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Objective: Management of type 2 endoleaks (T2Ls) after endovascular aneurysm Canada
repair (EVAR) has been controversial. Some advocate for conservative management,
while others believe that intervention is indicated. This study investigated the

natural history of T2Ls in order to derive direction in management. *Corresponding author: Mark Ajalat
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reviewed by a radiologist and a vascular surgeon. T2Ls were analyzed for the

following outcomes: rupture, duration of endoleak, spontaneous resolution, Department of Vascular Surgery, 1331

changes in the size of the aneurysm sac, and reintervention rates. Journeys End Drive, La Canada, CA 91011,
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Results: Of the 160 patients who had completed required followup to date (mean
3 years) after EVAR, 39 patients (24.4%) were identified as having a T2L on CTA
imaging. 6 of these 39 patients (15.4%) required repair due to aneurysm sac Tel: 6262901977

growth >1 cm. Two (5.13%) were repaired with an open procedure and 4 (10.3%) Fax: 8187902046

with an endovascular approach. Of these 6 aneurysm leaks requiring repair, 4

(66.7%) had a simultaneous endoleak (types 1 or 3) in addition to the identified

T2L. Spontaneous resolution of T2Ls occurred in 16 (41.0%) patients. Citation: Ajalata M, Williamsa RA, Wilsona
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Conclusions: Overall, we found that 85% of patients who had T2Ls did not require
intervention after a mean follow up time of 3 years. The association of a type 1
or 3 endoleak with a T2L was more likely to require correction due to aneurysm

expansion >1 cm, thus T2Ls associated with another type of endoleak require No.4:34

more aggressive management.
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Introduction (T2Ls) are a commonly recognized postoperative complication.

Their significance, however, has been widely debated. T2Ls
Open repair of abdominal aortic aneurysms (AAAs) has been  occur when blood flows in a retrograde manner from an aortic
largely replaced by endovascular aneurysm repair (EVAR), which  pranch vessel, usually a lumbar artery or the inferior mesenteric
is a less invasive and less morbid procedure [1,2]. Recent studies artery, into the aneurysm sac [6]. Optimal management of T2Ls
have documented the incidence of EVAR, which accounted for s controversial due to conflicting data. Some surgeons believe
only 5.2% of AAA repairs in 2000, but by 2010 had increased to  that T2Ls are likely to lead to aneurysm expansion and rupture,
74% of repairs [3,4]. Presently, only a minority of patients will  and hence require close surveillance and early reintervention
undergo open repair, mostly due to adverse anatomy [3,4].  [7]. Other surgeons believe that T2Ls have a benign course with
This shift in approach of AAA repair to endovascular technique  spontaneous resolution and low aneurysm rupture rate, thus
has been justified by the lower operative mortality and fewer  indicating a more conservative approach [6]. The overall goal of
severe postoperative complications [1,2,5]. Although EVAR has  this study is to document the natural history of T2Ls using data
generally been adopted as a safer approach, type 2 endoleaks  from a single center in order to derive direction in management.
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Patients and Methods

The Veterans Affairs Long Beach Healthcare System is a diverse
institution providing comprehensive inpatient and outpatient
care to over 50,000 veterans [8]. The data collected for this
retrospective study was compiled using the medical center’s
computerized patient record system (CPRS). Data acquisition for
this retrospective study was performed in a secure manner with
de-identified patient data and exclusion of all protected health
information, hence our study is not subject to patient consent.
Data was analyzed from 4 IRB approved aneurysm studies (1001,
1195, 979, 1345).

We obtained complete medical records on 175 patients who
underwent an EVAR procedure for aneurysm repair. Of these, 15
patients were excluded due to lack of scheduled postoperative
computed tomography angiography (CTA), yielding a total of
160 patients for review. The presence of endoleaks (type 1, 2,
or 3) among these patients was identified independently by a
radiologist and a member of the vascular surgery team. EVAR was
performed with the following stent grafts: Anaconda (Vascutek,
Terumo, Inchinnan, Scotland), Excluder (W.L. Gore & Associates,
Flagstaff, AZ, USA), Power Link System (Endologix, Irvine, CA,
USA), Endurant (Medtronic Vascular, Santa Rosa, CA, USA), and
Pythagorus (Lombard, Oxfordshire, UK).

