
ISSN: 2233-601X (Print)   ISSN: 2093-6516 (Online)

− 1 −

†
This article was presented at the Bundang Aortic Surgery Symposium (BASS) in July, 2016 at Bundang, Korea.

Received: November 16, 2016, Revised: November 24, 2016, Accepted: November 25, 2016, Published online: February 5, 2017

Corresponding author: Davide Pacini, Sant’Orsola Hospital, via Massarenti 9, Bologna University, 40138 Bologna, Italy

(Tel) 39-0512143361 (Fax) 39-051345990 (E-mail) davide.pacini@unibo.it

© The Korean Society for Thoracic and Cardiovascular Surgery. 2017. All right reserved.

 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 

licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly

cited.

The Frozen Elephant Trunk Technique: European Association 
for Cardio-Thoracic Surgery Position and Bologna Experience

Luca Di Marco, M.D., Ph.D., Antonio Pantaleo, M.D., Alessandro Leone, M.D., 

Giacomo Murana, M.D., Roberto Di Bartolomeo, M.D., Davide Pacini, M.D., Ph.D.

Department of Cardiac Surgery, Sant’Orsola Hospital, Bologna University

Complex lesions of the thoracic aorta are traditionally treated in 2 surgical steps with the elephant trunk 

technique. A relatively new approach is the frozen elephant trunk (FET) technique, which potentially allows 

combined lesions of the thoracic aorta to be treated in a 1-stage procedure combining endovascular treat-

ment with conventional surgery using a hybrid prosthesis. These are very complex and time-consuming oper-

ations, and good results can be obtained only if appropriate strategies for myocardial, cerebral, and visceral 

protection are adopted. However, the FET technique is associated with a non-negligible incidence of spinal 

cord injury, due to the extensive coverage of the descending aorta with the excessive sacrifice of intercostal 

arteries. The indications for the FET technique include chronic thoracic aortic dissection, acute or chronic 

type B dissection when endovascular treatment is contraindicated, chronic aneurysm of the thoracic aorta, 

and chronic aneurysm of the distal arch. The FET technique is also indicated in acute type A aortic dis-

section, especially when the tear is localized in the aortic arch; in cases of distal malperfusion; and in young 

patients. In light of the great interest in the FET technique, the Vascular Domain of the European 

Association for cardio-thoracic Surgery published a position paper reporting the current knowledge and the 

state of the art of the FET technique. Herein, we describe the surgical techniques involved in the FET tech-

nique and we report our experience with the FET technique for the treatment of complex aortic disease of 

the thoracic aorta.
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Introduction

The treatment of complex pathologies of the thora-

cic aorta has been and remains a challenge for car-

diovascular surgeons. Until the early 2000s, the com-

bined pathologies of the arch and of the descending 

thoracic aorta were mainly treated by a 2-stage ap-

proach, the elephant trunk (ET) technique described 

in 1983 by Borst et al. [1]. Over time, this technique 

evolved [2,3], but the most important change was the 

introduction of a hybrid prosthesis that consists of a 

distal endovascular stent graft and a proximal con-

ventional surgical graft. The modified technique was 

named Frozen Elephant Trunk (FET) technique [4]. 

The FET procedure has gained popularity because it 

has simplified the treatment of complex thoracic 
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aortic pathologies.

In Europe, at the moment, 2 hybrid prosthesis are 

available for the FET procedure that have obtained 

the ‘Conformité Européenne’ mark: the E-Vita Open 

Plus (Jotec GmbH, Hechingen, Germany) and the Tho-

raflex hybrid device (Vascutek Terumo, Inchinnan, 

Scotland, UK). The E-Vita Open Plus was the first 

commercially available hybrid prosthesis, and it is 

composed of a proximal part consisting of a vascular 

prosthesis and a distal part consisting a self-ex-

pandable nitinol stent graft. In 2012, a hybrid pros-

thesis known as the Thoraflex hybrid device was in-

troduced by Vascutek Terumo. The proximal part con-

sists of a quadruple- branched vascular prosthesis, 

and the distal part is a self-expandable nitinol stent 

graft with a different stent shape. The multi-branched 

portion allows individual arch vessel reimplantation 

to be performed and perfusion of the lower part of 

the body to be started through the fourth branch 

once the distal anastomosis is completed.

