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ABSTRACT

Objective: Emergency surgical repair is the standard treatment for acute aortic
dissection type A. However, the surgical risk of total arch replacement remains
high. The Viabahn Open Revascularization TEChnique has been used for supra-
aortic reconstruction during total arch replacement. This Cleveland Clinic technique
is called “branched stented anastomosis frozen elephant trunk repair.”Our total arch
replacement with reconstructed extended branched stented anastomosis frozen
elephant trunk repair requires no unnecessary cervical artery exposure. We
compared the outcomes of extended branched stented anastomosis frozen elephant
trunk repair and conventional total arch replacement in acute aortic dissection type A.

Methods: We compared the clinical course of patients undergoing total arch
replacement using sutureless direct branch vessel stent grafting with frozen
elephant trunk (extended branched stented anastomosis frozen elephant trunk
repair) for acute aortic dissection type A with patients undergoing conventional to-
tal arch replacement. For the procedure, the aortic arch was transected circumfer-
entially distal to the brachiocephalic artery origin. Frozen elephant trunk was
fenestrated by heating with a cautery, and the self-expandable stent graft was deliv-
ered into the branch vessels through the fenestration.

Results: Of 58 cases, 21 and 37 were classified in the extended branched stented
anastomosis frozen elephant trunk repair and conventional total arch replacement
groups, respectively. The times (minutes) of selective antegrade cerebral perfusion
(75 � 24, 118 � 47), total operation (313 � 83, 470 � 151), and cardiopulmonary
bypass (195 � 46, 277 � 96) were significantly better in the extended branched
stented anastomosis frozen elephant trunk repair group (P< .001). Six surgical
deaths occurred: 2 (9%) in the extended branched stented anastomosis frozen
elephant trunk repair group and 4 (10%) in the conventional total arch replace-
ment group. In all cases, only 1 patient (2%) in the conventional total arch replace-
ment group had a branch artery–related complication during the postoperative
follow-up period. In the extended branched stented anastomosis frozen elephant
trunk repair group, blood product use significantly decreased (P< .05).

Conclusions: Extended branched stented anastomosis frozen elephant trunk
repair has shown comparable safety and efficacy to conventional total arch replace-
ment and can be used for acute aortic dissection type A emergency repair. It opti-
mizes true lumen perfusion and facilitates supra-aortic artery remodeling. (JTCVS
Techniques 2023;17:1-9)
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Total arch repair with sutureless revascularization
for dissected supra-aortic vessels.
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CENTRAL MESSAGE

Sutureless revascularization of
dissected supra-aortic vessels is
an effective maneuver to simplify
aortic arch repair with FET for
the treatment of acute type A
aortic dissection.
PERSPECTIVE
TAR for type A acute aortic dissection is associ-
ated with a high rate of complications. This study
describes a TAR with EB-SAFER. This technique
improves true lumen flow by sutureless anasto-
moses and dilation of the cervical branch with a
self-expanding stent-graft without dissection.
Further investigation is needed to determine
the long-term outcomes.
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Abbreviations and Acronyms
AADA ¼ acute aortic dissection type A
B-SAFER ¼ branched stented anastomosis frozen

elephant trunk repair
CT ¼ computed tomography
CTAR ¼ conventional total arch replacement
EAVR ¼ estimated arch vessel reconstruction
EB-SAFER ¼ extended branched stented

anastomosis frozen elephant trunk
repair

FET ¼ frozen elephant trunk
FFP ¼ fresh-frozen plasma
HCA ¼ hypothermic circulatory arrest
LSCA ¼ left subclavian artery
RBC ¼ red blood cells
SACP ¼ selective antegrade cerebral perfusion
SAVSTEB ¼ supra-aortic vessel anastomosis stent

bridging
TAR ¼ total arch replacement
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Video clip is available online.

Emergency surgical repair is the standard treatment for Stan-

ford acute aortic dissection type A (AADA); however, it
carries a high morbidity. The primary goal of emergency
surgical repair is to save the patient and minimize surgical
risk.1-3 To achieve this primary goal, the conventional
approach has been conservative operation, typically
limiting repair to include ascending and hemiarch
replacement.1-5 During intermediate-term follow-up, a large
percentage of patients are at risk for degeneration of the
downstream aorta and have an associated risk of death.6,7

In recent years, refinement of surgical techniques and avail-
ability of endovascular devices have made it feasible to
perform an extended initial open surgery repair with accept-
able risk.8-14 The Cleveland Clinic has indicated that
branched stented anastomosis frozen elephant trunk repair
(B-SAFER), a simplified hybrid approach consisting of
stented anastomosis frozen elephant trunk (FET) repair, has
been developed and used for the extended emergency repair
of acute DeBakey type I aortic dissections.8-10

We have also actively used the total arch replacement
(TAR) with the Viabahn Open Revascularization TECh-
nique and successfully reconstructed the vertebral artery,
which is a direct branch of the aortic arch.15 Since then,
extended B-SAFER (EB-SAFER) has been refined to
improve its effectiveness and more easily disseminate its
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use. We describe and compare 37 conventional total arch re-
placements (CTARs) and assess the early outcomes of 21
patients who underwent EB-SAFER.

