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Abstract

Aim: To describe the long-term experience of a simplified frozen elephant trunk technique (sFETT) used in complicated

acute type A aortic dissection (AAAD) treatment.

Methods and results: Between January 2001 and December 2012, 34 patients (mean age 59.9� 11.0 years) with

complicated AAAD (DeBakey I) underwent an emergency surgery including sFETT. sFETT consisted in gluing the dis-

sected aortic arch wall layers with gelatine-resorcinol adhesive and video-assisted antegrade open arch aortic stent-graft

deployment in the arch or proximal descending aorta. In addition to sFETT, the aortic root was addressed with standard

techniques. A 30-day mortality was 14.7% (five patients) due to bleeding (1), multiple organ failure (2), and colon ischemia

(2). Postoperative morbidity included neurological (2), renal (1) and cardio-pulmonary complications (4), as well as

wound infection (1). Mean follow-up was 74.4� 45.0 months. Actual survival rates were 73.5% at 1 year, 70.2% at 5

years, and 58.5% at 13 years of follow-up. Six patients died during long-term follow-up from heart failure (1) and

unknown reasons (5). Five patients required reoperation for aortic arch (3) or aorto-iliac (2) progression of aneurysm

during the mid- and long-term follow-up. The remaining patients showed favorable evolution of the dissected aorta with

false lumen occlusion in most cases and stable aortic diameters.

Conclusions: In AAAD patients, sFETT as used in our series is an easy and safe technique to repair the aortic arch.

Long-term results after sFETT showed false lumen occlusion and stable aortic diameter in up to 13 years of follow-up.
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Introduction

Acute type A aortic dissection (AAAD) is the most
frequent life-threatening aortic disease. Surgical repair
is usually limited to the replacement or repair of the
aortic root, replacement of the ascending aorta and,
eventually, the aortic arch or a part of it.
Unfortunately, any remaining native aortic wall in the
aortic arch and descending aorta can undergo degener-
ation that may require redo procedures with significant
complication rates. To prevent such complications,
Borst et al.1 described the elephant trunk (ET) tech-
nique in 1983. The ET technique implies the replace-
ment of the aortic arch with a graft having a free-
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floating end (the ‘‘elephant trunk’’) extending from the
aortic arch into the descending thoracic aorta. Latter
floating graft facilitates secondary descending aortic
repair through a lateral thoracotomy.2–4 A major draw-
back of the ET technique is that the distal arch anas-
tomosis might be challenging or impossible to seal
especially when it is performed in patients with a
severe coagulation disorder, as commonly encountered
in acute aortic dissections. To face these drawbacks, the
frozen elephant trunk (FET) technique was developed
and first described in 2003.5 For the FET, a hybrid
graft is used. This graft has at its distal end a stent-
reinforced section that is self-expanding when deliv-
ered, and that fixes the graft in the descending aorta
without the need to perform an anastomosis. In fact,
the stent-reinforced section of the hybrid graft is similar
to a self-expanding stent-graft used in endovascular
aortic repair (EVAR). The proximal part of the
hybrid graft consists of a Dacron graft implanted in
the aortic root using standard techniques. The
supraaortic vessels may be anastomosed end-to-end to
side branches of the graft or as a patch.6–13

Unfortunately, some delivery systems are quite cumber-
some and deployment of the stented portion of the graft
might be imprecise, therefore causing a far more distal
landing than intended.

In this article, we describe our long-term experience
with a simplified FET technique (sFETT). This tech-
nique consists of an implantation of the stent graft
into the descending aorta after gluing the layers of
the aortic root and aortic arch using a French glue
and replacement of the ascending aorta with supraaor-
tic vessels. This is an approach that allows a more
accurate landing of the stent graft and was developed
in 2001, a time, when FET grafts were not yet available.

