results and world-
wide experience 2000. Journal of Vascular Surgery. 2001; 33:
S135-S145. https://doi.org/10.1067/mva.2001.111676.

[6] Bartek MA, Kessler LG, Talbott JM, Nguyen J, Shalhub S.
Washington State abdominal aortic aneurysm-related mortality
shows a steady decline between 1996 and 2016. Journal of Vas-
cular Surgery. 2019; 70: 1115-1122. https://doi.org/10.1016/].
jvs.2018.12.040.

Sidloft D, Stather P, Dattani N, Bown M, Thompson J, Sayers R,
et al. Aneurysm global epidemiology study: public health mea-
sures can further reduce abdominal aortic aneurysm mortality.

—
[N}
—

—
W
—

—
W
—

—
~
—

11


https://doi.org/10.1038/s41569-020-00472-6
https://doi.org/10.1038/s41569-020-00472-6
https://doi.org/10.1016/j.jvs.2005.10.070
https://doi.org/10.1016/j.jvs.2005.10.070
https://doi.org/10.1016/s0741-5214(03)00085-5
https://doi.org/10.1016/s0741-5214(03)00085-5
https://doi.org/10.1067/mva.2001.111676
https://doi.org/10.1016/j.jvs.2018.12.040
https://doi.org/10.1016/j.jvs.2018.12.040
https://www.imrpress.com

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

12

Circulation. 2014; 129: 747-753. https://doi.org/10.1161/CIRC
ULATIONAHA.113.005457.

Isselbacher EM, Preventza O, Hamilton Black J, 3rd, Au-
goustides JG, Beck AW, Bolen MA, et al. 2022 ACC/AHA
Guideline for the Diagnosis and Management of Aortic Disease:
A Report of the American Heart Association/American College
of Cardiology Joint Committee on Clinical Practice Guidelines.
Circulation. 2022; 146: €334—e482. https://doi.org/10.1161/CI
R.0000000000001106.

Becquemin JP, Pillet JC, Lescalie F, Sapoval M, Goueffic Y,
Lermusiaux P, ef al. A randomized controlled trial of endovas-
cular aneurysm repair versus open surgery for abdominal aortic
aneurysms in low- to moderate-risk patients. Journal of Vascular
Surgery. 2011; 53: 1167-1173.el. https://doi.org/10.1016/j.jvs.
2010.10.124.

United Kingdom EVAR Trial Investigators, Greenhalgh RM,
Brown LC, Powell JT, Thompson SG, Epstein D, et al. En-
dovascular versus open repair of abdominal aortic aneurysm.
The New England Journal of Medicine. 2010; 362: 1863-1871.
https://doi.org/10.1056/NEJM0a0909305.

Patel R, Sweeting MJ, Powell JT, Greenhalgh RM, EVAR trial
investigators. Endovascular versus open repair of abdominal
aortic aneurysm in 15-years’ follow-up of the UK endovascu-
lar aneurysm repair trial 1 (EVAR trial 1): a randomised con-
trolled trial. Lancet (London, England). 2016; 388: 2366-2374.
https://doi.org/10.1016/S0140-6736(16)31135-7.

Prinssen M, Verhoeven ELG, Buth J, Cuypers PWM, van Sam-
beek MRHM, Balm R, et al. A randomized trial compar-
ing conventional and endovascular repair of abdominal aortic
aneurysms. The New England Journal of Medicine. 2004; 351:
1607-1618. https://doi.org/10.1056/NEJM0a042002.

Lederle FA, Freischlag JA, Kyriakides TC, Padberg FT, Mat-
sumura JS, Kohler TR, et al. Outcomes Following Endovascu-
lar vs Open Repair of Abdominal Aortic Aneurysm: A Ran-
domized Trial. Survey of Anesthesiology. 2010; 54: 124-125.
https://doi.org/10.1097/SA.0b013e3181dcbebe.

