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Endoleak Following Endovascular Abdominal Aortic
Aneurysm Repair

Implications for Duration of Screening
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Objective: Endovascular abdominal aortic aneurysm repair (EAR)
requires long-term surveillance for endoleak or increase in aneurysm
diameter. We analyzed the natural history of and risk factors for
endoleak development.
Summary Background Data: Endoleak is a common complication
of EAR that can lead to aneurysm enlargement and even rupture.
Following EAR, imaging studies are used to identify leaks since
patients with endoleak may require additional endovascular inter-
ventions or conversion to open repair. No criteria currently exist for
cessation or reduction in frequency of screening imaging studies.
Methods: Data on 220 patients undergoing EAR were retrospec-
tively reviewed. Kaplan-Meier survival analysis and Cox propor-
tional hazards regression were used with the end point being new
endoleak development. Potential risk factors included preoperative
aneurysm diameter, number of negative surveillance studies, and
postoperative increase in diameter.
Results: A total of 52 patients (24%) who underwent EAR had
endoleak detected during postoperative follow-up, which averaged
19 months (range, 0.4–101 months). One, 6-, 12-, and 24- month
endoleak-free survival was 90%, 80%, 77%, and 73%, respectively.
Three leaks occurred after year 2, at postoperative months 24, 48,
and 85. Increasing number of negative screening studies was nega-
tively associated with risk for endoleak development (B � –3.122,
P � 0.001), while increase in aneurysm diameter was positively
associated with risk for endoleak (B � 0.072, P � 0.04).
Conclusion: Risk for endoleak declines as the number of negative
postoperative scans increases, but new endoleaks are identified as
late as 7 years following EAR. Reduction in screening frequency

cannot be uniformly recommended at this time. Patients with doc-
umented aneurysm expansion should be monitored carefully and
endoleak should be suspected.

(Ann Surg 2004;239: 800–807)

Endovascular abdominal aortic aneurysm repair (EAR) has
become an increasingly popular therapeutic option, espe-

cially for patients with comorbidities that make open repair
high risk. The technique has less than certain success, and
multiple cases of aneurysm rupture following EAR with a
variety of devices have been reported.1–7 Successful EAR
requires exclusion of the aneurysm sac from the systemic
circulation;8 incomplete exclusion results in endoleak with
aneurysm sac pressurization, and ongoing risk for rupture.9

Endoleak is a complication unique to EAR, and is
defined as blood flow within the aneurysm sac but outside the
endoluminal graft. Endoleaks occur in 10% to 40% of pa-
tients following EAR4,6,10–13 and are classified (types I–IV)
by the source of communication between the systemic circu-
lation and the aneurysm sac.14 Most endoleaks are discovered
during the first 30 postoperative days (primary endoleaks),
but late endoleaks (secondary endoleaks) are also well rec-
ognized.15

Screening for endoleak, aneurysm enlargement, graft
migration, or other postoperative complications can be ac-
complished with a combination of computed tomography
(CT) scanning and duplex ultrasound. Published follow-up
recommendations for image screening after EAR without
endoleak suggest screening at 1, 6, and 12 months postoper-
ative and then every year thereafter.16 There are no estab-
lished criteria for reduction in frequency of screening studies
for patients who remain endoleak-free years after EAR. The
objective of this study was to determine the temporal course
of secondary endoleak occurrence, to identify risk factors for
late endoleak development, and to determine if imaging is
needed in late endoleak-free follow-up.
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METHODS
We reviewed a database of 220 patients that underwent

EAR from 1993 to 2002. Longitudinal data regarding aneu-
rysm size and endoleak status gathered from ultrasound, CT
scan, and arteriogram studies were prospectively acquired
and retrospectively reviewed.

Postoperative CT scans were routinely performed with
arterial-phase IV contrast with 3-mm cuts within the first 30
postoperative days, at 6 months, and yearly thereafter (pro-
vided no indication was discovered for increased frequency).
CT scans were reviewed by both radiology staff and the
senior author, with the consensus interpretations regarding
aneurysm diameter and endoleak status recorded into the
database. Duplex ultrasounds were performed in an accred-
ited vascular laboratory by a certified technician and inter-
preted by vascular surgery staff.

