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Abstract

Endovascular aortic aneurysm repair (EVAR) is an established approach to treating abdominal aortic aneurysms, however, challenges arise
when the aneurysm involves visceral branches with insufficient normal segment of the aorta to provide aneurysm seal without excluding those
vessels. To overcome this, a range of technological developments and solutions have been proposed including fenestrated, branched,
physician-modified stents, and chimney techniques. Understanding the currently available evidence for each option is essential to select the
most suitable procedure for each patient. Overall, the evidence for fenestrated endovascular repair is the most comprehensive of these techni-
ques and shows an early post-operative advantage over open surgical repair (OSR) but with a catch-up mortality in the mid-term period. In this
review, we will describe these endovascular options, pre- and post-procedure radiological assessment and current evidence of outcomes.
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Introduction

Endovascular aortic aneurysm repair (EVAR) is an estab-
lished approach to treat aortic aneurysms, being less invasive
with lower perioperative mortality, comparable 5-year sur-
vival and is preferred by patients."?

Challenges arise when the aneurysm involves visceral
branches where there is not sufficient normal segment of the
aorta to provide an aneurysm seal without excluding those
vessels. It has been reported that approximately 30%-40% of
infra-renal aneurysms have insufficient neck for a conven-
tional graft or have certain anatomical features that make
standard treatment suboptimal.> To overcome the technical
challenges, a range of technological developments and solu-
tions have been proposed including fenestrated, branched,
physician-modified stents, and chimney techniques with
promising outcomes.*

Given this challenge of incorporating visceral branches,
this review will focus on radiological assessment, device and
patient selection and outcomes of endovascular repair for
complex abdominal aortic aneurysms.

Definitions

Complex abdominal aortic aneurysms (Figure 1) include jux-
tarenal aneurysms (extends to but do not involve the renal ar-
teries), pararenal aneurysms (aneurysm involves at least 1
renal artery and but does not involve the superior mesenteric
artery (SMA)), paravisceral aneurysms (aneurysm involves

the SMA but does not involve the coeliac axis) and Crawford
type IV thoracoabdominal aneurysms (TAAA).®

Indications for intervention

The European Society for Vascular Surgery (ESVS) recom-
mendations for abdominal aorto-iliac artery aneurysms ad-
vise considering repair if the aneurysm diameter measures
>5.5cm for men and >5.0cm for women, however, these
guidelines are for infrarenal AAAs. Data is lacking for com-
plex AAAs though ESVS recommends a similar threshold of
5.5cm in men and §cm in women to consider intervention
but this should be evaluated on a case-by-case basis as often
these patients are higher surgical risk, meaning a higher diam-
eter may be acceptable.® The NICE guidelines for abdominal
aortic aneurysms also advise that symptomatic aneurysms, or
those growing at >1 cm/year should be considered for inter-
vention.” For type IV TAA, the ESVS guidelines recommend
treatment if the aneurysm diameter measures >6 cm, is rap-
idly expanding (>1 cm/year), or if it is symptomatic; with the
caveat that patients with connective tissue disorders may re-
quire intervention at lower aneurysm diameter thresholds.®

Pre-intervention assessment

Patient selection is essential to optimise outcomes as having
multiple risk factors can make intervention too high risk,
while certain comorbidities like peripheral arterial disease,
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Figure 1. Diagrammatic representation of (A) juxtarenal aneurysms (extends to but does not involve the renal arteries), (B) pararenal aneurysms
(aneurysm involves at least 1 renal artery but does not involve the SMA), (C) paravisceral aneurysms (aneurysm involves the SMA but does not involve
the coeliac axis), and (D) Crawford type IV thoracoabdominal aneurysms (TAAA). (Original artwork)

may indicate the patient is more suitable for an open repair.?
The new 2024 ESVS guidelines for aorto-iliac aneurysms rec-
ommend that for patients with a complex AAA and standard
surgical risk, both open or endovascular repair should be
considered and the decision should be based on fitness, anat-
omy, and patient preference. For patients with a complex
AAA and high surgical risk, endovascular repair, specifically
fenestrated or branched repair, should be considered
first line.°

The ESVS has comprehensive guidelines on preoperative
evaluation of infrarenal AAAs though not so much for jux-
tarenal aneurysms and variation still exists among different
centres in the United Kingdom on the assessment and optimi-
sation of patients.®’ Nevertheless, it is logical that advice for
infrarenal aneurysms can be extrapolated to include complex
AAAs. Specific ESVS guidance for juxtarenal AAAs empha-
sises attempting to preserve renal function as these are closely
approximated to the renal vessels and thus the patients at
higher risk of renal dysfunction. Preoperatively this can be
done through ensuring adequate hydration and holding neph-
rotoxic medication.® General recommendations are that
patients should undergo preoperative cardiac, pulmonary
and renal function testing and the risk factors should be opti-
mised.® For example, this can be done by preoperative respi-
ratory training programs for patients with reduced
pulmonary function and appropriate medical therapy for
blood pressure control. Risk factors can be a predictor of ad-
verse outcomes. Increasing age and renal impairment have
been linked to higher post-operative mortality in patients un-
dergoing TAAA repairs, and this should be considered.”

Radiological assessment

Imaging is an integral part of preoperative planning. In terms
of imaging technique, CT angiography with 1mm slices
allowing for 3D reconstructions is the standard. Imaging
should be interpreted and manipulated using 3D reconstruc-
tion software to assess the anatomy, make exact measure-
ments for the stent length and diameter as well as plan
the C-arm position and angulation during the procedure.
The key anatomical measurements are listed in Table 1.

Those measurements are used to assess anatomical suitability
for endovascular intervention and to select the appropriate
device. Although there is no adverse anatomical feature that
represents an absolute contraindication, the increasing num-
ber of adverse anatomical features makes the case either sub-
stantially difficult or in extreme cases undoable.>'""!3 It is
imperative to mention that a CT scan assessment of the arte-
rial anatomy should be complemented by a standard and
thorough system assessment to identify any unexpected non-
vascular findings.

Treatment options

Treatment options include traditional open-surgical repair,
endovascular repair, or a hybrid approach. Endovascular
techniques include stent graft designs such as fenestrations or
branches, to ensure visceral and renal arteries remain per-
fused. The hybrid approach involves combining surgical and
endovascular techniques in which surgical bypasses are cre-
ated for the branches so the main aneurysm can be excluded
endovascularly with a stent.

Open

Open surgical repair (OSR) is the traditional method of treat-
ing complex AAAs but is associated with significant risks.
The procedure involves suprarenal aortic cross-clamping
which increases the risk of renal impairment, and an esti-
mated 3% of patients go on to require haemodialysis.'*
Further complications include ischaemic stroke, cardiac com-
plications and death, with a recent 2022 meta-analysis of 22
studies demonstrating a 30-day mortality rate of 4.4% for
open repair of juxtarenal AAA."S To overcome this, endovas-
cular and hybrid techniques have been developed which will
be discussed in the next sections, however, it is important to
note that these too carry a significant burden of risk. For ex-
ample, after fenestrated endovascular aneurysm repair
(fFEVAR)/ branched endovascular aneurysm repair (b EVAR),
an estimated 2% of patients required new haemodialysis in
the perioperative period.'®
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Table 1. Key anatomic measurements for planning complex aortic aneurysm repair.

8,11-13

Measurement

Notes

Adverse anatomical feature

Access vessel morphology (common femoral artery, external iliac artery, and subclavian arteries)

Diameter
Calcification

Mural thrombus
Tortuosity

Length
Thoracoabdominal angulation

Proximal landing zone (PLZ)
Angulation

Length

Diameter

Shape

Calcification and mural thrombus

Visceral segment of the abdominal aorta
Aortic diameter at each visceral branch

Aortic diameter at infrarenal level
Aortic diameter at bifurcation

Aortic thrombus at the level of visceral arteries

Distance from each visceral branch to
common iliac bifurcation

Distance between each visceral artery

Minimum and maximum diameter should
be recorded

Burden and circumference of calcification in
each vessel

Burden and circumference of thrombus
Tortuosity index in external and common
iliac arteries

Length measured along the centreline
Angulation measured in coronal and
sagittal views

Angulation measured in coronal and
sagittal views

Measured at centreline

Diameters should be recorded perpendicular
to the centreline and along at least the

first 2cm

Diameter should be taken every 2 mm along
the length of PLZ

The burden and circumference

Measurements taken perpendicular

to centreline

Measurements taken perpendicular to centreline
Measurements taken perpendicular

to centreline

Circumference and diameter thickness

Distance taken from the midpoint of each
branch to the one below

Diameters <7 mm and >23 mm
Excessive calcification

Thick and circumferential thrombus
Excessive tortuosity

<2cm
>75°

>65°

<2cm
>31 mm

Conical or reverse conical if oversizing
exceeds 20%

Excessive calcification or thick
thrombus >10 mm

Narrow diameter <20 mm and wide
diameter >36 mm
Narrow diameter <18 mm

<20 mm

Thick and irregular thrombus (shaggy aorta)

Distance <5 mm between 2 adjacent vessels

Side branch information
Clock location of visceral vessel origins
Diameter of each visceral branch

first 2 cm
Number and diameter of accessory renal arteries
Stenosis and calcification at the origin of branch vessels
Early branch from the visceral artery

Hypogastric arteries

Measurements taken along at the least the

Patency and diameter

<4mm and >11 mm

Accessory and small renal arteries

>60 ostial stenosis

Jejunal branch or large polar renal

artery branch

Occlusion of hypogastric arteries increases
the risk of spinal cord ischaemia or
aneurysmal artery >12 mm

Endovascular repair

Endovascular stents and techniques have been developed to
incorporate the visceral branches and these include grafts
with fenestrations or branches and techniques like chimney.

