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Introduction

Acute Type A aortic dissection (AAAD) is an absolute emer-
gency with a high mortality rate despite surgical therapy.
Although the outcome of surgical repair has improved
through last advances, operative mortality is still high and

many surgeons advocate only an ascending aortic replace-
ment with or without replacement of the proximal arch.
However, in DeBakey Type I aortic dissection, which involves
the aortic arch and descending aorta, there is still no con-
sensus regarding the most appropriate surgical approach for
the treatment.1
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Abstract Background Acute Type A aortic dissection (AAAD) is a surgical emergency. In
patients with arch and descending aorta involvement (DeBakey Type I), a total aortic
arch replacement with frozen elephant trunk (FET) could favor false lumen thrombosis
and improve long-term results. The authors hereby present their experience with this
technique in a single low-volume center, to assess whether the technique is feasible to
treat such disease.
Methods From January 2011 to December 2016, 43 patients with AAAD were
operated on in the authors’ institution, which carries out 300 to 350 annual
procedures. Among these, 12 patients with an intimal tear in the aortic arch and/or
proximal descending aorta received a FET procedure (10 males, age 57 years).
Concomitant procedures were aortic valve replacement (42%), Bentall (25%), and
aortic valve repair (17%).
Results Cardiopulmonary bypass, cardiac arrest, and circulatory arrest times were
235 � 43, 171 � 33, and 75 � 20 minutes, respectively. The operative mortality was
16.7% (n ¼ 2). Stroke and re-thoracotomy for bleeding occurred in 8% (n ¼ 1) and 8%
(n ¼ 1), respectively. There was no spinal cord injury. Follow-up was 36.1 months.
During follow-up, no patients died or required a reoperation on the downstream aorta.
Conclusion Although all patients were operated on in a low-volume center, the
results with FET in AAAD are acceptable. Even though this technique demands high
technical skills, it is a promising approach in patients with acute aortic dissection.
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The arch replacement combined with antegrade stent
grafting into the descending aorta (called frozen elephant
trunk [FET] technique) is being used for the treatment of
DeBakey Type I aortic dissection in some experienced centers
to favor false lumen thrombosis around the stent graft,2,3

because a patent false lumen was identified as a risk factor
for aortic dilatation and late operation.4

Ideally, these operations should be done in experienced
centers.5Thepurposeof this studywas to assess the initial results
of FET technique for the treatment of AAAD in a single low-
volume center (mean incidence of AAAD 7–9 patients annually).

Materials and Methods

Between January 2011 and December 2016, 43 consecutive
patients underwent surgical treatment for AAAD in our
Institution. Among these, 12 (28%) patients with an intimal
tear in the aortic arch and/or proximal descending aorta
underwent FET procedure andwere included in our analysis.
Almost all cases (11/12) were performed by a single thoracic
aortic surgeon, who did a mini-fellowship training in FET
surgery.

Data were prospectively collected in a database, and the
retrospective review was approved by the local ethics com-
mittee. Individual patient consent was waived.

Preoperative demographic patient characteristics are
shown in ►Table 1. Coma was defined as complete mental
unresponsiveness, with no evidence of psychological
responses to stimulation, due to arch vessel involvement
by the dissection.

Patients were followed every 6 months the first 2 years,
and then annual. Clinical follow-up ended in December 2016
and was 100% complete.

Our principal strategy for the treatment of AAAD involves
the resection of the primary entry, usually in the ascending

aorta. Nevertheless, in patients with entry in the distal aortic
arch/proximal descending aorta, the FET technique was
performed. The detailed operative procedure has been
described previously.6–9 Briefly, when a target nasopharyn-
geal temperature of 25°C was achieved, the ascending aorta
was clamped and cardioplegia was administered. Concomi-
tant aortic root procedures were performed, if necessary. At
this time, the pump flow was reduced to 0.8 to 1 L, the
innominate artery was clamped, the aortic clamp was
removed, and under unilateral right brain perfusion, the
aorta was opened. Bilateral antegrade cerebral perfusion
was established with a flow of 10 mL/kg/min, after endo-
luminal cannulation of the left carotid artery and left sub-
clavian artery. After complete resection of the aortic arch,
FET was performed with an E-vita Hybrid Open Plus stent
graft (Jotec). The sizing of the stent-graft was done according
to the dimension of the true thoracic aortic lumen at the level
of the pulmonary bifurcation without oversizing. The length
of the stent graft was 130 mm. The false lumen was obliter-
ated using four pledgeted 3–0 polypropylene U-stitches with
a Teflon felt on the outside of the aorta. Glue, sealants, or
adhesives were not used. After island reimplantation of the
epiaortic vessels, the clamp from the innominate artery was
removed, de-airing was carefully performed, and antegrade
cardiopulmonary bypass was reestablished by clamping the
Dacron graft at its proximal end. Aortic root procedure was
completed. Finally, cardiopulmonary bypass was weaned as
usual. In acute cases, we do not use cerebrospinal drain.