Methods

The study was performed following the principles out-
lined in the Declaration of Helsinki, the protocol and
informed consent was approved by the Institutional
Review Board, all subjects gave informed consent.
Between January 2001 and December 2012, a total of
34 consecutive patients (22 men and 12 women) with
complicated AAAD (DeBakey I) were treated by using
sFETT. CT angiography was performed in all patients
in order to confirm the diagnosis and to assess the exact
extension of the dissection. sFETT was implemented in
patients with complicated dissection anatomy such as
tight and extensive true lumen channel compression
(34) and radiological signs of compromised aortic
branch vessels14 (renal: 25 and/or visceral: 18 and/or
peripheral: 9) with or without clinical symptoms of mal-
perfusion. Dissection extended >5 cm into the supra-
aortic trunks in 19 patients (56%) and/or into the

visceral and/or the renal vessel in 8 patients (18%).
Overall, dissection extended infrarenally in 33 patients
(97%). An aneurysm of the aortic arch and/or the des-
cending aorta was detected preoperatively in 19 patients
(56%). Overall, all patients were considered to be
candidates for aortic arch replacement and eventually
elephant trunk procedure. Emergent surgery was
performed in all patients just after admission.

Operative technique

Depending on the extension of the dissection and/or the
presence of a thrombus and its location and/or exten-
sion in the true and/or false lumen, the right or left
axillary artery was exposed and cannulated (Figures 1
and 2). A venous cannula was inserted percutaneously
into the right atrium from the right common femoral
vein in all patients. Cardiopulmonary bypass (CPB)
was gradually established, and sternotomy was per-
formed once CPB support was started. Patients’ tem-
perature was cooled down to 20–24�C before
circulatory and cardiac arrest. Generally, the left
atrium was cannulated to achieve optimal heart decom-
pression, and the coronary sinus was cannulated for
cardioplegia infusion. After circulatory arrest, the
aorta was opened and the endoluminal aortic anatomy
was carefully inspected. During this time, cerebral per-
fusion was maintained through the brachiocephalic
trunk and/or selective cerebral perfusion through the
left carotid and/or the left subclavian artery. After
cleaning the dissected arch from any thrombus, the
layers were glued together by using French glue, a gela-
tin-resorcin formalin (GRF) glue (Cardial/BARD,
Saint-Etienne, France), and Pruit compliant catheter

Figure 1. Schema of the endoscope assisted stent-graft

deployment in circulatory arrest. Antegrade cerebral circulation

is performed through the right axillary artery.

524 Vascular 24(5)

 at UZH Hauptbibliothek / Zentralbibliothek Z?rich on September 19, 2016vas.sagepub.comDownloaded from 

http://vas.sagepub.com/


(LeMaitre, MA, USA) was inflated to achieve full con-
tact between the dissected aortic layers whilst the adhe-
sive was polymerizing. The aortic stent-graft was then
inserted into the proximal descending aorta through the
open aortic arch over a guide wire. This procedure,
especially during the early years, was mostly guided
with the support of an endoscopy camera to accurately
control the procedure (Figure 1).15 In half of the
patients, the proximal extremity of the stent-graft was
landing distally of the left subclavian artery. In the
remaining 17 cases, the stent-graft encroached or cov-
ered intentionally the left subclavian artery and/or the
left carotid artery in order to exclude an aortic tear
located in the aortic arch and subsequent debranching
of the covered vessels. Overall, a debranching of the
supraaortic trunks was performed in 9 patients.
Considering the hypothermic situation and self-expand-
ing properties of Nitinol, the stent-graft was generally
not molded with a balloon. In our latter experience, the
stent-graft was fixed to the native aortic arch wall by
using some pledges-reinforced Ticron sutures
(Covidien, Dublin, Ireland). Following this, a polyester
graft was sutured in an end-to-end manner to the
repaired aortic arch, and systemic perfusion was
restored. Finally, the aortic root including the coronary
artery ostiums were repaired by using French
glue (n¼ 34), and a second graft was sutured to the

sino-tubular junction (n¼ 29). Complete aortic root
replacement by using biological or mechanical compos-
ite graft was performed in 5 patients showing aortic
root aneurysm and/or aortic valve disease and/or
when root repair was unsuccessful. When two grafts
were used, both proximal and distal ascending grafts
or distal ascending graft and composite aortic root
graft were sutured together.

