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PREAMBLE

THE membership of the Society of In-
terventional Radiology (SIR) Stan-
dards of Practice Committee repre-
sents experts in a broad spectrum of
interventional procedures from both
the private and academic sectors of
medicine. Generally, Standards of
Practice Committee members dedicate
the vast majority of their professional
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time to performing interventional pro-
cedures; as such they represent a valid
broad expert constituency of the sub-
ject matter under consideration for
standards production.
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METHODOLOGY

SIR produces its Standards of Prac-
tice documents using the following
process. Standards documents of rele-
vance and timeliness are conceptual-
ized by the Standards of Practice Com-
mittee members. A recognized expert
is identified to serve as the principal
author for the standard. Additional
authors may be assigned dependent
upon the magnitude of the project.

An in-depth literature search is per-
formed using electronic medical liter-
ature databases. Then, a critical review
of peer-reviewed articles is performed
with regard to the study methodology,
results, and conclusions. The qualita-
tive weight of these articles is assem-
bled into an evidence table, which is
used to write the document such that

it contains evidence-based data with

mailto:tgwalker@partners.org


Walker et al • 1633Volume 21 Number 11
respect to content, rates, and thresh-
olds.

When the evidence of literature is
weak, conflicting, or contradictory,
consensus for the parameter is reached
by a minimum of 12 Standards of
Practice Committee members using a
Modified Delphi Consensus Method
(Appendix A) (1). For purposes of
these documents, consensus is defined
as 80% Delphi participant agreement
on a value or parameter.

The draft document is critically re-
viewed by the Standards of Practice
Committee members, either by tele-
phone conference calling or face-to-
face meeting. The finalized draft from
the Committee is sent to the SIR mem-
bership for further input/criticism
during a 30-day comment period.
These comments are discussed by the
Standards of Practice Committee, and
appropriate revisions made to create
the finished standards document. Prior
to its publication the document is en-
dorsed by the SIR Executive Council.

The current guidelines are written
to help determine appropriate pre-
procedural, intraprocedural, and
postprocedural management of pa-
tients with abdominal aortic an-
eurysms (AAAs) who are treated
with endovascular aneurysm repair
(EVAR). Although practicing physi-
cians should strive to achieve perfect
outcomes, in practice all physicians
will fall short of ideal outcomes to a
variable extent. Therefore, in addition
to quality improvement case reviews
conducted after individual complica-
tions, outcome measure thresholds
should be used to assess treatment
safety and efficacy in ongoing quality
improvement programs. For the pur-
pose of these guidelines, a threshold is
a specific level of an indicator that,
when reached or crossed, should
prompt a review of departmental pol-
icies and procedures to determine
causes and to implement changes if
necessary. Thresholds may vary from
those listed here; for example, patient
referral patterns and selection factors
may dictate a different threshold value
for a particular indicator at a particu-
lar institution. Therefore, setting uni-
versal thresholds is difficult and each
department is urged to adjust its
thresholds as needed to meet its spe-
cific quality improvement program
situation.
SIR is committed to the basic prin-
ciples of outcomes-focused, evi-
dence-based medicine. Ideally, every
Standards of Practice Committee rec-
ommendation would be based on
evidence derived from multiple
prospective randomized trials of ad-
equate statistical power. SIR recog-
nizes the potential pitfalls of devel-
oping evidence-based standards for
EVAR and of making recommenda-
tions regarding EVAR based solely
on literature studies. However, these
difficulties are far outweighed by the
potential improvements in safety
and treatment efficacy that may be
gained by implementing the key les-
sons learned from the existing peer-
reviewed scientific literature that has
evaluated outcomes of EVAR proce-
dures. The recommendations pre-
sented in this document are intended
to guide clinical practice rather than
to mandate the use of specific algo-
rithms. The authors fully anticipate
that these guidelines will be appro-
priately revised when future studies
are available.

INTRODUCTION

AAAs are a leading cause of death
worldwide, with increasing incidence
and prevalence. In the United States,
AAAs occur in an estimated 5%–7% of
the population older than 60 years of
age, often as an unrecognized disease
(2). With a high propensity for rup-
ture, AAAs are the 15th leading cause
of death overall in the United States (3)
and the 10th leading cause of death in
men older than age 55, with approxi-
mately 9,000 AAA-related deaths oc-
curring annually (2,3). EVAR for AAA
represents an advance in patient care,
serving as an effective alternative to
traditional open surgical AAA repair,
and is now the most common treat-
ment method for AAA repair in the
United States. Continued technologic
refinements have occurred since the
first documented EVAR in 1991, with
multiple United States Food and Drug
Administration (FDA)–approved de-
vices now available. The reported
technical and clinical outcomes of
EVAR now parallel or exceed the same
outcome parameters for open surgical
repair (4). The procedure has resulted
in reduced operative times, decreased
intraoperative blood loss and transfu-
sion requirements, decreased periop-

erative morbidity and mortality, and
reduced intensive care unit and hospi-
tal lengths of stay. Although these re-
ductions, together with the improved
patient recovery time, may decrease
the immediate costs of AAA repair,
this initial financial advantage may be
offset by the costly lifelong follow-up
imaging that is recommended after
EVAR (5). The Dutch Randomized En-
dovascular Aneurysm Management
trial (6–8) concluded that EVAR pro-
vides only a marginal overall survival
benefit, and is associated with a sub-
stantial, if not prohibitive, cost in-
crease. Additionally, although EVAR
has been shown to reduce death and
complication rates in the first month
after the procedure compared with
open repair (7,9), subsequent longer-
term analysis of these randomized tri-
als showed a sustained benefit in
terms of aneurysm-related mortality
up to 4 years, but the overall survival
difference did not persist beyond the
first two postoperative years (8,10,11).

EVAR outcomes are strongly de-
pendent on appropriate patient and
device selection; physician factors
such as training, experience, and pro-
cedure volume; and various institu-
tional factors (12). EVAR procedures
can be extremely challenging and thus
require operators who have substan-
tial endovascular experience and re-
fined technical skills. Successful out-
comes further depend on meticulous
assessment of the pertinent vascular
anatomy and proper preprocedure
planning. These guidelines are in-
tended for use in assessing the stan-
dard of care expected from all physi-
cians who perform EVAR procedures.
The most important processes of care
are: (i) preprocedural imaging and
planning, (ii) appropriate graft and pa-
tient selection, (iii) performance of the
procedure, (iv) postprocedural sur-
veillance, and (v) management of
EVAR-related complications. The out-
come measures or indicators for these
processes are indications, success
rates, and complication rates, and are
assigned threshold levels.

DEFINITIONS

Abdominal Aortic Aneurysm

Abdominal Aortic Aneurysm is a
permanent pathologic dilation of the
abdominal aorta. Currently, inter-

vention is indicated when (i) the di-
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ameter reaches 5.5 cm or is 2.5 times
the normal aortic diameter or (ii)
there is aneurysm growth at a rate
exceeding 1 cm per year (13–17). Re-
pair is always indicated for AAA
rupture or when there is a symptom-
atic aneurysm (eg, back pain), which
may be a sign of impending rupture
(18). AAAs are classified according
to their anatomic relationship to the
renal arteries, as this significantly af-
fects treatment. An infrarenal AAA
has an intervening normal aortic seg-
ment (proximal neck) of at least 10
mm between the renal arteries and
the most cephalad extent of the an-
eurysm, whereas a juxtarenal aneu-
rysm extends to the renal artery
level, with a normal-caliber aorta
above. A suprarenal AAA not only
involves the renal arteries, but ex-
tends cephalad so that the superior
mesenteric artery and celiac artery
arise from the aneurysmal aorta.
AAAs may also extend distally be-
yond the aortic bifurcation to involve
the common iliac arteries and occa-
sionally the internal and/or external
iliac arteries. A common iliac artery
aneurysm has a diameter that reaches or
exceeds 2 cm. Iliac artery involvement
may significantly affect EVAR, as an-
cillary procedures may be necessary to
ensure a successful outcome. AAAs
may also be categorized by configura-
tion: a fusiform AAA typically in-
volves the entire circumference of an
extended section of the aorta, and is a
“true” aneurysm involving all three
layers of the aortic wall. Saccular
AAAs are more focal and localized
and may be asymmetric or may occur
as pseudoaneurysms that do not in-
volve all mural layers.

Endovascular Aneurysm Repair

Endovascular abdominal aortic an-
eurysm repair is defined as treatment
of an AAA through image-guided
placement of a stent-graft device (en-
doprosthesis) within the native ab-
dominal aorta, securing device fixa-
tion to the vascular wall proximal and
distal to the diseased aneurysmal seg-
ment(s), thus eliminating AAA sac
pressurization.

EVAR stent-graft devices or endo-
prostheses have three components,
consisting of (i) a delivery system for
graft introduction and deployment;

(ii) a high radial force, self-expanding
metallic stent framework that sup-
ports the endoprosthesis and allows
for vascular attachment; and (iii) graft
fabric that excludes the aneurysm and
serves as a new conduit for blood
flow. Successful EVAR requires suit-
able proximal and distal landing zones
for stable fixation and complete seal-
ing of the endoprosthesis to the vascu-
lar wall. Various devices have differ-
ent methods of fixation to the vascular
wall. The methodology for graft at-
tachment above the AAA (ie, proximal
fixation) may be divided into suprare-
nal and infrarenal fixation. Suprarenal
fixation devices employ a bare me-
tallic stent component that extends
proximally above the fabric-covered
stent-graft, with the latter positioned
immediately below the most inferiorly
located renal artery, so that apposition
is to the vascular tissue in the neck
located between the renal arteries and
the AAA. The bare metallic stent of
such a device extends cephalad, an-
choring the graft to vascular tissue ad-
jacent to and above the renal arteries.
This has been proposed as a more ef-
fective means of ensuring proximal
fixation in the presence of unfavorable
anatomy (eg, short infrarenal neck
length, circumferential thrombus or
calcification, severe angulation, coni-
cal neck configuration) (19). Because
there is no fabric attached to the stent,
the mesenteric and renal arteries re-
main perfused, although concerns
have been raised regarding the poten-
tial risks of embolization to or occlu-
sion of the renal and/or mesenteric
arteries by the suprarenal components
(20). Several studies have reported the
safety and efficacy of suprarenal fixa-
tion (21–25), with similar rates of renal
dysfunction in EVAR performed with
suprarenal and infrarenal fixation (24).
However, there are reports of renal
infarction and renal artery occlusions
in patients with preexisting renal arte-
rial disease (26,27), as well as of vis-
ceral compromise and arterial occlu-
sion (28,29) with the use of suprarenal
fixation.

Infrarenal fixation devices do not
have any components that extend
above the renal arteries; the proximal
margin of the endoprosthesis is posi-
tioned immediately below the most in-
feriorly located renal artery. Fixation is
achieved through the radial force of
the metallic stent framework of the de-

vice, where it is in apposition to the
vascular tissue located between the re-
nal arteries and the AAA. Some infra-
renal fixation devices also have small
“barbs” or retention hooks to further
ensure fixation.

