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The need for custom made frozen elephant trunk: when and where
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Abstract: The frozen elephant trunk (FET) technique is an increasingly common procedure to treat
complex extensive aortic disease both in elective and emergency setting. In a contemporary era, several
prostheses are available to be used by surgeons performing such procedures, merging the advantages
of endovascular and conventional surgery and preparing a more useful landing zone for second-stage
downstream endovascular or open repair. Thoraflex hybrid (Terumo Aortic, Scotland) is a largely used
hybrid vascular device merging a conventional surgical vascular graft made of gelatin-sealed woven polyester
graft with a nitinol self-expanding stent graft. Since its release in 2012, this prosthesis has gained a large
consensus, mainly for the plexus version, which allows for single reimplantation of the epiaortic vessels. In
the last few years, new devices have come out to offer new specific weapons to be used by the surgical team
in different clinical scenarios. In this context, the need of making the supra-aortic vessel debranching easier
and more functional to our surgical technique has pushed our demand for a customization of a conventional
Thoraflex hybrid. Here we report a modification to its standard design, the concept beyond the “Custom
device” and its potential advantages with regards to our peculiar implantation technique and intraoperative

cerebral perfusion during circulatory arrest time.
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Introduction proximal DTA (2-4). Recent studies have demonstrated
) that patients undergone to total arch replacement with the
The frozen elephant trunk (FET) technique has become . o .
FET technique show a decreased incidence of aortic re-
an effective option to treat both elective and emergency . R
operations with improved long-term outcomes at follow

complex aortic conditions when the arch and the proximal up (5). Among the available hybrid prostheses, we have

tract of the descending thoracic aorta (DTA) are interested mainly used Thoraflex hybrid (Terumo Aortic, Scotland)

by the pathologic process (1). This surgical approach
changes the conventional elephant trunk from a two-stage
to a single stage procedure which allows to entirely replace
the aortic arch with a surgical prosthesis which has got a
distal stented portion deployed into the aortic arch and the
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which is a vascular device properly designed to facilitate the
FET technique when a total arch replacement with single
reimplantation of supra-aortic trunk (SAT) is employed by
the surgical team. This prosthesis has a distal endovascular
nitinol ringed stent-graft connected to a proximal

Cuardiovasc Diagn Ther 2022;12(4):516-520 | https://dx.doi.org/10.21037/cdt-22-191


https://crossmark.crossref.org/dialog/?doi=10.21037/cdt-22-191

Cardiovascular Diagnosis and Therapy, Vol 12, No 4 August 2022

Figure 1 Initial configuration of the custom Thoraflex
hybrid with only two side branches: a main one (16 mm) for
SAT reimplantation, and a lateral one (10 mm) for systemic
perfusion (A). A separate trifurcated Gelweave™ surgical graft
(10/8/8-16 mm) (Terumo Aortic) with a 10-mm side perfusion
branch was employed for debranching of SAT vessels (B). SAT,

supra-aortic trunk.

4-branched surgical graft. We have already reported the
results of our initial experience with FET technique using a
conventional Thoraflex hybrid prosthesis (6). The concept
of a new Custom Thoraflex hybrid comes from our single
centre experience of about 150 FET operations with
conventional Thoraflex hybrid to treat equally acute and
chronic complex aortic disease involving the aortic arch and
DTA. The aim of the new device is to solve the technical
pitfalls we have faced in our practise, such as reimplantation
of the SAT vessels, especially the left common carotid
(LCCA) and left subclavian (LSA) arteries, their chest
placement, and optimal control of cerebral perfusion during
circulatory arrest time. To sort this, we have requested
a custom-made design of Thoraflex hybrid and our first
experience with the initial version of a custom device has
been already described (Figure I): a conventional 28/30 mm
diameter, 100 mm stent length Thoraflex Hybrid was
changed to have only two branches: a main one (16 mm) for
SAT reimplantation, and a lateral one (10 mm) for systemic
perfusion. A separate trifurcated Gelweave™ surgical
graft (10/8/8-16 mm) (Terumo Aortic) with a 10-mm side
perfusion branch was used to connect the SAT vessels (7).
Since then, several modifications have been proposed and
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here we present the new Custom Thoraflex hybrid with
its implantation technique and the potential advantages
compared to the conventional prosthesis.

