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Objective
To analyze the late complications after endovascular graft re-
pair of elective abdominal aortic aneurysms (AAAs) at the au-
thors’ institution since November 1992.

Summary Background Data
Recently, the use of endovascular grafts for the treatment of
AAAs has increased dramatically. However, there is little mid-
term or long-term proof of their efficacy.

Methods
During the past 9 years, 239 endovascular graft repairs were
performed for nonruptured AAAs, many (86%) in high-risk pa-
tients or in those with complex anatomy. The grafts used
were Montefiore (n 5 97), Ancure/EVT (n 5 14), Vanguard
(n 5 16), Talent (n 5 47), Excluder (n 5 20), AneuRx (n 5 29),
and Zenith (n 5 16). All but the AneuRx and Ancure repairs
were performed as part of a U.S. phase 1 or phase 2 clinical
trial under a Food and Drug Administration investigational de-
vice exemption. Procedural outcomes and follow-up results
were prospectively recorded.

Results
The major complication and death rates within 30 days of en-
dovascular graft repair were 17.6% and 8.5%, respectively.

The technical success rate with complete AAA exclusion was
88.7%. During follow-up to 75 months (mean 6 standard de-
viation, 15.7 6 6.3 months), 53 patients (22%) died of unre-
lated causes. Two AAAs treated with endovascular grafts rup-
tured and were surgically repaired, with one death. Other late
complications included type 1 endoleak (n 5 7), aortoduode-
nal fistula (n 5 2), graft thrombosis/stenosis (n 5 7), limb sep-
aration or fabric tear with a subsequent type 3 endoleak (n 5
1), and a persistent type 2 endoleak (n 5 13). Secondary in-
tervention or surgery was required in 23 patients (10%). These
included deployment of a second graft (n 5 4), open AAA re-
pair (n 5 5), coil embolization (n 5 6), extraanatomic bypass
(n 5 4), and stent placement (n 5 3).

Conclusion
With longer follow-up, complications occurred with increasing
frequency. Although most could be managed with some form
of endovascular reintervention, some complications resulted
in a high death rate. Although endovascular graft repair is less
invasive and sometimes effective in the long term, it is often
not a definitive procedure. These findings mandate long-term
surveillance and prospective studies to prove the effective-
ness of endovascular graft repair.

Since the Food and Drug Administration (FDA)’s ap-
proval of the Guidant Ancure graft (Guidant, San Jose, CA)
and the AneuRx graft (Medtronic, Inc., Minneapolis, MN)
for the treatment of abdominal aortic aneurysms (AAAs),
interest in and use of endovascular grafts (EVGs) have
increased dramatically in the United States as well as in
Europe. However, FDA approval was made based on pro-
cedural safety with a follow-up of only 12 months, and there
is little midterm or long-term proof of their efficacy.1 EVGs
can fail in a number of ways, including graft migration,
infection, deterioration, or component separation, all of which
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can contribute to the occurrence of late endoleaks, graft throm-
bosis, and ultimately rupture of the aneurysm.2–18

Recently, several investigators reported their midterm
results and reached differing conclusions. In one positive
article published by May et al,11 they showed that the
long-term patient survival rate was improved after EVG
repair compared with that of patients undergoing open sur-
gery. Zarins et al4 reported similar encouraging findings.
However, several other investigators have raised concerns
regarding the midterm durability of EVG repair. Holzenbein
et al10 recently reported their midterm results after EVG
repair of AAAs. During a mean follow-up period of 18
months, 26% of their patients had to undergo a secondary
procedure to treat EVG-related complications. Similar con-
cerns have also been raised by others.2,7–9,12,17,18In the
present study, we analyzed the durability and late compli-
cations after EVG repair of AAAs at our institution, where
we first used an EVG to treat an AAA in November 1992.19

