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Abstract Endoleak, also called leak-
age, leak and Perigraft leak, is a major
complication and its persistence rep-
resents a failure of endovascular aortic
aneurysm repair. Its detection and
treatment is therefore of primary
importance, since endoleak can be
associated with pressurization (in-
crease in pressure) of the sac, resulting

discuss the definition, significance,
diagnosis and different options to treat
endoleak.
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Introduction

Endoleak is defined as the persistent perfusion of the
aneurysmal sac after endovascular aortic aneurysm repair
(EVAR). A leak can appear during the first 30 days after
implantation. This type of leak is called “primary en-
doleak”. Secondary endoleak is one that occurs after 30
days [1]. Leaks have also been classified as graft-related or
nongraft-related. The incidence of endoleak varies from 10
to 50% [1, 2]. In a report from the EUROSTAR registry, the
incidence of early endoleak was 18% [1]. Sixty—nine
percent of these leaks were graft related. Seventy percent
sealed spontaneously during the first 6 months without a
difference between graft-related and non-graft-related
endoleaks. There is not always a rational explanation of
the cause of spontaneous resolution of some endoleaks and
persistence or late occurrence of some others. The presence

of outflow vessels (mainly lumbar arteries and inferior
mesenteric artery) partially explains this phenomenon [3].
A leak communicating with these outflow vessels seldom
disappears spontaneously [4]. Thus, these vessels should
be identified. Whatever the cause of a persistent leak, it
should be identified, monitored and eventually treated.

In this paper, we review endoleak classification and
significance, diagnosis and treatment options for different
types of endoleak.

Classification and significance

A generally accepted anatomic classification for endoleak
has been developed over the years [5]. In this system, leaks
are defined by their inflow source, regardless of the number
and type of other vessels involved in the outflow (Table 1).
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Table 1 Endoleak classfication

Types Mechanism

I Flow originates from ineffective endograft seal
at fixation zones
Proximal
Distal
Iliac occluder
Branch vessel retrograde flow
Single vessel (simple)
Two or more vessels creating a circuit (complex)
I Flow results from structural endograft failure
A Junctional separation (modular devices)
B Endograft fracture or holes
— Minor (<2 mm)
— Major (>2 mm)
IV Endograft fabric porosity (<30 days after endograft
implantation)
v Endotension

WO w >

Type I endoleak

Type 1 endoleak is caused by failure to achieve a cir-
cumferential seal at either the proximal (Type IA) or distal

Fig. 1a-d Type I endoleak.

a Enhanced CT demonstrates an
endoleak (white arrow). b Aor-
togram from right groin access
demonstrates a Type 1A endo-
leak with a good proximal po-
sition of the stentgraft. The
aneurysmal sac (white arrow) is
well demonstrated. ¢ Selective
catheterization of the channel
using a Side Winder 2 catheter
shows the aneurysmal sac and
the channel (white arrow) com-
municating between collaterals
(black arrow) and the sac.

d Control aortogram after coil
embolization of the channel
(white arrow), the sac and the
origin of outflow vessels

end (Type IB) of the stent-graft. Type IC endoleak is due to
non-occluded iliac artery in patients with aorto-mono-iliac
stent and femoral-femoral bypass. With Type I endoleak,
the aneurysm is perfused directly from the aorta or the iliac
arteries (inflows). The leak usually communicates through
a channel (sometimes multiple channels) with the aneu-
rysmal sac (Fig. 1). There are several outflow vessels,
mainly lumbar arteries and inferior mesenteric artery
(IMA) that communicate with the channel and or the sac.
The pressure within a Type I leak is systemic. The tension
on the aortic wall remains high.

