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Possible implications of device-specific variability in
post-endovascular aneurysm repair sac regression and
endoleaks for surveillance categorization
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ABSTRACT

Objective: Significant sac regression during early surveillance has been shown to best predict reintervention-free long-
term surveillance after endovascular aneurysm repair (EVAR). Furthermore, a persistent endoleak has been related to a
worse outcome. Individualized surveillance algorithms based on these findings have been suggested. There are no
studies comparing the performance of different stent grafts regarding sac regression, the presence of type Il endoleaks,
and their possible implications for individualized surveillance. The objective of this study was to evaluate device-specific
differences and how these may affect patient categorization for surveillance.

Methods: Patients were treated electively with standard EVAR between 2005 and 2015 using three different devices
(Zenith by Cook, Excluder by Gore, and Endurant by Medtronic). The data were reviewed retrospectively until 2020.
Patients’ computed tomography angiographies (CTAs) at 30 days and at 2 years were analyzed for freedom from
endoleaks and for sac regression of =5 mm. Reinterventions during long-term surveillance were counted. Patients were
categorized according to the presence of any endoleak and sac regression at 30 days and 2 years, and the probability of
reintervention-free long-term surveillance was evaluated based on these findings.

Results: A total of 435 patients were treated for an abdominal aortic aneurysm with EVAR during the study period. At 30
days, 80.0% (n = 339) of the patients were free from endoleaks, and at 2 years, 78.9% (n = 273) were free from endoleaks.
There was a significant difference in endoleak rate at 30 days and 2 years between the devices (P < .001 and P = .001).
There was no significant difference in sac regression between the devices at 2 years (P = .096). The categorization at 30
days based on endoleak status had a sensitivity of 44.9%, specificity of 87.4%, and negative predictive value of 84.1% for
finding a reintervention-requiring complication during long-term follow-up. The corresponding figures at 2 years were
63.3%, 91.4%, and 89.4%, respectively. The combination of freedom from endoleaks and sac regression of =5 mm in the 2-
year CTA best predicted an uneventful long-term surveillance. Patients who met this criterion had a 95.6% probability
(negative predictive value) of having a reintervention-free long-term surveillance.

Conclusions: There are significant differences in the prevalence of endoleaks between devices at 30 days and 2 years, but
there is no difference in sac regression. Patients with sac regression of =5 mm and no endoleaks in the 2-year CTA can be
safely categorized for infrequent surveillance regardless of the stent graft model that has initially been used. (J Vasc Surg
2023;78:1204-11.)
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The long-term efficacy of endovascular aneurysm
repair (EVAR) remains a concern despite favorable
early outcomes, and surveillance imaging is therefore
considered mandatory after EVAR.> Many patients
are lost to follow-up, and existing surveillance

protocols have a wide heterogeneity.*” Lifelong annual
imaging surveillance also places a burden on health
care resources, as approximately 77% of elective pa-
tients with an abdominal aortic aneurysm (AAA) un-
dergo EVAR.®®
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Surveillance imaging after EVAR is performed to identify
patients with possible complications in general, and spe-
cifically those who would benefit from a reintervention
to prevent rupture.>'® Multiple factors have been identi-
fied to predict the late failure of EVAR, such as large pre-
operative AAA size, poor sealing, persistent type Il
endoleak, and instructions for use (IFU) adherence."™ At
the same time, several studies have shown that patients
with significant sac regression in the early postoperative
phase will experience fewer complications.*'® However,
participation in post-EVAR surveillance to find late com-
plications is currently considered equally important
regardless of pre- and postoperative findings, although
controversy also exists.®'®

There are studies assessing the risk factors for reinter-
ventions based on preoperative findings as well as imag-
ing findings in later surveillance.®'®?° Some studies
suggest that categorization for individualized surveil-
lance could be based on the first computed tomography
angiography (CTA) after EVAR, whereas other authors
recommend relying on later categorization.””'® There
are also discrepancies in the current guidelines for
post-EVAR surveillance.?’** No studies have been pub-
lished comparing the performance of different stent
grafts regarding sac regression and the presence of
type Il endoleaks as well as their possible implications
for individualized surveillance.

