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ARTICLE INFO ABSTRACT

Keywords: For a long time, parallel grafting, physician-modified endografts, and, more recently, in situ
Thoracoabdominal fenestration were the only go-to endovascular options for ruptured thoracoabdominal aor-
Aneurysm tic aneurysm, offered mixed results, and depended mainly on the operator’s and center’s
Rupture experience. As custom-made devices have become an established endovascular treatment
Emergent option for elective thoracoabdominal aortic aneurysm, they are not a viable option in the
Off-the-shelf emergency setting, as endograft production can take up to 4 months. The development of
Parallel graft off-the-shelf (OTS) multibranched devices with a standardized configuration has allowed
Physician-modified the treatment of ruptured thoracoabdominal aortic aneurysm with emergent branched en-
Homemade dovascular procedures. The Zenith t-Branch device (Cook Medical) was the first readily
In situ fenestration available graft outside the United States to receive the CE mark (in 2012) and is currently

the most studied device for those indications. A new device, the E-nside thoracoabdom-
inal branch endoprosthesis OTS multibranched endograft (Artivion), has been made com-
mercially available, and the GORE EXCLUDER thoracoabdominal branch endoprosthesis OTS
multibranched endograft (W. L. Gore and Associates) is expected to be released in 2023. Due
to the lack of guidelines on ruptured thoracoabdominal aortic aneurysm, this review sum-
marizes the available treatment options (ie, parallel grafts, physician-modified endografts,
in situ fenestrations, and OTS multibranched devices), compares the indications and con-
traindications, and points out the evidence gaps that should be filled in the next decade.

© 2023 Elsevier Inc. All rights reserved.

patients arriving alive at the hospital [1,2]. In the last sev-
eral years, a paradigm shift towards an “endovascular first”
approach for rTAAAs has been taking place in high-volume
centers [3-6]. If custom-made devices (CMDs) have become
an established endovascular treatment option for elective
TAAA, their use in the emergency setting is still limited by
manufacturing times of up to 4 months [7,8]. To date, no
proper guidelines have focused on the best treatment options

1. Introduction

Ruptured thoracoabdominal aortic aneurysm (rTAAA) is a
catastrophic event burdened by a > 20% mortality rate in
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for rTAAA. For a long time, parallel grafting (PG), physician-
modified endografts (PMEGs), and, more recently, in situ
fenestration (ISF) were the only go-to endovascular options
for rITAAA. Development of off-the-shelf (OTS) multibranched
devices with a standardized configuration has allowed the
treatment of rTAAA with emergent branched endovascular
procedures [4,5,9]. The Zenith t-Branch device (Cook Medical)
was the first readily available graft outside the United States
to receive the CE mark (in 2012) and is currently the most
studied device for those indications [1,4,5,10-14]. A new OTS
device, the E-nside thoracoabdominal branch endoprosthesis
OTS multibranched endograft (Artivion) has been made com-
mercially available [15], and the GORE EXCLUDER thoracoab-
dominal branch endoprosthesis (TAMBE) OTS multibranched
endograft (W. L. Gore and Associates) [16,17] is expected to be
released in 2023. As more devices and surgical strategies are
being made commercially available for rTAAA treatment, clear
guidelines should be published to help physicians in their clin-
ical practice choices. We analyzed the available treatment op-
tions for rTAAA, with a particular focus on the OTS devices,
including both commercially available and investigational en-
dografts, compared their anatomic limitations, and then illus-
trated the clinical data available to date.

2. Parallel grafting

The snorkel/chimney technique (PG) was first described by
Greenberget al [18] in 2003. It consists of placing parallel stent-
grafts into target renal or visceral arteries to maintain vital
organ perfusion and successful aneurysm sac exclusion. Most
data on this technique were gathered via the PERICLES Reg-
istry [19], which recently published updated results for 517
patients [20]. All-cause mortality at the latest follow-up was
25.5% (n=132), with estimated patient survival rates of 87.6%,
74.4%, and 66.1% at 1, 3, and 5 years, respectively. A subgroup
of 244 patients with 387 chimney grafts placed (335 renal ar-
teries [RAs], 42 superior mesenteric arteries [SMAs], 10 celiac
trunks [CTs]) and follow-up for more than 30 months was
used to analyze specific anatomic and device predictors of
adverse events. In this subgroup, the technical success was
88.9% and the primary patency rates were 94%, 92.8%, 92%,
and 90.5% at 2.5, 3, 4, and 5 years, respectively. Chimney endo-
graft occlusion had occurred in 24 target vessels (6.2%). Late
open conversion was required in 5 patients (2%). The absence
of an infrarenal neck was significantly associated with long-
term device-related complications (odds ratio=2.86; 95% CI,
1.32-6.19; P=.007). A sealing zone diameter > 30 mm was
significantly associated with persistent or late Type Ia en-
doleak (odds ratio =4.86; 95% CI, 1.42-16.59; P=.012). The PG
strategy is plagued by many inherent device-related compli-
cations, such as “gutter” leaks, proximal seal failure, and early
branch occlusions. A recent multicenter study found higher
rates of early failure, morbidity, and mortality with PG com-
pared with other complex endovascular methods [21]. More-
over, most published data on PG report results for infrarenal
pathology and its use in proper thoracoabdominal aneurysms
is far from being universally accepted and practiced. Analysis
of 813 patients undergoing TAAA repair with PMEG (n=387)
and PG (n = 426) strategies from the Vascular Quality Initiative
demonstrated reduced Type la endoleak incidence, improved

