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METHODS

Surgical treatments to address aortic arch pathology traditionally have involved open techniques of total arch replacement with circulatory arrest and reimplantation of the supraaortic trunks. Even in a high-risk patient population, excellent
results can be achieved, and many centers continue to advocate
this open surgical approach as the criterion standard.1 However, in other centers, despite advances in surgical techniques
and postoperative management, this open procedure is still associated with both significant in-hospital mortality, a greater
incidence of cerebral and other end-organ injury compared to
surgery on the more proximal ascending aorta and root.2 Thoracic endovascular aortic repair (TEVAR) offers a less-invasive
surgical procedure but typically requires hybrid open surgical
procedures, such as debranching of cervical branches to provide an adequate landing zone.3, 4
An alternative strategy is to use the chimney technique in
conjunction with TEVAR. The risk of type I endoleak arising
from inter graft gutters is concerning. Branched stent grafts
have been proposed that permit completely percutaneous aortic arch repair.5 The disadvantages of this modular approach
include the time required to manufacture and deliver custommade stent grafts for urgent cases and the high costs. Most
notably there is a high rate of embolisation associated with
this approach probably related to the complexity of deploying a multi-branched unibody stent-graft.6 The results of inner
branched endograft repair of the aortic arch in contemporary
series demonstrates an improvement in patient outcome when
compared with the early experience of the approach published
in 2014.7, 8
An alternative option is a physician modified thoracic stent
graft. This involves deployment of a conventional stent graft
device, fashioning of custom fenestrations and re-constraining the device back into the delivery system. This study aims
to review our experience with single and double homemade
fenestrated stent grafts allowing total endovascular aortic repair of aortic arch lesions.

PATIENTS
Protocol and informed consent were approved by the Institutional Review Boards. All patients gave written consent, and the local authorities approved the study. Patients
treated using single and double homemade fenestrated
stent grafts for the treatment of aortic arch lesions in a
tertiary referential center are included (A de Villeneuve
Hospital, Montpellier, France). All patients were considered to be at high surgical risk owing to serious comorbidities (American Society of Anesthesiologists score ≥III
or emergent repair. All aortic arch lesions are discussed between vascular and cardiothoracic surgeons who are both
routinely involved with the endovascular procedure. This
experience with homemade fenestrated stent graft started
in July 2014.
Zone 2 aortic arch lesions were treated using a single fenestrated stent-graft. The fenestration is secured by placement of a balloon expandable covered stent.
Zone 0 and 1 aortic arch lesiuons were treated using a
double fenestrated stent-graft. These consist of one proximal large fenestration for both the brachiocephalic trunk
(BT) and the LCCA. The size of which is 2 mm larger
laterally than that of the BT and LCCA orifices. The distal
fenestration for the left subclavian artery (LSA) of matches
the diameter of the vessel. The distance between the two
fenestrations equals that between the LCCA and LSA as
measured on the preoperative high resolution computed
tomography angiography (CTA).
Demographic, anatomic, intraoperative, and post-operative data is recorded by means of a prospectively maintained database. Follow-up CTA was performed at 1 week,
3 and 6 months and annually thereafter.
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PLANNING, SIZING AND DEVICE PREPARATION

by stent struts. Clock position is used to determine the position of the LSA relative to the position of the BT and LCCA
island using the reconstructed images.
For the proximal large fenestration, in order to avoid damage to the fabric the fenestration is created using a size 11
blade. At least 5 mm of fabric seems to be required between
the proximal fenestration and the proximal edge of the stent
graft to avoid compromise of the integrity and stability of the
graft. A cautery device is used to carefully burn the Dacron
fabric to create the LSA fenestration. Thereafter, to reinforce
seal around the fenestration (in conjunction with a covered
stent) and to mark the position of the LSA fenestration a radiopaque nitinol wire (loop of a snare, EV3 Amplatz Goose
Neck Snare, Medtronic, Santa Rosa, CA, USA) is sewn onto
the edge of the LSA fenestration.