Fenestrated endovascular aneurysm repair

These fenestrations are holes in the dacron or ePTFE mesh of
the stent that can be small, large or semicircular/incomplete
holes (scallops), and are reinforced with nitinol wire. These
are often custom-made and thus take several weeks to make
but can also be off the shelf.!”'” In complex AAAs, the prox-
imal landing zone, or even the aneurysm itself can include the
visceral branches. Fenestrated stent grafts allow the proximal
end of the stent to be positioned at a more appropriate seg-
ment of the aorta, thus overcoming this challenge.

There are currently 3 commercially approved devices in
Europe which are the Zenith Fenestrated AAA Endovascular
Graft by Cook Medical (Bloomington, IN, United States) and

Fenestrated Anaconda Custom AAA Stent Graft System
(Terumo Aortic, Inchinnan, United Kingdom), and Fenestrated
Treo (TerumoAortic, Somerset, NJ, United States), all of which
are custom-made. The majority of current research involves the
Zenith graft as this is FDA-approved and has been in the market
for a long time but its design has several limitations.
Specifically, it is less suitable if the branch vessels arise in close
proximity to each other and/or the presence of accessory renal
arteries; the branches can only be cannulated through femoral
access and have no option for partial deployment and adjust-
ment during the procedure. The Anaconda system is a newer de-
vice that overcomes some of these limitations, it does not have a
metal stent on the graft body which allows versatility of the fen-
estrations, can be cannulated via upper limb or femoral access,
and can also be used for angulated infrarenal necks using the
feature of partial deployment and adjustment during the proce-
dure.?° Both devices have promising outcomes however a recent
review by Jubouri et al*' showed that the Fenestrated
Anaconda system has a superior performance, with reduced
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Figure 2. (A-D) A patient with 6.5 cm juxtarenal aneurysm. (E) Fluoroscopic insertion of a custom-made fenestrated Anaconda stent graft with bridging
stents into the coeliac, superior mesenteric and both renal arteries. (F-H) Post-operative images demonstrate the fenestrations and bridging stents into

the visceral vessels, with the aneurysm satisfactorily excluded.

procedural blood loss and lower re-intervention rates when
compared to the Zenith graft.?*

Newer devices are being developed, such as the Zenith p-
Branch device by Cook Medical (Bloomington, IN, United
States), which is an off-the-shelf device with standard configura-
tions, and thus has the advantage of being readily available
rather than needing several weeks for custom production. This
device comes in 2 configurations for the renal fenestrations—
one with both arising at the same level and the other with the
left renal artery offset 4 mm caudally; furthermore, these are
adaptive pivot fenestrations which allows for a degree of flexi-
bility. There is also a scallop for the coeliac trunk and a fenes-
tration for the SMA. However, despite these adaptations, less
than 50% of patients were found to have anatomy suitable for
the Cook p-branch device as per the instructions for use (IFU)
criteria in a single-centre study.”® The limited evidence regard-
ing this device shows it is acceptable but less favourable in com-
parison with custom devices. The p-Branch device had higher
rates of renal complications, presumably as insertion requires
more manipulation during renal artery stenting; and almost 5
times higher rates of re-intervention.”

Fenestrated grafts are inserted under fluoroscopic guidance,
similarly to non-fenestrated grafts. The Anaconda instructions
for use recommend the fenestrated graft be oversized by 10%-
25%. After insertion, the fenestrations are identified by markers
and adjusted to be aligned with the target branches. Once this
positioning is satisfactory, the branched vessels can be cannu-
lated and stented under fluoroscopic guidance to create a fenes-
trated branch stent.”’ The bridging stents are covered ones and
should allow flaring of the aortic side of it. This flaring serves
for fixation and sealing. These devices and a case study are
shown in Figures 2-4.26%8

Branched endovascular aneurysm repair

Branched stents have downward-facing side branches that are
attached to the main body of the stent which improves the seal.
These are particularly useful if an aneurysm involves the origin
of the visceral branches, or for branches that originate from a
large aortic lumen, for example, coeliac and superior mesenteric
arteries as well as for thoracoabdominal aneurysms. Some

Figure 3. Zenith fenestrated AAA endovascular graft proximal body.
Courtesy of Cook Medical.?®

operators also prefer to use this design in cases where there is
significant angulation at the level of visceral vessels as it allows
more freedom to cannulate the side branches. The stent design
can be modified to combine fenestrations and branches to allow
better orientation and alignment of the bridging stents, and or
facilitate easier cannulation of the side vessel. A covered stent is
deployed through the fenestration, into the visceral branch,
with its proximal end remaining within the tunnel inside the
main aortic stent.”’

Currently, available devices are off-the-shelf branched stents
which  include  Zenith  t-Branch  Thoracoabdominal
Endovascular Graft (Cook Medical, Bloomington, IN, United
States) and E-nside TAAA multibranch stent graft system
(Artivion Inc, Kennesaw, GA, United States). These stents have
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Figure 4. (A) Fenestrated Anaconda custom AAA stent graft system.
Courtesy of Terumo Aortic.?’ (B) Fenestrated Treo device. Courtesy of
Terumo Aortic.?®

been used for thoracoabdominal aneurysms, including
Crawford type IV TAAA. The configuration of all 3 stents is
similar, with a main stent body and branched stents to incorpo-
rate the 4 visceral arteries (coeliac, SMA and 2 renal arteries),
however, they differ in several technical characteristics including
length and angulation of the branches. Additionally, the
branches in the E-nside system are pre-cannulated inner
branches, unlike the TAMBE and t-branch devices which have
outer branches. The majority of studies have been done on the
t-branch and custom-made Cook stent graft systems and these
showed theoretical anatomical feasibility of 32%-88%, which
is higher than for TAMBE (30%) and E-nside (43%), though
the latter have very few studies. Also in the context of this re-
view, it is important to note these studies included all 4
Crawford type TAAAs, and not just type IV.3%3!

As with fEVAR, branched stents require femoral access to
deploy the main stent device. An antegrade approach with ac-
cess in the brachial or axillary arteries is usually required to
cannulate and bridge the branched grafts. The stent is
inserted transfermorally and branches positioned appropri-
ately at the visceral arteries which are then cannulated
through the upper extremity access and branched stents
deployed. Brachial/axillary access is preferred over contralat-
eral femoral access in these stents owing to their downward-
oriented branches, however, with newer technology and
steerable sheaths, it may be feasible to perform this retro-
grade via femoral access.***>? The devices and case studies
are shown in Figures 5-7.3%%°

Chimney endovascular aneurysm repair

The Chimney (also known as Snorkel) technique involves
placing covered stents into the aortic visceral branches

alongside the thoracic or abdominal stent graft to preserve
flow to these branches. Similar techniques described include
the sandwich and periscope techniques.>®*” In the chimney
technique, the proximal extent of the visceral branch graft
extends above the aortic graft, whereas in the periscope tech-
nique, the proximal end of the visceral graft extends inferior
to the distal end of the aortic graft.>® These are particularly
useful in the time-sensitive urgent cases, as custom-made
branched or fenestrated grafts can take several weeks to
make.'® Importantly, the ESVS guidelines recommend con-
sidering the chimney technique only in emergency or bailout
cases, and limiting the number of chimneys to <2.° Other
advantages of the chimney technique over fenestrated grafts
include reduced operative time, reduced blood loss and de-
creased radiation dose.*” For patients with narrower vessels,
the chimney technique allows the use of standard-sized
EVAR devices of 14-18 Fr, as opposed to fenestrated stents
which, being more rigid, require larger delivery systems (20-
22Fr).*® However, a significant limitation is the formation of
gutters between the graft and aortic wall, resulting in type 1
endoleaks.*® A case study is shown in Figure 8.

Physician-modified endografts

Another technique used for more urgent cases is physician-
modified stent grafts. Custom fenestrations can be made by
the operating physician using cautery and a radio-opaque
marker, and often these are used along with covered bridging
stents through the fenestration.*!