The objective of this study was to evaluate device-
specific differences in sac regression and endoleaks dur-
ing post-EVAR surveillance and to determine how these
may affect the patients’ categorization for individualized
surveillance.

PATIENTS AND METHODS

This retrospective study included all patients assigned
to elective treatment of an AAA using standard EVAR
in one academic institution between 2005 and 2015,
comprising a total of 435 patients. The initial indication
for treatment was an aneurysm with a diameter of
55 mm or greater in men and 50 mm or greater in
women, or an increase of 5 mm in diameter over a period
of 6 months. Patients were treated with three different
stent grafts: Endurant (Medtronic), Excluder (W.L. Gore
& Associates), and Zenith (Cook Inc). After institutional
approval of the study, data were collected retrospectively
through a review of electronic medical records. All CTAs
were reanalyzed for the study.

All procedures were performed by a vascular surgeon
together with an interventional radiologist in a hybrid
suite. The number of treating specialists was limited to
a few vascular surgeons and interventional radiologists.
Patients were followed continuously until the end of
2020 according to a prearranged program, including
CTA at 1 and 24 months and color Doppler ultrasonogra-
phy annually. In the case of sac enlargement, an addi-
tional CTA was scheduled to detect a possible
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ARTICLE HIGHLIGHTS

- Type of Research: A single-center retrospective
study

- Key Findings: Study of 435 patients with abdominal
aortic aneurysms treated with standard endovascular
aneurysm repair shows that there are significant dif-
ferences in the prevalence of endoleaks between de-
vices at 30 days and 2 years, but no difference in sac
regression. Patients without a detectable endoleak
and sac regression of = 5 mm in 2-year computed to-
mography angiography best predicted an uneventful
long-term surveillance, with a probability of 95.6%
having a reintervention-free long-term surveillance.
Patients can be safely categorized for infrequent sur-
veillance based on these criteria regardless of the
stent graft model that has initially been used.

Take Home Message: There are significant differ-
ences in the prevalence of endoleaks between de-
vices, but no difference in sac regression. Patients
without an endoleak and sac regression of =5 mm
in 2-year computed tomography angiography have
a very high probability of having a reintervention-
free long-term surveillance regardless of the stent
graft model that has initially been used.

endoleak. Indications for a reintervention included a
type |, lll, and IV endoleak, migration, thrombosis, endo-
tension, and AAA rupture. The indication for treating a
type Il endoleak at the time of the study was a 5-mm in-
crease in AAA sac size. Deaths were ascertained by re-
cord linkage between the study population and the
National Causes of Death Register on the basis of the
personal identification code unigque to every resident.

The primary endpoints were device-specific differences
in sac regression and endoleaks at 30 days and 2 years.
We determined the safety of early (30 days) and late (2
years) categorization for individualized surveillance by
calculating the specificity and sensitivity, as well as the
negative predictive value (NPV) for each device to predict
reintervention-free surveillance.

Patients’ outcomes were analyzed using the Pearson y?
test or the Fisher exact test and the Kruskal-Wallis test,
where appropriate (SPSS 26.0 for Windows). A P value
of < .05 was considered statistically significant. Confi-
dence intervals for sensitivity and specificity, as well as
NPV, were calculated by means of the Clopper-Pearson
method using the MED-CALC statistical software (Med-
calc Software Ltd).

RESULTS

The implanted grafts included the Cook Zenith (48.3%;
n = 210), Gore Excluder (34.5%; n = 150), and Medtronic
Endurant (17.2%; n = 75). Routine embolization of patent
inferior mesenteric artery (IMA) was done during the
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Table I. Baseline patients’ and abdominal aortic aneurysm (AAA)-related characteristics of the study population stratified

by stent grafts

Zenith Excluder Endurant

No. patients, n (%) 210 (48.3) 150 (34.5) 75 (17.2)
Age, years 76.3 76.1 75.8
Gender, male 185 (88.1) 132 (88.0) 65 (86.7)
Race, white 210 (100) 150 (100) 75 (100)
Aneurysm diameter, mm 62.9 61.2 63.6
IFU adherence® 85.0 94.7 922
IMA open, not embolized 35 (16.7) 53 (35.3) 31 (41.3)
IMA open, embolized 101 (48.1) 56 (37.3) 22 (29.3)
IMA occluded 74 (35.2) 41 (27.3) 22 (29.3)
Mean IMA diameter, mm 33 3.1 2.9

Diameter = 4 mm 22 (16.1) 18 (16.5) 7 (13.2)

IFU, instructions for use; IMA, inferior mesenteric artery.
Data are presented as mean, percentage, or number (%).

