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ORIGINAL ARTICLE

Secondary interventions following endovascular
repair of abdominal aortic aneurysm

Krishnan Subramanian, Kenneth R. Woodburn, Simon J. Travis, John Hancock

PURPOSE
To review the outcomes of endovascular abdominal
aortic aneurysm repair (EVAR) procedures, to deter-
mine the incidence of adverse events, and to assess
the need for secondary radiological/surgical inter-
ventions.

MATERIALS AND METHODS

Data from 57 consecutive patients entered in a pro-
spective EVAR database were studied. In addition
to database interrogation, case notes and radiology
records were reviewed. Frequency and outcome of
complications were evaluated after stent-graft place-
ment (mean follow up 20 months).

RESULTS

Overall, 24 adverse events were recorded in 57 pa-
tients (42%). The events were endoleaks (14/24),
stent migrations (3/24), deployment problems
(2/24), limb occlusions (2/24), limb kink (1/24), and
femoro-femoral crossover occlusions (2/24). Of all
the endovascular patients studied, 23% (13/57) re-
quired secondary interventions to maintain aneurysm
exclusion. The mean time to secondary intervention
in this series was 14 months.

CONCLUSION

Over 40% of EVAR procedures were associated with
suboptimal clinical outcomes, and more than 20% of
the patients required secondary interventions within 5
years of surgery. This high incidence of late secondary
intervention is a cause for concern and emphasizes the
need for lifelong follow-up.
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ment and rupture (1). The prevalence of AAA has increased in the
past 30 years (2), and up to 50% of patients with untreated aneu-
rysms will die of rupture within a 5-year period (3-5). Open surgical re-
pair is effective in the prevention of rupture and can be performed with
mortality rates as low as 2%-5% (6-9). However, open surgical repair is
associated with significant morbidity in 15%-30% of patients (9, 10).
Endovascular repair of AAA has been reported to reduce the rate of 30-
day mortality following elective aneurysm repair. In the endovascular
abdominal aortic aneurysm repair (EVAR) group of a previous study, 30-
day mortality was 1.7% versus 4.7% in the open repair group (11). Since
the first endovascular aneurysm exclusion by Parodi et al. in 1991 (12), a
number of devices and strategies have been evaluated (13-20). Successful
aneurysm exclusion has been achieved in 50%-90% of cases, (13-20), but
a number of problems have been identified, including vessel perforation,
inability to completely exclude the aneurysm resulting in endoleaks, limb
kinks, and device occlusion. For this reason, lifelong follow-up is recom-
mended to identify those at risk. Continued or recurrent growth of the
aneurysm, with or without endoleaks, and device migration are associ-
ated with an increased risk of rupture (21, 22). An Ad Hoc Committee
for Standardised Reporting Practices in Vascular Surgery of the Society
for Vascular Surgery/American Association for Vascular Surgery, reported
an annual rupture rate of 1% following EVAR (22). Rupture may be pre-
vented by prophylactic secondary interventions during follow-up. This
constitutes an additional burden for the patient, as well as for health care
resources (23). Thus, the need for secondary interventions is an important
indicator of the intermediate and long-term success of EVAR.
In this report, we analyse the various complications arising post EVAR
and the need for secondary interventions and their outcomes in a single
District General Hospital, which began endovascular AAA repairs in 1998.

The natural history of abdominal aortic aneurysm (AAA) is enlarge-

Materials and methods

Baseline data on suitable patients were recorded in a standard fashion
for submission to either the vascular society’s Registry of Endovascu-
lar Treatments for Aortic Aneurysm (RETA database), or to the United
Kingdom EVAR trial, which our institution contributes to. Following
EVAR, patient follow-up by clinical examination and computed tomog-
raphy (CT) was undertaken at 3, 6, 9, and 12 months post-operatively,
and yearly thereafter. A total of 57 procedures were undertaken between
1998 and 2004, of which 53 were elective cases. Four patients underwent
EVAR for an acutely symptomatic or ruptured AAA. Of the 57 proce-
dures, 43 had bifurcated grafts and 14 underwent aortouni-iliac grafting
(Table 1) in conjunction with femoro-femoral crossover grafts (Gelsoft,
Vascutek, Inchinnan, UK).
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Table 1. Types of grafts.