United Kingdom EVAR Trial Investigators, Greenhalgh RM,
Brown LC, Powell JT, Thompson SG, Epstein D. Endovascu-
lar repair of aortic aneurysm in patients physically ineligible for
open repair. The New England Journal of Medicine. 2010; 362:
1872-1880. https://doi.org/10.1056/NEJM0a0911056.
Sweeting MJ, Patel R, Powell JT, Greenhalgh RM, EVAR
Trial Investigators. Endovascular Repair of Abdominal Aortic
Aneurysm in Patients Physically Ineligible for Open Repair:
Very Long-term Follow-up in the EVAR-2 Randomized Con-
trolled Trial. Annals of Surgery. 2017; 266: 713-719. https:
//doi.org/10.1097/SLA.0000000000002392.

Vierhout BP, Pol RA, Ott MA, Pierie MEN, van Andringa de
Kempenaer TMG, Hissink RJ, et al. Randomized multicen-
ter trial on percutaneous versus open access in endovascular
aneurysm repair (PiERO). Journal of Vascular Surgery. 2019;
69: 1429-1436. https://doi.org/10.1016/j.jvs.2018.07.052.
Brinster C, Sternbergh C. Endovascular Aneurysm Repair Tech-
niques. Rutherford’s Vascular Surgery and Endovascular Ther-
apy (pp. 948-959). 10th edn. Elsevier: Philadelphia, PA. 2022.
(Accessed: 6 August 2025).

Baldeh T, Reilly T, Mansoor T, Feeney G, Medani M, Moloney
MA, et al. Systematic Review and Meta-analysis of Fenestrated
and Chimney/Snorkel Techniques for Endovascular Repair of
Juxtarenal Aortic Aneurysms. Journal of Endovascular Therapy:
an Official Journal of the International Society of Endovascu-
lar Specialists. 2024; 32: 1836-1845. https://doi.org/10.1177/
15266028241231171.

Varkevisser RRB, O’Donnell TFX, Swerdlow NJ, Liang P, Li
C, Ultee KHJ, et al. Fenestrated endovascular aneurysm repair
is associated with lower perioperative morbidity and mortal-

[l

—

—

—

[

—

—

—

=

—

-

—

—

ity compared with open repair for complex abdominal aortic
aneurysms. Journal of Vascular Surgery. 2019; 69: 1670-1678.
https://doi.org/10.1016/j.jvs.2018.08.192.

Powell JT. Endovascular or open repair strategy for ruptured ab-
dominal aortic aneurysm: 30 day outcomes from IMPROVE
randomised trial. BMJ. 2014; 348: f7661-f7661. https://doi.or
2/10.1136/bmj.f7661.

Wang LJ, Locham S, Al-Nouri O, Eagleton MJ, Clouse WD,
Malas MB. Endovascular repair of ruptured abdominal aor-
tic aneurysm is superior to open repair: Propensity-matched
analysis in the Vascular Quality Initiative. Journal of Vascular
Surgery. 2020; 72: 498-507. https://doi.org/10.1016/j.jvs.2019.
11.063.

IMPROVE Trial Investigators. The effect of aortic morphol-
ogy on peri-operative mortality of ruptured abdominal aortic
aneurysm. European Heart Journal. 2015; 36: 1328-1334. https:
//doi.org/10.1093/eurheartj/ehu521.

Goodney PP, Travis L, Lucas FL, Fillinger MF, Goodman DC,
Cronenwett JL, et al. Survival after open versus endovascular
thoracic aortic aneurysm repair in an observational study of the
Medicare population. Circulation. 2011; 124: 2661-2669. https:
//doi.org/10.1161/CIRCULATIONAHA.111.033944.

Patel VI, Mukhopadhyay S, Ergul E, Aranson N, Conrad MF,
Lamuraglia GM, et al. Impact of hospital volume and type on
outcomes of open and endovascular repair of descending tho-
racic aneurysms in the United States Medicare population. Jour-
nal of Vascular Surgery. 2013; 58: 346-354. https://doi.org/10.
1016/j.jvs.2013.01.035.