A vascular imaging workstation (EndoSize Workstation
(Therenva, Nanjing, France) with centerline luminal reconstructions is used.
Centerline luminal reconstruction is used to determine
aortic diameter at both the proximal and distal landing
zone. Stent grafts of sufficient length are selected to enable
proximal and distal landing zones in healthy aorta of at
least 20 mm. The stent-graft oversizing is less than 5% for
acute dissections and between 5-10% for other aortic arch
lesions.
The planning of a custom two fenestration thoracic stent
graft is similar to an abdominal fenestrated graft except that
the greater curvature line, rather than the centerline of flow,
is used to measure lengths including the distance between
the aortic branches. The centerline of flow view is still used to
measure aortic diameters as well as determine the “clock positions” for the origin of each supra-aortic trunk vessel. The
diameters of the of the BT, LCCA and LSA were determined
from axial images. Volume-rendering images are used to determine the optimal position of the C arm and to evaluate
the aortic arch tortuosity.
Modification of the stent graft was performed on a back table, commencing before the start of anesthesia. A portion of
the device is unsheathed. Our preference is to unsheathe the
area to be modified plus one additional stent. Fenestrations
are marked and fashioned on the main stent graft according
to the measurements obtained from the vascular workstation.
Single fenestrated stent-graft for thoracic endovascular aortic repair of zone 2 dissecting aortic arch aneurysm.
Modification of the stent graft was performed on a back
table, commencing before the start of anesthesia. A portion
of the device is unsheathed. Our preference is to unsheathe
the area to be modified plus one additional stent. The fenestration is premarked in the main stent graft according to the
measurements obtained from centerline analysis.
A single fenestration for the supra-aortic trunk target vessel of appropriate size and location is made between the
stent-graft stent struts. Fenestrations are circular, do not
have stent struts going across them, and are of comparable size to the target vessel. Sterile marking pen was used
to mark the location of the fenestrations based on length
measurements determined using the reconstructed. Minor
adjustments were made permitted to the site fenestrations
to facilitate usage of strut-free fenestrations. A cautery device was used to carefully burn the Dacron fabric to create the fenestration. Thereafter, to enforce sealing power
around the fenestration, a radiopaque nitinol wire is sewn
onto the edge of the fenestration.
Double fenestrated stent-graft for thoracic endovascular
aortic repair of zone 0 and 1 dissecting aortic arch aneurysm.
The proximal large fenestration for the BT and the LCCA
is made without removing the stent-graft stent struts. The site
of the LSA fenestration is chosen such that it was not crossed