Stent-graft design allows for cus-
tomization to an individual patient’s
vascular anatomy. All current FDA-
approved devices have a modular de-
sign that permits the combination of
various graft components into a com-
posite conduit that is patient-specific
for the particular AAA morphology
that is to be treated. There are three
basic graft configurations: (i) a com-
pletely modular stent-graft design that
is composed of a graft body and uni-
lateral limb extension that is paired
with a contralateral docking limb to
achieve a bifurcated graft that simu-
lates the native aortic anatomy; (ii) a
one-piece, fully supported, unibody
self-expanding endoprosthesis that is
positioned on the aortic bifurcation
and to which another modular compo-
nent is added and is extended cepha-
lad to attach immediately distal to the
lowest renal artery (this latter compo-
nent is available with suprarenal or
infrarenal fixation); and (iii) an aortou-
niiliac graft that requires the addition
of a surgically created femoral artery–
to–femoral artery crossover bypass
conduit to provide perfusion of the
contralateral lower extremity. This
graft configuration is a modification of
a bifurcated endoprosthesis and is
used when iliac stenotic or occlusive
disease does not permit bilateral intro-
duction of graft components. It is also
frequently used when EVAR is per-
formed for AAA rupture, as the poten-
tially time consuming placement of a
contralateral docking limb is avoided.

Endoleaks are defined as continued
perfusion of the residual aneurysm sac
after EVAR (30). Endoleaks, along
with graft migration, represent the
most common threat to EVAR durabil-
ity as an alternative therapy to open
surgical aneurysm repair and are the
most commonly occurring complica-
tion following EVAR (31). Endoleaks
are classified according to the source
of continued sac perfusion (30,31).
Type I endoleak occurs when there is
continued sac perfusion as a result of
inadequate fixation at the proximal
(type IA endoleak) or distal (type IB
endoleak) attachment sites of the en-
doprosthesis. The lack of graft fixation

allows arterial blood to enter the an-
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eurysm sac through the space between
the stent-graft and the vascular endo-
thelium. These endoleaks invariably
require further intervention, as they
rarely resolve spontaneously; when
identified during or after EVAR, every
effort should be made to correct this
endoleak, as the continued arterial
perfusion places the patient at risk for
aneurysm rupture. If this endoleak
cannot be corrected, open surgical
conversion may be necessary. Type II
endoleak, the most common type, al-
lows perfusion of the residual AAA
sac through patent branch vessels that
normally arise from the abdominal
aorta (eg, lumbar artery and inferior
mesenteric artery [IMA]). Reversal of
arterial flow through a branch vessel
arising from the aneurysm provides
inflow to the residual AAA sac while
another patent arterial branch serves
as the outflow vessel. Although the
majority of these resolve spontane-
ously, persistent type II endoleaks that
result in continued expansion of the
residual AAA sac require interven-
tion. Type III endoleaks occur when
there is a functional problem with the
device such as a defect in the graft
fabric or separation (ie, disarticula-
tion) of one or more modular compo-
nents of the stent-graft, allowing resid-
ual AAA sac perfusion. This type does
not spontaneously resolve and re-
quires additional intervention, as this
places the patient at significant risk for
aneurysm rupture. Type IV endoleaks
result from excessive graft porosity
that allows continued residual sac per-
fusion; noncellular elements (eg, se-
rum) may predominate as a transu-
date and may cause continued sac
expansion. This endoleak type is sig-
nificantly less common than it has
been in the past as a result of manu-
facturer improvements in fabric com-
position. A type V endoleak (also
termed endotension) is one in which
there is continued post-EVAR expan-
sion of the residual AAA sac without a
demonstrable source of sac perfusion
by imaging. Some investigators be-
lieve this actually represents one of the
previous four types and that there has
merely been a failure in demonstrating
the endoleak type and source (31).
Thus, one cause for continued pressur-
ization of the aneurysm may be blood
flow that is beyond the detection ca-
pabilities of currently available imag-

ing technology (32,33). Other explana-
tions include transgraft passage of
serous fluid ultrafiltrate into the aneu-
rysm sac through microporous fabric
(16,17). The treatment of endotension
must be individualized based on the
suspected cause of continued sac ex-
pansion.

INDICATIONS AND
CONTRAINDICATIONS FOR
EVAR

Despite advances in elective open
surgical AAA repair, there is still con-
siderable associated morbidity and
mortality. Excellent outcomes are gen-
erally achieved in high-volume refer-
ral centers but there are still reported
mortality rates as high as 7% and mor-
bidity rates that approach 50% in some
centers (34). Although open surgical
repair has been the standard of care
for the treatment of AAA, there are
associated well recognized disadvan-
tages, including lengthy operative, an-
esthesia, and recovery times, as well as
a potentially prolonged hospitaliza-
tion that involves use of the critical
care unit. Additionally many patients
are poorly suited for open repair be-
cause of coexisting medical conditions
such as cardiac, pulmonary, or renal
dysfunction, which present a high op-
erative and/or anesthesia risk, and
thus unacceptably high potential com-
plication rates (35,36). Endovascular
abdominal aortic aneurysm repair has
been used as an alternative therapy for
patients who are unsuitable for open
repair as well as for those who would
be well suited for traditional open sur-
gical AAA repair. Various clinical tri-
als have questioned the benefit of
EVAR in patients with poor surgical
risk and have also failed to definitely
establish the sustained benefit and du-
rability of EVAR (6,8,10,37). Indica-
tions for EVAR are currently the same
as for open repair, although presently
there are ongoing randomized pro-
spective clinical trials that seek to de-
termine whether intervention with
EVAR for smaller-diameter AAAs
may be of benefit (38–40). The re-
cently published results of the Positive
Impact of Endovascular Options for
Treating Aneurysms Early trial (41)
showed that early treatment with
EVAR and image-based surveillance,
with aneurysm treatment as clinically
indicated, appear to be equally safe

alternatives for patients with small an-
eurysms of 4.0–5.0 cm in diameter.
The study noted, however, that the
results are based on early data that
might change as longer-term data ac-
crue.

Patient suitability for EVAR is de-
termined by various clinical and ana-
tomic factors. Anatomic factors may
directly affect the technical outcome
and long-term durability of EVAR,
whereas clinical factors, such as med-
ical comorbidities, affect morbidity
and mortality (both early and late).

Anatomic factors that influence suit-
ability for EVAR include adequacy of
vascular access for device introduction;
aneurysm morphology; neck length and
morphology; and iliac artery involve-
ment (42–45). Various series have sug-
gested that there is considerable vari-
ability as to what percentage of patients
will qualify for EVAR, depending on
the criteria that are used to determine
suitability (45,46).

Clinical factors affecting patient
suitability for EVAR may be scored
based on medical comorbidities. There
have been various studies document-
ing a decreased incidence of peripro-
cedural complications with EVAR
compared with open surgical AAA re-
pair (47,48). However, this has not
been confirmed in all studies, as the
Dutch Randomized Endovascular An-
eurysm Management trial demon-
strated similar incidences of cardiac
complications for EVAR and open sur-
gical AAA repair of 5.3% and 5.7%,
respectively (6). As cardiac deaths rep-
resent the primary cause of peripro-
cedural and delayed mortality for
EVAR, an individual’s cardiac risk
should be stratified before treatment.
Limiting preprocedural patient assess-
ment solely to cardiac risk fails to
stratify for other comorbid conditions
that may also profoundly impact out-
comes. Thus, classification systems
have been developed that attempt to
predict morbidity and mortality, in-
cluding the Acute Physiology and
Chronic Health Enquiry score, the
Physiological and Operative Severity
Score for the enumeration of Mortality
and morbidity, the American Society
of Anesthesiology classification sys-
tem, and the Society for Vascular Sur-
gery/American Association for Vas-
cular Surgery classification system.
These scoring systems include the age
and cardiac, pulmonary, and renal sta-

tus of the patient and are intended to
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represent factors that are likely to af-
fect major morbidity and mortality as-
sociated with EVAR or open AAA
repair. Preprocedurally, the clinical
suitability of a patient for EVAR
should be quantified as much as pos-
sible, based on any medical co-
morbidities. Endovascular abdominal
aortic aneurysm repair should be con-
sidered as having an intermediate to
high cardiac risk that ranges from 3%
to 7% (49). If preexisting cardiac dis-
ease is identified, appropriate inter-
vention should be considered before
elective EVAR. Preexisting renal insuf-
ficiency has a known association with
poor EVAR outcomes (50,51). Renal
status should be assessed before EVAR
and renal protection strategies should
be used to address any renal dysfunc-
tion.

Diabetes mellitus has been shown
in the European Collaborators on
Stent Graft Techniques for AAA Re-
pair registry to be associated with a
significantly higher risk of device-re-
lated complications and a higher early
mortality rate (41). However, patients
with insulin-controlled type 2 diabetes
had lower rates of endoleaks and
fewer secondary interventions than di-
et-controlled type 2 diabetic patients
and nondiabetic patients (52).

Regarding patient age and AAA re-
pair, one study (53) has suggested that
the mortality rate after open or endo-
vascular AAA repair in carefully se-
lected octogenarians seems acceptable
but is higher than the mortality rate in
younger patients, whereas another
concluded (54) that EVAR suitability is
not influenced by age, aneurysm size,
or patient fitness. Additionally, one
single-center study (55) cited signi-
ficantly higher endoleak, open con-
version, and renal infarction rates
(P �.05) among a subgroup of patients
older than 75 years, and also showed
significantly elevated (P � .0011) an-
eurysm-related morbidity and mortal-
ity rates.

Patient preference for EVAR ver-
sus open repair should be considered
when appropriate; when informing
patients about the choice, one can
present figures from major trials. The
midterm (4-year follow-up) results
of the EVAR-1 trial (9) showed a sig-
nificantly lower aneurysm-related
mortality rate for patients in the
EVAR group: 4% compared with 7%

for open repair. The lower postoper-
ative morbidity and mortality rates,
the shorter hospital stay, and the po-
tential for use of local or regional
anesthesia may favor EVAR, but
these need to be balanced against
higher late complication and repeat
intervention rates and the need for
long-term surveillance (8,10). Until
recently, there were no objective
studies substantiating whether there
was a patient preference for EVAR.
However, a recent study examining
patient preferences for elective fu-
ture AAA repair (56) showed 84%
preferred EVAR, 13% preferred open
repair, and 3% could not express a
preference. The results of this study
support the general trend toward of-
fering EVAR to patients in whom it
is technically feasible.

Contraindications for EVAR gen-
erally are related to anatomic or clin-
ical factors that render a patient un-
suitable for this therapy. Poor
anatomic preprocedural patient se-
lection is generally associated with a
higher risk for complications and
compromised long-term outcomes
(57,58). Similarly, patients at high
risk for significant perioperative or
postoperative morbidity and mortal-
ity because of severe medical comor-
bidities may be poor candidates for
any form of AAA repair. Decisions
regarding EVAR versus open surgi-
cal AAA repair should be made in
concert with other physicians in-
volved in the patient’s care.

EVAR in Patients Requiring Urgent
or Emergent Repair

Recent studies of national trends
in the United States have observed
increasing use of EVAR in the emer-
gency management of ruptured
AAA, with decreasing mortality
rates (59,60). Results in teaching and
high-volume hospitals have been
significantly superior to those in
nonteaching and low-volume institu-
tions (60). Achieving optimal EVAR
results for ruptured AAA requires
establishment of a treatment proto-
col involving the emergency depart-
ment, the endovascular team, anes-
thesiology, and the operating room
personnel (61). Hemodynamically
stable patients in whom ruptured
AAA is suspected should undergo
emergency computed tomographic

(CT) angiography, whereas those in
unstable condition should be taken
directly to the operating room, limit-
ing fluid resuscitation to mainte-
nance of patient consciousness and a
systolic blood pressure of 70 mm Hg
(ie, “hypotensive hemostasis”) to
limit ongoing hemorrhage (62,63).
Inflation of a compliant aortic occlu-
sion balloon in a supraceliac or para-
renal location may be useful in he-
modynamically unstable patients or
in anatomic situations that prevent
expeditious EVAR (22). If a prepro-
cedural CT angiography examina-
tion could not be obtained, determi-
nation of the aneurysm morphology,
landing zones, and appropriate de-
vice must be based on intraoperative
angiography. Endoprostheses used
in emergency EVAR for ruptured
AAA have included bifurcated and
aortouniiliac devices (61,64 – 66).