METHODS

During the past 9 years, 239 EVG repairs were performed
for nonruptured AAAs. During the same period, 20 ruptured
AAAs were treated with EVGs but were excluded from this
study.20 The mean age of the patients was 766 7 years, and
85% were men. The prevalence of associated comorbidities
was as follows: coronary artery disease 87%, chronic ob-
structive pulmonary disease 59%, diabetes mellitus 30%,
hypertension 89%, and chronic renal insufficiency 15%.
The mean American Society for Anesthesiology (ASA)
score was 3.06 0.7, and 86% of the patients had an ASA
score of 3 or more. Many of the patients were high risk or
had complex anatomy. The mean size of the AAA was
6.3 6 1.2 cm. The EVGs used were Montefiore EVG or
MEGS (n5 97), Ancure/EVT (n5 14), Vanguard (Boston
Scientific Corp., Natick, MA) (n5 16), Talent (World
Medical/Medtronic) (n5 47), Excluder (W.L. Gore, Flag-
staff, AZ) (n 5 20), AneuRx (n5 29), and Zenith (Cook
Inc., Indianapolis, IL) (n5 16) (Fig. 1). All but the AneuRx
and most of the Ancure EVG repairs were performed as part
of a phase 1 or phase 2 U.S. clinical trial under either an
investigator- or an industry-sponsored IDE from the FDA.
The procedures were conducted in accordance with the
ethical standards of our institutional review board. Each
patient was informed of the investigational nature of the
procedure (for trial EVGs), and informed consent was then
obtained. All patients were followed with computed tomo-
graphic scans taken 1, 3, 6, and 12 months after the proce-
dure and every 12 months thereafter. Procedural outcomes
and follow-up results were prospectively recorded.

Operative Technique

The operative techniques for EVG deployment have been
described elsewhere.14,20–23 Briefly, all procedures were
performed in the operating room under either general (51%)

or epidural (49%) anesthesia. Bilateral groin incisions were
made and the femoral arteries were exposed. The EVG was
deployed under fluoroscopic control using the OEC 9800
(GE/OEC, Salt Lake City, UT) or the BV 300 (Philips
Medical Systems, the Netherlands). Completion angiogra-
phy was obtained at the end of the procedure, and the
patency of the EVG and renal and hypogastric arteries and
the presence or absence of various types of endoleaks were
assessed (Figs. 2 and 3).

Definitions

Technical success was defined according to the Society
for Vascular Surgery/International Society for Cardiovascu-
lar Surgery reporting standards as successful EVG deploy-
ment without the need for surgical conversion or death; lack
of a persistent (.48 hours) type 1 or type 3 endoleak; and
a patent graft.6

Primary clinical success was defined as the lack of en-
largement of the aneurysm sac (.0.5 cm); the lack of any
endoleak (spontaneously sealed endoleaks within 6 months
were considered a success); and the lack of the need for any
secondary intervention or additional open surgical proce-
dure. Because we were evaluating the midterm and long-
term outcomes, for the purpose of this study only patients
who survived the operation with a technical success were
analyzed by the life table method.

Secondary success was defined as continued clinical suc-
cess after a salvage interventional procedure without the
need for an open conversion to replace the previously de-
ployed EVG.

Figure 1. Types of endovascular grafts currently undergoing clinical
trials (from left): Montefiore endovascular graft; Ancure graft (EVT-
Guidant, Menlo Park, CA); Vanguard graft (Boston Scientific Corp.,
Oakland, NJ); Talent graft (World Medical Corp., Miami, FL); Corvita
graft (Boston Scientific Corp.); AneuRx graft (Medtronic, Minneapolis,
MN); Excluder graft (W.L. Gore, Flagstaff, AZ); Zenith graft (Cook,
Bloomington, IL); Power Link graft (Endologix, Phoenix, AZ); Quantum
graft (Cordis, Warren, NJ).
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Survival Analysis

Life table survival analysis was determined for all causes
of death, including both aneurysm-related and -unrelated
deaths, and for aneurysm-related deaths alone. Aneurysm-
related deaths included all perioperative (30-day) deaths,
death related to secondary procedures, open conversions,
and other graft-related deaths from aortoenteric fistulas and
aneurysm ruptures.

Treatment methods of late failures

Endoleaks

When there was evidence of an endoleak or aneurysm
enlargement, computed tomography scans, duplex ultra-
sonography, and arteriography were obtained as needed.
The basic treatment strategies for various endoleaks are
shown in Figure 4.7,15,24In summary, when the AAA was
enlarging, short and large-diameter endoleak channels
(mostly types 1 and 3) were treated with either insertion of
a second EVG or a proximal or distal cuff (Figs. 5–9) or
surgical conversion (Fig. 10). Long and small-diameter
endoleak channels were treated by inducing thrombosis.
This included transarterial and translumbar coil emboliza-
tion as well as the temporary termination of chronic anti-
coagulation therapy (Figs. 11–13). Conservative (nonopera-
tive) or endovascular treatments were preferentially
performed when possible. Some patients were managed

conservatively if the AAA was smaller than 5.5 cm and not
enlarging, or the patient was a prohibitive risk for any
intervention.

Failing or Failed Grafts

Failing EVGs detected during physical examination or
during routine duplex scans were confirmed arteriographi-
cally. Percutaneous balloon angioplasty and stenting were
preferentially performed for graft narrowing or kinking.
Thrombolysis or thrombectomy via an open femoral arteri-
otomy was performed when the EVG or one limb of it had
completely thrombosed. After removal of the clot, an effort
was made to correct the underlying defect by stenting. If this
proved impossible, an extraanatomic bypass was performed.

