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INTRODUCTION
Management of aortic aneurysms remain a challenging
problem for surgeon. It is asscociated with high risk of
rupture, and  complications such as distal embolization,
aorto-caval fistula, bowel erosion and compression of
adjacent structures. Mortality from rupture is high in aortic
aneurysms more than 5 cm in diameter. Conventional
treatment consists of replacing the diseased aneurysmatic
segment with a tube or bifurcation graft. This major surgical
undertaking is associated with 5-10% mortality and 10-20%
complication rate even in the best centers in the world.
Juan Parodi of Argentina is generally credited with the first
endovascular aneurysm repair (EVAR) in 1991. He used a
metallic stent covered with synthetic graft to exclude the
aneurysm. This was introduced through a small cut down in
the femoral artery in the groin. This was a quantum advance
both conceptually and practically. The mortality and
morbidity associated with conventional aneurysm repair was
drastically reduced. The technology was refined in the
ensuing years, and there are at least 5 commercial devices
available for EVAR of abdominal aortic aneurysms (AAA),
and two for thoracic aortic aneurysms (TAA). This paper
outlines the technique of minimally invasive EVAR technique
of aortic aneurysm repair.

DEFINITION AND COURSE
The definition of an abdominal aortic aneurysm is focal

enlargement of the abdominal aorta, usually involving the
infrarenal portion of the vessel, to more than 50% larger in
diameter than the normal aorta or to greater than 3 cm in its
largest true transverse dimension1. As a rule, even large
abdominal aortic aneurysms are asymptomatic until rupture
occurs. Prophylactic repair is therefore recommended for
aneurysms exceeding -5 cm in diameter3,4.

STENT GRAFT
A stent-graft is an intraluminal device that consists of a
supporting framework (currently made of metal such as
stainless steel or nitinol) and a synthetic graft material. Stent-
grafts can be either self-expanding or balloon-expandable,
depending on the type of metal in the stent. The stent may be
located inside, outside, or within the graft material, and it
may be along the entire length of the graft or restricted to
the ends. To deliver the stent-graft through a small vascular
access, the device is compacted onto a catheter or compressed
into a sheath. With the use of imaging guidance, the device
is advanced into an appropriate location in the aorta from a
remote access site and deployed.

ENDOVASCULAR REPAIR
The ultimate goal of endovascular repair of abdominal aortic
aneurysm with a stent-graft is the same as for surgical repair
ie. depressurization of the aneurysm sac to prevent rupture.
In the ideal situation, the stent-graft excludes all blood flow
from the aneurysm sac allowing its thrombosis. First step is,
determination of the appropriate graft size and configuration
for an individual patient. Accurate pre procedural imaging
and measurements are therefore paramount. Second, the
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approximation between the stent-graft and the vessel wall
should be good. The ends of the device must push against
the inner walls of the vessel with sufficient force to prevent
blood from flowing around the device into the abdominal
aortic aneurysm. Third, patent branch vessels arising from
the aneurysm sac cannot be inspected and occluded directly.
Fourth, the skill sets for most of the elements of the procedure,
including online interpretation of fluoroscopic images and
complex catheter manipulations, are extensions of traditional
interventional radiology rather than surgical practice. Lastly,
complete exclusion of the aneurysm sac does not occur in
all stent-graft procedures, as it does with open surgical repair5.

GUIDELINES AND TECHNIQUE
Standard guidelines for EVAR are (a) aneurysm  diameter
of more than 5 cm, (b) suitable portion of proximal aorta
(infrarenal segment of at least 1.5 cm for AAA; aneurysm
distal to left subclavian artery for TAA)(case 1), (c) a suitable
distal landing zone, (d) aneurysm neck angulation of less
than 60 degrees, (e) absence of tapering of the aneurysm
neck, (f) limited life expectancy or severe co-morbidities
precluding open aneurysm repair.
Technique of EVAR. All procedures should be preferably
performed in the Operation Theater (OT), under strict aseptic
conditions. After draping and pre-op antibiotics, both femoral
arteries should be exposed in the groin via vertical incisions.
Brachial artery access can be used. The  brachial artery
catheterization for intraprocedu ral endovascular diagnosis
and intervention aids positioning of the proximal end of the
stent device, accurate delineation of the renal artery ostia
and avoids an additional angiographic catheter in the access
and deployment zone. However, the disadvantages being (a)
brachial artery pseudo-aneurysms. (b) Subclavian artery
thrombosis and embolization. (c) Cubital fossa haematomas,
ecchymosis and puncture-site bleeding. (d) Cerebral events:
carotid and vertebral embolization.
Angiography catheter is introduced in aorta and an angiogram
taken to assess the final suitability and anatomical landmarks.
The aortic Stent graft (Talent, AneuRx, or Excluder) can be
negotiated over a stiff (Backup Meier/Amplatz) wire to the
desired level and released. Care should be taken to position
this stent-graft below the renal arteries in case of AAAs. The
contralateral limb can be introduced via the opposite femoral
artery and docked with the main device. The device is then
ballooned thereafter to ensure adequate fixation. Post
procedure angiograms are required to be done to confirm
the suitable positioning and to detect any endoleak. Few
patients may require coil embolization of one of the internal
iliac arteries in addition to the primary procedure. The device
sheath and catheters can then be removed and the femoral
arteriotomy closed with 6/0 prolene. Groin wounds can then
be closed in conventional manner. Patients are monitored in
the ICU overnight and discharged to home after 48 hours.
Groin sutures are better removed on the 10th day.