One must be vigilant for develop-
ment of abdominal compartment syn-
drome in these patients. This well rec-
ognized complication after EVAR for
ruptured AAAs occurs in hemody-
namically unstable patients in whom a
large retroperitoneal hematoma and
diffuse visceral edema cause elevated
intraabdominal pressure and multior-
gan dysfunction (61,66,67). It is seen
most frequently in patients requiring
an aortic occlusion balloon, massive
transfusion, or conversion to an aor-
touniiliac device, and in those with
coagulopathy (67).

PREPROCEDURAL
ASSESSMENT BEFORE EVAR

Preoperative Imaging and Planning

Preprocedural imaging is essential
for evaluating the suitability of an
AAA for EVAR, as there are multiple
anatomic factors that may preclude
this as a treatment option. Imaging
helps to gauge the degree of technical
difficulty, allows for selection of the
most appropriate endograft, predicts
whether any ancillary procedures may
be necessary before or during EVAR,
and may also help predict immediate
and long-term outcomes. The imaging
modalities employed consist of multi-
detector CT angiography, magnetic
resonance (MR) imaging/MR angiog-
raphy, duplex ultrasonography (US),
and catheter angiography. Usually the
preoperative imaging is initially done

with contrast-enhanced CT, supple-
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mented with three-dimensional volu-
metric reformation images. A preoper-
ative AAA scoring system has been
proposed and is derived from multi-
ple morphologic characteristics (68).
The scoring system ranges from the
most optimal morphologic features
(grade 0) to the most severe (grade 3).
A summation of the various scored
components may be used to preoper-
atively assess suitability for EVAR and
predict outcomes. Higher scores are
associated with poorer outcomes.

Aneurysm Morphology Scoring

Aneurysm morphology may im-
pact endograft delivery and deploy-
ment, may present a risk for distal em-
bolization if the AAA is filled with
laminar thrombus, and may also influ-
ence the long-term performance of the
device and the ability to achieve com-
plete aneurysm exclusion (68). In ad-
dition to the thrombus burden, other
important determinants include aneu-
rysm tortuosity and angulation. Aortic
tortuosity may be quantified by an
aortic tortuosity index and an aortic
angle. The aortic tortuosity index is
defined by dividing L1 by L2, where
L1 is the distance along the central
lumen line between the lowest renal
artery and the aortic bifurcation (with-
out deviation into saccular areas) and
L2 is the straight-line distance from
the lowest renal artery to the aortic
bifurcation. The aortic angle is the
most acute angle in the centerline be-
tween the lowest renal artery and the
aortic bifurcation. Ideally, both the
aortic angle and tortuosity index are
measured from spatially correct three-
dimensional data. They are scored as
in Table 1, whereas thrombus within
the AAA (or iliac arteries) may be
scored as in Table 2.

The aneurysm neck morphology
is a critical determinant of suitability

Table 1
Aortic Angle and Tortuosity Scoring

Grade Tortuosity Index Aortic Angle

0 � 1.05 160°–180°
1 � 1.05 but � 1.15 140°–159°
2 � 1.15 but � 1.20 120°–139°
3 � 1.2 � 120°
for EVAR, as this is the site where
the endograft attaches proximally
and where secure fixation must be
achieved. The proximal AAA neck is
defined as the length of normal caliber
aorta between the inferior-most renal
artery and the beginning of the aneu-
rysm, whereas the distal neck is de-
fined as the length of normal caliber
aorta between the caudal aspect of the
aneurysm and the aortic bifurcation
(68). Neck characteristics such as di-
ameter, amount of calcification, pres-
ence or absence of thrombus, and an-
gulation are important parameters
that affect endograft fixation and
should therefore be evaluated when
considering a patient for EVAR (69). A
proposed scoring system for the aortic
neck (68) includes the following pa-
rameters: neck length and diameter,
the angle between the flow axis of the
suprarenal aorta and the infrarenal
neck, the angle between the flow axis
of the infrarenal neck and the body of
the aneurysm, and the amount of
thrombus and calcification that are
present in the neck. The flow axis of
the aneurysm is defined as the line
running from the proximal neck of the
aneurysm to the aortic bifurcation. At
the proximal neck, morphologic fea-
tures should be evaluated, as they are
critical for securing adequate device
fixation. For the distal aortic neck, the
length is usually not an important fac-
tor unless a tube endograft is used; in
fusiform aneurysms, there may not be
a distal aortic neck. The diameter, an-
gulation, and degree of calcium and
thrombus, however, are important for
all features of the abdominal aortic
distal neck if one is present, as they
impact endograft delivery and deploy-
ment. Additionally, if the diameter of
the distal neck is excessively small,
this might potentially impact en-
dograft delivery and deployment, con-
strain the self-expanding endoprosthe-
sis components, and potentially lead

Table 2
Thrombus Scoring

Grade Amount of Thrombus

0 No visible thrombus
1 � 25% of the cross-sectional

area
2 25%–50% of cross-sectional area
3 � 50% of cross-sectional area
to limb thrombosis.
The shape or configuration of the
aneurysm neck is also a consideration
when considering morphology. Necks
have been classified as flared, parallel,
irregular, conical, barrel, or hourglass
in configuration (70). The parallel con-
figuration is the most favorable for sat-
isfactory EVAR outcomes, whereas
other configurations may be less fa-
vorable for achieving fixation at the
proximal attachment site (70). The
flared and conical neck configurations
may make it difficult to determine the
actual point of transition from neck to
aneurysm (70). Similarly, if there is a
distal neck to the AAA, the actual
transition point may be difficult to de-
termine, as there is often a gradual
distal tapering of the AAA.

Aortic neck scoring.—The proxi-
mal aortic neck length is scored as in
Table 3, the proximal neck angle as in
Table 4, the proximal neck diameter as
in Table 5, and the proximal neck cal-
cification or thrombus as in Table 6. A
similar grading scheme can be used to
score the distal aortic neck and is de-
fined as the angle between the flow
axis of the distal infrarenal neck and
the aortic bifurcation (68).

Quality of vascular access for device
introduction.—The morphology of the
common femoral and iliac arteries is
critical in allowing vascular access for
device introduction. Additionally, il-
iac artery morphology is critical to ob-
taining adequate fixation at the distal
attachment site or sealing zone of the
endoprosthesis limbs and maintaining
limb patency. Thus, the pelvic arteries
may be graded based on diameter, cal-
cification, tortuosity, and length (68).
The diameter of the iliac arteries may
limit device delivery and will affect
the adequacy of the distal attachment
sites of the endoprosthesis. Stenotic or
occlusive disease impacts device de-
livery and outflow patency, whereas
aneurysmal disease affects the distal
seal zone. Typically a minimum diam-
eter of 7 mm is required for main body
device delivery; the presence of any
focal or diffuse stenoses as well as the
overall diameter of a vascular segment
length should be considered. Arterial
calcification may also impact device
delivery; calcification is typically
quantified as none, 25% or less of the
vascular segment length, 25%–50% of
the vascular segment length, or more
than 50% of the segment length or cir-

cumference. Vessel tortuosity must
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also be considered when assessing the
quality of access. An iliac tortuosity
index may be determined in the same
manner as was described for aortic
tortuosity, with L1 the distance along
the central lumen line between the
common femoral artery and the aortic
bifurcation and L2 the straight-line
distance from the common femoral ar-
tery and the aortic bifurcation. Like-
wise, an iliac angle may be deter-
mined, which is the most acute angle
in the pathway between the common
femoral artery and the aortic bifurca-
tion. Ideally, both the iliac angle and
iliac tortuosity index are measured
from spatially correct three-dimen-
sional data and are scored as in
Table 7.

Branch vessels.—Although recogni-
tion of the number and caliber of
patent aneurysm branch vessels is im-
portant, the true preprocedural risk
for a type II endoleak remains un-
known. However, it is known that
patent branch vessels predispose to
type II endoleak. Aortic branch vessels
are scored as follows: grade 0, no lum-
bar arteries, IMA, or other branches

Table 3
Aortic Neck Length Scoring

Grade Aortic Neck Length (mm)

0 � 25
1 � 15 but � 25
2 � 10 but � 15
3 � 10

Table 4
Proximal Aortic Neck Angle Scoring

Grade Aortic Neck Angle

0 � 150°
1 � 150° but � 135°
2 � 135° but � 120°
3 � 120°

Table 5
Proximal Aortic Neck Diameter
Scoring

Grade Aortic Neck Diameter (mm)

0 � 24
1 � 24 but � 26
2 � 26 but � 28
3 � 28
visibly patent; grade 1, one patent
lumbar artery or patent IMA; grade 2,
at least two patent branch vessels
(lumbar arteries or IMA with none
more than 4 mm in diameter; and
grade 3, any one of the following with
at least two patent branch vessels:
paired lumbar arteries, low-resistance
outflow vessel such as a noncovered
accessory renal artery, or IMA more
than 4 mm in diameter.

Optimal Endograft Type for Patient
Anatomy

Selection of an appropriate stent-
graft for an individual patient is per-
formed before the procedure after the
accurate analysis of the diagnostic im-
ages. There are currently five FDA-
approved devices available for use in
the United States:

The Zenith Flex AAA endovascular
graft (Cook, Bloomington, Indiana) is
a three-piece modular bifurcated graft
made of woven polyester fabric with a
self-expanding exoskeleton of modi-
fied Gianturco stainless-steel Z stents
to provide support. The proximal end
of the graft body has a series of 12 bare
metal stents with caudally angled pro-
truding barbs for suprarenal fixation
to the aortic wall. The stainless-steel
composition of the stents render this
device incompatible with MR for post-
procedural surveillance. Zenith en-
dograft diameters range between 22
mm and 36 mm for the proximal com-
ponent and from 8 mm to 24 mm for
the iliac limbs. There are also proximal
aortic body extensions, as well as
proximal aortic converter cuffs that
are designed for conversion of the bi-
furcated graft design to an aortouni-
iliac configuration. Conversion to this
latter configuration also requires the
use of an available iliac plug. The
Flexor delivery system uses a flexible,
kink-resistant sheath that ranges from
18 F to 22 F in inner diameter and has
a hydrophilic coating to facilitate de-
vice introduction. Because of the avail-
able large aortic component diameters,
this graft is indicated for implantation
in AAAs with neck diameters as large
as 32 mm and lengths that are greater
than 10 mm; the neck angulation
should be less than 60°.

The Powerlink AAA endovascular
graft (Endologix, Irvine, California) is
a unibody bifurcated design graft that
is made of expanded polytetrafluoro-

ethylene that is attached to a self-ex-
panding cobalt/chromium endoskele-
ton. The tubular component of the
unibody graft is available in 25- and
28-mm diameters; the iliac limb com-
ponents have a distal diameter of 16
mm. There are tubular and flared iliac
limb extensions available. Proximal tu-
bular aortic extensions are available
without suprarenal fixation or with a
20-mm-long bare metal suprarenal fix-
ation design. This unibody design de-
vice is positioned so the graft bifurca-
tion is placed at the aortic bifurcation
to prevent any caudal migration. The
aortic extension is then introduced
and positioned with the proximal fab-
ric-covered end immediately below
the most inferiorly located renal artery
origin. Because of the unibody graft
design, cannulation and contralateral
placement is unnecessary. The IntuiT-
rak introducer system employs a 19-F
inner body hydrophilic delivery sheath.
Placement of a contralateral 9-F sheath
is required to allow for positioning of
the contralateral iliac component. This
smaller diameter requirement for the
contralateral limb allows for percuta-
neous access and may be advanta-
geous if there is a unilaterally small
caliber or diseased access vessel.