Graft Infection

The diagnosis of graft infection, including aortoenteric
fistula, was made by information derived from multiple tests
including physical examination, endoscopy, blood cultures,
white blood cell counts, computed tomography and duplex
scans. Treatment was by open conversion or operative
drainage (Table 1).

Secondary Procedures

The details of the secondary procedures, including the
reasons for performing the salvage interventions, the clini-
cal presentation of the problem or study leading to the

Figure 2. Large complex abdominal aortic aneurysm (AAA) in an elderly patient with severe chronic
obstructive pulmonary disease. (A) Intraoperative angiogram reveals complex aneurysm with 1) angulated
proximal neck; 2) 7.5-cm AAA; 3) 9-cm right common iliac artery aneurysm; 4) 3-cm left common iliac artery
aneurysm; 5) severely tortuous access vessels; and 6) left femoral aneurysm (F). (B) Successful endovas-
cular graft repair was performed with the Montefiore endovascular graft. Note the absence of endoleaks as
well as lack of visualization of all the aneurysms.
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diagnosis, the time from the initial procedure to its occur-
rence, and the outcome, are shown in Table 1.

Statistical Analysis

Descriptive data are expressed as mean6 standard
deviation. The Kaplan-Meier method was used to deter-
mine the success and survival rates (SAS Statistical Soft-
ware, Cary, NC).

RESULTS

The mean operating room time for the initial EVG place-
ment procedure was 5.96 0.35 hours (range 1.7–14.1) and
the mean blood loss was 4686 790 mL. Twenty-five
percent of the patients required a homologous blood trans-
fusion. The mean length of stay was 4.16 3.6 days.

The major complication and death rates within 30 days of
EVG repair were 17.6% and 8.5%, respectively. The death
rate for the first 103 patients treated between 1992 and 1999
was 13.6%, whereas it was 4.4% for the last 136 patients
treated between 1999 and 2001. The technical success rate
(complete AAA exclusion without perioperative death) was
88.7%. During follow-up to 75 months (mean 15.7), 53
patients (22%) died of unrelated causes. The overall life
table patient survival rate at 5 years was 37% (Fig. 14).
Fifteen patients (6.3%) were lost to follow-up despite mul-
tiple attempts to contact them, the family, or the primary
physician. During this period, only two patients suffered an
aneurysm rupture. Of the patients with AAA rupture, one
had been lost to follow-up and the other had known graft
migration, a proximal type 1 endoleak, and an enlarging
aneurysm. The patient suffered the rupture while awaiting a
secondary open repair but survived an emergent open repair
(see Fig. 10).

Other late complications included type I endoleak (n5
7), aortoduodenal fistula (n5 2), one with an abdominal
abscess, graft thrombosis/stenosis (n5 7), and limb sepa-
ration or fabric tear with a subsequent type 3 endoleak (n5
1), and a persistent type 2 endoleak (n5 13). A secondary
intervention or open surgical procedure was required in 23
patients (10%) (see Table 1). These included deployment of
a second EVG (n5 4), open AAA repair (n5 5), transar-
terial coil embolization (n5 3), translumbar coil emboli-
zation (n 5 3), extraanatomic bypass (n5 4), and stent
placement (n5 3). The technical success of the nonopera-
tive secondary interventions was 92% and the mean length
of hospital stay for these secondary procedures was 1.5
days. Continued clinical success, assisted clinical success,
freedom from aneurysm-related death, and freedom from
death from any cause are shown in Figures 14 through 17
using life table analyses.

DISCUSSION
A decade has passed since the first EVG repair of an

AAA was performed and reported by Parodi et al.25 During

Figure 4. Basic treatment strategy for various endoleaks (ELS).

Figure 3. Same patient as in Figure 2. (A-C) Preoperative computed
tomography scan shows a 7.5-cm abdominal aortic aneurysm, 9-cm
right and 3-cm left common iliac artery aneurysms, and a 3.5-cm left
femoral aneurysm. Note severe calcification in the entire arterial system.
(D-F) Postoperative computed tomography scan shows complete ex-
clusion of all aneurysms.
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Figure 5. This 80-year-old patient received a tube endovascular graft 75 months ago. (A,B) Eighteen
months after the original endovascular graft (G) repair, the patient developed a distal type 1 endoleak (E).
Because the endoleak channel was short and had a large diameter, inducing thrombosis would not be
effective in reducing intrasac pressure; therefore, a second EVG was needed to exclude the aneurysm. (C)
The Montefiore endovascular graft (M) was inserted via a femoral approach within the previous endovas-
cular graft and the endoleak was treated. Seventy-five months after the initial procedure, the patient
continues to do well with continued secondary clinical success.