Causes of primary Type I endoleak include inappropriate
anatomy, with a significantly angulated neck, significant
calcification/plaque at the proximal or distal landing zone,
a non-circular landing zone, malpositioning of the stent-
graft, type of endograft and under-dilation of the stent-
graft. Secondary Type I endoleak can be due to aneurysm
re-modeling, resulting in stent-graft migration, progressive
dilatation of the proximal neck, design and dimensions of
stent-grafts or unfavorable infrarenal necks, including the
conically shaped neck and neck shorter than 15 mm. Grafts
whose fixation relies on radial force have been reported to
be more prone to caudal migration and Type I endoleak
than grafts with hooks [6]. Endothelialization of bare stents
at the landing zones may contribute to a certain fixation,
but endothelialization of the fabric itself does not happen.
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Proximal bare stent separation and hook fractures are also
causes of delayed Type I endoleak. Oversizing the graft by
20% is recommended to prevent a delayed endoleak. At the
iliac level, Type IB endoleak occurs when the limb of the
graft is too short or migrates upward due to the sac’s
retraction pressure and aortic distortion.

Although, Type I endoleak can seal spontaneously, risk
of rupture is high and intervention is indicated [4, 7, 8].

Type II endoleak

Type I endoleak corresponds to the retrograde filling of the
aneurysm mainly from lumbar arteries and/or IMA but also
in rare situations from sacral, gonadal or accessory renal
artery (Fig. 2).

Type II endoleaks can be associated with aneurysmal
expansion and rupture; however, this risk is much less than
with the Type [ and III endoleaks (0.5 versus 3.4 %) [9, 10].
A leak in the setting of a shrinking aneurysm can generally
be followed, without immediate intervention. It is well
established that up to 40% of Type Il endoleaks will seal
spontaneously. Some have advocated intervening in all
endoleaks persisting beyond 3-6 months, while other
groups recommended observing leaks in the absence of
aneurysm expansion. We favor the last approach. In our
experience with biphasic helical computed tomography
(CT) follow-up of more than 300 patients treated by EVAR

Fig. 2a—f Patient with persis-
tent Type II endoleak and ex-
pansion of the aneurysmal sac.
a CT shows an endoleak anterior
(white arrow) and posterior
(curved arrow) to the stentgraft.
b SMA angiogram, late phase
shows the endoleak (white
arrow) through the arc of Riolan
(black arrow). ¢ Angiogram
obtained after microcatheter
catheterization of the inferior
mesenteric artery (black arrow).
The white arrow indicates the
aneurysmal sac. The short white
arrow demonstrates the channel
that allows the communication
between the inflow and outflow
vessels. d After embolization of
the channel (white arrow), the
stagnation of contrast in the sac
is well demonstrated (black
arrow). e Angiogram obtained
after embolization of the IMA
(black arrow). £ Aortogram
shows freedom from endoleak.
Note the patency of distal IMA
(black arrow)

from 1994 to 1998, only three patients needed intervention
for Type II endoleak.

Type III endoleak

Type III endoleaks are caused by a structural failure of the
implanted device, including junctional separation of mod-
ular components, due to migration or changes in vessel
morphology with aneurysm shrinkage, holes in the fabric,
and fabric tears due to graft strut fracture or erosion
(Fig. 3). Graft disconnections were not infrequent with the
first stent-graft generation due to a short overlap between
the main body and the limb [11].

Type 111 leaks allow direct communication between the
aorta and aneurysm sac. They have systemic arterial
pressure. Similar to Type I leaks, Type III endoleaks are
considered to be very dangerous, since there is an acute re-
pressurization of the sac and they need to be treated
aggressively [10].

Type IV endoleak

Type IV leaks are caused by porosity of the graft fabric.
They are seen at the time of device implantation, as a faint
blush on the post-implantation angiogram, when patients
are fully anti-coagulated. It is important to rule out other
Types of endoleak before labeling a leak as Type IV. Type
IV endoleak seal spontaneously.

e
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Fig. 3a, b Type III endoleak due to a fabric tear. a Contrast
enhanced CT shows a small leak adjacent to the graft (white arrow).
b CDUS confirmed the findings (black arrow)

Type V endoleak or endotension

Endotension (or Type V endoleak) corresponds to contin-
ued aneurysm expansion in the absence of a confirmed
endoleak [12, 13]. Type V endoleak may be due to
undiagnosed endoleak, presumably with very slow flow
and suboptimal imaging (e.g., no delayed helical CT
acquisition). Endotension has been reported in up to 18%
[14] in a study evaluating the significance of endotension
in 658 patients. The authors demonstrated that endotension
is rare and concluded that it may represent missed endoleak
rather than true aneurysm expansion in the absence of
perigraft flow [15].