The Excluder AAA endoprosthesis
(W.L. Gore and Associates, Flagstaff,
Arizona) is a two-piece modular de-
vice consisting of a main-body ipsilat-
eral limb and a contralateral limb, both
constructed with a self-expanding niti-
nol stent skeleton lined by expanded
polytetrafluoroethylene. The original
fabric of this graft had porosity issues
that resulted in high rates of post-
EVAR residual AAA sac expansion,
but this problem has resolved since
replacement of the original fabric. The
graft main body is designed for infra-
renal fixation, with a series of small
proximal fixation anchors or “whis-
kers” designed to imbed within the
arterial wall at the proximal attach-
ment site and impede caudal graft
migration. The Excluder AAA endo-
prosthesis body ipsilateral limb com-
ponent is available in diameters of 23
mm, 26 mm, 28.5 mm, and 31 mm,
with aortic extender cuffs available.
The contralateral iliac docking limb
component has available tapered,
straight, and flared configurations.
The device is delivered through 20–
24-F sheaths and is deployed via the
sheathless Sim-pull system.
The AneuRx endoprosthesis (Med-
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tronic, Minneapolis, Minnesota) is a
two-piece modular device that has a
main-body ipsilateral limb and a con-
tralateral docking limb, both of which
are constructed of low-porosity woven
polyester fabric, with a self-expanding
nitinol exoskeleton composed of mul-
tiple diamond shaped stents. The An-
euRx bifurcated body ipsilateral limb
component comes in diameters from
20 mm to 28 mm with and flared con-
tralateral iliac docking limbs as well as
straight and flared iliac extender cuffs.
Aortic extension cuffs (4-cm length)
are available in the same diameters as
the proximal main body. The graft
is introduced with the kink-resistant
hydrophilic-coated Xcelerant delivery
system. This device is indicated for
use in AAAs with a maximum aneu-
rysm neck diameter of 26 mm.

The Talent endoprosthesis (Medtronic)
is a modular bifurcated device that
employs suprarenal struts for proxi-
mal fixation. It is constructed of flexi-
ble low-porosity woven polyester that
is reinforced with a self-expanding
nitinol exoskeleton composed of a se-
ries of Z stents. Columnar strength is
provided by a metallic bar that courses
longitudinally along the medial por-
tion of the main-body ipsilateral iliac
limb component and is also incorpo-
rated into the limb components. The
Talent main-body ipsilateral iliac limb
component of this device ranges in di-
ameter from 22 mm to 36 mm and is
approved for implantation in AAAs
with neck diameters as large as 32 mm

Table 6
Proximal Aortic Neck Calcification or Th

Grade

0 Calcification � 25
1 Calcification 25%–
2 Calcification � 50

Table 7
Iliac Angle and Tortuosity Scoring

Grade Tortuosity Index Iliac Angle

0 � 1.25 160°–180°
1 � 1.25 but � 1.5 121°–159°
2 � 1.5 but � 1.6 90°–120°
3 � 1.6 � 90°
and neck lengths of 10 mm or greater.
Iliac docking limbs are available in ta-
pered, straight, and flared configura-
tions. Aortic extension cuffs with bare
metal suprarenal fixation stents are
available in the same diameters as the
main body component. The device is
introduced with the hydrophilic-
coated Xcelerant delivery system.

Informed Consent

Previously, patients with AAA faced
the decision of whether to undergo
surgery for a condition that is usually
asymptomatic, but they now must de-
cide between open repair or EVAR,
and thus must fully understand the
distinct risks and benefits of each
alternative as presented during in-
formed consent. When patients are
fully engaged in the informed consent
process, they are likely to be more sat-
isfied with their decision and may ex-
perience better outcomes (71).

Patient Preparation

Because iodinated contrast medium
is used during EVAR, if there is base-
line renal dysfunction, preoperative
renal protection strategies should be
considered. As hydration remains the
primary intervention for preventing
contrast medium–induced nephropa-
thy (CIN) (72), admission for vigorous
overnight preoperative hydration may
be useful. Intravenous sodium bicar-
bonate has been used for the preven-
tion of CIN, despite conflicting study
results on its use; its efficacy in pre-
venting CIN should be clearer follow-
ing the completion of prospective ran-
domized trials currently under way
(73). The efficacy of N-acetylcysteine
in CIN prevention remains unclear be-
cause of the presence of positive and
negative published clinical studies; it
is hard to discourage its use given its
lack of toxicity and inexpensive na-
ture. Nephrotoxic drugs such as non-
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steroidal antiinflammatory drugs should
be avoided before contrast agent expo-
sure.

PROCEDURE: TECHNICAL
ASPECTS

Anesthesia

Traditionally, EVAR is performed
under regional or general anesthesia.
As mortality, postoperative complica-
tions, and length of stay are the con-
sequences of surgical and anesthetic
techniques, a change in the latter may
contribute to reduce morbidity and
costs after EVAR. Feasibility and small
cohort studies (74–76) have reported
encouraging results with the use of
locoregional anesthesia for EVAR.
Other authors, however, found no dif-
ference in cardiac mortality and mor-
bidity in a retrospective cohort of
patients receiving locoregional anes-
thesia or general anesthesia (76). There
is no level I evidence for or against
locoregional anesthesia in EVAR, as
there are no randomized controlled
trials or large prospective studies doc-
umenting its role in EVAR. However,
the European Collaborators on Stent
Graft Techniques for AAA Repair (77)
data indicate that patients appeared to
benefit when locoregional anesthesia
was used for EVAR and suggest that
these techniques should be used more
often to enhance the perioperative ad-
vantage of EVAR. Additionally, a re-
cent review of selected studies showed
that, although patients undergoing lo-
coregional anesthesia were less medi-
cally fit compared with those in the
general anesthesia group, there were
reductions in the cardiovascular sup-
port required during and after sur-
gery, postoperative hospital stay,
intensive care unit stay, and postoper-
ative mortality and morbidity (78).
Choice of anesthesia must be tailored
to the individual patient, and will typ-
ically vary by operator and by institu-
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Access for Device Introduction

Traditionally, access for EVAR has
required arterial exposure via “cut-
down” skin incisions with creation of
an open arteriotomy for device intro-
duction. In general, this process is
safe, but requires practitioners experi-
enced in open surgical technique.
Newer endograft technology, smaller
access sheath sizes, and the develop-
ment of suture-mediated arterial clo-
sure devices has made complete per-
cutaneous access for EVAR feasible in
most patients. Since the technique of
percutaneous closure of femoral arter-
ies after EVAR was initially described
by Haas et al in 1999 (79), there have
been several published series report-
ing technical success rates ranging
from 62% to 100% (80–82). There are
currently no large multicenter ran-
domized controlled trials comparing
open with percutaneous access for
EVAR. Several investigators have
identified risk factors associated with
potentially poor outcomes involving
percutaneous access techniques for
EVAR, including morbid obesity and
heavy arterial wall calcification (83).
There are well known complications
that can occur following open access,
including wound complications after
hospital discharge (eg, infection, he-
matoma, or femoral neuropathy) and
those arising from lymphatic disrup-
tion. In several authors’ experience
(80,81,84), such late complications
were nonexistent after percutaneous
treatment. Totally percutaneous aneu-
rysm repair requires good patient se-
lection, technical expertise, and a thor-
ough understanding of the device (84)
and should be performed in a sterile
environment or where open arterial
access can be obtained rapidly if re-
quired.

Open surgical conduits fashioned
to the common iliac artery or the aorta
have been used to deal with unfavor-
able iliac anatomy during EVAR. A
recently published 10-year experience
regarding iliac conduits (85) details
the various approaches to these con-
duits. In most cases, a retroperitoneal
approach through a lower-quadrant
oblique incision provides access to the
common iliac artery or distal aorta.
Preprocedural determination of opti-
mal conduit placement may be made
from preoperative imaging studies.
A more recent technique for deal-
ing with unfavorable arterial access
anatomy uses an “internal endocon-
duit” (86,87), in which an iliac stent-
graft is placed across the diffusely dis-
eased or stenotic area. When adequate
proximal and distal seal has been es-
tablished with the endoconduit, ag-
gressive angioplasty with “controlled
rupture” of the iliac artery may be per-
formed, with theoretically less concern
for hemorrhage from rupture of a non-
protected vessel. This may then permit
safe passage of the delivery sheath or
device.

Intraprocedural Imaging

Endovascular abdominal aortic an-
eurysm repair should be performed in
an operating room or an angiography
suite with a sterile configuration, a ra-
diolucent operating table, and all nec-
essary equipment should surgical con-
version be required. State-of-the-art
imaging equipment with a stationary
fluoroscopy machine or dedicated new-
generation C-arm should be used. As
procedure times and potential radia-
tion doses to the operators and the
patient may be substantial, imaging
equipment should be equipped with
dose reduction technology such as
variable-rate pulsed fluoroscopy. The
operator should be familiar with dose
reduction strategies such as collima-
tion, appropriate x-ray tube–to–pa-
tient distance, and avoidance of re-
dundant views.

If a C-arm is used intraprocedur-
ally, one must be aware of the poten-
tial for delays that may occur during
prolonged equipment use, as a result
of the accumulation of heat energy
that may limit x-ray production if in-
sufficient cooling is allowed. There is
also more rapid heat energy accumu-
lation in patients with large body hab-
itus and with use of magnification flu-
oroscopy. Appropriate use of pulsed
fluoroscopy, collimation, and limita-
tion of magnification and steep angu-
lation may prevent delays from exces-
sive x-ray tube heat loading.

Thorough knowledge of appropri-
ate geometric adjustments of the im-
aging equipment relative to the vascu-
lar anatomy is essential for optimal
outcomes. Parallax correction, as well
as the appropriate use of oblique pro-
jections to optimally display the ori-
gins of vessels such the renal or inter-

nal iliac arteries, for example, is
required to insure appropriate place-
ment of the graft components at the
landing zones.

Some investigators have advocated
routinely use of intravascular US during
EVAR (88). Intravascular US use during
EVAR requires complete familiarity
with this technology in target site and
branch vessel identification, landing
zone measurement, neck analysis, and
intraprocedural troubleshooting. Intra-
vascular US may be beneficial in pa-
tients with excessive abdominal girth in
whom intraoperative fluoroscopy and
angiographic imaging do not provide
adequate imaging for procedural preci-
sion during EVAR. Although the rou-
tine use of intravascular US might
minimize renal contrast medium ex-
posure, as well as reduce radiation ex-
posure, in most centers intravascular
US has an ancillary role (89), when
and if it is used, and is not currently
considered the standard of care.

There has been debate as to
whether certain iodinated contrast
agents may pose less risk of CIN than
others. A recent metaanalysis of ran-
domized controlled trials (90) compar-
ing the nephrotoxicity of isoosmolar
iodixanol with nonionic low-osmolar
contrast media concluded that there is
no significant reduction in the relative
risk of CIN with the use of iodixanol
compared with nonionic low-osmolar
contrast media pooled together. In pa-
tients with renal insufficiency who re-
quire intraarterial administration of
contrast medium, iohexol is associated
with a greater risk of CIN than is io-
dixanol, whereas there is no signifi-
cant difference in the relative risk of
CIN between iodixanol and the other
nonionic low-osmolar contrast media
in patients at high risk. Thus, iodixa-
nol or a nonionic low-osmolar contrast
agent other than iohexol may be used
in patients at risk for CIN (90).