Patients were followed using CTA with a three-phase intravenous
contrast protocol using 1 mm slices at 30 days, 6 months, and
annually for 5 years. Helical images were taken along with
intravenous administration of contrast material in order to allow
for dynamic and late-phase assessment of the aorta. The maximal
aneurysm diameter was measured with electronic calipers
from outer wall to outer wall. The following outcomes for the
identified T2Ls were analyzed: rupture, duration of endoleak,
spontaneous resolution, changes in the size of the aneurysm sac,
and reintervention rates. Spontaneous resolution was defined as
a T2L that resolved over time without intervention as evidenced
by follow-up CTA. Persistent endoleaks were defined as T2Ls that
lasted 6 months or longer. Aneurysm sac growth was defined as
>5 mm maximal aneurysm diameter change when comparing
the earliest postoperative CTA (usually the 1 month follow-up)
with the CTA demonstrating the largest postoperative aneurysm
diameter. Any delayed endoleaks were also documented by the
appearance of a T2L after the first postoperative CTA appeared
normal. We only included those type 1 and 3 endoleaks that
were discovered on further investigation after identifying the T2L
on CTA.
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Results

160 patients had completed the required follow-up as of May
2015 (mean 3 years) after EVAR. Of these patients, 39 (24.4%)
were identified as having a T2L on CTA imaging (Table 1). In the
fifth year after EVAR, one patient (0.63%), who did not have
any type 1 or 2 endoleak died of a ruptured aneurysm after
0.9 cm expansion. Of the 39 patients, 6 (15.4%) required repair
due to aneurysm sac growth greater than 1 cm. Two (5.13%)
were repaired with an open procedure and 4 (10.3%) with an
endovascular approach. Of these 6 aneurysms requiring repair,
4 (66.7%) had a simultaneous type 1 or 3 endoleak in addition to
the identified T2L.

Spontaneous resolution of T2Loccurredin 16 (41.0%) patients and
persistent endoleaks lasting longer than 6 months occurred in 22
(56.4%). Four patients (10.3%) had delayed T2Ls that presented
4, 9, 12, and 23 months after their 30 day postoperative CT
was normal. None of the 4 patients with delayed T2Ls required
reintervention and none had aneurysm sac growth greater than
5mm.

Of the 39 patients with T2Ls, 8 (20.5%) were associated with
an additional type 1 or 3 endoleak which were discovered after
identification of the initial T2Ls. 4 of these have had intervention
due to aneurysm expansion greater than 1 cm, and in the
remaining 4, correction is pending. Among the 31 patients (79.5%)
with isolated T2Ls, 8 (25.8%) had an aneurysm sac enlargement
of 5mmto1lcm.

Discussion

Theincidence of T2Lscited intheliteraturevariesbetween 8%-45%
[9]. We believe that this variation is a consequence of diagnostic
methods (ultrasound versus CTA) and observer interpretation.
Nevertheless, our incidence of 24.4% is within the commonly
accepted variance. Although several treatment strategies
exist for repair of T2Ls after EVAR (injection of thrombogenic
materials into the aortic sac, transarterial embolization, or open
repair), optimal management of this postoperative complication
is controversial and the results of intervention are often
disappointing [10,11]. Current data is conflicting, and it has not
been determined if conservative management or selective or
aggressive intervention yields better outcomes [11,12]. Some
authors claim that T2Ls follow a benign natural course due to the
rarity of aneurysm sac expansion and rupture (Table 2). Others
have proposed that early reintervention is beneficial due to
successful prevention of the late complications of sac expansion
(Table 3).

Table 1 Outcome of Type 2 Endoleaks - °4 patients had delayed T2Ls 4, 9, 12, and 23 months after normal post op CT. None required reintervention

or had aneurysm sac growth greater than 5 mm.

