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Endovascular Repair of Abdominal Aortic
Aneurysm

Roger M. Greenhalgh, M.D., and Janet T. Powell, M.D., Ph.D.

This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the authors’ clinical recommendations.

A 72-year-old man who was a previous smoker had had transient ischemic attacks
that were successfully managed with the use of carotid endarterectomy. Since about
10% of patients with cerebral arterial disease have occult abdominal aortic aneu-
rysms,! abdominal ultrasonography was performed, which revealed an infrarenal
abdominal aortic aneurysm 5.7 cm in diameter. Computed tomography (CT) con-
firmed the diagnosis.

The patient was assessed for the feasibility of open repair of the aneurysm under
general anesthesia. Electrocardiography showed an old myocardial infarction; the
forced expiratory volume in 1 second was within the normal range, at 2.4 liters per
second, and the serum creatinine level was 86 ymol per liter. The patient was taking
an angiotensin-converting—enzyme inhibitor for hypertension, as well as low-dose
aspirin.

The patient was considered fit for open repair on the basis of his medical condition,
but review of his CT scan also indicated anatomical suitability for endovascular repair.
This raised the question of whether the repair should be completed by means of the
endovascular method or the open method.

THE CLINICAL PROBLEM

The incidence of abdominal aortic aneurysm varies on the basis of age and sex; ap-
proximately 1.7% of women and 5% of men have an aortic diameter of 3.0 cm or
more by the age of 65 years.? The prevalence of aneurysms greater than 3 cm in
diameter increases by 6% per decade thereafter. A major risk factor for the develop-
ment of abdominal aortic aneurysm is smoking, and more than 90% of patients
with such aneurysms have been smokers. After the cessation of smoking, the risk
of developing an aneurysm declines each year, to approximately one thirtieth of the
original risk.?

Abdominal aortic aneurysm is frequently asymptomatic and often detected in-
cidentally on abdominal imaging for another purpose. Although some aneurysms
may become symptomatic (manifesting with abdominal or back pain), in many
cases the first clinical manifestation is rupture.* The risk of rupture is low for
aneurysms 5.5 cm or less in diameter, but above this threshold the risk increases
markedly.> After an aneurysm ruptures, only approximately 25% of patients reach
the hospital alive, and only 10% reach the operating room alive.* Even then, the
operative mortality rate is in excess of 40%; this mortality rate has improved little
over the years.® Fifty percent of patients with aneurysms 5.5 cm or more in diam-
eter, who were not fit for operation, died within 2 years after the aneurysm was
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discovered.# Operations for rupture are among
the most expensive. In one report from the
United Kingdom in 2003, the median cost for
management of an uncomplicated rupture was
over £6000 more than for elective repair.”

In addition to the risk of rupture, patients with
abdominal aortic aneurysms have an increased
risk of other cardiovascular events, including
death from cardiovascular causes. In one longi-
tudinal study, of 110 deaths occurring in patients
with aneurysms, only 6 were due to rupture.®

PATHOPHYSIOLOGY AND EFFECT
OF THERAPY

Abdominal aortic aneurysms are more common
in patients with atherosclerosis than in those
without the disease, and there is a positive cor-
relation between the presence of aneurysm and
other cardiovascular disorders. For example, the
screening for aneurysms in patients with inter-
mittent claudication shows the incidence of an-
eurysm (10%) to be twice that in the general
population.* Although hypertension has not been
identified as a consistent risk factor in epidemio-
logic studies, a large, population-based, retrospec-
tive study has suggested that the risk of aortic
rupture is reduced in patients who are taking an-
giotensin-converting—enzyme inhibitors.® Similar-
ly, a post-hoc finding in the Endovascular Aneu-
rysm Repair (EVAR) trial 2%° was that statin
therapy is associated with a halving of the rate of
aneurysm rupture, and two small, retrospective
studies have indicated that the use of statins re-
duces aneurysm growth rates.'-12

There are also important familial factors in
the development of abdominal aortic aneurysm.
Screening has shown that the incidence of aneu-
rysm is increased from 5% in the general popula-
tion to 20 to 30% among male siblings of patients
with aneurysm.*®> Monogenic disorders associated
with an increased risk of abdominal aortic aneu-
rysm, such as Marfan’s syndrome (caused by a
fibrillin-1 defect) and Ehlers—Danlos syndrome
type IV (due to abnormal type III procollagen),
are rare. However, there is probably an underlying
polygenetic predisposition to abdominal aortic
aneurysm in most patients with the disease. Pro-
teolytic destruction of extracellular matrix, atro-
phy of smooth-muscle cells, and inflammation
are the biologic mechanisms thought to control
aneurysm expansion.** The beneficial effect of

statins may be due, at least in part, to a reduc-
tion in the expression of several key proteolytic
enzymes, including matrix metalloproteinase 9,
in the aortic wall.*>

Aneurysm repair is a mechanical solution to
the problem of progressive expansion of abdomi-
nal aortic aneurysm and the risk of rupture. Al-
though open surgical repair, which has been the
established approach, is very effective, it carries
substantial risks from the extensive surgical pro-
cedure. Endovascular repair was developed to re-
duce the risks associated with open surgery and
to provide a treatment option for patients who are
not deemed to be surgical candidates.