Graft Body Deployment

By convention, the side of arterial
access for introduction of the bifur-
cated main body of an endograft is
termed ipsilateral, and the side from
which the opposite iliac limb is intro-
duced is referred to as contralateral.
As the main body component requires
a larger-caliber access vessel, the
choice of the ipsilateral access is influ-
enced by vessel diameter, tortuosity,

degree of calcification, and/or throm-
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bus, and the presence or absence of
any stenotic or occlusive lesions. Other
factors that may influence the choice
of the ipsilateral access include the
length and caliber of the distal landing
zone, the anatomic level of the internal
iliac artery (IIA), the orientation of the
aortic bifurcation, and any AAA tortu-
osity or unusual anatomy that might
complicate the process of cannulation,
introduction, and deployment of the
contralateral iliac limb.

An angiographic flush catheter,
such as a calibrated pigtail catheter, is
initially introduced via the contralat-
eral access side to be used to obtain
digital subtraction angiographic im-
ages that document the positions of
the renal arteries. The ipsilateral access
side is used for introduction of the
graft body component through a vas-
cular access sheath or in “bareback”
fashion, using only the delivery sys-
tem that contains the endograft. The
device is advanced over a previously
introduced super-stiff guide wire
through the pelvic vessels, aortic
bifurcation, and aneurysm, under
fluoroscopic control, until the fabric-
covered superior end of the endo-
prosthesis is positioned immediately
below the renal arteries. Parallax-cor-
rected digital subtraction angiogra-
phic images are obtained at renal
artery level before and during deploy-
ment of the proximal end of the endo-
prosthesis. After deployment of the
proximal portion of the bifurcated
main body component, the remainder
of the main body is deployed under
fluoroscopic control. For modular-de-
sign devices, the ipsilateral limb com-
ponent of the bifurcated main body
endoprosthesis may also be deployed
at this time, but if there is concern
regarding stability of the endograft at-
tachment at the neck, the operator
may choose to place the contralateral
limb before completing deployment of
the ipsilateral limb. Placement of the
contralateral limb may provide colum-
nar strength to the endoprosthesis and
thereby stabilize the proximal attach-
ment site of the main body of the graft
and prevent distal migration of the en-
dograft below the renal arteries. This
may be of particular importance in a
“hostile” neck that is extremely short,
angulated, or thrombus-laden.

Deployment of a single-piece uni-
body bifurcated graft design requires

use of catheter and guide wire systems
that are directed across the aortic bi-
furcation from the contralateral side,
with the unibody graft introduced
directly into the aorta from the ipsilat-
eral side. The contralateral limb com-
ponent of the graft is then manipu-
lated into position by retracting the
wire introduced from the contralateral
side, so that the graft is “seated” on
the aortic bifurcation. The main body
component is then extended cephalad,
by means of an aortic extension cuff, to
terminate just below the renal arteries.
An aortic extension cuff, with or with-
out suprarenal fixation, may also be
used with a modular bifurcated graft
if the main body component has been
positioned at a level that is subopti-
mally low relative to the renal artery
origins. The delivery system for an
aortic extension cuff requires the same
diameter access vessel as does a main-
body endograft component.

Contralateral Limb Deployment

For modular devices, the contralat-
eral limb must be “docked” with the
main body component to complete a
bifurcated configuration. This requires
the selective retrograde catheteriza-
tion (ie, cannulation) of an opening or
“gate” that is incorporated into the
main body component and that is in-
dicated by radiopaque markers. Can-
nulation involves the use of a catheter
to direct a guide wire through the gate
and into the body of the bifurcated
endoprosthesis. After confirming suc-
cessful intraluminal passage of the
guide wire into the endoprosthesis
body and determining the correct con-
tralateral limb length, the latter is de-
livered under fluoroscopic control
over a super-stiff guide wire and is
deployed with the appropriate over-
lap within the contralateral gate stub.
The distal end of this limb should op-
timally terminate within 1 cm of the
IIA origin to provide maximal colum-
nar strength and prevent cephalad mi-
gration of the distal attachments if
there are extreme AAA morphology
changes following EVAR. If necessary,
an iliac extension limb may be used to
provide sufficient additional length to
the ipsilateral or contralateral graft
limb to reach the iliac bifurcation.

If gate cannulation is problematic
and difficult to successfully achieve in
the usual retrograde fashion, an alter-

nate antegrade or crossover cannula-
tion technique may be used. A catheter
is introduced from the ipsilateral limb
and is used to direct a guide wire over
the graft bifurcation or “flow divider”
into the contralateral gate stub. The
guide wire is subsequently passed into
either the lower segment of the aneu-
rysm or the common iliac artery,
where it may be retrieved with a snare
catheter introduced from the con-
tralateral femoral site, thus providing
guide wire access for passage of the
contralateral iliac docking limb.

Intraoperative Ancillary Procedures

Various ancillary procedures may
be required to ensure successful out-
comes with EVAR. Some of these may
be performed before EVAR, whereas
others may be done intraprocedurally.
Careful analysis of the preprocedural
images allows for planning of any an-
cillary procedures and determining
appropriate timing. Some ancillary
procedures, because of their complex-
ity, may be best performed as a staged
procedure in advance of EVAR, thus
potentially avoiding an unacceptably
lengthy EVAR procedure, whereas
relatively simple supplemental proce-
dures such as angioplasty may be per-
formed intraoperatively. Certain pro-
cedures, such as creation of a surgical
conduit for device introduction or cre-
ation of a cross-femoral bypass con-
duit, must be performed at the time of
EVAR.

One of the most common ancillary
procedures required during EVAR is
angioplasty of stenotic iliac access ves-
sels. If intravascular stents are re-
quired in access vessels, these should
be placed after completion of EVAR
rather than before, as stents may be
dislodged during device introduction.

If a suitable distal landing zone in
the common iliac artery is not present,
the iliac limb may need to be extended
into the external iliac artery. To pre-
vent a type II endoleak from the IIA,
embolization of one or both internal
iliac arteries may be required. IIA em-
bolization is performed preoperatively
by some operators and intraopera-
tively by others. Some authors (91,92)
state that the risk of bilateral IIA em-
bolization is greater than in a unilat-
eral procedure and includes potential
complications such as erectile dys-
function, buttock claudication, and

spinal cord, bladder, and colonic ische-
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mia. Others believe that ischemic com-
plications can be minimized by staged
procedures before EVAR to allow time
for collateral vessels to develop (93).
Metaanalysis of the literature regard-
ing IIA embolization (92) yields over-
all incidences of buttock claudication
and erectile dysfunction of 28% and
17%, respectively. IIA revasculariza-
tion by surgical bypass (94) or endo-
vascular branched grafts are possible
solutions to the potential problems as-
sociated with embolization, but add
procedural complexity and possible
additional complications. Addition-
ally, a significant association between
the position of embolization coils in
the IIA and the development of isch-
emic symptoms has been suggested,
prompting many investigators (95,96)
to perform very proximal emboliza-
tion and thus preserve collateral flow
from the contralateral IIA and ipsilat-
eral external iliac artery. Materials
used for embolization include coils
and nitinol plugs (eg, Amplatzer vas-
cular plug; AGA Medical, Golden Val-
ley, Minnesota).

Preoperative or intraoperative em-
bolization of various aortic side
branches, including patent lumbar ar-
tery and IMA, has been previously in-
vestigated as a method to decrease the
incidence of type II endoleak. These
studies have demonstrated feasibility
but no clear benefit from the proce-
dure (97,98). IMA patency has been
described as a risk factor for type II
endoleak formation after EVAR (98–
100). A lower percentage of lumbar
branches remain open after EVAR
compared with IMAs (99), suggesting
that lumbar leaks may be more likely
to thrombose spontaneously. A previ-
ous report has shown technical suc-
cess rates for preoperative emboliza-
tion to be considerably higher for the
IMA than for lumbar branches, at
100% versus 65%, respectively (97). In
some centers, a patent IMA is embo-
lized preoperatively or intraopera-
tively in all patients (101), whereas
other centers have a more selective ap-
proach to IMA embolization.

The presence of concurrent vascu-
lar disease is often demonstrated
angiographically during EVAR. Stud-
ies of incidental findings at diagnos-
tic aortography (102,103) have docu-
mented stenoses of more than 50% in
20–40% of renal arteries, 10%–15% of

visceral arteries, and 20%–30% of iliac
arteries, whereas other investigators
(104) have documented angiographic
progression of preexisting renal arte-
rial disease. Although these findings
raise the issue of prophylactic treat-
ment of renal or mesenteric arterial
disease during EVAR, there are no de-
finitive data regarding such treatment
of incidentally noted coexistent renal
or mesenteric arterial disease during
EVAR. Any interventions must be in-
dividualized, based on a consideration
of the lesion severity and the pre-
sumed potential for disease progres-
sion versus the risk/benefit ratio of
such an intervention.

Certain ancillary open surgical pro-
cedures may be performed during
EVAR, in addition to creation of a vas-
cular access conduit. Patients in whom
an aortouniiliac endograft configura-
tion is used require a surgically cre-
ated cross-femoral bypass conduit to
provide perfusion of the contralateral
lower extremity. Other ancillary surgi-
cal procedures include IIA bypass,
endarterectomy, and patch angioplasty of
the arterial access site.

Implantable telemetric pressure
sensors have been developed for mon-
itoring the pressure within the AAA
sac following EVAR, as a noninvasive
means of postoperative surveillance
(105). The EndoSure wireless AAA
pressure sensor (CardioMems, Atlanta,
Georgia) is the only pressure sensor
with FDA approval for acute implan-
tation and initial confirmation of AAA
exclusion. The EndoSure sensor is de-
ployed through its own delivery cath-
eter during the EVAR procedure and
is positioned inside the aneurysm sac.
The sensor is kept in place by means of
a surrounding wire basket, which
does not have any electrical function
(106).

Intraoperative Assessment for
Endoleak

After placement of all device com-
ponents, a large-volume compliant
balloon is introduced and is used to
distend the proximal and distal graft
attachments as well as the junctions of
all overlapping modular components.
This purpose of this maneuver is to
eliminate any folds or “pleats” in the
graft fabric that may be present as a
result of incomplete expansion of the
endograft. When present, these folds

may serve as direct channels inter-
posed between the endograft and the
arterial wall and may thus result in
continued perfusion of the AAA sac,
creating a type I endoleak at the land-
ing zones or a type III endoleak at
component junction sites. After use of
the compliant balloon, a completion
arteriogram is obtained to confirm pa-
tency of all graft components, to ex-
clude endoleak, and to confirm pa-
tency of the renal arteries, IIA, and
external iliac arteries. The imaging se-
quence should be prolonged, so that
delayed AAA sac perfusion may be
excluded. One must carefully evaluate
the images for incomplete sealing at
the proximal and distal endograft
landing zones (type I endoleak), evi-
dence of sac perfusion at a modular
junction (type III endoleak), or evi-
dence of retrograde perfusion of the
AAA sac through patent aortic branch
vessels (type II endoleak). Type I and
type III endoleaks should be treated
intraoperatively, making every at-
tempt to eliminate such endoleaks be-
fore terminating the procedure, as the
AAA remains at risk of rupture until
these are corrected (31,107). Type II
endoleaks are typically followed and
do not require intraprocedural inter-
vention, as the majority of these spon-
taneously resolve (108).

If the completion arteriogram dem-
onstrates narrowing or kinking of the
graft limbs, this should be corrected
because these abnormalities will pre-
dispose to eventual thrombosis of the
compromised component. Adjunctive
angioplasty with or without stent
placement may eliminate the abnor-
mality. If completion images demon-
strate any compromise of essential ar-
teries (eg, renal artery, IIA) by a
malpositioned graft, corrective mea-
sures such as intravascular stent place-
ment should be undertaken to avoid
complications.

