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PART A. Introduction




I. Abdominal Aortic Aneurysm

Abdominal aortic aneurysm (AAA), which is a focal dilation 50 percent greater than the
normal diameter of the aorta (Image 1), is a common but potentially life-threatening
condition. AAAs are described as infrarenal, juxtarenal (pararenal), or suprarenal

depending upon the involvement of the renal or visceral vessels.

* Normal diameter:16
to 22mm

* Aneurysm: 250%

increase
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Image 1

e Infrarenal — aneurysm originates below the renal arteries
e Juxtarenal — aneurysm originates at the level of the renal arteries

e Suprarenal — aneurysm originates above the renal arteries

AAAs most often occur in the segment of aorta between the renal and inferior mesenteric

arteries; approximately 5 percent involve the renal or visceral arteries (Image 2).

Up to 40 percent of AAAs are associated with iliac artery aneurysm(s).




Risk factors:

+ Gender, male

+ Age over 65

« Smoking

» Family history

* Hypercholeslerclemia
* High blood pressure

or hypertension
Infrarenal aneurysm

'(damaged aortic wall)

Image 2

Well-defined risk factors are associated with the development of AAA and include older
age, male gender, Caucasian race, a positive family history, smoking, the presence of other
large vessel aneurysms and atherosclerosis (Image 2).

Many pathogenic mechanisms have been proposed for the development, expansion, and
rupture of AAA, however, the relative contribution of these mechanisms to AAA
expansion and rupture in humans is unclear. Irrespective of the definition, the underlying
problem in aneurysmal disease is weakening of the aortic wall, resulting in progressive
dilatation and, left untreated, eventual aortic rupture. Less common complications include
distal embolization, aortoenteric or aortocaval fistulae, and iliac vein compression resultant
in deep vein thrombosis. As a result, AAA is estimated to be the tenth commonest cause
of mortality (before COVID-era) and is responsible for 2% of all deaths.!

Ultrasound screening studies have shown that 4 to 8 percent of older men have an occult
AAA 23 Abdominal aortic aneurysm occurs four to five times more commonly in men than
women. Because the incidence of AAA rises sharply in individuals over 60 years of age,
the future prevalence of AAA could increase substantially in association with the aging
population. On the other hand, some suggest that a reduction in the prevalence of smoking

could have the opposite effect.*




The annual incidence of AAA is difficult to measure. Screening studies in the United States
and the United Kingdom have estimated the incidence of AAA in men over 50 to be 3.5 to
6.5 per 1000 person-years.’ These studies also found that new AAAs develop in 2 to 2.6

percent of at-risk men 4 to 5.5 years after an initially normal study.

Aneurysmal degeneration of the abdominal aorta is a multifactorial, systemic process
generally felt to be due to alterations in vascular wall biology leading to a loss of vascular

structural proteins and wall strength.6

Although atherosclerotic changes frequently coexist with AAA, and the risk factors for
aneurysmal and atherosclerotic aortic disease overlap to some extent, contemporary
research suggests that atherosclerosis is not causal.” Aneurysmal degeneration of the aortic
wall is pathologically distinguished from atherosclerosis. Whereas atherosclerotic changes
are limited to inner layers of the aortic wall, AAAs are characterized by transmural
inflammatory change, abnormal collagen remodeling and cross-linking, and loss of elastin
and smooth muscle cells.®® These changes result in aortic wall thinning and progressive

aortic expansion.

Chronic inflammation of the aortic wall likely mediates aortic wall elastin and collagen
degradation through proteases, including plasmin (formed from plasminogen by urokinase
plasminogen activator and tissue type plasminogen activator), matrix metalloproteinases
(MMPs), and cathepsin S and K. These factors are derived from endothelial and smooth

muscle cells and inflammatory cells infiltrating the media and adventitia (Image 3).’
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The natural history of AAA is one of progressively increasing diameter; however,
expansion rates vary. The main risk factors associated with AAA expansion and rupture
include large aneurysm diameter, faster aortic expansion rate, current smoking, and female

gender.

Although expansion rates vary, the rate of aortic expansion is greater for larger compared
with smaller diameter AAA.!%!! This pattern of differential expansion over time related to
baseline AAA diameter was illustrated in an analysis from the United Kingdom Small

Aneurysm Trial in which the following annual expansion rates were noted!’

e 1.9 mm per year for aneurysms 2.8 to 3.9 cm in baseline diameter
e 2.7 mm per year for those 4.0 to 4.5 cm in baseline diameter

e 3.5 mm per year for those 4.6 to 8.5 cm in baseline diameter

The cumulative evidence from studies that prospectively followed the size of AAAs
suggests that small and medium-sized AAAs (<5.5 cm) expand at an average rate of 2 to
3 mm/year, while larger aneurysms expand at about 3 to 4 mm per year.!! Some aneurysms,
for unclear reasons, remain relatively fixed in size for a period of time and then undergo
rapid expansion, which is thought to increase the risk for rupture, and is defined as an
increase in maximal aortic diameter >5 mm over a six-month period of time or >10 mm

over a year. 12

Aneurysm diameter is the most important factor predisposing to rupture, with risk
increasing markedly at aneurysm diameters greater than 5.5 cm (Image 4).!3 In addition to
diameter, a faster rate of expansion (highest in smokers), gender, and other factors play a

role.'*
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The relationship of aneurysm diameter to aortic rupture was first demonstrated in a seminal
study in which patients with aneurysms >6 cm had a much higher rate of rupture at five
years compared with aneurysms <6.0 cm (43 versus 20 percent), and lower rate of survival
(6 versus 48 percent). Virtually identical differences in survival rates have been noted in

other series.

A statement from the Joint Council of the American Association for Vascular Surgery and
Society for Vascular Surgery estimated the annual rupture risk according to AAA diameter

as follows'% 14

e Zero for AAA <4.0 cm in diameter

e 0.5to 5 percent for AAA 4.0 to 4.9 cm in diameter
e 3 to 15 percent for AAA 5.0 to 5.9 cm in diameter
e 10 to 20 percent for AAA 6.0 to 6.9 cm in diameter
e 20 to 40 percent for AAA 7.0 to 7.9 cm in diameter
e 30 to 50 percent for AAA >8.0 cm in diameter




The rate of aneurysm expansion may also be an important determinant of rupture risk.'® A
small (<4.0 cm) or medium (4 to 5.5 cm) AAA that expands >0.5 cm over six months of

follow-up is considered to be at high risk for rupture.!’”

For asymptomatic patients, elective repair of the aneurysm is the most effective
management to prevent rupture. However, elective aortic surgery is also associated with
risks, and thus, elective AAA repair is not recommended until the risk of rupture exceeds
the risks associated with repair. For asymptomatic patients, the risk of AAA rupture
generally exceeds the risk associated with elective AAA repair when aneurysm diameter
exceeds 5.5 cm.!” Other factors such as the patient’s age, rate of aneurysm expansion, and
the presence of coexistent peripheral artery disease or peripheral aneurysm are also

important to consider when determining when to proceed with elective AAA repair.

For patients with asymptomatic AAA who do not have indications for elective repair,
medical treatment is aimed at reducing cardiovascular risk in the event that AAA repair is

needed, and limiting the rate of aortic expansion.

Two methods of aneurysm repair are currently available: open surgery and endovascular
aneurysm repair (EVAR). The mortality of elective AAA repair is 3 to 5 percent for open
AAA repair, but lower at 0.5 to 2 percent for EVAR.!® When choosing the type of repair,
it is important to take into account the patient’s expected survival (short-term and long-

term), which depends upon the patient’s age and medical comorbidities.

Repair of AAA is generally indicated under the circumstances listed below.

e Asymptomatic AAA >5.5 cm

e Symptomatic (tenderness or abdominal or back pain, evidence for embolization,
rupture)

e Rapidly expanding AAA

e AAA associated with peripheral arterial aneurysm (eg, iliac, popliteal) or peripheral

artery disease (eg, iliac occlusive disease)

Open AAA repair — Open aneurysm repair involves replacement of the diseased aortic

segment with a tube or bifurcated prosthetic graft (Image 5) through a midline abdominal




or retroperitoneal incision. With technical refinements for open AAA repair, complications
such as acute renal failure, distal embolization, wound infection, colonic ischemia, false
aneurysm formation, aorto-duodenal fistula, graft infection, and perioperative bleeding
have become less common following routine elective surgery but remain significant issues

following emergent open AAA repair.

OPEN REPAIR

Blood flows

Abdominal bt

aorta

Image S

EVAR — involves the placement of modular graft components delivered via the iliac or
femoral arteries to line the aorta (Image 6) and exclude the aneurysm sac from the
circulation. EVAR requires fulfillment of specific anatomic criteria. Up to 70 percent of
patients are EVAR candidates. This percentage is expected to increase with the approval
of specialized endograft designs that will allow the treatment of more challenging aortic
aneurysm anatomy. Although EVAR is associated with lower perioperative mortality, late

AAA rupture has been reported.




ENDOVASCULAR STENT GRAFT REPAIR

Blood flows
through
stent graft

Abdominal
aorta

Mo flow
in aneurysm sac
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stent graft
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Image 6

When it has been determined that a patient should undergo AAA repair, the choice between
open surgical or endovascular aneurysm repair is individualized based upon the patient’s
age, risk for perioperative morbidity and mortality, and aortoiliac anatomy.!” ! Given the
need for lifelong surveillance with endovascular repair, younger patients with low
operative risk may benefit more from open surgical repair, whereas older patients and those
with high perioperative risk may benefit more from endovascular repair, provided their

aortoiliac anatomy is appropriate for repair.