Endovascular repair varies somewhat, depend-
ing on the specific device used (Fig. 1). The endo-
graft is a Y-shaped graft, with two branches for
the iliac arteries and a main trunk for the proxi-
mal aorta. In a typical design, the endograft is
modular, having two or three separate compo-
nents. One component is for use in the main
aortic trunk and in one limb of the iliac artery,
with an opening for the attachment of the sec-
ond component, which is deployed in the contra-
lateral iliac artery. A third component can act as
an extension of the longer limb of the main sys-
tem, for more accurate positioning.

The endograft is made of a synthetic fabric
and reinforced with stent struts that help to en-
sure rapid and stable expansion when it is de-
ployed. The main component is inserted through
the ipsilateral common femoral artery and is ad-
vanced into the infrarenal abdominal aorta (see
the animated illustration, available with the full
text of this article at www.nejm.org). The other,
contralateral femoral artery is cannulated also.
The proximal end of the endograft is deployed
proximally to the neck of the aneurysm, and
barbs or hooks are used to help achieve adequate
fixation of the device and prevent distal migra-
tion. The ipsilateral distal end of the graft is de-
ployed in the ipsilateral iliac artery, possibly in-
cluding the separate extension component. The
contralateral access site is used to deploy the con-
tralateral iliac limb of the stent—graft. An endo-
vascular balloon is inflated along the stent—graft
to secure fixation of the anastomotic sites.

CLINICAL EVIDENCE

The EVAR trial 1% involved 1082 patients with
abdominal aortic aneurysm who were healthy
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Figure 1. Endovascular Repair of an Abdominal Aortic Aneurysm, with the Use of an Endograft.
Panel A shows the initial insertion of the endograft. The proximal end of the endograft is then deployed proximally to the neck of the an-
eurysm, and barbs or hooks are used to help achieve adequate fixation of the device and prevent distal migration (Panel B). The contra-
lateral access site is used to deploy the contralateral iliac artery limb of the graft (Panel C). The ipsilateral distal end of the graft is de-
ployed in the ipsilateral iliac artery, and an endovascular balloon is inflated along the stent—graft to secure fixation of the anastomotic
sites (Panel D). Blue arrows indicate movement of the guidewire.
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enough to be suitable candidates for surgery. They
were randomly assigned to undergo either endo-
vascular repair or open repair. The 30-day mor-
tality rate was lower after endovascular repair
(1.7%) than after open repair (4.7%, P<0.001). At
4 years, the aneurysm-related mortality rate in
the endovascular-repair group was half that in the
open-repair group (P=0.04), but there was no
difference in mortality from any cause (26% for
endovascular repair and 29% for open repair). Re-
interventions were required more frequently in
the endovascular-repair group (20%, vs. 6% in the
open-repair group).

The Dutch Randomized Endovascular Aneu-
rysm Management (DREAM) trial*” had a design
similar to that of EVAR 1 but was much smaller
(351 patients). As in EVAR 1, the 30-day mortality
rate was significantly lower among patients who
had undergone endovascular repair than among
those who had undergone open repair, but the
overall survival rate was not different in the two
groups at 2 years. Aneurysm-related death was
more frequent with open repair, but reinterven-
tions were required more often with endovascular
repair.

In EVAR trial 2,® 338 patients with abdominal
aortic aneurysm who were not candidates for open
repair were randomly assigned to undergo either
endovascular repair or no intervention in a setting
of equal medical treatment in both groups. No
benefit of endovascular repair was found during
follow-up at any stage or by means of either in-
tention-to-treat or per-protocol analyses. Compli-
cations and subsequent procedures were more fre-
quent in the endovascular-repair group.

CLINICAL USE

The diagnosis of abdominal aortic aneurysm is
usually made on ultrasonography and confirmed
on CT or magnetic resonance imaging. In patients
who are without symptoms, interventional man-
agement is generally recommended when the
aneurysm exceeds 5.5 cm in diameter, becomes
tender, or grows more than 1 cm in diameter per
year.'>2° These criteria are based on the trial pro-
tocols of the U.K. Small Aneurysm Trial?* and the
Aneurysm Detection and Management (ADAM)
Veterans Affairs Cooperative Study.?? Neither trial
found any evidence that waiting until the criteria
are met to perform open aneurysm repair, as com-

pared with intervening earlier, poses an increased
risk to the patient.