In the present study, we aimed to evaluate the safety and
efficacy of EB-SAFER in the short term to the middle term
and to focus on the advantages of the simple creation of a
safe anastomosis. Our deliberate focus for this investigation
was the clinical outcome of the arch procedure. The surgical
results showed that EB-SAFER does not require exposing
the cervical artery compared with CTAR in AADA.
PATIENTS AND METHODS
Patients

From 2016 to 2021, 58 patients underwent emergency repair of type A

aortic dissection with a patent false lumen using TAR. EB-SAFER was per-

formed in 21 of the 58 patients (36%) without exposing the cervical artery.

The mean age of patients was 58.7� 13.8 years, and there were 17 male pa-

tients (80.9%) (Table 1). The study was approved by the Institutional Re-

view Board (Institutional Review Board Number: 2020-50; approval date:

September 25, 2020) of our hospital. Informed written consent for the pub-

lication of the study datawas obtained from the patients. Datawere collected

from the electronic medical records and computed tomography (CT)

imaging studies. We have started using EB-SAFER from January 2020.

Presentation
Once a definitive diagnosis was confirmed and the CT imaging revealed

a proximal dissection, the patient was transferred to the operating room for

emergency repair. The approach to repair was surgeon-specific. However,

when the dissection was extensive, the latest version of EB-SAFER was

preferentially adopted by several surgeons in our hospital.

Regarding the preoperative demographic characteristics of both groups

(Table 1), one group with 21 patients underwent EB-SAFER and a second

group with 37 patients underwent CTAR. For the EB-SAFER group and

CTAR group, 7 patients (33.3%) and 7 patients (18.9%) presented with

end-organ malperfusion, 1 (4.8%) and 5 (13.5%) with tamponade, and 1

(4.8%) and 1 (2.7%) with coma, respectively. Coexisting aortic pathology

included rupture in 2 patients (9.5%) and 2 patients (5.4%), and throm-

bosis type (partial thrombosis in the false lumen) in 5 patients (23.8%)

and 7 patients (18.9%), respectively. Preoperative CT scans were available

for review in all patients (100%). Extension of the dissection into the

branch vessels was found in 12 patients (57%) and 9 patients (24%),

respectively. Only 1 patient in the CTAR group in our cohort study had a

history of cardiac surgery, and emergency repair of the dissection was per-

formed as a reoperation (Table 2).

Preparation and Operative Details
Device selection. Three-dimensional CT imaging was reviewed to

evaluate surgical anatomy and guide device selection. The sizing of stent

grafts was based on the aortic diameter measured in cross-section to the

centerline of blood flow at the Zone 1 level. We did not oversize the device

as oversizing was not necessary for fixation because the device was sutured

directly to the surgical graft.

An 11-mm or 13-mm diameter self-expandable stent graft was mostly

commonly selected for the subclavian artery based on the CTmeasurements

with minimal oversizing (Table 2). The length of the left subclavian artery

(LSCA) was measured to the left vertebral artery. The preferred insertion

length for branch vessel stent grafting was up to approximately 2.0 cm to

avoid obstruction of the vertebral artery and vessel wall injury during direct

placement into this often tortuous, decompressed subclavian artery.

If a patient has an abnormality in the left vertebral artery that originates

directly from the aortic arch, a branched stent graft is used, one in the left



TABLE 1. Demographics and characteristic details of the 58 patients who underwent total arch replacement

Variable EB-SAFER CTAR P value

Patients (n) 21 37

Age (y) Mean � SEM 58.7 � 13.8 58.8 � 14.2 .975

Gender (male) No (%) 17 (80.9) 29 (78.4) .751

Comorbidities No (%)

