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Key question
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Is it feasible to implant an FET-prosthesis with a
stented side branch for the left subclavian
artery (LSA) in a human cadaver model?
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Key finding(s)

An accurate implant and a perfect seal of the
stented side branch within the LSA are feasible.

|

Take-home message

An FET prosthesis with a stented side branch
for connection to the LSA has the potential to
simplify and speed up aortic arch replacement.

The first two authors contributed equally to this study.
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Abstract

OBJECTIVES: Our goal was to develop a modified frozen elephant trunk (FET) prosthesis with a stented left subclavian artery (LSA) side
branch for LSA connection and to perform preclinical testing in a human cadaver model.

METHODS: We measured aortic diameters, distance between and diameters of supra-aortic vessels and the distance from the LSA off-
spring to the level of the left vertebral artery offspring in 70 patients. Based on these measurements, a novel FET prosthesis was developed
(Cryolife/Jotec, Hechingen, Germany) featuring a stented side branch for an intrathoracic LSA connection. The feasibility and ease of im-
plantation were tested in 2 human cadaver models at the Anatomical Institute of the Medical University Graz. A covered stent graft
(Advanta V12™ by Atrium Medical Corp., Hudson, NH, USA) was used for an LSA extension.

RESULTS: Accurate deployment of the novel FET prosthesis with anatomical orientation of the stented side branch towards the LSA
ostium followed by consecutive stent graft deployment was feasible in both cases. Proximalizing the distal anastomosis level from
zone 3 to zone 1 not only diminished the complexity of the procedure but substantially facilitated the completion of the distal anas-
tomosis. A 2.5-cm long extension stent graft was sufficient to seal to the LSA and to maintain left vertebral artery patency in both
cases.

CONCLUSIONS: This initial study in human anatomical bodies could demonstrate the feasibility of implanting a newly designed FET pros-
thesis. This evolution of the FET technique has the potential to substantially ease total aortic arch replacement by proximalization of the
distal anastomosis into zone 1 and by shortening spinal and lower body hypothermic circulatory arrest times via a stented side branch to
the LSA. This direct connection enables early restoration of systemic perfusion.

Keywords: Anatomy of the aortic arch « Frozen elephant trunk technique « Left subclavian artery side branch stent graft « Total aortic

arch replacement

ABBREVIATIONS

cT Computed tomography

FET Frozen elephant trunk

FET-LSSB Frozen elephant trunk prosthesis with a stented side
branch for the left subclavian artery

HCA Hypothermic circulatory arrest

LSA Left subclavian artery

LVA Left vertebral artery

INTRODUCTION

The frozen elephant trunk (FET) technique has emerged as an im-
portant treatment strategy for operations of complex aortic arch
aneurysms and dissections [1-4]. However, this operative tech-
nique represents a complex aortic arch surgical procedure and is
associated with long lower body hypothermic circulatory arrest
(HCA) times. Consequently, even in highly experienced centres,
an operative risk remains, in particular with regard to neurologic-
al injury both at the central and at the spinal level [5, 6].
Consequently, technical and conceptual strategies have been
developed to reduce these complications to a minimum, such as
proximalization of the descending anastomosis from zone 3 to
zone 2 [7]. In addition, bilateral and on-top trilateral antegrade
selective cerebral perfusion have become standard. One remain-
ing issue is the technique of left subclavian artery (LSA) reimplan-
tation, which is facilitated by using a branched Dacron graft but
may even be more completely facilitated by the routine applica-
tion of a bridging stent graft between the main prosthesis and
the native LSA [8].

The goal of this study was to develop a modified FET pros-
thesis with a stented LSA side branch (FET-LSSB) for LSA connec-
tion and to perform preclinical testing in a human cadaver
model.

METHODS
Three-stage comprehensive study model

Stage 1: To analyse the morphology of the aortic arch, the size
and angulation of the branching vessels and their distances to
each other, a customized morphometric computed tomography
(CT) analysis model was created and tested on 70 consecutive
patients.

Stage 2: In cooperation with Cryolife/Jotec (Hechingen,
Germany), a novel FET prosthesis featuring a stented side branch
for intrathoracic LSA connection was developed to proximalize
the distal anastomosis and to facilitate the surgical procedure.

Stage 3: The FET-LSSB prosthesis was implanted in 2 human
cadaver models to test the feasibility of implantation and develop
a surgical implantation protocol.

