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ABSTRACT

Aneurysms of the thoracic aorta involving the distal arch and the proximal descending aorta have tra-
ditionally been treated with two open procedures.  During the first stage, the aortic arch pathology has 
been addressed through a median sternotomy. Several weeks or months later, a second stage followed and 
included completing the repair of the descending aorta through a lateral thoracotomy. 
We, herein, report a single stage repair of an aneurysm involving the distal aortic arch and the proximal 
descending aorta using the frozen elephant trunk operative technique. Vascular hybrid stent graft prosthesis, 
specifically designed for treatment of extensive aortic aneurysms, has been used to replace the arch com-
ponent and exclude the descending aorta component of the aneurysm through a median sternotomy, using 
bilateral antegrade cerebral perfusion and mild systemic hypothermia for intraoperative organ protection. 
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A saccular aortic aneurysm appears as an 
asymmetrical dilation, usually involving one side 
and rarely extending over two anatomical segments 
of the aorta. They are often caused by trauma or a 
large penetrating aortic ulcer. Prompt repair is indi-
cated for symptomatic saccular aneurysms despite 
the maximal diameter or documented growth tenden-
cy. Asymptomatic aneurysms are usually treated on 
an elective basis as soon as the maximal diameter 
exceeds 2.75 cm/m2 as recommended [1].

The treatment of aortic aneurysms has usually 
involved resection of the diseased aortic segment and 
replacement with a vascular prosthesis [2].  The pa-

thology involving the distal aortic arch and proximal 
descending aorta has traditionally been treated with 
two open procedures or stages, through a median 
sternotomy or lateral thoracotomy [3].

The frozen elephant trunk procedure, com-
bining conventional open aortic repair and endo-
vascular stenting, has been introduced [4], promptly 
popularised [5] and recently recommended [6] as a 
single-stage treatment of choice for patients with 
extensive aortic disease. 

In this paper, we present our first experience 
with this procedure, without any improvements in 
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the technique apart from what has been published 
in the literature up until now.

CASE REPORT

A sixty-one-year-old female presented in our 
department with a complaint of syncope, chest pain, 
and tachycardia. The anamnestic findings revealed 
pain in the left hemi-abdomen under the 12th rib, 
after a fall as a result of lost consciousness. The pa-
tient is a smoker, allergic to Ketoprofen. А year ago 
she was diagnosed with hypothyroidism, treated with 
levothyroxin. Also, cholecystectomy was performed 
30y ago. The ultrasonography of the carotid arteries 
showed normal speed flow without any significant 
changes and stenosis. The peripheral magistral blood 
vessels were also examined with ultrasonography 
and no changes were observed. A chest X-ray per-
formed in the emergency department showed a wid-
ening shadow in the middle of the mediastinum with 
clear contours, a result of saccular aneurism, which 
indicated further diagnostic procedures, Computer 
tomography (CT) of the thorax and the aorta. 

The CT exam demonstrated a saccular aneu-
rysm, with a maximal diameter of 73 mm (Fig. 1), ex-
tending over the distal aortic arch and involving further 
the proximal descending aorta. Visceral and supraaortic 
blood vessels were haemodinamically normal.

 

Fig. 1.

The other anatomical segments of the thoraco-
abdominal aorta were normal. The cortical cysts in 
the superior part of the left kidney were also found. 
The other visceral organs were without focal chang-
es. The electrocardiography, transthoracic echocar-
diography, coronary angiography, and laboratory 
findings were unremarkable.

A single stage operative treatment with to-
tal arch replacement and antegrade stenting of the 
descending aorta was indicated. The preoperative 
CT scan of the thorax and the aorta was used to 
plan the operative approach, the extent of resection 
of the aortic pathology and the distal extent of the 
exclusion of the aneurysm. Furthermore, the distal 
landing zone was identified and properly sized. A 
15% oversizing of the stent component of the hybrid 
prosthesis (E-vita OPEN PLUS Hybrid Stent Graft 
System, Jotec, GmbH, Hechingen, Germany) was 
used to provide adequate sealing at the distal landing 
zone and to avoid type Ib endoleak.  