TECHNIQUE
Single fenestrated stent-graft for thoracic endovascular aortic
repair of zone 2 dissecting aortic arch aneurysm.
All procedures were performed under general anesthesia,
through a surgical cut down of the common femoral artery.
Procedures have been performed either in an operating room
equipped with a C-arm or in a hybrid room.
Heparin (5000 IU) is administered as the thoracic stent graft
is introduced over an ultra-stiff guide wire. Angiographic runs
are performed through a pigtail catheter, introduced percutaneously through the contralateral common femoral artery.
Mean blood pressure at deployment is lowered to approximately 80 mmHg to optimize accuracy. As the branch vessels
originate from the arch’s superior aspect, it is necessary to
position the delivery system such that the stent-graft fenestration is oriented superiorly on entering the arch. The stentgraft fenestration markers are positioned on the outer curve
of the thoracic aorta. We have to ascertain that the fenestration is oriented toward the LSA by aligning the radiopaque
marker with LSA. If not aligned, the stent-graft was pulled
back in the descending thoracic aorta. We rotated the stent
graft in order to adjust the position of fenestration. Thereafter, the stent-graft was reintroduced into the aortic arch. A 7
Fr sheath was placed through retrograde left brachial artery
access at the ostium of the LSA.
The stent-graft is partially unsheathed. The optimal position of the C arm was determined preoperatively on 3 D
reconstruction. An angiogram “opening” the aortic arch is
used to align the radiopaque marker with the target vessel.
A perpendicular angiogram is also obtained to aid clock
face alignment. After ascertaining that the fenestration is
oriented toward the supra-aortic trunk target vessel, the
stent-graft is partially deployed. Minor adjustments are
possible to rotate the stent graft in order to adjust the position of fenestrations once the first stents are deployed.
A 0.035-inch guidewire from the brachial access was advanced through the fenestration into the stent-graft lu-
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superior aspect, it is necessary to position
the delivery system such that the stent-graft
fenestrations are oriented superiorly on entering the arch. The stent-graft fenestration
markers of the LSA are positioned on the
outer curve of the thoracic aorta and are
aligned with the LSA. If misaligned, the
stent-graft is pulled back in the descending
thoracic aorta, rotated to adjust the position of fenestration and reintroduced into
the aortic arch. Large axial adjustments in
the arch are ill advised because of the risk
of embolisation and indeed because of the
poor torquability of the stent graft in this
location. Thereafter, the stent-graft is reintroduced into the aortic arch. A 7 Fr sheath
is placed through retrograde left brachial
A
B
artery access to the ostium of the LSA. AfFIGURE 1.1. A) Single homemade fenestrated stent graft; B) 3D volume rendering reconstruction showed the ter ascertaining that the fenestration is orisingle homemade fenestrated stent graft and patency of the supra-aortic trunks.
ented toward the supra-aortic trunk target
vessel, the stent-graft is partially deployed.
men. The 7 Fr brachial sheath is then advanced through Only very minor adjustments are possible to rotate the stent
the fenestration into the stent-graft lumen. Then, the graft in order to adjust the position of fenestrations once
thoracic stent-graft is fully deployed. A 8- to 10-mm bal- the first stents are deployed. A 0.035-inch guidewire from
loon expandable iCAST covered stent (Atrium, Hudson, the brachial access was advanced through the fenestration
NH) was deployed. The stent was deployed approximately into the stent-graft lumen. The 7 Fr brachial sheath is then
one-quarter into the stent-graft lumen and three-quarters advanced through the fenestration into the stent-graft luinto the branch vessel. The intra stent-graft portion of the men. Then, the thoracic stent-graft is fully deployed. A 8- to
covered stent was flared using a 14- 20-mm balloon intro- 10-mm balloon expandable iCAST covered stent (Atrium,
duced from the brachial access.
Hudson, NH) is deployed (38 mm or 59 mm in length)
Double fenestrated stent-graft for thoracic endovascular protruding approximately 5 mm into the aortic stent-graft
aortic repair of zone 0 and 1 dissecting aortic arch aneurysm. lumen, with the remaining length in the branch vessel. The
Placement of a double fenestrated stent-graft is based on intra stent-graft portion of the covered stent is flared using
the fact that accurate placement of the LSA fenestration, a 14- 20-mm balloon introduced from the brachial access.
secured by covered stent placement, should align the posi- Completion angiography is performed.
tion of the proximal fenestration for the BT and LCCA the
appropriate position of which has been determined as deFOLLOW-UP
scribed.
All procedures were performed under general anesthesia,
through a surgical cut down of the common femoral artery. Follow-up surveillance was performed with serial computed
Procedures have been performed either in an operating room tomographic scans at 1 week, then at 3, 6, and 12 months,
and annually thereafter (Figure 1.1). A duplex scan was adequipped with a C-arm or in a hybrid room.
Heparin (5000 IU) is administered as the thoracic stent ditionally performed in case of clinical or CT abnormality.
graft is introduced over an ultra-stiff guide wire. Angiographic runs are performed through a pigtail catheter, introduced
percutaneously through the contralateral common femoral
artery.
Mean blood pressure at deployment is lowered to approximately 80 mmHg to optimize accuracy. As we required a
FIGURE 1.2
variable amount of time to cannulate the LSA fenestration,
we did not use rapid pacing during stent-graft deployment.
The optimal position of the C arm was is determined pre- PATIENTS
operatively on 3D CT reconstruction. An angiogram strictly perpendicular to the LSA is obtained to achieve clock face From July 2014 through September 2018, 54 consecutive
alignment. As the branch vessels originate from the arch’s patients between November 2013 and May 2019 are in-

ZONE 2 AORTIC LESIONS: SINGLE
HOMEMADE FENESTRATED
STENTGRAFT
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cluded. Technical success was 94%.
Indications for aortic repair were:
acute complicated type B aortic
dissection (N.=17, 31%), degenerative aneurysm (N.=13, 24%),
acute traumatic rupture of the
aortic isthmus (N.=9, 16%), post
chronic dissection aneurysmal evolution (N.=8, 15%), penetrating
aortic ulcer (N.=3, 6%), intramural
hematoma (N.=2, 4%) and aortic floating thrombus (N.=2, 4%).
Emergent cases accounted for 59%
(N.=32) of the sample.