Until December 2014, more than 28,000 hybrid 

prostheses were implanted worldwide [5]. Due to the 

great interest in the FET technique, the Vascular 

Domain of the European Association for Cardio-thora-

cic Surgery (EACTS) felt the need to write a position 

paper in which, with the help of other experienced 

aortic surgeons, the current knowledge and the state 

of the art regarding the FET technique were pre-

sented [6]. The study design included a PubMed 

search, and information was extracted from 97 rele-

vant publications. The FET technique was found to 

be used to treat acute and chronic aortic dissection, 

atherosclerotic aneurysms involving the arch and the 

descending aorta, and even other aortic diseases, 

such as penetrating aortic ulcers. All hybrid devices 

available in the market were utilized in the studies. 

The authors reported in-hospital mortality rates 

ranging from 1.8% to 17.2%, and other complications 

were similar to those reported in series of classical 

arch surgery procedures, except for spinal cord 

injuries. The incidence of paraplegia or paraparesis 

was significantly higher when the FET technique was 

used. Various mechanisms seem to play a role in the 

occurrence of this devastating complication: the cov-

erage of the descending aorta beyond T7–T8; the 

longer duration of spinal cord ischemia; air or cor-

pusculate microehboli or throhboehbolish. The study 

had some limitations: being limited to single-center 

experiences, its retrospective design, the inclusion of 

different surgical methods and techniques, the small 

number of some series due to the rarity of this com-

plex pathology, differences regarding the hybrid de-

vices utilized, and the heterogeneity of the patient 

population.

However, despite the above limitations, the posi-

tion paper of the EACTS Vascular Domain provided 

useful recommendations. In particular, in cases of 

type A dissection, it was suggested to perform the 

FET technique to close the primary entry tear in the 

distal portion of the aortic arch or in the proximal 

half of descending aorta, to treat or to prevent con-

comitant malperfusion syndrome, or to avoid the fu-

ture dilatation of the false lumen in the distal aorta. 

Furthermore, in cases of type B dissection, the use of 

FET was advised when endovascular approach was 

not possible or when the risk of retrograde pro-

gression of the dissection was high. Moreover, the 

FET technique can be considered in patients affected 

by extensive thoracic or thoracoabdominal aortic dis-

ease when either repeated open surgery or endovas-

cular treatment is expected.

In Bologna, we started our FET program in 2007, 

and since then we have operated on more than 200 

patients. Our experience started with the E-Vita Open 

prosthesis, which was used in 157 patients, and since 

the branched Thoraflex device became available, we 

have implanted 44 of those devices.

The indications for the FET procedure were type A 

chronic dissection in 94 patients (with the large ma-

jority of these patients having residual dissection af-

ter treatment of acute type A dissection), chronic de-

generative aneurysm in 60 patients, and chronic type 

B aortic dissection associated with an ascending arch 

aneurysm in 21 patients. Twenty-two patients were 

operated on for acute type A aortic dissection and 4 

for acute type B dissection. Of the patients, 104 had 

undergone a previous aortic operation.

The main surgical procedures were total arch re-

placement and FET in 64 patients; only FET in 5 pa-

tients; and total arch, FET, and other procedures in 

132 patients. In the majority of patients (132), asso-

ciated procedures such as proximal aortic root sur-

gery were performed. The key aspects of these oper-

ations are accurate assessment of the aortic anatomy, 

the implementation of reliable methods of organ pro-

tection, and the use of effective surgical techniques 
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Fig. 1. (A, B) Preoperative com-

puted tomography scans with sag-

ittal multi-planar reconstruction of 

a patient with chronic aneurysm of 

the aortic arch and type B acute 

dissection treated with a Thoraflex 

Hybrid device. (C, D) Postoperative 

results at follow-up.

and strategies. The entire aorta must be carefully in-

vestigated before the operation; especially in cases of 

acute or chronic dissection, it is mandatory to know 

the origin of the visceral arteries (true or false lu-

men) and the presence and the localization of the 

distal re-entry sites. As is also the case for the use of 

TEVAR to treat acute dissection, the usual recom-

mendation is to avoid any oversizing of the stent to 

reduce the risk of stent-induced new entry. In chron-

ic aortic aneurysms, it is fundamental to know the 

exact diameters of the distal landing zone in the de-

scending thoracic aorta to ensure the correct sizing 

of the stent graft. In such cases, stent oversizing is 

indicated to permit optimal distal stent-graft sealing.