There is heterogeneity in the technique used, as there is no
agreed standard. In general, the graft is modified on a back
table in the operating room after a plan is made preopera-
tively from imaging. The graft is partially deployed and fenes-
trations are marked using this plan. With diathermy, wire
cutters and cautery the graft and metal stent struts are cut to
create fenestrations which can then be reinforced with snares.
After this, the graft is resheathed and flushed with an antibi-
otic such as rifampicin, to minimise contamination.**

Newer technologies are being developed and trialled such
as using automated planning software and 3D printed models
of the patient’s anatomy to assist the physician when creating
these fenestrations with promising results.*?

Spinal cord ischaemia

Spinal cord ischaemia (SCI) remains an important challenge
in both open and endovascular complex aortic surgery. The
spinal cord is supplied by not only radicular arteries but also
a complex collateral circulation from the subclavian, internal
thoracic, lumbar and hypogastric arteries. As a result, SCI is
primarily a problem in TAAA repair, and less so in abdomi-
nal aortic aneurysms. However, certain complex AAAs like
type IV TAAA, those needing extensive aortic coverage, oc-
cluded hypogastric arteries or previous aortic surgery are at
higher risk of SCI. Since spinal cord perfusion depends on
systemic blood pressure and cerebrospinal fluid (CSF) pres-
sure, the risk can be minimised by CSF drainage, maintaining
systemic blood pressure, preserving collaterals, staging the
procedure and neuromonitoring. ESVS guidelines do not rec-
ommend routine CSF drainage in endovascular complex
AAA repair but it can be considered in cases with risk factors
described above. Another consideration is when using off-
the-shelf devices, the extent of aortic coverage should be
taken into account to minimise SCL%**
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Figure 5. (A, B) Pre-operative imaging demonstrates a Crawford type IV TAAA. (C) The aneurysm was treated with Jotec (Artivion) BEVAR included 3
external branches to the coeliac trunk, SMA, and left renal artery. The aneurysm was satisfactorily excluded.
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Figure 6. An elderly patient presented with asymptomatic 7 cm juxtarenal AAA. (A-C) Pre-operative imaging demonstrates the aneurysm. (D) The patient
was treated with a GORE TAMBE device with 4 internal branches (to the coeliac, superior mesenteric and both renal arteries). Post-operative
reconstructed images show the BEVAR stent with branches and excluded aneurysm. (E) Fluoroscopic imaging demonstrates the insertion of the stent.

Imaging follow-up and surveillance

There are no clear consensus guidelines regarding surveil-
lance imaging after complex AAA repair, though logically the
follow-up would be at least as frequent as after repair for
infra-renal AAA and continued long-term. The ESVS guide-
lines on endovascular repair of juxtarenal AAAs recommend

comprehensive follow-up which includes yearly CT angiogra-
phy.® The IFU for the Zenith Fenestrated Device are thor-
ough and can be extrapolated for most if not all complex
AAA repairs. This recommends lifelong surveillance, as with
a non-fenestrated device, with additional consideration to
evaluate vessel patency at the fenestrations through CT
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angiography or duplex ultrasound. The specific follow-up
protocol includes completion of angiography performed dur-
ing the procedure, followed by CT angiography at 30 days
and then yearly. Optional CT angiography can be performed
at 6 months if there are concerning features on the initial 30-
day CT."® Unlike conventional EVAR, CT is preferred over
duplex ultrasound given that fenestrated/branched grafts are
more complex. There is, however, a role for duplex ultra-
sound to be used as an adjunct to non-enhanced CT for
assessing vessel patency in patients for whom contrast is con-
traindicated. Newer studies show promising results regarding
using renal duplex ultrasound for annual surveillance instead
of CT but robust evidence is still lacking.**

The primary aim of imaging follow-up is to identify endo-
leaks, monitor sac size and assess device function (migration,
component overlap and failure). If complications are noted
on CT then further studies such as 3D reconstructions or an-
giography can be performed. Concerning features may neces-
sitate more frequent imaging follow-up, though local

N

Figure 7. (A) E-nside TAAA multibranch stent graft system. Courtesy of
Artivion Inc®* (B) Zenith t-Branch thoracoabdominal endovascular graft.
Courtesy of Cook Medical.*®

guidelines on this will vary.® The key postoperative imaging
findings are listed in Table 2."3

Evidence
fEVAR and bEVAR

Unlike infra-renal abdominal aortic aneurysms, the current
evidence of comparing endovascular techniques with OSR
for complex abdominal aortic aneurysms is limited to obser-
vational and population-based studies, with no randomised
controlled trials.*® This is a challenge as there is often hetero-
geneity in patient characteristics,*”>*® significant variations in
reporting standards and sometimes contaminated by
industry-sponsored studies with limited quality control.
Nevertheless, in a recent meta-analysis by Patel et al*” which
included 24 studies from 2009 to 2020 and 7854 patients,
the reported 30-day perioperative mortality for fEVAR
(3.1%) was found to be better than OSR (4.4%). However,
mid-term mortality was similar between the 2 groups.
Zlatanovic et al, on the other hand, reported midterm mortal-
ity, from 16 studies of around 10 years of follow-up in 4369
patients, to be higher in fEVAR (12.3%) when compared
with OSR (8.1%), demonstrating a catch-up effect.*’
Another relevant meta-analysis also by Zlatanovic et al®®
reported the short-term outcomes of 22 studies and 8853
patients. In these meta-analyses,*”"**°° the rates of periopera-
tive as well as mid-term renal failure were similar between
the fEVAR and OSR groups. The rate of perioperative myo-
cardial infarctions and major adverse cardiovascular events
were lower in fEVAR (2.5% and 5%, respectively) compared
to OSR (4.2% and 6%, respectively). Regarding rates of re-
intervention, perioperatively there was no statistical differ-
ence between the groups (7.9% for fEVAR and 9.7% for
OSR), but mid-term rates were higher in fEVAR (17.1%)
than OSR (3.6%), demonstrating again a catch up effect.
There was a higher rate of medium-term visceral branch oc-
clusion/stenosis and spinal cord injuries in fEVAR when

4

Figure 8. An octogenarian patient presented with an 8 cm abdominal aortic aneurysm and impending rupture. The case was treated with EVAR stent and
urgent chimney procedure to the left renal artery and SMA. (A-D) Post-procedure imaging demonstrates the excluded aneurysm and patent
visceral arteries.
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Table 2. Key post-operative imaging findings.'®

Findings

Maximum diameter of the aneurysm corrected to the centre-line
Endoleak and type

Stent integrity, including kinking and fractures

Stent position, including stent migration and component overlap
Branch vessel patency

compared with OSR. This could be because fEVAR requires
a longer proximal landing zone, has a longer operative time,
increased blood loss, and more manipulation of the visceral
vessels which are all predictors of SCI.

The meta-analysis by Zhou et al*® compared fEVAR,
bEVAR, chimney endovascular aneurysm repair (chEVAR)
and OS and included 25 studies from 2009 to 2021 and 5149
patients with complex AAAs (juxtarenal, pararenal, suprare-
nal, and TAAA). Though they included studies with type I-III
TAAA as well, these were very few and so parameters that in-
cluded those studies have not been described in this review.
They found that fEVAR and OSR had no significant differ-
ence in 12- or 24-month branch vessel patency. In terms of
re-intervention rates, there was no significant difference at
30 days but at 24 months, FEVAR had higher re-intervention
rates than OSR (OR, 2.48; 95% CI, 1.08-5.73). These find-
ings are consistent with those of Patel et al,*” Zlatanovic
et al,*” and Zlatanovic et al.’® For the complications of bowel
and limb ischaemia, there was no significant difference be-
tween fEVAR and OSR.*® The evidence for bEVAR alone
versus open surgery is scarce as there are only a few relevant
studies with a small sample size. All these meta-analyses are
limited as evidence for complex AAAs including type IV
TAAAs is insufficient since only observational studies have
been published.