Randomized trials comparing open AAA repair with EVAR have found significantly
improved short-term (30-day) morbidity and mortality for EVAR, but no significant
differences in long-term outcomes.?*** A pooled analysis of these trials identified a 69
percent reduction in the risk for perioperative mortality for endovascular compared with
open repair ([OR] .33, 95% C10.17-0.64).2* EVAR appears to be associated with the need

for more secondary procedures, and an ongoing future risk of aortic rupture.

In general:

e Open surgical repair may be preferred for younger patients who have a low or
average perioperative risk.

e EVAR may be preferred in patients with favorable anatomy (as defined by the
instructions for use [IFU] of a given device) who are at a high level of perioperative
risk.

e EVAR may be appropriate in patients with favorable anatomy but who do not have
a high surgical risk; however, the early perioperative benefit may not be sustained

in the long-term.
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II. Endovascular Aneurysm Repair

EVAR is an important advance in the treatment of AAA, is performed by inserting graft
components folded and compressed within a delivery sheath through the lumen of an access
vessel, usually the common femoral artery. Upon deployment, the endograft expands,
contacting the aortic wall proximally and iliac vessels distally to exclude the aortic

aneurysm sac from aortic blood flow and pressure.

Compared with open AAA repair, EVAR is associated with a significant reduction in
perioperative mortality, primarily because EVAR does not require operative exposure of
the aorta or aortic clamping. Concurrent with the increased use of EVAR, a decrease in the
incidence of ruptured AAA and associated morbidity and mortality has been reported in
the United States, likely due to the ability to offer EVAR to patients who would not

otherwise be candidates for open surgical repair.?

Several aortic measurements are important for determining the feasibility of endovascular

aneurysm repair and for endograft sizing. The definitions of important terms are as

follows2®

e Aortic neck diameter — The aortic diameter at the lowest renal artery.

e Aortic neck length — The distance from the lowest renal artery to the origin of the
aneurysm.

e Aortic neck angulation — The angle formed between points connecting the lowest
renal artery, the origin of the aneurysm, and the aortic bifurcation.

e Conical/reverse tapered aortic neck — A conical neck is present when the diameter
of the aorta 15 mm below the lowest renal artery is >10 percent larger than the
diameter of the aorta at the lowest renal artery.

e Infrarenal aortic length — The distance from the lowest renal artery to the aortic

bifurcation.

Other measurements that are important for sizing endografts include the maximal common
iliac artery diameter, minimum external iliac artery diameter, distance from the aortic neck

to the iliac bifurcation, and maximal AAA sac diameter.

11



Prior to consideration for endovascular aneurysm repair, aortoiliac imaging is needed to
define the anatomy, determine the feasibility of endovascular repair, and choose the size
and configuration of endograft components. Computed tomography (CT) is typically used
for elective AAA repair, but under urgent or emergent circumstances, endograft feasibility

and sizing can be determined intraoperatively using arteriography.

L
|
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Image 7

Anatomic suitability is the most important determinant for successful EVAR in the long
term. With early endograft designs, about 50 percent of patients were not candidates for
EVAR because of the site, extent, or morphology of the aneurysm, or unsuitability of
access vessels. The availability of devices that allow for shorter proximal seal zones and
lower profile devices has expanded the use of EVAR to almost two-thirds of patients with
an infrarenal AAA.

12



To exclude blood flow from the aneurysm sac, the endograft must provide an adequate seal
where the endograft contacts the arterial wall proximally at the aortic neck and distally in
each of the iliac arteries, otherwise known as the landing zones. The security of the repair
relies solely upon the radial force generated by the graft at the landing zones since
endografts do not have any suture-mediated stability. Thus, certain anatomic criteria must

be fulfilled to perform EVAR (Image 7).

The specific criteria recommended for a specific device are given in the IFU that are
published and packaged with each device used. Failure to follow device specifications

increases the risk for complications.

The required endograft diameter is determined by measuring the aortic neck diameter (eg,
20 mm) and adding an additional 15 to 20 percent of the aortic neck diameter (20 mm + 3
to 4 mm = 23 to 24 mm). Under-sizing the diameter of the endograft will lead to an
inadequate seal and failure to exclude the aneurysm. Over-sizing the endograft 15 to 20
percent over the measured aortic neck diameter should provide sufficient radial force to
prevent device migration. Over-sizing the endograft may lead to kinking of the device,
which can form a nidus for thrombus formation or endoleak and may result in incomplete
expansion of the endograft with infolding and inadequate seal, and can also be associated

with intermediate and long-term neck expansion.?’

The aortic neck length should be at least 10 to 15 mm to provide an adequate proximal
landing zone for endograft fixation. Qualitative assessment of the proximal neck is also
important. Ideally, the proximal aorta should be normal in appearance, without significant
thrombus or calcification. Although not an absolute contraindication for EVAR, large
amounts of thrombus or calcification will interfere with fixation of the graft and increase

the risk for graft migration or type I endoleak.

Ideally, the aortic neck angle should be less than 60°. Angles that are greater lead to
difficulties in implantation, kinking, endoleak, and the potential for distal device migration.
Severe angulation (>60°) is generally considered to be a contraindication to EVAR.

However, the ability to place a device in aneurysms with significant angulation at the neck

13



is ultimately determined by the conformability of the specific device type and its delivery

characteristics.

Suitable iliac artery morphology is also required for endograft placement. The iliac arteries
should have a minimal amount of calcification and tortuosity, and no significant stenosis
or mural thrombus should be present in the distal graft landing zones. The common iliac
artery is the preferred distal attachment site, but the external iliac artery can also be used.
When the external iliac artery is used for distal fixation (eg, common iliac artery aneurysm),
the origin of the hypogastric artery (ie, internal iliac artery) is covered by the endograft.
Thus, prior to endograft placement, the hypogastric artery will need to be embolized to
prevent back-bleeding into the aneurysm sac, unless there is severe stenosis at its origin. A
minimal external iliac artery diameter of 7 mm is needed to allow safe passage of the
endograft delivery sheath. The common iliac artery diameter should measure between 8
and 22 mm, and the length of normal diameter common iliac artery into which the limbs
of the endograft will be fixed should measure at least 15 to 20 mm to achieve an adequate

seal. Aneurysmal iliac arteries (>22 mm) are treated by excluding them.

Endovascular repair of AAA is contraindicated in patients who do not meet the anatomic
criteria required to place any of the available endografts. Adverse anatomic features include
suprarenal or juxtarenal AAA, small caliber vessels, circumferential aortic calcification,
and extensive tortuosity. Depending upon the location of the main and accessory renal
arteries, endovascular repair may also be contraindicated for the management of AAA
associated with horseshoe kidney. A variety of next-generation devices are being

developed to treat suprarenal and juxtarenal abdominal aortic aneurysms.

A relative contraindication to EVAR is the inability to comply with the required post-
EVAR surveillance.

Whether younger patients (<60 years of age) who are not at high risk for open surgery
should undergo open surgical repair versus EVAR remains controversial. Surveillance over
an extended period of time exposes the patient to greater levels of cumulative radiation,
and EVAR does not completely eliminate the risk of future aortic rupture. Guidelines from

major medical and surgical societies emphasize an individualized approach when choosing

14



endovascular repair, taking into account the patient's age and risk factors for perioperative

morbidity and mortality.!” 1

Although EVAR is associated with lower perioperative morbidity and mortality compared
with open surgical repair, there is a small risk that the endovascular repair may need to be
converted to an open repair, and thus, patients should be evaluated and prepared as if
undergoing an open surgical repair. Coronary artery disease (CAD) is the leading cause of
early and late mortality following AAA repair, and other comorbidities such as chronic
obstructive pulmonary disease (COPD) and renal insufficiency also increase perioperative
morbidity and mortality. There is agreement with the Society for Vascular Surgery and
other societies that recommend a comprehensive assessment of medical comorbidities prior
to EVAR including cardiac, pulmonary, and renal evaluation, also taking into account

hypertension and patient age as relevant risk factors for morbidity and mortality.?® %

The technical success rate for abdominal aortic endografting is high, and the overall rate
of severe perioperative complications is lower compared with open surgical repair;
however, the endograft remains a dynamic entity and late complications are more likely.
Complications associated with endovascular abdominal aortic repair are usually related to
some technical aspect of endograft placement such as problems with vascular access, or
due to the structural integrity and stability of the endograft such as endoleak, endograft

migration, or endograft collapse.

Endograft complications rarely lead to a need to convert to open surgery at the time of
placement, and when they occur late, can usually be managed using endovascular means.>°
Device-related complications are the main reason for re-intervention (including late
conversion), which is required in up to 30 percent of patients. The overall incidence of
conversion is about two percent.’! Ischemic complications are often related to embolism,
but may also be due to positioning the endograft and can affect the extremities, intestine,
pelvic organs, spinal cord, or kidneys. Renal insufficiency can also be caused by the
administration of intravenous contrast (eg, allergic reaction, contrast-induced

nephropathy). The risk of ischemic complications increases with more complex

endovascular repairs.
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Although the technical success rate for abdominal aortic endografting is high (99 percent),
endograft-related complications are common with an incidence that ranges from 11 to 30
percent.’? 3 The incidence of complications at initial repair appears to be higher with larger
diameter aneurysms.** Technical complications associated with endografts include
vascular injury (eg, iliac, femoral) during access or device deployment; endoleak from
inadequate fixation, sealing of the graft to the vessel wall, or breakdown of the graft
material; stent fractures; component separations; and endograft collapse. These problems
occur with varying frequency and timing relative to endograft placement. Their occurrence
depends upon many factors, including anatomic suitability for endograft placement, graft

choice, and proper measurement for the specific device chosen.

An analysis of 22,830 matched Medicare beneficiaries who underwent open or
endovascular aneurysm repair showed that re-intervention related to aneurysm was
significantly more likely with endovascular compared with open repair (9.0 versus 1.7

percent).?