Bifurcate Uni-iliac Total

Cook Zenith® 33 9 42
AneuRx® 6 4 10
EVT® 1 2 3

=
o
—

Bard Endologix®

Vanguard® 1 0 1

Table 2a. Number of complications and
their distribution.

Total n=24 %

Endoleaks 14 58
Deployment 2 8
Stent migration 3 12.5
Limb occlusion 2 8
Limb kink 1 4
Femoro-femoral crossover 2 8

During the study period, 54 males and
3 females underwent EVAR. The mean
age of the patients was 73 years (range:
53-90 years). The median size of the an-
eurysms was 57 mm (range: 45-89 mm).
Patients with aneurysms smaller than
55 mm had to undergo the procedure,
as they were symptomatic.

Outcome events and associated
variables

All secondary interventions that oc-
curred after the primary procedure were
included in the analyses. Pre-opera-
tive embolisations of the internal iliac
and/or inferior mesenteric arteries (n
= 14 cases) were not considered to be
secondary interventions. However, any
post-EVAR complications or reinterven-
tions were included, regardless of the
length of time that elapsed since the in-
itial procedure. The complications not-
ed at the time of deployment were not
included as secondary interventions. In
patients who underwent multiple pro-
cedures, each procedure was considered

Table 2b. Complications that needed definitive secondary intervention in the study group

and their break-down.

Procedure Number (13)

Type | endoleak 3 1-multiple procedure
Type Il endoleak 4 2-multiple procedures
Graft migration and kinks 3

Type Ill endoleak 1

Femoro-femoral crossover 2 1-needed two revisions

Table 3. Follow-up time following endovascular aneurysm repair.

1.00 —

0.95 —

0.90 —

0.85 —

0.80 —

0.75 —
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a follow-up of a single secondary inter-
vention. Details of the complications
noted in the study group, their distribu-
tion, and indications for secondary in-
terventions are categorised and shown
in Tables 2a and 2b.

Definition and statistical analysis

Outcome measures included perioper-
ative mortality, defined as death within
30 days after the operation or any death
occurring during the same hospitalisa-
tion, aneurysm rupture, and aneurysm-
related mortality, defined as any death
occurring within 30 days after the pri-
mary or secondary aneurysm-related
treatment, or any aneurysm-related
death anytime after treatment (24, 25).

Secondary outcome measures in-
cluded perioperative major morbid-
ity, defined as any major complica-
tion occurring within 30 days of the
operation, and need for secondary
procedures, defined as any percutane-
ous or open surgical procedure. Rate of
survival in years from the time of the
primary procedure was estimated with
the Kaplan-Meier method (Table 3).
All statistical analyses were conducted
with SPSS software.

Results

The mean follow-up for the entire
study population of 57 patients was 20
months (range: 3-42 months). Among
the study population, 13 patients (23%)
required secondary interventions at a
mean of 14 months following the ini-
tial endograft procedure. Although 24
patients (42%) were considered to have
had a sub optimal outcome, 11 of the
patients did were not require second-
ary interventions since the perceived
problems either resolved spontaneous-
ly or remained under follow-up (Table
2b). Six patients who underwent EVAR
during the study period died from ma-
lignant disease, MI, and other causes
(Table 4). In addition, 1 patient died of
a ruptured AAA following EVAR.

Table 4. Cause of death in our series.

Cause #
Myocardial infarction 2
Cancer 2
Pulmonary infection 1
EVAR-related 1
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Figure 1. CT showing Type | endoleak.
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Figure 2. Upper-end leak (Type | endoleak) correction with extension graft (Palmaz® stent).