Stent-graft devices

Three types of stent-graft were used for sFETT. The
TAG stent-graft (WL Gore, AZ, USA) was used in
6 patients (18%), the Talent stent-graft (Medtronic,
MN, USA) was used in 5 patients (15%) and E-Vita
stent-graft (Jotec Company, Hechingen, Germany) was
used in 23 patients (67%). To avoid stentgraft-asso-
ciated damage of the aortic wall and/or the dissection
membrane, the diameter of the stent-graft was not over-
sized with regard to the native aorta diameter (external
aortic diameter at expected landing zone). The Gore
TAG mean diameter was 34.5� 3.5mm, the Talent
mean diameter was 34.2� 1.6mm and the E-VITA
mean diameter was 32.4� 2.9mm. Stent-graft length
was 10 cm for both the Talent and the Gore stent-
graft and 13 cm for the Evita device. In all patients a
single stentgraft was used.

Figure 2. Steps of the video-assisted stent-graft deployment. (a) Inspection of the true channel: Identification of the dissection tear

(entry) in the distal arch and of the distal landing zone. (b) Introduction of the stent-graft. Special care is taken of not to pass the stent-

graft through the tear and to avoid landing in the false channel. (c) Endoscope controlled stent-graft deployment. (d) Fixation of the

stent-graft to the aortic wall just distal to the left subclavian artery.
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CT angiography

Follow-up CT angiography was performed in 28
patients. Maximal aortic diameter was measured pre-
operatively and during the follow-up at the following
levels: aortic root, ascending and descending aorta at
the level of pulmonary artery bifurcation, aortic arch or
descending aorta at the proximal landing zone of the
stent-graft; descending aorta at the level of the distal
stent-graft landing zone; visceral aorta at the level of
the celiac trunk and the renal arteries, the infrarenal
aorta and the common iliac arteries. In patients treated
during follow-up with a bifurcated Dacron graft, aortic
diameter measurements were taken just before the graft
replacement was performed and postoperatively before
discharge from the hospital and during the annual
follow-up.

Study design and statistics

Data of all patients treated with sFETT from January
2001 and December 2012 were collected retrospectively
according to the ethical standards of our institution.
Data analysis included follow-up data of the cohort
up to December 2013. Statistical analysis was per-
formed using SPSS 20.0 for Windows (SPSS Inc.,
Chicago, IL). If not otherwise specified, values are indi-
cated as mean� standard deviation (SD). Differences
between groups were calculated using the unpaired
two-tailed Student’s t-test. Standard Kaplan–Meier
actuarial technique was used to analyze survival.
A p-value of< 0.05 was considered significant.

Results

The patients’ mean age was 59.9� 11.0 years (range
36–80 years) (Table 1). All patients initially presented
with acute symptoms, mostly chest pain. One patient
presented initially unconscious and one patient required
a short period of mechanical cardiopulmonary resusci-
tation. There was no intraoperative death, and 30 days
mortality was 14.7% (five patients). Causes of death
were bleeding due to a coagulation disorder (1), multiple
organ failure (2), and colon ischemia (2). The patients
who died of colon ischemia showed an extensive colon
ischemia already on preoperative CT scan. There were
neurologic complications in two patients (5.9%). Both
patients showed hemiplegia postoperatively, and cere-
bral infarction was confirmed by CT scan. However,
one of these patients presented symptoms already pre-
operatively. One patient had acute renal insufficiency
and required hemodialysis; however, he completely
recovered. Four patients (11.8%) required prolonged
intubation and underwent tracheotomy.

Mean follow-up is 49.4� 45.0 months. Six patients
(18%) underwent secondary aortic procedures during

follow-up. There were no complications during or fol-
lowing these procedures. In particular, attention should
be drawn to two patients. One patient developed sec-
ondary type Ia endoleak necessitating a redo procedure
6 years after AAAD. This patient was treated endovas-
cularly with periscope endograft to the left subclavian
artery and T-EVAR landing in Zone 2. One patient
developed bilateral iliac artery aneurysms which were
addressed 2 years after AAAD by implantation of a
bifurcated Dacron graft.