Surgical technique

Our surgical approach included a full median ster-

notomy and antegrade selective cerebral perfusion 

(ASCP) according to the Kazui's technique [7], with 

moderate hypothermia as method of brain protection 

as has been recently described [8,9]. Briefly, after 

systemic heparinization, a guide-wire was inserted 

through the femoral artery in the true lumen of the 

descending thoracic aorta under transesophageal echo-

cardiographic control. For cardiopulmonary bypass 

institution, the arterial cannulation sites usually were 

the right axillary artery, directly or through 8-mm 

Dacron graft interposition; the innominate artery; or 
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Fig. 2. (A) Preoperative computed 

tomography scans with 3-dimen-

sional volume rendering recons-

truction and (B) sagittal multi-pla-

nar reconstruction of a patient with 

chronic dissection treated with the 

E-Vita Open Plus device. (C, D) 

Postoperative results at follow-up.

the right carotid artery through 8-mm Dacron graft 

interposition. Venous drainage was achieved by can-

nulation of the right atrium or femoral vein in cases 

of complex reoperations. A left ventricle drain was 

inserted through the right superior pulmonary vein. 

Our strategy for cerebral protection consisted of 

ASCP with moderate hypothermia, as described in de-

tail elsewhere [8]. In all patients, near-infrared spec-

troscopy was utilized to monitor cerebral perfusion. 

Circulatory arrest was performed at a target naso-

pharyngeal temperature of 25
o

C. Myocardial pro-

tection was achieved with the infusion of cold crys-

talloid cardioplegia via the modified Bretschneider 

solution (Custodiol; Koehler Chemie, Alsbach- Haenlein, 

Germany), which guarantees 3 hours of myocardial 

protection. After the arch was completely resected, 

and cannulation of the left carotid and of the left 

subclavian arteries for antegrade cerebral perfusion 

was instituted, the proximal descending aorta was 

prepared using an external Teflon felt fixed with 

some (usually 4) internal pledgeted U-stitches. In pa-

tients with aortic dissection, the false lumen was sur-
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Fig. 3. Evolution of the ET techni-

que over time. ET, elephant trunk; 

FET, frozen elephant trunk.

gically obliterated at the level of the distal stump. 

The stent-graft system (E-Vita Open or Thoraflex hy-

brid device) was introduced in an antegrade fashion 

in the descending aorta over the previously posi-

tioned stiff guide-wire and released. For Thoraflex 

hybrid device positioning, once the device was re-

leased, a circumferential anastomosis between the 

collar and the previously prepared native aorta was 

performed to ensure that the implant was correctly 

sealed. Systemic perfusion was then restored in an 

antegrade manner through the side branch of the 

graft. The supra-aortic vessels were then separately 

reimplanted starting from the left subclavian artery. 

In most patients, proximal repair was performed af-

ter the left subclavian artery reimplantation in order 

to reduce the cardiac ischemic time. In other cases, 

all the supra-aortic vessels were first reimplanted, 

and the proximal repair was subsequently performed. 

The distal anastomosis can be localized just beyond 

the left subclavian artery, between the left subclavian 

artery and the left carotid artery, or even more 

proximally. It is clear that more proximal distal anas-

tomoses can be performed more easily, with less risk 

of left recurrent nerve damage (Fig. 1).

For E-Vita Open Plus positioning, the stent-graft 

system was also introduced in an antegrade fashion 

in the descending aorta over the previously posi-

tioned stiff guide-wire and released. The incorporated 

Dacron graft was pulled back and the collar was su-

tured to the previously prepared descending aorta. 

Usually, 10 minutes of lower body reperfusion was 

then achieved through the graft while hemostasis at 

the distal anastomosis and preparation of the island 

containing the arch vessels was performed. The arch 

vessels island was then reimplanted and the distal 

flow definitively restored. Proximally, the Dacron 

graft was anastomosed to the native ascending aorta 

or to the previous aortic prosthesis in cases of aortic 

reoperation (Fig. 2).