However, in most situations, endotension corresponds
to an accumulation of yellowish fluid (seroma) [16].
Endotension is more common with ePTFE grafts due to
ultra-filtration through graft pores [17].

Diagnosis

Contrast enhanced helical CT or CT angiography (CTA) is
considered the imaging technique of choice for the de-
tection of endoleak. CTA is reported to be superior to
aortography for the demonstration of small leak [18]. The
technique is also able to demonstrate the patency of lumbar
arteries and IMA. However, selective aneurysmal angiog-
raphy is superior to CTA for the detection of outflow
vessels [4, 19].

The value of biphasic or triphasic CT scanning has been
established for follow-up of EVAR [20, 21]. Some authors
favor obtaining an unenhanced helical CT series. Rozenblit
at al. [21] have demonstrated that the unenhanced series
were helpful to diagnose an indeterminate endoleak in one
patient. Important mimickers of endoleak include calcifi-
cation, contrast within the folds of unsupported portions of
the graft and residual endosac contrast from the initial
procedure when early CT follow-up is obtained at 1-3
days. This “pseudo-endoleak” was seen in up to 57% of
patients [22].

It has been demonstrated that delayed acquisition un-
covered up to 11% of endoleaks that were missed by
arterial phase alone [20, 21]. An optimal CT protocol for
the monitoring of the aorta after endoluminal therapy
should include a delayed acquisition (Fig. 4).

- r .-.
L ;

Fig. 4a, b Biphasic helical CT. a Arterial phase demonstrates no
endoleak. b Delayed phase showed a Type Il endoleak (white arrow)
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After obtaining the noncontrast images (1.25- to 5.0-mm
thickness), an arterial phase will be obtained using bolus
track technique. Depending on the length of the stented
area, 100-150 ml of 300 mg of iodine per ml of contrast
medium is injected. We usually use a flow rate of 3.5 ml of
contrast medium per second. A delayed acquisition is
typically acquired 70 s after the contrast medium is ad-
ministered. To maximize aortic branch vessel and subtle
endoleak depiction, thin section, overlapping images are
suggested (1.0- to 1.5-mm detector width). However, for
studies on 16—64 channel systems, acquiring isotropic da-
tasets (submillimeter collimation) should always be con-
sidered, factoring in volume coverage, body habitus, and
noise. For the delayed phase, similar parameters as the
arterial phase are used.

Color Doppler ultrasound (CDUS) is a non-invasive and
cost-effective imaging modality. It is highly dependent on
the operator and has limitations in obese patients and those
with excessive bowel gas. Patients should be evaluated
after 5-6 h fasting, in the supine and lateral position. The
aorta is evaluated both transversally and longitudinally. A
leak is suspected when a reproducible color and Doppler
signal inside the aneurysm is visualized.

Variable success is reported for the detection and
localization of the source of endoleaks with ultrasound,
depending on technical factors, the imaging protocol,
and the image quality. Reported sensitivities for overall
endoleak detection range between 12% and 100%, with
specificities of 74-99% [23-27].In a series of 55 patients
with CDUS compared with biphasic CTA, CT was superior
in the detection of a small leak. Discrepancies between
helical CT and CDUS were observed in eight patients
(14.5%). In five cases, a small perigraft leak that was clearly
demonstrated by helical CT was not found on CDUS. All
these leaks were small and disappeared during the follow-
up. For the diagnosis of endoleak, the sensitivity, the spec-
ificity, the positive and negative predictive values for
CDUS compared with helical CT were, respectively, 77%,
90%, 85%, and 85% [27].

Administration of an ultrasound (US) contrast agent
can increase the sensitivity for detecting endoleaks with
color and power Doppler by 33-300%; however, the
specificity may decrease by 17-30% [28-32]. Utilizing a
US contrast agent may also enable detection of endoleaks
that are not seen by CT angiography [31, 32].