In this series, there were no con-
versions to open repair at the time of
initial deployment, although 1 mini-
laparotomy-assisted deployment was
required to enable the deployment of a
second bifurcated endovascular device
following distal displacement of the
original device, which ended up lodged
at the aortic bifurcation at the time of
deployment. One other case suffered
from external iliac artery dissection at
the time of deployment. These were
the only two complications encoun-
tered at the time of deployment.

Type | endoleaks

Of the 14 cases of endoleaks, 3 were
of the type I variety, 2 from the upper
attachment site and 1 from the lower
end. The upper end type I endoleaks
were further managed by deploying
Palmaz stents to stabilize the neck, cor-
rect excessive angulation, and achieve
a seal, thus correcting the endoleak
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(Figures 1 and 2). The Ad Hoc Com-
mittee for Standardised Reporting Prac-
tices in Vascular Surgery of the Society
for Vascular Surgery/American Associa-
tion for Vascular Surgery e-distal type I
endoleak arose around a common iliac
occluder deployed at time of aortouni-
iliac EVAR. This required open ligation
of the common iliac artery and percu-
taneous coil embolization of both the
residual common iliac artery and lum-
bar collaterals to finally eliminate the
endoleak.

Type Il endoleaks

Ten cases of type II endoleaks were
noted in our study, of which 4 were
from lumbar vessels, 2 were from the
inferior mesenteric artery, and 4 others
were from both IMA and lumbar ves-
sels (Type IIb); 3 resolved without treat-
ment, 3 underwent successful coil em-
bolization of the feeding vessels, and 1
involving both IMA and lumbar ves-

sels ultimately underwent emergency
open ligation of lumbar vessels when
presenting acutely with a presumed
leak on CT scan, although no blood
was observed with the aneurysm sac
during the operation. This patient had
undergone multiple attempts to treat
the endoleak, including 2 attempts at
coil embolization of the IMA and lum-
bar, and another attempt through CT
guided thrombin injection into the sac
(Figures 3 and 4). All our patients who
had their endoleaks embolized had ei-
ther a persistent leak for more than 10
months at follow-up, or showed no de-
crease in post procedure sac diameter,
with persisting endoleaks.

The other 3 cases remained under
observation with persisting endoleaks,
2 of which showed no increase in sac
size, while the 3 endoleak was expect-
ed to resolve spontaneously.

Type Ill endoleak

One case of type III endoleak resulted
from distraction of the iliac limb from
the main graft, which was treated with
iliac limb extension to bridge the de-
fect and eliminate the endoleak. (Fig-
ures 5 and 6)

Graft migration

Three cases of significant upper
end graft migration (3 out of the 10
AneuRx® devices implanted) were
noted in our series, of which 1 was
being follow-up and 2 underwent in-
terventions. The first case was treat-
ed by deployment of a Cook® cuff at
the top end of the displaced device;
however, this patient died 2 months
later and post-mortem showed a large
intraperitoneal bleed, presumably as
a result of further displacement of
the AneuRx® device, with subsequent
AAA rupture.

In the second case a new Cook AUI®
device was deployed within the origi-
nal displaced AneuRx® device to effec-
tively redo the procedure with a good
result to date.

Limb kinks/occlusion

There were 2 iliac limb occlusions
noted in bifurcated devices (4.6% of
all bifurcates), 1 of which was treated
with a femoro-femoral crossover graft,
the remaining patient, although suffer-
ing from gluteal claudication, declined
further intervention and ultimately
died of a myocardial infarction some
months later.

Secondary interventions following endovascular repair of AAA » 101



Figure 4. CT guided direct intra-sac injection of thrombin in a case of type Il
endoleak persisting after coil embolization of feeding lumbar vessels.

Figure 5. Type Il endoleak from distraction of iliac limb from the main graft.

One case of aortouni-iliac main limb
kink (40% kink) was noted and to date,
this patient has remained under obser-
vation.

