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Background: Different approaches are available to treat patients with complex and extensive diseases of
the thoracic aorta. This study aims to report and comment on our experience with the frozen elephant trunk
(FET) technique.

Methods: Between January 2007 and July 2012, 122 patients (male: 86.9%; mean age: 61 years) underwent
extensive thoracic aorta surgery using the FET approach with an E-vita open prosthesis. The most frequent
indications for surgery included residual type A chronic dissection (45.9%), extensive degenerative aneurysm
of the thoracic aorta (27%), and type A acute aortic dissection (7.4%). Sixty-nine patients had already
undergone cardiac/aortic interventions through a median sternotomy. A total of 60 associated procedures
were performed, with 76.6% on the aortic root. Selective antegrade cerebral perfusion and moderate
hypothermia were used in all cases.

Results: Overall, hospital mortality was 15.2%. Post-operatively, 7.4% and 9.0% of patients were
complicated by permanent neurologic dysfunction and spinal cord injury, respectively. For the surviving
patients, 1- and 3-year freedom from all-cause mortality was (91.7+2.8)% and (79.1+6.1)%, respectively. 1-
and 3-year freedom from re-intervention was (83.1+3.5)% and (74.1+4.3)%, respectively.

Conclusions: In our experience, FET surgery allowed treatment of complex patients with extensive
thoracic aortic diseases with satisfactory short- and mid-term results. Acute and chronic dissections represent
interesting subsets for FET application. While further larger and longer-term studies are required to show
the survival benefits of the FET technique versus other types of management, new strategies for spinal cord

injury (paraplegia/paraparesis) reduction should also be researched.

Keywords: Aorta; hybrid; frozen elephant trunk

doi: 10.3978/j.issn.2225-319X.2013.08.01

Introduction

The continuous search for improved techniques in the
treatment of patients with extensive disease of the thoracic
aorta represents a formidable challenge for the cardiovascular
surgeon. The encroachment of thoracic aortic endovascular
repair into the arch segment has promoted the development
of different hybrid approaches with the frozen elephant trunk
(FET) strategy, which includes classic arch replacement and
antegrade stenting of the descending thoracic aorta, emerging
as a valuable technique (1-7). In the present study, we report
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our experience with the FET and discuss the indications and
outcomes of this approach.

Patients and methods
Patients

Between January 2007 and July 2012, 122 patients underwent
extensive thoracic aorta surgery using the FET approach
with an E-vita open prosthesis JOTEC® GmbH, Germany).
Pre-, intra- and post-operative data were obtained using
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a prospective database supplemented by a chart review.
Institutional review board approval was obtained for data
collection and analysis, with a waiver for individual consent.

Surgical technique

In the present series, the E-vita Open and E-vita Open Plus
prostheses were used in all cases for the FET construction.
The 2™ generation E-vita Open Plus prosthesis differs from
the 1" generation E-vita Open as it has a proximal zero-
porosity Dacron portion, making it suitable for aortic arch
replacement.

Brain protection was achieved with bilateral selective antegrade
cerebral perfusion (SACP; flow rate: 10 mL/kg/min; perfusion
pressure: 40-70 mmHg) and moderate hypothermia (26 °C)
in all cases. Monitoring for SACP included bilateral
radial artery pressure lines, nasopharyngeal and bladder
temperatures, and regional oxygen saturation in the frontal
lobes by near-infrared spectroscopy (8). Spinal cord fluid
drainage was routinely used in the last years of the study
period.

Our technique for arch replacement using the FET
technique has been described previously (9). In brief, all
procedures were performed using a median sternotomy.
After systemic heparinization, a guidewire was inserted
through the femoral artery and advanced to the ascending
aorta. In patients with aortic dissection, trans-esophageal
echocardiography confirmed the correct positioning of the
guide-wire in the true lumen.