After a median sternotomy and administration 
of heparin (400 IE/kg), the right axillary artery was 
directly cannulated in the deltopectoral groove with 
a flexible arterial cannula. For venous drainage, fol-
lowing pericardiotomy, the right atrium was cannu-
lated with a two-stage cannula. The brachiocephalic 
left common carotid and left subclavian artery were 
dissected free and encircled with elastomers. The 
aortic arch was circumferentially dissected free up to 
zone 2. Further dissection of the aortic arch was not 
performed in order to preserve the recurrent larynge-
al nerve. For the same reason, the distal anastomosis 
with the hybrid prosthesis was planned in zone 2. 
Thus, a de-branching of the left subclavian artery 
was performed during cooling the patient down to 
the target temperature of 28 C. 

To perform the de-branching of the left sub-
clavian artery, we clamped and transacted the artery 
3 cm distal from its origin. A Dacron vascular graft 
with 7 mm diameter was sewn directly to the subcla-
vian artery using an end-to-end anastomosis with a 
5/0 polypropylene suture. The proximal stump was 
directly closed. The 7 mm vascular prosthesis was 
cannulated with an additional flexible cannula and 
connected via a Yarm to the arterial return circuit 
of the cardiopulmonary bypass – therewith an an-
tegrade flow through the left subclavian artery was 
established in order to have good perfusion of the 
spinal cord during a period of moderate hypothermic 
lower body circulatory arrest.

After a cardioplegic arrest, the arterial flow of 
the main circuited was reduced and elastomers were 
used to occlude the origins of the brachiocephalic 
trunk and the left common carotid artery. The aortic 
clamp was removed and the aortic arch was resected 
up to zone 2. The elastomer loop snared around the 
left common carotid artery was temporarily loosened 
at this point and a flexible arterial cannula was placed 
inside the vessel for additional perfusion of the left 
hemisphere. This arterial line was simply connect-
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ed as a side branch to the arterial circuit. Selective 
antegrade cerebral perfusion was conducted with a 
perfusate temperature of 28°C in a pressure controlled 
manner. The perfusion pressure was controlled at the 
pump unit and kept at 80 to 90 mmHg as measured on 
the main pump, and corresponded with a 60 mmHg 
pressure as measured with the left radial artery catheter. 
Neurovascular monitoring consisted of cerebral satura-
tion assessment using near-infrared spectroscopy over 
both frontal cerebral cortexes. We used the INVOS 
(Somanetics Corporation, MI, USA), which measures 
the regional oxygen saturation (rSaO2) in percentage, 
representing a valuable neurovascular monitoring tool. 

Fig. 2.

To exclude the aneurysm from the circulation, 
an antegrade delivery of the stent graft through the 
opened distal aortic arch was performed and further 
deployed under direct vision. The stent-graft was 
sutured in zone 2 using a continuous suture technique 
with a polypropylene 4/0. Afterward, the invaginated 
vascular graft was pooled back from the stent and 
used to replace the aortic arch. The brachiocephalic 
and left common carotid artery were re-implanted 
using the Carrel island technique with a continuous 
polypropylene 4/0 suture. Following de-airing of the 
prosthesis, the graft was clamped, the perfusion of 
the whole body was resumed via the brachiocephalic 
trunk, rewarming was initiated and the proximal 
anastomosis of the Dacron graft with the ascending 
aorta was performed in a usual fashion. The proce-
dure was completed with the proximal anastomosis 
of the de-branched left subclavian artery on the as-
cending aorta (Fig. 2).

The patient was weaned from the ventilator 
within 12 hours and underwent an unremarkable 
postoperative course. She was discharged on the 9th 
postoperative day. A control CT scan of the aorta 
demonstrated complete exclusion and thrombosis of 
the aneurysm without any endoleak (Fig. 3).

Fig. 3.