Statistical methods included Kaplan-Meier survival
analysis and Cox proportional hazards regression, with the
end point defined as first endoleak development. Patients who
never experienced endoleak were censored from analysis at
the time of their final negative follow-up study. Endoleak risk
factors included number of negative screening studies prior to
endoleak detection or final endoleak-free follow-up, maximum
preoperative aneurysm diameter, and postoperative change
in aneurysm diameter. Summary data shown are mean �

standard error. All statistical analyses were performed using
the Statistical Package for the Social Sciences software
(SPSS, Inc, Chicago, IL).

RESULTS
Of 220 patients analyzed, 88% were male and 12%

were female (Table 1). The mean patient age was 72.2 � 0.56
years (range, 43–92 years). Mean aneurysm diameter at the
time of repair was 56 � 0.75 mm (36–110 mm), with a mean
change in diameter from operation to end point of �5.5 �
0.56 mm. The majority of patients (73%) underwent repair
with the Ancure prosthesis (Guidant Corporation, Menlo
Park, CA), followed by the Excluder (23%) (W.L. Gore &
Associates, Inc. Flagstaff, AZ) and AneuRx (5%) (Medtronic
AVE, Santa Rosa, CA) devices, respectively (Table 2).

All patients who underwent EAR had CT scans per-
formed as part of their postoperative imaging, while 52 (24%)
of patients had ultrasound follow-up in addition to CT.
Fifty-two patients (24%) had endoleak detected during post-
operative follow-up. There were no significant differences in
endoleak related to device (Table 2). One-, 6-, 12-, and
24-month survival without endoleak was 90%, 80%, 77%,
and 73%, respectively (Fig. 1 and Table 3). The majority of
endoleaks were type II (67.3%); 25% were type I, 1.9% were
type III, and 5.8% were type indeterminate (Table 4). Three
endoleaks occurred after year 2, at post-EAR months 25 (type
II), 48 (type II), and 85 (type I). Mean time from operation to
endoleak detection was 10 � 6.4 months (range 0.1–85
months) for type I endoleaks and 4.6 � 1.6 months (range
0.1–48.1 months) for type II endoleaks. There were no
post-EAR aneurysm ruptures.

Cox proportional hazards regression modeling of po-
tential risk factors associated with endoleak development is
presented in Table 5. The number of negative screening
studies prior to endoleak (or to final endoleak-free follow-up)
was negatively associated with risk for endoleak (B �
�3.122, P � 0.001), and change in aneurysm diameter was
positively associated with risk for endoleak (B � 0.072, P �
0.04). Preoperative aneurysm diameter was not related to
endoleak development (B � �0.007, P � 0.60).

TABLE 1. Patient and Device Data at Time of Endovascular
Aneurysm Repair (n � 220)

Category %

Age (years)
�65 20
65–75 47
�70 33

Gender
Male 88
Female 12

Aneurysm diameter
�5 cm 27
5–6 cm 43
�6 cm 30

TABLE 2. Devices by Configuration

Device
Bifurcated

(%)
Straight

(%)
Aortouniiliac

(%)
Total (%)
(n � 220)

% of Endoleaks
(n � 52)

Ancure 65 5 2 72% 71
Excluder 23 — — 23% 24
AneuRx 5 — — 5% 5
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DISCUSSION
Endoleak classification is based upon the source of

communication between the aneurysm sac and the systemic
circulation. Type I endoleaks have blood flow into the aneu-
rysm sac around the proximal or distal graft attachment sites,
or around an inadequately sealed iliac occluder plug. Type II
endoleaks involve blood flow into the aneurysm sac from the
visceral aortic branches (such as the inferior mesenteric,
lumbar, or accessory renal arteries) without communication
around the attachment sites. Type III endoleak denotes flow
between separated graft modules or through a graft defect,
and type IV endoleak refers to flow through porosities in the
graft material during the early postoperative period. In some
cases, the source of endoleak cannot be determined with
imaging studies; this is referred to as endoleak of undeter-
mined origin. As many as 12% of patients require additional
procedures following EAR to manage endoleak17; extender
cuff insertion and conversion to open repair are treatment
options for type I or type III endoleaks, while type II en-
doleaks are often amenable to catheter-based embolization or
laparoscopic vessel ligation. The risk of endoleak as well as

aneurysm enlargement requires late image screening follow-
ing EAR.