Patel HJ, Williams DM, Upchurch GR, Jr, Dasika NL, Deeb
GM. A comparative analysis of open and endovascular repair
for the ruptured descending thoracic aorta. Journal of Vascu-
lar Surgery. 2009; 50: 1265-1270. https://doi.org/10.1016/j.jv
$.2009.07.091.

Jonker FHW, Verhagen HJM, Lin PH, Heijmen RH, Trimarchi
S, Lee WA, et al. Open surgery versus endovascular repair of
ruptured thoracic aortic aneurysms. Journal of Vascular Surgery.
2011; 53: 1210-1216. https://doi.org/10.1016/j.jvs.2010.10.
135.

Ultee KHJ, Zettervall SL, Soden PA, Buck DB, Deery SE, Shean
KE, et al. The impact of endovascular repair on management and
outcome of ruptured thoracic aortic aneurysms. Journal of Vas-
cular Surgery. 2017; 66: 343-352.el. https://doi.org/10.1016/j.
jvs.2017.01.026.

Fiandeiro M, Goel NJ, Mosbahi S, Berezowski M, Lutfi W,
Peev A, et al. Longitudinal outcomes of thoracic endovascular
aortic repair for ruptured thoracic aortic aneurysms. The Jour-
nal of Thoracic and Cardiovascular Surgery. 2025; 169: 1645—
1652.€3. https://doi.org/10.1016/.jtcvs.2024.07.020.

Baxter RD, Hansen SK, Gable CE, DiMaio JM, Shutze WP,
Gable DR, et al. Outcomes of Open Versus Percutaneous Access
for Patients Enrolled in the GREAT Registry. Annals of Vascu-
lar Surgery. 2021; 70: 370-377. https://doi.org/10.1016/j.avsg
.2020.06.033.

Lomazzi C, Mascoli C, de Beaufort HWL, Cao P, Weaver F,
Milner R, et al. Gender Related Access Complications After
TEVAR: Analysis from the Retrospective Multicentre Cohort
GORE® GREAT Registry Study. European Journal of Vascu-
lar and Endovascular Surgery: the Official Journal of the Eu-
ropean Society for Vascular Surgery. 2020; 60: 203-209. https:
//doi.org/10.1016/j.€jvs.2020.04.015.

Kasirajan K, Dake MD, Lumsden A, Bavaria J, Makaroun MS.
Incidence and outcomes after infolding or collapse of thoracic
stent grafts. Journal of Vascular Surgery. 2012; 55: 652—658;
discussion 658. https://doi.org/10.1016/j.jvs.2011.09.079.

Rose MK, Pearce BJ, Matthews TC, Patterson MA, Passman
MA, Jordan WD. Outcomes after celiac artery coverage during

&% IMR Press


https://doi.org/10.1161/CIRCULATIONAHA.113.005457
https://doi.org/10.1161/CIRCULATIONAHA.113.005457
https://doi.org/10.1161/CIR.0000000000001106
https://doi.org/10.1161/CIR.0000000000001106
https://doi.org/10.1016/j.jvs.2010.10.124
https://doi.org/10.1016/j.jvs.2010.10.124
https://doi.org/10.1056/NEJMoa0909305
https://doi.org/10.1016/S0140-6736(16)31135-7
https://doi.org/10.1056/NEJMoa042002
https://doi.org/10.1097/SA.0b013e3181dcbcbc
https://doi.org/10.1056/NEJMoa0911056
https://doi.org/10.1097/SLA.0000000000002392
https://doi.org/10.1097/SLA.0000000000002392
https://doi.org/10.1016/j.jvs.2018.07.052
https://doi.org/10.1177/15266028241231171
https://doi.org/10.1177/15266028241231171
https://doi.org/10.1016/j.jvs.2018.08.192
https://doi.org/10.1136/bmj.f7661
https://doi.org/10.1136/bmj.f7661
https://doi.org/10.1016/j.jvs.2019.11.063
https://doi.org/10.1016/j.jvs.2019.11.063
https://doi.org/10.1093/eurheartj/ehu521
https://doi.org/10.1093/eurheartj/ehu521
https://doi.org/10.1161/CIRCULATIONAHA.111.033944
https://doi.org/10.1161/CIRCULATIONAHA.111.033944
https://doi.org/10.1016/j.jvs.2013.01.035
https://doi.org/10.1016/j.jvs.2013.01.035
https://doi.org/10.1016/j.jvs.2009.07.091
https://doi.org/10.1016/j.jvs.2009.07.091
https://doi.org/10.1016/j.jvs.2010.10.135
https://doi.org/10.1016/j.jvs.2010.10.135
https://doi.org/10.1016/j.jvs.2017.01.026
https://doi.org/10.1016/j.jvs.2017.01.026
https://doi.org/10.1016/j.jtcvs.2024.07.020
https://doi.org/10.1016/j.avsg.2020.06.033
https://doi.org/10.1016/j.avsg.2020.06.033
https://doi.org/10.1016/j.ejvs.2020.04.015
https://doi.org/10.1016/j.ejvs.2020.04.015
https://doi.org/10.1016/j.jvs.2011.09.079
https://www.imrpress.com