2|FU adherence was defined based on criterion of the device-specific IFU including aneurysm neck diameter, length and angulation, iliac fixation

length and size.

EVAR procedure. The IMA was patent in 298 patients
(68.5%), and embolization was performed in 179 cases
(59.3%). Embolization of the IMA was attempted in an
additional 45 cases. The main reason for abstaining
from the embolization was a significant ostium stenosis
or a lack of visualization in angiogram. Baseline patient
and AAA-related characteristics are presented in
Table I. The mean follow-up time was 70.0 months (stan-
dard deviation, 32 months).

Thirty-day findings. Thirty-day mortality was 1.5% (n = 5),
with no significant differences between the devices (P =
.397). Imaging data for those surviving the first 30 days
were available in 98.4% of the cases (n = 424). In 80.0%
of the cases (n = 339), no endoleak was detected in the
30-day CTA, and none of the patients had significant sac
shrinkage (=5 mm). The detected endoleak included type
| (n=9)and Il (h = 67). An endoleak was found most often
with the Excluder stent graft (33.6%) and most infre-
quently with Endurant (4.1%), and this finding was statis-
tically significant (P < .001) (Table ). The device-specific
endoleak findings were as follows: Excluder: type |, n = 5
and type I, n = 44; Zenith: type |, n =3 and type I, n = 30;
and Endurant: type |, n =1 and type I, n = 2).

Two-year findings. At 2 years, 86.0% of the patients
(n = 374) were alive, and there were no significant differ-
ences in mortality rates between the devices (P = 417).
Imaging data were available for 92.5% of the patients
(n = 346).

Of these patients, 78.9% (n = 273) were free of any endo-
leaks. The difference between the device in endoleak
rates was significant at 2 years (P = .001) (Table |). The
endoleaks included type | (2.9%; n = 10) and type Il
(18.2%; n = 63). Of patients with a type Il endoleak,
54.0% (n = 34) had a persistent early endoleak, and

46.0% (n = 29) had developed a new-onset type Il endo-
leak at 2 years. In further surveillance, 10.6% of the
endoleak-free patients (n = 29) had a complication
requiring a reintervention. Of the early endoleaks, 34.2%
(n = 25) had resolved spontaneously by 2 years.

At 2 years, 53.5% of the patients (n = 185) showed an at
least 5-mm sac regression when compared with the pre-
operative CTA. The median shrinkage was 1.0 mm
among all EVAR patients who had any sac regression
at 2 years. There was no significant difference in sac
shrinkage rate between the devices (P = .096), but the
median shrinkage (mm) was most pronounced with
Excluder and Zenith devices (P = .017) (Table II).

Safety of early (30-day) categorization for individual-
ized surveillance. Of the patients with no endoleak at 30
days, 13.6% (n = 46) developed a complication that
required a reintervention during further surveillance.

The sensitivity for reintervention-free long-term surveil-
lance based on a negative 30-day endoleak finding was
44.8%, with specificity of 80.2%. A negative endoleak
finding predicted reintervention-free long-term surveil-
lance with a probability (NPV) of 81.1%. There was wide
variety in sensitivity, specificity, and NPV between the de-
vices (Table ).

Safety of late (2-year) categorization for individualized
surveillance. Of the patients with no endoleak at 2 years,
11.8% (n = 32) developed a complication requiring a rein-
tervention during further surveillance. Categorization
based on a negative 2-year endoleak finding had a
sensitivity of 63.3%, specificity of 91.4%, and NPV of 89.4%
for predicting reintervention-free surveillance. In long-
term surveillance, 57% of the patients with significant
sac regression (=5 mm) at 2 years had a complication
requiring a reintervention. Categorization based on a
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Table Il. Device-specific findings at 30 days and 2 years after endovascular aneurysm repair (EVAR)