Prevention of death from aneurysm rupture is the pri-
mary goal of EAR. Following EAR, adequate aneurysm
exclusion is generally thought to be associated with aneurysm
shrinkage,18,19 whereas presence of endoleak allows contin-
ued aneurysm sac pressurization and risk for rupture. While
the clinical importance of endoleak in general (and type II
endoleak in particular) has been questioned in the past,20

several authors have demonstrated a significant relationship
between endoleak and aneurysm expansion or even rup-
ture.1,5,21 The recent description of a series of post-EAR
aneurysm ruptures associated with endoleak in the absence of
detectable expansion, including type II endoleaks, has further
emphasized the importance of endoleak detection, surveil-
lance, and potential need for intervention.7

Correlation between preoperative aneurysm diameter
greater than 6 cm and endoleak development has been dem-
onstrated by others,22 although we did not observe such a
relationship in our patient cohort. The association between
large preoperative aneurysm diameter and increased endoleak
occurrence could be related to either a propensity for larger
aneurysm sacs to harbor type II endoleaks without spontane-
ous thrombosis or the more severe proximal neck angulation
associated with larger aneurysms inviting type I leaks. While
not evaluated in this study, other reports suggest aortic neck
angulation impacts type I endoleak risk and requires special
consideration when planning late imaging follow-up.23 We
used the Ancure prosthesis in a majority of our patients and
certainly preferred it for patients with substantial proximal
neck angulation. The ability of this unsupported graft to
accommodate proximal angulation may have provided us a
more favorable leak rate proximally in patients with angu-
lated necks. However, our sample size is too small to provide
proof of such a hypothesis.

Proximal neck dilation is recognized as a complication
following EAR, with risk increasing over time.22,23 While
substantial dilation of the proximal neck may be related to
patient-anatomy selection, it is also possible that the proximal
neck dilates over time as extrinsic force from self-expanded
prostheses impart radial force in addition to that from aortic
pulsation. Our latest endoleak occurred in the presence of

TABLE 3. Kaplan-Meier Survival Analysis: Endoleak-Free Survival Through 48 Months

1 mo 3 mo 6 mo 12 mo 24 mo 36 mo 48 mo

Events 22 14 4 6 3 0 1
Patients at risk 220 187 151 140 94 58 29
Cumulative survival 0.900 0.827 0.804 0.766 0.734 0.734 0.669
Standard error 0.021 0.026 0.028 0.031 0.035 0.035 0.060

FIGURE 1. Kaplan-Meier curve: freedom from endoleak. Œ,
censored cases (final, event-free follow-up).

Corriere et al Annals of Surgery • Volume 239, Number 6, June 2004

© 2004 Lippincott Williams & Wilkins802



aortic neck dilation 85 months after operation. Two of the 3
secondary endoleaks occurring after year 2 were type II leaks.
It is possible that instead of new events, these may represent
endoleaks present since EAR but undetected because of either
the sensitivity of the screening techniques or the intermittent
nature of the leak. Although the true duration of any late
endoleak is difficult to accurately determine, 1 of these
patients ultimately required coil embolization, illustrating the
potential clinical importance secondary type II endoleak de-
tection.

The significant increase in risk for endoleak develop-
ment in the setting of postoperative aneurysm expansion
described in this study underscores the interrelation between
these 2 imaging findings. Aneurysm expansion should
prompt suspicion of an associated endoleak, the treatment of
which may result in subsequent reduction of aneurysm diam-
eter.23 Aneurysm expansion can also occur, however, without
associated endoleak development; this phenomenon is re-
ferred to as endotension.15 Endotension may indicate unsuc-
cessful exclusion and ongoing risk for rupture; however,
controversy persists regarding the clinical significance of
endotension. We have thus far a single patient with endoten-
sion and therefore little experience with its management.

While there is generalized agreement that patients with
endoleak should either be closely followed or treated, the
management of patient-years status-post EAR with an in-
creasing number of negative surveillance imaging studies
remains unclear.

The difficulty in providing long-term follow-up for
patients after EAR limits the overall value of EAR treatment.
Patient travel, costs associated with multiple imaging studies,
patients lost to follow-up, as well as clinician time and effort
all collide to make follow-up in large numbers of EAR
patients problematic. The ability to reduce the frequency of
imaging studies in a cohort of patients without endovascular
leak 2 or more years after operation would be desirable from
cost and convenience perspectives for both patient and vas-
cular surgeon. This study demonstrates a decreased risk for
new endoleak development as the number of negative screen-
ing studies increases as well as an increased risk for endoleak
in the presence of an expanding native aneurysm. Considered
together, these findings suggest that it might be desirable to
adopt more liberal screening regimens for patients with mul-
tiple negative surveillance imaging studies and stable aneu-
rysm size. Our enthusiasm for such modification in follow-up
is tempered by the occurrence of new endoleaks as late as 85
months following EAR, especially since the consequences of
missed endoleak are potentially catastrophic.