RESULTS
Mean follow-up was 26±16
A
B
months. Technical success was
94%. Postoperative minor stroke FIGURE 1.2. A) Double homemade fenestrated stent graft; B) 3D volume rendering reconstruction showed the double homewith full neurological recovery made fenestrated stent graft and patency of the supra-aortic trunks.
with medical treatment was observed in 3 patients (6%). Unintentional coverage of the RESULTS
LSA occurred in 6% of patients. In 4% type II endoleaks
were identified and successfully treated leading to a 4% re- Median duration for stent graft modification was 18 minutes
intervention rate. No other endoleaks were identified. Both (range 16-20 minutes). Endovascular exclusion of the aortic
30 day and long term all-cause mortality rate was 7%. The arch was achieved in all the cases but one: 96.6%. One Failed
aortic mortality rate was 2% (N. 1). Fifteen patients (28%) fenestrated stent-graft deployment was treated using a douhave at least 3 years of follow-up. In this subgroup of pa- ble chimeney.
Two cases of LSA catheterization failed and surgical revastients all the LSA remains clinically and radiologically patent. There were no conversions to open repair, ruptures, cularization and coverage of the fenestration by additional
retrograde dissection, stent fracture, migrations or other stent-graft placement was required.
One patient had a stroke without permanent sequelae
aortic complications.
(2.8%). No type I endoleak observed. One type II endoleak
is currently observed. One patient died during the postoperative course of multiorgan failure.
During follow-up, two additional patient died of a non-aortic
cause. Overall mortality was 10% (N.=3). Aortic related mortality was 3.3%. All left supra-aortic trunks were patent. PerFIGURE 1.1
manent stoke rate was 0%. During a mean follow up of 12.6±5
months, there were no conversions to open surgical repair, aortic rupture, paraplegia and all supra-aortic trunks are patent.

ZONE 0 AND ZONE 1 AORTIC LESIONS:
DOUBLE HOMEMADE FENESTRATED
STENTGRAFT

PATIENTS

From January 2018 through december 2018, 30 patients underwent double homemade fenestrated TEVAR for repair of
aortic arch dissections whilst preserving the patency of the
supra-aortic trunk. Emergent cases accounted for 26.2%
(N.=8) of the sample.
Indications included degenerative aortic arch aneurysm
(13) acute complicated type B aortic dissection (N.=2),
chronic complicated type B aortic dissection (N.=8) and dissecting aortic arch aneurysms subsequent to surgical treatment of acute type A dissections (N.=7).