Thoraflex hybrid FET graft

The Thoraflex hybrid is a novel graft designed for aortic
arch surgery, which consists of a proximal tubular gelatin
coated Dacron graft and a distal polyester made stent
graft supported by self-expandable nitinol skeleton. The
device can be directly deployed into the aortic arch and
proximal DTA during circulatory arrest when the aortic
arch is opened. The unstented part has a different calibre
if compared to the stented part, so it can fit to the sinus-
tubular junction, and has four side branches: three for the
restoration of supra-aortic vessels and one for systemic
perfusion. Between the two portions there is a collar which
facilitates the distal anastomosis and improves hemostasis.
The Thoraflex hybrid comes in different sizes; the proximal
part diameters vary from 26 to 32 mm, the stented part from
26 to 40 mm. Two different distal lengths are available (100
and 150 mm). The combination of the various sizes and
length allow to tailorize the graft to the patient’s anatomy.

Custom Thoraflex hybrid design and size
selection

In the actual configuration, our custom Thoraflex hybrid
consists of a conventional Thoraflex hybrid with a stent
length of 100 mm which is revised to have only two
branches: a main one (16 mm diameter) which four folds
into four branches (12/8/10 mm diameter branches for
SAT reimplantation and 10 mm branch for cerebral
perfusion) and a 10-mm side branch for systemic perfusion
(Figure 2). Once opened on the operative field, the main
branch is initially separated from the device to allow
the completion of the procedure (Figure 3). The main
targets are to improve the cerebral perfusion throughout
the surgical procedure, to facilitate the correct sizing
and trimming of the vascular branches and to reduce the
anterior mediastinal encumbrance of the neo-trunk branch
vessels thus facilitating sternal closure at the end of the
procedure.

The selection of the stented graft size is established by
an accurate evaluation of the preoperative CT angiogram
of the aorta and comes mainly from the measurement of
the aortic diameter of the stented graft landing zone. In
case of acute and chronic aortic dissection, no oversizing
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Figure 2 New version of custom Thoraflex hybrid with a stented
length of 100 mm and two branches: a main one (16 mm diameter)
which four folds into four branches (12/8/10 mm diameter
branches for supra-aortic trunk reimplantation and 10 mm branch
for cerebral perfusion) and a 10-mm side branch for systemic

perfusion.

Figure 3 Once opened on the operative field, the main branch is
initially separated from the device to allow the completion of the

procedure.

is performed, whether in case of ascending aorta and/or
arch aneurysm, especially if a second surgical treatment is
predicted, the size is accorded to the maximum diameter of
the thoracic aorta allowing 10-15% of oversize. To reduce
the risk of paraplegia, we merely use the 100 mm length so
that a shorter tract of the DTA is covered by the stented
graft.

Surgical technique

Our peculiar “debranching first” implantation technique
has been already described in previous reports (6,7).
Transesophageal echocardiography (TEE) and continuous
bilateral cerebral oximetry are employed in the entire
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cohort of our patients.

The conventional mid sternotomy incision is routinely
extended in a small bilateral supra-clavicular neck incision
to better expose the epiaortic vessels. Right subclavian
artery (isolated from anterior mediastinum) or right
axillary artery (isolated in the right sub clavicular region)
are typically used as arterial site for central cannulation,
normally with interposition of a vascular graft (8 or
10 mm, according to the native artery diameter) to prevent
direct cannulation of the artery. One of the key aspects of
our surgical technique remains a homemade 3-branched
perfusion circuit which is used for cardiopulmonary bypass
(CPB) and for the selective antegrade cerebral perfusion
during moderate hypothermic circulatory arrest. Three
branches of equal diameter allow systemic perfusion by a
single pump while connected to right subclavian artery and
the two side branches of the custom Thoraflex. During
CPB time, the perfusion is maintained at theoretical full
flow, which is calculated considering body surface area, and
deployed to the peripheral organs based on physiological
systemic resistance. Once the circulatory arrest begins, the
flow is reduced to 10-15 mL/kg/min for selective antegrade
cerebral perfusion.

