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Abstract
The treatment of complex aortic arch disease, in chronic or acute setting, has always represented a fascinating challenge 
for the heart surgeon also because, often, the involvement of the aortic arch is associated with a simultaneous involvement 
of the ascending aorta and of the proximal portion of the descending thoracic aorta. In recent years, there have been many 
surgical and/or endovascular techniques and approaches in a single step or multiple steps proposed with the aim of treating 
and simplifying these complex conditions. The first procedure available for this purpose was the conventional elephant trunk 
technique, proposed by the German surgeon Hans Borst, back in 1983. In the following years, the technique has undergone 
modifications, up to what is nowadays considered its most modern evolution, represented by the frozen elephant trunk which 
allows managing the proximal descending thoracic aorta using the antegrade release of a self-expandable stent graft. In this 
review article, we try to analyze the advantages and drawbacks of both techniques from clinical and practical points of view.
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Introduction

Complex lesions of the thoracic aorta are traditionally 
treated in two surgical steps with the “elephant trunk tech-
nique” (Fig. 1). A relatively new approach is represented by 
the “frozen elephant trunk technique” (FET) which poten-
tially allows treating the combined lesions of the thoracic 
aorta in a one-stage procedure combining endovascular 
treatment with conventional surgery using a hybrid pros-
thesis (Fig. 2). These are very complex and time-consuming 
operations, and good results can be obtained only if good 
strategies of myocardial, cerebral, and visceral protection 
are adopted. The aim of this review article is to analyze the 
benefits and pitfalls of the FET technique compared with 

the conventional elephant trunk (cET) technique in clinical 
practice.

Differences between the elephant trunk 
procedure and FET technique

The classic 2-stage elephant trunk procedure proposed by 
Hans Borst in 1983, until about 10 years ago, represented 
the most frequently employed approach in case of extensive 
disease of the thoracic aorta. This technique is a two-step 
procedure: briefly, in the first operation, the aortic arch is 
replaced, and a free-floating extension of the arch prosthesis 
(elephant trunk) is left behind in the proximal descending 
aorta. In the second procedure, surgical or endovascular, the 
prosthetic trunk can be extended to the desired level through 
an open lateral thoracotomy or with the less-invasive release 
of an endovascular stent graft. According to Borst’s origi-
nal suggestion, the length of the elephant trunk should not 
exceed 7–8 cm because a longer trunk is more likely to cause 
complications due to kinking and graft occlusion [1].

The main advantages of the elephant trunk procedure are 
mostly appreciated at stage two. In fact, the avoidance of 
dissection at the level of the distal aortic arch reduces the 
risk of nervous and bronchial structures’ injury, allows a 
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facilitated and more expeditious graft-to-graft anastomosis, 
and avoids clamping proximal to the left subclavian artery 
that may reduce the risk of stroke and paraplegia after sur-
gery. Furthermore, the elephant trunk may greatly act as a 
landing zone for following stent-graft deployments with an 
expected reduction of mortality and morbidity of the com-
pleting stage two.

A way to achieve one-stage repair of extensive aortic arch 
disease by combining the concepts of the cET principle and 
the endovascular stenting of descending aortic aneurysms 
was introduced in 2003 as the FET procedure [2].

Born as a hybrid procedure, the FET combines surgi-
cal and endovascular techniques, and it can be carried out 
with the availability of a hybrid prosthesis consisting of a 
self-expandable nitinol stent-graft distally and proximally 
by a vascular graft with zero porosity. This procedure con-
templates, in a single stage, the endovascular repair of the 
descending thoracic aorta pathology and the conventional 
graft replacement of the aortic arch through a mid-sternot-
omy. The two commercially available hybrid prostheses 
available in Europe for FET interventions are represented 
by the E- vita Open Plus hybrid stent graft system manufac-
tured by JOTEC (Hechingen, Germany) and by the Thoraflex 
Hybrid provided by Vascutek (Inchinnan, Scotland). Both 
hybrid prostheses are available in different sizes and with 
different delivery systems; they both have a sewing collar 
to facilitate distal anastomosis. The stented portion of these 
prostheses is available in different diameters (28–40 mm for 
the Thoraflex Hybrid and 20–40 mm for the E-vita Open 
Plus) and lengths (100 or 150 mm for the Thoraflex Hybrid 
and 130, 150, or 160 mm for the E-vita Open Plus). Between 
the two hybrid prostheses, the main difference is that the 
Thoraflex Hybrid graft has a quadrifurcated proximal vas-
cular portion, which is tubular in the E-vita Open Plus, to 
facilitate single reimplantation of the epiaortic vessels and 
a more rapid reperfusion of the lower part of the body once 
the distal anastomosis is completed [3–5].