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

thoracic endovascular aortic aneurysm repair. Journal of Vascu-
lar Surgery. 2015; 62: 36-42. https://doi.org/10.1016/j.jvs.2015.
02.026.

Kotelis D, Geisbiisch P, Hinz U, Hyhlik-Diirr A, von Tengg-
Kobligk H, Allenberg JR, et al. Short and midterm results af-
ter left subclavian artery coverage during endovascular repair of
the thoracic aorta. Journal of Vascular Surgery. 2009; 50: 1285—
1292. https://doi.org/10.1016/1.jvs.2009.07.106.

Cho JS, Haider SEA, Makaroun MS. US multicenter trials of en-
doprostheses for the endovascular treatment of descending tho-
racic aneurysms. Journal of Vascular Surgery. 2006; 43 Suppl
A: 12A-19A. https://doi.org/10.1016/1.jvs.2005.10.056.

Sigh M, Makaroun MS. Thoracic Aortic Aneurysms: Endovas-
cular Treatment. Rutherford’s Vascular Surgery and Endovascu-
lar Therapy (pp. 1049-1080). 10th edn. Elsevier: Philadelphia,
PA. 2023.

Cooper DG, Walsh SR, Sadat U, Noorani A, Hayes PD, Boyle
JR. Neurological complications after left subclavian artery cov-
erage during thoracic endovascular aortic repair: a systematic
review and meta-analysis. Journal of Vascular Surgery. 2009;
49: 1594-1601. https://doi.org/10.1016/.jvs.2008.12.075.
Waterford SD, Chou D, Bombien R, Uzun I, Shah A,
Khoynezhad A. Left Subclavian Arterial Coverage and Stroke
During Thoracic Aortic Endografting: A Systematic Review.
The Annals of Thoracic Surgery. 2016; 101: 381-389. https:
//doi.org/10.1016/j.athoracsur.2015.05.138.

Hajibandeh S, Hajibandeh S, Antoniou SA, Torella F, Antoniou
GA. Meta-analysis of Left Subclavian Artery Coverage With
and Without Revascularization in Thoracic Endovascular Aortic
Repair. Journal of Endovascular Therapy: an Official Journal of
the International Society of Endovascular Specialists. 2016; 23:
634-641. https://doi.org/10.1177/1526602816651417.
Lindblad B, Bin Jabr A, Holst J, Malina M. Chimney Grafts in
Aortic Stent Grafting: Hazardous or Useful Technique? Sys-
tematic Review of Current Data. European Journal of Vascu-
lar and Endovascular Surgery: the Official Journal of the Eu-
ropean Society for Vascular Surgery. 2015; 50: 722-731. https:
//doi.org/10.1016/j.€jvs.2015.07.038.