For cardiopulmonary bypass (CPB), the aorta,
axillary, innominate and femoral arteries were used as
sites for arterial inflow while the right atrium or bi-caval
cannulation ensured venous drainage. A left ventricle
drain was inserted through the right superior pulmonary
vein. Myocardial protection was achieved using crystalloid
cold cardioplegia (Custodiol, Koehler Chemie, Alsbach-
Haenlein, Germany). When feasible, proximal repairs
were initiated during the cooling phase. Subsequently,
circulatory arrest was instituted at a nasopharyngeal
temperature of 26 °C, and the aortic arch was opened and
bilateral SACP was established. Our perfusion strategy
most frequently contemplated right axillary or innominate
artery cannulation for perfusion of the right hemisphere
and endoluminal cannulation of the left common carotid
artery for perfusion of the left hemisphere. The left
subclavian artery was often cannulated to improve proximal
spinal cord and left vertebral system perfusion. The arch
was completely resected and the proximal descending aorta
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was prepared for the distal anastomosis. For selection of the
graft size, a 10-20% oversizing of the measurement of the
distal landing zone was used for degenerative aneurysms.
Oversizing was avoided in dissected patients. Sizing was
based on the diameters of the descending aorta for acute
dissections as well as the diameter of the true lumen for
chronic dissections, as measured preoperatively using
computed tomography (CT) scan or intra-operatively using
standard sizers. In patients with acute or chronic dissection,
obliteration of the false lumen was obtained using external
Teflon felt fixed with four internal pledgetted U-stitches.
The stent-graft system was then introduced over the guide-
wire and deployed in the descending thoracic aorta. The
incorporated Dacron graft was pulled back and sutured
to the previously prepared descending aorta using a 2-0
polypropylene running suture. After ten minutes of lower
body reperfusion, the arch vessels were re-implanted using
the E-vita Open Plus graft or a separate graft when the
E-vita Open was employed. The proximal anastomosis
usually completed the aortic repair.

Statistical analysis

Continuous variables were expressed as the mean = SD
and were analyzed using the unpaired 2-tailed t-test. The
categorical variables were presented as percentages and
were analyzed with the X test or Fisher exact test. A 2-tailed
P value less than 0.05 was considered statistically significant.
All the pre- or intra-operative variables which achieved
P values less than 0.05 in the univariate analysis were
examined using multivariate analysis by stepwise logistic
regression to evaluate independent risk factors for adverse
outcome, a composite outcome variable including death
permanent neurological dysfunction (PND: stroke or coma) =
spinal cord injury (SCI: paraplegia/paraparesis).

Patients were followed in the outpatient clinic, and by
CT/magnetic resonance imaging reviews and telephone
calls. For the surviving patients, survival curves were
estimated at 1- and 3-year using the Kaplan-Meier method.
Independent predictors of 3-year mortality were determined
using Cox proportional hazards analysis. Statistical analysis
was carried out using SPSS 20.0.

Results
Patient characteristics

Between January 2007 and July 2012, 122 patients (male:
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Table 1 Aortic characteristics and indications
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Table 3 Intra-operative data

N (%) N (%)
Acute type A aortic dissection 9 (7.4) Arterial cannulation site
Residual type A chronic dissection 56 (45.9) Femoral 8 (6.6)
Chronic type A aortic dissection 5(4.1) Axillary 69 (56.6)
Acute type B aortic dissection 1(0.8) Ascending aorta 13 (10.7)
Chronic type B aortic dissection 18 (14.8) Innominate 26 (21.3)
with associated proximal aneurysm Femoral-Axillary 1(0.8)
Degenerative aneurysm 33 (27.0) Arch vessel re-implantation
Maximal thoracic aorta diameter (mm) 64+13 En bloc 62 (50.8)
Maximal descending thoracic aorta diameter (mm) 56+17 Separated grafts 56 (45.9)

Table 2 Patients’ pre-operative characteristics

N (%)
Age (mean + SD; years) 61+10
Male 106 (86.9)
Urgency/emergency 17 (13.9)
Hypertension 106 (86.9)
Chronic obstructive pulmonary disease 19 (15.6)
Renal insufficiency 3 (2.5)
Coronary artery disease 11 (9.0)
Diabetes 3 (2.5)
Cerebral vasculopathy 7 (5.7)
Previous cardiac/aortic surgery 69 (56.6)