Mortality 2 (1.0) 1(0.7) 2 (2.7) 5 (15) 397

No endoleak?® 172 (83.9) 97 (66.4) 70 (95.9) 339 (80.0) <.001

Mortality 34 (16.2) 19 (12.7) 8 (10.7) 61 (14.0) 417

No endoleak” 129 (79.6) 88 (70.4) 56 (94.9) 273 (78.9) .001

Sac shrinkage & no endoleak® 97 (59.9) 54 (43.5) 30 (51.7) 181 (52.6) .023

Categorization®

Specificity, % 90.26 7719 100.00 87.42

Categorization®

Specificity, % 92.74 8557 100.00 91.39

Categorization®

Specificity, % 75.81 57.89 59.09 66.29

Categorization®

Specificity, % 75.81

5521 57.78

65.53

positive 2-year sac shrinkage (=5 mm) result had a
sensitivity of 87.3% and specificity of 66.3% for predicting
reintervention-free surveillance. A positive sac shrinkage
=5 mm) result predicted reintervention-free long-term
surveillance with 94.6% probability.

The combination of sac regression (=5 mm) and no
endoleak at 2 years yielded a long-term reintervention
rate of 3.2% (Fig 1). This categorization was associated
with a sensitivity of 90.0%, specificity of 65.53%, and
NPV of 95.6% for reintervention-free long-term surveil-
lance. Four patients who were initially treated with an
Excluder device had a shrinking aneurysm sac with an
endoleak at 2 years. Three of these patients required rein-
terventions during further surveillance. A positive endo-
leak finding combined with positive sac regression was
not found with any other device model.

The categorization of patients based on endoleak-free
status and sac regression (=5 mm) findings resulted in

—_

favorable outcomes regardless of the device that had
been used, as the NPV was high with all three devices
(Table 11). A particularly high NPV was achieved with
the Excluder device. No patients with an Excluder device
and a shrinking AAA with no endoleak at 2 years under-
went reinterventions after that point. One patient with a
shrinking AAA and no endoleak at 2 years later died of a
ruptured AAA (RAAA) after uncomplicated surveillance
at 3 years without a CTA or autopsy confirmation,
lowering the NPV from 100% to 98.2%.

Complications and reinterventions. During the surveil-
lance, 23.2% of the patients (n = 101) underwent reinter-
ventions for graft-related complications (Zenith: n = 52,
24.8%; Excluder: n = 33, 22.0%; and Endurant: n = 16,
21.3%) (Table I11). These included 11 RAAAs (2.5%). Nine of
the ruptures were confirmed in CTA, and two had a
clinical diagnosis without an autopsy. These latter two
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2-year CTA
79.1% (n=344)

No endoleak
79.0% (n=272)

Sac regression = 5mm
55.8% (n=192)

Reintervention
3.2% (n=6)

No significant
Endoleak

sacregression
20.9% (n=72)

44.2% (n=152)

Reintervention
38.2% (n=58)

Fig 1. A retrospective analysis of post-endovascular aneurysm repair (EVAR) reinterventions in long-term sur-
veillance according to categorization based on abdominal aortic aneurysm (AAA) sac shrinkage and endoleak
findings in the 2-year computed tomography angiography (CTA).

patients had uncomplicated surveillance. Reinterven-
tions and aneurysm ruptures in every post-EVAR year are
presented in Fig 2.

In six RAAA cases, a persistent type Il endoleak, com-
bined in four of them with sac expansion, led to loss of
proximal sealing and further type 1A endoleak. In two
cases, a persistent type Il endoleak caused sac expansion,
but no treatment was offered because of patients’ high
age and dementia. One patient had primary type Il
endoleak, but he was not under surveillance because of
widespread cancer. In one case, significant sac expansion
was noted before RAAA without a detectable endoleak,
but this patient was considered a poor candidate for
open conversion, and no treatment was offered. In one
case, both type IA and IB led to RAAA without previous
type Il endoleak or significant sac expansion. Endoleaks
were confirmed 7 months before rupture, but patients
refused further procedures.

DISCUSSION

The current study showed that there are significant dif-
ferences after EVAR in the prevalence of endoleaks be-
tween devices at 30 days and 2 years. Furthermore,
according to our results, more than one-half of the pa-
tients showed sac regression of at least 5 mm at 2 years,
with no significant differences between the devices.