Limitations
Our study has several limitations. Delayed contrast CT

image acquisition has been recently suggested to enhance the
sensitivity for endoleak detection24; our failure to use this
technique routinely may have resulted in missed endoleaks.
CT scanning was the only postoperative screening modality
used in the majority (76.3%) of our patients, and we did not
identify additional leaks with ultrasound as an adjuvant test.
Although not included in our initial model, aortic neck
angulation, the presence of mural thrombus, and excessive
neck calcification have been proposed as other risk factors for
endoleak.25 Patients with excessive neck calcification (which
can create difficulty with obtaining an adequate proximal
seal) or mural thrombus (which can predispose to graft
slippage and migration) are not considered good candidates
for EAR at our institution; these risk factors were therefore
not included in our analysis but might be important predictors
of endoleak at centers where EAR is undertaken in patients

TABLE 4. Endoleaks by Type (n � 52)

Type %

I 25
II 67
III 2
IV 0
Undefined 6

TABLE 5. Modeling Potential Risk Factors Related to Endoleak Development

Variable B SE P

Initial model* Prior negative scans (no.) �3.122 0.399 �0.001
Change in diameter 0.072 0.036 0.043
Maximum preoperative diameter �0.007 0.014 0.598

Final model* Prior negative scans (no.) �3.063 0.377 �0.001
Change in diameter 0.072 0.035 0.040

SE, standard error.
*P � 0.001.
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with these aneurysm characteristics. Neck angulation was
excluded from our analysis due to difficulty in reproducible
measurement of this characteristic both preoperatively and
postoperatively. Finally, the small number of patients at risk
for endoleak beyond 4 years in this study limits our ability to
draw definitive conclusions about the late incidence of sec-
ondary endoleak, although our observation of endoleak
events past this 4-year time point is particularly concerning.

Contrasted CT scanning has been recommended as the
primary means of post-EAR imaging16 and continues to be
the preferred method at our institution. Although our early
screening regimen used both CT and ultrasound, cost and
ability to maintain patient follow-up can be adversely im-
pacted by the use of multiple tests. We primarily use ultra-
sound to further characterize endoleaks identified by prior CT
scans or to gain additional information in patients with
indeterminate CT scans; data provided by ultrasound such as
intraluminal flow velocity and direction can be helpful in
predicting endoleak resolution and/or planning endoleak
management.26,27 The clinical utility of MRA and other
noninvasive means of screening for endoleak remain to be
defined.

CONCLUSION
This study identifies a significant reduction in risk for

late endoleak with an increasing number of negative screen-
ing imaging studies. However, late endoleak occurrence past
2 postoperative years was still observed. Interval increase in
aortic diameter was predictive of endoleak presence. Al-
though we cannot make specific recommendations for reduc-
tion in frequency or cessation of late follow-up screening at
this time, long-term follow-up in the future may allow defi-
nition of a post-EAR endoleak-free subgroup that can be
safely followed by aneurysm size alone. In the future, larger
studies may be able to recommend individualized late screen-
ing regimens based on screening history and aneurysm size.
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Discussions
DR. ERIC D. ENDEAN (LEXINGTON, KENTUCKY): I would

like to thank the authors for providing me with a copy of their
manuscript in advance for my review.

Endoluminal repair of abdominal aortic aneurysm is in
many respects attractive. However, enthusiasm is tempered by
the inability to apply the technique to all patients and the risk of
late rupture despite an initial successful repair. It is believed that
endoleak may be responsible for pressurizing the aneurysm
sac and as a consequence results in risk for aneurysm expan-
sion and rupture. The fact that endoleak may develop at some
time after endoluminal repair has led to the recommendation
for postoperative surveillance protocols to detect endoleak.
Currently, it is thought that life-long follow-up is needed.
These studies increase the cost of endoluminal repair and
patients find the repeated studies inconvenient.