Chronic obstructive pulmonary disease, defined as a forced
expiratory volume in 1 second between 30% and 50%
of the predicted value with or without chronic symptoms;
Renal insufficiency, defined by creatinine >1.2 mg/dL in
patients undergoing elective interventions and/or by a urine
output <10 mL/kg/min in those undergoing emergency
surgery; Coronary artery disease, as documented at pre-
operative coronary imaging, or based on patient history
of previous acute myocardial infarction, or previous
percutaneous or surgical myocardial revascularization;
Cerebral vasculopathy, cerebrovascular accident >72 hours,
and/or carotid artery stenosis >50%; SD, standard deviation

86.9%; mean age: 61 years) underwent extensive thoracic
aorta surgery using the FET approach with an E-vita open
prosthesis. The most frequent indications for surgery
included residual type A chronic dissection (45.9%),
extensive degenerative aneurysm of the thoracic aorta or
saccular aneurysm of the distal aortic arch (27%), and type
A acute aortic dissection (7.4%) (Table 1). In type A acute
aortic dissection patients, the indications for the FET

© AME Publishing Company. All rights reserved.

www.annalscts.com

None 4 (3.3)
Associated procedures

Aortic valve repair/replacement 26 (21.3)
Modified Bentall 20 (16.4)
CABG 13 (10.7)
Mitral valve replacement 1(0.8)
Operative times (mean + SD; minutes)

CPB 237164
Myocardial ischemia 153+48
Visceral ischemia 64+18

ASCP 88+23
Nasopharyngeal temperature (mean+SD; °C) 25+1

CABG, coronary artery bypass graft; CPB, cardio-pulmonary
bypass; SACP, selective antegrade cerebral perfusion; SD,
standard deviation

technique included an entry tear located in the distal aortic
arch (n=4), a distal aortic arch rupture (n=1), a dissecting
lesion limited to the proximal descending thoracic aorta
(n=1), and young age (n=3). The most relevant preoperative
comorbidities are illustrated in 7able 2.

Operative data

During CPB, an antegrade aortic flow was obtained in 108
(88.5%) patients using the right axillary artery (n=69), the
innominate artery (n=26), and the ascending aorta (n=13)
as sites for arterial cannulation. The arch was completely
replaced in 118 (96.7%) patients, while in 4 patients, the
arch was opened longitudinally to allow the deployment
and fixation of the hybrid prosthesis, and was then re-
sutured without resection. The most frequently associated
procedures involved the aortic valve and root (76.6%).
Operative times are shown in Table 3.

Ann Cardiothorac Surg 2013;2(5):597-605



600

Table 4 Hospital outcomes

N (%)
Death 21 (17.2)
PND 9 (7.4)
SCI 11 (9.0)
Adverse outcome (death + PND + SCI) 27 (22.1)
Respiratory failure 35 (28.7)
Renal failure 30 (24.6)
Re-sternotomy for bleeding 15 (12.3)
ICU stay (median, Q1-Q3; days) 4 (2-8)
Hospital stay (median, Q1-Q3; days) 15 (11-24)

PND, permanent neurological dysfunction (stroke and/
or coma); SCI, spinal cord injury (paraplegia/paraparesis);
Respiratory failure, defined as ventilatory support >3 days,
re-intubation, tracheostomy; Renal Failure, defined as new
post-operative creatinine >2.5 mg/dL or need for temporary/
definitive dialysis; ICU, intensive care unit

Hospital outcomes

Overall, 21 (17.2%) deaths occurred, 16 (15.2%) in elective
and 5 (29.4%) in urgent patients (P=0.1), respectively. The
causes of death were aortic (n=1), multi-organ failure (n=14),
neurologic (n=3), cardiac (n=2), and pancreatitis (n=1). As
assessed by the surgeons, anesthesiologists and neurologists,
PND (stroke or coma) occurred in 9 patents (7.4%),
and SCI (paraplegia/paraparesis) in 11 (9.0%). Adverse
outcome, a composite outcome variable for death + PND =
SCI, occurred in 22.1% of cases. The other most relevant
postoperative complications are shown in Table 4.