Our study confirms earlier findings suggesting that sig-
nificant sac shrinkage during early surveillance is the key
factor to predicting reintervention-free long-term surveil-
lance.*'® Only 5.7% of these patients require reinterven-
tions during long-term surveillance. A previous study
demonstrated that persisting sac regression is signifi-
cantly and positively associated with new-generation de-
vices when compared with older devices, and based on
our results, there is no significant difference at least

between these three new-generation devices included
in the current study."”

The NPV in this context allows us to estimate the safety
of patient categorization for less frequent surveillance af-
ter EVAR. The higher the NPV, the higher the probability
of uneventful follow-up after the time of evaluation. The
highest NPV was achieved when we combined sac
regression (=5 mm) with an endoleak-free status at the
2-year CTA. Those who met these criteria had a probabil-
ity of 95.6% of having a reintervention-free long-term sur-
veillance. The NPV was high regardless of the device
used (Table Il). This is emphasized by the fact that only
3.2% of all patients with sac regression and no endoleak
at 2 years eventually had a graft failure during long-term
surveillance (Fig 1). These criteria (=5 mm sac regression
combined with no endoleak at 2 years) were particularly
predictive of uneventful long-term surveillance with the
Excluder device, as none of the patients who had
received this device underwent reinterventions during
later surveillance.

As there was a wide variety and a significant difference in
endoleak finding between the devices at 30 days and 2
years, there was also wide variety between the devices in
the sensitivity, specificity, and NPV of endoleak findings to
predict reintervention-free long-term surveillance. More-
over, most patients with an early endoleak did not ulti-
mately turn out to be the ones who required future
reinterventions. Therefore, the categorization based on
endoleak status is not suitable for all devices and performs
poorly in identifying those patients who eventually require
reinterventions in long-term surveillance. The difference in
the rate of type Il endoleaks between the devices in early
surveillanceis nota novel finding. A high rate of type Il endo-
leaks has been associated with polytetrafluoroethylene-
based stent grafts, especially with Excluder.?*
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Table Ill. Number of patients with endovascular aneurysm repair (EVAR)-related complications requiring reinterventions
stratified by stent grafts

Type |IA 15 (7.1) 7 (4.7) 4 (5.3)

Type I 22 (10.5)° 25 (16.7) 4 (53)°

From other aortic branches 18 (8.6) 24 (16.0) 3 (4.0)

Type IV (0] (0] (0]

Thrombosis 6 (2.9) 1(0.7) 3 (4.0)

Kinking 2 (1.0) (0] 0

Infrarenal 15 (7.1) 3 (2.0) 3 (4.0)

Limb graft repair 18 (8.6) 7 (4.7) 9 (12.0)

PTA 2 (1.0) (0] (0]

Femoro-femoral bypass 6 (2.9) 1(0.7) 3 (4.0)

For rupture 1(0.5) (0] (o]

We also demonstrated that complications were partic-
ularly common during the first 2 years after EVAR, a fact
that can serve as a rationale for surveillance categoriza-
tion. The reintervention peak was reached in the third
post-EVAR year, which can be explained by the routine
CTA scan at 2 years (Fig 2). Had the patients had a control
CTA at 1 year, some of the reinterventions may have
already been performed during the second post-EVAR
year. Despite the early complications and reinterventions,
the long-term outcome of EVAR patients seems to be
favorable. However, some type | endoleaks and ruptures
continue to occur as late as more than 10 years after the
primary procedure.?® This finding was also confirmed in
our study, supporting the importance of life-long
surveillance.

Sac regression during follow-up has been shown to be
the best predictor of a low risk of late EVAR failure.'*'®
Furthermore, sac shrinkage is more likely to occur in pa-
tients with favorable aneurysm anatomy and adequate
sealing, as well as in those with no endoleak.'® This has,