The FET procedure includes several surgical steps: (a) 
total resection of the aortic arch; (b) preparation of the distal 
aortic stump and, in case of aortic dissection, the oblitera-
tion of the false lumen (FL) using of 4 or 5 U-stitches with 
pledgets inside and a Teflon felt outside; (d) advancement 
of the hybrid system in the descending thoracic aorta over 
a guidewire that has been retrogradely positioned via the 
femoral artery into the true lumen under transesophageal 
control and after systemic heparinization; (e) deployment 
of the stent graft; (f) suture of the vascular collar to the dis-
tal aorta before (arch zone 2) or after the origin of the left 
subclavian artery (arch zone 3); (g) reimplantation of the 
left subclavian artery; (h) proximal anastomosis between the 
arch and ascending aorta prostheses; and (i) completion of 
the arch vessel reimplantation, left common carotid artery, 
and brachiocephalic trunk, preferably with a beating heart 
[6].

Alternatives to the E‑vita Open Plus 
and to the Thoraflex Hybrid devices

In 2003, the Chinese surgeon Sun from Beijing devel-
oped a different hybrid device, the Cronus open stented 

Fig. 1  Post-operative CT scan 
of a cET technique

Fig. 2  Post-operative CT scan 
of a FET technique
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graft (MircoPort, Shanghai, China), consisting of a reg-
ular Dacron vascular graft and interconnected Z-shaped 
stents. At the proximal and distal ends, there is an extra 
centimeter of Dacron sewing cuff. This hybrid prosthe-
sis always needs an extravascular Dacron graft, straight 
or branched, in order to complete the reconstruction of 
the aortic arch. Sun’s procedure includes implantation 
of the hybrid graft into the descending aorta, followed 
by its anastomosis with a separate 4-branched vascu-
lar Dacron graft for total arch replacement. In order to 
minimize cerebral and cardiac ischemia, Sun’s proce-
dure foresees a special anastomotic sequence for aortic 
reconstruction: proximal descending aorta–left carotid 
artery–ascending aorta–left subclavian artery–innomi-
nate artery [7, 8].

In 2009, Desai and Pochettino from the USA described 
the “Penn technique” for hybrid hemi-arch replacement 
with antegrade deployment of a standard 10- to 15-cm 
GORE-TAG thoracic aortic stent graft (W.L. Gore & Asso-
ciates, Flagstaff, AZ) [9]. The rationale of this technique is 
to avoid the complexity of total arch replacement. In fact, 
once the stent graft is deployed and the balloon dilated 
into the descending thoracic aorta under direct vision, it is 
fixed to the native aorta. The hemi-arch anastomosis is then 
completed in a standard fashion with the TAG stent graft 
incorporated into the arch suture line. Some years later, in 
2013, a slightly modification of the “Penn technique” was 
proposed by Roselli et al. [10]; in this case, the stent graft 
is released more proximally into the arch. Two of the flares 
on the proximal stent graft are resected in order to create 
a “fenestration” around the supra-aortic vessels. The stent 
graft at the base of the fenestration is sutured to the base 
of the branch artery. The distal aortic hemi-arch anastomo-
sis is then performed in the usual fashion with a standard 
Dacron graft including the stent graft for 220 degrees of 
the circumference [11].

In 2014, a new device for aortic stent grafting was devel-
oped in Japan, the Frozenix–J Graft Open Stent (Japan 
Lifeline Co. Ltd., Tokyo, Japan), which consists of a distal 
stented portion that is made of a polyester tube with oval-
shaped nitinol stents, and a proximal unstented graft. Before 
deployment, the stented portion is bent to conform to the 
curvature of the aorta in order to facilitate the insertion of 
the device. After deployment and distal anastomosis, the 
arch vessels are reconstructed with a separate branched graft 
in an end-to-end fashion [12].