Figure 6. (A) Preoperative computed tomography scan of an 81-year-old woman who had oxygen-
dependent chronic obstructive pulmonary disease and an 8.5-cm abdominal aortic aneurysm (AAA). (B)
This AAA was successfully treated with a Montefiore endovascular graft with no evidence of an endoleak.
(C) Eighteen months after endovascular graft repair, the patient developed a proximal type 1 endoleak (E)
and subsequently developed abdominal pain. The AAA measured 9 cm. Insertion of a second Montefiore
endovascular graft (M) resulted in resolution of both the endoleak and abdominal pain. Thirty-six months
after surgery, the patient is doing well with continued secondary success.

Vol. 234 ● No. 3 Midterm Results of Endovascular Grafts for AAAs 327



this period, significant advances have been made in the
field. These include the use of EVGs to treat other vascular
lesions such as thoracic aneurysms, aortoiliac occlusive
disease, iliac aneurysms, vascular trauma, and finally rup-
tured AAAs.20,22,23,26,27In addition, patient selection and
the technology itself have improved markedly. In the early
days, the EVGs used were largely surgeon-made devices
that required large-caliber delivery systems that made the
procedures difficult and risky. In the early 1990s, EVGs
were mostly reserved for patients who were deemed high
risk for standard surgical repair. When the more sophisti-
cated industry-made EVGs became available, the safety of

the procedures improved,1,28,29and EVGs were also used to
treat patients who were good surgical candidates. Since the
FDA’s approval of the Guidant Ancure graft and the
Medtronic AneuRx graft in 1999, this trend has accelerated.
Currently, most AAAs are treated with EVGs at many
hospitals around the world, including our own center.21

However, the FDA’s approval was largely based on proce-
dural safety issues, and little long-term proof of efficacy
exists to support the widespread use of EVGs, particularly
in patients who might be good candidates for a standard
open repair.

Recently, several investigators have reported their mid-
term results with mixed conclusions. In one favorable article
published by May et al,11 they showed that the long-term
patient survival rate was better during a follow-up period up
to 5 years after EVG repair than it was after open surgical
repair in a control group of patients. Zarins et al4 reported an
encouraging rupture-free rate of 99.5% at 3 years using the
AneuRx graft. There have been similar encouraging reports
on the outcome of the Ancure graft as well.28,29 However,
several others have raised concerns regarding the midterm
durability of EVG repair. Zarins et al18 reported seven
unexpected AAA ruptures after EVG repair, with five
deaths. Further, the European collaborators2 reported their
experience with 2,464 EVGs during a 4-year period. Of
these, 14 patients presented with aneurysm rupture 0 to 24
months after EVG repair, with nine deaths. Holzenbein et
al10 reported that 26% of their patients needed to undergo a
secondary procedure to treat EVG-related complications
during a follow-up period of 18 months. Others reported
similar results and raised similar concerns.2,7–9,12,17

Our results expand on these findings and concerns. In our
series, the procedural time and blood loss as well as the
perioperative death rate (8.5%) were higher than in most
other reports. This is probably because most (86%) of our
patients were elderly high-risk patients, many of whom had
large, complex AAAs (see Figs. 2, 3, 6, 7).14 In addition,
many of our patients had previously been denied both open
and EVG repair by other surgeons as a result of medical
comorbidities, aortoiliac anatomic complexity, or both.21

This made our patient cohort unusually challenging. The
death rate for patients treated between 1992 and 1999 was
13.6%, whereas it was 4.4% for those treated between 1999
and 2001. During the initial period, devices were limited to
first-generation custom-made devices, and also EVG repair
was reserved for patients considered to be at prohibitive risk
for standard surgical repair. During the latter period, more
sophisticated devices became available, and patients with
less severe comorbid conditions were treated with EVGs.
These factors, as well as the learning curve, probably con-
tributed to the decline in the death rate. Even in this difficult
group of patients, our technical success rate was high and
perioperative complications, length of hospital stay, and
estimated blood loss were reasonably and acceptably low.
Nevertheless, the increasing occurrence of late failure with
time in our patients whose treatment was originally success-

Figure 7. (A) Same patient as in Figure 6. An intraoperative angiogram
obtained at the time of the secondary intervention reveals the presence
of a proximal type 1 endoleak with a short and large-diameter channel.
(B) The insertion of a second Montefiore endovascular graft resulted in
resolution of the endoleak.