The importance of strict adherence to anatomic suitability in preventing complications
during endovascular repair of EVAR was evaluated in a series of 10,228 patients treated
with a variety of endografts who underwent pre-EVAR and at least one post-EVAR CT
scan.’® This multicenter observational study found a low compliance with manufacturer’s
instructions for device use and a high rate of post-EVAR aneurysm sac enlargement,
raising concern for an increased long-term risk of aneurysm rupture when adherence to
device-specific criteria is not strict. The manufacturer’s most conservative indications for
anatomic suitability were met in 42 percent of patients, but 31 percent did not meet the
manufacturer’s most liberal criteria. The rate of aortic sac enlargement was 41 percent at
five-year follow-up. Independent predictors of AAA sac enlargement included endoleak,
age >80 years, aortic neck diameter >28 mm, aortic neck angle >60°, and common iliac

artery diameter >20 mm.

Immediate problems during endograft placement are common and are often not
predictable. In most cases, these issues are corrected at the initial procedure and initial

technical success rates are high.

16



Following endovascular aortic aneurysm repair, the aneurysm sac typically thromboses and
approximately 50 percent of aneurysm sacs have decreased in diameter at one-year of
follow-up. However, the endograft remains a dynamic entity and may respond to the new
mechanical stresses and the changing configuration of the aorta. Late endograft
complications develop and require re-intervention in up to 30 percent of cases. As
examples, changes in the aneurysm sac may lead to endograft angulation, kinking,

migration, or thrombosis.

Changes in endograft configuration can be easily evaluated with abdominal plain films.
The identification of any abnormalities should prompt follow-up evaluation with CT.*’” The
importance of ongoing surveillance following endograft placement to detect and correct

endograft problems cannot be overstressed.

The most common complications of EVAR are

e Access site complications

e Endoleaks

e Device migration

e Component separation

e Limb kinking and occlusion
e Endograft infection

e Systemic complications (Intravenous contrast complications, cardiopulmonary

complications, Ischemic complications, etc.)

Despite advances in endovascular salvage techniques for endograft failures, certain
circumstances (eg, persistent endoleak, late rupture) require conversion to open abdominal

aneurysm repair.

When open conversion is performed, suprarenal or supraceliac aortic control is often
needed depending upon the location of the endograft and whether or not the graft has
suprarenal fixation. Replacement of the clamp to an infrarenal position is performed as

soon as possible to reduce complications related to intestinal and renal ischemia.
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Explantation of the endograft, complete or partial, with in-situ aortic replacement is
performed. The degree to which the graft is adherent to surrounding structures determines
if complete or partial removal of the endograft is undertaken. Portions of the graft that are
adherent to surrounding structures are best left in place. A poorly adherent graft may be

infected.

The perioperative morbidity and mortality associated with elective conversion of
endovascular to open AAA repair appears to be increased, particularly if the patient was
originally deemed high risk for open surgery. In retrospective reviews, the mortality rate

for open conversion is 10 to 13 percent.®

However, others have reported lower mortality
rates comparable to open AAA repair.*® The mortality rates for emergent conversion
related to ruptured aneurysm are similar to open repair of ruptured AAA not related to

endograft conversion at about 50 percent.*

Open conversion is performed using standard
open aneurysm surgical techniques via a transperitoneal or retroperitoneal approach. The

overall incidence of conversion (early or late) is about 2 percent.

The indications for conversion included the following (in descending order of frequency),

in a study that followed patients over a seven-year period*’

e Type I endoleak

e Graft migration with aneurysm expansion
e New aneurysm in the visceral segment

e Type II endoleak with aneurysm expansion
e Aortic rupture

e Aortic infection
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1I1. Endoleaks

Endoleak is defined as persistent flow of blood into the aneurysm sac after device
placement and indicates a failure to completely exclude the aneurysm.*! Five types of
endoleak are described. Endoleak is associated with a continued risk for aneurysm
expansion or rupture. The most common types of endoleak (I and II) are usually managed
successfully with the placement of additional stents or embolization techniques, but

sometimes surgery is needed.

Following completed endovascular repair, the diagnosis of endoleak is made on follow-up
imaging, usually CT that demonstrates blood outside the bounds of the endograft. For some
types of endoleak, the source can be difficult to determine. For type II endoleak, the
aneurysm sac fills through a collateral network and the endoleak may not be seen on the
arterial phase of CT scanning, and thus, delayed imaging is required. Color flow duplex or

selective arteriography may be needed to establish the diagnosis.

Type I endoleak (Image 8) is due to an incompetent seal at the proximal (IA), distal (IB)

or side branch (IC) attachment sites. It occurs in 0 to 10 percent of endovascular aortic

aneurysm repairs.*?

Image 8
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Type I leak can occur immediately after device placement or can develop over time.
Immediate proximal type I endoleak is typically due to incomplete apposition of the stent-
graft to the aortic neck. Contributing factors include mural thrombus, aortic neck
calcification, angulation, a short aortic neck, reverse tapering of the neck, and incorrect
device sizing. Immediate distal type I endoleak is usually due to incorrect sizing of the iliac
limbs, or inadvertent deployment of the endograft limb, often because of excessive iliac
tortuosity, within the more proximal, larger iliac vessel. Late type I endoleaks can develop
as a result of aneurysmal degeneration of the aortic neck or iliac arteries, severe angulation

at the fixation sites or graft migration.*>*3

Type I endoleaks are repaired as soon as they are discovered because the aneurysm sac
remains exposed to systemic pressure leading to aneurysm growth and rupture.*

Spontaneous closure of the type I endoleak is uncommon.

Measures to prevent type I endoleak include correcting radiologic parallax during
positioning to ensure correct placement and appropriate balloon inflation of the attachment
sites once the device is correctly deployed. When a type I endoleak is identified at the time
of endograft placement, the initial approach consists of re-ballooning the fixation sites and
possibly the reversal of anticoagulation. For proximal type I endoleaks that persist after re-
ballooning, the placement of additional aortic cuffs, or a balloon-expandable stent increases
the radial force exerted by the proximal graft and maximizes apposition of the graft to the

aortic wall.

For distal type I endoleaks that persist after balloon angioplasty of the distal attachment
site, iliac limb extensions are used. If the iliac limb has been undersized, a flared iliac
extension limb can be placed to exclude the endoleak. If the distal common iliac artery
does not have an adequate length to provide a proper seal, coil embolization of the origin
of the hypogastric artery and placement of a limb extension into the external iliac artery
may be needed. It is important to maintain pelvic perfusion through the contralateral

hypogastric artery to minimize the risk of pelvic ischemia.

Conversion to an open surgical repair may be needed in the rare situation in which a type

I leak is refractory to percutaneous treatment.
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Type 1I endoleak (Image 9) is due to a patent inferior mesenteric artery or patent lumbar

artery branches that allow retrograde flow into the aneurysm sac. Type Il endoleaks are the
most prevalent type, occurring with all device types in about 15 percent of patients at one

4 The incidence of type II endoleak has been

month following endograft placement
correlated with the number of patent aortic branches prior to endovascular repair of the
aneurysm.* There are two types, IIA when there is single causative vessel and IIB if there

is multiple involved vessels.

Type Il

Image 9

The significance and management of type II endoleaks are controversial. Most
investigators argue that careful follow-up imaging to detect changes in aneurysm sac
volume and morphology is preferred, since spontaneous resolution occurs in many cases.**
If an increase in the volume of the aneurysm is detected, the endoleak should be repaired.
Repair is also indicated for persistent endoleaks (>6 to 12 months duration), because the

natural history is not completely benign.*® However, there is no consensus regarding

treatment of type II endoleaks that are not associated with aneurysm sac enlargement.
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The approach to the repair of type II endoleaks is most commonly endovascular, consisting
of embolization of the feeding vessels or aneurysm sac.*® Other approaches include

laparoscopic clipping of the involved branch vessels, or surgical conversion.

Image 10

Type III endoleaks (Image 10) are due to a junctional leak or disconnect of the endograft

components (IITA) or holes in the endograft fabric (IIIB) or side branch-side branch
component (I1IC).*” Type I1I endoleak is as serious as type I endoleak because it pressurizes
the aneurysm sac. Type III leak is treated to prevent aortic rupture typically by deploying
additional stent-graft components to seal the fabric defect or bridge the disconnected

components.
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Type IV

Image 11

Type IV endoleak (Image 11) is associated with graft porosity and is self-limited, typically

resolving in 24 hours. It has not been associated with any long-term adverse events and
does not require treatment. Type IV leak can obscure more serious type I or III leaks and

can be quite disconcerting to see at completion angiography.

Type V

Image 12
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Type V endoleak (Image 12), also referred to as endotension, is defined as continued

aneurysm sac expansion without a demonstrable endoleak on any imaging modality.** The
phenomenon is poorly understood. It was more commonly associated with semiporous
graft materials (first generation expanded polytetrafluoroethylene [ePTFE] endografts), in
which sac enlargement was associated with exudation of a protein rich material across the
wall of the endograft. A change in the graft design appears to have resolved this problem,
confirming the source of this type of endoleak. Treatment consisted of relining the existing

endograft with a newer, lower porosity graft, or explantation of the graft.
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PART B.
PRE-EMPTIVE EMBOLIZATION OF ANEURYSM SAC
OR AORTIC SIDE BRANCHES IN ENDOVASCULAR
ANEURYSM REPAIR: META-ANALYSIS AND TRIAL
SEQUENTIAL ANALYSIS OF RANDOMIZED

CONTROLLED TRIALS.
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1.INTRODUCTION

Endovascular repair is the mainstay of treatment for AAA.*® With the accumulated clinical
experience and technological advancements, a broader range of aortic anatomies can be
treated inside the instructions for use of newer generation devices.*-! Despite such
advances, type II endoleak remains a common occurrence after EVAR. Even though it is
been considered a benign condition, it requires close follow-up and has the potential of
causing severe late complications.’? Indeed, a type II endoleak may cause the aneurysm
sac to expand as result of continuous sac pressurization, in which case treatment is required
to avoid adverse sequela, such as graft migration, type I or III endoleak, and ultimately
rupture. In case of sac expansion caused by a type Il endoleak, the first-line treatment is
embolization of the culprit vessel or aneurysm sac via the transarterial or translumbar route.
Despite high rates of technical success, such procedures may be technically challenging.>
Reports have shown that the clinical success is achieved in less than a third of the patients
treated, and recurrence of endoleak is commonly observed.** > Open surgical repair is an

option in case of failure of endovascular treatment strategies and continuing sac expansion.