Basha AM, Moore RD, Rommens KL, Herget EJ, McClure RS.
A Systematic Review of Total Endovascular Aortic Arch Repair:
A Promising Technology. The Canadian Journal of Cardiology.
2023; 39: 49-56. https://doi.org/10.1016/j.cjca.2022.11.003.
McWilliams RG, Murphy M, Hartley D, Lawrence-Brown
MMD, Harris PL. In situ stent-graft fenestration to preserve the
left subclavian artery. Journal of Endovascular Therapy: an Of-
ficial Journal of the International Society of Endovascular Spe-
cialists. 2004; 11: 170-174. https://doi.org/10.1583/03-1180.1.
Atkins MD, Lumsden AB. Parallel grafts and physician modi-
fied endografts for endovascular repair of the aortic arch. Annals
of Cardiothoracic Surgery. 2022; 11: 16-25. https://doi.org/10.
21037/acs-2021-taes-171.

Crawford SA, Sanford RM, Forbes TL, Amon CH, Doyle MG.
Clinical outcomes and material properties of in situ fenestration
of endovascular stent grafts. Journal of Vascular Surgery. 2016;
64: 244-250. https://doi.org/10.1016/j.jvs.2016.03.445.

Reyes Valdivia A, Pitoulias G, Pitoulias A, El Amrani M, Gan-
darias Zuiiga C. Systematic Review on the Use of Physician-
Modified Endografts for the Treatment of Aortic Arch Diseases.
Annals of Vascular Surgery. 2020; 69: 418-425. https://doi.org/
10.1016/j.avsg.2020.07.040.

Cambria RP, Conrad MF, Matsumoto AH, Fillinger M, Pochet-
tino A, Carvalho S, et al. Multicenter clinical trial of the con-
formable stent graft for the treatment of acute, complicated type
B dissection. Journal of Vascular Surgery. 2015; 62: 271-278.
https://doi.org/10.1016/j.jvs.2015.03.026.

Cambria RP, Crawford RS, Cho JS, Bavaria J, Farber M, Lee

&% IMR Press

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

WA, et al. A multicenter clinical trial of endovascular stent graft
repair of acute catastrophes of the descending thoracic aorta.
Journal of Vascular Surgery. 2009; 50: 1255-1264.e4. https:
//doi.org/10.1016/j.jvs.2009.07.104.

Moulakakis KG, Mylonas SN, Dalainas I, Kakisis J, Kotsis
T, Liapis CD. Management of complicated and uncomplicated
acute type B dissection. A systematic review and meta-analysis.
Annals of Cardiothoracic Surgery. 2014; 3: 234-246. https:
//doi.org/10.3978/j.issn.2225-319X.2014.05.08.

Wilson-Smith AR, Muston B, Kamalanathan H, Yung A, Chen
CHJ, Sahai P, et al. Endovascular repair of acute complicated
type B aortic dissection-systematic review and meta-analysis
of long-term survival and reintervention. Annals of Cardiotho-
racic Surgery. 2021; 10: 723-730. https://doi.org/10.21037/ac
s-2021-taes-17.

Trimarchi S, Eagle KA, Nienaber CA, Pyeritz RE, Jonker FHW,
Suzuki T, ef al. Importance of refractory pain and hypertension
in acute type B aortic dissection: insights from the International
Registry of Acute Aortic Dissection (IRAD). Circulation. 2010;
122: 1283-1289. https://doi.org/10.1161/CIRCULATIONAHA
.109.929422.

Brunkwall J, Kasprzak P, Verhoeven E, Heijmen R, Taylor P,
ADSORB Trialists, et al. Endovascular repair of acute uncom-
plicated aortic type B dissection promotes aortic remodelling:
1 year results of the ADSORB trial. European Journal of Vas-
cular and Endovascular Surgery: the Official Journal of the
European Society for Vascular Surgery. 2014; 48: 285-291.
https://doi.org/10.1016/j.€jvs.2014.05.012.

Tsai TT, Fattori R, Trimarchi S, Isselbacher E, Myrmel T, Evan-
gelista A, et al. Long-term survival in patients presenting with
type B acute aortic dissection: insights from the International
Registry of Acute Aortic Dissection. Circulation. 2006; 114:
2226-2231. https://doi.org/10.1161/CIRCULATIONAHA.106.
622340.