DISCUSSION
This retrospective analysis reports our experience of homemade fenestrated stent grafts for endovascular aortic arch
repair of aortic arch. With a 2.3% aortic related mortality,
and patency of all the revascularized arteries in this difficult
subgroup of patients (emergent cases accounted for 47.6%)
we can conclude that this approach is feasible and provide
encouraging results in the short term.
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A complete repair of the aortic arch with or without the
frozen elephant trunk procedure is a complex process with a
relevant risk of postoperative morbidity and mortality.9, 10 The
surgical outcome has been improving lately. However, Sundt
et al.11 reported that the 30-day mortality after aortic arch
surgery in the standard risk population (renal failure 5%, diabetes mellitus 7%, prior cerebrovascular accident 9%, prior
myocardial infarction 7%) ranges from 4% to 28.6%, varying with the adjunctive measure for cerebral protection used
(profound hypothermia and antegrade or retrograde cerebral
perfusion) and mode of presentation (elective or emergency).
Furthermore, many patients are deemed unsuitable owing to
serious comorbidities. As a con- sequence, a less invasive approach is favorable for a significant number of patients.
As all cases reported here used customized systems accurate preoperative planning is essential. Intra-operatively ascertaining that the fenestration is well oriented toward the
supra-aortic trunk target vessel is crucial. As a consequence
of the homemade nature of these devices, graft rotation and
misalignment of the fenestration/vessel ostium interface can
nevertheless occur. In addition, the aorta may change configuration after insertion of the semi-rigid stent-graft. It may
be necessary to manipulate a semi-constrained or partially deployed arch stent-graft to orient fenestrations correctly, which
increases the risk of cerebral embolization. One case of stroke
without permanent sequelae was observed in our series.
The specific feature of the double fenestrated device is its
simple handling during operation with the proximal fenestrations being directed to the orifices of the BT and left common
carotid artery (LCCA) automatically when LSA fenestration
is catheterized and secured by covered stent placement. Furthermore, because the proximal fenestration is large enough
to accommodate the branches with low risk of branch occlusion, neither bare-metal nor covered stents necessarily need
to be placed into the branches. The deployment algorithm
actively steers the operator away from superfluous manipulations of the device within the arch and avoids guidewire
manipulation in the BT and in the LCCA. We believe that is
likely to be the reason, compared to other endovascular techniques, that the double homemade fenestrated stent graft led
to fewer neurological complications. This can be explained
by several factors. Firstly, with careful preoperative planning,
the simple handling of the device during operation decreases
manipulations in the aortic arch. Namely the proximal fenestration is appropriately directed to the orifices of the BT and
LCCA automatically when the LSA fenestration is catheterized. Secondly, no manipulation, clamping, catheterisation
or stenting of the BT and LCCA are required. This approach
is an off-label use of the Valiant stent-graft. Our group has a
large experience with complex thoracic endovascular repairs
(over 800 TEVARs performed). The risk of technical failure
with the double fenestrated approach may be increased if
performed by unexperienced teams.
The fragility of homemade stent grafts is a crucial problem. The question of fabric durability still needs to be eval-

uated. Metal fatigue and material deterioration are known
complications of stent-grafting. These alterations might
have an impact on general ring stability of the graft. In our
series, no stent fractures were detected by routine radiologic follow-up examinations. The long-term interactions
between the stent-graft and the covered stent will need to
be monitored closely over time because of the potential for
stent collapse or stent breakage and the development of a
late type III endoleak between the two components. Careful long-term monitoring of patients is required to avoid
major complications resulting from inadequate durability
of these devices.
The disadvantages are the necessity for the physician to
spend time modifying the stent-graft, lack of industrial quality control after device modification, and lack of a sizeable
body of evidence supporting its use. Modification of commercially available devices by physicians may void any guarantee of safety by the manufacturer, and systematic evaluation of such devices is best done within a protocol approved
at the institutional and/or regulatory level.
Regarding retrograde type A aortic dissection, reported
risk factors for this complication are oversizing 10% or
more, a treatment indication of dissection, and the proximity of the proximal landing zone to the ascending aorta,
with an increased risk in zones 0 and 2.12 Therefore, the
choice of the appropriate diameter of the stent-graft would
seem to be essential, rather than the choice of a specific
type of stent-graft.
There are several different alternatives that allow for attaining an adequate proximal seal for thoracic stent-grafting.
The debranching technique and the chimney technique have
been proposed for proximal extension of the stent graft with
preservation of supra-aortic branch blood flow. However, debranching requires an adjunctive invasive procedure. Whilst,
the chimney technique can be performed in a less invasive
manner, there are concerns about the type I gutter endoleaks.
Furthermore, most chimney grafts reported to date have been
applied to only one branch therefore cases requiring two or
three supra-aortic branch preservation are supplemented by
additional extra-anatomic bypasses.
Custom-made branched devices are currently available.
The world experience with 38 branched arch devices was first
reported as a multicenter experience in 2014 by Haulon et
al.7 They reported a 13% mortality rate, a 16% stroke rate,
a technical failure rate of 15.8% and a secondary procedure
rate of 19.6%. Factors such as the delay in device planning and manufacturing, anatomical, technical limitations
and expense limit the widespread uptake of this technology
which is additionally unsuitable for emergent cases. Above
all, the technical difficulty of side branch catheterization results in an inherently high risk of cerebral embolism. The
results of inner branched endograft repair of the aortic arch
in contemporary series demonstrates an improvement in patient outcome when compared with the early experience of
the approach published in 2014.8, 13
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The use of readily available “off the shelf ” endovascular materials would decrease the cost of endovascular repair and increase the availability of these minimally invasive techniques
to a greater number of patients. Off the shelf branch devices
(Valiant Mona LSA (Medtronic, Santa Rosa, CA, USA)14
and the Gore single-side branch (W.L. Gore & Associates,
Inc.; Flagstaff, AZ, USA) consist of a main stent graft and
a branch stent graft designed to maintain patency of one of
the supra-aortic trunks while diverting circulation away from
the encroaching aneurysm.8 This approach allows preservation of patency for one supra-aortic trunk during emergent
TEVAR. However, these devices are not currently available
on the market and will not allow total endovascular repair for
zone 0 and zone 1 aortic arch lesions.
Until an “off-the-shelf ” device is available, patients with
rapidly expanding, symptomatic, or ruptured arch aneurysms, who are poor candidates for open surgical repair, have
limited options other than immediate physician modification. More data are required to confirm the general applicability of this approach and to establish durability. In the
long-term strict surveillance of these stent-grafts and modifications will be necessary to monitor and ensure durability
of repair because of the potential for stent collapse or stent
breakage.
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CONCLUSIONS
The use of homemade fenestrated stent grafts for endovascular repair of aortic arch lesions is both feasible and effective
for maintaining the patency of the supra-aortic trunks and
allows total endovascular aortic arch repair. Durability concerns will need to be assessed in additional studies with long
term follow-up.
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DEFINITION OF MATERIAL FATIGUE