The study was approved by the local ethics committee (EK
061120). The necessity of obtaining informed consent was
waived due to the retrospective nature of the analysis.

Stage 1: Morphometric computed tomography analysis
of the aortic arch . Between April and September 2018, a
total of 70 consecutive patients underwent elective electro
cardiographic-gated and contrast-enhanced multislice CT scans
of the thoracic aorta. Two patients had to be excluded from the
analysis because their images were of insufficient quality. Non-
pathological aortic anatomical configurations were found in 56
patients whereas 12 patients had thoracic aortic aneurysms. All
scans were performed according to an established institutional
protocol with a 2 x 128-slice Somatom Drive Dual Source CT
scanner (Siemens Healthcare, Forchheim, Germany). Two experi-
enced readers independently evaluated all data sets for quantita-
tive measurements using the 3mensio Valves™ (Version 7.2,
3mensio Medical Imaging BV, Maastricht, Netherlands). The as-
sessment protocol for the thoracic aorta comprised 3 main steps:



M. Grabenwdger et al. / European Journal of Cardio-Thoracic Surgery 1249

(i) determination of the aortic centre line and the diameters of
the thoracic aorta; (ii) determination of the take-off point, angu-
lations, diameter and distances of the supra-aortic branches; and
(iii) measurement of the length from the LSA to the offspring of
the left vertebral artery (LVA) offspring.

With reference points at the aortic valve and the passing of the
thoracic aorta through the diaphragm, a ‘stretched vessel view’
was generated allowing exact analysis of the aortic diameters.
The take-off points of the supra-aortic branches were defined as
the centre of the vessel at the outer aortic curvature, and the dis-
tances of the take-off points of the supra-aortic vessels were
measured. The take-off angle was defined as the angle between
the aortic tangent and the perpendicular line of the respective
supra-aortic branch and was assessed in the ‘perpendicular plane’
view. Associated diameters of the supra-aortic branches meas-
ured 10 mm after the take-off point to account for tapering at
the origin of the vessel. To measure the distance of the LSA to
the LVA, a model of the centre line was created with reference
points at the aortic origin of the vessel and 10 mm distal to the
offspring of the LVA. The distance was then measured in
the stretched vessel view. Figure 1 depicts a schematic drawing
of the levels of measurements taken for this new FET
conceptualization.

Stage 2: Development of the novel frozen elephant trunk
prosthesis with a side branch for the left subclavian artery
(frozen elephant trunk prosthesis with a stented side
branch for the left subclavian artery). A new FET pros-
thesis with a side branch stent graft for the LSA was conceptual-
ized by our group and then built by Cryolife/Jotec. This novel
hybrid prosthesis consists of a Dacron graft and a thoracic stent
graft connected to the distal end of the Dacron prosthesis.
A Dacron collar, which is mounted at the transition between
the stent graft component and the Dacron prosthesis, facilitates
the accomplishment of the descending anastomosis. A reversed
bifurcated graft designed for separate reimplantation of the bra-
chiocephalic artery and the left common carotid artery originates
from the Dacron graft. The most important innovation is the
endovascular side branch with a length of 2.5cm and a diameter
of 1cm, which is located just proximal to the Dacron collar on
the stent graft. In addition, a perfusion port for distal aortic per-
fusion is part of this new design (Fig. 2). The deployment sheath
is the same as that for the recently released E-vita open NEO
prosthesis (Fig. 3).

Stage 3: Frozen elephant trunk prosthesis with a stented
side branch for the left subclavian artery implant in the
human cadaver model. The FET-LSSB prosthesis was
implanted in 2 human cadavers at the Anatomical Institute of the
Medical University Clinic of Graz. The anatomical bodies were
preserved not with formaldehyde, but with Thiel's solution [9,
10]. This special preservation technique keeps the tissue soft and
pliable, which provides excellent conditions for testing the
implanted FET-LSSB prosthesis. After a sternotomy, the pericar-
dium was opened, and the brachiocephalic artery was clamped.
The ascending aorta was resected up to the brachiocephalic
trunk. The left common carotid artery was ligated and transected.
A cannula for bilateral antegrade perfusion was inserted. One
guide wire was advanced via the left brachial artery into the aor-
tic arch; the second guide wire was inserted in an antegrade fash-
jon into the descending aorta. Thereafter, the FET-LSSB

Figure 1: Points at which measurements were taken for conceptualization of a
frozen elephant trunk prosthesis with a stented side-branch for the left sub-
clavian artery.

prosthesis was pushed down into the descending aorta, and the
LSA side branch was guided into the LSA offspring (Fig. 4). This
manoeuvre was performed using a guide wire, which may not be
necessary in the clinical setting.