Winnerkvist A, Lockowandt U, Rasmussen E, Rédegran K.
A prospective study of medically treated acute type B aor-
tic dissection. European Journal of Vascular and Endovascular
Surgery: the Official Journal of the European Society for Vas-
cular Surgery. 2006; 32: 349-355. https://doi.org/10.1016/j.ejvs
.2006.04.004.

Kwolek CJ, Watkins MT. The INvestigation of STEnt Grafts in
Aortic Dissection (INSTEAD) trial: the need for ongoing analy-
sis. Circulation. 2009; 120: 2513-2514. https://doi.org/10.1161/
CIRCULATIONAHA.109.911883.

Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders
TC, Kundt G, et al. Endovascular repair of type B aortic dissec-
tion: long-term results of the randomized investigation of stent
grafts in aortic dissection trial. Circulation. Cardiovascular In-
terventions. 2013; 6: 407—416. https://doi.org/10.1161/CIRCIN
TERVENTIONS.113.000463.

Atkins AD, Reardon MJ, Atkins MD. Endovascular Manage-
ment of the Ascending Aorta: State of the Art. Methodist De-
Bakey Cardiovascular Journal. 2023; 19: 29-37. https://doi.org/
10.14797/mdcvj.1173.

Roselli EE, Atkins MD, Brinkman W, Coselli J, Desai N, Es-
trera A, et al. ARISE: First-In-Human Evaluation of a Novel
Stent Graft to Treat Ascending Aortic Dissection. Journal of
Endovascular Therapy: an Official Journal of the International
Society of Endovascular Specialists. 2023; 30: 550-560. https:
//doi.org/10.1177/15266028221095018.

Yang B, Norton EL, Rosati CM, Wu X, Kim KM, Khaja MS,
et al. Managing patients with acute type A aortic dissection
and mesenteric malperfusion syndrome: A 20-year experience.
The Journal of Thoracic and Cardiovascular Surgery. 2019; 158:
675-687.e4. https://doi.org/10.1016/j.jtcvs.2018.11.127.

Pacini D, Leone A, Belotti LMB, Fortuna D, Gabbieri D, Zussa

13


https://doi.org/10.1016/j.jvs.2015.02.026
https://doi.org/10.1016/j.jvs.2015.02.026
https://doi.org/10.1016/j.jvs.2009.07.106
https://doi.org/10.1016/j.jvs.2005.10.056
https://doi.org/10.1016/j.jvs.2008.12.075
https://doi.org/10.1016/j.athoracsur.2015.05.138
https://doi.org/10.1016/j.athoracsur.2015.05.138
https://doi.org/10.1177/1526602816651417
https://doi.org/10.1016/j.ejvs.2015.07.038
https://doi.org/10.1016/j.ejvs.2015.07.038
https://doi.org/10.1016/j.cjca.2022.11.003
https://doi.org/10.1583/03-1180.1
https://doi.org/10.21037/acs-2021-taes-171
https://doi.org/10.21037/acs-2021-taes-171
https://doi.org/10.1016/j.jvs.2016.03.445
https://doi.org/10.1016/j.avsg.2020.07.040
https://doi.org/10.1016/j.avsg.2020.07.040
https://doi.org/10.1016/j.jvs.2015.03.026
https://doi.org/10.1016/j.jvs.2009.07.104
https://doi.org/10.1016/j.jvs.2009.07.104
https://doi.org/10.3978/j.issn.2225-319X.2014.05.08
https://doi.org/10.3978/j.issn.2225-319X.2014.05.08
https://doi.org/10.21037/acs-2021-taes-17
https://doi.org/10.21037/acs-2021-taes-17
https://doi.org/10.1161/CIRCULATIONAHA.109.929422
https://doi.org/10.1161/CIRCULATIONAHA.109.929422
https://doi.org/10.1016/j.ejvs.2014.05.012
https://doi.org/10.1161/CIRCULATIONAHA.106.622340
https://doi.org/10.1161/CIRCULATIONAHA.106.622340
https://doi.org/10.1016/j.ejvs.2006.04.004
https://doi.org/10.1016/j.ejvs.2006.04.004
https://doi.org/10.1161/CIRCULATIONAHA.109.911883
https://doi.org/10.1161/CIRCULATIONAHA.109.911883
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000463
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000463
https://doi.org/10.14797/mdcvj.1173
https://doi.org/10.14797/mdcvj.1173
https://doi.org/10.1177/15266028221095018
https://doi.org/10.1177/15266028221095018
https://doi.org/10.1016/j.jtcvs.2018.11.127
https://www.imrpress.com

