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Endovascular aneurysm repair (EVAR) has gained wide accep-
tance as the most common and usually preferred method for
the treatment of aortic aneurysms. As graft technology has
advanced, EVAR is now associated with lower 30-day mortality
and morbidity rates as well as earlier discharge compared with
traditional open aneurysm repairﬂ‘3 However, the most sig-
nificant drawback of EVAR is its association with increased rate
of secondary intervention compared with open repair, with
endoleaks being the most common indication.*>

Endoleak is defined as a persistent blood flow to the
aneurysm sac after endovascular stent placement.®’ Type III
endoleaks describe the situation in which this persistent blood
flow is attributed to either defects between components in
modular grafts (type Illa) or from a defect in the endograft
itself, such as a fabric tear or stent fracture (type I1Ib).2° Type
I1Ib endoleaks can further be subdivided into a major or minor
on the basis of whether the endograft defect is >2 mm in
size.®?

Etiology

In infrarenal EVAR, type Illa endoleaks are seen with separa-
tion of the main device body from the contralateral iliac limb,
or separation of the main body from an ipsilateral distal
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Endoleak remains a significant challenge to endovascular aneurysm repair, particularly
as evolving techniques and devices have allowed treatment of increasingly complex
aneurysm anatomy with increasing number of device components. Intervention is
recommended for both type | and Il endoleaks due to their risk of rupture, and
endovascular techniques are the favored modality with placement of a bridging
endograft over the endoleak defect. Conversion to open surgical repair remains the
definitive option in cases where less invasive methods have failed or are precluded. In
this article, the authors review evidence on the etiology, incidence, diagnosis, and
current techniques for type Ill endoleak management.

extension cuff or proximal extension cuff.®'% Type III endo-
leaks associated with thoracic endovascular aortic repair
(TEVAR) procedures are rare with newer third-generation
devices, but have been described when proximal and distal
components separate.'! Historically, endografts placed be-
fore 1998 are considered to be first- and second-generation
devices, and those placed after 1998 are considered third-
generation devices.?

Similar to type I endoleaks, type Il endoleaks can be
classified as either early or late. Early type Illa endoleaks are
diagnosed on completion angiography and are attributed to
either insufficient overlap between graft components or
inadequate balloon expansion at component junctions.8
Early type IlIb endoleaks are rare with modern devices,
and entail a preexisting endograft fabric tear or injury to
the endograft during placement or manipulation.’? Late type
Il endoleaks develop months to years later, with a median
time interval of 5.6 years.'? Late type Illa endoleaks are
generally attributed to conformational change in the aneu-
rysm sac leading to component separation, endograft migra-
tion, or dilation of aortic and/or iliac attachment sites
(=Fig. 1). Large aneurysm size, especially over 6.5 cm, has
consistently been associated with late development of endo-
leaks in both TEVAR and EVAR, including type III endoleaks."?
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Fig.1 Latetypelll endoleak due toiliac component separation in a Cook Zenith placed 10 years prior to presentation. The patient had been lost
to follow-up for several years and presented with a contained rupture. (a) Reformatted CT angiography at presentation, demonstrating
separation between the main body of the graft and the rightiliac limb. Arrow denotes the separation between the main body and the right iliac
limb. (b) Three-dimensional reconstruction of presenting CT angiography. Arrow again denotes the separation between the main body and the
rightiliac limb. (c) Intraoperative angiography demonstrating extravasation. Arrow denotes the separation between the main body and the right
iliac limb. (d) intraoperative angiography after placement of a bridging iliac limb with appropriate covering of the prior graft component
separation (arrow). (e) CT angiography performed prior to discharge demonstrating successful repair, with arrow denoting position of the

bridging iliac limb.