survival, and increased freedom from aortic-related mortal-
ity at 1 year with PMEG [22]. This supports the idea that the
more vessels are treated with PG, the greater the risk for gut-
ter and endoleaks, therefore, treatment of TAAA that involves
all visceral vessels at once would be better treated with other
strategies. The sandwich technique [23] has been proposed to
try and solve this problem, but most of the same drawbacks
as other PG techniques still apply. The specific advantage of
this approach is its feasibility, as it is based entirely on de-
vices readily available in stock: a standard range of self- and
balloon-expandable bridging stents and a choice of thoracic
endografts could fit most of the anatomies, although at least
one viable upper extremity access is necessary for renovis-
ceral stent delivery. Clinical studies available for PG have been
summarized in Table 1 [24-30].

3. Physician-modified endograft

The term physician-modified endograft was coined by Dr. Ben-
jamin Starnes to describe back-table modification of com-
mercially available aortic stent-grafts by the creation of rein-
forced directional branches or fenestrations that replicate the
same principles applied for sizing and implantation of CMDs
[31]. PMEGs were introduced as an alternative for higher-
risk patients, but due to limited access to CMDs, have been
widely used in intermediate-risk patients as well. This treat-
ment option has also been adopted in patients who require
emergent repair for exceedingly large, symptomatic, or rup-
tured aneurysms that could not be treated with OTS devices
[32,33]. Despite widespread use, given the unregulated and
“homemade” nature of PMEGs, outcomes regarding efficacy
and durability remain limited. A recent systematic review and
meta-analysis of PMEG for TAAA by Gouveia e Melo et al [34],
which included 27 studies and 909 patients, reported an emer-
gent setting in 36% of the cases, a major adverse event rate
of 15.5% (24.6% in emergent cases), and a technical success
rate of 97.2%. A recent study from Chait et al [35] reported
acceptable long-term graft outcomes and vessel patency, at a
mean + SD follow-up of 49 + 38 months in 156 patients (24%)
treated with PMEG (121 were male patients; mean + SD age, 75
+ 8 years) for a total of 452 renal-mesenteric targets (mean +
SD, 3.1 + 1.0 vessels/patient) incorporated. Technical success
was higher in patients treated for complex AAAs (99% v 91%;
P =.04). Thirty-day and/or in-hospital mortality rate was 5.7%
and was significantly lower for complex AAAs compared with
TAAAs (2% v 10%; P=.04), with 3 of 9 early mortalities (33%)
among patients treated emergently. Mean + SD primary and
secondary target vessel patency rates were 91% + 2% and 99%
+ 1%, respectively, although the 5-year patency rate was 41%.
Patients treated for complex AAAs had higher 5-year freedom
from aortic-related mortality (P =.016), and target artery insta-
bility (P =.05), endoleak (P =.01), and secondary interventions
(P=.05) with a higher, but nonsignificant freedom from sac en-
largement > 5 mm (P =.11).

The major advantage of PMEGs is the ability to perform
a fast and patient-specific repair, avoiding the need to wait
for the graft to be manufactured; however, several limitations
should be taken into consideration. There is a total absence
of centralized oversight and quality control, a benefit associ-
ated with OTS and CMDs, which leaves all responsibility in the
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Table 1 - Literature review of clinical studies available for parallel grafting.

Study;, first Year n Age (y) Aortic diameter Urgent/ Technical 30-d AKI n(%) SCI n(%) Any com- LOS (d) Branch Survival
author mean +SD  (mm) emergent success mortality plication patency (%) (%)
mean + SD n(%) n(%) n(%) n(%)
Cherfan [24] 2022 58 768+78  71+2 21(36.2) 58(100)  4(6.8) 18(30.9) — 47 (81) — 1y:82.38 1y:61.3
(47 men) 5y:73.6 Sy: 27
TAAA: 12
Alfawaz [25] 2021 79 74 71 30 (38) 79 (100) 6 (8) 1(1) 2 (3) 9 (12) — 1y: 1y:85
TAAA: 60 splanchnic:
100
Renal: 95
Rinaldi [26] 2020 20 68 (47-89)  — 20 (100) 20 (100) 1(5) 0 (0) 0 (0) — 7.4 100 22 mo: 90
(16 men)
TAAA: 8
Bannazadeh [27] 2020 38 76.5 63 0 (0) — 1(2.6) 0(0) 1(2.6) 1(2.6) — 97.3 2y:73
(23 men)
TAAA: 38
Bin Jabr [28] 2016 51 77 (72-81)  — 51(100) 42 (82) 5 (10) 0 (0) 0 (0) 4 (8) 9 (5-15) 1 mo: 95 7.5y: 43
(35 men)
TAAA: 5
Pecoraro [29] 2011 9 72 + 14 94.8 4+ 39.9 9 (100) 8 (89) 1(11) — — 1(11) — 100 10 mo: 56
(9 men)
TAAA: 6
Kolvenbach [30] 2010 5 = 65 (59-80) 5 (100) 5 (100) 0 (0) = 1 (20) 1 (20) — 6 mo: 94 6 mo: 100
TAAA: 5