[59]

[60]

[61]

[62]

[63]

14

C, et al. Acute type A aortic dissection: significance of multior-
gan malperfusion. European Journal of Cardio-thoracic Surgery:
Official Journal of the European Association for Cardio-thoracic
Surgery. 2013; 43: 820-826. https://doi.org/10.1093/ejcts/ez
s500.

Di Eusanio M, Trimarchi S, Patel HJ, Hutchison S, Suzuki T, Pe-
terson MD, ef al. Clinical presentation, management, and short-
term outcome of patients with type A acute dissection compli-
cated by mesenteric malperfusion: observations from the In-
ternational Registry of Acute Aortic Dissection. The Journal of
Thoracic and Cardiovascular Surgery. 2013; 145: 385-390.e1.
https://doi.org/10.1016/j.jtcvs.2012.01.042.

Grimm JC, Magruder JT, Crawford TC, Sciortino CM, Zehr
KJ, Mandal K, et al. Differential outcomes of type A dissection
with malperfusion according to affected organ system. Annals
of Cardiothoracic Surgery. 2016; 5: 202-208. https://doi.org/
10.21037/acs.2016.03.11.

Tsagakis K, Konorza T, Dohle DS, Kottenberg E, Buck T, Thiel-
mann M, et al. Hybrid operating room concept for combined di-
agnostics, intervention and surgery in acute type A dissection.
European Journal of Cardio-thoracic Surgery: Official Journal
of the European Association for Cardio-thoracic Surgery. 2013;
43: 397-404. https://doi.org/10.1093/ejcts/ezs287.

Hofferberth SC, Newcomb AE, Yii MY, Yap KK, Boston RC,
Nixon IK, et al. Hybrid proximal surgery plus adjunctive retro-
grade endovascular repair in acute DeBakey type I dissection:
superior outcomes to conventional surgical repair. The Jour-
nal of Thoracic and Cardiovascular Surgery. 2013; 145: 349—
354; discussion 354-355. https://doi.org/10.1016/j.jtcvs.2012.
07.032.

Yagdi T, Atay Y, Engin C, Mahmudov R, Tetik O, Iyem H, et
al. Tmpact of organ malperfusion on mortality and morbidity
in acute type A aortic dissections. Journal of Cardiac Surgery.
2006; 21: 363-369. https://doi.org/10.1111/j.1540-8191.2006.
00246.x.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Velayudhan BV, Idhrees AM, Mukesh K, Kannan RN. Mesen-
teric Malperfusion in Acute Aortic Dissection: Challenges and
Frontiers. Seminars in Thoracic and Cardiovascular Surgery.
2019; 31: 668—673. https://doi.org/10.1053/j.semtcvs.2019.03.
012.

Yang B, Rosati CM, Norton EL, Kim KM, Khaja MS, Dasika
N, et al. Endovascular Fenestration/Stenting First Followed by
Delayed Open Aortic Repair for Acute Type A Aortic Dis-
section With Malperfusion Syndrome. Circulation. 2018; 138:
2091-2103. https://doi.org/10.1161/CIRCULATIONAHA.118.
036328.

Grigorian A, Spencer D, Donayre C, Nahmias J, Schubl S,
Gabriel V, et al. National Trends of Thoracic Endovascular Aor-
tic Repair Versus Open Repair in Blunt Thoracic Aortic Injury.
Annals of Vascular Surgery. 2018; 52: 72—78. https://doi.org/10.
1016/j.avsg.2018.03.045.