The most relevant evidence is probably the 2024
COMPASS study which compared short and mid-term out-
comes of fEVAR and OSR cohorts.’’ A total of 1916
propensity-matched patients were included and classified
according to aneurysm neck length (juxtarenal: 0-4 mm,
short neck: 5-9 mm, and complex neck: >10 mm). Further
stratification was done into standard and high risk based on
the British Aneurysm Repair score for perioperative risk. In
the perioperative period, they found lower mortality after
fEVAR (2.2%; OR, 0.25; 95% CI, 0.10-0.64; P=.001) than
OSR (4.5%), lower early complication rate after fEVAR
(55.7%; OR, 0.57; 95% CI, 0.43-0.74; P <.001) than OSR
(62.4%) and shorter hospital stays after fEVAR (4 days) than
OSR (7 days). These findings are consistent with existing lit-
erature showing more favourable perioperative outcomes af-
ter fEVAR than after OSR. Mid-term outcomes were
reported for a median follow-up of 3.5 years. During this pe-
riod, excluding perioperative deaths, the all-cause mortality
was higher in fEVAR (hazard ratio(HR), 2.01; 95% CI, 1.46-
2.77) than after OSR, showing again the catch effect seen by
Zlatanovic et al.*’ Notably, however, the COMPASS study
performed subgroup analysis showing no significant survival
difference between fEVAR and OSR for the juxtarenal aneu-
rysm cohort in standard-risk (HR, 1.64; 95% CI, 0.991-2.71;
P=.054) and high-risk groups (HR, 2.14; 95% CI, 0.95-
4.80; P=.066). This higher late all-cause mortality for
fEVAR was driven predominantly by the standard-risk short
neck (HR, 2.83; 95% CI, 1.21-6.64; P =.017) and standard-
risk complex neck groups (HR, 4.18; 95% CI, 1.80-9.67;

BJR|Open, 2024, Volume 6, Issue 1

P=.001). Similarly, overall mortality was greater after
fEVAR (HR, 1.4; 95% CI, 1.05-1.87; P=.020) than after
OSR. However, specifically for aneurysm-related mortality,
there was no significant survival difference between the
fEVAR (HR, 1.4; 95% CI, 1.05-1.87; P=.020) and OSR
cohorts. Regarding the rates of secondary intervention, the
findings were in line with current data, demonstrating higher
mid-term rates after fEVAR (HR, 5.29; 95% CI, 3.36-8.33;
P <.001) than OSR, despite there being no significant differ-
ence in the early phase (P =.26).”"

Overall the results of the COMPASS study showed a signif-
icant perioperative mortality and morbidity advantage of
FEVAR over OSR which was reversed in the mid-term pe-
riod. This effect was most marked in the short neck and com-
plex neck groups, while the juxtarenal aneurysm cohort
showed equivalent mid-term survival after FEVAR compared
to OSR.’! Further studies are summarised in Table 3.'%52°¢*

Chimney endovascular aneurysm repair
The recent systematic reviews and meta-analyses by Patel
et al,*” and Zlatanovic et al,*’ described in the previous
section also compared chEVAR with OSR for complex ab-
dominal aortic aneurysms (not including type IV thoracoab-
dominal aneurysms).’® The results showed that the
perioperative mortality of chEVAR (3.6 %-4.8%) was similar
to or better than OSR (4.4%-5.5%), and mid-term mortality
was similar between the 2 groups. Regarding complications,
there was no statistically significant difference between the
rates of renal failure for chEVAR (15.7%) and OSR (19.3%).
The rate of perioperative myocardial infarctions and major
adverse cardiovascular events were lower chEVAR (3.8%
and 4.9 %, respectively) compared to OSR (4.2% and 6%, re-
spectively). For re-intervention, the perioperative rates were
not statistically different between the groups (9.1% for
chEVAR and 9.7% for OSR), but mid-term rates were higher
in chEVAR (16.1%) than OSR (3.6%). Similarly, there was a
higher rate of medium-term visceral branch occlusion/steno-
sis in chEVAR than OSR (OR, 16.82; 95% CI, 2.79-176.7).
However, the authors noted overall low quality studies in 11
out of 22 included studies and significant risk of bias.**>*°

The meta-analysis by Zhou et al*® as described in the previ-
ous section looked at chEVAR versus OSR for complex
AAAs including TAAAs. As before, we have only described
the parameters that did not include studies of type I-III
TAAA. They found that branched vessel patency rates be-
tween chEVAR and OSR were not statistically different at
12 months, however at 24 months, chEVAR had lower
branch vessel patency rates than OS (OR, 0.09; 95% CI,
0.02-0.48). A similar trend was seen with re-intervention
rates—there was no statistical difference at 30days but at
24 months, chEVAR had higher rates than OS (OR, 3.07;
95% CI, 1.15-8.18). These findings are similar to those seen
by Patel et al*” and Zlatanovic et al.*’ As was seen with
fEVAR, the rates of bowel and limb ischaemia were similar
for chEVAR and OSR.** Further studies are summarised in
Table 4.58,59,65-67

The quality of studies on chEVAR versus OSR is limited by
retrospective observational design and a high number of
emergent cases that are unsuitable for open surgery, thus in-
creasing the dissimilarity of the patients and furthering the
possibility of bias.

202 JoquianoN €| uo 1sanb Aq 88/8€///¥2092)/L/9/a1o1e/0ifq/woo"dno-olwapese//:sdny Wwoly papeojumoq



BJR|Open, 2024, Volume 6, Issue 1

(ponuIIUOD)

Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

(8'8-0"¢ 28ues
s[nrenbisiur) s1eak 6°¢
sem dn-mof[o] uerpapy

(syruowr /7 T-T 28uer)

SQIUOW 7T * €68
sem dn-mo[[oj ueajy

s1e2L 7" ¢ sem
dn-morjoy ueapy

S1BIA 9 0F LT
sem dn-moj[oj ueaj

1YYV X9[dwod 10§ sowodno Ajreyg
%6 6S—STBIA G 1B 9B [BAIAING
%6 /—SIBaK ¢ 1B kI [BAIAING

%/ 06—1e34 [ 1B 91BI [BAIAING
%T T—Aupeazowr Aep-0¢

%L 0F8°86

—SIBIA ¢ I8 YIBIp paje[al-wsAInoue
WO WOPdIJ palewnIsy *9,1°¢

F " 69—SIBaL ¢ IE [BAIAINS PaBWIISH
syuoned g¢

ul pawiojrad 919Mm SUOTIURAINIUI-AI /
S[9SS9A 19818 §,[—UOISN[22)
Juaned [—sIsA[eIp JuouBWId]

%9 0—BlWaBYOsI

p1oo [eurds aanerado-119q
%6°0—>31el Liferiows Lep-(¢

% 86—S5900NS [BITUYII],
(€L0T/89€) %E HE—2781 JUIAS ISIIAPY
% 8" 0—2ormidn1 ws{Inauy

% T 0—204S

%9 T—SIsAeIq

%9° S [—UONUAINIUI TBPUO0IIG
%S s—Aunersow Lep-g¢
:S9W02IN0 ABP-()¢

%% 6—Sss900ns [enIu]

%8 0—Ppaultiiaiopun

Juou—A T ad4 T,

%6 t—II1 2dAT,

% b S T—I1d4L,

% S§ 9—IeISIp

12d4T, fo0—ewrxoxd [ oadA T,
1894 7 38 yesjopuyg

Y% §*0—pautwiiaepun
Juou—ATJdL T,

%T €I 2dA L,

% T—II 2d4L,

%9 1—IeIsIp

[2dA7 fo, 1 T—ewixoxd [ odA T,
:9anpasoad 1e yesjopuyg

% 6" 0—a1midn1 wsAmauy

%9 12048

% 1*§—oIn|le} [eusy

%€ p—AN[errow Lep-0¢
1S9WO02IN0 ABp-()¢

%8 /6—S5900nS [BIIUYII ],

%9°/—3jei3opud
EPUODRUY PIILIISIUR]
%+ 76— eIs0pud
Pa1BIISAUI,] YIIUIZ JOOD)

33 3ua3s SuIdpliq

B [JIM PIIUIS 9T9M S[3SSIA €77 T JO TT6
sdoj[ess pue

suone1ISIUd) Sumy (elensny
‘Queqsiig ‘pyT ‘eijensny Yoo,

"V WERI[IA) WalsAs [atuaz 00D 9y
UO Paseq PasIiolIsnd 1M s3jeis Judlg

%€ 61—(paprew-g0

[edIPIAl Y0O0))) PAIBIISIUI] YIIUIZ
%L’ 08—(1eIPIN

)007)) 9J1A3P IPBW-WOISND
Pa1B1ISaUR) J0/pUE payduelg
swisAINJUE J11IOE JO JUdUNBII)

ay3 10J YV AAqJ 3uamiapun syuaned [y

%8 ¢—(pasrew-40

[edIPAAl J0O))) PIIBIISIUI] YIUIZ
%T 96—([8PIN

Y000)) 9JTAIP IpEW-WOoIsnd
_wuu.mhmuﬁuw uo\ﬁcw @uﬂucmum
swisAInaue UCHOQ wo juauneany