Follow-up computed tomography (CT) examinations
were performed postoperatively, every 6 months for 2 years,
and yearly thereafter (►Fig. 1). A follow-up CT image was

Table 1 Preoperative data

Variables Value (Percentage)

Total patients, n 12

Sex male, n (%) 10 (83)

Age (y) 57.11

Hypertension, n (%) 10 (83)

Coma, n (%) 1 (8)

Reoperation, n (%) 2 (17)

Malperfusion, n (%)

Penn a, n (%) 6 (50)

Penn b, n (%) 1 (8)

Penn c, n (%) 2 (17)

Penn b þ c, n (%) 3 (25)

Hemopericardium, n (%) 4 (33)

Aortic regurgitation III-IV, n (%) 7 (58)

EuroSCORE logistic (%) 22.41

Note: Continuous data summarized as mean; categorical and binary
data summarized as frequency (percentage). Fig. 1 Frozen elephant trunk (FET) procedure with island technique.
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available for 100% of patients. The average total duration of
follow-up was 36.1 � 28.7 months.

Statistical Analysis
All data were retrospectively analyzed. SPSS 23 (SPSS) was
used to performed data analysis. Continuous data were
expressed as mean � standard deviation (SD) if there was
normal distribution or median � interquartile range if not.
Categorical data were expressed as numbers and percen-
tages. The Kaplan-Meier survival estimate was used to
analyze survival.

Results

The detailed intraoperative data and perioperative results
are described in ►Tables 2 and 3.

Stroke was defined as the persistent loss of neurologic
function caused by an ischemic event, with confirmation by
CT imaging after surgery.

In-hospital mortality rate was 17% (2/12). Both were
intraoperative deaths, because of bleeding around the
origin of the left subclavian artery (aortic wall), despite
all efforts. After this, we decided to reroute the left sub-
clavian artery separately by end-to-end anastomosis
between the origin of the left subclavian artery and an 8-
mm vascular graft, and to remove the distal anastomosis to
zone 2 (►Fig. 2).10 There were no other in-hospital deaths
after this improvement.

During follow-up, no patients died or required a reopera-
tion on the downstream aorta. One patient had a pseudoa-
neurysm at the level of the proximal anastomosis, just above
the origin of the right coronary artery, resolved sponta-
neously. Another patient had an endoleak type II at the level
of the thoracic stent graft; after conservative management,
the endoleak disappeared completely 1 year later (►Fig. 3).

Compared with patients who underwent conventional
techniques in our institution during the same observation
period, we demonstrate a reduction in operativemortality in
FET patients, improving overall 6-year actuarial survival
rates (►Fig. 4).

Discussion

The operation for AAAD, which is a surgical emergency,
should be kept as simple as possible, as the main goal is to
save the life. In most patients, this can be achieved by the
replacement of the ascending aorta and closure of the

Table 2 Operative data

Variables Total (n ¼ 12)

CBP time (min) 235 � 43

Cardiac arrest time (min) 171 � 33

Circulatory arrest time (min) 75 � 20

SACP time (min) 96 � 23

Concomitant procedures

Aortic valve resuspension 2 (17%)

Aortic valve replacement 5 (42%)

Bentall 3 (25%)

Evita open stent graft 130 mm

24 mm 1 (8%)

28 mm 6 (50%)

30 mm 4 (34%)

33 mm 1 (8%)

Head-vessel reimplantation

Bloc 11 (92%)

Separately 1 (8%)

Left subclavian artery rerouting 6 (50%)

Abbreviations: CPB, cardiopulmonary bypass; SACP, selective antegrade
cerebral perfusion.
Note: Continuous data summarized as mean � standard deviation (SD);
categorical and binary data summarized as frequency (percentage).

Table 3 Perioperative results

Variables Total (n ¼ 12)

30-day mortality 2 (16.7%)

In-hospital mortality 2 (16.7%)

Re-thoracotomy (bleeding) 1 (8.3%)

Paraplegia 0 (0%)

Prolonged mechanical ventilation > 72 h 2 (16.7%)

Temporary dialysis 1 (8.3%)

Stroke 1 (8.3%)

Recurrence nerve palsy 0 (0%)

Note: Binary data summarized as frequency (percentage).