Type 2 Endoleaks

Lumbar Arteries (with associated
type 1 or 3 endoleaks)

Number

Outcome

2 resolved with open repair, 2 resolved with endovascular repair

Annual CTA

This article is available from: http://vascular-endovascular-surgery.imedpub.com
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Table 2 Clinical Reports on Conservative Management of Type 2 Endoleaks.

Author (Year), Type Number of Patients

[V)
of Study with EVAR OCHELS

(months)

Nolz et al. (2012)
[14]. Retrospective
Analysis

+
12.0% (49 patients) 68.1£238

Walker et al. (2015)
[16]. Retrospective
Analysis of Larger

Multicenter Registry

27.3% (474
patients)

Follow-up Period
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Significant Results

Persistent T2Ls lead to significant sac enlargement when
compared with aneurysms lacking T2Ls. Despite this significant
enlargement, there was no increase in rupture or mortality
rates. Persistent T2Ls with aneurysm growth require close
surveillance, but intervention is not indicated.

Presence of a T2L did not have an impact on overall all-
cause mortality or aneurysm related mortality. Patients with
T2Ls that had reintervention due to sac growth did not have
improved aneurysm related mortality, although there was a
reduction in all cause mortality.

Abbreviations: EVAR - endovascular aneurysm repair; T2L - type 2 endoleak; AAA - abdominal aortic aneurysm.

Table 3 Clinical Reports Advocating for Intervention Among Type 2 Endoleaks.

Number of
Intervention

Number of Patients
with EVAR

Author (Year), Type of
Study

0,
Batti et al. (2013) [18]. 28.9% (201 40 .(19'9A’.°f
. ; 700 . patients with
Retrospective analysis patients) T2Ls)

% of T2Ls

Van Marrewijk o
et al. (2004) [17]. 3595 S.i\(:'i/;rgfz)o
Retrospective Analysis P

Abbreviations: NS - not stated.

Support for conservative management of T2Ls is based on the
relatively high percentage of T2Ls that resolve spontaneously
(Table 2). Gelfand et al. advised that T2Ls should be followed

© Under License of Creative Commons Attribution 3.0 License

Period (months)

L) Significant Results

T2Ls are associated with aneurysm sac
enlargement, and persistent T2Ls are the
most dangerous, leading to life-threatening
complications. Early and specific treatment is
recommended.

T2Ls are not benign and are associated with
more frequent reinterventions and aneurysm
sac enlargement. Patients with T2Ls require
more frequent surveillance, and aneurysm
expansion indicates reintervention.

carefully, observingthat 58% of T2Ls should resolve spontaneously
within a 12-month time period [13]. In addition, they posited that
T2Ls had no increase risk for aneurysm rupture if their guidelines
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were followed [13]. Their guidelines for intervention, now a
decade old, included the following: a symptomatic or pulsatile
AAA sac, sac enlargement of >5 mm, or an aneurysmal sac
pressure >20% of systolic pressure [13]. Similarly, Sidloff et al.
found that by 6 months, 54% of T2Ls spontaneously resolved and
aneurysm related mortality was similar to those patients who did
not present with T2Ls [10]. Surprisingly, they found that the 175
patients with T2Ls actually demonstrated a significantly higher
survival rate than those without endoleaks, perhaps because
surveillance lead to closer follow up of their general medical
condition [10]. Although supporters of conservative management
claim T2Ls behave clinically benign, they concede that T2Ls may
contribute to aneurysm sac enlargement [13-15]. But, despite
the fact that persistent leaks may lead to sac enlargement, they
have also found no increase in rupture or mortality rates when
compared to those without T2Ls (Table 2) [13-16]. Overall, these
authors believe that a conservative approach is safe, and with few
exceptions, intervention is not indicated in the treatment of T2Ls.