perhaps, led to the clinical misinterpretation that pa-
tients with no endoleaks, combined with a favorable
anatomy and adequate sealing, have a low risk of reinter-
ventions despite the sac regression.>?* There is one study
supporting this finding, consisting only of Excluder de-
vices.” In our study, patients with an Excluder device
had a particularly high rate of type Il endoleak, leading
to at least one-third of the patients remaining under
frequent surveillance based on this categorization.
Moreover, early categorization underestimates the natu-
ral history of type Il endoleaks, which mostly seal sponta-
neously during early surveillance. It also overestimates
the power of CTA to find all endoleaks, as this ability is
highly dependent on the timing and the quality of the
scan. Also, it has been reported that over 10% of the pa-
tients can develop a new-onset type Il endoleak during
the surveillance?’ In our study, almost one-half of the
type Il endoleaks at 2 years were new-onset, and the
other one-half were persistent. Late-onset and persistent
type Il endoleaks, in particular, have been related to a
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Fig 2. Number of reinterventions and aneurysm ruptures in every post-endovascular aneurysm repair (EVAR) year.
RAAA, Ruptured abdominal aortic aneurysm. Includs embolization attempts.

poorer outcome after EVAR.'%?® This confirms the impor-
tance of late categorization for surveillance.

Two decades have passed since the results of the EVAR-
1 trial were published, showing a superior early outcome
of EVAR compared with open repair.?” The postoperative
later surveillance in the trial was suboptimal, and the
importance of sac growth as a predictor of graft failure
was probably overlooked. Since then, the significance
of surveillance has been demonstrated, but there re-
mains heterogeneity in guidelines and the real-world
implementation of post-EVAR surveillance.*>?"%* For
example, some of the current grafts’ IFUs recommend
regular surveillance, with up to five examinations during
the first post-EVAR year, which is quite excessive.?®
Indeed, real-world experience shows that patients tend
to skip the surveillance despite recommendations.?®
Incomplete surveillance is associated with male sex,
age, a lack of a primary health care provider, longer
driving distance, and patients who initially presented
with an RAAAZ%*° A study by Garg et al reported that
only 43% of patients had a complete surveillance® Opti-
mized follow-up plans with less frequent visits and ex-
aminations may lead to better patient adherence.
Based on our findings, less frequent surveillance could
be safely offered to over one-half of the patients after 2
years. There are no studies comparing different surveil-
lance protocols to determine the optimal and safe inter-
vals, and due to the low frequency of complications, we
could also not identify the optimal interval for surveil-
lance after 2 years.

This study has its limitations. The distribution of different
stent grafts during the study period was not even. At the
beginning of the study, the most used device was Zenith,
whereas Excluder became the most popular device by

the end of the study, which might influence the results.
The device was selected based on the patient’s anatomy
and the surgeon's preference for the selected patient,
and we cannot evaluate the effect of anatomical differ-
ences on the results. The device-specific difference in
endoleaks was interesting, but owing to the lack of
some data, such as the number of side branches or the
use of an anticoagulant or antiplatelet, we cannot state
that type Il endoleaks are device-dependent. Further-
more, as our study included color Doppler ultrasonogra-
phy at 1 year, it is impossible to evaluate type |l
endoleaks at that point, but it is possible that optimal
categorization could be done as early as at 1 year. At the
time of the study, the applied threshold for reinterven-
tions was 5 mm regarding type Il endoleaks, and the
currently recommended |limit is higher. A higher
threshold probably lowers the rate of reinterventions for
type Il endoleaks. IMA was routinely embolized regardless
of size during the study, and the results may not be com-
parable with centers with other strategies. At the same
time, most of the type Il endoleaks presented in the study
were of lumbar origin. Therefore, management strategy of
patent IMA may not be of substantial importance. IFU
adherence was high compared with previous studies,
making the results reliable and generalizable*?

Our study shows a high NPV for all three devices when
sac regression (=5 mm) was combined with endoleak-
free status at the 2-year CTA. However, there was a
slightly significant difference between the devices (P =
.023) regarding this combination. With the Endurant de-
vice, the NPV was significantly lower, but still high
(86.67%), implying that some other categorization
criteria could possibly be superior, particularly for this
device.
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CONCLUSIONS

There are significant differences in the prevalence of
endoleaks between devices at 30 days and 2 years, but
there is no difference in sac regression. Patients with
AAA sac regression of at least 5 mm and no endoleak
at the 2-year CTA can be safely categorized for infrequent
surveillance regardless of the stent graft model that has
initially been used. Conversely, patients in whom early
shrinkage does not occur are at a higher risk of complica-
tions and more often require secondary interventions.
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