Since its introduction in the early noughties,1-3 the use of
thoracic endovascular aortic repair (TEVAR) for descending
thoracic aortic aneurysms has increased steadily, and in many
centers has largely replaced traditional open repair.4, 5 Despite the initial indication, most studies to date have focused
on other applications of TEVAR including aortic dissection,
trauma, and hybrid procedures.6 The use of hybrid adjuncts
have expanded the use of TEVAR to lesions in challenging
anatomical areas such as the aortic arch. These lesions have
traditionally been associated with high morbidity and mortality rates following standard open surgical techniques.
Arch TEVAR, also thanks to the recent introduction of
dedicated custom-made devices, has demonstrated to compare favorably with open surgery despite addressing a more
complex patient population, emerging as an attractive treatment modality.
On the other hand, acceptance of endovascular treatment of aortic arch pathology has presented new challenges
in the development of long-term complications associated
with the unique environment of the proximal thoracic aorta
and thoracic aortic endograft designs. The differences in the
mechanical properties between native aortic tissue and prosthetic material can alter the pressure and flow throughout
the vasculature.7-10 The associated pressure and flow changes
with endografts can exacerbate peripheral vascular diseases
and can also affect the function of the aortic valve and left
ventricle. In addition, the endograft itself is subjected to a
cyclic and continuous mechanical stress.
Many of the late complications seen with TEVAR stem directly from the evolution of stent design, the unique challenges
posed by the proximal and distal landing zones, and the hemodynamic forces encountered in the proximal thoracic aorta.
Hence, despite the continuous technological improvements of
thoracic stent grafts, the tortuous aortic landing zones in the
aortic arch and hostile environment created by continual aortic
pulsation and aortic remodeling contributes to the development of late complications, as result of a material fatigue.