Fig. 2 FET procedure with reroute of the left subclavian artery.
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primary entry tear, because it is known that the primary
entry tear usually originates in the ascending aorta.

However, in DeBakey Type I survivors, there is a persistent
distal aortic dissection, with up to 89% patent false lumen
reported that enlarge over time. A significant proportion of
these patients requires another operation or dies from this
reason; therefore, an aggressive treatmentmight be required
for improving the long-term outcomes of cases of AAAD.2,11

To prevent this, some groups have proposed a total aortic
arch replacement with FET implantation to stabilize the
dissecting membrane in the proximal descending aorta
and seal the false lumen to prevent its dilatation.12–14 How-
ever, in patients with DeBakey Type I acute dissection,
performing the FET technique is still controversial.

Treatment with FET technique in patients with AAAD has
a significant positive remodeling effect not only on the
stented segment but also on the downstream aorta, although
this effect decreases with the distance from the stent graft.15

FET can achieve closure of the primary entry even if the entry
occurs in the proximal descending aorta. Closure of the
primary tear excludes the antegrade blood flow in the false
lumen and achieves expansion of the true lumen, avoiding
malperfusion of abdominal visceral branches. Furthermore,
the thoracic stent graftmight expand the true lumen because
of its radial self-expansion force. This fact is very important
in acute perioperative period, because the appearance of a
malperfusion syndrome has a great impact on the prognosis
of the patient. In addition, in the follow-up, the false lumen
thrombosis is related with less incidence of aneurysm.16

Indications for FETremains controversial. Although themain
indication is still a reentry or tear in the distal aortic arch or
proximal descending aorta, some authors have proposed that
primary indication for the FET technique should be patients
younger than 70 years.17Other authors, in linewith the current
recommendation of The European Association for Cardio-
Thoracic Surgeryexpert group,18have pointed out that patients
with AAAD DeBakey Type I who meet at least one of the
following criteria could be treated with FET technique: lower
body malperfusion, reentry or tear in the distal aortic arch/
proximaldescending aorta, orpatientsyounger than70years.19

On the other hand, we strongly feel that, owing to low
volume of general cardiac surgery in our institution, the
hospital mortality for AAADwas excessive, at around 40%. In
response to perceived poor outcomes from AAAD repair, in
2011, to reduce operative mortality and associated morbid-
ity, several perioperative factors changed. This evolutionwas
initiated by a senior surgeonwho began, among other things,
with the implementation of the FET technique. Ideally, these
operations should be done in experienced centers that can do
this type of surgery in selected patients. Some authors have
advocated that the surgeon should have performed at least
20 elective FET implantations before he/she starts with such
an operation in an acute dissection patient.5 However, this
scenario is not always possible.20 Although interpreting
results from a single low-volume center is very different to
results from multiple low-volume centers, and we would
probably require an analysis of results from multiple low-
volume centers to improve the reliability of the results, our
results clearly demonstrate a reduction in operative mortal-
ity in our institution in patients with AAAD after implemen-
tation of the FET procedure, among other reasons due to the
improvement of the surgical management. This improve-
ment in survival is likewise demonstrated in the 6-year
actuarial survival rates. In addition, there is a reduction in
operative mortality in AAAD patients in which classic tech-
nique is performed during the same period. Deaths occurred
in the first cases, by technical aspects related to the learning
curve that have been improved.

Limitations

The main limitation of this study is the retrospective nature
to the data analysis, apart from our small subset of patients.
Prospective randomized trials have never been performed in

Fig. 4 Kaplan-Meier curves showing overall cumulative survival in
acute Type A aortic dissection (AAAD) in our Institution, with and
without frozen elephant trunk (FET) technique.

Fig. 3 Thoracic endoleak type II (red arrow).
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AAAD. However, we think it is enough for another centers
that want to start an aortic program that includes FET
technique for the treatment of patients with AAAD. The
development of standardized surgical techniques and the
increased number of cases per surgeon are among the main
contributing factors to the benefits demonstrated, including
improved midterm survival.

Conclusion

Although FET technique in patients with DeBakey Type I
acute aortic dissection demands high technical skills, the
implantation of an FET in these patients is helpful because it
expands the true lumen avoiding malperfusion syndromes
and prevents future events on the distal aorta. Even though
this technique demands high technical skills, this technique
might be carried out in low-volume centers as well, with
acceptable results, and it is a promising approach in patients
with acute aortic dissection.
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