Intraoperative Anticoagulation and
Other Pharmacology

Intravenous heparin is routinely
administered during vascular surgical
procedures to prevent thrombosis re-
sulting from stasis distal to hemosta-
sis-controlling clamps or ligatures.
The safety of intraoperative heparin
administration during vascular surgi-
cal procedures has been demonstrated
in large studies (109). Heparin is usu-

ally given intravenously and during
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open AAA repair is typically adminis-
tered 2–3 minutes before cross-clamp-
ing the aorta. The goals are to achieve
adequate anticoagulation quickly and
to maintain a steady anticoagulation
concentration until cross-clamp re-
moval. Although the risk of throm-
botic events is not well established in
this context, there is consensus on the
necessity of anticoagulation during
vascular surgery (110). Approximately
half the physician respondents in one
survey (111) regarding their use of
heparin in elective AAA surgery re-
ported using the same dose in all pa-
tients, whereas the remainder varied
the dose, usually on the basis of
weight or patient “size.” Most sur-
geons use 5,000 U but dosages vary
from 400 to 20,000 U of heparin. The
Seventh American College of Chest
Physicians Conference on Antithrom-
botic and Thrombolytic Therapy (112)
recently recommended a fairly high
concentration of anticoagulation dur-
ing surgery, with an initial dose of
100–150 U/kg of unfractionated hep-
arin before cross-clamping. It was also
recommended to supplement this dose
every 50 min until circulation is rees-
tablished. However, these recommen-
dations apply only to situations in
which there is no monitoring of hepa-
rin anticoagulation such as activated
clotting time, and no anticoagulation
monitoring device was specified. With
a high variability of heparin respon-
siveness and plasma elimination half-
life (113–115), anticoagulation moni-
toring may improve anticoagulation
during vascular surgery. Although
there are no trial data regarding rou-
tine use of intraoperative heparin dur-
ing EVAR, the open surgical experi-
ence with heparinization has been
widely applied to endograft proce-
dures.

POSTOPERATIVE
MANAGEMENT

Following an uncomplicated EVAR
procedure, the patient is admitted for
overnight observation, with appropri-
ate analgesia for pain management,
continuation of intravenous fluids as
necessary, evaluation of appropriate
dietary intake, and monitoring of the
access sites, cardiopulmonary status,
ambulation ability, and overall general
postoperative state. Complicated pro-

cedures may require the administra-
tion of blood products, a potentially
lengthier hospital stay that may in-
clude intensive care, and early postop-
erative evaluation with CT.

Unfortunately, there is a lack of
prospective randomized trials con-
cerning the medical management of
patients who have undergone EVAR.
Treatment is in line with the medical
management of coronary artery dis-
ease including antiplatelet therapy
and statins (116,117). Antiplatelet ther-
apy may prevent complications such
as graft-limb thrombosis and periph-
eral arterial disease (116,118). Espe-
cially in patients with PAD, aspirin,
clopidogrel, and statins remain main-
stays of medical management.

Postoperative Surveillance

Lifelong imaging surveillance of
patients after EVAR is critical for (i)
the detection and, if possible, the char-
acterization of endoleaks; (ii) evidence
of expansion or shrinkage of the resid-
ual AAA sac through measurement of
aneurysm size, volume calculation,
and identification of substantial changes
in aneurysm dimensions; (iii) detec-
tion of mechanical changes in the
stent-graft, such as migration, kinking,
or fracture; and (iv) evaluation of the
long-term performance of the endo-
prosthesis. Although CT angiography
is the most commonly used examina-
tion for imaging surveillance, MR an-
giography, US, and digital subtraction
angiography all have a role in en-
doleak detection and management
(119).

Imaging modalities for surveillance.—
Radiography continues to be used in
basic post-EVAR surveillance despite
the availability of advanced imaging
modalities, and is still considered by
some to be superior to CT for demon-
strating the conformation of thoracic
stent-grafts (120) and for detecting
kinks in abdominal stent-grafts (121).
Anteroposterior and lateral radio-
graphs can depict stent-graft migra-
tion and component separation and
oblique radiographs may improve
detection of wire fractures, but ra-
diographs have little if any role in sur-
veillance for sac enlargement and en-
doleak detection. Improvements in
multidetector CT and advances in im-
age visualization tools may require a
reevaluation of the role of radiographs

(119).
Contrast-enhanced CT angiography
remains the most widely used post-
EVAR surveillance tool. The impor-
tance of CT angiography has increased
with the advent of multidetector scan-
ners and the routine availability of
volumetric data sets. The combination
of speed, reproducibility, and spatial
and contrast resolution have made this
the preferred method of imaging fol-
low-up, despite the associated radia-
tion dose and the potential for neph-
rotoxicity (122). High-resolution CT
datasets allow reconstruction of thin
transverse sections, multiplanar refor-
matted images, and highly accurate
three-dimensional volumes. Addition-
ally, CT angiography is able to detect
endoleaks with a higher sensitivity
than conventional angiography (123,124).
Because endoleaks have variable flow
rates and are thus detected at variable
times after injection of contrast mate-
rial, multiphasic CT angiography is
essential; a typical protocol includes
imaging before and after the adminis-
tration of contrast agent in arterial and
delayed phases. Precontrast images
are used to differentiate calcification in
the aneurysm sac from an endoleak.
Delayed phase imaging is critical for
demonstrating endoleaks that are not
visualized during the arterial phase
(125,126). Radiation dosage concerns
have led some investigators to con-
sider eliminating portions of the mul-
tiphasic surveillance CT angiography
examination. Some believe precontrast
scanning may be necessary in only the
first post-EVAR examination (usually
30–90 days after the procedure), with
all subsequent examinations acquiring
only postcontrast images with the ini-
tial precontrast scan for comparison
(127). As delayed postcontrast im-
aging depicts endoleaks with higher
sensitivity than in the arterial phase,
some advocate eliminating the arteri-
al-phase acquisition altogether (128).
However, arterial-phase images are
important in planning exactly where
to access the endoleak during trans-
lumbar embolization and there are oc-
casional cases in which an endoleak is
seen only on arterial-phase images
and not on delayed images (119).

Because impaired renal function oc-
curs commonly in patients undergo-
ing EVAR, repeated routine adminis-
tration of iodinated contrast medium
for post-EVAR surveillance may be

problematic in a substantial number of
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patients. Recently, investigators have
proposed the use of nonenhanced CT
volumetric analysis of the residual
AAA sac for routine surveillance fol-
lowing the initial 3-month post-EVAR
contrast-enhanced CT scan (129). If the
interval volumetric change is 2% or
less, this strategy of surveillance with
nonenhanced CT volumetric analysis
is continued. However, if there is a
volumetric increase that exceeds 2%,
contrast-enhanced CT angiography is
immediately performed to evaluate
for suspected endoleak (129).

MR angiography with gadolinium
enhancement is capable of depicting
endoleaks, but its performance de-
pends on the endograft composition.
Nitinol-based stents are generally suit-
able for MR imaging, whereas Elgiloy
stents can obscure the lumen and
stainless-steel stents cause artifact that
renders the study nondiagnostic (130).
In several studies involving small
numbers of patients with predomi-
nantly nitinol stents, MR angiography
was at least as sensitive as CT angiog-
raphy (131–135), and in some cases
demonstrated endoleaks that were not
detected on CT angiography. In one
case report (136), endotension was
suspected in two patients with enlarg-
ing aneurysm sacs and no endoleak on
CT angiography, but a subsequent MR
angiogram demonstrated type II en-
doleaks. In a study of thoracic aortic
endografts (137), MR angiography and
CT angiography were found to be
equally reliable for aneurysm size
measurement and stent-graft position,
but endoleak detection was not as ac-
curate with MR angiography. Whereas
most MR angiography studies rely on
dynamic gadolinium-enhanced three-
dimensional gradient-echo and de-
layed two-dimensional gradient-echo
sequences, new techniques such as
time-resolved MR angiography may
allow better characterization of the en-
doleak type by demonstrating the
temporal evolution of contrast mate-
rial in the aneurysm sac, analogous to
a conventional angiogram (135,138), in
which dynamic information is dis-
played, as opposed to static CT an-
giography images (139). New blood-
pool MR contrast agents may improve
the detection of endoleaks with slow
flow rates that are occult on CT an-
giography (140), although the clinical
importance of these endoleaks is un-

known.
US has been found by some investi-
gators to be useful in post-EVAR sur-
veillance, particularly as it is conve-
nient, portable, safe, and inexpensive.
It is also operator-dependent, with
scan quality and protocols varying sig-
nificantly from one institution to an-
other (141). There have been techno-
logic advances, such as the use of
contrast agents and tissue harmonic
imaging, that may improve diagnos-
tics, whereas standardization of scan-
ning techniques may reduce some of
the quality variability. US may be of
poor quality in obese patients or in the
presence of considerable bowel gas.
AAA size measurements obtained
with US generally correlate well with
those obtained with CT (142–145).
However, when there are disagree-
ments in the size measurements, US
aneurysm measurements are typically
smaller than those taken with CT
(143,144). Some investigators have
found that changes in AAA measure-
ment may be misrepresented on US
(143). The demand for precise, repro-
ducible AAA size measurements has
led to the persistence of CT angiogra-
phy in the follow-up imaging regimen
(119). Doppler US is capable of depict-
ing endoleaks, but with extremely var-
ied reported sensitivities compared
with CT, ranging from 25% to 100%
(141–144,146–148). This large range
can partially be attributed to the dif-
ferences in technique, technologist ex-
perience, and diagnostic criteria. A re-
cent large study (149) involving 367
paired CT and US examinations after
EVAR reported the sensitivity of US to
be 68%, whereas a recent metaanalysis
(150) studying US detection of en-
doleaks reported a similar sensitivity
of 69%. The use of microbubble con-
trast agents improves the capability of
US to detect endoleaks, as shown in
several series (151–154) and in a recent
metaanalysis (155). Contrast-enhanced
US occasionally depicts endoleaks that
could not be seen with CT angiogra-
phy or conventional Doppler US (154).
This suggests that contrast-enhanced
US could have a role as a problem-
solving tool in situations of suspected
endotension (156,157). There are pro-
ponents of the use of US as the sole
long-term post-EVAR surveillance
method after stability of the aneurysm
has been established by other imaging
modalities (158). In a metaanalysis of

10 published studies comparing color
duplex sonography with contrast-en-
hanced CT (149,150,159), US had a
sensitivity of 69% and a specificity of
91% in endoleak detection, with a
higher sensitivity in detection of types
I and III versus type II endoleaks.
However, there have been recent stud-
ies suggesting that there is a high de-
gree of correlation between CT imag-
ing and color duplex Doppler US in
the detection of clinically significant
endoleaks (159–162). As a result, some
investigators recommend annual post-
EVAR surveillance with color duplex
Dopplper US alone if the first annual
contrast-enhanced CT fails to demon-
strate an endoleak or enlargement of
the residual AAA sac (158,163). If US
detects an endoleak or an increase in
the residual AAA sac size at any time
during surveillance, this would re-
quire additional imaging with con-
trast-enhanced CT for clarification
(164). Although the risk for endoleak
development diminishes over time in
the presence of unremarkable surveil-
lance studies, significantly delayed on-
set of new endoleaks is known to oc-
cur, and thus lifetime post-EVAR
surveillance in some form is currently
recommended (165).