Emerging evidence suggests that preventive embolization of aortic side branches
or the aneurysm sac itself during the index EVAR procedure may be safe and result in
lower rates of type II endoleak and secondary interventions, and a higher rate of sac
regression.’® >’ There is currently no meta-analysis of all published randomized controlled
trials (RCT) comparing embolization with standard EVAR. We sought to investigate
whether pre-emptive aortic branch or aneurysm sac embolization performed at the same
time as the standard EVAR confers improved clinical outcomes compared to standard

EVAR alone.
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2.METHODS
Review design and protocol registration

The objectives and methodology of our review were pre-specified in a protocol, which was
registered in PROSPERO (international prospective register of systematic reviews) under
the registration number CRD42022311333. No amendments to the review protocol were
made during the review conduct. The review was developed in line with principles and
methodology described in the Cochrane Handbook for Systematic Reviews of
Interventions.”® Reporting of the review complied with the updated Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.” The PRISMA
2020  checklist ~was  generated using a Shiny App available at
https://prisma.shinyapps.io/checklist/ (Appendix 1), and the flow diagram using a Shiny
App available at https://www.eshackathon.org/software/PRISMA2020.html.

Eligibility criteria

Types of studies

Only RCTs were eligible for this review.
Types of participants

Eligible participants were male or female patients of any age who underwent standard
endovascular repair for intact infra-renal AAA with or without preventive embolization of

aortic side branches or the aneurysm sac.
Types of intervention

The intervention of interest was preventive embolization of patent aortic side branches
arising from the AAA sac, such as the lumbar arteries or the inferior mesenteric artery
(IMA), and/or preventive embolization of the AAA sac. Such interventions could have

been performed with coils, glue, or plugs. Embolization of aortic side branches could have
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been performed either at the same time as the index EVAR or in a different setting but
within three months prior to the EVAR. No restriction to size, number, or type of embolized
branch(es) was applied. The control intervention was standard EVAR without pre-emptive

embolization.
Types of outcome measures
Primary outcomes were:
e Aneurysm-related mortality.
e All-cause mortality.
e Aneurysm rupture.
Secondary outcomes were:
e Type II endoleak.
e Type II endoleak-related re-intervention.
e Procedure and fluoroscopy time.
e Aneurysm sac expansion.

Studies should report at least one primary or secondary outcome to be eligible for this

review. No other study eligibility criteria were applied, e.g. language or recruitment period.

Information sources and search strategy

The literature search strategy was developed by a review author (GA) with experience in
outreach, knowledge, and evidence search. The PICO (patient, intervention, comparison,
outcome) approach was used to form search strategies. Access to healthcare databases was

via online sources of institutional library services. MEDLINE (Medical Literature Analysis
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and Retrieval System Online) and EMBASE (ExcerptaMedica Database) were searched
using the Ovid interface. The following limits were applied: “humans”, "year 2000 to
current", and "all adult (19 plus years)". The Cochrane Central Register of Controlled Trials
(CENTRAL) was also searched for eligible RCT. A combination of controlled vocabulary
(subject headings) and free text terms was used to search electronic literature sources.
Subject headings/thesaurus trees, search operators, and search limits in each of the above
databases were adapted accordingly. Electronic searches were last run in March 2022. A
second level search was conducted by interrogating the bibliographic list of articles that

qualified for inclusion in this review.

Study selection and data collection process

Two review authors (NG, MK) conducted the pre-specified literature searches and
evaluated the eligibility of studies against the inclusion criteria independently. When
disagreement arose, a third review author (NK) acted as an arbitrator. Articles published in
a non-English language were translated to determine eligibility, assess the risk of bias, and

extract relevant data.

Data to be collected from individual studies were pre-specified during the
development of the review protocol. Additional relevant data identified during the data
collection process were extracted and entered into a Microsoft Excel spreadsheet. Two
independent review authors (NG, MK) extracted data from the selected studies. The
collected data were then cross-checked by a third review author (NK). Data were extracted
from the main text, figures, and tables of the original publications. Only published material
was considered, and no study investigators were contacted to obtain or confirm relevant

information. Data items were grouped as follows:

e Study level data: first author, journal where the study was published, year of
publication, study period, country where the study was conducted, single or multi-

centre study, inclusion criteria for participant enrolment, information on the
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intervention interest (embolization), number of patients in each group, technical

success, complications, length of follow-up.
¢ Individual study population data: male gender, age, maximum AAA diameter.
e Data pertaining to risk of bias assessment.

e Outcome data, as outlined in the “Eligibility criteria” section.

Study risk of bias assessment and evidence appraisal

Version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2) was used to
assess the risk of bias in RCT included in this review.®’ The tool, that is outcome-based, is
structured into five domains through which bias might be introduced into the result: bias
arising from the randomization process, bias due to deviations from intended interventions,
bias due to missing outcome data, bias in measurement of the outcome, and bias in selection
of the reported result. The tool gives the option for an overall predicted direction of bias
for a specific outcome. An Excel tool was used to implement RoB 2. Two review authors
(NG, NK) assessed the risk of bias in studies independently; a third review author (MK)

acted as an arbitrator in case of disagreement.

The Grading of Recommendations, Assessment, Development, and Evaluation
(GRADE) framework was used to appraise the certainty of the body of evidence for
specific outcomes.®!* % The GRADE approach results in an assessment of the quality of a
body of evidence in one of four grades: high, moderate, low, very low. Factors determining
the quality of evidence are: limitations in study design or execution, inconsistency of
results, indirectness of evidence, imprecision, publication bias, magnitude of effect,
plausible confounding, and dose-response gradient. Summary of findings tables were

generated using an online platform (https://gdt.gradepro.org/app/).

30



Synthesis methods

For binary outcomes, the effect measure used in the synthesis was the odds ratio (OR) or
risk difference (RD) and 95% confidence interval (CI). The RD was calculated when no
events were reported in either group.®* For continuous outcomes, the effect measure used

was the mean difference (MD) and 95% CIL.

All studies reporting the primary and secondary outcomes were eligible for data
synthesis. Numbers of events and total numbers of patients in each group for dichotomous
outcomes, and means values, corresponding standard deviations (SD), and total number of
patients in each group were inputted into the RevMancomputer program (Version 5.4,
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2020). Effect
estimates for binary outcomes were calculated using the Mantel-Haenszel statistical
method, and those for continuous outcomes were calculated using the inverse variance
method. A forest plot was generated for graphical presentation of meta-analysis for each

outcome.

Because of the anticipated between-study heterogeneity, e.g. different methods of
embolization, random-effects models proposed by DerSimonian and Laird were used for
all meta-analyses.®* The extent and impact of between-study heterogeneity were assessed
by inspecting the forest plots and by calculating the tau-squared and the I-squared statistics,
respectively. Inconsistency was quantified and interpreted with the following guide: 0% to
40% might not be important; 30% to 60% may represent moderate heterogeneity; 50% to
90% may represent substantial heterogeneity; and 75% to 100% may represent
considerable heterogeneity.®> To explore possible causes of heterogeneity, a subgroup
analysis was conducted for patients who had aortic side branch embolization versus those

who had aneurysm sac embolization.

Sensitivity analyses were conducted to explore the robustness of the meta-analyses
by excluding studies that were deemed to be of high risk of bias. Furthermore, the analyses
were repeated after removing one study at a time to examine the impact of each study on

the overall meta-analysis.
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To assess risk of bias due to missing results in a synthesis arising from reporting
biases, the effect by the inverse of its standard error would be plotted for each study and

the possibility of publication bias would be assessed both visually evaluating the symmetry

of the funnel plot and mathematically using the Egger’s regression intercept had more than

10 studies reported data for specified outcomes.®¢

Trial sequential analysis was used to quantify the statistical reliability of data in the
cumulative meta-analysis adjusting significance levels for sparse data and repetitive testing
on accumulating data.®”> ® To control for type I error, the thresholds for statistical
significance were adjusted using the O'Brien-Fleming a-spending function to account for
the elevated risk of random error, when the required information size was not surpassed.
Furthermore, the test statistic itself was penalized in congruence with the strength of the
available evidence. To control for type II error, adjusted thresholds for non-superiority and
non-inferiority were constructed using the B-spending function and futility boundaries. The
information size was estimated based on 80% power and 5% type 1 error. The incidence
in the intervention and control arm was calculated with the Comprehensive Meta-Analysis
software (Biostat, Englewood, NJ, USA) by pooling the incidence rates of type II endoleak
reported in the included trials in a proportion meta-analysis. The trial sequential analysis
was conducted using an open-source software: Trial Sequential Analysis (TSA) [Computer
program]. Version 0.9.5.10 Beta. The Copenhagen Trial Unit, Centre for Clinical
Intervention Research, The Capital Region, Copenhagen University Hospital —
Rigshospitalet, 2021.
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3.RESULTS
Results of the literature search and characteristics of included studies

Electronic literature searches retrieved 2,238 reports. Four RCT were eligible for inclusion

in this review.®> The PRISMA flow diagram is presented in Figure 1.