Incidence

According to the Veterans Affairs Open Surgery Versus Endo-
vascular Repair (OVER) trial in 2015, approximately 30% of
those undergoing EVAR develop an endoleak, with 3% of those
being classified as type II.'# Other studies, using the EURO-
STAR registry in 2006, also conclude that due to material
fatigue and limb disconnection, earlier generation devices
had higher rates of type Il endoleaks of 3 to 4.5%, and as
high as 8 to 12% in specific devices.®'? Newer third-generation
EVAR devices have a decreased rate of type Il endoleak, around
1%, attributed to improvement in material properties and
increased component overlap, but this may be falsely low,
given these newer devices have shorter follow-up times.'”
Given device improvement, it is likely that type Illa endoleaks
are more common compared with type Illb. In first- and
second-generation grafts, 53% of type Il endoleaks were
type Illa; in third-generation devices, 83% of type Il endoleaks
were type Il1a.">'® Of note, the Endologix AFX Endovascular
Graft System was recalled by the Food and Drug Administra-
tion (FDA) in 2018 due to its high rate of type Ill endoleaks, and
this device has since been replaced by a redesigned AFX device.

Complex fenestrated EVAR procedures have an increased
number of endograft junctions, which has led to an associated
increase in type Illa endoleaks. Reports vary, but early type III
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endoleaks have been seen up to 25% on completion angiogra-
phy.'” The rate of type IIl endoleaks is low after TEVAR, with
initial studies having an estimated rate of 6% in 2006, but there
remains limited literature on the subject with many studies
performed on stents in place for dissection.'® The estimated
rate in modern TEVAR devices in 2017 has been shown to be
2%,'? and device studies of the Zenith TX2 showed no type III
endoleaks and only one seen in the Gore TAG.'!+20-22

Diagnosis

After EVAR placement, the updated 2017 guidelines from the
SVS recommend surveillance imaging with CT scan at
1 month, 6 months, 12 months, and yearly thereafter. Type
Il endoleaks are often asymptomatic, with most diagnosed
on surveillance imaging, and rarely due to high clinical
suspicion. Those with rapid aneurysm sac growth or aneu-
rysm rupture may present with abdominal pain and hemo-
dynamic instability. Some small series have suggested that
10% of those with a type IIl endoleak present with aneurysm
rupture.'? Rarely bowel ischemia, retroperitoneal bleeding,
or device component separation causing acute lower extrem-
ity ischemia can be presenting symptoms.'2'®

Early type Illa endoleaks should be diagnosed on comple-
tion angiography, but the sensitivity and specificity of
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angiography is highly variable depending on the study (60-
90%), and many early type Illa endoleaks may be first seen on
follow-up imaging.22 Both computed tomographic angiogra-
phy (CTA) and ultrasonography are commonly used for post-
EVAR surveillance, with the diagnosis of a late endoleak
being made when these images demonstrate contrast or
blood flow within the sac but outside of the endograft.??
After endoleak identification, if not already obtained, a
three-phase CTA should be performed to accurately define
endoleak type as well as delineate aneurysm sac size. CTA
has a sensitivity and specificity of more than 90% for type III
endoleak detection, and is currently the standard means of
diagnosis due to its speed, reproducibility, and excellent
spatial and contrast resolution.'®2?42> The three-phase CTA
includes a (1) precontrast, (2) contrast-enhanced, and (3)
delayed phase which delineate (1) the structural integrity of
a modular stent graft, including the determination of any
graft crimping, stent fracture, migration, or component
disconnection; (2) the presence of any high-flow endoleaks
(indicating high aneurysm sac pressure); or (3) the presence
of more subtle, delayed, low-flow endoleaks. False-positive
findings that mimic endoleaks include calcifications within
both the aortic wall or within mural thrombus, which can be
identified using the precontrast images, or graft billowing
between stented portions of the stent graft which may
appear as isolated outpouching resembling a type III
endoleak.'®

Magnetic resonance angiography (MRA) has also been
shown to be an acceptable alternative to CTA if necessary,
with some reports of increased sensitivity in the ability of
MRA to detect endoleaks over CTA.?%?7 Cine MRA, with its
ability to assess for aneurysm sac motion, may be able to
differentiate type I and Il endoleaks which lead to a pulsatile
aneurysm sac, from type II, IV, or V endoleaks.?® A historical
advantage of MRA over CTA was the avoidance of iodinated
contrast in those with renal insufficiency, but this advantage
is no longer apparent after identification of gadolinium-
associated nephrogenic systemic sclerosis.?’