Dr. Naslund and his colleagues have reported on the
incidence of endoleaks as well as the time course of its
development following endoluminal repair of abdominal aor-
tic aneurysms with the hope that criteria can be established to
eventually limit or eliminate the need for indefinite follow-up
studies. Unfortunately, their findings parallel those of others,
and, because of the finding of late endoleaks, they continue to
recommend long-term follow-up. I have a few questions to
pose to the authors.

First, you mention that both CT scans and duplex
ultrasounds were used to detect endoleaks. Could you elab-
orate on which modality you found most useful, whether the
studies were complementary, or how often each was used?

Second, the authors evaluated as risk factors for the
development of endoleak negative screening studies prior to
detection, maximum preoperative aneurysm diameter, and
postoperative change in aneurysm diameter. Did you look at
other potential factors that may have contributed to endoleak
such as the degree of angulation of the neck, presence of any
endoleak seen at the time of endograph deployment, the
presence or absence of iliac (common or internal iliac) artery
aneurysm, patency of the inferior mesenteric artery, associ-
ated occlusive disease, or some measure pertaining to the
difficulty of successfully completing the endograph?

Third, while it is perhaps beyond the scope of this
paper, what approach do you take in regards to treatment
when a new type II endoleak is identified?

Fourth, your data evaluate the development of any type
of endoleak over time. Have you broken down the data to
look at the time course for the development of each type of
endoleak?

Finally, in the manuscript you suggest that at least some
endoleaks found on follow-up studies may represent leaks
that had been present since repair but were undetected. While
this is possible, it would seem that endoleaks do develop at

some time after repair. Would you comment on the mecha-
nisms that lead to these late developing endoleaks, and in
particular the type II endoleaks?

I enjoyed reading this manuscript. It is well written and
addresses a timely and important problem in vascular sur-
gery. The authors have detailed their experience from a large
and impressive series of patients.

DR. WILLIAM D. JORDAN, JR. (BIRMINGHAM, ALABAMA): I
want to congratulate Dr. Naslund and his colleagues for
reporting on the need for postoperative surveillance after
endovascular aneurysm repair. This report of more than 220
patients over a 9-year period represents both pioneering work
done prior to FOA approval of endovascular aneurysm repair
and also continued the high level standard of care that these
Vanderbilt surgeons have continued to practice.

More specifically, Dr. Naslund has addressed the issue
of endoleak or the identification of contrast outside the lumen
of the stent but within the aneurysm sac. Despite 9 years of
experience with this problem, we do not fully understand the
implications of an endoleak. Regardless, Dr. Naslund may
have offered a practical tool using the absence of an of an
endoleak as an opportunity to limit the careful surveillance
that has been so often prescribed after this new advance in
aneurysm treatment. I realize his final recommendations said
not, but I think perhaps there is a gem in here that we can use.
Their series identified shrinking aneurysms in most patients
after repair and no ruptures in this cohort of 220 consecutive
patients.

I have only 3 questions for Dr. Naslund. First, at UAB
we are also using the surrogate of endoleak in evaluating the
success of this type of treatment. Does the absence of en-
doleak really assure us of success? Only 5 short days ago,
early in the wee hours of Thanksgiving morn, I had to convert
a patient who was 85 years old and suffered a rupture even in
the absence of endoleak. This patient was visiting from
another state when he presented with his problem to our
institution. What was missed with this patient? Are we simply
following an endoleak because we can see it? Do we follow
this entity because it is available on CT or ultrasound? There
have been recent developments in assessing the pressure
within the aneurysm sac. Might this be a better surrogate if
we can follow the actual pressure rather than the presence of
contrast?

Secondly, you describe a 24% endoleak rate and a
secondary intervention rate of 12%. What was your second-
ary intervention rate required in these 220 patients? Addi-
tionally, are these secondary interventions always required or
simply these radiographic findings that we are treating in
hopes of improving on our results?

Finally, at our own institution in Birmingham, we have
used maximum aneurysm diameter as an endpoint to follow
these patients. You also used diameter in your report. How-
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ever, some authors have suggested that we use total volume
as a better measurement and thus a better surrogate to assess
the successful exclusion of the aneurysm. Do you have any
experience with these volumetric measurements using the
3-dimensional software that is commonly being promoted
today? Do you think this will be a valuable tool for us in the
future?

I certainly want to thank Dr. Naslund for the opportu-
nity to review the manuscript and for forwarding it to me well
in advance of the meeting. I am impressed with the work at
your institution and I look for more scientific information to
assist us in treating our aneurysm patients.