Open surgical repair has been the established
treatment option for abdominal aortic aneurysm.
This form of therapy is associated with a greater
use of intensive or critical care, a longer hospital
stay, and more operative pain than endovascular
repair and is always performed under general
anesthesia. As noted in the Clinical Evidence sec-
tion, open surgical repair is also associated with
a higher 30-day mortality rate but with a lesser
requirement for subsequent aneurysm-related pro-
cedures. Some patients are less suitable candi-
dates for open repair because of coexisting medi-
cal conditions and a high surgical risk.

Endovascular repair has been used both in
patients considered unfit and those considered fit
for open repair. As noted in the Clinical Evidence
section, however, the benefit of endovascular re-
pair in patients who are not surgical candidates
remains somewhat unclear. The EVAR trial 2,
which did not confirm the expected benefit in
that population, is the only trial that has been
used to examine this issue. The analysis of data
from the EVAR trial 1 has suggested that the
fittest patients gain the greatest benefit, in terms
of 30-day mortality rate, from treatment with
endovascular repair rather than open repair.2* All
candidates for endovascular repair should under-
go testing to evaluate known or suspected coex-
isting conditions, such as stress testing for coro-
nary disease or pulmonary-function testing for
chronic lung disease.

Endovascular repair is feasible only in patients
who satisfy certain specific anatomical require-
ments, which are usually assessed by means of
CT. Factors that influence the likelihood of tech-
nical success include the axial length of the an-
eurysm neck (the distance between the lowermost
renal artery to the start of the aneurysm), the
shape and angulation of the neck, the diameter
of the iliac arteries (for access through the
groin), and the potential length and condition of
the distal iliac arteries that will be used as the
distal sites of fixation of the stent—graft. It is
important to take into account whether the iliac
arteries have walls that are parallel or conical
and whether thrombosis, calcification, or tortuos-
ity is present near the intended final sites, since
these factors can lead to a worse seal. Two series
have suggested that as many as 54% of patients
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with abdominal aortic aneurysms, or as few as
14%, met the routinely used anatomical criteria
for endovascular repair.2+25

Preprocedural imaging is also vitally important
in preparing the endograft. It is not possible to
tailor the graft during the procedure, as in open
repair. Instead, graft measurements must be de-
termined precisely in advance of the operation.
To do this satisfactorily, it is critical to be able to
reconstruct the three-dimensional image of the
CT scan. The imaging radiologist and interven-
tionalist work together to define the vital mea-
surements necessary to construct an endograft
that will be optimally configured for the indi-
vidual patient.

The endovascular repair procedure should be
performed in an endovascular operating room
or sterile angiography suite by a multidisciplinary
staff that may include anesthesiologists, endovas-
cular surgeons, and interventional radiologists.
Either general or local anesthesia may be used.
Fluoroscopy is used during the procedure to guide
positioning of the endograft. The aorta is not
clamped during deployment; the entire procedure
is performed under systemic aortic pressure.

On completion of device implantation, CT an-
giography of the abdominal aorta is performed to
confirm that the endograft is correctly placed and
that the aneurysm has been completely excluded
from the circulation. Most patients are hospital-
ized for 2 or 3 days.

CT angiography is usually repeated at 1 and
6 months after implantation and annually there-
after. If the procedure is successful, follow-up
studies will typically show thrombosis of the
aneurysm sac, with a gradual decrease in the di-
ameter. The diameter of the aneurysm neck (at the
most proximal end of the aneurysm) should be
monitored carefully to be certain that no increase
in diameter consistent with proximal extension of
the aneurysm is detected.

In the EVAR trial 1, endovascular repair was
more expensive than open repair (approximately
£10,000 vs. £9,000 for the primary procedure
and hospitalization, and approximately £13,000
vs. £10,000 for follow-up and subsequent proce-
dures).’® A similar difference in cost was noted
in the DREAM trial (approximately €18,000 vs.
€14,000 for the procedure and the first year of
follow-up).2° Much of this difference is account-
ed for by the cost of the endograft itself, which
ranges from $5,000 to $10,000.