A novel evolution of the E-vita stent graft is the E-vita 
Open NEO; it is available in three variants: the first one with 
a stent and an arch graft with a side branch for lower-body 
perfusion; the second one with a stent graft and the arch 
graft having individual branch grafts for selective anastomo-
sis to the supra-aortic arch vessels; and third, the “Spielvogel 
type”: projected for a “no-arch-touch” technique with the 

suture line in zone 0. A new device is the E-Novia: this pros-
thesis will be suitable for acute type I aortic dissection; Penn 
B, C, and BC; and patients with severe concomitant disease. 
It will have a covered and non-covered stent-graft portion. 
The covered stent graft will be released in the descending 
thoracic aorta and non-covered stent-graft in the aortic arch 
(similarly the petticoat technique). The anastomosis would 
be then performed in zone 0, and hence, it could allow reduc-
ing ischemic times as well as hypothermic circulatory arrest 
time [13].

Tips and tricks for the positioning of the hybrid 
prostheses

Based on our experience, we identified several useful “tips and 
tricks” that could facilitate FET implantation:

 1. The entire aorta has to be carefully investigated before 
operation through the angio computer tomography 
(CT) scan, especially in case of acute or chronic dis-
section, where it is mandatory to know the origin of the 
visceral arteries (true or false lumen) and the presence 
of the distal re-entry sites.

 2. Place, under transesophageal control and after sys-
temic heparinization, a guide wire in the thoracic aorta 
through the femoral artery, to correctly position the 
stent-graft portion, above all, in case of dissection, in 
order to be sure to put the prosthesis in the true lumen.

 3. Drain the cerebrospinal f luid (spinal pres-
sure < 12 mmHg) before and immediately after sur-
gery.

 4. Use crystalloid cardioplegia with long myocardial pro-
tection and protect the brain with antegrade cerebral 
perfusion;

 5. Use the angioscopy to view inside the descending tho-
racic aorta before and immediately after release of the 
stent graft.

 6. Restart systemic perfusion and “rewarming” immedi-
ately after completing the distal aortic arch anastomo-
sis.

 7. Avoid stent oversizing in acute aortic dissection and 
consider a 10–20% oversizing in the case of chronic 
aneurysm.

 8. Consider using branched aortic arch grafts when epi-
aortic vessels are involved.

 9. Avoid long stent-graft trunks (> 150 mm) to reduce the 
risk of spinal cord injuries (SCI).

 10. Keep mean systemic pressure > 70–80 mmHg after 
device implantation to better perfuse the spinal cord.
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Indications for the use of cET and FET

Chronic degenerative and post‑dissection aortic 
aneurysms

In case of chronic degenerative aneurysm, the conven-
tional surgical approach would include, as the first surgical 
step, the open replacement of the aortic arch using the cET 
technique, followed by a second-step open or endovascular 
repair of the aneurysmal descending or thoracoabdominal 
aorta [14, 15]. The rationale of this staged approach is 
fundamentally related to the advantage of eliminating the 
need of cross-clamping the aorta proximally to the left 
subclavian artery during the second operation. However, 
although this approach has allowed patients to be treated 
satisfactorily, its main limitation is represented by the 
fact that more than half of the patients did not arrive at 
the second surgical step, both because they died between 
the first and the second steps and because some patients 
refused another surgical operation. This drawback can 
be partially attenuated by the alternative FET technique 
which is extremely useful and effective in patients whose 
aneurysms are limited to the arch and proximal descend-
ing thoracic aorta and in patients who present saccular 
aneurysms of the mid-distal arch for which endovascular 
treatment is deemed technically unsuccessful or does not 
represent the best therapeutic option. However, as with 
the cET, the use of stent grafts in chronic aortic dissec-
tion is arguable because it does not constitute a definitive 
repair. In fact, the partially thrombosed and fibrotic arte-
rial wall will not allow the stent graft to expand enough to 
obliterate the FL and, in the same time, distal re-entries 
often cause retrograde flow into the false lumen not allow-
ing its depressurization and thrombization. This condition 
leaves the patients to be at risk for further reinterventions 
in the distal thoracic aorta. One of the main issues of cET 
and FET in both degenerative and chronic post-dissection 
aneurysms is the increased risk of permanent and transient 
SCI, with a reported incidence of between 0.4 and 3% [16, 
17] in the case of cET and a significantly higher rate for 
FET, with studies reporting incidences greater than 10% 
[17, 18]. A possible explanation for this could lie in the 
prolonged times of hypothermic circulatory arrest or in the 
coverage of the proximal descending thoracic aorta with 
the occlusion of intercostal arteries along the stent-graft 
deployment [19].