The hybrid prosthesis was deployed, and the distal anasto-
mosis with the collar of the prosthesis and the native aorta was
performed in zone 1 of the aortic arch with a 4-0 polypropylene
running suture (Fig. 5). After the distal anastomosis was com-
pleted, the Dacron prosthesis was clamped proximal to the side
port for distal aortic perfusion, and the left common carotid ar-
tery followed by the brachiocephalic artery was anastomosed
with a 5-0 polypropylene running suture to the side arms of the
arch prosthesis. Thereafter, we performed a proximal anasto-
mosis with the ascending aorta.

Extension stent grafts for the left subclavian artery
side branch

It can be assumed that the stented side branch to the LSA will
not completely create a seal with the LSA due to the size and
length of overlap. Similar to endovascular treatment for thoraco-
abdominal aneurysms, additional extension stent grafts may be
necessary to prevent endoleak formation. This extension can be
performed by sealing the stented side branch with an extension
stent graft during HCA. Here, a guide wire is advanced from the
left brachial artery into the LSA and into the open aortic arch
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Figure 2: Frozen elephant trunk prosthesis with a stented side-branch for the
LSA prosthesis showing the LSA side branch stent. LCC: left common carotid;
LSA: left subclavian artery.

prosthesis. The tip of the guide wire is crabbed, and a balloon-
expandable stent graft (Advanta V12™ by Atrium Medical Corp.,
Hudson, NH, USA) is inserted over the guide wire in an antegrade
fashion and deployed into the stented side branch to achieve
complete sealing. Preoperative measurement of the distance be-
tween the origin of the LSA and the take-off of the LVA remains
decisive.

Another option is sealing the stented side branch with an ex-
tension stent graft at the end of the main operation in a hybrid
room. A guide wire is advanced via the left brachial artery into
the aortic arch under X-ray monitoring. The distance between
the take-off of the LVA and the side branch stent is measured
using a scaled catheter. After the right size is selected, an exten-
sion stent graft is inserted and deployed under angiographic
monitoring.

Statistical analyses

Continuous data are expressed either as means and standard de-
viation (standard deviation) or median (interquartile range), de-
pending on variable distribution, and were analysed with the
‘Student’s t-test’ or the Wilcoxon rank sum test, respectively.
Variable distribution was assessed using the Shapiro-Wilk test
and QQ plots. Categorical variables are expressed in absolute
numbers and percentages. Depending on the sample size, the 32
or the Fisher’s exact test was used for comparisons. Results were
categorized as statistically significant with an alpha level set at
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Figure 3: Short introduction and deployment device for the novel prosthesis.

<0.05. All analyses were performed using SPSS, version 25.0 (IBM
Corp, Armonk, NY, USA).

RESULTS
Computed tomography mapping of the aortic arch

Patient demographics are shown in Table 1. Whereas no differen-
ces between the pathological and non-pathological cohorts were
observed with regard to age (pathological cohort: 66.3+
10.7 years vs the non-pathological cohort: 69.9+10.8 years;
P=0.0299), sex [female: n=6 (50%) vs n=17 (30.4%); P=0.320]
and body mass index (28 +6.4 vs 26.33 £6.1; P=0.457), CT angi-
ography measurements of the thoracic aorta revealed a signifi-
cantly larger mean diameter of the ascending aorta in patients
with pathological aortic anatomical variations (43.1+8.1 mm vs
37.9+59mm; P=0.012). All other diameters, take-off angles and
differences between the supra-aortic branches did not differ
between the cohorts and are displayed in Table 1. The mean
diameter of the LSA was 11.1+3.8mm in the non-pathological
cohort and 12.4+3.7mm in the pathological cohort (P=0.789).
Furthermore, no differences between the 2 cohorts were found
with regard to the angulation of the LSA (26.2° + 11.5° vs 28.7° +
12.1°; P=0.324) or the distance from the take-off of the LSA to
the take-off of the LVA (43.3+7.7 vs 40.5+9.3; P=0.351).