In 14 patients who had aortouni-
iliac stent grafts and femoro-femoral
crossover, there was 1 case of infec-
tion necessitating replacement of the
crossover component. This new graft
reoccluded during the follow-up.
There was 1 additional occlusion of
a femoro-femoral crossover graft that
as of this writing is awaiting recon-
struction.

Thus far, only 1 death has been at-
tributed to a ruptured AAA following
EVAR, though 6 other patients have
been lost in follow-up from deaths due
to cancer, myocardial infarction and
other causes.

Discussion

Following the introduction of EVAR
over a decade ago, application of this
technique has developed rapidly. Dur-
ing this period, both the endovascular
devices available and the technique
have been improved, but some ques-
tions concerning EVAR are still unan-
swered. Most investigators have shown
that EVAR is a feasible procedure in a
selected group of patients with good
short-term results (24), and the recent
EVAR trial 30-day results have con-
firmed this. In 2000, the EUROSTAR
collaborators reported a cumulative
risk of rupture following endograft
placement of approximately 1% per
year (22). Yet, a 2004 update of the EU-
ROSTAR data, with withdrawn devices
excluded, revealed a cumulative an-
nual rupture rate of only 0.4%, which
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Figure 6. Correction of type Ill endoleak
with iliac limb extension graft.

is encouraging, as second-generation
devices are vastly improved (26).

In our series, there was no early mor-
tality (<30 days) and no conversion to
open repair. Cupers et al. (21), in an
analysis of the risk of conversion, ob-
served that primary and first month
conversions were most often related
to problems of access and migration of
the device. The secondary intervention
rate of 23% observed in our series is
comparable to other series (11, 27, 28).
The initial cause of open conversion
due to device deployment failure and
device migration has been reduced, to
a certain degree, with the new genera-
tion of devices and improved patient
selection.

In the present study, the most com-
mon indication for secondary inter-
vention was type II endoleak, as most

Subramanian et al.



of the devices used in our centre were
of the second-generation (46/57), and
this is found to be the case in all other
centres using the new generation of
devices (29). Although several series
have placed the incidence of postop-
erative endoleak between 10% and
50% (30-32), the clinical significance
of these early endoleaks is not clear.
Over 50% of initially-identified en-
doleaks seal spontaneously, and the
subsequent clinical course of patients
with sealed endoleaks does not dif-
fer from patients who never had one
documented (33, 34). Endoleak onset
is highly variable and unpredictable.
Conventional wisdom currently dic-
tates that type II endoleaks, in particu-
lar, do not justify conversion, unless
there is also evidence of continuing ex-
pansion of the aneurysm sac. Recogni-
tion of the importance of endotension
has convinced many physicians that
continuing or renewed expansion of
the aneurysm mandates conversion,
regardless of the presence or absence
of a detectable endoleak. (22).

The most common cause of late sec-
ondary intervention was endoleak in
the new generation of devices, and
migration was the prime indication
in half of all secondary interventions
with older generation of devices (29).
Endoleaks, both type I and type II,
were the most frequent indication for
late secondary intervention. Type I or
attachment site endoleaks at the up-
per end may be due to under sizing or
inadequate fixation of the stent graft
(early type I), and alternatively, late
dilatation of the infra renal neck may
occur with similar effects (late type I)
(35, 36, 37, 38).

Since the inception of EVAR, there
has been controversy about the man-
agement of a patent lumbar and IMA
arising from the sac. Over sewing of
these vessels is an integral part of con-
ventional open surgery for this condi-
tion. Although type II endoleaks due
to perfusion of the sac from these
vessels are seen in 20% to 30% of pa-
tients, it is thought that one-half of
early leaks seal spontaneously within
several months of follow-up. But en-
doleaks may persist in 10% to 15%
of patients, and late endoleaks may
develop in another 5% to 10% of pa-
tients (39).