Diameters of the descending aorta and the iliac
arteries remained stable during the whole follow-up
period (Figure 3). Differences between pre- and post-
operative aortic and iliac artery diameters measured at
any level were 4.9%� 21.7%, 46.1% (maximum), 0%
(minimum), and 2.6% (median). A significant diameter
reduction was noted at the level of the aortic root and
the ascending aorta; however, this difference reflects the
replacement of the diseased aorta, generally an aneur-
ysm, by a smaller sized aortic graft (p< 0.05) (Figure 3).
The false lumen in the aortic arch disappeared post-
operatively in 23 patients (82.1%) and overall, the
diameter of the aortic arch showed a significant reduc-
tion (p< 0.05) (Figure 3). The false lumen distally from
the aortic stent-graft disappeared or significantly
decreased in 7 patients (30%) (representative examples
are shown in Figures 4 and 5). After surgery, there was
a significantly lower incidence of aortic branch-vessels
compromise in the CT angiography both of the
supraaortic vessels (40.7% vs. 17.5%; p< 0.05)

Table 1. Patients’ characteristics.

Demographic data

� Patients’ number 34

� Mean age (years) 59.9� 11.0

� Sex (Male/Female) 21/22

Comorbidity

� Coronary artery disease 3

� Cerebral vascular disease 2

� Chronic obstructive pulmonary disease 2

Cardiovascular risk factors

� Diabetes mellitus 2

� Smoking 10

� Arterial hypertension 21

Marfan syndrome 1

Initial symptoms

� Chest pain 32

� Hemodynamic collapse 1

� Unconscious 1

� Hemiplegia 2

� Peripheral neurology 4

� Dyspnea 3
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Figure 3. Comparison of pre- and postoperative (last follow-up CTA) diameters at different levels of the aorta. Decrease of

diameter at the level of the ascending aorta and the aortic arch are consequences of surgery (i.e. graft replacement).

Figure 4. Preoperative CT scan of an AAAD patient. The false lumen extends from the ascending aorta to the abdominal aorta.

Figure 5. Six months follow-up CT scan of patient of Figure 4. The false lumen disappeared over the entire length after the sFETT.

Kobayashi et al. 527

 at UZH Hauptbibliothek / Zentralbibliothek Z?rich on September 19, 2016vas.sagepub.comDownloaded from 

http://vas.sagepub.com/


and the renovisceral arteries (29.6% vs. 17.2%; p< 0.05)
(Table 2).

During long-term follow-up, there were six deaths.
One of the patients died from heart failure. The last CT
angiography of the other five patients did not show any
significant aortic degeneration and, therefore, it may be
assumed that the cause of death was not related to an
aortic pathology. Survival rate was 73.5% at 1 year,
70.2% at 5 years, and 58.5% at 10 years of follow-up
(Figure 6).

Discussion

The primary purpose of AAAD treatment is to save life
and the secondary purpose is to prevent the extension
of dissection and the development of an aortic aneur-
ysm which may require an extensive aortic surgery
eventually extending to the supraaortic vessels and the
descending aorta. Latter procedures, however, have
high mortality rates and may cause severe complica-
tions such as hemorrhage, cerebral and/or spinal infarc-
tion and pulmonary disorders.

Gluing the dissection’s layer with adhesives like
fibrin glue, French glue or Bioglue is a well-known
and effective repair method of the dissected aortic
root.16 However, this method has drawbacks when

used in the dissected aortic arch. In particular, re-dis-
section and cerebral embolization of glue particles have
been described.17 In contrast to the aortic root where
flow through the false lumen can completely be
stopped, the descending aorta mostly remains dissected.
As a consequence, retrograde perfusion and re-dissec-
tion of the aortic arch might occur soon after restoring
aortic perfusion. In some complicated cases of the
extended AADs, the true lumen is compressed causing
a branch-vessel compromise the abdominal organs and
the lower extremities. In order to restore the impaired
perfusion, the true lumen of the aorta has to be reo-
pened. In order to achieve this, we developed the
sFETT. The sFETT combines gluing the aortic arch
and deploying, through the aortic arch, an aortic
stent-graft landing in the distal arch and the descending
aorta. The stent-graft has different functions. Re-adap-
tation of the dissected layer is promoted all along the
aortic stent-graft down to the mid-descending aorta. It
eventually covers and excludes an aortic tear that might
be located in the aortic arch or the proximal part of the
descending aorta. Thereby, retrograde arch reperfusion
and potential cerebral glue embolization is ruled out.
Finally, if necessary and in analogy to the frozen ele-
phant trunk technique, a distal extension of the stent-
graft in the descending aorta can be achieved by a
transfemoral approach. Compared with other repair
techniques for AAAD, sFETT is easier and less inva-
sive, especially, a primary aortic arch replacement is not
necessary any more. In some cases, it could be eventu-
ally combined with a debranching of supraaortic
trunks. Besides that, sFETT enables treatment of a
tight true lumen channel compression and improves
the blood flow of the downstream vessels, thereby pre-
venting a malperfusion. For comparison, 30-day mor-
tality rate of the sFETT in our series of patients with
branch-vessel compromise and therefore a high risk of
malperfusion is 8%. versus operative mortality of 19%
after FET technique in AAAD patients with