Frozen elephant trunk prosthesis with a stented
side branch for the left subclavian artery implant

Accurate deployment of the prosthesis with placement of the
short, stented side branch towards the LSA ostium was feasible in
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Figure 4: View during implantation showing exact orientation of the side
branch towards the LSA ostium. LSA: left subclavian artery.

both cases. The FET-LSSB prosthesis was advanced via 2 guide
wires: 1 in the descending aorta and 1 in the LSA. Exact deploy-
ment of the hybrid prosthesis followed by straightforward im-
plantation of the aortic arch prosthesis was achieved. The distal
descending anastomosis was performed in zone 2 in the first
case and in zone 1 in the second case. The ‘proximalization’ of
the distal anastomosis significantly facilitates and accelerates
the accomplishment of the distal descending anastomosis.
Thereafter, anastomoses of the left common carotid artery and
the innominate artery with the side arms of the hybrid prosthesis
were performed with 5-0 polypropylene running sutures. In add-
ition, we managed a perfect seal of the LSA with an additional ex-
tension stent graft, which was proven by postoperative
angiography (Fig. 6).

DISCUSSION

The use of this newly designed FET prosthesis is feasible, and the
deployment of the side branch in the LSA can be carried out
with minimal effort. It has the potential to substantially ease total
aortic arch replacement by proximalization of the distal anasto-
mosis into zone 1 and by shortening spinal and lower body HCA
times via a stented side branch to the LSA. This direct connection
with an optional bridging stent graft implant enables early restor-
ation of systemic perfusion.

In the last decade, the FET technique has evolved to an
accepted treatment strategy for acute as well as chronic dis-
eases of the aortic arch and the proximal descending aorta

Figure 5: Distal anastomosis is performed in zone 1 of the aortic arch.

[11-14]. However, the complexity of the operation and the sig-
nificant complications associated with it had a negative impact
on the widespread use of this technique [15]. Hemiarch and
total arch replacement are traditional treatments of choice for
aortic diseases involving the aortic arch. In patients with aortic
dissection, residual distal tears and a patent false lumen are
associated with late complications in the downstream aorta
[16]. As a consequence, hybrid techniques like the FET were
developed [17, 18]. The FET concept could demonstrate in
patients with aortic dissection an increased rate of false lumen
thrombosis and fewer reinterventions in the downstream aorta
in the long run [19, 20]. However, FET repair is thought to be
more invasive than techniques limited to the proximal aortic
arch because longer HCA and cardiopulmonary bypass times
are required.

It is important to take into consideration the fact that early
postoperative results are substantially influenced by the degree
of operative invasiveness. Rylski et al. [21] reported that total arch
replacement was a significant risk factor for postoperative in-
hospital death in patients with acute type A aortic dissection. Kim
et al. [22] reported that a more extensive surgical approach had a
higher incidence of pneumonia, postoperative neurological def-
icit and low cardiac output syndromes compared with the hemi-
arch replacement approach in acute DeBakey type | aortic
dissection. Therefore, it is an important objective to make the
FET technique as simple as possible without compromising the
advantages of the FET technique itself. Jakob et al. [23] developed
with the 3-zone hybrid graft (E-Novia, Cryolife/Jotec, Hechingen,
Germany) a novel prosthesis for acute type A aortic dissections
with the intention to facilitate the operation, having an easily ac-
cessible zone 0 suture line with the benefits of aortic arch and
descending aorta true lumen stabilization. Whereas the goal of
the E-novia concept is to make the operation for acute type A
aortic dissection easier, the FET-LSSB concept focuses on the
indications for patients for whom complete aortic arch replace-
ment is necessary, such as those with atherosclerotic aneurysms,
penetrating ulcers and chronic dissections.

Traditionally, the distal anastomosis of the FET procedure is
performed in aortic arch zone 3 [24]. In patients with an un-
favourable chest anatomy, deployment and distal anastomosis of
the FET prosthesis distal to the LSA in zone 3 may be cumber-
some, particularly in cases of dissection or connective tissue dis-
ease. Moreover, an LSA anastomosis can be technically
challenging due to the extremely deep intrathoracic localization.
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Table 1: Patient demographics and arch morphometry