With multivariate logistic regression, CPB time emerged
as the only independent predictive risk factor for an adverse
outcome [odds ratio (OR), 1.007/min; 95% CI, 1.000-1.013;
P=0.045].

Follow-up

The follow-up was 100% complete. Thirteen deaths
occurred during follow-up. For the surviving patients,
1- and 3-year freedom (%) from all-cause mortality was
(91.7£2.8)% and (79.1+6.1)%, respectively (Figure I).

Among all pre- and intra-operative variables, age (OR,
1.08; 95% CI, 1.00-1.15; P=0.034) and diabetes (OR, 7.5;
95% CI, 1.6-35.6) were identified as independent predictive
risk factors for all-cause death at follow-up.

During the follow-up period, 29 aortic interventions
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Figure 2 Kaplan Meier estimates of 1- and 3-year freedom from

re-intervention

were performed, 26 of which consisted in an endovascular
distal aortic extension, 2 in an abdominal aorta aneurysm
resection, and 1 in the resection of a sub-valvular aortic
stenosis. Overall, 1- and 3-year freedom from re-
intervention was (83.1+3.5)% and (74.1+4.3)%, respectively
(Figure 2). As compared to other underlying aortic diseases,
chronic dissection was associated with a higher rate of re-
intervention (29.1% vs. 14.0%; P=0.06). Nevertheless, we
were not able to identify the independent predictive risk
factors for re-intervention at follow up. Overall, secondary

Ann Cardiothorac Surg 2013;2(5):597-605



Annals of cardiothoracic surgery, Vol 2, No 5 September 2013

3D1
3

On
On

601

Projection Distance: 5.21 ¢m
Projection Min/Max: 32 /303

Figure 3 Possible indications for frozen elephant trunk surgery in our Institution. A. Subacute type B aortic dissection in a patient with

a chronic degenerative aneurysm of the aortic arch measuring 53 mm; B. chronic post-dissection aneurysm of the proximal descending

thoracic aorta. A David’s valve sparing root reconstruction and hemiarch replacement was performed at onset of dissection; C. DeBakey

Type 1 acute aortic dissection. The intimal tear (white arrow) is located at the distal aortic arch; D. Saccular aneurysm of the mid-distal

aortic arch. Saccular aneurysm of the mid-distal aortic arch with an associated aneurysm of the innominate artery

aortic procedures were associated with a 100% technical
success rate and 100% freedom from death and major
complications.

Discussion

The FET approach has emerged as an interesting form of
treatment for patients with extensive disease of the thoracic
aorta, and its application has significantly increased over
recent years.

At our institution, the FET technique was first performed
in 2007. Since then, indications have been extended
significantly and currently include a wide variety of diseases,
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ranging from degenerative aneurysms of the aortic arch to
acute or chronic aortic dissections, type A or B (Figure 3).
During surgery for acute dissection, patients with
complex arch tears involving the distal arch and/or
proximal descending thoracic aorta certainly represent
an interesting subset for FET application. In fact, this
approach can simplify the surgical procedure, as the distal
anastomosis can be easier and more safely performed at
a more proximal level, while the incorporated stent-graft
can accomplish the more demanding distal repair and
cover the entry tear (10). Catastrophic conditions of distal
malperfusion with compression of the true lumen at the
descending thoracic aorta can also be approached using the
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Figure 4 FET surgery in chronic dissection in 2 separate cases. A. 3D-volume rendering CT image showing complete thrombosis of the

peri-stent false lumen. The distal false lumen is patent with no dimensional growth over the last 42 months (maximal diameter 48 mm); B.