ADVERSE EFFECTS

Endovascular repair of abdominal aortic aneu-
rysm is a complex interventional procedure that
is associated with a number of procedural risks.
Vascular injury or perforation may occur during
the procedure, sometimes leading to aneurysm
rupture. In the EVAR trial 1, 4 of the 543 patients
assigned to endovascular repair had aneurysm
rupture, and the procedure was converted to an
open repair.?” Ischemic complications due to me-
chanical obstruction, thrombosis, or embolism
can involve the legs and feet, colon, spinal cord,
buttocks, or genitalia and have been reported in
nearly 10% of patients, although rates may be
lower with newer devices.?® Renal complications
may result from graft-related ischemia or the use
of angiographic contrast dye.?°

The effectiveness of endovascular repair de-
pends on the sustained exclusion of blood flow
from the aneurysm sac. In one large series, leak-
age of blood into the aneurysm, termed an endo-
leak, occurred in approximately 20% of patients
with a mean follow-up of 15 months.3° Endoleaks
have been classified into four categories accord-
ing to the site of leakage (Fig. 2). Type I endoleaks
occur at the proximal or either distal anastomosis
of the graft. Type II endoleaks occur as a result
of collateral flow into the aneurysm from branch
vessels such as the mesenteric or lumbar arteries.
Type III endoleaks occur between the modular
components of the endograft or through tears or
defects in the graft. Type IV endoleaks occur
through pores in the graft fabric. Although type
II and IV endoleaks often resolve spontaneously,
types I and III are potentially dangerous and re-
quire an additional procedure to repair.

Other complications that may require reinter-
vention include graft migration (distal migration
of the proximal anastomosis or proximal migra-
tion of either of the distal anastomoses), stenosis
or occlusion of the graft or distal vessels, and ex-
pansion of either the proximal neck of the aneu-
rysm or the iliac or common femoral arteries
distal to the graft. In two large series, secondary
procedures were required in 10% and 27% of pa-
tients at just over 2 years of follow-up.3%:32

Given the incidence of endograft complica-
tions during the follow-up period, it is perhaps
not unexpected that patients who do not undergo
regular reevaluation are at greater risk of poor
outcome. In a series of 302 patients, those who
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Figure 2. The Four Types of Leakage of Blood into the Aneurysm, or Endoleak.

had incomplete follow-up (more than two missed
scheduled appointments) required urgent surgical
intervention significantly more frequently than
those with consistent follow-up (6.1% vs. 0.5%,
at 30 months).33

AREAS OF UNCERTAINTY

The long-term durability of endovascular repair
has not been definitively established. The major
clinical trials have reported results for up to
4 years of follow-up.1>*® Some observational stud-
ies report data from a longer follow-up period,
but the procedures typically involved earlier de-
vices, many of which have either been withdrawn
from the market or replaced by newer models.3*

The evolution of device design, although likely to
improve the efficacy of endovascular repair, re-
sults in uncertainty about the long-term benefit
and risk of the devices currently in use.

The ideal population of patients for endovas-
cular repair is still being defined. Data from the
EVAR trials suggest that the healthiest patients
are the ones most likely to benefit from the pro-
cedure. At the same time, the healthiest patients
are the ones most likely to tolerate open surgical
repair with acceptable rates of postoperative com-
plications and death. Thus, additional studies are
needed to clarify the selection of patients.

Endovascular repair has also been used in the
management of ruptured abdominal aortic aneu-
rysms. Small series have shown that this approach
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is feasible,35-37 but well-designed trials will be
necessary to determine whether endovascular
management is a reasonable clinical option in the
setting of aneurysm rupture.

GUIDELINES

The American College of Cardiology and the Amer-
ican Heart Association established guidelines in
2005 for the management of peripheral arterial
disease that included recommendations for the
management of abdominal aortic aneurysm.°
These guidelines gave a class Ila recommenda-
tion (one for which the weight of evidence or opin-
ion is in favor of usefulness or efficacy) to endo-
vascular repair for patients at high surgical risk
but only a class IIb recommendation (for which
usefulness or efficacy is less well established by
evidence or opinion) to endovascular repair in pa-
tients at low or average surgical risk. These rec-
ommendations are somewhat at odds with the
trial data and clearly indicate the need for further
studies to define the most appropriate popula-
tion for this procedure.

RECOMMENDATIONS

The patient described in the vignette appears to
be a suitable candidate for either endovascular or
open repair. His only important coexisting med-
ical conditions are a previous myocardial infarc-
tion and cerebrovascular disease. The CT scan
should be reviewed carefully to be certain that

the patient’s abdominal aortic anatomy is indeed
amenable to an endovascular procedure.

This patient should then receive unbiased in-
formation about the findings of the trials, with a
discussion of the advantages and disadvantages
of both procedures. In essence, endovascular re-
pair is associated with a lower early mortality rate
but with a higher risk of subsequent need for
reintervention and a less certain long-term out-
come than with open repair. The patient should
be warned that consistent and regular follow-up
after the procedure will be essential, especially if
he chooses endovascular repair. The technical
demands of either an open or endovascular proce-
dure make it important that, whichever approach
he chooses, it should be performed by an experi-
enced vascular surgeon or vascular intervention-
alist at an established center.
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An animated illustration
showing the deployment
of an endovascular graft
in an abdominal aortic
aneurysm is available
with the full text of this
article at www.nejm.org.
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