Acute type A aortic dissection

Conventional treatment of acute type A aortic dissec-
tion (AAAD) is represented by emergent surgery of the 

ascending aorta with the resection of the primary intimal 
tear. Except in cases of dissection limited to the ascend-
ing aorta (De Backey type II), current consensus favors 
the open distal anastomosis in order to perform a more 
complete and radical repair with a more accurate re-
approximation of the dissected aortic wall and a direct 
visualization of further arch intimal tears [15]. In fact, 
patent false lumen (PFL) rates are reported in more than 
60% of the cases of thoracic aorta dissection and it is one 
of the most important risk factor for late dilatation and 
further reoperation [20, 21]. A direct association between 
the patency of the false lumen and reoperation on the 
remaining distal aorta has been also demonstrated [22]; 
so in light of this and in order to reduce the incidence of a 
patent FL and the consequent rate of reoperation, attempts 
to extend the aortic replacement have been performed. 
This more aggressive surgical approach for AAAD, i.e., 
a “prophylactic” total arch replacement as protocol in the 
case of a dissected aortic arch, irrespective of the loca-
tion of the entry site, might improve long-term outcomes 
reducing the incidence of residual patent FL [23]. Com-
plete thrombosis of the false lumen is one of the main 
objectives after surgery for aortic dissection, and when 
this does not occur, an increase of the pressurization of 
the false lumen will increase wall tension, elevating the 
risk of distal aortic enlargement and possible rupture. In 
this acute scenario, the cET and, more recently, the FET 
techniques are two surgical alternatives available despite 
their opposite approaches to the treatment of the dissected 
descending aorta.

The cET may be a valid option for total arch replacement. 
This technique facilitates interval repair of distal aortic aneu-
rysms. However, in case of acute dissection, it can present 
some technical difficulties due to the small diameter of the 
true lumen. Moreover, if the false lumen is pressurized, the 
floating graft can result compressed and this phenomenon 
results in a little chance for late FL thrombosis.

The FET in acute type A aortic dissection (ATAAD) 
aims to depressurize and induce thrombosis of the FL, and 
moreover, it should be considered also as a valuable adjunct 
in patients with distal aortic malperfusion; re-entry tears 
involving the proximal descending thoracic aorta, distal arch, 
or descending thoracic aorta rupture; an aneurysmal distal 
arch; and a severely damaged aortic arch hindering safe dis-
tal aortic arch anastomosis [23]. In patients with malperfu-
sion syndrome, the importance of the FET technique lies in 
its potential to fully open the compressed true lumen and to 
cover additional entry tears located in the proximal descend-
ing thoracic aorta, which maintain pressurization of the FL. 
Moreover, by inducing both coverage of secondary entry tears 
and obliteration of the peri-stent FL, the FET is assumed to 
further reduce the risk of distal aortic dilatation and therefore 
reduce late aortic-related events and the need for complex 
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distal aortic reinterventions [24, 25]. A length of approxi-
mately 10 cm from the arch zone two or three (beyond the left 
common carotid artery or the left subclavian artery) usually 
seems to be enough to stabilize the dissected arterial wall and 
favors true lumen expansion downstream. The oversizing of 
the stent graft should be avoided to prevent formation of new 
intimal tears distal to the stent graft. However, data from pre-
vious studies showed positive aortic remodeling only at the 
level of the stent graft, with almost 20% of patients remaining 
at risk for secondary reintervention due to the negative remod-
eling in the distal aortic tracts. In this context, long-term clini-
cal data are still needed to demonstrate a clear survival benefit 
from aggressive versus conservative management of the aortic 
arch in ATAAD.