LR .HOW m<>m£w JuomIopun muEDﬁNQ :<

syuaned 994
%T S—VVV [eudreidng

%8 ¥6—VVV [euareixn[
Apnis aandadsorg

sjuoned 7/ 1

"% 8/ 1—VY VYV [eudreidng
%8°'89—VY VYV [euareixn[

%S EI—VVV U ioyg
Apnis 9andadso1ioy

syuoned g€

Apnas 19310

ul uoIsn[oul 10§ 9[qISI[d WsLINaue d1I0.
30 2d4£3 oy3 uo paoeyd a1om sy ON
‘swisAInaue 51110 [eutwopqe xajdwo))
Apnis aandadsonay

syuaned ¢/01

%6 7110
%1 €T—VVV.L AI2d4L
%1 ST—[euarered

%6’ Sy—VYVV [euareixn[
ISWSAINSUE d1110E [eUIIOpqE Xd[dwo))

Apmnis aandadsorg
syuaned 981

,A198Ing TEMOsEAOpUY
pue Ie[nOSeA

‘€707 ‘Te 39 19pnaTydg

¢A1981ng 1e[MdOSEAOPUY
pue Ie[ndSeA

jo reuinof ueadoinyg
‘€70T B 10 sudiesiey]

(Aderay |, remosesopuy
Jo [euanof
‘€70 ‘T 390 uoney

T

cAderoy |, remosesopuy
Jo [euanof
‘€T0T ‘Te 390 uo[ney

dn-mofjog

sSurpuyy urey

Pasn 301A9p /UOIUIAIIU]

wsAoaue pue Apnis Jo odA1 SYYAALG
4V AT SutoSiopun syusned jo “oN

Jeunol ‘1eaf ‘stoyny

‘suusAinaue o13oe [euiwiopge xa|dwod Jo Jledal JejNdSBAOPUS PayoURIQ/pPaleIISaUS) UO SaIPNIS Jofew 8y} Jo aWOos Jo synsal ulew ay} Buinybiybiy "€ ajqel



BJR|Open, 2024, Volume 6, Issue 1

10

(penuIIUOD)

Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

(spruow €76/-1°0
‘a8ue1) syruow ()7 ¥ 97
sem dn-moj[oJ UBa]A

SUIUOW €47 F 6°€€
SeM QS.BOZOw UBIN

(syruow 0g-67
‘ID %S56) sypuow g7
SeM QS-BO:Ow UBIN

%LF %0L—VVVY

[euaered 10§ s1eAA ¢ I8 UOTIUIAIDIUL
AI1BPU0D3S WOIJ WOPIIJ PIIBWNSH
%L F %0L—VVVL

AI2d4] 10] s1ea4 ¢ I8 UOTIUAAIAIUL
AIBpU0I3S WOIJ WOPIIF PIIBWISH
%L F %99—VVY

[euarered 105 s1eaf ¢ 1€ Aferiow
3SNEd-[[B WO} WOPIIIJ PIIeWnsy
%8 F %09—VVVL

Al 2d£], 103 s1eaf ¢ e A31jRIIow
3sNed-[[B WO} WOPIIIJ PIIBWNST
9, T—ETWaRYIST pI0d [eulds Auy

% E—jo1Is Auy

% §—UONIDIBJUI [RIPIBIOAN

9% c—oIn[rey K103e11dsay

o, ¢—e1dardereg

% —SISATRIP 39SUO MAN

%8 1—Aan(ur £oupry aIndy

%" T—AN[esIow Lep-0¢

% € 7T—IUIAQ 3s1aApE Jolew Auy
'VVV.L Al 2d4 ], 10§ sowodno Aep-(¢
% ¢—EeIwaRYDsI p10d [eulds Auy

% [—a01s Auy

% €—UO1IdIBJUI [RIPIBIOAN

9, JT—>aan[rej L101e11dsay

9% ¢—e18a1dereq

% {—SISATRIP 19SUO MAN]

%1 T—Am[ur £supny a1noy

%8 0—A[errow Aep-0¢

%1 ]—1UdA 3s19ApE Jo[ew Auy
'YVV [euaiered 10§ sowooino Aep-0¢

BIWOYDSI [9MO0q I0J T o
PAIB[AISSIE | o
PAIRPIqUI[ G o
(I odfa  ‘radfa g
‘qq 2d£1 ¢ ‘e 9d43 ) s BIJOPUS J0J €T
pate[aI YoueIq [€ o
SUOTIUIAIIUI-IT ﬁmuOu 1¢$
%6’ 1—AN[errow Aep-0¢

%" T—erwaydst p10d [eutds ¢ opeIn)
%t T—Aeasow Lep-o¢

'YVV.L Al 2d43 10§ sowooino £jreg
%" T—e.Iwayost p10d [eulds ¢ opeIn)
%" 0—A3[errow Aep-0¢

% /—S1Je13-1U218

paydueIqunu J3ys-oyI-jo

% € 6—S201A3p dyIdads-juaneg
:dnoi3 yyvyI Al 2dLL

% ]—Ss1eis

Juals _UDLUGNHL_..;SE w—vﬂmlvﬂuuwwo
% 66—S21A3p dy1dads-juaneg
:dnoid yyy [eudieie]

(%19) SVVV.LII-T 2dAL

“—Ow NﬁEOEEOU 10w @Omﬁ Tom muﬂuﬁmuﬂ
[EUONIOAIP PUE (%£8) SYVV.L Al

ad4 1, pue (9%,98) sV yd yim syuaned rog
uonetodiodur jo poylew jueurwopard

93 910M SUOTIBIISIU} PIDIOFUINY
“1reda1 Te[NOSEAOPUD PAYOUERI]
PUE Pa3B1ISIUJ JUIMIIPUN SIUINIEJ

(s9383G panun

‘N ‘uoiduroo[q ‘ouf ‘[edIpaj
3000)) 3J1AIP PIIBIISIUDJ YIUIZ

a1 Sursn aredar WsAINauUE JB[NOSBAOPUD
pazensaudy pey syuaned [y

%8 T I—Ydueig-1 JI9Ys-2uy-jO

%77 §§—92143p dy1dads-jusnieJ
SOYOUEI( [BUOLDAIIP IO SUOIIBIISIUJ
¢ 01 dn jo uoneUIqWIOD AU YIIM (dU]
[BIIPAIAl J0O))) SIDIAIP painidejnuet
syads-juaned 10 (N ‘voidurwoorg
‘ouf [B2IPAIA YOO ‘YdueIg-1)

1Je18 1U21S YoUBIqU[NUW J[oYs-9YI-JJO
UE YIIM PIIBaI) 919M SJUdLIR

%8¢—VVV.LIITdAL
%TE—VVVLAId4],

% 1E—VVV [EUdIeied
Apmnis aandadsoig

syuaned (¢t

(swis£noue [eudreIxnl)
swisAnaue on1oe xa[dwon
Apnis aandadsonay
sjuaned §¢7

suoned /§T—VVV.L III-1 2d4T,
syuoned 14 [—YVV.L AI2dAL

siuaned g T—yyy xo[dwon
Apmnis aandadsorg

Y\Cuww:m Jo sjeuuy
120T T8 3 YoH9pO

9cA1931ng TR[NISEA
Jo [euanof
“7T0T ‘e 39 Loyqessoq

(A1931ng TR[NISEA
Jo [euanof
TT0T I8 32 OBN-seId

dn-mofjog

sSurpuyy urey

Pasn 20TAIP/UOTIUIAINUL

wisAoaue pue Apnis Jo odA1 SYYAALG
/4V AT SutoSiopun syuoned jo “oN

[eunol ‘1eaf ‘stoyIny

(PenuRuoo) '€ 3qe L



11

BJR|Open, 2024, Volume 6, Issue 1

(penunuoo)

Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

‘(sypuow 1°76-£°8)
STAUOW 47
sem dn-mof[oJ UeIpajn

syuaned 97—>yea0pua [T 9dA T
sjuaned Jg—yes[opua ] adA
A[oandadsar ‘syuaned ¢ pue

‘€1 ‘0T—syea[opua D pue ‘g ‘Y[ odL [,

sjuoned Q1|

—dn-mofjoj urmp syeajopuy

%6 y—AN[erIow Aep-0¢

S[9ss9A 19318

Pa3udIs Y3 JO 9,/ ()—UOoISN|d00 A[1eq
:syuoned [y

(96'TL¥1LS)

%+t $9—SIBIA ¢ JE [BAIAINS PIjBWIIST
(§1°96-97°88)

%7T 1" €6—STeak ¢ I8 UOISN[I0 [3SSIA
198181 91€] WOIJ WOPISIJ pAIeWnST
%0’ 0—eruaeydst p1od jeurdg

%/’ 6—IN[TE] [BUAI AINOY

:dnoig wisAnoue

Ud 30 A ‘AT 244 VYV L

%06 [eAIAINS 1BIL-¢

% E—UOIIDIBJUI [BIPIBIOAIN
%8°0—¢)

-1E DIWIBYDSI JUIISULII/INOIIS

%L 0T—dVAdd/d

UOREUIqUOd % T 6—dVAdd

% 1'08—dVAdd

(so3€3G partun)