On the other hand, clinical reports have suggested that T2Ls are
associated with aneurysm related adverse events which demand
aggressive management and reintervention (Table 3). Jones et al.
found that persistent endoleaks greater than 6 months duration
had a greater incidence of aneurysm sac growth, conversion to
open repair, and risk of rupture [7]. Marrewijk et al. similarly
claimed that T2Ls are not benign, and suggested that aneurysm
expansion >8 mm is an indication for reintervention [17]. A
retrospective analysis of 700 patients undergoing EVAR also
demonstrated how T2Ls may not always have a benign course
[18]. In this study, Batti et al. found that patients with T2Ls had
significantly greater aneurysm sac enlargement >5 mm and were
associated with more complications such as death, rupture, and
reintervention [18]. Based on their results, they concluded the
following regarding the management of T2Ls: 1) Intervention to
treat the endoleak if the aneurysm enlarges 2) Repeat CT scan
every 6 months then yearly thereafter if the sac size is stable with
unresolved T2L [18].

Although there are several different approaches for repair of
T2Ls after EVAR, many support the use of coil embolization as an
effective treatment to prevent late complications of T2Ls [19].

Secondary intervention through embolization has shown to be
effective in preventing aneurysm sac enlargement and rupture
within a year after the procedure [20]. However, some of these
patients when followed up in the long term were found to have
late AAA expansion after embolization, leading Sarac et al.
to conclude that coil embolization alone may not be the best
procedure for long term efficacy [20]. Baum et al. recommend
direct translumbar endoleak embolization preferentially over
transarterial endoleak embolization after T2L is confirmed by
angiography [21].

T2Ls may result from a patent inferior mesenteric artery (IMA)
which receives retrograde filling from the superior mesenteric
artery (SMA) via the marginal artery of Drummond or the arc of
Riolan, further pressurizing the aneurysm sac (Figure 1A) [22].
Guntner et al. concluded that there was a significantly higher
incidence of T2Ls in patients with greater cross sectional area
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of the IMA ostium at the aortic root [23]. Knowledge of this
collateralization between the SMA and IMA in T2Ls has guided the
surgical approach of coil embolization in successfully preventing
and treating this complication (Figure 1B) [24,25]. Although there
were only 2 patients in this study whose T2Ls demonstrated this
type of collateralization, both were successfully treated with coil
embolization.
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Significant Type 2 Endoleak from a Patent Inferior
Mesenteric Artery. This is an example of an
angiogram from one of the patients in our study
who underwent EVAR. This image demonstrates a
significant T2L with retrograde flow of blood into
the aneurysm sac from a patent IMA collateralized
by the SMA through the arc of riolan.

Figure 1A
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Figure 1B Successful Resolution of T2L after Coil Embolization,
this T2L was successfully resolved with coil

embolization.
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Our findings in this study continue to support the position that
T2Ls are largely benign postoperative complications which
require close surveillance, but not aggressive intervention.
Although there was one aneurysm related mortality in this
study, there were no recognized endoleaks associated with
the patient’s graft. Overall we found that 15.4% of patients
that presented with T2Ls (either in isolation or simultaneously
with another type of endoleak) required reintervention with
open repair or an endovascular approach due to an enlarging
aneurysm sac >1 cm. More importantly, 2/3 of these T2Ls which
required reintervention were later found to be associated with
simultaneous type 1 or 3 endoleaks. Currently there is no debate
regarding the clinical management of type 1 or 3 endoleaks, as
it is common practice to pursue intervention when discovered.
In patients in this study who were ultimately identified as having
simultaneous T2Ls and type 1 endoleaks, recognition of the T2L
in follow up studies lead to the discovery of the type 1 endoleak.
Having an additional type of endoleak simultaneously with a
T2L increases the risk for sac enlargement and reintervention.
On the other hand, we found that 25.8% of isolated T2Ls had an
enlarging aneurysm sac of greater than 5 mm, but none of these
required reintervention. Given these findings, we recommend
conservative management and close surveillance of T2Ls that
occur in isolation, given their relatively benign natural history.
In addition, we recommend more aggressive intervention when
a simultaneous type 1 or 3 endoleak is present, aneurysm
expansion is greater than 1 cm in diameter, and in the special
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