For spinal cord protection, we routinely used cere-

brospinal fluid (CSF) drainage, which was set up and 

positioned the day before the operation.

We preferred to use the Thoraflex hybrid device 

when the origins of the arch vessels were widely 

separated or when the arch vessels were severely in-

volved with the dissecting process.

Following the experience of Tsagakis [10], we rou-

tinely used angioscopy during the procedure: before 

the deployment of the hybrid prosthesis in order to 

have a clear vision of the aortic anatomy, and after 

the deployment to assess the correct position and 

opening of the stent.

In our experience, 41 patients required endovas-

cular extension at a mean time of 31 months after 

surgical intervention due to incomplete thrombosis of 

the false lumen in most the patients, and in a very 

few cases for inadequate distal sealing.

Conclusion

The treatment of complex lesions of the thoracic 

aorta still represents a challenge; however, it has been 
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simplified by the introduction of the FET technique.

At the end of the 1990s, this technique was named 

the open stent-grafting technique by some Japanese 

surgeons [2,3], combining antegrade endovascular 

stenting simultaneously with arch repair. Some years 

later, in 2003, this procedure was modified by Karck 

et al. [4] with the introduction of a custom-made hy-

brid prosthesis, and it was referred to as the FET 

technique. Over the last years, the hybrid prosthesis 

has undergone several changes, most recently with 

the introduction of the branched FET in 2012 (Fig. 3).

The use of this technique to treat complex lesions 

of the thoracic aorta is becoming increasingly com-

mon due to encouraging short-term and medium- 

term results [11-14]. Until December 2015, more 

than 28,000 prostheses were implanted worldwide, 

and interestingly, more than half were used in China. 

In a recent review, Ma et al. [5] reported an early 

mortality rate ranging from 6.4% to 15.8%. Similar 

results were reported in the recent position paper of 

the Vascular Domain of EACTS [6]. Data from the 

E-Vita registry demonstrated that the early results 

were comparable (without significant differences) be-

tween aortic dissection and chronic degenerative 

aneurysm, with in-hospital mortality rates of 17.1% 

and 13.2%, respectively [15]. One of the most im-

portant complications associated with FET is spinal 

cord injury (SCI), which has a non-negligible in-

cidence [16].

SCI during FET surgery is multifactorial, and spinal 

cord ischemia and occlusion of the thoracic inter-

costal arteries seem to be the most important risk 

factors. Its incidence could probably be reduced with 

shorter coverage of the descending aorta or with a 

shorter period of spinal cord ischemia.

The drainage of CSF has been demonstrated to be 

a useful means to prevent SCI, so we strongly recom-

mend its use during FET surgery. In the consensus 

paper of EACTS, it was reported that SCI tends to oc-

cur more frequently in patients undergoing oper-

ations for chronic dissection [6]. The FET procedure 

has been demonstrated to be a very useful technique 

in both chronic and acute dissection because by re-

storing the flow in the true lumen and covering the 

proximal entry tears, thrombosis of the false lumen 

is promoted. In a recent meta-analysis we showed 

that partial or complete thrombosis of a persistent 

false lumen occurred in more than 90% of cases of 

acute type 1 aortic dissection treated using the FET 

technique [16]. Visceral ischemia due to the complete 

thrombosis of the false lumen can occur if the viscer-

al arteries originate from the false lumen itself, and 

no re-entries are present in the distal portion of the 

aorta. In order to avoid this complication, computed 

tomography angiography of the entire aorta should 

be performed before the operation. We believe that 

the FET procedure should be contraindicated if re- 

entries are not present in the distal descending 

thoracic and thoracoabdominal aorta or when the 

origin of the visceral arteries is from the false lumen.

In conclusion, the FET technique represents a fea-

sible and efficient option in the treatment of complex 

thoracic aortic pathologies. This technique allows 1- 

stage repair and, if necessary, it offers a secure land-

ing zone for additional endovascular procedures or 

second-stage open thoracoabdominal aortic aneurysm 

repair. Moreover, refinements in surgical technique 

have contributed to improved early and late outcomes.
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