Patients can be followed up by careful clinical examination
(specifically looking for the pulsatility of the abdominal
mass), Color Doppler studies, and CT angiograms at 3 or 6
months, at one year, and once a year thereafter.

IDEAL CANDIDATES
Several factors determine whether a patient is a suitable
candidate for endovascular repair of abdominal aortic
aneurysm: patient demographics, the type of aneurysm, and
the type of device. The type of abdominal aortic aneurysm
most appropriate for stent-graft repair is open to
interpretation. In general, simple unruptured atherosclerotic
abdominal aortic aneurysms(case 2) that would otherwise
qualify for surgical repair (>4.5 cm in diameter) can be
considered for stent-graft repair, although a precise size
criterion may vary with sex8. Finlayson et al suggested that
patients with inflammatory abdominal aortic aneurysm
respond well to endovascular repair 9.
The dominant limiting factor in patient selection is the stent-
graft itself 10. Each device has specific and relatively
restrictive requirements with regard to the diameter, length,
and angulation of the proximal and distal attachment sites
and to the ability of the iliofemoral arteries to accommodate
the stent-graft delivery systems (case 3). Patients who do
not fit the device cannot be treated.
The size of the stent-grafts should be 10-20% greater than
the outer diameter of the normal vessel at the proposed
attachment sites to maximize the chance of an effective seal.
In addition, this allows potential enlargement of the
attachment site over time4,11.
Pre procedural imaging of potential abdominal aortic
aneurysm stent-graft candidates consists of both CT and
catheter angiography. Unenhanced abdominal—pelvic
helical CT to assess vascular calcification is followed by
thin-section (2-3 mm) helical CT angiography from the celiac
artery to at least the iliac artery bifurcations, but preferably
to the groins. Diameter measurements (outer wall-to-outer
wall) are obtained from the contrast-enhanced axial sections
by either measuring the narrowest dimension, when the vessel
appears to be imaged on a bias, or using workstations to
create true axial sections. The vessel lumen, particularly at
the anticipated attachment sites, is inspected for thrombus,
calcification, and atherosclerotic disease. Angiography using
a graduated pigtail catheter that has markers over a 20 to
25cm distance is preferred for length measurements.
Anteroposterior and lateral views of the aorta, oblique views
of the proximal aortic neck, if necessary, and anteroposterior
and bilateral oblique views of the pelvis are obtained.

TEAM WORK
Successful endovascular repair of abdominal aortic aneurysm
is a multidisciplinary effort, with contributions from several
specialties. The degree of participation from each discipline
will vary from one institution to another. The following
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Figure 1 : Case 1(Clockwise) 1(a)&(b) Contrast enhanced CT scan shows a saccular aneurysm involving lower thoracic aorta. 1(c) Digital Subtraction angiography
outlines an irregular saccular aneurysm. 1(d) DSA after successful exclusion of the aneurysm by inserted stent graft

Figure 2 : Case 2 (Clockwise)  2(a,b,c) Contrast enhanced CT scan shows an athersclerotic aneurysm involving infra renal abdominal aorta involving the aortic
bifurcation and proximal right common iliac artery. 2(d) Digital Subtraction angiography outlines an infrarenal  aneurysm. 2(e) DSA after successful exclusion of the
aneurysm by bifurcated  stent graft and a tubular extension
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procedural components are essential: excellent imaging with
a 12inch or greater (>30cm) image intensifier, digital
subtraction angiography, and the capability to perform
aortography (preferably with a power injector) in multiple
obliquities; a procedure room that can support open aortic
surgery; access to the full range of interventional radiology
tools; and a dedicated team who is familiar with the operation
of the imaging equipment and the stent-graft delivery system.

ADVANTAGES
Endovascular repair has a number of advantages over open
surgical techniques. The stent graft procedure is less stressful
to the patient and results in less blood loss and therefore
fewer blood transfusions. If general anesthesia is used, the
time to extubation is markedly reduced, stays in the intensive
care unit are shorter, and ambulation without assistance
occurs earlier. In most cases, patients quickly return to a
regular diet, and hospital stay is reduced by two thirds, to
about 3.4 days4,12,13. The 30-day mortality rate in large stent-
graft series ranges from 0.7% in low-risk populations to
15.7% in high-risk patients14. Death during a stent-graft
procedure is rare. Acute intraprocedural rupture of abdominal
aortic aneurysm during stent-graft placement with successful
outcome has been reported15. Multiorgan system failure,
myocardial infarction, bowel infarction, stroke, pulmonary
embolism, and peripheral arterial embolism have all been
described after stent-graft procedures, but most early
complications are minor and consist of injuries to access
arteries or issues related to groin incisions16,17.