Abbreviations: AKI, acute kidney injury; LOS, length of stay; SCI, spinal cord ischemia; TAAA, thoracoabdominal aortic aneurysm.
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Table 2 - Literature review of clinical studies available for physician-modified endografts.

Study, first Year n Age (y) Aortic diameter Urgent/ Technical  30-d AKI n(%) SCI n(%) Any com-  LOS (d) Branch Survival
author mean +SD  (mm) emergent  success mortality plication patency (%) (%)
mean + SD n(%) n(%) n(%) n(%)

Chait [35] 2023 156 75+8 70 + 13 28 (18) 149 (96) 9 (6) 26 (17) 5(3) 40 (26) 74492 9142 S5y:41+4
(121 men)
TAAA: 67
Torrealba [39] 2022 2 735 64 2 (100) 2 (100) 0 (0) 0 (0) 0(0) 0(0) 6.5 100 —
(2 men)
TAAA: 2
Manunga [40] 2021 4 76 73 3 (75) 4 (100) 0(0) 0(0) 0(0) 0(0) = 100 25 mo: 100
(4 men)
TAAA: 2
Yang [41] 2020 16 75.3 71+ 15 = 55 (98.2) 1(6.3) = = = = 98.1 100
(12 men)

Han [42] 2020 20 73(68-78) 70 (63-88) 10 (50) 20 (100) 0 (0) 6 (30) 1(5) 12 (60) 7 (5-11) 100 5 mo: 100
(10 men)
TAAA: 16

Sénémaud [43] 2019 28 73 +11 74 + 19 13 (46) 22 (79) 4 (14) 0 (0) 2 (7) 7 (25) — 100 =
(24 men)
TAAA: 17

Singh [44] 2018 8 65 49 8 (100) 8 (100) 0(0) 0(0) 0(0) 0(0) 10 100 44 wk: 100
(7 men)
TAAA: 4

Dossabhoy [45] 2018 41 75 65 9 (22) — — — — 25 (61) 3 (1-6) 93 1y:83
(27 men)
TAAA: 18

Tsilimparis [46] 2017 21 70 74 £ 23 21 (100) 21 (100) 1 (5) 2 (10) 2 (10) 7 (35) 19 100 11 mo: 81
(16 men)
TAAA: 11