DISCUSSION

Aortic aneurysms involving the distal aortic 
arch and a variable extent of the descending aorta 
present a significant challenge for the aortic sur-
geon. From different types of two-stage procedures 
to single-stage procedures, the era of aortic surgery 
has had a significant improvements trough the last 
three decades.

With the advent of the thoracic endovascular 
aneurysm repair (TEVAR), the second stage proce-
dure after performing classical elephant trunk oper-
ation could be done endovascular, avoiding or min-
imizing complications from the open second stage 
procedure. Lower morbidity and mortality were re-
ported using this approach [10].  Another approach 
is a two-stage procedure of arch de-branching first, 
done with sternotomy, followed by endovascular re-
pair of the diseased arch and descending aorta [11]. 

The frozen elephant trunk (FET) operation 
has been developed in order to overcome all of the 
obstacles and disadvantages of the previous tech-
niques in the treatment of complex thoracic aortic 
diseases through the combination of surgical and 
endovascular techniques. It provides for the treat-
ment to be completed through a single incision, 
usually median sternotomy, even though a less in-
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vasive approach like an upper mini-sternotomy may 
also be used [4]. The hybrid prosthesis includes 
two components sutured together: a woven vascu-
lar graft and a stent. The grafted part is 50-70 mm 
long, made of polyester fabric, and offers zero-po-
rosity. The stent part, being 130-160 mm long, treats 
the surgically inaccessible part of the thoracic aorta 
through a single incision like median sternotomy. It 
also provides for an excellent landing zone for fu-
ture TEVAR procedure, if necessary [7, 8].

Technological obstacles are continuously up-
grading and for the time being available grafts for 
FET technique are E-vita open plus, Thoraflex Hy-
brid, Cronus and J Graft. Technically none of them 
are completely perfect for variable aortic patholo-
gy, so the development of stent-grafts is pointed on 
simple, flexible and long-lasting systems [18].

The ideal stent-graft should combine treat-
ment from dissection and aneurysm to associated 
pathologies like Kommerell diverticulum and coarc-
tation. The ideal graft should provide satisfactory 
early and late outcomes for any patient, regardless 
of etiology, anatomy, acuity and patient size, with 
minimal surgical risks, especially in terms of spinal 
cord injury, stroke, and endoleak [18].

Ius F. et all, compared the clinical outcomes, 
taking the age, cardiopulmonary time and selective 
antegrade cerebral perfusion time into account. (Ta-
ble 1) [17].

As with other complex aortic procedures, as 
well as shown above, organ protection is mandatory 
for optimal outcome. We used mild systemic hypo-
thermia at 28°C and bilateral antegrade cerebral perfu-
sion in a pressure-controlled fashion. Several groups 
have reported improved patient outcomes using this 
strategy [6, 12]. We also believe that bilateral ante-
grade cerebral perfusion is mandatory because of the 
low incidence of stroke and the possibility to extend 

the operative time in complicated cases. It also gives 
us the opportunity to employ mild systemic hypother-
mia at 28°C with less bleeding complications. Sepa-
rate cannulation and perfusion of the left subclavian 
artery provides us with better spinal cord protection, 
and lower incidence of paraplegia, even with longer 
times of lower body circulatory arrest [15]. 

Clinical outcomes have considerably im-
proved with the use of the frozen elephant trunk 
technique primarily related to the optimization of 
the preoperative planning and the improvement of 
the intraoperative organ protection strategy [14, 15].

 Di Bartolomeo et al, explained that the FET 
technique offers the advantage of being able to close 
the primary entry tear in the distal arch and in the 
proximal descending aorta, decompressing the false 
lumen, thus, achieving probable definitive repair with 
thrombosis of the false lumen, reducing aortic com-
plications or even reoperation. Also, in Stanford B 
dissection, when a proximal landing zone for graft is 
unavailable, frozen elephant trunk can be considered 
an alternative. They also described the significant im-
provement in clinical outcomes comparing patients 
who underwent cET against those with FET. As-
suming all of the possible risks, FET procedure is far 
more a leader, decreasing the mortality rate for almost 
a half compared to the ET procedures. The 30 days 
mortality was 19.2 cET group vs 8.7 FET group. The 
mid-term survival had no significant changes. Al-
though the percentage of patients with paraplegia was 
similar (3.7% FET vs 4.0% cET) the authors conclud-
ed that considering the high incidence of post-opera-
tive paraplegia, hypothermia should be used if arrest 
is prolonged. According to the fact that the FET pro-
cedure allows formation of thrombus above the land-
ing zone which decreases the stress-wall and growth 
of the aorta, single stage FET procedure is becoming 
a promising procedure in the future [13].