MRI and MR angiography can provide all the informa-
tion during EVAR follow-up for Nitinol based stent-grafts.
As to detection of endoleaks, results are comparable with
CT angiography for detecting Type I and Type III en-
doleaks. Depending on the CT section thickness and
imaging protocol, MR angiography may yield a greater
sensitivity to detect slow flow Type II endoleaks [33-36].
Blood pool magnetic resonance angiography has been
found useful in detecting small endoleaks. A small study of

six patients after EVAR using Ferumoxytol, a blood pool
agent, showed four low flow endoleaks that were not de-
tected by CT. Most importantly, these patients also dem-
onstrated no reduction in endograft size after EVAR [37].
Contrast enhanced MRA (CEMRA) with time-resolved
(TR) technique provides dynamic angiographic informa-
tion—similar to conventional angiography. TR-CEMRA
affords a more comprehensive evaluation than standard
MR angiography. The source and flow direction of en-
doleaks can be depicted, improving the characterization of
the inflow and potential outflow of endoleaks. As this
information impacts decision making for appropriate man-
agement, with advances in parallel imaging to reduce MR
scan time, TR-CEMRA may become the routine method
for post-EVAR MR angiography [38]. Phase contrast
imaging can be applied to demonstrate endoleak direction
and quantify flow and velocity [39].

Although all these non-invasive techniques are reliable
to demonstrate an endoleak, the characterization and the
type of endoleak can still be difficult. Digital subtraction
angiography (DSA) remains the “gold standard” for char-
acterization of the endoleaks and their endovascular
treatment [4, 19].

Angiographic examination should include a global
pigtail injection of the aorta at the level of renal arteries
and inside the stent-graft. Acquisition time must be long
enough to allow the detection of Type II endoleak. In case
of Type I endoleak, the origin of the sac is catheterized by
placing the catheter between the stent-graft and aortic wall
and intra-aneurysmal injection is performed for optimal
evaluation of the outflow vessels. For Type Il endoleak,
the superior mesenteric artery and each internal iliac
artery must be injected in order to detect retrograde filling
of the aneurysm from the IMA and/or the ilio-lumbar
arteries.

Treatment
Type 1

Multiple modalities are available for the treatment of
Type 1 endoleak (Table 2). The choice of the optimal
treatment is based on the source of the leak. Our policy
in this matter is to use the least invasive, yet the most
durable, treatment.

Table 2 Treatment of persistent Type I endoleak

Extension stent-graft or cuff
Balloon angioplasty

Bare stent

Embolization

Surgical conversion
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Bype I-A endoleak (proximal)

Placement of a proximal cuff or extension endograft is the
most commonly used treatment in the case of a proximal
endoleak associated with malpositioning, angulated neck
or migration. This technique needs a new cut down and is
not always feasible due to different anatomical and
technical challenges.

In the case of a proximal endoleak associated with an
irregular neck with no migration, simple balloon angio-
plasty with large balloons (25-30 mm) or large Palmaz
stent placement could be sufficient to apply the stent-graft
to the aortic wall. This procedure can be performed under
local anesthesia using a long 12 Fr sheath that can allow the
passage of a large Palmaz stent (Fig. 5). The large Palmaz
stent can be expanded to a diameter of 40 mm.

Embolization and coiling of the aneurysmal sac and the
outflow vessels has been proposed as an alternative
treatment for Type I endoleak in selected patients [4, 40—
43]. Historically, this technique was used when proximal
extension cuffs were not available. With current devices,
proper size cuffs are generally always available. The ma-
jority of patients treated with this technique had extensive
medical co-morbidities and short or highly angulated
proximal neck. Although there have been concerns about
the long-term efficacy of this technique, the results seem to