Identification of studies via databases and registers

Records removed before

Id Ecreening:
'ejg Records identified from [E:I:pglsc}ate records removed
ca databases (n=2,238) " Records marked as ineligible
tio by automation tools (n=0)

n Records removed for other

reasons (n=0)

l

Records screened

Records excluded

(n=2,210) (n=2,156)
Sc Reports sought for retrieval o Reports not retrieved
e (n=34) (n=0}

1

Reports assessed for eligibility

Y

(n=54} Reports excluded:
Irrelevant (n=24)
Reviews (n=5)
- Observational studies {n=21)
In
cl Studies included in review
ud in=4)
ed

Figure 1. Literature flow diagram generated using a Shiny App available at
https://www.eshackathon.org/software/PRISMA2020.html.
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The trials were published between 2010 and 2020.The recruitment period across all four
RCT spanned from 2008 to 2019. Three RCT were single center.®*”! Three RCT reported

embolization of the AAA sac® %72, one reported embolization of a patent IMA."!

The four RCT reported a total of 393 patients, of whom 194 were allocated to the
intervention group and 199 to the control group. Three hundred-eighty-two patients
received the treatment they were assigned to (197 standard EVAR and 185 preemptive
embolization). Three of the studies included only patients who were deemed high risk for
type II endoleak. Eligibility criteria for participant inclusion in the individual studies and
definitions for high risk for type II endoleak are presented in Table 1. Various agents were
used for sac or side branch embolization, such as coils, fibrin glue, and plugs. The technical
success rate of embolization ranged across the trials from 89% to 100%. No perioperative
complications resulting from sac or branch embolization were reported. The follow-up
period ranged across the studies from 16 to 24 months. Two trials reported separate
outcomes for a third group of patients, who were considered low risk for type IT endoleak.’®

"I The study characteristics of are summarized in Table 1.

No of patients
i . Publication  Recruitment - . izati Length of follow-
Journal Countr Single/multicentre Eligibility criteria  Intervention
author v gle/ year period ‘ v EVAR/standard success up in months
EVAR)
Consecutive
Sedivy Czech patients Sac embolization
Rozhl Chir Single 2010 2008-2009 86 (42/44 NR NR
[22) " Republic scheduled for  with coils (42/a9)
EVAR
. High risk for Sachcm?olvmhon :?Ab:hlz:t:nm )
18223 | ) vasc Surg | Italy single 2016 2012-2014 | developmentof Wit volume- 107 (52/55) 100%¢ -4210.7
[23] dependent dose of standard EVAR:
type Il endoleak*
fibrin glue and coils 15.9£9.9
IMA embolization Embolization
High risk for EVAR: 22.5¢11.5;
Samura mainly using the
Ann Surg Japan Single 2019 2014-2018 development of 106 (53/53) 88.7%* standard EVAR:
[24] Amplatzer vascular
type Il endoleak® 22.4£116'
plug
Fab Eur J Vasc High risk for Sa:hemil:»ohzahon
3¢ Endovasc | France  Multi 2020 20142019 | developmentof W' Voume: 94 (47/47) 100%¢ 242
[25] dependent number
Surg type Il endoleak:

of coils

2 Defined as patent IMA and 22 pairs of lumbar arteries.

bDefined as patent IMA 23 mm, lumbar artery 22 mm, or aprtQ:iliac aneurysm

cDefined as patent IMA with a luminal diameter at its origin >3 mm, 23 pairs of patent lumbar arteries, or 2 pairs of lumbar arteries and a median sacral artery or an accessory renal artery.
¢ Not specifically defined but refers to both control and intervention groups.

* Defined as successful IMA grobolization.

fMean and SD.

& Target follow-up period for the study population.

Table 1. Characteristics of included studies. EVAR, gndgyascular aneurysm repair; IMA, inferior mesenteric artery; NR, not reported; SD, standard deviation.
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Baseline demographics are presented in Table 2.

Male sex Age Maximal AAA diameter in mm

Sedivy [21] 95% vs 86% | 73.2vs 76.3 | 68.6 vs 67

Piazza [22] 96% vs 94% | 74.8vs 75.9 | 56 vs 53
Samura [23] | 90% vs 73% | 75.5vs 77.5 | 53.2vs 50.5

Fabre [24] 89%vs93% | 72vs73 NR

Table 2. Baseline demographics and maximal AAA diameter. Data are presented as embolization
EVAR versus standard EVAR. Age and maximal AAA diameter are reported as mean values. AAA,
abdominal aortic aneurysm; EVAR, endovascular aneurysm repair; NR, not reported.
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A summary of methods used to describe changes in AAA size is provided in

Supplementary Table 1.

AAA sac size . .
. Comparisons of changes in AAA . .
Study measurements in each Comparisons of diameter changes
sac volume
study
Standard EVAR: -4.9mm; embolization
1. Absolute differences in ARz ~4.7mm
Sedivy et | diameter .
. NR Standard EVAR: 2 increased sac, 19 stable
al [22] 2. Stable vs increased vs .
decreased diameter sac, 23 decreased sac; embolization EVAR:
1increased sac, 18 stable sac, 23
decreased sac
At 24 months

Pi . Absol iff i
iazza et 1. Absolute differences in Standard EVAR: -4.6 + 25.9 e NR

al (23] VOlsme embolization EVAR: -27.3 £ 24.7
c¢m3(P=0.008)
Mean follow-up of 22.5 months
. . Standard EVAR: -2.9 £ 6.7 mm;
Samura et j}:::;’::te differences in embolization EVAR: -6.3 £ 7.5 mm
NR (P=0.021)

al [24] 2. Increase vs stable/

decrease diameter Standard EVAR: 17.6% increase >2mm;

embolization EVAR: 2.2% increase >2mm

(P=0.017)
At 24 months
1. Absolute values of At 24 months
Fabre ot al volume at different time | Standard EVAR: 54.5 cm? (IQR
[25] points 37.7-70.1); embolization EVAR: Standard EVAR: 43% decreased sac, 57%
2. Stable vs decreased 27.6 cm3 (IQR 18-41.1) (P=0.001) | stable sac; embolization EVAR: 64%
diameter decreased sac, 36% stable sac (P=0.18)

(similar baseline values)

Supplementary Table 1. A summary of variables that were used by included studies to express
changes in AAA size. AAA, abdominal aortic aneurysm; EVAR, endovascular aneurysm repair; IQR,
interquartile range.

Data on sac growth were explicitly reported in two studies.® ’! In the other two, data of

sac expansion were extracted from the number of re-interventions, since the authors

reported that secondary interventions were indicated in case of AAA sac enlargement.”® 7?

One study defined sac expansion as an increase in maximum diameter >2mm’!, two studies

70,72

defined it as an expansion >5mm’% 72, and one study failed to define sac expansion.®® None

of the trials provided definitions for sac regression.
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Results of data synthesis, risk of bias assessment, and certainty of evidence appraisal

The results of risk of bias assessment for the individual outcomes using the Cochrane Rob

2 tool are presented.

intenton-to-
treat Unique 0 Study 10 tapenmental Comparator Outcome. Weght

o O D5 Ovend
Pama 2016 2 Preeptive embotzation  Standard (VAR ey ngture 1 LN N N N B B e
o0mm0 O

Some concerms

@ o

Fabre 2020 4 Preemptive embolzation  Standard EVAR aneunyum ngewre 1

01 Randomeation process
D2  Dewatons from the intended interventiors
D3 Missng outcome data

04 Measurement of the outcome

D5 Selection of the seported result

a. Aneurysm-related mortality

Intention-to-

treat UniquelD  Study ID Experimental Comparator Outcome Weght DI 02 D03 D4 D5 Ovenal
Paza2016 2 Preemptive embolization  Standard EVAR Overall mortality 1 P00 O O«
Fabre2020 4 Preemptive embolization  Standard EVAR Overall mortality 1 [ N NN N N ) 2 Some concerns

@

D1 Randomisation process
D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

DS Selection of the reported result

b. Overall mortality

Intention-to-

treat UniquelD  Study ID Experimental Comparator Outcome Weight DI 02 D03 D4 DS Overal
Paza2016 2 Preemptive embolization  Standard EVAR Aneurysm related mortality 1 CN N N N I B e
Fabre2020 4 Preemptive embolization  Standard EVAR Aneurysm related mortality 1 [ N NN N N ) ?  Some concerns

@

01 Randomisation process

D2 Deviations from the intended interventions
03 Missingoutcome data

D4 Measurement of the outcome

DS Selection of the reported result

¢. Aneurysm rupture

Intention-to-

treat Unique 1D Study ID Experimental Comparator Outcome Weight DI D2 D3 D4 DS Overal
Sediy2010 1 Preemptive embolization  Standard EVAR Type Il endoleak during follow-up 1 [ N NN N I B e
Pazza2016 2 Preemptive embolization  Standard EVAR Type Il endoleak during follow-up 1 000 . 2 some concerns
Samura 2020 3 Preemptive embolization  Standard EVAR Type ll endoleak during follow-up 1 o . ® . . . . High risk
Fabre 2020 4 Preemptive embolization  Standard EVAR Type ll endoleak during follow-up 1 . . @® . . .

D1 Randomisation process
D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

DS Selection of the reported result

d. Type II endoleak
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Intention-to-

treat UniquelD  StudyID Experimental Comparator Outcome
Piazza 2016 1 Preemptive Type Il endoleak-related
Samura 2020 2 Preemptive embolization  Standard EVAR Type Il endoleak-related interventions
Fabre2020 3 Preemptive embolization  Standard EVAR Type Il endoleak-related interventions

e. Type II endoleak related re-intervention

Intention-to-

treat Unique 1D Study ID Experimental Comparator Outcome
Plazza2016 1 ot
Samura 2020 2 ot

f. Procedure duration

Intention-to-

treat UniqueID  Study ID Experimental Comparator Outcome
Plazza2016 1 Pt oY
Samura 2020 2 Pt oY

g. Fluoroscopy time

Intention-to-
Unique 1D Study ID Experimental Comparator Outcome
Sedivy 2010 1 Preemptive embolization  Standard EVAR Sac growth
Plazza2016 2 Preemptive embolization  Standard EVAR Sac growth
Samura 2020 3 Preemptive embolization  Standard EVAR Sac growth
Fabre2020 4 Preemptive embolization  Standard EVAR Sac growth

h. Aneurysm sac expansion

Weight
1
]
1

T

'YX B
0000:
0000:
0000:
0000:
0000

[ L X T

00 0=

00:
90:
[ X T3

000

~ R

oo

oo

(Y Y}

. Low risk

?