Abbreviations: AKI, acute kidney injury; LOS, length of stay; SCI, spinal cord ischemia; TAAA, thoracoabdominal aortic aneurysm.
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hands of the operator. Potentially catastrophic complications
= © 2 can derive from poor decision making regarding patient se-
£ 8 o lection, sizing, design, and implantation [36,37]. Device mod-
g S o g ification, depending on design complexity and experience of
o the operator, can take up to 2 hours, which precludes the use
= of PMEGs for patients in extremis. Unlike CMDs, which can be
£ customized to nearly any diameter and length, and tapered
§ g to fit a patient’s aorta, PMEGs are limited to the dimensi(')n.s
E i 3 § @ of commercially available endografts, which were not origi-
nally developed and tested for this application. Furthermore, a
- more pressing issue may relate to the importance of the learn-
) ?:r « L‘T ing curve and the adequate training needed to properly per-
§ f’ @ & i% form a PMEG. The quality of the modification depends largely
on the preoperative planning, which is directly related to the
£ g experience accumulated with manufactured devices. A fen-
S % = 3 3 @ =) estration created in the wrong location or a device deployed
5 'TSL % E E S % improperly leads to an exceedingly difficult opere.lti.or.l with a
long operating time and poor outcome. Therefore, it is impera-
) tive that physicians learn these techniques in well-organized,
§ = S S = advanced endovascular aortic programs that integrate clinical
g % % % % practice, research, and education [38]. Clinical studies avail-
able for PMEG have been summarized in Table 2 [35,39-46].
°\° © —_
] 4 -~ 8 -
2 ° = e s 4. In situ fenestration
Z é ISF is an endovascular technique first described by
£ @ N = ) g McWilliams in 2004 for left subclavian artery revascular-
g g gé \:/ % i i § ization [47]. The authors used a needle to puncture the
"5 fabric and serial-cutting balloons to enlarge the opening.
B o . %: Subsequently, a covered stent was placed through the created
E g = 5 N I E fenestration into the left subclavian artery. In situ lasgr fen-
g [“—!j é E\E ¢ g8 3 § estration (ISLF) offers expedited repah;) of s;}zlmptomlatlz a.nd
3 < ruptured aortic aneurysms involving branch vessels, being
E > é = = g abllje to stop the bleeding due to the instantaneous aneurysm
§ @O : < g £ S ) § exclusion once the endograft is delivere(.:l, as opposed to OTS
& 58 % = < 3 - i devices, which need target vessels bridging before aneurysm
E & sac exclusion is achieved. However, there are several concerns
: fa) = regarding this technique, including transient renovisceral
X 3 ﬁ 3 o 3 i ischemia time, technically demanding precision needed to
HE ;LE) g g8 é 3 i = align the laser catheter and target vessels ostia, and increased
% 2 5 EE | & ® h E" risk of Type Illa endoleak, given the nonreinforcecli nature of
. :o the fenestration-bridging stent interface, which dlv.erts from
& & o X S the construct of both PMEGs and manufactured devices [48].
.§ > _2 : a Z & A recent systematic review by Prendes et al [49] on.ISLF
E % 9 " © j, ?:; Ez reported a total of 19 clinical studies, including 428 patients
- < & = h "~ © @ (390 cases of supra-aortic trunk ISLF, but only 38 cases of vis-
-g = = = = = ceral vessel ISLF) with a technical success rate of 95.6% for the
= §7 §5 8§ j:! & 7 E visceral vessel ISLF. Most studies had reported < 12 months
“; < é é n g 3 © 5 é o S g -% of follow-up. The most extended avai'lable follow-up was in
B ) yEEoEEsERa= o one study at 5 years for left subclavian artery ISLF and 17
'g % months for visceral vessel ISLF. Overall, the quality of the eval-
= 5 Q Q Q o E‘ uated clinical studies was low. Six experimental studi.es were
% > S S S & g included, with the highest level of evidence suggesting fen-
g — 02 estration of multifilament polyethylene terephthalate graft?.,
& o g followed by dilation with either a 6-mm or 8-mm noncompli-
0 [ ;:95 3 . = 2 ant balloon. More recent studies were two smgle-cente'r ex-
(3 i 3 % % % o % periences. Dean et al [50] reported the results .of 15 pa.tlents
% E § ﬁ & g, :J'P % treated emergently with ISLF, 7 of which were in the v1sce.ra1
= e a a = - vessels. One endoleak IIIC from a CT, two acute kidney in-
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Table 4 - Technical characteristics of three multibranched off-the-shelf devices analyzed in the study.

Variable t-Branch TAMBE E-NSIDE
Main graft
Total length, mm 202 160 208
Proximal sealing zone length, mm 76 35 48
Proximal end design Straight cut Straight cut Open web
Proximal diameter, mm 34 31or37 33 or 38
Visceral portion diameter, mm 18 20 24
Distal diameter, mm 18 20 26 or 30
Branches
Design (all branches) Outer Outer Inner
Celiac trunk branch
Length, mm 21 10 20
Diameter, mm 8 8 8
Clock orientation, degree 30 15 23
End to top stent-graft end distance, mm 99 55 101
Superior mesenteric artery branch
Length, mm 18 10 20
Diameter, mm 8 8 8
Clock orientation, degree 0 345 352
End to top stent-graft end distance, mm 117 55 120
Right renal artery branch
Length, mm 18 10 20
Diameter, mm 6 6 6
Clock orientation, degree 300 300 288
End to top stent-graft end distance, mm 135 65 136
Left renal artery branch
Length, mm 18 10 20
Diameter, mm 6 6 6
Clock orientation, degree 90 90 80
End to top stent-graft end distance, mm 135 65 139
End to bottom stent-graft end distance, mm 67 95 68

juries not requiring dialysis, and three cases of spinal cord is-
chemia were reported in this subset of patients. Globally, dur-
ing a median follow-up of 168 days (range, 24 to 405 days), no
late complications or late endoleaks were reported. One pa-
tient died. The second, by Pyun and colleagues [2], described
18 patients who underwent ISF endovascular repair for rup-
tured suprarental AAAs and TAAAs and acknowledged that
ISF “became the most commonly used technique.” In-hospital
mortality was as low as 11%, but postoperative renal injury,
new-onset hemodialysis, and spinal cord ischemia reached
56%, 33%, and 22%, respectively. Moreover, no post-discharge
follow-up was provided.

Overall, limitations of this approach are the need for
laser-based devices to create the fenestration, and the oper-
ator’s learning curve with this technique, which is difficult
to achieve in elective settings, as the use of ISF in stable pa-
tients treatable with CMDs or OTS devices might not be justifi-
able, given the excellent results of established procedures sup-
ported by decades of worldwide experience. Moreover, with
fewer than 100 patients published in the available literature,
with ultra-brief follow-up, this technique should be relegated
to experimental settings in expert hands.