Fig. Sa—e a CTA demonstrates
an endoleak lateral to the stent-
graft (white arrow). b Aorto-
gram obtained with a pigtail
catheter confirmed a Type |
endoleak (black arrows). c—e A
large Palmaz stent is implanted
through a 12 Fr sheath and
inflated to 15 mm. d The an-
giogram after stent placement
shows no endoleak. e CTA after
stent placement confirms
freedom from endoleak

be encouraging. Gorich et al. [41] have successfully treated
13 patients with embolization (mean follow-up: 6.8
months). Sheehan et al. [42] have reported a high clinical
success rate in nine patients with Type I endoleak treated
just by coil embolization with a mean follow-up of 24
months. We have treated 32 patients with Type I endoleak
from 1996 to 2003. The majority of the patients received a
Corvita stentgraft (n=28), two Talent endografts and two
AneuRx. All patients were considered high risk for surgery.
Embolization was successful in 29 patients with the oc-
clusion of the outflow vessels and the aortic channel and/or
sac. Three patients with large neck had persistent endoleak
after several procedures. Six patients were lost to follow-
up. Among the remaining 26 patients, four died of cardiac
disease between 7 and 90 days after the procedure. Twenty-
two patients could be followed with a mean follow-up of
38.6 months. The aneurysm shrank in 15 patients and
remained stable in five and increased in two patients with
persistent endoleak. None of the patients with successful
embolization has developed a new endoleak or an aneu-
rysmal expansion (Fig. 1). This study confirms that upon
achievement of thrombosis, embolization of the outflow
vessels and the sac can be associated with long-term
clinical success and freedom from endoleak.

The key to success for Type I endoleak is to disrupt the
communications between the inflow and outflow vessels
involved in the leak.
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Bpe I-B endoleak (distal)

All treatment options for the Type IA endoleaks are valid
for distal endoleak. In case of short landing or enlarged
iliac artery, an extension endograft will be necessary. How-
ever, occasionally Type [-B endoleaks can be treated with
balloon angioplasty or bare stent implantation, allowing the
sealing of the stentgraft to the aortic wall. If the origin of
internal iliac artery needs to be covered, it should be
embolized to prevent from retrograde leak.

Embolization of the sac or the channel, although fea-
sible, is usually not indicated in Type I-B endoleak.

TBype I-C endoleak

Type I-C leaks occur in cases where an aorto-uni-iliac
stent-graft has been deployed, in conjunction with a
femoral-femoral bypass graft. An occluder device is then
placed in the contra-lateral common iliac artery. Its
function is to prevent back-filling of the aneurysm from
the excluded common iliac artery. The treatment of these
leaks requires completion of the intended thrombosis of the
common iliac artery. Embolization is simplest way to
complete this, either by passing the occluder and emboliz-
ing cranial to it, or by placing a second occluder device
caudal to the original device.

The occlusion of the iliac artery is usually sufficient to
treat the leak. However, in cases of long-term Type I-C
endoleak, many outflow vessels have been developed and
the leak may communicate with multiple lumbar arteries and
the IMA. These enlarged vessels might be source of late
Type II endoleak. Thus, we usually embolize both the
outflow vessels and the sac before occluding the iliac artery.
Another attractive technique to achieve the occlusion of the
common iliac artery is to perform an endovascular internal to
external iliac artery bypass using stent-graft. This technique
can allow the exclusion of the common iliac preserving the
internal iliac artery.

Type II endoleak

Persistent Type II endoleaks usually have a complex
architecture [44]. They have been compared with an arte-
riovenous malformation, with the sac forming the ‘nidus’
of the lesion [45]. There are usually multiple inflow and
outflow vessels. These vessels communicate through a
channel. The channel is different from the endoleak sac that
is generally seen during the angiogram and punctured in
translumbar embolization. To achieve a successful embo-
lization, the inflow vessels and the channel(s) need to be
embolized (Fig. 2). Like in embolization of Type I
endoleak, the key is to disrupt the communications be-
tween the vessels involved in the leak.

Embolization is the modality of choice. In our practice,
we favor the transarterial route at the time of diagnostic
angiography.

For the transarterial approach, once the diagnostic
catheter is stable in the proximal SMA, a micro-catheter
is advanced to the IMA via the Arc of Riolan. In some
situations, the sac can be accessed from the internal iliac
artery through the iliolumbar and lumbar arteries (Fig. 2).