Acute type B aortic dissection

The standard treatment for acute complicated type B aortic 
dissection (BAAD) is thoracic endovascular aortic repair 
(TEVAR). However, when endovascular treatment is not 
possible or contraindicated [26] because of unfavorable 
aortic anatomy, high risk of retrograde type A dissection, 
or connective tissue disorders, open surgery represents a 
viable alternative to primary TEVAR and its effectiveness 
has already been reported [27].

In fact, in the case of the proximal landing zone on a dilated 
aortic arch higher than 40 mm or excessively angulated, con-
comitant aneurysmal dilatation of the ascending aorta and/or 
aortic arch requiring surgical correction, and a dissected left 
subclavian artery with an additional intimal tear which could 
potentially maintain perfusion of the false lumen despite cor-
rect stent-graft deployment, open surgical treatment could be 
an optimal solution instead of the endovascular one. In these 
cases, FET has emerged as a safe, useful, and effective treatment 
option [26]. An expert consensus opinion from the Vascular Dis-
ease Domain of the European Association for Cardio-Thoracic 
Surgery (EACTS) recommended FET in type B acute aortic 
dissection when primary TEVAR is not feasible or the risk of 

retrograde type A-AAD is high [14]. Weiss et al. in 2014 pub-
lished the first multicenter experience on FET in type BAAD 
showing an acceptable in-hospital mortality and SCI rates (14% 
and < 4%, respectively). The study also confirmed the efficacy 
of the hybrid prosthesis to induce obliteration of the peri-stent 
FL, with a complete FL thrombosis of 75% immediately after 
the operation increasing to 97% in the long term [27].

Results of cET vs FET

Several studies reported a comparison of cET and FET 
(Table 1): in a study in 2013, Leontyev et al. reported 
an in-hospital mortality of 8.7% for FET and 21.6% for 
cET and a higher incidence of SCI for FET (21.7% vs 
4%) [17]. Similarly, Di Eusanio et al. reported higher in-
hospital mortality incidence for patients who underwent 
cET (13.9% vs 4.8%) with a lower incidence of SCI in 
both groups (4.8% in the FET group vs 2.9% in the cET 
group) [28]. The group of Hannover reported a double 
incidence in terms of mortality for cET with a similar 
incidence of SCI and reintervention at follow-up (FU). A 
more recent study conducted on AAAD in Japan revealed 
similar in-hospital mortality for the two techniques (5% 
cET vs 6% FET) with no event of SCI [29]. In 2021, a 
multicenter Canadian study reported that FET repair is 
associated with lower in-hospital mortality as compared 
to cET, and results in similar risk of stroke and SCI [30].

Advantages and disadvantages of the “elephant trunks—
classic and frozen—options” (Table 2).

Classic elephant trunk

Advantages

• Simplify distal aortic arch anastomosis [31, 32]

Table 1  Summary of studies 
comparing cET and FET

Author Technique
(FET, cFT)

Hospital 
mortality

SCI Follow-up survival Reintervention

Leontyev 2013 [17] FET 8.7 21.7 40 (5 years) 10.9
cET 21.6 4.0 68 (5 years)

Di Eusanio 2014 [28] FET 4.8 4.8 72.8 (4 years)
cET 13.9 2.9 75.8 (4 years)

Shrestha 2015 [34] FET 12.4 4.8 62 (4 years) 26.1
cET 24.7 5 44 (4 years) 24

Inoue 2019 [29]  FET 6 0 – –
cET 5 0 – –

Hage 2021 [30] FET 9 5 – –
cET 13 2 – –
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• Simplify second-step thoracoabdominal aortic proce-
dures [33]

Disadvantages

• Need a second-step procedure [31, 34]
• High mortality rate in the interval between the first- and 

second-step procedures [33, 35]

FET

Advantages

• Allows single-step treatment [8, 36]
• Simplify second-step thoracoabdominal aortic proce-

dures [34, 37, 38]
• Reduces the risk of additional distal aortic surgery [7, 11, 