DR. L. D. BRITT (NORFOLK, VIRGINIA): Would you please
expand on the technical difficulties, if any, if you screen and
you find an irreversible problem necessitating an open ap-
proach?

DR. ALI F. ABURAHMA (CHARLESTON, WEST VIRGINIA): I
also want to congratulate you for this presentation, but I think
there is something still lacking in terms of the risk factor for
endoleak. Specifically, 2 of them extensive calcification and
the presence of extensive thrombus. I also want to echo Dr.
Jordan’s comment. I think most of the trend in the last few
years has been to look to the endotension or sac pressure
measurement as a better predictor of future ruptures and so
forth. And I wonder if you have done this in the last few
years?

DR. THOMAS C. NASLUND (NASHVILLE, TENNESSEE): Dr.
Endean asked several questions regarding follow-up with CT
versus ultrasound. My personal opinion is that CT is the best
modality for follow-up. The reason I feel this way is because
resolution available with modern scanners and the computer
software availability of modern scanners provide images far
superior to those available from ultrasound. Furthermore,
surface ultrasound is more technician-dependent than is CT
scanning. I feel that some centers do a good job utilizing
ultrasound for endograft follow-up, but they are selective,
very experienced, and generally have only 1 or 2 technicians
performing the studies.

I think that ultrasound and CT scan can be complemen-
tary follow-up studies. Endoleaks can be missed with both
modalities. Ultrasound provides information important about
limb blood flow that cannot be obtained with CT scanning
and may be able to find endoleaks that are missed by CT
scanning. Some centers select ultrasound in favor of CT scan;
others select a combination of the 2 studies. It is perfectly
reasonable to have both modalities utilized, but I will gener-
ally utilize CT scanning alone for routine follow-up.

The next question involved other risk factors for en-
doleak such as neck angulation. Neck angulation is a difficult
entity to define in that we have no hard and fast rule for angle

measurement. But, in response to the question, we did not
assess angle in this study. We certainly appreciate the fact
that angulation invites the opportunity for proximal leak.

Similarly, we did not study operative endoleaks and
how they might predict secondary endoleaks over time. Part
of this is due to the limited scope of our study and part of this
is due to difficulty in both detection and documentation of
operative endoleak in the operative note.

Sometimes I find myself unsure based on operative
notes as to whether an extension was done because a type I
endoleak was present or simply suspected. Since I resolve
type I endoleaks intraoperatively, there are none at the end of
the procedure. Dr. Endean also commented regarding the iliac
artery aneurysms as an independent risk factor for late en-
doleak. While this is certainly true based on possibility of
distal type I leaks, we did not study this as an independent
risk factor.

In addition, we did not assess the inferior mesenteric
artery patency preoperatively as a risk factor. While many
patients have patent inferior mesenteric arteries, it is not a
particularly difficult type II endoleak to manage postopera-
tively if it is a source of ongoing leak. It is without doubt a
risk factor for type II leak since it is impossible to have a type
II leak involving the inferior mesenteric artery unless the
inferior mesenteric artery is patent.

Regarding my approach to type II leaks, I generally
leave the type II leak with observation alone for the first 6
months. I counsel the patient in advance that they will have
upwards of 30% chance of having one at 1 month. At 6
months, I make a plan, in part depending upon the size of the
aneurysm, to resolve the leak. Thus far, all type II leaks have
been able to be managed with endoluminal techniques. Un-
detected endoleaks are obviously difficult to assess. I can’t
determine whether or not I am missing endoleaks and iden-
tifying them later as secondary leaks or if indeed the patient
progresses from an endoleak-free state to a late endoleak
development. The technique of CT scanning has evolved to
include not only CTA images but also delayed scans. Early in
my experience, I did not routinely have such scans done and
certainly could have missed leaks without appreciating it.
Two of the late leaks were type II leaks, and it is not possible
for me to comment as to whether or not they were secondary
leak or simply missed primary leaks. However, the latest leak
was at 85 months, which was a type I endoleak. It was a
minor leak but nonetheless was undoubtedly new. It was
secondary to proximal neck dilation.