Figure 8. (A) Preoperative angiogram of a patient with a 6-cm abdom-
inal aortic aneurysm. (B) Postoperative computed tomography scan
shows complete exclusion of the aneurysm.
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ful for more than 1 year is alarming. In this regard, it is
worth noting that the FDA’s approval of these devices was
made based on a follow-up period of only 12 months. Our

observation of frequent problems developing after 1 year is
consistent with the findings of others.2–18 From our experi-
ence and that of others, it is clear that EVG repair is not as

Figure 10. (A) Type 1 endoleak (arrow) developed 24 months after endovascular graft repair. This
endoleak was due to migration of the proximal portion of the stent-graft (S). Note the excessive kinking of
the limb of the graft as a result of distal migration. The open arrow denotes the location where the proximal
stent was deployed initially. (B) Computed tomography scan reveals an endoleak. In addition, the aneurysm
had ruptured and a retroperitoneal hematoma (H) can be seen. (C) Open conversion was performed on an
urgent basis. The proximal part of the graft was excised and the remainder of the endovascular graft (E) was
bridged to the proximal aneurysm neck with a short segment of standard graft (arrows).

Figure 9. (A) Immediate postoperative contrast computed tomography (CT) scan of the patient in Figure
8. The CT scan shows complete exclusion of the 6-cm abdominal aortic aneurysm (AAA) with no evidence
of an endoleak. (B) Postoperative CT scan (12 months) shows continued exclusion of the AAA with
shrinkage of the AAA sac (4 cm). (C) Postoperative CT scan (21 months) shows an endoleak with an acutely
enlarging AAA sac. This endoleak was a type 1 endoleak (distal attachment). It was treated by deploying a
second endovascular graft to bridge the defect between the separated limb and the left common iliac artery.
(D) CT scan obtained 52 months after the initial repair and 34 months after the secondary intervention. The
AAA has shrunk without evidence of further endoleak.
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durable as open surgical repair. EVGs can fail in a greater
number of ways and with greater frequency than standard
AAA grafts placed during an open operation. These modes
of endovascular graft failure included late endoleaks, graft
thrombosis, aortoenteric fistula, and ultimately rupture of
the aneurysm with and sometimes without a known
endoleak.

Such disadvantages of EVG repair must be weighed
against several positive attributes. These include the low
death rate, even in patients at high risk for open surgery, and
the short hospital stay. In addition, the fact that only two of
our patients suffered an aneurysm rupture during the entire
study period is encouraging. Of our patients who were not
lost to follow-up, none had an aneurysm rupture without a

Figure 11. (A) Preoperative angiogram reveals a 5-cm abdominal aortic aneurysm (AAA) with tortuous iliac
arteries. (B) Completion angiogram following the Gore-Excluder graft implantation, shows successful ex-
clusion of the AAA with no signs of an endoleak. (C) The patient developed a late endoleak at 18 months,
and a transfemoral angiogram was obtained. Note the lack of graft migration. (D) Delayed image of the
angiogram reveals a type 2 endoleak arising from the left iliolumbar artery (I), which was feeding the
aneurysm via a patent lumbar artery (L). Chronic anticoagulation therapy was terminated for 3 months;
however, this endoleak persisted with further enlargement of the AAA.

Figure 12. Serial computed tomography (CT) scans of the patient in Figure 11. (A) Preoperative CT shows
a 5-cm abdominal aortic aneurysm (AAA). (B) Six months after endovascular graft repair. An endoleak is not
visualized and the AAA has shrunk. (C) CT scan after 12 months shows the presence of an endoleak and an
enlarging AAA. (D) CT scan obtained 20 months after translumbar coil embolization. The endoleak has
resolved.
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preceding known endoleak. The vast majority of the late
deaths in our series were from causes not related to the
aneurysm, and our aneurysm-related death rate was low
(15% at 5 years; see Fig. 16), despite the preponderance of
high-risk patients and the inclusion of all perioperative
deaths in our analysis. Also, the fact that most late failures
can be detected before causing a catastrophic event or death
is a positive finding. This allows one to perform secondary
salvage procedures in a timely fashion to prevent aneurysm
rupture or limb loss. Moreover, the secondary procedures,
when required, were mostly minimally invasive, and the
technical success rate was high (see Table 1). Most of the
late problems that we encountered could be treated with
percutaneous procedures, and many were done transfemor-
ally. Therefore, late failure in itself does not necessarily
produce a bad overall outcome. Others have also reported
successful outcomes after secondary interventions for late
EVG failures.7,10,13,16,30However, failure to detect late fail-
ure can lead to aneurysm rupture and death.2,18 Therefore,
diligent postoperative surveillance is critical after an EVG
repair.