Non-pathological Pathological thoracic P-value Fig. 1
thoracic aorta (n = 56) aorta(n=12) description
Demographic data
Age (years), median £ IQR 69.9+10.8 66.3+10.7 0.299
Height (m), mean + SD 1.68+0.08 1.72+0.09 0.840
Weight (kg), mean + SD 74.0£19.5 82.0+15.3 0.855
Female, n (%) 17 (30) 6 (50) 0.320
BMI (kg/m?), mean + SD 26.33+6.1 280+6.4 0.457
Diameter (mm)
Ascending aorta, median = IQR 37.9+59 43181 0.012 1
Aortic arch, mean = SD 30.1+3.6 31.6+35 0.211 2
Descending aorta, median # IQR 28.7+4.0 30.8+5.8 0.137 3
BCT, mean * SD 12.2+34 14145 0.098 4
LCCA, median * IQR 79+28 8136 0.850 5
LSA, mean * SD 10.8+3.7 11.1+3.8 0.789 6
LVA, mean £ SD 35£13 42+14 0.136
Distances (mm)
BCT-LCCA, median * IQR 26+24 31+1.8 0.450 A
LCCA-LSA, median * IQR 6.2+4.1 7.3+53 0.616 B
LSA origin to LVA origin, mean + SD 433x77 40.5+9.3 0.351 C
Angulation
BCT in degrees, mean + SD 43.4+£14.0 44.2+15.2 0.455
LCCA in degrees, mean + SD 25.6+15.1 26.1+15.8 0.760
LSA in degrees, mean + SD 27.5+16.7 28.6+14.2 0.378

BCT: brachiocephalic trunk; BMI: body mass index; IQR: interquartile range; LCCA: left common carotid artery; LSA: left subclavian artery; LVA: left vertebral artery;
SD: standard deviation.

Figure 6: Intraprocedural completion angiography showing no endoleak at the
level of the left subclavian artery and regular antegrade perfusion of the left
vertebral artery.

For this reason, various groups preferred to perform the LSA
anastomosis during HCA [7, 25].

Several modifications have been proposed to facilitate the FET
procedure. The complexity of the FET procedure can be
decreased by moving the distal anastomosis from zone 3 to zone
2 or 1 [26]. Proximalization of the distal anastomosis facilitates
the performance of the anastomosis with the aorta and reduces
the incidence of left recurrent laryngeal nerve injury. However,
all these modifications require the separate reimplantation of the
LSA. This technique can be performed in a single-stage

procedure either by direct anastomosis to the LSA or by con-
struction of an extra-anatomic bypass [25-27]. In an elective set-
ting, several centres prefer a two-stage approach with a bypass
between the LSA and the left common carotid artery done prior
to the FET procedure.

The goal of our concept was to facilitate the total FET proced-
ure by performing a distal anastomosis in aortic arch zone 1 or 2
with simultaneous endovascular treatment of the LSA. These con-
siderations stimulated us to refine the available FET prosthesis
with an additional integrated stented side arm for the LSA. This
novel FET prosthesis, conceptualized by our group and built by
Cryolife/Jotec, enables FET repair in aortic arch zone 1 or 2 with-
out the need for a surgical anastomosis to the LSA. Because car-
diovascular surgeons have tried many ways to simplify the FET
procedure, we strongly believe that our approach, i.e. integrating
a stented side branch in the FET prosthesis, is a technically easy
way to overcome LSA reimplantation issues. Pichlmaier et al. [8]
recently described a novel stent-bridging technique for the anas-
tomoses to the supra-aortic vessels. According to their method,
the anastomoses to the LSA and to the left common carotid ar-
tery were performed by placing only 2 to 4 aligning single
sutures, followed by a covered stent to bridge the anastomosis.

Our idea might represent a further evolution of this concept
by avoiding additional sutures at the level of the LSA. In the ex-
perimental setting, we inserted the extension stent graft in an
antegrade fashion via the open aortic arch. In the clinical setting,
we recommend checking by angiography the sealing of the side
branch stent at the end of the operation. If additional sealing is
required, an extension stent graft can be implanted via the bra-
chial artery. Based on our anatomical studies of the aortic arch
and supra-aortic vessels, we designed the stented side branch for
the LSA with a maximum length of 2.5 cm. We can thus ensure a
safe distance to the LVA, which usually originates with a distance
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of 4 cm to the take-off of the LSA. We recommend that such pro-
cedures be carried out in a hybrid operating room, a require-
ment that is valid for any complex aortic procedure. In patients
with an isolated origin of the LVA from the aortic arch, the FET-
LSSB prosthesis can only be used if a vertebral-carotid artery
transposition is carried out.