Clinical studies available for ISL have been summarized in
Table 3 [2,50-52].

5. Off-the-shelf devices

Each OTS device presents different designs and specific lim-
itations that may influence its anatomic applicability in a

real-world setting [53], and their characteristics are summa-
rized in Table 4, while the instructions for use (IFU) have been
summarized in Table 5 (Fig. 1). For all devices, upper extrem-
ity access is needed to cannulate the branches and deliver
the covered stent-grafts. The only exclusion criteria present in
the IFU is the need to accommodate a 12Fr introducer sheath
for the TAMBE and a 10Fr sheath for the E-nside. Nonethe-
less, in the past year, there has been a paradigm shift in
which all complex aortic procedures have been treated more
and more from transfemoral access using steerable sheaths
[54-59].

6. Device description
6.1. t-Branch

The t-Branch endograft is designed for endovascular repair of
complex TAAA with the incorporation of the visceral vessels
through four outer branches. It is made of woven polyester
supported by a series of stainless-steel Z stents. The t-Branch
endograft comes in one configuration of 202 mm in length, ta-
pering from 34 mm proximally to 18 mm distally. The SMA
cuff is at O degrees. The CT cuff is 30 degrees to the left of
the SMA cuff, the right renal artery (RRA) cuff is 60 degrees to
the right of the SMA cuff, and the left renal artery (LRA) cuff
is 90 degrees to the left of the SMA cuff. The delivery system
consists of a 22Fr Flexor (Cook Medical) introducer sheath (7.3-
mm inner diameter and 8.5-mm outer diameter) and a Captor
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Table 5 - Instructions for use comparison among the three multibranched off-the-shelf devices analyzed in the study.

Variable t-Branch TAMBE E-nside
Access requirements
Iliac/femoral, mm > 8.5 > 8.2 > 85
Axillary/brachial, mm Available > 4.7 mm (12Fr) Available (10Fr)
Aortic requirements
Length proximal neck, mm > 25 (50 > 20 > 30
preferred)
Aortic diameter proximal aortic neck, mm
Without proximal thoracic stent-graft 24-30 (OD) 22-34 (ID) Not allowed
With proximal thoracic stent-graft 24-38 (OD) 19.5-32 (ID) 24-39 (ID)
Proximal sealing zone aortic angle, degree <90 <60 <75
Minimum aortic lumen in the visceral segment, mm > 257 > 20 > 247
Distance between celiac trunk and aortic bifurcation, mm > 51 > 95 > 98
Length of infrarenal neck, mm" > 25 — > 30
Minimum infrarenal aortic diameter, mm°¢ > 20 > 20 21
Common iliac artery diameter, mm 8-20 (OD) 8-25 (ID) 8-24 (ID)
Length of sealing zone in iliac artery, mm > 10 > 10 > 15
Visceral requirements
No. of visceral vessels 4 4 4
Renal arteries diameter, mm 4-8 (ID) 4-10 (ID) > 4 (ID)
Celiac trunk and superior mesenteric artery diameter, mm 6-10 (ID) 5-12 (ID) > 4 (ID)
Length of visceral vessel landing zone, mm Any > 15 Any
Branch distance (above) from target vessel, mm <50 10-30 10-50
Angle between the branch cuff and the visceral ostium
Celiac trunk/superior mesenteric artery, degree <90 (45 +45) Any <50 (25 +25)
Renal arteries, degree <90 (45 +45) Any <7 (35+35)

Abbreviations: ID, inner diameter; IFU, instructions for use; OD, outer diameter.
@ Not specified in the IFUs but derived from manufacturer or literature [4,10-13,21].

b If sealing within the infrarenal aorta is planned.
¢ If the bifurcated distal component is planned

(Cook Medical) hemostatic valve. The company also provides a
universal distal body of four different sizes (proximal diame-
ter is always 22 mm; lengths of 81, 98, 115, and 132 mm; 20Fr
introduction system).

6.2. E-nside

The E-nside is a commercially available endograft for endovas-
cular repair of complex TAAAs made of polyester and self-
expanding nitinol stents with the incorporation of the visceral
vessel through four precannulated inner branches. It comes in
four configurations of 222 mm in length, but variable proximal
diameters (38 mm and 33 mm) and distal diameters (30 mm
and 26 mm). The openings are at 352 degrees for the SMA, 23
degrees for the CT, 288 degrees for the RRA, and 80 degrees for
the LRA. The LRA branch is 3 mm lower than the RRA branch.
The device delivery system is an 8.2-mm (outer diameter) hy-
drophilic sheath with four precannulation tubes (one for each
inner branch, compatible with 0.018” wires.