Table 1. Comparison of clinical outcomes of currently available open stented grafts 

                   E-vita Open (Plus)    Thoraflex Hybrid         Cronus               J Graft Open
Clinical Outcomes
Patient age (years) 61 59 ± 14 46 ± 11 72 ± 9
Cardiopulmonary 
bypass time 239 241 ± 61 193 ± 51 178 ± 40
Selective antegrade 
cerebral perfusion 
time

71 85 ± 39* 25 ± 9 40 ± 37

Early mortality (%) 15.8 (90/568) 8.7 (13/149)# 6.4 (53/832) 5.0 (3/60)
Early stroke (%) 2.6 (15/568) 8.0 (12/149)# 2.0 (17/832) 10.0 (6/60)
Early spinal cord 
injury (%) 3.5 (20/568) 4.0 (6/149)# 2.4 (20/832) 6.7 (4/60)
Duration of follow-up 
(year) 5 1* 5.0 ± 2.6 3.8
Late survival (%) 69-85 77 ± 7* 89 78
Late reintervention 
(%) 2-27 14.1 (24/149)# 6.5 (69/1063) 8.3 (5/60, 1 yr)
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Nowadays, this treatment can be offered to 
patients with single digit mortality or neurologic 
morbidity rate [16]. 

CONCLUSION

Electrodermal response (EDR) is a complex 
reactThe frozen elephant trunk as single stage pro-
cedure combines the conventional surgery of the 
ascending aorta and arch as well as hybrid prosthe-
sis for the proximal part of the thoracic aorta. This 
provides repair of the larger segment of the aorta, 
limiting the invasiveness of second procedure or 
reintervention. Taking into account the expansion 
of indications for FET technique, the technology 
should develop more eligible systems which will 
provide better clinical outcomes for the patients. 
Even though a lot of studies comparing the types 
of prosthesis are published in literature, we believe 
that further studies are needed in this field.
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Резиме

ТРЕТМАН НА АНЕВРИЗМА НА ДИСТАЛЕН ЛАК НА АОРТА И ПРОКСИМАЛНА 
ДЕСЦЕДЕНТНА АОРТА ВО ЕДЕН АКТ СО Т.Н.  „FROZEN ELEPHANT TRUNK“ 
ПРОЦЕДУРА. ПРИКАЗ НА СЛУЧАЈ
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Аневризмите на торакалната аорта, кои го зафаќаат дисталниот лак на аортата и прокси-
малната десцендентна аорта, традиционално беа третирани со две одвоени отворени хируршки 
процедури. Во првата фаза, преку медијална стернотомија, третирана е патологијата на лакот 
на аортата. Неколку недели или месеци подоцна, следува втората фаза, во која, преку латерална 
торакотомија, се довршува и поправката на десцендентната аорта. 

Во овој случај прикажуваме поправка на аневризма што го опфаќа дисталниот лак на 
аортата и проксималната десцендентна аорта, во една фаза, со употреба на оперативна техника 
т.н. „Frozen Elephant trunk“. 

За замена на аневризматскиот дел од лакот на аортата и исклучување на аневризматскиот 
дел од десцендентната аорта, преку медијална стернотомија, поставена е хибридна васкуларна 
стент графт протеза, специјално дизајнирана за третман на екстензивни аневризми на овој дел 
од аортата, применувајќи билатерална антеградна церебрална перфузија и умерена (средна) 
системска хипотермија за интреоперативна органска протекција.

Клучни зборови: „frozen elephant trunk“, аортен лак, аневризма, аорта