In the initial phase of the clinical application of this novel FET
prosthesis, the indication will be restricted to patients with
chronic conditions like penetrating ulcers, atherosclerotic
aneurysms and chronic dissections. The FET-LSSB prosthesis
will be custom-made, and the diameter and the length of
the stented side branch for the LSA will be adapted to the
individual patient according to preoperative CT measurements.
As we gain more experience in patients with chronic
indications, we plan to expand this concept to include
acute indications and a standardized length and diameter of
the stented side branch.

Limitations and strengths

This is an early feasibility study, and the clinical proof of
concept has yet to be completed. However, this approach
has the potential to clear up one of the last technical grey
zones of this approach and may thereby help to lower the
threshold of physicians able to apply the technique in the right
clinical scenario by simultaneously reducing the technical
demand to a minimum and adding a safety net via the stented
side branch.

CONCLUSIONS

The use of this newly designed FET prosthesis is feasible, and the
deployment of the side branch in the LSA can be carried out
safely with minimal effort. It has the potential to substantially
ease total aortic arch replacement by proximalization of the distal
anastomosis into zone 1 and by shortening spinal and lower
body HCA times via a stented side branch to the LSA. This direct
connection enables early reconstitution of systemic perfusion.
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Endovascular procedures

Although the frozen elephant trunk (FET) technique has evolved
as an accepted strategy for extensive thoracic aortic disease
involving the arch and descending aorta, early outcome is still
suboptimal due to the complex surgical technique. Thus, various
modifications of the technique have been reported to decrease
the operative invasiveness, to increase safety and to reduce circu-
latory arrest times by simplifying the surgical procedure. One im-
portant element is the proximalization of the distal anastomosis
from zone 3 to zone 2 or 1 and the simplification of the left sub-
clavian artery (LSA) anastomosis, which may be the most chal-
lenging anastomosis due to the deep intrathoracic localization,
particularly when dissected or in patients with connective tissue
disease [1, 2]. Our aortic group recently reported on results using
a simplified FET technique with deployment of the stent graft in
arch zone 2 with an extra-anatomic bypass to the distal LSA using
the 3rd branch of the Thoraflex™ Hybrid Plexus prosthesis dur-
ing reperfusion [3].

In this issue of the European Journal of Cardio-Thoracic Surgery,
Grabenwdger et al. [4] published and reported on the develop-
ment of a novel FET prosthesis using a stented LSA side-branch
for intrathoracic LSA connection. The development was based on
different morphometric computed tomography measurements
of the aortic arch and the supra-aortic vessels in 70 patients.
Angulations, diameter and distances of the supra-aortic branches,
as well as the lengths from LSA offspring to the left vertebral ar-
tery were determined in detail. Based on these results, a new FET
prosthesis with a side-branch stent graft for the LSA was concep-
tualized by the present group and built by Cryolife/Jotec

(Hechingen, Germany). The FET prosthesis consists of a Dacron
hybrid graft with a collar, a reversed bifurcated graft designed for
separate reimplantation of the head vessels, and an endovascular
side-branch with a length of 2.5cm and a diameter of 1cm for
intrathoracic LSA connection. Accurate deployment of the novel
FET prosthesis with placement of the stented LSA side-branch
was feasible in 2 human cadavers. The hybrid prosthesis was
implanted using 2 guide wires, one in the descending aorta and
the other one in the LSA. After precise deployment, the distal
anastomosis was performed in zone 2 and 1, respectively. Perfect
seal of the LSA was achieved with an additional extension stent
graft proved by postoperative angiography.

A similar technique has previously been published in 2017 by
Pichlmaier et al. [5]. They reported their initial results of a novel
stent-bridging technique for the anastomoses to the supra-aortic
vessels in 31 patients. In this study, they used a Thoraflex Hybrid
Plexus prosthesis (Terumo Aortic, Inchinnan, Scotland, UK) com-
bined with a self-expanding Viabahn covered stent (W.L. Gore &
Assoc., Flagstaff, AZ, USA). After placing 2-4 aligning single
sutures, the covered stent was introduced into the LSA as well as
to the left common carotid artery under direct vision to bridge
the anastomosis. The authors described fewer bleeding complica-
tions and optimal alignment of the branches and target vessels.

Roselli et al. [6] reported on a modified FET procedure for
patients with acute DeBakey type | dissection combining hemi-
arch replacement with endovascular techniques. For the latest it-
eration of their hybrid technique, they placed a stent graft into
the true lumen of the descending aorta, covering the LSA. After