6.3. TAMBE

The TAMBE stent-graft is an investigational aortic graft for en-
dovascular repair of complex TAAAs with the incorporation of
visceral vessels through four preloaded inner branches and it
is based on the GORE EXCLUDER AAA platform using a nitinol
stent frame and conformable expanded polytetrafluoroethy-
lene technology. The initial TAMBE design also included a con-

figuration with two upward-facing branches for the RAs, but
only the configuration with four downward branches made
it to the later stages of trials and production. The device has
two proximal diameter configurations (31 mm and 37 mm), a
length of 160 mm, and a distal diameter of 20 mm. it requires
a 22Fr inner-diameter introducer femoral sheath, depending
on the proximal graft diameter and a 12Fr (inner diameter)
brachial or axillary artery sheath to access the antegrade por-
tals.

7. Feasibility and clinical studies
7.1.  T-Branch

For the t-Branch endograft, numerous feasibility studies have
been published [60-64] and are summarized in Table 6. In a to-
tal of 578 patients, the theoretical anatomic feasibility ranged
between 32% and 88%, and increased to 47% to 88% if adjunc-
tive maneuvers were performed, such as carotid-subclavian
bypass, iliac bypass, or the use of low-profile devices.

For the t-Branch stent-graft, numerous clinical studies
have been published [1,5,9,12,65-72] and are summarized in
Table 7. In a total of 391 patients, the technical success ranged
between 63% and 100% with 30-day mortality ranging between
0% and 28%.

A recent meta-analysis from Konstantinou et al [73] iden-
tified seven retrospective studies published between 2014 and
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Table 6 - Literature review of anatomic feasibility study for the three off-the-shelf devices either commercially available or investigational.

OTS device Study, first Year n TAAA extent Feasibility Feasibility with Additional Reasons for
author additional maneuvers unfeasibility
maneuvers
t-Branch Sweet [60] 2009 66 (45 men) I: 4 (6) 58 (88) 58 (88) — 10: VvV
Already treated by CMD 1I: 20 (31)
III: 9 (14)
IV/pararenal: 31 (49)
Bisdas [61] 2013 43 (34 men) I:1(2) 21 (49) 27 (63) 3: TEVAR 17: aorta
Already treated by CMD 1I: 16 (37) 3: TEVAR + CSB 3: VvV
I1I: 18 (42)
IV: 8 (19)
Gasper [62] 2013 201 (149 men) I/V: 18 (9) 64 (32) 94 (47) 11: visceral 36: aorta
Already referred for 1I: 57 (28) Using an LP artery stenting 65: VV
endovascular treatment I1I: 40 (20) device 4: CSB 9: access
IV/paravisceral: 86 (43) 17: iliac bypass
Grandi [63] 2020 268 (199 men) I: 13 (5) 104 (39) 126 (47) 22: LP device 67: VV
All-comers 11: 99 (37) 98: aorta
III: 65 (24) 59: access
IV: 91 (34)
TAMBE Cambaghi [16] 2020 227 (167 men) L-TAA: 61 69 (30) 102 (45) 39: iliac conduit 95: aorta
All-comers E-TAA: 166 46: VV
43: access
E-nside Bilman [15] 2020 268 (199 men) 1: 13 (5) 114 (43) 149 (56) 45: iliac conduit 143: aorta
All-comers II: 99 (37) 58: VV
I1I: 65 (24) 59: access
IV: 91 (34)
t-Branch Edman [64] 2020 165 (81 men) I: 17 (14) 18 (15) 59 (48) 23: iliac conduit 71: aorta
TAMBE All-comers II: 50 (41) for at least one for at least one 21: VV 26: VV
Valiant III: 19 (16) device device intervention
IV: 36 (30) 11: CSB

Categorical variables are presented as n (%). Continuous variables are presented as median (interquartile range) or mean = SD.
Abbreviations: CMD, custom-made device; CSB; carotid-subclavian bypass; E-TAA, extended thoracoabdominal aneurysm (aneurysm begin > 65 mm from celiac trunk); LP, low profile; L-TAA, limited
thoracoabdominal aneurysm (aneurysm begin < 65 mm from celiac trunk); OTS, off-the-shelf; TAAA, thoracoabdominal aortic aneurysm; TEVAR, thoracic endovascular aortic aneurysm repair; VV,

visceral vessels.
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Table 7 - Literature review of clinical studies available for the three off-the-shelf devices either commercially available or investigational.