total arch and thoraco-abdominal hybrid aortic repair in a patient with a DeBakey Type 1 chronic dissection

FET technique, which, favoring false lumen obliteration
and true lumen re-opening, may re-establish optimal end-
organ perfusion and improve final outcomes. Studies from
Hessen University (11) and the Cleveland Clinic (7) have
shown how FET techniques (which are often associated
with secondary endovascular procedures to optimize final
results) can result in superior outcomes for this high-risk
group of malperfused patients when appropriately employed
in hybrid operative rooms by a multi-disciplinary team. In
acute dissections, the FET technique, by favoring distal
aortic remodeling, is also expected to improve long-term
outcomes by reducing the number of late aortic events, re-
interventions and mortality (12,13). If this proves to be true,
the prognosis of patients surviving primary interventions
for DeBakey Type I acute dissection will dramatically
improve. For the time being, despite encouraging data
showing improved radiological results (remodeling) and
trends towards fewer re-interventions in FET patients
(3,5,14), a substantial survival benefit of the FET versus
more conservative techniques has yet to be demonstrated,
and more robust data are necessary to standardize new
paradigms of treatment in patients with acute dissection.
Hence, while experienced surgeons and centers are called
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upon to thoughtfully explore new forms of treatment,
dissection-related as well as non-dissection-related (age,
connective tissue disease, surgical experience) factors remain
key determinants in deciding how aggressively to address
the dissected descending thoracic aorta in DeBakey type I
acute dissection patients.

During surgery for chronic dissection, the conventional
surgical approach would consider an initial open surgical
replacement of the aortic arch using the classic elephant
trunk technique, followed by an open repair of the
aneurysmal descending or thoraco-abdominal aorta (15).
Although this elegant approach has contributed greatly
to aortic surgery and has allowed patients to be treated
with satisfactory results (16), it is still associated with
some limitations, including increased mortality due to two
major aortic procedures, interval mortality, and failure to
complete aortic repair. These shortcomings can be partially
attenuated by the alternative FE'T technique.

The conventional elephant trunk techniques and FET
represent opposite approaches to treatment of the dissected
descending aorta. At primary intervention, the FET technique
aims to depressurize and induce thrombosis of the peri-stent
dilated false lumen (Figure 4). Conversely, the conventional
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elephant trunk technique, by requiring a wide distal surgical
intimal fenestration, results in high pressurization of the false
lumen and little chance for late false lumen thrombosis (9).
The results from the most important series (17-21) using
the conventional elephant trunk approach have shown that
up to 25% of patients die during the interval between the
two interventions, mostly due to aortic rupture. Taking this
into account, the FET technique may be protective against
interval mortality. In our experience, distal malperfusion
secondary to the surgical obliteration of the false lumen
has not been a concern in FET patients, most likely due
to careful patient selection. After careful assessment of the
aortic anatomy at pre-operative imaging, it was determined
that true and false lumina at the distal descending and
abdominal aorta almost invariably communicate by
numerous distal re-entries, which ultimately guarantee
adequate end-organ perfusion. In chronic dissection, the
use of stent-grafts and FET technique is also questionable
because it does not constitute a definitive repair. The
thickened fibrotic lamella will not allow the stent-graft to
obliterate the false lumen, and the ever-present distal re-
entries will not permit depressurization and thrombosis of
the distal false lumen. This remains true, and ultimately
translates into the necessary meticulous clinical and imaging
surveillance of FET patients at risk for further distal re-
interventions. In our experience, 26 patients underwent
secondary endovascular extension to cover the re-entry
tears at the distal descending thoracic aorta. However, it is
worth noting that: (I) the stented elephant trunk represents
an excellent proximal landing zone for secondary stent-graft
deployment, (IT) outcomes after secondary endovascular
procedures were excellent with a 100% technical success
rate, and no deaths or major complications, and (III) this
approach, which involves patient surveillance and prompt
endovascular extensions to optimize thrombosis of the
false lumen, appears to effectively control aneurysmal
degeneration of the dissected descending thoracic aorta.
Furthermore, compared to the proximal descending aorta,
the dissected abdominal aorta shows more stable behavior
with infrequent and slower dilatation during follow-up
despite the common presence of numerous re-entry tears
(Figure 44). In the last year, we offered an abdominal aorta
replacement with de-branching of the visceral vessels
followed by conclusive stent-grafting of the residual aortic
segments to those few patients who have shown progressive
aneurysmal degeneration of the distal descending thoracic
and abdominal aorta (Figure 4B). Based on the recent
“collateral network” notion (22), which indicates that
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restoring good spinal cord perfusion is a time-dependent
process, our staged abdominal de-branching procedures are
expected to be associated with improved spinal cord and
renal outcomes. Our initial results appear promising, but are
certainly not sufficient to reach any definitive conclusion.