Still, much controversy and debate
surround over diagnosis, observation,
and management of type II endoleaks,
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and a definite solution has not been
found. Controversy also surrounds
the timing of intervention and the
best method of excluding the sac from
circulation, either by coil emboliza-
tion, which at present is the preferred
method, but long-term follow-up re-
sults are not encouraging; there is a
60% failure rate for type II endoleak
coil embolizations, as reported by Solis
et al. (40). The other common method
being used involves thrombogenic
materials to occlude or inject directly
into the sac (41), or a combination of
both thrombogenic material and coils
(26), and less commonly, open surgi-
cal ligation to laparoscopic clipping.
Secondary femoro-femoral crosso-
ver bypass was always undertaken
for aortouni-iliac grafts, and these
femoro-femoral crossover grafts are
prone to occlusion, kinks, and infec-
tion. Yilmaz et al. in their series of
148 patients with cross femoral bypass
grafting (CFBG) in aortomonoiliac
endovascular aortic aneurysm repair
that were followed-up for 38 months,
showed a complication rate of 5.4%,
and when complication did occur
(infection, thrombosis, kinking, and
distal stenosis) the consequences were
dire, as 50% of the patients (4/8) with
CFBG-related complications died (42).
Late graft limb stenosis/thrombosis
may be due to increased angulations
and kinking, secondary to distortion
of the device. This is caused by shrink-
age of the excluded aneurysm in trans-
verse and longitudinal directions. (43)
In our series, this was observed to be
less, probably requiring additional fol-
low-up to note such incidence.
Despite the high incidence of com-
plications and secondary interventions
in this series, most of the secondary
interventions were managed percu-
taneously. Transfemoral procedures
constituted the most frequent catego-
ry of secondary interventions. In the
majority, these procedures consisted
of aortic or iliac limb extension for
migration or embolization of an en-
doleak. All abnormal findings on fol-
low-up imaging were investigated, in-
cluding endoleaks of all types, throm-
bosis, stenosis, and kinking of the end
graft, which were seen significantly
more frequently in patients with late
endovascular procedures. This em-
phasises the importance of a previous
observation by Holzeinbein et al. (28),
that most late adverse events can be

resolved with appropriate endovas-
cular techniques. The same authors
pointed out that these secondary in-
terventions are associated with low
morbidity and mortality rates when
compared to open procedures.

An analysis of our series demon-
strated a primary success rate for AAA
exclusion by endovascular means of
78%, which rose to about 90% after
successful secondary interventions.

Although 42% developed adverse
events during follow-up, only 23%
had secondary interventions. This is
comparable with other reports and
includes 5 cases (9%) requiring opera-
tive interventions (EUROSTAR 18%).
Three patients had more than one
secondary intervention and 1 death
was directly attributed due to com-
plications of EVAR. These findings
have considerable implications. First,
patients need to be informed about
the risk of complications that may
necessitate a secondary intervention.
Second, secondary interventions re-
duce the overall cost-effectiveness of
the procedure. Finally, overall, sec-
ondary interventions were associated
with a slightly higher probability of
morbidity in the years following the
primary procedure. This may prob-
ably be due to the advanced age of the
study group patients, such that any
additional interventions were fraught
with the risk of morbidity. Lifelong
patient follow-up with accurate imag-
ing techniques is, therefore, essential
following EVAR.

Conclusion

The presented series represents the
entire experience of one district gen-
eral hospital, and the high incidence
of complications could have been
related to the learning curve and the
use of both first and second-genera-
tion devices. Still, over 40% of EVAR
procedures were associated with a sub
optimal clinical outcome and more
than 20% of the patients required sec-
ondary interventions within 5 years
of initial surgery. This high incidence
of late secondary intervention is a
cause for concern and emphasises the
need for lifelong patient follow-up.
These results are comparable to most
other centres and centre-oriented re-
sults should be analysed even though
overall EVAR trials are currently being
concluded.
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