Study, first  Year n Age (y) Aortic OTS Urgent/  Technical 30-d AKI SCI Any LOS (d) Branch Survival  Freedom
author diameter device emergent success  mortality complication patency (%) (%) from rein-
tervention
(%)
Bisdas [66] 2014 22 70 £+ 8 61 t-Branch 4 (18) 22 (100) 0 (0) 0 (0) 1(5) SMA 12 (8-14) 97 6mo: 94 6 mo: 90
(15 men) (29-110) paraplegia dissection 3 renal
and 1 (5) relined branches
paraparesis occluded
Reilly [12] 2012 81 73 +8 67+10  t-Branch 2 (2.5) 81(100)  5(6.2) 21 (25.9) 3(3.7) 27 (33.3) 14+17 948 21 £ 17 21 mo:
(63 men) paraplegia access com- 9renaland2 mo:93.8  60.5
plications CT branch
14 (4.6) occlusions. 4
branch renal and 1
injuries SMA stenosis
Silingardi 2018 73 72+7 67 £15 t-Branch 32 (44) 67 (92) 3(4) 15 (21) 2(2.7) 31 (42) — 99 36 mo: 82 24 mo: 89
[67] (54 men) paraplegia 3 renal
branch
occlusions
Bertoglio 2018 18 76 (69-79) — t-Branch 0 (0) 18 (100) 1 (5.6) 1(56) 1(5.6) — — — — —
[68] (14 men) paraplegia
Spanos [69] 2018 42 7337 77.7 + t-Branch 42 (100) 39 (93) 6 (14) 10 (23) 5(12) 14 (33) 203+3 99 30d:3684 —
(26 men) 13.2 paraplegia pneumonia
and 4 (10) 16 (38) access
transient complica-
paraparesis  tions
Hongku [1] 2018 11 65 (61-72) 71(68-86) t-Branch 11 (100) 7 (63) 3(27) 4(37)  3(27) — ICU: 5 72412 24 mo: —
(4 men) paraplegia, 2 (4-8) 2renaland 2 625+
(18) of which CT branches 17.1
temporary occlusions
Baba [70] 2017 14 749+68 604478 t-Branch 0 (0) 14 (100) 1 (7.1) 0 (0) 5 (37.5) 7 (50) 246+79 — 36 mo: 36 mo:
(9 men) paraplegia 92.9 92.9

(continued on next page)
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Table 7 (continued)

Study, first  Year n Age (y) Aortic OTS Urgent/  Technical 30-d AKI SCI Any LOS (d) Branch Survival  Freedom
author diameter device emergent success  mortality complication patency (%) (%) from rein-
tervention
(%)
Gallitto [71] 2017 17 73+7 60 + 19 t-Branch 17 (100) 14 (82) 1(6) 4 (24) 1(6) 1(6) access 14 +5 99 12mo:82 12 mo: 82
(12 male) temporary complication 1renal
paraparesis branch
occlusion
Eleshra [72] 2020 32 7447 6622  t-Branch 9 (28) 31 (97) 4(13) 8(25) 7(32) 17 (53) 15+10 975 12 mo: 82 12 mo: 90
(26 men) paraplegia of
All which 4
previous temporaries
infrarenal
repair
Fernandez 2016 50 71+7 66.9+9.1 t-Branch 0 (0) 50 (100) 1(2) 3(6) 1(2) 2 renal artery — 93 694 + 694 + 525
[65] (39 men) paraplegia injuries 3CT,2SMA, 8 525-d:45 d: 32 (64)
renal (90)
branches
occlusions
Gallitto [5] 2022 65 73+7 76 £20  t-Branch 65(100) 56 (86) 9 (14) 18 (28) 11 (17) 19 (29) ICU 6 (5-7) 89 24mo: 47 —
(46 men)
Ferrer [9] 2022 48 73+8 70 (55-88) t-Branch 12 (25) 46 (96) 5 (10) 7(15)  3(6) 15 (23) 5.7 (4-11) 176/178(99) 18 (1-63): —
(35 men) 39 (91)
Eleshra [4] 2022 100 65+ 10 6.25 t-Branch 70 (70) 97 (97) 15 (15) 21 (21) 18 (18) — 17+13 99 24 mo: 87 —
(65 men) (4.8-7.6)
Oderich [17] 2019 13 69 + 8 61+13 TAMBE 0 (0) 12 (92) 0 (0) 0(0) 0(0) 4(31) 543 92 30d:100 30d: 12
(11 men) 1 renal artery (92)

occlusion due
to intraopera-
tive
dissection
Piazza [74] 2023 79 73+9 68 + 18 E-nside 19 (24) 75 (95) 4 (5) 0 (0) 5 (6) 10 (12) — 5 occlusions — —
(53 men)

8QI-¥/1 (€c0c) 9€ A¥IHING YVINDSVA NI SYVNIWAG

Categorical variables are presented as n (%). Continuous variables are presented as median (interquartile range) or mean =+ SD.
Abbreviations: AKI, acute kidney injury; CT, celiac trunk; ICU, intensive care unit; LOS, length of stay; OTS, off-the-shelf; SCI, spinal cord ischemia; SMA, superior mesenteric artery.
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T-BRANCH

E-NSIDE

TAMBE

Fig. 1 - Technical scale drawing comparing the three off-the-shelf (OFS) multibranched devices for the treatment of

thoracoabdominal aortic aneurysms (TAAAs).