Unfortunately, many endograft systems are made with
ferromagnetic components which create significant scattering
artifact immediately adjacent to the endograft and limit the
utility of MRA. Endograft devices made with nonferromagnetic
materials like nitinol do not suffer from this drawback. Another
limitation of MRA is that it cannot be performed in patients
with indwelling ferromagnetic hardware such as pacemakers
or intracranial aneurysm clips. Perhaps the biggest advantages
of CTA over MRA are patient convenience due to short acquisi-
tion time and ease of interpretation on behalf of the surgeon.

Contrast-enhanced ultrasound is another imaging modality
that has been shown in select studies to have comparable
accuracy to CTA in identifying endoleak location, but its use is
somewhat limited, given that it is operator dependent and
loses accuracy in patients with a large body habitus or large
amounts of bowel gas.>°

A combination of CTA, plain abdominal X-rays, and con-
trast-enhanced ultrasonography will be sufficient to diagnose
more than 90% of type IIl endoleaks.'®242° The diagnosis of
type IlIb endoleaks can be very challenging on noninvasive
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imaging, and many type IlIb endoleaks may be misdiagnosed
as type I endoleaks.'?3! Small series have suggested that the
majority of type IlIb endoleaks are identified on digital sub-
traction angiography or during surgical intervention. Detec-
tion of small type III endoleaks may require angiography
techniques such as balloon occlusion distal to the region of
interest with selective angiography under pressure.3'3? For
even smaller “microleaks,” both proximal and distal balloon
occlusion may be necessary during angiography.32

Management

The Society of Vascular Surgery (SVS) reporting standards for
EVAR (2002) and TEVAR (2010) classifies the presence of either
a type I or type IIl endoleak at the completion of the index
procedure (early endoleak) to be a technical failure.®33
The secondary reintervention rate for both EVAR and TEVAR
has been shown to be between 7 and 12% in large datasets,
mostly commonly for endoleaks.'®343® |t is obvious that
prevention of endoleaks, with careful preoperative planning,
endograft size selection, assessment of proximal and distal
landing zones, and appropriate endograft overlap, is the best
strategy to avoid type IIl endoleaks. Prior analysis in 2000 of
the EUROSTAR registry found that with respect to EVAR, those
with a late type Il endoleak have a ninefold increased risk of
aneurysm rupture compared with other registry patients.>’
Based on these outcomes, current guidelines indicate that type
Il endoleaks are as serious as type I endoleaks, with both
leading to pressurization of the aneurysm sac, and should be
treated when they are identified to prevent future aneurysm
rupture.® In previous data published by Eng et al, endovascular
intervention for type IIl endoleaks was implemented in 68% of
patients, open surgical repair in 10%, and hybrid procedures in
18%.38 Recent literature has supported that selective type Il
endoleaks can spontaneously resolve after a fenestrated
EVAR,'” but observation alone of type I1l endoleaks is currently
only recommended in those patients who are either unfit or
refuse intervention.

Early

Early type Il endoleaks detected on completion angiography
should be treated at the time of diagnosis.® This often can be
achieved by repeat ballooning at areas of component overlap
or additional endograft placement to achieve better compo-
nent overlap.>®

Late

Main Body and lliac Limb Separation

Initial endovascular treatment of late type Il endoleaks is
most commonly attempted, with deployment of additional
endograft components to bridge region of disconnected
components or cover the fabric defect. The simplest pre-
sentation of a type Illa endoleak is separation of the main
body and iliac limb. The primary challenge in repair in this
situation is cannulation of the main body through the
separated limb, which may have been significantly dis-
placed.®1? If retrograde cannulation via femoral access
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fails, an antegrade brachial or axillary approach can be
attempted with snaring of the guidewire from femoral
access. Once cannulation has been achieved, a new iliac
limb graft can be deployed to serve as a bridge to the
separated component.40 It is imperative to avoid having the
wire pass between the struts of the migrated endografts,
which may make placement of a bridging device impossi-
ble. In cases where a bridging stent graft cannot be placed,
multiple sites of type Illa endoleaks, or the proximal
landing zone has had significant migration, placement of
a new bifurcated stent graft within the previous device
may be necessary.*! If isolated endovascular intervention
is not feasible, placement of an aorto-uni-iliac (AUI) device
with contralateral common iliac plug/coil placement
and surgical femoral-femoral bypass is an additional
option.?*? It is optimal to place the AUI device on the
contralateral side of the endoleak, but other considerations
such as internal iliac patency and size should also be
considered.*? The coil/plugs should be placed in the native
common iliac artery and proximal to the origin of
the internal iliac artery to preserve flow into the pelvis
from the femoral-femoral bypass.*?