Various methods of endoleak treatment have been attempted
and reported. Options include coil embolization by transarterial
or translumbar access routes, addition of stent-graft cuffs and
extensions, endoscopic ligation of inferior mesenteric and lum-
bar arteries, redo endovascular stent-graft repair, and open
surgical repair (see Fig. 4).7,10,13,15–17,30,31The method of
treatment for a given endoleak is the subject of considerable
controversy. Based on the findings of various experimental
models, we believe that when an endoleak has a long and

narrow channel, pressure transmission across thrombus in-
duced in this channel may be significantly reduced.24 Thus,
inducing thrombosis in this circumstance may lead to a
successful outcome.7,15,24,30,32,33In contrast, short endoleak
channels with a wide diameter will require covering of the
feeding orifice with graft material to obliterate pressure
transmission. Thus, although the type of endoleak influ-
ences the method of treatment, we believe that the treatment
method should also be determined by the length and diam-
eter of the endoleak channel, and we applied this concept in
the treatment of endoleaks in the latter part of the current
study (see Fig. 4). For endoleaks with short, large-diameter
channels (most type 1 and 3 endoleaks), deployment of a
second EVG or an extension cuff is needed as opposed to
inducing thrombosis. Placement of such a second graft was
often possible. However, when it was not, surgical conver-
sion was performed if the patient was deemed an acceptable
risk. For patients with long, narrow endoleak channels
(most type 2 endoleaks and some type 1), inducing throm-
bosis was performed by either temporarily terminating
chronic anticoagulation therapy or by percutaneous coil
embolization or injection of a biologic glue. For methods of
access, we have used both transarterial and translumbar
approaches. Because most type 2 endoleaks have more than
one inflow or outflow, it may be difficult to coil-embolize all
the endoleak channels using a transarterial approach. Thus,
we recommend the translumbar approach for all type 2
endoleaks (see Figs. 11–13).7

Based on the results in our series of patients with fol-
low-up to 5 years, we believe that the value of EVGs for

Figure 13. (A,B) Because conservative therapy failed, translumbar puncture of the sac was performed.
The sac-gram reveals the presence of multiple feeding arteries in addition to the iliolumbar artery that was
depicted by the standard angiogram in Figure 11D. Sac pressure was equivalent to systemic blood
pressure (c, translumbar catheter). (C) Selective coil embolization of all four lumbar arteries was performed.
(D) Completion sac-gram shows lack of communication between the lumbar arteries and the abdominal
aortic aneurysm (AAA) sac, and the contrast is stagnant in the isolated AAA. The AAA sac pressure
measured 40 mm Hg on completion of the selective coil embolization.
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treating large AAAs in high-risk patients, including those
with ruptured AAAs, seems reasonable.20 For good-risk
patients, however, the lack of durability is a concern. Pa-

tients should be informed beforehand about the requirement
for life-long surveillance and the possibility of the need for
a secondary intervention. Good-risk patients should be

Figure 14. Kaplan-Meier analysis of continued primary clinical suc-
cess (the number at risk at 1, 3, and 5 years is also shown).

Figure 15. Kaplan-Meier analysis of continued secondary clinical
success.

Table 1. DETAILS OF SECONDARY PROCEDURES

Patient
No.

Late
Complication

Time to
Failure (mo)

Presenting Symptom
or Study

Secondary
Procedure Outcome

Length of
Stay (days)

1 Type 1 leak 21 CT Open
conversion

Success 5

2 Type 1 leak 28 CT Open
conversion

Success 5

3 Type 1 leak/rupture 38 Back pain, CT Open
conversion

Success 5

4 Type I leak/rupture 55 Shock, CT Open
conversion

Death NA

5 AE fistula with abscess 9 GI bleed, CT Open
conversion

Death NA

6 AE fistula 30 Sepsis, CT Transabdominal
drainage

Death NA

7 Graft thrombosis 1 Foot, rest pain Axfem bypass Success 3
8 Graft thrombosis 3 Foot, rest pain Axfem bypass Success 3
9 Graft thrombosis 24 Claudication Axfem bypass Success 2
10 Graft thrombosis 1 Claudication Femfem bypass Success 2
11 Type I leak 16 CT 2nd EVG Success 2
12 Type I leak 20 CT 2nd EVG Success 3
13 Type 1 leak 21 CT 2nd EVG Success 1
14 Type 3 leak 29 CT 2nd EVG Success 1
15 Graft thrombosis 10 Leg weakness Thrombectomy,

stent
Success 2

16 Right EIA stenosis 7 Claudication Thrombectomy,
stent

Success 2

17 Left iliac stenosis 6 Claudication PTA, stent Success 1
18 Type 2 leak 6 CT TFA Success 2
19 Type 2 leak 10 CT TFA Success 2
20 Type 2 leak 29 CT TFA Failed 1
21 Type 2 leak 12 CT TLA Success 1
22 Type 2 leak 4 CT TLA Success 1
23 Type 2 leak 32 CT TLA Success 1