Some concems

. High risk

01

02

02

03

[

02

03

[

Randomisation process
Deviations from the intended interventions.
Missing outcome data

Measurement of the outcome

Selection of the reported result

Low risk
Some concerns

High risk

Randomisation process
Deviations from the intended interventions
Missing outcome data

Measurement of the outcome

Selection of the reported result

Low risk
Some concerns

High risk

Randomisation process
Deviations from the intended interventions
Missing outcome data

Measurement of the outcome

Selection of the reported result

Low risk
Some concerns

High risk

Randomisation process

Deviations from the intended interventions
Missing outcome data

Measurement of the outcome

Selection of the reported result
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The forest plots for the primary and secondary outcomes are presented in Figure 3.

Ei ization EVAR d EVAR Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Piazza 2016 0 50 1) 55 74.0% 0.00[-0.04,0.04] 2016
Fahre 2020 0 30 0 31 26.0% 0.00 [-0.06, 0.06] 2020
Total (95% Cl) 80 86 100.0% 0.00 [-0.03, 0.03]
Total events 1) 1)

Heterogeneity: Tau?= 0.00; Chi*= 0.00, df= 1 (P = 1.00); F= 0% b

o i 0.1 -0.05 0.05
Testfor overall effect 2= 0.00 (P=1.00) Favours embolization EVAR Favours standard EVAR

a. Aneurysm-related mortality

bolization EVAR d EVAR Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl_Year M-H, Rand 95% CI
Piazza 2016 4 50 2 55 723% 2.30[0.40,13.16] 2016 —
Fahre 2020 1 30 1 N 277% 1.03[0.06,17.33] 2020
Total (95% CI) 80 86 100.0% 1.85[0.42, 8.13] | e N—
Total events 5 3
Heterogeneity: Tau®= 0.00; Chi*= 0.22, df=1 (P = 0.64), F= 0% =|J 01 U=1 110
Testfor overall effect Z=0.81 (P = 0.42) Favours embolization EVAR Favours standard EVAR
b. Overall mortality
Embolization EVAR d EVAR Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Piazza 2016 0 50 1) 55 T74.0% 0.00 [-0.04,0.04] 2016
Fahre 2020 0 30 1) 31 26.0% 0.00 [-0.06, 0.06] 2020
Total (95% CI) 80 86 100.0% 0.00 [-0.03, 0.03]
Total events 0 0

Heterogeneity: Tau®= 0.00; Chi*= 0.00, df= 1 (P = 1.00); F= 0% b

t +
o ~ 01 -0.05 0.05
Testfor overall effect Z= 0.00 (P =1.00) Favours embolization EVAR Favours standard EVAR

T

c. Aneurysm rupture

Ei EVAR d EVAR Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% Cl_Year M-H, 95% CI
Sedivy 2010 4 42 8 44 17.7% 0.47[0.13,1.71] 2010 e E—
Piazza 2016 7 50 9 55 254% 0.83[0.28, 2.43] 2016 E——
Samura 2020 13 53 26 53 42.8% 0.34[0.15,0.77] 2020 —
Fahre 2020 3 29 8 32 141% 0.35[0.08, 1.46] 2020
Total (95% CI) 174 184 100.0% 0.45[0.26, 0.78] el
Total events 27 51
Heterogeneity: Tau®= 0.00; Chi*=1.86, df= 3 (P = 0.60), F= 0% 052

Test for overall effect: Z= 2.88 (P = 0.004)

d. Type II endoleak

Favours embolization EVAR Favours standard EVAR

EVAR d EVAR Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, 95% Cl _Year M-H, Rand 95% CI
Piazza 2016 1 50 7 55 32.2% -0.11[-0.20,-0.01] 2016 —
Samura 2020 1] 53 0 53 371% 0.00[-0.04,0.04] 2020 —
Fahre 2020 1 47 7 47 30.7% -0.13[-0.24,-0.02] 2020 S —
Total (95% CI) 150 155 100.0% -0.07 [-0.21, 0.06] R IR—
Total events 2 14
Heterogeneity: Tau?= 0.01; Chi*= 18.35, df= 2 (P = 0.0001); F= 89% s ) ok

Test for overall effect: Z=1.04 (P = 0.30)

e. Type II endoleak-related reintervention

Favours embolization EVAR Favours standard EVAR
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Embolization EVAR Standard EVAR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Piazza 2016 156 39 50 149 50 55 60.3% 7.00[1007, 24.07) 2016 ——
Samura 2020 214 106 53 174 68 53 397%  40.00(6.10,73.90] 2020 — &
Total (95% Cl) 103 108 100.0% 20.12[-11.54,51.77] R e—
e 2= . 2 - = R= ; t + |
Heterogeneity: Tau®= 356.94; Chi*= 2.90, df=1 (P = 0.09); = 66% oo _50 50 100

Testfor overall effect Z=1.25 (P = 0.21) Favours embolization EVAR Favours standard EVAR

f. Procedure duration

Embolization EVAR Standard EVAR Mean Difference Mean Difference
Study or Subgroup  Mean SD__Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Piazza 2016 23 7 50 22 6 55 558% 1.00[1.51,351] 2016
Samura 2020 73 48 53 49 32 53 442% 24.00[8.47,39.53] 2020 —a—
Total (95% Cl) 103 108 100.0% 11.17 [-11.22, 33.56]

Heterogeneity: Tau®= 232.29; Chi*= 8.21, df=1 (P = 0.004); F= 88% F

S " 100 -50 50 100
Testfor overall effect Z=0.98 (P=0.33) Favours embolization EVAR Favours standard EVAR

T

g. Fluoroscopy time

Ei ization EVAR d EVAR 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Sedivy 2010 1 42 2 44 167% 0.51[0.04,5.87] 2010
Piazza 2016 1 50 7 55 21.9% 0.14[0.02,1.18] 2016
Fahre 2020 1 47 7 47 21.8% 0.12[0.01,1.05] 2020
Samura 2020 2 53 9 53 39.6% 0.19[0.04,0.93] 2020 D —
Total (95% CI) 192 199 100.0% 0.19[0.07, 0.52] B RR—
Total events 5 25

. 2= - Chit= - - == k + t |
Heterogeneity: Tau®= 0.00; Chi*= 0.87, df=3 (P=0.83); F=0% N0 o1 10 100

Testfor overall effect: Z= 3.24 (P = 0.001) Favours embolization EVAR Favours standard EVAR

h. Sac expansion

Figure 3. Forest plots for the comparison embolization versus standard EVAR. The solid squares
denote the odds ratios, risk differences, or mean differences, the horizontal lines represent the
95% confidence intervals, and the diamonds denote the pooled odds ratios, risk differences, or
mean differences. CI, confidence interval; EVAR, endovascular aneurysm repair; IV, inverse
variance; M-H, Mantel-Haenszel; SD, standard deviation.
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The results of the GRADE assessment for the individual outcomes are summarized in Table

3.
Noof Quality of Relative ﬁ;ltlicm?tlltled absolute effects
Outcome articipants Evidence effect s tasn d‘;’; d Risk with embolization
particip (GRADE) (95% CI) EVAR (95% CI)
EVAR
SPISISIS)
Aneurysm- 166 VERY LOWL36.11 RD 0.00
related 2 studies) due to risk of bias, (-0.03 — NA NA
mortality inconsistency, 0.03)
imprecision
SPISISIS) .
Overall 166 Ziﬁgr]ids(lz\())vf’b’ias 8[{4; '5)5 35 per 1000 28 more per 1000 (from
mortality (2 studies) cueto ] i : P 20 fewer to 192 more)
inconsistency, 8.13)
imprecision
SPISISIS)
Aneurvsm 166 VERY LOW!36.11 RD 0.00
U ture}:l (2 studies) due to risk of bias, (-0.03 — NA NA
P inconsistency, 0.03)
imprecision
SISISIS)
Lowr>* OR 0.45
Type 11 358 due to risk of bias, 02 6.t0 277 per 130 fewer per 1000 (from
endoleak (4 studies) inconsistency, 0 .78) 1000 47 fewer to 187 tewer)
imprecision, large '
effect
SPISISIS)
Type ll ) 123,56
endoleak- 305 Zli:[igr];s(lz\(?/t'bias 8)[{2(6)15 90 per 1000 74 fewer per 1000 (from
related re- (3 studies) inconsistenc ’ 0 .78) P 210 fewer to 60 more)
intervention . Stency, )
imprecision
SPISISIS) -
| vEviows o e e s
Procedure time . due to risk of bias, (-11.54 to - " group
(2 studies) ) . was 20.12 higher (11.54
inconsistency, 51.77) .
imprecision lower to 51.77 higher)
POOO The mean fluoroscopy
Fluorosco 211 VERY LOW!233 MD 11.17 time in the intervention
time Py (2 studies) due to risk of bias, (-11.22to - groups was 11.17 higher
inconsistency, 33.56) (11.22 lower to 33.56
imprecision higher)
$OOO 124,89
VERY LOW?®=%8 .
Aneurysm sac 391 due to risk of bias, 2)[})2'309 126 per ?E;;W; é I;:r el:r()?(?l 16
expansion (4 studies) inconsistency, 0 52) 1000 fewer) W
indirectness, large '
effect

1 High risk of bias.

2 Different types of interventions (aneurysm sac or side branch embolization).
3 Small sample size and small number of events.