38, 39]
• Reduces the time for hypothermic circulatory arrest and 

myocardial ischemia [3, 40]

Disadvantages

• Increased risk of SCI compared with cET [25, 41]
• Cost of the devices [4, 34]

Bologna experience with FET and cET

Bologna experience with the FET procedure started in 
2007. From 2007 to nowadays, 340 patients were treated. 
The mean duration of antegrade selective cerebral perfu-
sion (ASCP) was 95.5 ± 36.8 min with a mean cardiopul-
monary bypass time of 230.2 ± 69.2  min. The myocar-
dial ischemic times and the visceral ischemic times were 
146.3 ± 52.4 min and 53.6 ± 9.8 min, respectively. Overall 
in-hospital mortality was assessed at 16.6% (including both 
elective and emergent surgeries). The stroke rate was 8.8% 
and the SCI rate was 10.3%. Renal failure (permanent dialy-
sis) was reported in 3.3% of the cases. The mean hospital 
stay was 22.3 ± 19 days. Ninety patients (29%) needed a 

reintervention in the follow-up period: 86 pts received an 
endovascular treatment and 4 underwent open thoracoab-
dominal aorta repair.

With the introduction of the FET, the use of cET has 
undergone a significant reduction over the years.

In the last 20 years, 65 patients underwent cET in Bolo-
gna. The mean duration of ASCP was 91 ± 34.3 min with a 
mean cardiopulmonary bypass time of 219.8 ± 78 min. The 
myocardial ischemic times and the visceral ischemic times 
were 143.5 ± 50.2 min and 58.9 ± 26.7 min, respectively. The 
overall in-hospital mortality was 21.5%. The stroke rate was 
9.2% and no SCI was reported. Renal failure (permanent 
dialysis) was reported in 4.6% of the cases. Fifteen patients 
(23.1%) underwent reintervention with TEVAR and 6 (9.2%) 
with open thoracoabdominal aorta repair.

Discussion

The treatment of complex lesions of the thoracic aorta, many 
of them extending from the ascending aorta to the descend-
ing thoracic aorta, has always been a fascinating “challenge” 
even for surgeons focused on aortic surgery.

In this sense, a propulsive push to this type of surgery 
was given in the early 1980s by the German surgeon Hans 
Borst, who developed the two-steps elephant trunk technique 
which, for many years, was undoubtedly the most widely 
used technique for the treatment of extensive pathologies 
of the thoracic aorta involving the ascending aorta and the 
aortic arch [1]. The ET technique had the great advantage of 
making the second procedure on the thoracic and/or thora-
coabdominal aorta easier.

However, the main concern of the elephant trunk tech-
nique resided in the fact that the risks of two major sur-
gical procedures and the risk during the time interval 
between the two interventions added up cumulatively. To 
reduce the cumulative risks of the staged approach, some 
surgeons have preferred a single-stage repair with a clam-
shell incision, a left lateral thoracotomy, or a combination 
with a median sternotomy and a left lateral thoracotomy. 
Along with the advent of transfemoral stent grafts for the 

Table 2  Advantages and disadvantages of the cET and FET techniques

cET FET

Advantages Disadvantages Advantages Disadvantages

Simplifies distal aortic 
arch anastomosis

Needs a two-stage procedure Allows single-stage treatment Increased risk of SCI

Facilitates thoraco-
abdominal aortic 
interventions

Interval mortality Facilitates thoracoabdominal aortic interventions Technically demanding

Reduces the risk of additional distal aortic surgery Cost of the device
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treatment of descending aortic aneurysms, it became pos-
sible to securely anchor a stent graft in an elephant trunk 
prosthesis, previously placed during arch surgery. The idea 
of using an elephant trunk prosthesis, as a stent graft, has 
represented the antechamber to what can be considered the 
modern evolution of cET, and that has “revolutionized” 
the open surgery of the thoracic aorta, represented by the 
FET technique which is probably the latest introduced to 
the armamentarium of the cardiac surgeon to treat extensive 
lesions of the thoracic aorta. In fact, the chance to perform 
a simultaneous antegrade stenting of the descending aorta 
in only one step led most cardiovascular surgeons to switch 
to this treatment option.