Main Body and Proximal Aortic Extension Separation
Treating type Ill endoleaks that are the result of component
separation of the main body from a proximal aortic extension
cuff is often more complex. In situations where the aortic
neck has not significantly increased in diameter, a new aortic
extension cuff can be deployed to bridge the defect. Given the
short length of aortic cuffs, it may not be possible to achieve
sufficient overlap; rates of recurrent type Illa endoleaks
were as high as 25% in first- and second-generation devices
with cuff relining."*® Another option that has been
described in this scenario is deployment of a new bifurcated
endograft inside the prior separated device** With the
placement of a new bifurcated device, the integrity of aneu-
rysm exclusion no longer relies on the migrated endograft
and additional short proximal aortic extension cuffs, which
are prone to future endoleak development, are avoided.!'
One significant limitation is that to place a new bifurcated
device, there must be sufficient length between the proximal
landing zone and the flow divider of the migrated endograft
to allow for deployment of the contralateral limb of the new
device within the migrated device."4143 Similar to type Illa
endoleaks due to iliac limb separation, if endovascular
intervention alone is not feasible, a AUI device with contra-
lateral common iliac occlusion and surgical femoral-femoral
bypass can be performed.*?

In cases where the proximal aortic extension has sepa-
rated from the main body, and either there is a significant
distance that must be bridged or the aneurysm neck has
increased in diameter, larger endograft devices are likely to
be necessary. For this scenario, thoracic endovascular
devices, which have a large diameter and increased length,
are valid options that can be used to bridge the defect.*’
Lastly, if no endovascular options are available or if they
have failed, conversion to open surgical repair may be
considered.
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Intervention Outcomes and Follow-up

There are no surveillance imaging guidelines specific to
patients who had an endoleak intervention. Most practitioners
use the surveillance guidelines recommend after initial EVAR
placement, with CT scan at 1 month, 6 months, 12 months, and
yearly thereafter. Long-term follow-up data after type III
endoleak intervention is limited to small series: in these, 22
to 25% of patients who underwent intervention for a type III
endoleak needed an additional intervention for recurrent
endoleak within 10 years.>** In those studies, 80% of recur-
rent type Il endoleaks were caused by fabric tears in first-
or second-generation devices, and the majority were managed
with surgical revision.'? It is well demonstrated that over 50%
of patients have incomplete surveillance after EVAR, and given
the high rate of recurrence after type Ill endoleak intervention
and its association with aneurysm rupture, diligent radio-
graphic follow-up is strongly advocated.*®

Conclusion

Endoleaks are the most frequent complication after EVAR
and the most common indication for secondary intervention.
Type Il endoleaks are an uncommon subgroup that are less
common in newer generation devices. Most literature in the
area is based on first- and second-generation devices which
had a higher rate of type IlIb endoleak compared with third-
generation devices. Like type I endoleaks, type Il endoleaks
lead to a pressurized aneurysm sac, and up to 10% of those
with a type Il endoleak present with aneurysm rupture.
Society guidelines recommend that all diagnosed type III
endoleaks should be repaired. In the modern device era, type
Il endoleaks are most often associated with endograft
component separation (type Illa), and the majority are
treated by endovascular techniques to stent over the junc-
tional endograft defect. However, these endovascular rein-
terventions are not free of adverse events and endoleak
recurrence can occur, highlighting the need for continued
radiologic surveillance in these patients.
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