During surgery for degenerative aneurysms, the FET
technique was found to be extremely effective in patients
whose aneurysms were confined to the arch and proximal
descending thoracic aorta. This technique was also effective
in those presenting with saccular aneurysms of the mid-
distal arch for which treatment with stent-grafting was
deemed technically unsuccessful.

FET surgery is not completely free from complications.
In line with reports by the International E-Vita open
Registry (23), our hospital outcomes indicate higher
mortality and brain injury rates for FET compared to
that of more conservative management. It should be
considered, however, that assessing the outcomes of the
FET versus hemiarch or total arch with classic elephant
trunk procedures is problematic, mainly due to different
indications, the extent of the aortic disease, study intervals,
and surgical risks that patients may have with these
two distinct approaches (16,24). In our opinion, our
adverse outcome rate of 22.1% reflects the complexity
of our surgical population with a relevant proportion of
patients presenting with extensive disease of the thoracic
aorta, acute or chronic dissection, re-interventions, and
associated procedures. The finding of CPB time as the only
independent risk factor for adverse outcome in the present
series supports this notion.

The main apparent concern regarding FET surgery
is the increased risk of paraplegia. In the present series,
9.0% of patients had this catastrophic complication,
which ranges between 0% and 21.7% in the literature
(25,26). The potential pathogenic mechanisms for spinal
cord injury after the FET procedure include circulatory
arrest, coverage of the intercostal arteries, embolization,
and postoperative periods of hypotension. To avoid these
complications, we employed moderate hypothermia, total
brain perfusion with perfusion of the left subclavian artery,
lower body perfusion to reduce the duration of circulatory
arrest, cerebro-spinal liquor drainage, and maintenance of
postoperative stable hemodynamics with a mean arterial
pressure greater than 80 mmHg. Nevertheless, some of our
patients were still affected by paraplegia. Indeed, our limited
data does not allow identification of those associated with
altered postoperative occurrence of SCI, nor preoperative
risk factors and intraoperative adjuncts for spinal cord
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protection. Methods of decreasing SCI occurrence may
possibly involve the use of shorter stent-grafts, deeper
levels of hypothermia, and faster anastomotic aortic devices.
While the latter will not be available for some time, the
former is likely to be associated with an increased need
for distal re-intervention and deep hypothermia-related
complications. The efficacy of different solutions should
also be researched. Given the risk of paraplegia and the
increased costs of the FET technique, prophylactic elephant
trunks should remain “classic”.

In our experience, FET surgery allowed the treatment
of complex patients who have extensive thoracic aortic
diseases with satisfactory short- and mid-term results. In
acute dissection patients, a strong argument favoring the
FET technique includes complex arch tears and distal
aortic malperfusion. Other advantages related to FET-
induced aortic remodeling are promising but require
confirmation by larger studies with longer follow-up.
In chronic dissection patients, the FET technique may
represent a valuable bridge therapy towards a staged hybrid
reconstruction of the entire thoraco-abdominal aorta.
While longer-term studies are needed in order to show the
survival benefits of the FET technique versus other types
of management, new strategies for SCI reduction should be
researched.
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