‘NI ‘uoisurwoo|q) [ed1pIaN

300D Aq painidejnuew (youeig-3
[IIUI7Z) SITAIP PaydueIq J[2Ys-9Y3-jjo
[IIM IO S3JTAIP payduelq 10
Po3B1ISIUDJ IPBW-WOISND YIM dIIM [[Y

% Ly —VVV.LIIsodAL

%8 CE—VYVV

[euasered 10 yyy L A—AI9dAL
Apnis aandadsonay

sjuaned g9¢

A\AHQHHN [BI93SIA IO [eUal B

% §"7—BIWAYDS] JTUO[0))/LIAIUISITA!
9, S—UOTIUIAIIIUIY

% €' T—aseasIp [eua1 a3eis-puy

% T—Amlur £supny a1noy

% ['9—3UIAd JBIPIED ISIIAPE I0[BJA

%/, 7—uoneddwod Auy

%% ¢—uonezijeadsoy xapur

3Y3 uIyIIm 10 sAep ()¢ uryam AI[eIIoN

- :50w001n0 danerdorng
% §8’ [—Uondajul 21s [ed13INng

Y% 9" 0—BIDBYIST qUIT J9MO]
%C9°0—2301S

% €T [——BIWIBYIST [9MOg

Y% ¥6'y—Suon

-ed1idwoo A1euowndoipren)

%81 suoneddwod [euay

%Ly T—ANeITOIN

:$0UI00IN0 ABP-(O¢

(%8L-%19 1D %S6)

9,0 /—STe34 ¢ 1B UOIIUIAIIIUI-IT
3SNEd-[[B WO} WOPIIIJ PIIBWNISH
(%¥8-%69 ID %56) %LL

—s1ea4 ¢ 1€ JeATaIns Juaned pajewnsy
%9 T—An[erzow Lep-¢

AJuo sawooIno
Kep-0¢ parrodar Apnis sty T

01Ul [2310us/AauwIyd 10 ‘Yourlq ‘uoneIl
-soudj ‘dojreos T 1ses] 38 yim parredas
SeM JBY] SOLILIE [BUSI 9] MO[oq JUAIXI
[ewixoid e yim ws£Inaue ue 1o ‘A1911e
[BUSI 359MO[ 33 pue A193I€ DBI[90D 33
J0 do1 oY1 usami1aq 1uaIXa [ewixoid e se
pauyap) syyy xs9jdwod pey syuaned [y
eiep A1s18oy

syuoned ()88

AVAIIAVALL
juamiapun siuaned 088

18¥1—VVV

[eudresdng ‘o, ' TT—VVV
[euaiered ‘9, /0"y, —VY VYV [eudieixn[
Apnis 9andadsorroy

syjeIdopus pajenisausy pey siuaned 797 siuoned 791

% p—(wop3uny

pa3tun ‘puelodg ‘ueuuIydU]

OnIoy ownid ) HG epuodeuy
%96—(s23e35 parrun ‘NI ‘uoidurwoorg

SYIUOW (6°6% 9°T
a8uer anrenbiayur) 9'p7
sem dn-mof[oj ueIpajy

%S 1—Anperrow [eadsoy-ug

(111 2d4a 1 ey odfa ) syuoned ¢
—Aydeidordue uonajdwos 1e yesjopug
% € 6—SS900NS [BITUYII ],

‘ouf [e2IPIIN 200D)) DS YIUIZ

SOdd CLA BIuBApPY

M PagpLIq UOTIBIISIU] | ISEI[

18 pue Yy AT uamiopun sjuaned [y

swisAInaue Jnioe

[eurwopqe [euarered pey [y
Apnis aandadsonay

syuaned 467

0oA193ING TE[NISEA JO
[euIno[ ‘g7 ‘e 19 1938[BD)

¢cA1931ng TeMISEA
Jo [euanof
‘610 ‘[e 39 []Puu0d.0

gcA1981ns Teosesopuy
pue Ie[noseA

‘6107 ¢ 32 weydo]

,Aderay [ remosesopuy
Jo [euanof
‘TT0T ‘Te 39 391y Iop UEA

dn-mofjog

sSurpuyy urey

Pasn 201AIP/UOTIUIAINU]

wsAoaue pue Apn3s Jo odA1 SYYAALG
/4V AT SutoSiopun syusned jo “oN

[eunol ‘1eas ‘stoyIny

(PanuRuoo) '€ 3qe L



Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

BJR|Open, 2024, Volume 6, Issue 1

(sypuow 6—¢
s3uel) sypuowr ¢ |
sem dn-mof[oy Uerpajy

1834 (£°¢-6'7) 1°€ Sem (1D
%¢§6) dn-mof[oy uerpajy

(syauour 6° 94 93uer
s[urenbiaiur)

S{puow §4°8¢
sem dn-mof[o] ueIpajy

[—e[opud JI[ 2d4 T,
ST—3{ed[opua [T 2d4 T
I]—>eojopua [ adA T

siuaned 7]—SUONUIAIIUI-I
Pa1e[21-21NPad0I]

syuaned 7T—AN[RIION
:dn-mojjoy a1e]

(11 2d4s 1 pue fradéa 7

1 9d4a ¢ :syuoned 91) o4 71— eSjOpPUY
9% ]—SISARIp JUSUBULIDJ

% E—SISATeIp JUdIsSuel],

% ¢—93e1 A1jeaiow Aep-(¢
:dn-mojjoy Ajrey

%' ¢—dn-moyjoy

Surmp 211 Ye[opud pale[I-[eudy
%S 66—U0ISN[220

[BUaI WOIJ WOopIdI Aep-(¢
(3uoned 1 urjusuewrad)

%6 S—Ppaimbai sis[eipoway

Y% 67201}

[eua1 aanoe aaneIdo-150g

%7 9—a1e1 Lieirowr Aep-(¢

% 6" 0—1101ap 2130[0INAU YIIM IYONS
%S T SISATeIq

%" 0—Aduaroygnsur [euay

%" 7—uonesrduods serpren)
%§"¢—uonedrduwod puno
1S9W02IN0 ABp-()¢

%+ 7—AN[erow aaneradoisod Aep-(¢
syuaned | [—SUOIIUIAIIIUI-IY
%y T—ANTeIIOIN

%6 7T—SIsATeIp JusuewIad MIN
:dn-mofjo} wIIpIN
(Q—®rwaeydst p1od [eurdg
%6°§—suoneordwod Lreuowng
9% 8T [—UONUIAINUI-AT A[TeY
%6 ¢—suonedidwod Jeipie)

% 6" T—SISA[BTp JUSUBULIDJ

%6 t—S1SAeIq

%6 T—Aersow Lep-o¢
:dn-mofjoy aanesadorng

(93838 PattUN) ‘N[ ‘U0ISurwoo[q)
Juj joo)) £q painidejnuewt
1ye13opua pajensaud) e pey syuaned [y

syuaned ge—paypueIquNA

syuaned /g [—paiensaud]

(s9383G panun

‘NI ‘uoidurwoolq) [edIpajN

300D 4q painidoenuew syyeiopud
PaYdURIq IO PAIBIISIU YITM ITIM [y

syuoned §Cp—YVAHLA

(sa1e3g pattun) ‘N ‘uoidurwoo|q)
[ETPIJA YOO JaInjdenuew

3y woJj s3ye1d 1U1s payoueiq 10
Pa3BIISIUI} SprW-WOISNd pey syudned [y

%9—VVV.L AI2dAL
%1°07—VVYV [puaieidng

%6°€/—VVV [eudreixn[
Apnis aandadsorg

sjuoned €1

%8 1T—VVV.LII-T2d4],

%L 0T—VVV.LA-AL2d4L

%S’ L9—VY VYV [eudieted/eusreixn[
Apnis 9andadso1ioy

sjuoned 677

swsAInaue dnIoe
[eurwopqe pey siuaned [y
Apnis aandadsonoy
syusned ¢y

SYVVLAI
3d£3 pue ‘[eusseidns ‘qeuareixnl

opnyoul YoTyM SYyy [eudrered arom [y
BIEP PId3[[0d A[aandadsord

SuisATeue Apnis 110405 aandadsonoy
syuaned 701

oA193INg TENOSEAOPUY
pue Ie[nNOSEA
jo reuanof ueadoinyg

‘0107 ‘e 32 3011y

¢oA19810G TR[MOSEAOPUY
puE IBJNOSEA

jo Teuanof ueadoiny ‘6107
‘[B 19 Z3[BZUOD)-UNIBIA

£oA19810G TR[NISEA
Jo [euanof
‘§10T e 32 BAOQR[D

| oA1981NG TB[NISEA JO
[eunof ‘g 10T Te 30 UL

dn-mofjog

sSurpuyy urey

Pasn 3J1A3P /UOTIUIAIIUL

wsAoaue pue Apnis Jo odA1 SYYAALG
4V AT SutoSiopun syusned jo “oN

Jeunol ‘1eaf ‘stoyIny

12

(PanuRuoo) '€ 3qe L



13

BJR|Open, 2024, Volume 6, Issue 1

Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

(penunuoo)