Table 2. Dissection and aortic branch vessel compromise.

Preoperative Follow-up P

Dissection

� Supraaortic vessels (RSA, RCCA, LCCA, LSA) 85.2% 62.1% n. s.

� Renovisceral vessels (TC, SMA, RRA, LRA) 51.9% 41.4% n. s.

� Iliac vessels 66.7% 68.9% n. s.

Compromised aortic branches

� Supraaortic vessels (RSA, RCCA, LCCA, LSA) 40.7% 17.5% <0.05

� Renovisceral vessels (TC, SMA, RRA, LRA) 29.6% 17.2% <0.05

� Iliac vessels 7.4% 6.9% n. s.

RSA: right subclavian artery; RCCA: right common carotid artery; LCCA: left common carotid artery;

LSA: left subclavian artery; TC: truncus coeliacus; SMA: superior mesenteric artery; RRA: right renal

artery; LRA: left renal artery.

Figure 6. Kaplan–Meier estimate of survival.
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malperfusion.18 A worldwide experience of FET and its
variations was recently analyzed in a population of 700
patients including 400 of both acute and chronic dissec-
tions, the mean perioperative mortality in dissection
patients was 6% with Ius et al.3 A perioperative mor-
tality of 14.7% in our study using sFETT is at least
comparable to these prior reports and can be con-
sidered low given the fact that we performed sFETT
only in patients with compromised aortic branch vessels
a known risk factor for malperfusion and in hospital
mortality.3,19,20

The impact of the sFETT on the evolution of post-
operative aortic dissection is impressive. After sFETT,
there was a significantly lower incidence of branch-
vessel compromise the supraaortic vessels (40.7% vs.
17.5%; p< 0.05) and the renovisceral arteries (29.6%
vs. 17.2%; p< 0.05) (Table 2). In 23 of 28 surviving
patients (82%), the false lumen in the aortic arch pri-
marily disappeared. This is similar to the outcome of
the more complex FET technique with a previously
described operative mortality of 8.1%.18 The reason
for the residual dissection in the aortic arch in five of
our patients is not completely clear. Retrograde perfu-
sion from the distal thoracic or abdominal aorta might
have maintained the perfusion of the false channel or
may have produced a ‘‘de novo’’ dissection in the arch.
In our first five cases, the aortic stent-graft was just
deployed and not surgically fixed at its proximal land-
ing zone (proximal descending aorta or distal aortic
arch). Postoperative CT angiography of these patients
showed in some cases a residual perfusion through the
false channel. To rule out such leaks, we then started to
systematically fix the stent-grafts transparietally at its
proximal landing zone, just after its deployment.

We first described sFETT in 2001.15 Our long-term
sFETT data on 34 patients extend the promising pre-
liminary results of the following series performed by
Roselli et al.12 These colleagues analyzed early and
intermediate outcome of 17 patients operated with
sFETT between June 2009 and February 2012. In this
study, there were no perioperative deaths, and all
patients were still alive at intermediate follow-up.
Moreover, the proximal aortic repair was stable in all
patients, and the false lumen was thrombosed in the
treated segment in 87.5% of patients, which was similar
to our outcome data showing the thrombosis of the
false lumen in 82.1% of the patients.

Simplified FETT is a less invasive and relatively easy
and safe technique to repair the aortic arch in patients
presenting with complicated AAAD. Our long-term
results of up to 13 years follow-up show a false lumen
occlusion and stable aortic diameters in most patients.
Therefore, sFETT may be considered as a valuable
technique for facilitating complex and/or complicated
AAAD treatment.
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