4 OR <0.5.

5 Between-study heterogeneity.

6 Cl includes both no eftect and appreciable benetit or appreciable harm.

7 Small number of patients.

8 Difterent definitions used by primary studies.
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9 Some of the studies did not provide direct information on sac expansion; such data were extracted indirectly through
secondary interventions.

10 No definition of sac regression.

11 Wide variance of point estimates.

Table 3. Summary of findings table for the comparison of embolization versus standard
EVAR. CI, confidence interval; EVAR, endovascular aneurysm repair; MD, mean
difference; NA, not applicable; OR, odds ratio; RD, risk difference.

Primary analyses

Aneurysm-related mortality: Data on aneurysm-related mortality were reported in two

studies” 7

, with a total of 166 patients (80 in the pre-emptive embolization group and 86
in the control group). No aneurysm-related death occurred in either treatment arm (RD
0.00, 95%CI -0.03 — 0.03, P=1; test for heterogeneity: P=1.0, ’=0%). The overall risk of

bias was high, and the quality of evidence was very low.

Overall mortality: Data on overall mortality were reported in two study’® 7%, with a total of

166 patients (80 in the pre-emptive embolization group and 86 in the control group). Meta-
analysis showed no statistically significant difference in overall mortality between the
treatment arms (OR 1.85, 95%CI 0.42 — 8.13, P=0.42; test for heterogeneity: P=0.64,

1>=0%). The overall risk of bias was high, and the quality of evidence was very low.

70,72

Aneurysm-rupture: Data on aneurysm rupture were reported in two studies”™ '“, with a total

of 166 patients (80 in the pre-emptive embolization group and 86 in the control group). No
rupture occurred in either treatment arm (RD 0.00, 95%CI -0.03 — 0.03, P=1; test for
heterogeneity: P=1.0, 1°=0%). The overall risk of bias was high, and the quality of evidence

was very low.

Type Il endoleak: Data on type II endoleak were reported in all trials®72, with a total of

358 patients (174 in the pre-emptive embolization group and 184 in the control group). The
odds of type II endoleak were lower in patients who underwent pre-emptive embolization

with the difference being statistically significant (OR 0.45, 95% CI 0.26 — 0.78; P=0.004;
test for heterogeneity: P=0.60, 1>’=0%). The overall risk of bias was high, and the quality
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of evidence was low. Meta-analyses for type II endoleak at different time points are

presented in Supplementary Figure 1.

Embolization EVAR d EVAR Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Sedivy 2010 6 42 9 44 34.5% 0.65[0.21,2.01] 2010 — &
Piazza 2016 10 50 1" 55 37.2% 1.00[0.38, 2.61] 2016 —
Fabre 2020 2 47 16 47 28.4% 0.09[0.02,0.40] 2020 B —
Total (95% CI) 139 146 100.0% 0.43[0.11, 1.61] R R ENER.—
Total events 18 36
Heterogeneity: Tau®= 0.98; Chi*= 7.38, df= 2 (P = 0.02); F= 73% o o 5 00

Testfor overall effect Z=1.26 (P=0.21) Favours embolization EVAR Favours standard EVAR

a. Early type II endoleak (within 30 days)

Embolization EVAR d EVAR 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Piazza 2016 8 50 17 55 56.7% 0.43[0.16,1.10] 2016 ——
Fahre 2020 2 39 15 36 43.3% 0.08(0.02,0.36] 2020 —
Total (95% Cl) 89 91 100.0% 0.20 [0.04, 1.09] R R——
Total events 10 32

i #=1.08 Chi*= =1(P= == ; t t |
Heterogeneity: Tau*=1.08; Chi*= 3.47, df=1 (P=0.06); F=71% 001 01 10 100

Testfor overall effect Z=1.86 (P = 0.06) Favours embolization EVAR Favours standard EVAR

b. Type Il endoleak at 6 months

E ization EVAR d EVAR Odds Ratio 0Odds Ratio

Ei
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Piazza 2016 7 50 17 55 57.9% 0.36[0.14,0.97) 2016 ——

Fabre 2020 5 35 15 37 421% 0.24[0.08,0.77] 2020 .

Total (95% CI) 85 92 100.0% 0.31[0.15, 0.65] ’

Total events 12 32

Heterogeneity: Tau®= 0.00; Chi*=0.27,df=1 (P =0.61), F=0% 1005 052 é 20#
Testfor overall effect. Z= 3.08 (P = 0.002) Favours embolization EVAR Favours standard EVAR

c. Type II endoleak at 12 months

Supplementary Figure 1: Forest plots for the comparison embolization versus standard EVAR
for type II endoleak at different time points. The solid squares denote the odds ratios, the
horizontal lines represent the 95% confidence intervals, and the diamonds denote the pooled odds
ratios. CL, confidence interval; EVAR, endovascular aneurysm repair; M-H, Mantel-Haenszel.

Type Il endoleak-related re-intervention: Data on type Il endoleak-related re-intervention

7072 with a total of 305 patients (150 in the pre-emptive

were reported in three studies
embolization group and 155 in the control group). Meta-analysis showed no statistically
significant difference in the odds of type II endoleak-related re-intervention between the
treatment arms (RD -0.07, 95% CI-0.21 — 0.06, P=0.30; test for heterogeneity: P=0.0001,

1>=89%). The overall risk of bias was high, and the quality of evidence was very low.
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Procedure time: Data on procedural time were reported in two studies’” 7!, with a total of

211 patients (103 in the pre-emptive embolization group and 108 in the control group).
Meta-analysis showed no statistically significant difference in the duration of the procedure
between the treatment arms (MD 20.12, 95% CI -11.54 — 51.77; P=0.21; test for
heterogeneity: P=0.09, 1’=66%). The overall risk of bias was high, and the quality of

evidence was very low.

70.71 " with a total

Fluoroscopy time: Data on fluoroscopy time were reported in two studies
of 211 patients (103 in the pre-emptive embolization group and 108 in the control group).
The difference in fluoroscopy time between the groups was not statistically significant
(MD 11.17,95% CI-11.22 — 33.56; P=0.33; test for heterogeneity: P=0.004, ’=88%). The

overall risk of bias was high, and the quality of evidence was very low.

Aneurysm sac expansion: A total of 391patients (192 in the pre-emptive embolization

group and 199 in the control group) were included meta-analysis for sac expansion. The
odds of sac expansion were significantly lower in patients with pre-emptive embolization
(OR 0.19,95% CI10.07 — 0.52; P=0.001; test for heterogeneity: P=0.83, I’=0%). The overall

risk of bias was high, and the quality of evidence was very low.

Subgroup and sensitivity analyses

Subgroup analyses for method of embolization (aneurysm sac versus side branch) showed
that the direction of the effect estimate was not affected for any of the outcomes. Meta-
analyses of studies that used sac embolization, thus excluding the study that reported side

branch embolization, affected the significance of effect estimates as follows:

1. The difference in type II endoleak became non-significant (OR 0.56 95% CI 0.28-
1.15, P=0.11; heterogeneity: P=0.60, ’=0%).

2. The difference in type II endoleak-related re-interventions became statistically
significant in favour of pre-emptive sac embolization (RD -0.12 95% CI -0.19 -
0.04, P=0.002; heterogeneity: P=0.78, I’=0%).
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Pre-specified sensitivity analyses did not affect the direction or statistical significance of

effect estimate for any of the outcomes.

Trial sequential analysis

A graphical presentation of the results of trial sequential analyses is presented.
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d. Aneurysm sac expansion

Analysis of embolization EVAR versus standard EVAR for overall mortality showed that
the information size has not been reached and the meta-analysis result is inconclusive with
the cumulative Z-curve crossing neither the conventional significance threshold nor the
O'Brien-Fleming boundaries. More trials are needed to confidently conclude on potential

effects of pre-emptive embolization on overall mortality.
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For type II endoleak, trial sequential analysis showed significant benefit of pre-
emptive embolization; the cumulative Z-score reaches significance by crossing both the
conventional boundary as well as the O'Brian-Fleming boundaries. It can be inferred that
pre-emptive embolization is superior to standard EVAR without embolization, and no

further trials are required.

The cumulative Z-curve for type Il endoleak-related re-intervention crosses neither
the conventional significance boundaries nor the O'Brien-Fleming boundaries, and the

information size has not been reached, meaning that the meta-analysis result is inconclusive

and more trials are required to make inferences for this outcome.

For aneurysm sac expansion, the information size has been reached, and no more trials are

required to confirm the benefit of pre-emptive embolization for this outcome.
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4.DISCUSSION

We found no significant difference for any of the primary outcomes, namely aneurysm-
related mortality, overall mortality, and aneurysm rupture, between EVAR with pre-
emptive embolization and standard EVAR without. No events were recorded for aneurysm-
related mortality and aneurysm rupture, reflecting the underpowered trials and/or short
follow-up. The risk of type II endoleak was reduced with pre-emptive embolization of the
aneurysm sac or aortic side branches, but such benefit did not translate into a reduction of
type II endoleak-related re-intervention. Pre-emptive embolization was not shown to
prolong the procedural or the fluoroscopy time and was found to be associated with a
reduced risk of sac expansion. Trial sequential analyses confirmed a true positive finding
for type II endoleak and aneurysm sac expansion but showed inconclusive results for
overall mortality and type II endoleak-related re-intervention. The absence of
embolization-related complications and the high technical success rates reflect the safety

of the procedure in the context of EVAR.