%9° §—UOLIDIBIUI [BIPIBIOAN

%€ €—0B11B DIWIBYDST JUIISULII/ANO1S

% € "T—BIWIYIS] JIUO[0))/ILIDIUISIIA

% /—UOTIUIAIIUIY

% € " 7—OSBasIp [eual agels-puyg

%6 1—Aan(ur £supny aandy

% "] T—IUdAd JBIPIED ISIOAPE IO[BJA

% ¢—uonedndwod Auy

% 1"9—uonezijeidsoy xapur

SU3 UIYIIM 10 sKep ()¢ UIyIIm AIeIIO]N

- 1590010 2AnEIdOTId ]
% T—UO0nd2JuI 931s [BD13ING

Y% €8 [——BIWIBYIST qUIT JoMO]

%TT 1—0ons

% 99" €——BIWIBYIST [oMOg

%01 9—suonedidwoo Lreuowndoipren)
%01 9—suoneddwod euay

%TE L—ANeIIoN

1$0W0IN0 Aep-()¢

%1 01—sYeajopus e ad£1 a1e]

%6 T T—>3urdewr aanerado-isod

351 9y3 uo yeajopus Jewrxoxd 1 adL 1,
syeajopuyg

% S 90138 DI[OqUId AINJY

% 6" T—SISABIp JUSUBWLId ]
%6°0T—Aanlur Lsupny aandy

%6 [—SUONUAIIUI-OT A[Te]

%€ 0¢—suon

-ed11dwod aaneiadolsod Jolejy

%%+ 1 T—A3eaow Aep-(¢

%21 1—sa1mpaooid [euonippe pazdadxaun
%8 /—sIsoquioiyl aanerado-enuy
%61 1—Aydeisoidue uonsjdwod

uo (1] pue ‘q[ ‘e[ 2d£1) syeajopus 10l
syuaned g—Aferrow aanerado-enuy
suou—T[] 2d£ ],

%9 TT—II 2d4],

:3uidewr dn-moj[oj uo syesjopuyg

% S 6—~ouared 1ye1d [o[jered [euay

%00 T—4Adoua3ed s3ud3s dBI[P0D) PUE YINS
syuanied oN]

—erworydst p1od [eutds woay eidajdereg
syuanied 7—aseasIp [eual agels-puyg
syuaned 9—sanierow aanerado-1194g
%0 T—S59000S [BIUYI ],

A[uo sawodIno
Kep-(¢ paztodar Apnis siy

Sqauow g1+ L'y 1
sem dn-mojoq

SYIUOW 7T SBM
dn-morjog [eaturpd ueipajy

aredar [y10us/Louwunyd
JuamIopun syuaned 097

sjuals [euds snjd syyei3opus pajen
-SoUQJ UBY) I9YI0 2014 ApOq UTRU B
yam aredax Louwnyd pey syuaned 91

%S t—STPO

%S 7—(x13o[opug) XV

%Y L1—(3109) €D

%' 6 [—(21UOnPIN) JueINpUy
%7 9S—(300D) yaruoyz

u—uumj $321A(J

*(sau1a3xe Teual Jejod 7 1900 7T

‘VINS 66 [euaI (/) PISIIE[NISeA-d1
2I9M S[3SSIA OURI] ¢

OEI[P0D PUE VINS

93 J0J pasn 1M (WnIny {1 SyDI)
S1U3S PaIaA0d d[qepuedxa-uoojieq
SOLI9YIE [BUI 9}

IO PIsn a19Mm (3105) T' M\ ‘UYEqeIA)
S3Ud3S Pa1aA0d Surpuedxa-3og
paoed axom syjerd [ofjeted g0t

/&uwIyd 10 ‘Youelq ‘UONBIISIU]
‘doyyeds T 3sed] 3e yam paredor
SEM JBYJ SILISLIE [BUI 9Yl MO[aq
U939 [ewrxod e yam wskImaue
UE 10 ‘1911 [BUII 1S9MO[ dY3 pue
A1311% BI30 93 Jo d03 9Y3 UsIMIaq
Jua1xa [ewixoid e se pauyap)
syvyy xo[dwoo pey sjuaned [y
eiep A13s139y

syuoned ()97

%6 0€—V VYV [euoreidng
%EL0T—VVYV [euateied
%8L'8y—VVV [eudreixn[
Apnis aandadsonoy
syuaned 971

%1° S 1—saredar ro1d jo sarnjreg
%S—VV.L AI2d4L

%€ CE—VVV [euaiered
%8'9py—V VYV [euareixn[

~AVATYD Suisn aredor
TB[NOSBAOPUD WSAINJUE [EUTWIOPqE

x9[dwod Juamidpun syuaned 107

%9°/—VVV.LII2d41
%¥ 89—VVV.L Al 2d4L

%07 CT—VVV [euieied
Apnis 9andadso1zoy

syuaned g/

cA1931ng TRNOSEA
Jo [euanof
‘6107 Ie 32 [[PUU0d.0

gcA19810G reoseAopuy
pue IB[NOSeA

‘6107 Te 30 wreyoo]

9oAT98ING TE[MOSEAOPUY
pue Ie[noseA
jo Teuinof ueadoinyg

‘00T ‘[e 3w rwno,

oA1931NG TR[NOSEA
Jo sjeuuy
‘1270T ‘e 9 zemegly

dn-mofjog sSurpuy urepy

Pasn 301A9p /UOIUIAIIU

wisAmaue pue
Apmis jo ad1 fxredar Asuwny)
Surog1opun syuoned jo “oN

[euinol ‘1eaf ‘szoyiny

"suisAinaue o130e [euiwopge xa|dwod Jo Jiedal JejNOSBAOPUS [83410US/ABULIYD UO SaIpN}s Jolew 8y} JO 8U0s o synsal uiew ay} Bunybiiybiy & ajqeL



BJR|Open, 2024, Volume 6, Issue 1

14

(penunuoo)

Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

(syruowr9/-¢1

YOI ‘syiuow /i
‘ueIpaw) SYIUOW ¢ * 6t
sem dn-mojjoj ues]n

% £—a043s J0[e]

% €—UONDIBJUI [RIPIBIOAIA!

% 6—2aan|rey A103e11dsoy
%9—e1dajdereq

% SISA[BIP 19SUO MIN]

% ¢—Aanlur Loupny andy

%0 T—ANTeIION

‘VVV.L 10}

sowod1no [endsoy-ur 10/pue Aep-(¢
% J—a3011s J0le]N

% 9—UO1IdIBJUI [BIPIBIOAW

% /—aan[rey A101e11dsoy

% [—e1dordereq

%11 SISA[BIP 19SUO MIN]

% 1—Aanlur £oupny andy

% T—AN[BIION

'YVV xodwod

10} sowodIno [eldsoy-ur 10/pue Aep-(¢

sdoj[ess 10

SaydURI( [EUOIIIIIP ‘SUOTIBIISIUIJ
padIojurar G- Y (NJ ‘uoigurwoolq
‘[BIIPaIA 00D)) syeISOpUd

seIoyl eydly 10 7X I, YHuozZ

Suisn pajeaId 910M SUOIBIYIPOIA

%TC—VVV.LIIT 44T
%TT—VVVLAI2d4]L

%LS—VVV x2[dwo)
Apnis 9andadsonzoy

sjuaned 9¢7

coA1931nG TR[NISEA
Jo Jewanof
‘€70T e 1 3eyD

dn-mofjog

sSurpuyy urey

Pasn AJ1AI(J/UOTUI AT U]

wsAoaue pue Apnis Jo od4y
‘redax HFNG SutoSiopun syusned jo *oN

[eunol ‘1eaf ‘stoyIny

‘'swisAinaue o110 |eulwopge xa|dwod Jo Jiedal (H3|Ad) Helbopus paijipoul-uedisAyd uo saipnis Jolew syl Jo 8WOS JO s)nsal ulew ayi bunybijybiy g ajqe

(syauowr (/-1 :93uer)
SAUOW '8 F [*/ ] Sem
dn-mofjoy Surdewr ueajy

(%t"6L-%1°9S P8Ue1) % 6L

—s1ea4 ¢ e [ealaIns Juaned pajewnsy
(%0°88-%1°08 :28UeI) %6y

—1ea£ [ 3e [ealaIns Juaned pajewnsy
%9 0—syzuowr 9

J€ Pa19939p Ye3[opua e ad£) 39suo-ae]

%S 1—s1sATe1p Jusuewtad 10 A1erodwa]

%"/ T—Amlur fsuppy| a1noy

% ¢’ (—uondoyur }yein)