AE, aortoenteric; Axfem, axillofemoral; CT, computed tomography; EIA, external iliac artery; femfem, femorofemoral; GI, gastrointestinal; TFA, transfemoral coil emboli-
zation; TLA, translumbar coil embolization.
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given a choice between an open operation and an EVG
repair. Indeed, patients may be encouraged to view the two
treatment options—standard surgical repair and EVG re-
pair—as the choice between one big operation or the pos-
sibility of several smaller operations. However, open surgi-
cal repair is also not a perfectly durable operation. In
addition to the higher perioperative complication rate, graft
infection, paraanastomotic aneurysm formation, and graft
thrombosis occur after open repair, although the incidence
appears to be lower than after EVG repair.34–36Moreover,
durability is but one important aspect of the procedure and
will not alone determine the superiority of one approach
over another. Whether one chooses an EVG repair that
provides early benefit because of its minimally invasive
nature at the cost of possibly undergoing a secondary pro-
cedure, or whether one undergoes a single more definitive
but more invasive procedure will depend not only on the
results of prospective comparative studies but also on pa-
tient preference.

This state of affairs may change as better devices become
available. Nevertheless, the long-term effectiveness of such
devices must be proven by appropriate long-term studies. In
addition, there exists an ultimate need for prospective, ran-
domized comparisons between open and endovascular re-
pair in good-risk patients and endovascular repair and best
medical treatment in high-risk patients. Moreover, such
comparisons must be made in similar groups of patients
with roughly comparable anatomy.

CONCLUSION

Endovascular graft repair is not as durable as open repair.
However, the secondary interventions required were rela-
tively minimally invasive procedures with high success
rates. Therefore, the need for a secondary intervention does
not necessarily represent a failure. Patients need to be in-
formed of the need for life-long surveillance and the possi-
ble need for secondary procedures. For patients at good
surgical risk, EVG repair should currently be performed
with caution and restraint.
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DISCUSSION

DR. GREGORIOA. SICARD (St. Louis, Missouri): I congratulate Dr. Ohki
for an insightful and thorough evaluation of this evolving technology of
endoluminal aortic graft repair. Dr. Veith continues pioneering work in this
exciting new field. With the extensive experience at your institution in
aortic endografting, could you summarize three brief points?

First, what are your endograft selection criteria, especially since the
devices can currently be used in complex iliac anatomy? In 2001, which
device would you use if you could use a commercial device or do you still
prefer to use the Montefiore graft?

Secondly, what is your current recommendation for the management of
Type II endoleaks at 12 months when the size and volume of the aneurysm
remains unchanged? As we get a larger number of patients that have
undergone this endoluminal treatment, we are finding more of those pa-
tients where the aneurysm does not shrink. How should we manage them?

Finally, I noticed in your manuscript that the intraoperative time was
greater than five hours. That is significantly higher than the operative time
for the commercially available devices. Could you explain if this is
endograft specific and what is the difference in time, specifically between
your Montefiore endograft and the commercially available graft in your
series?

Again, I commend you for bringing to our attention the fact that there
should be a word of caution about the use of these devices, while at the
same time, if you are diligent in following these patients closely, most
complications can be managed endoluminally and still make this technol-
ogy safe.

PRESENTERDR. FRANK J. VEITH (Bronx, New York): Dr. Sicard asked
some good questions. I will try to be very brief in the answers.

Selection criteria are constantly changing. The bottom line is, the more
favorable the patient anatomy, the easier it is to do an endograft of any sort.
Sometimes one of us attempts cases that others would do open. But on the
average, we are doing endovascular repairs on about 60 to 70% of all
comers and the remainder either get no operation or get an open operation.

Our favorite graft at present is in part regulated by graft availability in
FDA studies. Our own Montefiore endovascular graft — which we are
trying to commercialize — we use only when no other graft is possible. It
requires a complicated operation and a lot of surgical and endovascular
manipulation. We use it only when we cannot use an industry-made device.
Our two favorites at present are the Cook-Zenith device and the Gore-
Excluder device. The Gore device is a little easier to use. The Cook is a
little more versatile but a little more complex. The AneuRx and Ancure
devices are other choices because they are available and FDA approved.