Type II endoleaks are not always benign. They have been reported to be associated
with sac expansion and, commonly, require secondary interventions.”*”’® This is important,
particularly in light of recent research, which has shown that not only sac expansion, but
failure of the aneurysm sac to regress may result in a higher risk of death.”” Deery et al
have shown that patients with type II endoleak have a relative risk of 3 for sac expansion
and a relative risk of 0.2 for sac regression, which was independently associated with
mortality.”® All trials included in this review reported size-related outcomes. The trials
found a reduction in both aneurysm sac volume and diameter in the embolization group.
Such reductions in size did not translate in improvements in important clinical outcomes,

such as aneurysm rupture and mortality.

Previous research has also shown that complications following type II endoleaks
are significantly more common in persistent endoleaks or those that appear late.”® ” Our
analysis showed similar rates of type II endoleak early after the index EVAR, but a

significant reduction in the medium term.
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Of the three previously published systematic reviews examining the effect of pre-
emptive embolization in EVAR, only one distinguishes between early and late type II
endoleaks.?%2 These reviews included mainly observational studies, which contaminate
the results because of selection bias and limit their applicability. The review of Yu et al®!
examined the effect of aortic side branch embolization and included no RCT; that of Li et
al®® investigated outcomes of both side branch and aneurysm sac embolization and included
only one RCT.”° The most recent meta-analysis®? reported outcomes of aortic side branch
embolization and include done RCT.”! Our study adds to the evidence base with four RCT,

two of which were published recently.”" 7? Our results are in accordance with those of the

previous studies.

The certainty of evidence was judged to be very low the critical outcomes, mainly
due to limited data and high risk of bias in the trials. Similarly, the level of evidence was
judged to be very low for all secondary outcomes, except for type II endoleak, for which
the level of evidence was low. Rates of secondary interventions for type II endoleak varied
across the studies, which may reflect different indications and thresholds for treatment.
Samura et al’! did not undertake re-interventions for type II endoleak in any of the trial

participants, even though the rate of sac expansion was significantly higher in the control

172 170

group. Fabre et al’” and Piazza et al™ reported a higher re-intervention rate in the non-

embolization group.’%7?

Our findings should be viewed and interpreted in the context of limitations. Only
patients at high risk for type II endoleak were eligible for inclusion in three of the trials,
which may limit the external validity of our findings to the general EVAR population. The
meta-analysis population and the number of events was low resulting in imprecision and
downgrading the certainty of evidence. No events were recorded for the primary outcomes,
which indicates that the trials are underpowered. The optimal information size was reached
for none of the outcomes except for sac expansion, and the CI around both relative and
absolute estimates of effect include both appreciable benefit and appreciable harm.
Furthermore, outcome reporting was not consistent across the trials not allowing inclusion
in statistical comparisons. Considerable heterogeneity between the trials was noted;

plausible explanations include different eligibility criteria for participant enrollment,
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different definitions (e.g. sac expansion), and different indications and thresholds for

secondary interventions.

5.CONCLUSIONS

The evidence base on potential benefits of pre-emptive embolization as an adjunct to
EVAR is limited. Available data suggest that such treatment may not confer a survival
advantage compared with standard EVAR without aneurysms sac or aortic side branch
embolization. However, pre-emptive embolization may reduce the risk of type II endoleak
in the medium term, such benefit is not translated in reduction of re-intervention, aneurysm
rupture, or aneurysm-related mortality. The optimal information size has not been reached,
and underpowered studies may explain the absence of tangible benefits. None of the trials
investigated patient-reported outcomes. Trial sequential analyses confirmed the meta-
analysis result is inconclusive for critical outcomes. Further large studies with longer
follow-up are required to provide more information on appreciable benefits and risks of the
procedure and make inferences about potential benefits of pre-emptive embolization in

EVAR.
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6.SUMMARY

Objectives: To investigate outcomes of pre-emptive embolization of the aneurysm sac or

aortic side branches in EVAR.

Data sources: Bibliographic sources (MEDLINE, EMBASE, and CENTRAL) were

searched using subject headings and free text terms.

Review methods: The review was reported according to PRISMA 2020 with a
preregistered protocol. Randomized controlled trials (RCT) comparing EVAR with versus
without embolization were included. Pooled estimates of dichotomous outcomes were
calculated using odds ratio (OR) or risk difference (RD) and 95% confidence interval (CI)
applying the Mantel-Haenszel method. Continuous outcomes were summarized using
mean difference (MD) and 95%CI applying the inverse variance method. The certainty of
evidence was appraised with the GRADE framework. Version 2 of the Cochrane tool was
used to assess the risk of bias. Trial sequential analysis assumed an alpha=5% and

power=80%.

Results: Four RCT reporting a total of 393 patients were included. No significant
difference was found in aneurysm-related mortality (RD 0.00, 95%CI -0.03 —0.03), overall
mortality (OR 1.85, 95%CI 0.42 — 8.13), aneurysm rupture (RD 0.00, 95%CI -0.03 — 0.03),
type II endoleak-related re-intervention (RD -0.07, 95% CI -0.21 — 0.06), procedure time
(MD 20.12, 95% CI -11.54 — 51.77), or fluoroscopy time (MD 11.17, 95% CI -11.22 —
33.56). Patients with pre-emptive embolization had significantly lower odds of developing
type II endoleak (OR 0.45, 95% CI 0.26 — 0.78) and sac expansion (OR 0.19, 95% CI1 0.07
— 0.52). The risk of bias was high for all outcomes. The certainty of evidence was very low
for all outcomes, except for type Il endoleak, for which it was low. Trial sequential analysis
showed an inconclusive result for overall mortality and type II endoleak-related re-
intervention but confirmed the advantage of embolization in reducing type II endoleak and

sac expansion.

Conclusions: Limited, low certainty data suggest pre-emptive embolization confers no

clinical benefits in EVAR.

52



7.JIEPIAHYH

Xtoyxou: Alepevvnorn  OnOTEAECUATOV  TPOANTTIKOL  eUPoiiopod  Tov  GAKOL  TOV
AVELPUCLATOG 1 TOV TAEVPIKAOV KAAOWV TNG QOPTNG OTNV EVOOYYELNKT OMOKATAGTOON

avevpoopatog (EVAR).

IInyég dzoopévav: Or Piproypapucés myés (MEDLINE, EMBASE kot CENTRAL)

avalnTonkay ypNOLLOTOLOVTOS EMKEPUALdEG BepLdtav Kot ElevBepov OpOLG.

Mé0odor avaokomnens: H avackdnnon avagpépbnke odpgpwva pe 1o PRISMA 2020 pe
TPOKATAYOPNUEVO TPMOTOKOALO. ZOUTEPUNPONKOV TUYALOTOMUEVEG EAEYYOUEVES DOKIUES
(RCT) mov cvvékpwvav 1o EVAR pe 1 yopig eppforiiopd. Ot GUYKEVIPOTIKEG EKTIUNOCELS
TOV SYOTOUOV VTOAOYIGTNKAY YPNOLLOTOIOVTOS avaioyia mhavotntev (OR) 1 dtapopd
Kwovvou (RD) kat 95% odidotnpa epmictosvvng (CI) ypnoyonoidvtag ) néodo Mantel-
Haenszel. Ta cvveyn omoteAéGLOTO GUVOYIGTNKOY YPNGLOTOIOVTOG TN HEOT dapopd
(MD) kot 95% CI pe epappoyn g pHedddov g aviiotpoeng daukdpovong. H Befoardtnta
TOV omodelKTIKOV otolyelov extyundnke pe 1o miaicto GRADE. H éxdoom 2 tov
gpyadeiov Cochrane ypnoomomnke yio v a&lohdynon tov kwvdvvov pepoAnyiog. H
dradoywkn péEBodog avarvong vébece dApa=5% kot 16y0V=80%.

Amoteréopata: ZopnepeOnkav téocepic RCT mov avépepav cuvorkd 393 acBeveic.
Agv BpéBnke onuavtikn dapopd ot Bvnopdmra mov oyetiCeton e to avevpovopa (RD
0,00, 95%CI -0,03 — 0,03), ™ cvvohkn Bvnodra (OR 1,85, 95%CI 0,42 — 8,13),
pnén avevpvopatog (RD 0,00, 95%CI -0,03 — 0,0. ), emavenépPoocn oyetilopevn e
evoootapuyn torov I (RD -0,07, 95% CI-0,21 — 0,06), cuvoikdg ypodvog enépfaong (MD
20,12, 95% CI -11,54 — 51,77) 1 ypoviko ddotnuo aktivookomnong (MD 11,17, 95% CI
- 11.22 — 33.56). Ot acbeveic pe mponmtikd euPoAicpd elyav ONUOVTIKA YOUNAOTEPES
mBovotnTeg eUPAviong evoodapuyng tomov II (OR 0,45, 95% CI 0,26 — 0,78) ko
doykmong tov cdkov (OR 0,19, 95% C10,07 —0,52). O kivdvvog pepoinyiog nrov vynmadg
vy 0Aa ta amoterécpata. H Befardtnta tov amodekTtikd®v ototyeimv TV ToAd youUnin
Yoo OAO TOL OMOTEAEGHOTA, €KTOG OO TV gvdodtopvyr tomov II, yw v omoia MTav
yopnAn. H dtadoyikn nébodog avaivong £0e1Ee Eva aGOQES ATOTELEGLO Y10, TI] GUVOALKN

Bvnowwomto kKo v enavenépPacn mov oyetiCetonr pe evoodiapuyn tomov II, oAAdd
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emPePfoiwoe 10 MAeovEKTN LA TOV EUPOAGLOV 01N pelmon g evoodtaguyng tomov II kat

™G aENOTNG SLOCTAGEMV TOL GAKOUL.

Yovpmepdopata: Ileplopiopéva dedopévo youning Pefordmroag vrwodnidvovy OTL 0

TPOoANTTIKOG eLPOAIOOG Oev TPpoopépel KAVIKA opéAn oto EVAR.
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