During the initial cooling phase, while the heart is still
perfused and beating, LCCA and LSA are isolated, resected
and anastomosed to the two dedicated side branches of the
vascular prosthesis; cannulation and perfusion of the graft’s
cerebral perfusion side branch allows complete trivascular
antegrade cerebral perfusion throughout the circulatory
arrest time of the operation.

When debranching of arch vessels is completed, the
ascending aorta is cross-clamped, opened and cardioplegia
administered. Aortic valve and root surgery is then
performed as required by the case depending on the primary
disease. Once the body temperature is lowered to 28 °C, the
innominate artery is clamped, circulatory arrest stars and
selective trivascular antegrade cerebral perfusion begins at
10-15 mL/kg/min. The arch is then opened and the landing
zone (normally in zone 2 of the arch) is strengthened with
internal and external teflon strips. The stented part of
the graft is released in the DTA and its collar is sewed to
the arch. At this stage, a systemic visceral perfusion (max
1,200 mL/min flow) is started after cannulation of the side
branch dedicated to systemic perfusion. Once the collar
suture is completed, systemic full flow is recommenced,
and rewarming started. The proximal anastomosis is then
finalized, and aortic cross-clamp removed. The innominate
artery is now anastomosed to the dedicated branch of the
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Figure 4 The three supra-aortic vessels are anastomosed the
dedicated branches of the custom Thoraflex hybrid. The two
perfusion side branches of the device are still cannulated and

attached to the CPB circuit. CPB, cardiopulmonary bypass.

Figure 5 Final result of custom Thoraflex hybrid implantation
showing perfect length of supra-aortic vessel grafts with no kinking

and reduced anterior mediastinal encumbrance.

SAT prosthesis. Finally, the main bodies of the FET and
the SAT vascular branch of the device are anastomosed back
together (Figure 4).

Discussion

Nowadays in several institutions the FET technique is
becoming the gold standard for treatment of complex
aortic disease. Since 2018, Thoraflex Hybrid has become
our favourite FET device mainly due to the benefits of
the plexus configuration; however, in a few cases, it is not
obvious to decide which is the most appropriate graft’s
length, thus theoretically increasing the risk of redundant
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or kinked branch vessels leading to reduced blood flow to
the brain. This problem is particularly significant in small
size chest where the space for a correct alignment of the
neo-trunks is fewer and sternal closure could represent
a challenge because of the encumbrance due to the FET
device and its vascular branches.

The custom Thoraflex hybrid, as it is at present, is an
updated version of the first custom Thoraflex hybrid. The
main difference is in the relationship between the side
branches of the four-fold vascular graft which, at present,
comes attached to the main body of the graft. There is a
specific angle of take-off for each of the vascular branch
and a precise distance between the four branches which
favours the correct alignment of the neo-trunks. In the
actual configuration, the custom Thoraflex hybrid can
be potentially used in all the patients requiring complex
aortic arch surgery and a FET procedure. We believe that
this solution should be available on the shelf in all aortic
centres and ready to be used according to the case. It does
not require a different learning curve for the operating
surgeon as it represents just an evolution of the well-
known Thoraflex hybrid device. By adopting our device
modification, the graft used for SAT debranching can be
easily handled and a direct end-to-end anastomosis is made
while perfusing the vessels via the side branch. Incomplete
cerebral perfusion is reduced to the moment of LCCA
anastomosis. Interestingly, with our custom design, the
vessels’ length is more accurate and the position of the neo-
vessels in the chest prevents mispositioning and/or kinking
and facilitates sternal closure (Figure 5). Another important
aspect to underline is the possibility with this device to
perform an easier distal anastomosis more proximally on the
arch, such as in zone 0 or 1.

More data about short- and long-term outcomes will be
available in the future once the number of patients treated
with the custom device will increase.

Conclusions

A variation to the basic Thoraflex hybrid design allows
full and continuous cerebral trivascular perfusion during
the circulatory arrest time of FET procedures, facilitating
correct positioning of the intrathoracic vessels and sternal
closure by reducing anterior mediastinal encumbrance.
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