AIMS OF ENDOVASCULAR REPAIR
Complete exclusion of the aneurysm sac is the goal of stent-
graft placement and the definition of early clinical success
18. Persistent opacification of the aneurysm sac after insertion
of a stent-graft is termed an “endoleak” and is classified by
cause and time of occurrence19. Most early endoleaks are
currently types II and IV, because type I leaks can be
minimized by careful patient selection and preprocedural
measurements20 Although many early endoleaks disappear
within 6 months, reappearance of leaks and delayed
appearance of new leaks can occur at any time21.

COMPLICATIONS
Death during the stent graft procedure is rare, but
complications do occur. Delayed rupture of abdominal aortic
aneurysm has been a concern. The ultimate goal of stent
graft placement is complete exclusion of the aneurysm sac.
One criterion for success is the absence of “endoleaks,”
which are indicated by persistent opacification of the
aneurysm sac after insertion of the stent graft. Type I and III
endoleaks are risk factors for subsequent rupture although
the significance of type II endoleak remains uncertain.
However, there is currently little long-term follow-up
information about the clinical significance of this type of
problem. Therefore, it is unclear whether further intervention
is warranted. In addition, more than 50% of endoleaks
diagnosed at the time of initial placement of a stent graft
resolve spontaneously and need no further intervention18,20.
Delayed rupture of abdominal aortic aneurysm after
endovascular repair is rare but does occur. The presence of
a persistent endoleak is clearly a major contributing factor

Figure 3 Case 3(Clockwise)  3(a,b) Contrast enhanced CT scan shows a large athersclerotic aneurysm involving infra renal abdominal aorta involving the aortic bifurcation and tortuous right common
iliac artery. 3(c,d) Digital Subtraction angiography outlines an infrarenal  aneurysm. 3(e,f) DSA after successful exclusion of the aneurysm by bifurcated  stent graft and a tubular extension
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to delayed rupture.
In addition to aneurysm enlargement or rupture, other late
complications of stent-grafts include limb thrombosis,
infection, disconnection of modular components, and
distortion and fracture of the stent-graft during aneurysm
shrinkage21,22.

FOLLOW UP
The follow-up of patients with stent-grafts requires evaluation
of abdominal aortic aneurysm sac size and perfusion, stent-
graft patency, changes in diameter of the vessels at the sites of
endograft attachment, changes in stent-graft morphology, and
detection of new aneurysms. The imaging requirements are
quite different from those after surgical repair of abdominal
aortic aneurysm, in which imaging is limited in scope and
frequency. The single most useful imaging test that allows rapid
assessment of patients with stent-grafts is contrast-enhanced
helical CT23.

FUTURE-TRENDS
Although endovascular repair of infrarenal abdominal aortic
aneurysms is proving to be helpful in carefully selected patients,
there is still much we do not know about stent graft repair of
abdominal aortic aneurysms. What are the long-term
consequences of persistent endoleaks? What improvements
can be made to allow more patients to qualify for stent graft
placement? Is this means of repair cost-effective? These are
just a few of the questions that have not been answered
completely.
Stent graft repair of abdominal aortic aneurysms reduces use
of hospital resources during and immediately after the
procedure. However, the cost is 10 to 20 times higher than that
for surgical repair. Imaging studies for follow-up also are costly.
Despite these concerns, patient interest and enthusiasm are
likely to continue to drive this technology.

CONCLUSION
Endovascular repair of abdominal aortic aneurysm is a new
evolving procedure that is undergoing rapid clinical
implementation. As is often the case with new technologies,
there is more that we do not know than we do. It is entirely
possible that this procedure will undergo major modification
as long-term outcomes become known. Even at this early
stage, it is evident that a good stent-graft by itself is not
enough to make this procedure successful. Persistent
perfusion of the aneurysm sac from retrograde flow in branch
vessels is a major long-term concern. An additional
intervention may be required, such as sac ablation with a
thrombogenic substance, to ensure complete depressurization
of the aneurysm. Perhaps combined endovascular
deployment of the stent-graft with retroperitoneal endoscopic
ligation of branch vessels will be required24.
Patients whose aneurysms begin just below the renal arteries
are difficult or impossible to accommodate with current stent-
grafts. Experience with the placement of uncovered metal
extensions of the stent-graft over the renal artery ostia to

obtain a secure proximal seal has been favorable, with no
increased incidence of renal dysfunction when compared with
infrarenal designs. The development of stent-grafts with side-
arms to accommodate critical aortic branches will further
increase the applicability of this technology25.
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