Both procedures, the cET and the FET, as described 
above, present advantages and disadvantages, and a care-
ful selection of which of the two techniques should be used 
should always be guided by etiology and anatomical indica-
tions. Undoubtedly, if on one hand the main advantage of 
the cET is that during the second-stage operation, the sur-
geon needs to anastomose only the descending thoracic aorta 
graft with the previously placed ET, instead of the distal 
aortic arch, simplifying the procedure considerably, from the 
other, one of the main disadvantages is the need of 2 opera-
tions, with the associated and cumulative risk of mortality 
and morbidity. In addition, death may occur in the interval 
between the first and the second step, owing to the rupture of 
the untreated segment of the aorta. Moreover, a large num-
ber of patients are lost to the second operation [33]. In fact, 
most patients—from 30 to 50% after the first procedure—did 
not reach the second operation because they did not show, 
or they refused, or more importantly, because there was no 
proper indication [42]. From this point of view, the main 
advantage of the FET is that it often does not necessitate a 
second procedure but, if required, it is not precluded.

Patients affected by aortic dissection with complex arch 
tears involving the distal arch and/or proximal descending 
thoracic aorta may benefit from treatment with FET [14, 15]. 
In this setting, a stent graft released in the descending tho-
racic aorta may enlarge the true lumen, obliterate secondary 
entry tears, and induce FL thrombosis and remodeling and 
hence improve freedom from distal redo and survival [36]. 
In an interesting manuscript, Dohle et al. studied the fate of 
the dissected aorta after FET: the aortic pathology is often 
transferred to the downstream aorta and a careful follow-up 
is mandatory: in 88% FL thrombosis at the stent graft com-
pared with a 25% FL thrombosis down to the coeliac trunk. 
Within the first year, positive or stable aortic remodeling was 
found again in 90% of patients at the level of stent graft vs 
58% at the origin of visceral arteries. In a recent multicenter 
Canadian study, the FET technique results superior in terms 
of in-hospital mortality, and neurological complications 
including SCI when used in AAAD [30].

The FET showed good results also for the treatment of 
chronic degenerative aneurysm [2, 34]. In the last report of 
the E-vita Open international registry of 2020 accounting 
for 1165 patients, the overall in-hospital mortality rate was 
12% and permanent cerebral and spinal cord complications 
occurred in 5.2% and 3.9% respectively [36]. These results 
demonstrate that, even in the era of less-invasive approaches 
such as TEVAR after the conventional or the FET proce-
dure, close surveillance is fundamental to reduce mortality 
at follow-up. Moreover, it should always be kept in mind 
that sudden death may occur whenever one is dealing with 
diffuse aortic diseases. Unlike with the cET, the main draw-
back of the FET is the increased risk of paraplegia, which 
ranges from 0 to 21.7% in the literature [43]. Likewise, 
in the multicenter study of Leontyev et al., the authors 
reported an overall rate of paraparesis and paraplegia of 
7.5% with similar rates among different aortic patholo-
gies: 6.5% in type A-AAD, 10% in type B-AAD, 10.9% in 
chronic type A aortic dissection, and 7.6% in thoracic aortic 
aneurysm [44]. A distal landing zone of T10 or more was 
identified as the only independent predictor for the occur-
rence of SCI [44].

Both the cET and the FET techniques are complex opera-
tions; however, the refinement of organ protection together 
with new technologies leads to a simplifying and increas-
ing use of these surgical techniques. Only future research 
accompanied by longer follow-up data will clarify the actual 
benefit of the “new” over the “old” trunk procedure.

Conclusions

The cET and FET procedures represent the most significant 
technical improvements to the treatment of complex aortic 
arch pathologies in the last 40 years. The FET allows the 
durable exclusion of the proximal segment of an otherwise 
extensive thoracic/ thoracoabdominal aortic disease; fur-
thermore, the stent graft in the mid-descending aortic seg-
ment facilitates a second open thoracoabdominal approach. 
Recent technical advances have given us the opportunity to 
reduce the surgical invasiveness. Facilitated graft implanta-
tion along with further improvement in the stented portion 
of the FET-hybrid prosthesis will probably be used more 
widely.
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