Dr. Jordan asked if the absence of endoleak assures that
we have successfully managed the patient’s aneurysm. The
answer is unequivocally no. Unfortunately, this technique has
a lot of pitfalls, and that is why the follow-up becomes so
important. Dr. Jordan’s experience of having a ruptured
aneurysm with no previously identified endoleaks has been
reported by others as well. I worry about late endoleak and I
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also worry about device migration as a cause for endoleak
formation and ultimate aneurysm rupture. For this reason I
tend to select the device that I think has the lowest risk for
migration, assuming the anatomy is compatible. I find the
complication of migration most disturbing of all risk factors.

There are a couple of questions related to sensing of
pressure in the aneurysm sac. There is new microchip technol-
ogy that allows implantation of a device in the aneurysm sac and
allows remote pressure evaluations. Such pressure evaluations
could possibly even be done in the office or from a remote
location, such as the patient’s home, and provide some informa-
tion regarding physiology within the aneurysm sac.

Unfortunately, all I can say right now is that it is a
wonderful research tool. I have no personal experience with
it, but I think it will teach us a lot about what is going on in
the aneurysm sac after endovascular grafting. I am sure it will
lead us in new directions, but I don’t know where. I am
reluctant to suggest that it will offer a meaningful method of
follow-up because all it will provide is sac pressure measure-
ments. Issues about migration and endoleak may or may not
be defined by pressure measurement alone. I feel that the
follow-up issues regarding aneurysm repair are too compli-
cated to be solved by aneurysm sac pressure alone.

Finally, Dr. Jordan asked a question about measure-
ment of aneurysm volume versus aneurysm diameter. I think
that aneurysm volume assessments are probably better. I have
not been utilizing them mostly because the programs that
allow volume measurements are fairly new and I have fol-
low-up that goes back as long as 9 years. I have recorded data
in a consistent fashion over time, which started out with
simple diameters, and thus far I continue with simple diam-
eters.

I continue to watch the data of others, and I am
personally more concerned about lost to follow-up patients or
lack of follow-up than I am subtle differences between
aneurysm diameter measure or volume measurements that
might be present. The biggest problem of all is lost follow-up.
It is the problem that I struggle with the most and which I
think is most important in patients undergoing endovascular
aneurysm repair.

Regarding the question of technical difficulty of con-
verting a patient from complication of endovascular aneu-
rysm repair, in general it is safe to say that conversions are
more difficult than primary aneurysm operations. The reason
for this is that there is a lot of fibrosis that occurs around areas

of interest such as the neck of the aneurysm. This is espe-
cially true with grafts that have fixation systems that pierce
the artery wall. Once such a graft is placed and ballooning
occurs in the attachment system, undoubtedly there is some
hemorrhage around the aorta inducing a fibrotic reaction,
making subsequent exposure difficult. What is also important
to note is that some grafts, most notably the Ancure graft,
have hooks that pierce the artery wall, causing injury to
fingers probing around the aortic neck.

As far as technical tips on conversions, I am very
reluctant to convert patients and generally go to extreme
efforts to avoid conversion utilizing advanced endovascular
techniques. To date, all of my late conversions have been
done for infection. I have not yet converted a patient for
endovascular leak and therefore can provide little in terms of
specific expertise for this type of operation. I have resorted to
laparoscopic help to manage type II endoleaks on a couple of
occasions with success. The best tip I could provide for
conversion of an endovascular graft is understanding com-
pletely the original operation, the device involved, the tech-
niques involved, and whether or not there is any type of
positive fixation between the prothesis and artery. It is fair to
say that the Ancure graft is going to be the hardest to explant.
The newer Cook Zenith graft with its suprarenal fixation
would probably also be difficult to explant. It is my under-
standing that it is best to leave the suprarenal stent in place
and simply sew a conventional graft underneath it. The other
2 grafts available on the market today seem to come out fairly
easily.

Another question was related to calcium in the proxi-
mal neck and thrombus in the proximal neck. Thrombus in
the proximal neck impairs any type of positive fixation
between the device and graft and therefore invites migration.
The Ancure graft resisted migration if the hooks were able to
be placed in a segment of a normal vessel. This may also be
true of the Zenith graft but, in general, I would avoid the neck
that harbors significant thrombus.

Calcium in the proximal neck can provide a rigid
constraint that prevents the graft from expanding and molding
to the architecture of the neck and therefore increases the risk
of type I leak. Similarly, thrombus in the neck can provide
slippage, mechanical failure, or leak. During the process of
patient selection, the proximal neck is without doubt the most
important aspect of anatomy to consider when offering a
patient an endovascular graft.
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