Diabetes mellitus 2 (9.5) 0 (0) .127

Dyslipidemia 5 (23.8) 7 (18.9) .741

Coronary artery disease 0 (0) 1 (2.7) 1.000

Cerebrovascular disease 3 (14.3) 2 (5.4) .341

COPD 2 (9.5) 3 (8.1) 1.000

Hypertension 13 (61.9) 29 (78.4) .226

Hemodialysis 0 (0) 0 (0) NA

Marfan syndrome 0 (0) 2 (5.4) .530

Smoking 13 (61.9) 17 (45.9) .284

Dissection state No (%)

Rupture 2 (9.5) 2 (5.4) .620

Malperfusion 7 (33.3) 7 (18.9) .338

Tamponade 1 (4.8) 5 (13.5) .402

Thrombosis 5 (23.8) 7 (18.9) .748

Severity

Euro score 2.4 (1.9-4.1) 2.7 (1.5-5.0) .993

Japan score 10.9 (9.3-17.6) 7.7 (3.7-12.4) .002

Entry tear site .035

Ascending 1 (4.8) 13 (35.1)

Arch 12 (57.1) 10 (27.0)

Descending 7 (33.3) 11 (29.7)

Unknown 1 (4.8) 3 (8.1)

EB-SAFER, Extended branched stented anastomosis frozen elephant trunk repair; CTAR, conventional total arch replacement; SEM, standard error of the mean; COPD, chronic

obstructive disease; NA, not available.
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vertebral artery and one in the cervical branch. Thesewere not performed in

the current target group. Aortic morphologic features were assessed using

3-dimensional reconstruction imaging software (Endosize vascular; There-

nva SAS).

Operation. The operation was performed under general anesthesia

through a median sternotomy. Then, central aortic cannulation was used.

Cardiopulmonary bypass was initiated and cooling was started. To achieve

hypothermic circulatory arrest (HCA), the target blood and core tempera-

ture should be less than 20 �C, with a bladder temperature of less than

28 �C. Near-infrared spectroscopy was used to monitor the brain.

After reaching the desired level of cooling, selective antegrade cerebral

perfusion (SACP) was instituted at a rate of 10 cm3･kg･min at a perfusate

temperature of less than 18 �C. The mean circulatory arrest times were

55.0 � 19.9 minutes and 67.7 � 33.9 minutes for the EB-SAFER and

CTAR groups, respectively. The proximal arch was transected at Zone 1

along the lesser curvature of the arch similarly to the conventional partial

aortic arch repair. The open stent graft was delivered antegradely into the

true lumen. We used the J Graft FROZENIX (Lifeline Co, Ltd) commer-

cially available in Japan as FET. The device is positioned such that it lies

proximally within the arch, covering the LSCA.

After deployment, the position of the branches of the aortic arch relative

to the stent graft was inspected, and a hole approximately 80% of the diam-

eter of the branched graft was burned into the stent graft to accommodate

that vessel. The branch vessel graft (5.0-cm–long Viabahn; Gore Medical)

was then placed directly through the hole into the target vessel and de-

ployed into the target vessel with approximately 15 mm extending into

the aortic arch lumen. The branching device was then dilated with an angle

clamp, and a selective cerebral perfusion catheter was inserted and crimped

into the stent graft by balloon dilation. The proximal end of the branched
stent graft was secured to the greater curvature of the aortic arch centrally

with a mattress 5-0 polypropylene suture (Table 3).

The surgical graft was then beveled such that the shorter edge was

aligned with the lesser curve of the aortic arch. For distal anastomosis,

the proximal end of the inserted open stent graft was secured with a circum-

ferential horizontal mattress suture after cutting the aortic wall at Zone 1 or

2. After the surgical graft was sutured in an end-to-end anastomosis, the

proximal anastomosis of the surgical graft to the aortic root was then

completed in the standard fashion (Figure 1, A-C).

We reconstructed the ascending aorta and brachiocephalic artery with a

2-branched arch graft (J Graft SHIELD; Japan Lifeline Co, Ltd), which is a

woven gelatin-coated vascular prosthesis. An associated operative proced-

ure is shown in the Video 1 and Video Abstract.

Statistical Analysis
Categorical variables were summarized using frequencies and percent-

ages; continuous variables were summarized using median or

mean � standard error of the mean. Estimated survival and freedom

from reintervention were determined using the Kaplan–Meier method.