2018, with a total of 197 patients (mean + SD age, 72.3 +
7 years; 70% were male) [1,66-71]. Among 165 patients, 45%
were symptomatic and 19% were treated for a ruptured aor-
tic aneurysm. In 197 patients, pooled technical success was
92.75% (95% ClI, 83.9%-98.7%), and in 10% of the cases, an early
endoleak was detected (95% CI, 0%—43.7%). Early mortality was
5.8% (95% CI, 2.5%-10%) and major stroke was observed in 4%
of the patients (95% CI, 0.96%-8.40%). The rate of spinal cord
ischemia was 12.2% (95% CI, 4.1%-23.2%), with the rate of per-
manent paraplegia at 1.3% (95% CI, 0%-8.7%). Acute renal fail-
ure was 18.7% (95% CI, 9.1%-30.4%), whereas primary branch
patency was calculated at 98.2% (95% CI, 96.7%-99.2%). The
mean + SD follow-up was 15 + 7 months. During this time,
midterm mortality (after 30 days) was 6.9% (95% CI, 2.44%—
12.8%) and pooled reintervention rate was 5.7% (95% CI, 1.70%—
11.4%).

7.2. E-nside

For the E-nside endograft, only one feasibility study has been
published. The study from Bilman et al [15] reported a theo-
retical anatomic applicability of 43% in an all-comer cohort
of 268 patients, divided according to access feasibility (78%),
aortic feasibility (60%), and visceral vessels feasibility (79%).
The main limiting factors were the femoral/iliac access diam-

eter (21%), proximal neck and the inner aortic visceral lumen
(16% for both), and inadequate vessel number (7%) or diameter
(12%).

For the E-nside stent-graft, only one clinical study has been
published [74] and is summarized in Table 7. Piazza et al
[74] reported the data on 79 patients treated in 26 Italian cen-
ters. The procedure setting was urgent in 19 patients (24%).
Thirty-day technical success was 95%, with a 5% (n=4) mor-
tality rate. Major adverse events were spinal cord ischemia in
5 patients (6%), stroke in 4 patients (5%), and myocardial in-
farction in 1 patient (1%). There were six target vessel-related
events (2%) (five occlusions and one Type IC endoleak) and one
Type 1A endoleak needing reintervention.

7.3. TAMBE

For the TAMBE stent-graft, only one feasibility study has been
published. The study from Cambiaghi et al [16] showed theo-
retical anatomic applicability of 30% in an all-comer cohort of
227 patients, divided into access feasibility (81%), aortic fea-
sibility (55%), and visceral vessels feasibility (66%). The main
limiting factors were the absence of a tapered thoracic compo-
nent and, therefore, an inadequate proximal neck (42%), and
inadequate vessels number (8%) or length (12%).
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For the TAMBE stent-graft, only one clinical study has been
published [17] and is summarized in Table 7. Oderich et al.
[17] reported the first 13 patients treated with the TAMBE de-
vice. A total of 52 renal and mesenteric arteries were incor-
porated (4 vessels/patient); technical success rate was 92% (12
of 13). One patient had inadvertent occlusion of an RRA due
to dissection. There was no mortality, aneurysm rupture, con-
version to open repair, dialysis, or spinal cord injury. At the
30-day follow-up, 4 patients (31%) had major adverse events,
all were due to procedural blood loss > 1,000 mL. One patient
had a Type I endoleak at the distal renal branch, which was
treated successfully via placement of an additional renal stent
before dismissal and 30-day computed tomography angiogra-
phy showed patent target vessels and no Type I or Type III en-
doleak.

8. Future directions

One of the main issues arising from the always increasing
use of OTS devices is the additional aortic coverage, which
is associated with an increased risk of spinal cord ischemia
[7,75,76], especially when treating pararenal aneurysms, com-
pared with CMDs and open surgery [68,77,78]. Because of this,
future research should focus on devices for this subset of pa-
tients as well, such as the p-Branch device (Cook Medical),
which has been found to have similar results as CMDs in
the treatment of juxta-renal aneurysms, without the need for
manufacturing time [79] and acceptable results in a recent
meta-analysis [80].

A second topic of future research will be on the branch
design. Comparative studies will be able to tell us in which
situations an inner or an outer branch should be used, the
same way comparisons between fenestration and branches
were performed [81-83].

9. Conclusions

At first, most of those treatment options started as emergency
repairs. As the experience grew, they were used in elective set-
tings as well, first following on-label indications, then pushing
the envelope further with off-label use to treat a wider per-
centage of patients. All OTS multibranched endografts are the-
oretically able to provide endovascular treatment to approx-
imately one-third to one-half of the TAAAs from real-world
all-comers cohort of patients. Profile improvements and ded-
icated thoracic and infrarenal components are warranted to
increase the overall feasibility. The t-Branch appears safe and
shows optimal results in both elective and urgent or emergent
cases, more clinical data are needed for the TAMBE and the E-
nside.

When an OTS is not available, PMEG, PG, or ISF, in expert
hands, can provide a life-saving alternative. Long-term out-
comes of these strategies are burdened by specific technical
characteristics, and comparison with branched TAAA repair is
limited by the lack of standardization and comparative stud-
ies. Open repair or support care are the only options when pa-
tient anatomy does not allow endovascular repair.
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