% [ "7—UOndIBJUI [BIPIBIOAIA

9%, 1°¢—eIuownauJ

%" ]—901s drjoquuyg

% (—EBIuayost p1od [eurdg

%S T—dn-morjoy

1s93u0] 38 LIferiow e

%6 p—Anjerrow Aep-0¢

%6 7T—2B2[0pua e] 9dA1 Jud3sISIog
% 11" L6—S5590010$ [ed1Uyda) daneIddOLId g

%£8 [eAIAINS TBaL-¢

(o®1[20 0§ pue YINS 95T TeUdI 769)
juoned 1ad ¢/ T sem pased

s13e18 ASUWIYDd JO JoquINU UBIN
s13e1d AouwIyd uIsn PasLIB[NISEA-dT
319M S[3sS9A 198183 868 “[B U]

%% S—VVVLAI2d4L
%0 ST—VVV [euareidng

%9'69—VYVV [euareixn[
Apnis 9andadsoazoy

sjuoned /¢
(19118 TRID
-SIA JO [BUDI B O3UI [9)I0US

,oA1981mg jo
sfeuuy ‘6107 ‘e 39 seuo(g

dn-mogjog

sSuipuy urey

Pasn 3J1AP /UONIUIAIIU]

wsAinoue pue
Apmnis jo ad1 frredas Asuuny)
Surogiopun syudned jo “oN

[euanol ‘reas ‘sroyany

(panupuod) "t a|qeL



15

BJR|Open, 2024, Volume 6, Issue 1

Downloaded from https://academic.oup.com/bjro/article/6/1/tzae024/7738788 by guest on 13 November 2024

SyIUOW 97 8¢

Sem QSlBOZOw UeaN

(£p-T 98uer) sqyuowr £/ T
sem dn-mojqoy uerpajN

Juou—AJdLT o

%€ T—II2d4T, »

%0T—II 2d4L, «

% T—I13d4L »

%6€ [PIOL o

syeajopuyg

%L ¥ %b8 SVVV.L AI2d41 10 o

%¥ F %S8—VVV [euatered 10

1834 T 1€ [BAIAINS PaJBWINISY
%S9—VVV.L

AI 2d£3 10§ s1U9A9 3s19ApE JO[B]A
%Thr—VVY

[euaiered 10§ $1UAS 9S19APE J0[BIN
:1$9W02IN0 A[1eg

%28 {[eAIAINS JBIL-¢

% {—UOndIBJUI [RIPIBIOAIA

% 6" (0—>]0B1IB JIWIBYDSI JUIISUBII/AMO1IG
% {—BIWAYDS] JIUO[0)/I1IdIUISIIN

% L T—UOIIUDAINIUINY

%" 1—9SBasIp [eual agels-puyg

%8 1—An(ur £supny a1noy

%" S—IUIAI DBIPIBD ISIIAPE I0[BIN

% 67—uoneddwod Auy

%/ 7—uonezifeadsoy xaput

3Y3 UIyIIm 10 sAep ()¢ uryam AI[eIIoIN
:59wo0INo aaneradorrag

*% €6 SBM [BAIAINS [[BIOAO TBIL-0U(Q) *dUOU
—dn-mo[joy urmp yesjopua [Jj 10 [ 2dL ],
% ¢ ¢—dn-mo[[oj Sulnp sxyesjopus [y ad£ ],
%96—1834 T 18 Aoudred [assaA 19818 ],
1S9WOINO0 WLIdIPIA

% S )BT UOTIUIATINUTY
9UOU—EIWALYDSI [9MOq/2In[Te)
£103e11dSa1/uONIDTRUL [BIPIBOOAUI/2)ONIS
% S—Am(ur Aoupny 2oy

%S—II 2441

%y T—I12d4L «
ouou—Tj od4A7, o

uonadwod e yesjopuyg
:sawodIno aanerddorrdg
%/ .§——SS900NS [BIIUYII T,

.mwﬂuﬂmuﬂ _ﬁﬁoﬁoobﬁ IO

anOZNUw "wdomumbwumum ﬁvuuou«ﬁmuu ST
m ([ed1pajA jooD) wroprerd TX T,
10 YI1udZ JooD) ay3 dursn anbruyoay
911338 3011)S J9PUN 93IS-UO PIZIWO0ISNI
919M $1J8IZ0PUD PAYIPOW-UBIIISAYJ

aredas 3ergopua payipow-uedisAyd
JuamIapun syuaned 967

syeI3opus pay

-1pows ueIsAyd palensaudy

33 238210 01 Pasn sem (sa1e1§ Paiiu)
‘NIN ‘stjodeauut]y “O1uosIpaA)
wa3s4As 33813 JU3S [ JuBINpU]

syuoned ¢e—yVV ],

M1 2d4 1, s1uoned 97—y VV.L AT 2dAL
sjuaned 8—Vy VYV [eUaIRIR]

Apnis 9andadsonoy

syuoned ¢

(19118 [BIOOSIA

10 [BUDI B OJUI [}I0OUS/ASUIYd

10 ‘ydoueiq ‘UOIIBIISIUY

‘doy[eds [ 3sed] 3e yam pairedox

SEM JBYJ SILILIE [BUSI 9Yl MO[Iq JUAIXI
[ewnxoxd e yam wsfmaue ue 1o ‘A1911e
[BUSI 31S9MO[ 3Y3 pue £1911€ DBI[3D Y3

J0 do1 oY1 usamIaq 1uaIXa [ewrxoid e se
pauyop) syyy xo[dwod pey syuaned [y
e1ep A1s189y

syuaned 9¢7

siuaned 7—yVyy [euarerjur uado 101je
wisimaueopnasy syuaned ¢—yYVATL
snotaaid 191je yeajopua e[ adA T,
syuaned (c—y VYV [eudteixnf

Apnis aandadsonoy

syuoned /¢

1 A193mg remosep
Jo euwinof
‘610T ‘[e 32 YPILIPO

¢cA1981ng Te[OSEA
Jo reuwanof
‘6107 Ie 32 [[PuU0Q.O

0,2 UPIPPIAL [BI1UID
Jo [euanof

‘€T0T ‘Te @ Uy

dn-mofjog

sSutpuyy urey

Pasn 201A3(J/TONUIAINU]

wsAInoue pue Apmis Jo ad£y
‘nredax HFING SuroSiopun syuoned jo “oN

[eunol ‘1eaf ‘stoyiny

(PanuRUO9) *G B|qe ]



16

Physician-modified endografts

Physician-modified endografts (PMEG) have shown promis-
ing published results for complex AAAs and type IV TAA. In
a recent meta-analysis®® of 909 patients from 20 studies, the
rate of overall technical success was 99.4%, with aortic or
aneurysm-related re-interventions being required in 2.2% of
patients and no postoperative ruptures reported. Mortality at
30days was 1.6% but this rose to 10.6% overall mortality.
However, major adverse events (defined as death within
30 days, myocardial infarction, respiratory failure, renal fail-
ure, bowel ischaemia, major stroke and definitive paraplegia)
occurred in 10.8% of patients. It’s important to note that this
study was limited as current published studies are entirely ret-
rospective and again of low quality. Further studies are sum-
marised in Table 5.5%¢771

Gaps in the knowledge

Although there are promising reported outcome results of
endovascular management of complex aortic aneurysms,
high-quality evidence is still severely lacking. There are no
randomised controlled trials nor high-quality registry, and in
current published studies reporting is inconsistent. Although
propensity-matched studies have been performed, patients
who undergo endovascular repair over open are often more
frail and co-morbid, which limits the comparability of out-
comes. Prospective and randomised controlled trials are es-
sential, and further studies should be done with standardised
definitions and guidelines, such as those proposed by the
Society of Vascular Surgery.’ Furthermore, the median
follow-up time in most existing studies is short, with the ma-
jority of cited literature publishing only short-term, and occa-
sionally medium-term outcomes. Data on long-term
outcomes is important to address this limitation.

Future developments

Many exciting new technologies are being developed to im-
prove planning, production and insertion of complex aortic
stent grafts. With the advent of machine learning, there are
now patient-specific simulations being developed to aid in
pre-procedural planning and hence reduce delivery time for
custom-made fenestrated grafts. Simulations can also be use-
ful in device insertion by predicting graft torsion and dis-
placement of the branch vessels.”* Technological refinements
that allow lower device profile and development in image
guidance techniques are also needed to improve the success
rate, reduce radiation dose and shorten procedure time.

Conclusion

Endovascular aneurysm repair offers a minimally invasive
method to treat complex AAAs with promising results,
though evidence is lacking to prove the superiority of EVAR
over OSR. Nevertheless, endovascular repair is developing
rapidly with newer devices and advanced techniques to over-
come the challenges of treating these complex aneurysms.
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