All data were analyzed using SPSS 25.0 statistical software (SPSS Inc).
RESULTS
Early Outcomes
All the 58 patients underwent TAR for AADA. Technical

success was achieved in all the EB-SAFER cases. The
30-day operative mortality was 9.5% (n ¼ 2 of 21) in the
EB-SAFER group and 10.8% (n ¼ 4 of 37) in the CTAR
JTCVS Techniques c Volume 17, Number C 3



TABLE 2. Operative characteristic details of the 58 patients who underwent total arch replacement

EB-SAFER CTAR P value

Subjects 21 37

Distal anastomosis level No. (%) <.001

Zone 0 1 (4.8) 3 (8.1)

Zone 1 11 (52.4) 5 (13.5)

Zone 2 9 (42.9) 11 (29.7)

Zone 3 0 (0) 16 (43.2)

Diameter of the cervical branch (mm)

Diameter of the self-expandable stent (mm)

CCA Mean � SEM, range 9.0 � 1.2 (7-10)

10.1 � 1.1 (8-11)

-

LSCA 10.7 � 1.0 (8.5-12)

12.1 � 1.2 (9-13)

-

Concomitant procedure No. (%)

AVR 1 (4.8) 0 (0) .362

CABG 1 (4.8) 1 (2.7) 1.000

ARR 0 (0) 1 (2.7) 1.000

EB-SAFER, Extended branched stented anastomosis frozen elephant trunk repair; CTAR, conventional total arch replacement; CCA, common carotid artery; SEM, standard error

of the mean; LSCA, left subclavian artery; AVR, aortic valve replacement; CABG, coronary artery bypass grafting; ARR, aortic root replacement.
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group. Two patients presented with myocardial infarction of
the left anterior descending artery and aortic root rupture in
the EB-SAFER group, and 2 of the 4 patients presented with
shock due to rupture and the other 2 presented with dissem-
inated intravascular coagulation due to postoperative infec-
tion in the CTAR group.

There was no significant difference in the ventilator-free
days (30) (26 [18-29] and 27 [5-28] days [P¼ .898]) and in
the intensive care unit–free days (30) (24 [14-26] and 20 [3-
23] days [P¼ .106]) between the EB-SAFER group and the
CTAR group, respectively. Only 1 case of branch artery–
related complication was found in the CTAR group
(n ¼ 1 of 37, 2.7%) (Table 4). No patients (0%) in the
EB-SAFER group and 1 patient (2.7%) in CTAR group
were deemed to be at a high risk of rupture due to the
very rapid growth on CT before discharge. The patient un-
derwent unexpected thoracic endovascular aortic repair
TABLE 3. Highlights of the procedure steps

1. There is no oversizing

2. Leave the stent from 15 to 20 mm into the lumen

3. Caution with the left vertebral artery to limit the left subclavian stent to 2

4. Management of origin of the vertebral artery from the aortic arch

5. Eye cautery to create a hole of 80% diameter

6. If the subclavian artery is tortuous, insert the subclavian artery stent over t

7. Crimp the subclavian artery stent through the lumen with an angle clamp to

selective cerebral perfusion catheter and crimp into the stent graft by ballo

8. Fix the subclavian artery stent to the greater curvature with a 5-0 monofila

FET, Frozen elephant trunk.
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extension of the descending aorta during the same hospital-
ization. The additional procedures were well tolerated.

Surgical Outcome
The potential benefit of the routine use of EB-SAFER in

TAR may be estimated by looking at HCA, SACP, and esti-
mated arch vessel reconstruction (EAVR) times as surrogate
markers. The HCA times were 55.0 � 19.9 minutes and
67.7 � 33.9 minutes, and the SACP times were
75.6 � 24.6 minutes and 118.7 � 47.8 minutes for acute
aortic dissections in the EB-SAFER and CTAR groups,
respectively. Regarding the distal anastomosis procedure,
The EAVR times were 26.8 � 14.5 minutes in the EB-
SAFER group compared with 63.3 � 28.8 minutes in the
CTAR group (P<.001). The outcomes of the total operation
(313 � 83 and 470 � 151), cardiopulmonary bypass
(195 � 46 and 277 � 96), and SACP (75.6 � 24.6 and
cm

he wire into the true lumen and deploy it.

prevent leakage at the junction of the stent and the FET, and then insert a

on dilation.

ment suture, proximal to the lumen if the overhang is long.



FIGURE 1. Making the fenestration stent-graft. The performance of EB-SAFER is shown. The FROZENIX (Lifeline Co, Ltd) was used for the FET. A,

Opening of the fenestrated FET inserted after complete dissection of the aortic arch in Zone 1. B, Subsequent insertion of a device that will be a cervical

branch using a small self-expanding covered stent. C, Demonstration of a completed repair with anastomosis in the proximal arch Zone 1 with the sutureless

self-expandable covered stent in the supra-aortic arteries penetrating the FET and establishing a direct anastomosis to the innominate artery.
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118.7 � 47.8) were significantly better in the EB-SAFER
group than in the CTAR group, respectively (P < .001).
There was no significant difference in complication occur-
rence between the 2 groups (Table 4).