Type 2 endoleaks with no change in AAA size are a major problem, and
we do not know the right answer. Along with Richard Baum of Philadel-
phia, who devised the technique, we are using translumbar puncture to
measure intrasac pressure and try to coil embolize the patent branches. We
obviously do that for an enlarging aneurysm with a Type 2 endoleak. If the
patient has a Type 2 leak and a large aneurysm but one that is not enlarging,
at the present time, we are doing translumbar studies to evaluate what is
going on. However, we do not know what the right answer is in this setting.
Others are doing laparoscopic clipping of branches, both lumbar and IMA.
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Our long operating times are based on the fact that in some of these
cases, both industry-made and our own surgeon-made grafts, are very
complicated. They just take us a long time to perform, because we keep at
it until we get it right. These difficult, complicated cases are more patient
specific than device specific. An easy case treated with a commercially
made graft, we actually can do in one and a half to two hours. The
complicated cases with any graft can sometimes take a long time.

DR. LARRY H. HOLLIER (New York, New York): Dr. Veith asked me last
night if I would comment on this paper. I think it is because he recognizes
that I do agree with him that the late complication rates and late failure
rates have been underappreciated, and I think it is important that this be
emphasized. I agree entirely with your findings and the late results.

I have concern with your comment that, based upon the data presented
you conclude that endovascular repair is a safe procedure. You wouldn’t
know that from this paper. With an 8.4% mortality rate reported in this
paper, one might conclude that endovascular repair is not safe. In
previous publications regarding high risk patients undering open aneu-
rysm repair, we noted operative mortality of only 5.7%. There has got
to be something else going on, either incredibly sick patients that you
are doing or other technical factors. I would appreciate if you could
expand on that a little bit.

The other concern is the late mortality. I think you reported 40%. That
again is a much higher mortality rate over time than reported in the first
paper today, which was noted to be 4%. Again, that deserves comment.
Perhaps it represents a very biased referral pattern where you are being sent
some incredibly sick, elderly patients. I think these comments do need to
be clarified so that one does not misconstrue the article.

DR. FRANK J. VEITH: Dr. Hollier, those are excellent points, and some
explanation is in order.

Our high early mortality is real. I think it reflects several things. One is
our early learning curve. Another is the very sick systemic nature of many
of our patients, some of whom had many co-morbidities. A third is possibly
our overenthusiasm for the endovascular approach. I think we have some-
times subjected patients to these procedures when conservative therapy
might have been a better choice. However, they were generally patients
with very large and symptomatic aneurysms. The ones with moderate size

aneurysms that are not symptomatic (as I mentioned in my earlier discus-
sion) we usually observed until they grow to be huge or symptomatic.

I think all those factors contributed to the high early mortality. We agree
that it is not good, and that we have to make it better. Certainly with the
easier cases, with the commercially produced grafts, our mortality has been
quite low and comparable to that published by other authors.

Late survival has also been poor. However, we point out in the paper that
the late deaths were predominantly due to non-aneurysm related causes.
This then is a reflection of the fact that these were a high risk group of
patients with many systemic co-morbidities. In general they died from
these co-morbidities, so we do not have too many patients followed over
five or six years.

That was the reason that I made the comment earlier that I think a
randomized prospective study comparing endograft treatment to no treat-
ment is appropriate in these high-risk patients.

DR. ANTHONY D. WHITTEMORE (Boston, Massachusetts): Dr. Veith, I
enjoyed hearing about your experiences, I always do, and I must say I
commend you on embracing this technology with the enthusiasm and
diligence you have.

One of the advantages of this technology is the associated reduction in
length of stay. I wanted to address one issue Dr. Ohki raised in comparing
a two-day stay of one patient to an average length of stay for open repair
of nine days. Is that nine day average length of stay at your institution? Or
is that a population based figure? And could you give us the comparable
figure for endovascular repair, either a population based length of stay or
for all your patients in your institution, in order to make a valid
comparison?

DR. FRANK J. VEITH: In general, we have a conservative attitude about
operating on small aneurysms, and we do not see many healthy patients.
Thus, the nine-day figure is an accurate one. It was our length of stay
during the period that was covered by the study.

Overall, our length of stay for straight-forward endovascular AAA repair
cases, unless we have a serious complication, ranges between one and three
days. And the reason for the longer length of stay was the co-morbidities.
Occasionally a patient will have renal failure or congestive failure and have
to stay in a week, but generally our length of stay parallels that reported by
some of the other endovascular enthusiasts.
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