Implantable telemetric pressure sen-
sors have been developed and used
as a means of enabling surveillance
based on pressure monitoring within
the aneurysm sac following EVAR.
The previously described FDA-ap-
proved EndoSure wireless AAA pres-
sure sensor (CardioMems) that may be
used to monitor the pressure within
the aneurysm sac is considered by
some investigators to be an easy and
convenient method for the surveil-
lance of EVAR (105). The pressure sen-
sor, the placement of which is inte-
grated into the EVAR procedure, is
designed to help to detect endoleaks
with the aim of obviating further sur-
veillance investigations, thereby re-
ducing the need for costly and time-
consuming imaging procedures as
well as reducing radiation exposure.

Frequency of surveillance.—The cur-
rent surveillance regimens for EVAR
were derived empirically from early
multicenter trials and codified in the
instructions for use for the devices.
Long-term data were not available at
that time and thus these surveillance
regimens were not data-driven. Proto-
cols that were established for EVAR

surveillance include serial three-phase
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noncontrast and contrast-enhanced
CT scans with CT angiographic refor-
matted images at 1, 6, and 12 months
following the EVAR procedure and
yearly thereafter (166). The cumulative
contrast load from these CT scans is
worrisome for its deleterious effect on
renal function (167,168). The potential
carcinogenic effect of the cumulative
radiation dose for patients is more dif-
ficult to quantify, but still troubling
(169,170). Finally, the cost associated
with current EVAR surveillance regi-
mens is significant, comprising 30%–
35% of the total costs of EVAR fol-
low-up during a 5-year period (171).
Thus, if neither an endoleak nor resid-
ual AAA sac enlargement is detected
on the initial annual post-EVAR con-
trast-enhanced CT scan, color duplex
Doppler US may be considered as an
alternative means of annual surveil-
lance.

OUTCOMES

There is no longer debate about the
early benefits of EVAR, including
shorter hospital stays, less blood loss,
shorter operating times, and lower
early morbidity and mortality rates
(4,9,10,172,173). Recent studies have
focused on late outcomes, including
the need for repeat interventions (172,
174–176). Thus, any assessment of
EVAR outcomes should include the
initial technical success, the long-term
or delayed success, the rate of second-
ary intervention, and the complication
rate.

Success Rates

A systematic review of the evi-
dence of the safety and efficacy of
elective EVAR in the management of
asymptomatic infrarenal AAA (177)
identified 606 reports, of which 61
met the inclusion criteria (three ran-
domized and 15 nonrandomized
controlled trials and 43 uncontrolled
studies). There were 29,059 partici-
pants in total; 19,804 underwent
EVAR. Deployment was successful
in 97.6% of cases. Technical success
(ie, complete aneurysm exclusion)
was achieved in 81.9% at discharge
and 88.8% at 30 days. Secondary in-
tervention to treat endoleak or main-
tain graft patency was required in
16.2% of patients. Mean stay in the

intensive care unit and mean hospi-
tal stay were significantly shorter
following EVAR than open surgical
repair. The 30-day mortality rates for
EVAR were 1.6% (randomized con-
trolled trials) and 2.0% in nonran-
domized trials and case series, re-
spectively. Technical complications
comprised stent migration (4.0%),
graft limb thrombosis (3.9%), en-
doleak (type I, 6.8%; type II, 10.3%;
type III, 4.2%) and access artery in-
jury (4.8%).

COMPLICATIONS

Endoleaks are the most common
complication that occurs in association
with EVAR (126,178–179) and are
fully discussed in the Secondary Inter-
ventions section of this document.
CIN is another complication that is as-
sociated with EVAR and is discussed
in the section on intraprocedural im-
aging. Additional complications can
occur during and after EVAR. The
most commonly recognized are as fol-
lows:

Injuries Related to Vascular Access

Local access site injuries include he-
matoma, infection, and lymphocele
(incidence, 1%–10%). Access artery in-
juries include thrombosis, dissection,
pseudoaneurysm or arteriovenous fis-
tula formation, vessel perforation or
transection, and vascular avulsion.
These have been reported in as many
as 3% of EVAR cases. The incidence of
these complications may potentially
be decreased by careful preoperative
planning, with meticulous attention to
the quality of the access vessels (eg,
diameter, tortuosity, and calcification).
Judicious use of a surgical conduit
may also decrease these complica-
tions. For postoperative pseudoaneu-
rysms, surgical repair may be neces-
sary, as opposed to US compression or
thrombin injection, as the arterial de-
fect may be excessively large. Simi-
larly complications such as arterio-
venous fistulas and large hematomas
may require surgical intervention.

Infection

The incidence of endograft infec-
tion following EVAR is 0.2%–1% (180–
182). Failure to recognize and treat this
complication can result in sepsis and

eventually death. Infection may result
from intraoperative contamination of
the endograft, as a secondary infection
from a remote source (183), or as a
result of an aortoenteric fistula. The
latter may be caused by stent-graft mi-
gration; vascular and/or bowel ero-
sions from metallic components of the
endoprosthesis, coils, or other devices;
graft fabric failure; or aortitis or other
vascular inflammatory processes. (116,
184–186). The procedural environ-
ment is another potential risk factor
for stent-graft infection, with one
study (187) showing that 62.5% of
stent-graft infections occurred with
procedures carried out in an interven-
tional radiology suite, in contrast to
37.5% after procedures performed in a
conventional operating room. Periop-
erative intravenous antibiotics (usu-
ally a cephalosporin) are administered
to reduce the risk of graft infection.
Inadequate antibiotic prophylaxis could
increase the risk of postoperative in-
fection (188). Reports have shown that
patients with infected stent-grafts who
undergo conservative management
with antimicrobial therapy and percu-
taneous drainage can still survive, al-
though most require removal of the
infected prosthesis and either ex-
traanatomic bypass or in situ graft re-
placement (187).

Ischemic Complications

Ischemic complications can occur
as a result of thrombosis, emboliza-
tion, or malpositioning of endograft
components that cover branch vessels.
These ischemic complications may be
further subcategorized as follows:

Colonic ischemia.—There is the same
1%–3% incidence of bowel ischemia
following open surgical AAA repair
and EVAR (189,190). Postoperative co-
lonic ischemia following AAA repair
is a serious complication with a mor-
tality rate of 50% within 1 month (189).
Bowel ischemia following EVAR is
usually characterized by a multifocal
and patchy distribution, unlike that
following open repair. The mechanism
for EVAR-induced colonic ischemia
may be one in which there is dislodg-
ment of thrombotic and atheromatous
deposits, with microembolization into
the superior mesenteric artery or IMA
as well as into the renal artery, IIA,
and lower extremity arteries. This
would account for the segmental and

multifocal nature of the ischemia
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(191). The presence of extensive cir-
cumferential thrombus or atheroma in
the aneurysm neck has a well known
potential for causing EVAR-related
complications such as embolization
and poor fixation or seal at the proxi-
mal endograft attachment site.

Spinal cord ischemia.—The European
Collaborators on Stent Graft Tech-
niques for AAA Repair data showed
an incidence of spinal cord ischemia of
0.21% (192), indicating that this is a
rare occurrence. Although the ische-
mic mechanism is unproven, it is
likely related to embolization com-
bined with interruption of collateral
vessels from the lumbar and iliac cir-
culation. The treatment is the same as
for open repair and consists of drain-
age of cerebrospinal fluid and, in some
cases, reestablishment of collateral
flow (193–197).

Renal ischemia/infarction.—Thrombo-
tic or embolic occlusion of one or more
renal arteries can occur during EVAR,
particularly when there is extensive
thrombus or atheroma in the aneu-
rysm neck. Partial or complete cover-
age of one or more renal arteries
through malpositioning of the en-
dograft occurs in fewer than 5% of
cases (198,199). If endograft malposi-
tioning is the cause of renal artery
compromise, there are maneuvers for
graft repositioning that may be at-
tempted (200). If there is only partial
renal artery coverage by the device,
renal artery stent placement may be
effective for improving renal perfu-
sion (199).

Limb Occlusion

Limb thrombosis frequently oc-
curred in unsupported stent-grafts but
is much more infrequent with newer
devices, with an incidence of 0%–5%
(201). Most limb thromboses occur rel-
atively soon after EVAR and are a re-
sult of kinking of components or poor
outflow (202,203). Delayed limb occlu-
sion may result from endograft migra-
tion or from development/progression
of atherosclerotic occlusive disease in the
outflow arteries (201). To evaluate for
potential graft limb compromise, fol-
low-up should include a thorough
lower-extremity pulse examination and/
or determination of ankle-brachial in-
dex. Similarly development of claudi-
cation, lower-extremity ischemia, or a

decreased ankle-brachial index follow-
ing EVAR should be further assessed
with imaging. The treatment options
for an occluded limb following EVAR
include thrombectomy or thromboly-
sis followed by secondary endovascu-
lar or open limited surgical interven-
tion, or extraanatomic bypass surgery
(eg, femoral–femoral or axillofemoral
bypass graft).

Success/complications Thresholds

Although practicing physicians should
strive to achieve perfect outcomes (eg,
100% success, 0% complications), in
practice all physicians will fall short of
this ideal to a variable extent. Thus,
indicator thresholds may be used to
assess the efficacy of ongoing quality
improvement programs. For the pur-
poses of these guidelines, a threshold
is a specific level of an indicator which
should prompt a review. “Procedure
thresholds” or “overall thresholds”
reference a group of indicators for a
procedure, eg, major complications.
Individual complications may also be
associated with complication-specific
thresholds. When measures such as in-
dications or success rates fall below a
(minimum) threshold, or when com-
plication rates exceed a (maximum)
threshold, a review should be per-
formed to determine causes and to im-
plement changes if necessary. For ex-
ample, if the incidence of open
surgical repair is one measure of the
quality of EVAR, values in excess of
the defined threshold should trigger a
review of policies and procedures
within the department to determine
the causes and to implement changes
to lower the incidence of the compli-
cation. Thresholds may vary from
those listed here; for example, patient
referral patterns and selection factors
may dictate a different threshold value
for a particular indicator at a particu-
lar institution. Thus, setting universal
thresholds is very difficult and each
department is urged to alter the
thresholds to higher or lower values as
needed to meet its own quality im-
provement program needs.

Complications can be stratified on
the basis of outcome. Major complica-
tions result in admission to a hospital
for therapy (for outpatient proce-
dures), an unplanned increase in the
level of care, prolonged hospitaliza-
tion, permanent adverse sequelae, or

death. Minor complications result in
no sequelae; they may require nominal
therapy or a short hospital stay for
observation (generally overnight; see
Appendix B). The complication rates
and suggested thresholds in Table 8
refer to major complications.

Published rates for individual types
of complications are highly dependent
on patient selection and are based on
series comprising several hundred
patients, which is a volume larger
than most individual practitioners are
likely to treat. Generally, the compli-
cation-specific thresholds should be
set higher than the complication-spe-
cific reported rates listed here. It is also
recognized that a single complication
can cause a rate to cross above a com-
plication-specific threshold when the
complication occurs within a small pa-
tient volume, (eg, early in a quality
improvement program). In this situa-
tion, the overall procedure threshold is
more appropriate for use in a quality
improvement program. The overall
procedure threshold refers to all major
complications resulting from EVAR.
In Table 8, all values were supported
by the weight of literature evidence
and panel consensus.