Scalea TM, Feliciano DV, DuBose JJ, Ottochian M, O’Connor
JV, Morrison JJ. Blunt Thoracic Aortic Injury: Endovascular
Repair Is Now the Standard. Journal of the American College of
Surgeons. 2019; 228: 605-610. https://doi.org/10.1016/j.jamcol
Isurg.2018.12.022.

Xenos ES, Abedi NN, Davenport DL, Minion DJ, Hamdallah O,
Sorial EE, et al. Meta-analysis of endovascular vs open repair for
traumatic descending thoracic aortic rupture. Journal of Vascu-
lar Surgery. 2008; 48: 1343—1351. https://doi.org/10.1016/j.jvs.
2008.04.060.

Stannard A, Eliason JL, Rasmussen TE. Resuscitative endovas-
cular balloon occlusion of the aorta (REBOA) as an adjunct for
hemorrhagic shock. The Journal of Trauma. 2011; 71: 1869—
1872. https://doi.org/10.1097/TA.0b013e31823fe90c.

Brenner M, Zakhary B, Coimbra R, Scalea T, Moore L, Moore E,
et al. Balloon Rises Above: REBOA at Zone 1 May Be Superior

to Resuscitative Thoracotomy. Journal of the American College
of Surgeons. 2024; 238: 261-271. https://doi.org/10.1097/XCS.
0000000000000925.

&% IMR Press


https://doi.org/10.1093/ejcts/ezs500
https://doi.org/10.1093/ejcts/ezs500
https://doi.org/10.1016/j.jtcvs.2012.01.042
https://doi.org/10.21037/acs.2016.03.11
https://doi.org/10.21037/acs.2016.03.11
https://doi.org/10.1093/ejcts/ezs287
https://doi.org/10.1016/j.jtcvs.2012.07.032
https://doi.org/10.1016/j.jtcvs.2012.07.032
https://doi.org/10.1111/j.1540-8191.2006.00246.x
https://doi.org/10.1111/j.1540-8191.2006.00246.x
https://doi.org/10.1053/j.semtcvs.2019.03.012
https://doi.org/10.1053/j.semtcvs.2019.03.012
https://doi.org/10.1161/CIRCULATIONAHA.118.036328
https://doi.org/10.1161/CIRCULATIONAHA.118.036328
https://doi.org/10.1016/j.avsg.2018.03.045
https://doi.org/10.1016/j.avsg.2018.03.045
https://doi.org/10.1016/j.jamcollsurg.2018.12.022
https://doi.org/10.1016/j.jamcollsurg.2018.12.022
https://doi.org/10.1016/j.jvs.2008.04.060
https://doi.org/10.1016/j.jvs.2008.04.060
https://doi.org/10.1097/TA.0b013e31823fe90c
https://doi.org/10.1097/XCS.0000000000000925
https://doi.org/10.1097/XCS.0000000000000925
https://www.imrpress.com

	1. Introduction 
	2. Methods
	3. Literature Review
	3.1 Abdominal Aortic Aneurysm
	3.2 EVAR vs. OAR in the Elective Treatment of AAA
	3.3 EVAR Vessel Access
	3.4 EVAR and Vessel Anatomy
	3.5 Fenestrated EVAR
	3.6 Ruptured Abdominal Aortic Aneurysms
	3.7 Descending Thoracic Aortic Aneurysms
	3.8 Ruptured Descending Thoracic Aortic Aneurysm
	3.9 TEVAR Access
	3.10 TEVAR Landing Zones
	3.11 Celiac Artery Management
	3.12 Management of the Left Subclavian Artery
	3.13 Aortic Arch Disease
	3.14 Complicated Type B Aortic Dissection
	3.15 Uncomplicated Type B Dissection
	3.16 Ascending Aortic Disease
	3.17 Endovascular Fenestration for Mesenteric Malperfusion Syndrome: The Michigan Experience
	3.18 Endovascular Treatment of Aortic Trauma

	4. Conclusion
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