Material fatigue is a phenomenon where structures fail
when subjected to a cyclic load like cardiac cycle. This type
of structural damage occurs even when the experienced
stress range is far below the static material strength. Fatigue
is the most common source behind failures of mechanical
structures.11
The process until a component finally fails under repeated
loading can be divided into three stages:
1) during a large number of cycles, the damage develops on
the microscopic level and grows until a macroscopic crack is
formed;
2) the macroscopic crack grows for each cycle until it
reaches a critical length;
3) the cracked component breaks because it can no longer
sustain the peak load.
For certain applications, the second stage cannot be observed. A microscopic crack instead grows rapidly, causing
sudden failure of the component.
Under the influence of the non-constant load exercised
by blood flow, the state in the material also varies with
time. The state at a point in the material can be described
by many different variables such as stress, strain, or energy
dissipation. The fatigue process is typically viewed as controlled by a specific such variable. A load cycle is defined
as the duration from one peak to the next. In a general
case, all cycles do not have the same amplitude. For a superficial discussion, it can, however, be assumed that the
fatigue-controlling state variable has the same value at the
start and end of each load cycle. In an elastic model like
thoracic aorta, a cyclic load causes a periodic-cyclic stress
response.11
Application of the material fatigue to stent grafts deployed
in the aortic arch may definitely result in a failure of the technique both for a structural damage of the fabric and for a
break of fixation systems.
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Device collapse, migration, component separation, stent
fractures, fabric erosion and suture breakage represent the
most common findings as result of material fatigue in the
aortic arch.

DEVICE COMPLICATIONS
DEVICE COLLAPSE
The thoracic aorta provides a hostile environment for thoracic
stent graft placement because of high flow pulsation and acute
aortic angulation. Proximal endograft compression most commonly occurs in the setting of excessive oversizing and the
presence of an acute angle at the junction of the distal aortic
arch and descending thoracic aorta. In this environment, inadequate apposition of the stent to the aortic arch curvature and
high pulsatility of aortic blood flow may result in compression
in the unopposed endograft edge. Graft infolding or pleating
noted at the time of initial endograft placement has also been
attributed to endograft collapse. Infolding or pleating is most
often associated with oversizing. (Figure 2.1).
Collapses are most often observed when the proximal extent
of the endograft is in the transverse arch with malapposition
of the endograft wall along the lesser curvature of the aorta
(the so-called “bird-beak” phenomenon).12 Bird-beaking is not
desirable because it exposes the graft undersurface to the force
of the bloodstream. However, the bird-beak configuration is
not the only determinant of stent graft collapse, because this
phenomenon has not been observed with high frequency in
patients with thoracic aneurysms, many of whom can present
a proximal bird-beaking in the aortic arch.12
Although the bird-beak effect is often observed after TEVAR of traumatic injuries in young patients (Figure 2.2),
collapse does not occur in all of them. It would be also desirable if these individuals with potentially very long follow-up
ahead and increased risk for developing such a complication
would benefit of ad-hoc endografts to tailor their tight and
elastic aortic arch. However, the mechanics of endograft collapse has not been clearly defined yet. The understanding of
the mechanisms underlying endograft collapse may lead to
the design of new devices for TEVAR in young patients, as
well as in those complex anatomies like atherosclerotic lesions or post-dissection aneurysms typical of older patients,
and more prone to aortic remodeling.
Secondary endovascular interventions to treat compression should be focused on re-expanding the initial stent
graft, providing additional radial force, and achieving adequate aortic wall apposition. Re-expansion can be achieved
with deployment of an additional endograft or bare-metal
balloon-expandable stent within the collapsed portion of the
initial endograft.13-16
It has been recently reported that the Gore TAG thoracic
endoprosthesis (W. L. Gore and Assoc, Flagstaff, AZ, USA)

FIGURE 2.1. Thoracic stent graft infolding for excessive oversizing.

accumulated a 0.4% frequency rate of device collapse among
33,000 endografts distributed worldwide.17 However, collapse rates likely differ for other available endografts.
A number of anatomic- and device-related factors may
contribute to endograft infolding including a young healthy
aorta with tight aortic arch and marked pulsatility, excessive
stent graft over- sizing and material fatigue.18-20 An endograft
infolding-related mortality of 16.9% for asymptomatic patients and 27.3% for symptomatic patients is reported within 3 years of diagnosis.21-23

MIGRATION
Loss of device seal or device migration in the aortic arch may
be potentially associated with catastrophic consequences,
just thinking to the occurrence of an acute high-flow type
Ia endoleak or the potential risk of stroke in case of hybrid
arch repair or usage of custom-made branched devices. For
this reason selection of patients according to the availability
of a healthy landing zone is crucial for immediate technical
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