In the translumbar approach, the aorta can be punctured
under CT or fluoroscopic guidance. Ideally, the left-side
access is used to avoid IVC. When performed under
fluoroscopic guidance, it is useful to frequently rotate the
X-ray tube from the AP to the lateral projection, and in
between, to help in assessing the needle track, and to avoid
puncturing the stent-graft. The access needle is angled at
about 45-60° antero-medially, aimed so as to pass just
anterior to the vertebral body, avoiding the adjacent
transverse process. As described for traditional trans-
lumbar aortography, it may be useful to actually aim for the
vertebral body, then after bony contact, pull back 1 or 2 cm
and aim more ventrally. Once in the sac a proper angiogram
of the sac is performed. Pressure measurements should be
obtained within the sac. The measurement will generally
show a systemic pressure. Coil embolization is then per-
formed as for arterial approach.

Regardless of the route chosen, the most important task
is to access the channel. It is critical to disrupt the network
between the involved vessels. This is more important than
occluding any one vessel or even embolizing the endoleak
sac. This explains the high rate of recurrence after IMA
embolization compared with translumbar embolization for
Type Il endoleak in one report [45].

There are many choices regarding embolic agent.
Permanent agents, such as coils are preferred. In most sit-
uations, if the channel between the inflow and outflow
vessels is interrupted, the sac does not need to be embolized
(Fig. 2). Thus, in case of complex Type II endoleak, the
filling of the endoleak cavity by translumbar approach
without reaching the channel might not be sufficient to treat
endoleak. Some authors support in addition to coils, use of
either Gelfoam slurry, or thrombin. The origin of the IMA
has to be embolized with several coils adapted to its
diameter.

The use of several other agents has been successfully
reported with trans-lumbar treatment of Type II endoleaks,
including Onyx, Ethibloc, thrombin, and Cyano-acrylate
[46-50].

Surgical ligation of all relevant branches is a possible
solution for Type II leaks. However experience has shown
that there are often more vessels involved in these lesions
than is initially suspected, and unless they are all clipped
the surgical route approach risks failure or recurrence.
Ligation can be accomplished by laparoscopic or open
technique [51].
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Type III endoleak

Angiography can confirm Type III endoleak after place-
ment of the pigtail catheter in the stent graft, just above the
flow divider. If the cause is a separation of modular
components there may be some difficulty in establishing
guidewire access from one component to the next, but once
this is accomplished deployment of a new extension is
generally problem free. In some situations a new stent-graft
needs to be implanted. When the leak is related to in-
complete circumferential seal of different components,
angioplasty or bare stent implantation can seal the leak. In
case of fabric tear, re-implantation of a new stentgraft or
open conversion can be considered.

Embolization is almost never indicated in Type I1I leaks.

Type V endoleak — endotension

There have been several reports of confirmed systemic
pressurization within enlarging aneurysm sacs, despite the
absence of visualized endoleak [12—-16, 52]. Cases of sac
enlargement and rupture have been recently reported even

after treatment of abdominal aortic aneurysms (AAA) with
open surgery. In one report, laparotomy demonstrated a
seroma containing firm rubbery gelatinous materials [52].
Aortic puncture to analyze and empty the accumulated
fluid is one way to treat this type of endoleak. However, the
fluid often re-accumulates during follow-up. If the en-
dotension is related to serous fluid accumulation, there is
no need for a surgical treatment, even in case of rupture
[52]. Other treatment options include retroperitoneal
drainage of the fluid, explantation of the graft with open
surgery or insertion of a new stent-graft to reduce the
porosity.

Conclusion

Endoleak is an ongoing problem associated with EVAR.
Imaging plays a critical role in detecting endoleak. CTA is
the first line diagnostic modality allowing the detection of
endoleak. Optimal CTA protocol needs to include a de-
layed acquisition. There are many endovascular options
available for treatment of persistent endoleaks. The optimal
treatment depends on the type of the endoleak.
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