Secondary Interventions

The need for secondary procedures
reached 33% within 3 years of endo-
vascular aneurysm repair in patients
entered into the European Collabora-
tors on Stent Graft Techniques for
AAA Repair registry (174,204). Persis-
tent endoleak, device migration, and
limb thrombosis were common causes
for these procedures, approximately
25% of which were open surgical and
75% were endovascular procedures
(205). The most common indication for
secondary intervention is type II en-
doleak. Although the incidence of type
II endoleaks varies greatly in the liter-
ature and has been reported to be as
high as 30%, the clinical significance of
these endoleaks is unclear. More than
50% of initially identified type II en-
doleaks seal spontaneously, and the
subsequent clinical course of patients
with sealed endoleaks does not differ
from that of patients who never had
one documented (206,207). Endoleak
onset is highly variable and unpredict-
able. Conventional wisdom currently
dictates that type II endoleaks, in par-
ticular, do not justify intervention un-

less there is also evidence of continu-
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ing expansion of the AAA sac. The
most common cause of secondary in-
tervention was endoleak in the new
generation of devices, and migration
was the prime indication in half of all
secondary interventions with older-
generation devices (208). Type I or at-
tachment site endoleaks at the upper
end may be a result of endograft un-
dersizing or inadequate fixation (ie,
early type I), and alternatively, late di-
lation of the infrarenal neck may occur
with similar effects (ie, late type I)
(209–211). Since the inception of EVAR,
there has been controversy about the
management of a patent lumbar artery
and IMA arising from the sac. Over-
sewing of these vessels is an integral
part of conventional open surgery for
this condition. Although type II en-
doleaks caused by perfusion of the sac
from these vessels are seen in 20%–
30% of patients, it is thought that half
of early leaks seal spontaneously
within several months of follow-up.
However, endoleaks may persist in
10%–15% of patients, and late en-
doleaks may develop in another 5%–
10% of patients (31).

When there is documented expan-
sion of the residual AAA sac in the
presence of a type II endoleak, inter-
vention is mandated, as there is con-
tinued sac pressurization. Various ap-
proaches to the management of type II
endoleaks have been described, in-
cluding the following:

Selective transarterial catheterization
and embolization of patent inflow and
outflow branches.—The transarterial ap-
proach for persistent type II endoleaks
involves selective embolization of

Table 8
Published Specific Major Complications

Complication Re

Perioperative mortality
30-D mortality
1-Y mortality
Chronic kidney disease stage change
Local injury at access site
Access artery injury
Colonic ischemia
Spinal cord ischemia
Renal ischemia/infarction
Infection
Limb occlusion
Endoleak (persistent)
patent branches that arise from, and
continue to perfuse and pressurize, the
residual AAA sac. For example, an en-
doleak arising from a patent IMA may
be approached via selective superior
mesenteric artery catheterization, with
subsequent negotiation of a micro-
catheter into the IMA through the
marginal artery or the arc of Riolan.
The catheter may then be advanced
into the endoleak nidus within the re-
sidual sac and embolization per-
formed, or the IMA may be occluded
at the origin from the AAA sac. In
addition, it has also been shown that
type II endoleaks are dynamic and re-
semble an arteriovenous malformation
with multiple feeder and draining ves-
sels (212,213). Thus, embolization of a
single feeding vessel does not provide
a durable repair. A type II endoleak
must be managed similar to the treat-
ment of an arteriovenous malforma-
tion: either the nidus or all contribut-
ing branches must be occluded, as
vessel recruitment is otherwise likely
to occur, with resultant continued risk
of aneurysm enlargement and possible
rupture (214). Because of anatomic
constraints, selective transarterial em-
bolization cannot be used to occlude
patent arterial branches in some cases
and, in others, multiple patent branches
can make this approach cumbersome
and often ineffective in providing a
durable repair (212,213).

Direct sac puncture and embolization
via translumbar approach.—The trans-
lumbar approach is typically per-
formed with the patient in a prone or
oblique position to avoid traversing
cavities or organs. In certain instances,
the inferior vena cava can lie in the

r EVAR

rted Rate (%) Suggested Threshold (%)

0–6 � 4
0–3.1 � 2

3.4–8 � 8
18–29 � 20
1–10 � 5
0–3 � 3
1–3 �2
0.21 � 0.21
0–5 � 2

0.5–1 � 1
0–5 � 5

10–15 � 15
desired needle trajectory, but intro-
ducing the needle into the AAA sac
through the inferior vena cava has
been shown to be safe (215). The stan-
dard translumbar approach is typi-
cally performed under fluoroscopic
guidance using bony landmarks refer-
enced from earlier CT angiography
(213). Alternately, translumbar needle
placement can be initially performed
with CT guidance, with the patient
then transferred to the angiography
suite for fluoroscopic guidance after
the needle has been successfully
placed in the sac. After the translum-
bar approach is made, the sheath nee-
dle is advanced under fluoroscopic
guidance to pass just anterior to the
vertebral body. The endoleak nidus
may be in close proximity to the en-
dograft, so caution must be exercised
to avoid accidental puncture of the
prosthesis, as this could potentially
create a type III endoleak. The
proper positioning of the catheter
within the endoleak is signaled by
free and pulsatile return of blood.
When a sheath is in place, a catheter
may be introduced into the sac so
that it can be manipulated within the
nidus as necessary for depositing the
embolic agent(s). Upon injection of
contrast material, the structure of the
endoleak can be visualized, includ-
ing the feeding vessels such as lum-
bar arteries or the IMA. Leaks are
occluded with embolization of the
endoleak sac using coils, thrombin, a
mixture of coils and glue, or more
recently the liquid embolic agent
Onyx (ev3, Irvine, California).

Direct sac puncture and embolization
via transabdominal approach.—A trans-
abdominal approach with US guid-
ance has been described (216,217). US
guidance is used to monitor needle
placement on a real-time basis. The
disadvantage of a transabdominal ap-
proach is that the needle must traverse
the abdominal cavity, including the
bowel. This approach is additionally
complicated by respiratory move-
ments and overlying bowel gas that
may obscure visualization of the AAA
sac. Thrombotic occlusion of the en-
dograft and peripheral embolism can
be regarded as potential risks of this
treatment.

Type I endoleaks that are recog-
nized during the EVAR procedure
typically should be corrected at that
time, as the continued arterial perfu-
fo

po
sion and sac pressurization places the
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patient at risk for aneurysm rupture.
As previously noted, these may be at
either the proximal (type IA) or the
distal (type IB) attachment sites. De-
layed type IA endoleaks may occur as
a result of continued neck dilation at
the proximal attachment site or graft
migration. Endovascular techniques
used to treat type IA endoleaks in-
clude placement of an aortic extension
cuff or a high radial force noncovered
stent. Delayed type IB endoleaks may
also result from continued native arte-
rial dilation at the distal attachment
site and from cephalad graft migration
that may occur if there was inadequate
graft limb length or there has been
excessive aneurysm remodeling fol-
lowing EVAR. Treatment options for
type IB endoleaks depend on the eti-
ology and location of the leak. An iliac
limb extension may be appropriate if
there has been cephalad graft migra-
tion, whereas a flared limb or distal
cuff may be appropriate if there has
been progressive dilation at the attach-
ment site and there is a sufficient land-
ing zone proximal to the iliac bifurca-
tion. Limb extension into the external
iliac artery may be necessary in some
cases, and if so, this may require IIA
embolization to prevent retrograde
perfusion and persistent endoleak. If
a type I endoleak cannot be success-
fully treated by endovascular means,
open surgical conversion may be
necessary.

Type III endoleaks require place-
ment of additional graft components
at the site of a modular dehiscence or a
graft defect to restore the integrity of
the endograft.

Treatment must be individualized
for type V endoleaks, based on the
suspected cause of continued sac ex-
pansion. In cases of sac seromas result-
ing from an ultrafiltrate, investigators
have described relining of the original
endograft with a new low-porosity en-
doprosthesis (218,219). If a source of
perfusion cannot be demonstrated and
corrected, this may require open sur-
gical conversion if sac expansion
continues.

Endovascular conversion is a poten-
tial secondary intervention that in-
volves placement of a new aortouni-
iliac graft within the previous graft. If
the original graft was bifurcated, the
contralateral limb is blocked with an
occluder and flow to that lower ex-

tremity is restored with a femorofemo-
ral bypass or an iliofemoral bypass
graft. Endovascular conversion may
be useful in cases of failed attempts to
treat entities such as severe limb kink-
ing, modular disconnection with type
III endoleak, type I proximal endoleak,
and device migration.

Graft limb thrombosis may occur as
a result of severe limb kinking or con-
strainment of the limb at some point
along its course (such as the aortic bi-
furcation), or may result from stenotic
or occlusive disease involving the na-
tive pelvic arteries. Symptomatic ste-
notic or occlusive lesions that develop
within the graft or the iliofemoral ar-
teries distal to the graft generally
should be treated aggressively; hemo-
dynamically significant stenoses or se-
vere kinking (eg, 90°) of graft limbs
detected on routine duplex or CT an-
giographic surveillance studies may
be similarly treated to prevent poten-
tial limb thrombosis. Treatment strat-
egies for stenoses or limb kinking in-
clude angioplasty and/or placement
of noncovered or covered stents (201).
Treatment of thromboses may involve
embolectomy, thrombolysis, or cross-
femoral bypass surgery (201,220).
Conversely, asymptomatic stenoses or
occlusions may be conservatively
managed.

Open surgical conversion follow-
ing EVAR refers to the late removal
or open surgical modification of an
aortic endograft. This is technically
challenging, especially when per-
formed in the acute setting. The
overall delayed conversion rate for
patients undergoing EVAR has been
estimated to be between 0.6% and
4.5% (173,221–224). The exact ap-
proach of the open surgical conver-
sion depends on several factors, in-
cluding the type and condition of the
original endograft as well as the
presence of suprarenal stents and/or
hooks or barbs; the presence of any
additional grafts, cuffs, or coils
placed as secondary interventions;
the condition of proximal and distal
fixation points and how intact they
are; the current aneurysm morphol-
ogy; the presence of periaortic scar-
ring or inflammation; and the ur-
gency of the repair. Although most
endograft failures can be treated by
endovascular means, in some cases,
the development of endoleak with
aneurysm enlargement, aneurysm

enlargement without demonstrable
endoleak, aortoenteric fistula, graft
migration, or rupture may necessi-
tate open surgical conversion on an
elective or sometimes emergent
basis.
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APPENDIX A: CONSENSUS
METHODOLOGY

Reported complication-specific rates

in some cases reflect the aggregate of
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major and minor complications. Thresh-
olds are derived from critical evaluation
of the literature, evaluation of empirical
data from Standards of Practice Com-
mittee members’ practices, and, when
available, the SIR HI-IQ System national
database.

APPENDIX B: SOCIETY OF
INTERVENTIONAL
RADIOLOGY STANDARDS OF
PRACTICE COMMITTEE
CLASSIFICATION OF
COMPLICATIONS BY
OUTCOME

Minor Complications

A. No therapy, no consequence.
B. Nominal therapy, no consequence;

includes overnight admission (up
to 23 hours) for observation only.

Major Complications

C. Require therapy, minor hospital-
ization (� 24 h but � 48 h).

D. Require major therapy, unplanned
increase in level of care, prolonged
hospitalization (� 48 hours).

E. Permanent adverse sequelae.
F. Death.
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SIR DISCLAIMER

The clinical practice guidelines of the Society of Interventional Radiology attempt to define practice principles that
generally should assist in producing high quality medical care. These guidelines are voluntary and are not rules. A
physician may deviate from these guidelines, as necessitated by the individual patient and available resources. These
practice guidelines should not be deemed inclusive of all proper methods of care or exclusive of other methods of care
that are reasonably directed towards the same result. Other sources of information may be used in conjunction with
these principles to produce a process leading to high quality medical care. The ultimate judgment regarding the
conduct of any specific procedure or course of management must be made by the physician, who should consider all
circumstances relevant to the individual clinical situation. Adherence to the SIR Quality Improvement Program will not
assure a successful outcome in every situation. It is prudent to document the rationale for any deviation from the
suggested practice guidelines in the department policies and procedure manual or in the patient’s medical record.
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