Blood Products
Comparison of the use of blood products showed a signif-

icant difference in the red blood cells (RBCs) (2 [0-7] and
10 [8-14] units; P< .001), fresh-frozen plasma (FFP) (6
[4-10] and 10 [8-14] units; P ¼ .002), and platelets (20
[20-20] and 20 [20-40] units [P ¼ .002]) between the EB-
SAFER and CTAR groups for acute aortic dissections,
respectively (Table 4).

Survival and Freedom From Unanticipated
Reintervention

For the results according to the status of the supra-aortic
branches, estimated mortality and unanticipated intervention
from Kaplan–Meier were examined for each comparison.
There was no significant difference in the estimated mortality
and unanticipated intervention between the EB-SAFER
VIDEO 1. The operative procedure and early and midterm results after

EB-SAFER. Video available at: https://www.jtcvs.org/article/S2666-

2507(22)00537-5/fulltext.
(P ¼ .557) and CTAR (P ¼ .554) groups. However, the
EB-SAFER group tended to have less of both (Figure 2, A
and B).
Stent patency was found in all 21 cases in the EB-SAFER

group. There was no occurrence of negative factors due to
the use of self-expanding stent grafts. There was no junction
endoleak (Type 3), and the number of new-onset vessel dis-
sections was low (Figure 3). One patient was additionally
treated for type 1B endoleak of the subclavian artery. The
additional treatment involved the use of a covered stent,
and the endoleak disappeared. Consequently, there were
no EB-SAFER–induced neurological complications. Only
1 patient (2.7%) in the CTAR group with dissection extend-
ing to the distal LSCA without symptoms had branch
artery–related complications.
When inserting the FET, there was no dissection or pseu-

doaneurysm at the anastomosis. The cervical branch also
had no dissection, anastomotic pseudoaneurysm, or leakage
at the junction of the FETand the self-expanding stent-graft.
The arch vessels healed to the distal arch with staged
thoracic endovascular aortic repair.

Neurological Complications
Three patients (10%) had postoperative radiographic

evidence of stroke: 1 patient (3%) in the EB-SAFER group
and 2 patients (5%) in the CTAR group. In the 1 patient in
the CTAR group, there was an extension of the dissection
into the branch vessels resulting in the dissection of the
LSCA and vertebral artery with associated posterior
stroke. One patient in the EB-SAFER group in whom en-
cephalopathy occurred immediately after surgery eventu-
ally recovered.

Distal Aorta Remodeling
All patients were evaluated by CT before and after

1 month postsurgery. To evaluate the morphology of the
JTCVS Techniques c Volume 17, Number C 5
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TABLE 4. Surgical outcomes of the 58 patients who underwent total arch replacement

Subjects

EB-SAFER CTAR

P valuen ¼ 21 n ¼ 37

Time Mean � SEM

Estimated arch vessels reconstruction 26.8 � 14.5 63.3 � 28.8 <.001

Total operation 313.3 � 83.5 470.1 � 151.1 <.001

Cardiopulmonary bypass 195.2 � 46.4 277.5 � 96.2 <.001

Cardiac arrest 134.0 � 34.7 184.4 � 52.7 <.001

Cerebral perfusion 75.6 � 24.6 118.7 � 47.8 <.001

Circulatory arrest 55.0 � 19.9 67.7 � 33.9 .126

Blood products Units

Red blood cells 2 (0-7) 10 (8-14) <.001

Fresh-frozen plasma 6 (4-10) 10 (8-14) .002

Platelets 20 (20-20) 20 (20-40) .002

Ventilator-free d (30) 26 (18-29) 27 (5-28) .898

ICU-free d (30) 24 (14-26) 20 (3-23) .106

Mortality No (%)

30 d 2 (9.5) 4 (10.8) 1.000

In-hospital 2 (9.5) 6 (16.2) .696

Stroke 0 (0) 2 (5.4)

Branch artery-related

Complication No. (%) 0 (0) 1 (2.7) 1.000

Short-term: 30-day mortality. Midterm: mortality in patients followed for more than 6 months. Ventilator-free days are the number of days within the first 28 days after enrollment

during which a patient was able to breathe without a ventilator. Ventilator-free days in patients who died during the study period was assigned as 0. Intensive care unit–free days

were calculated in the same manner. EB-SAFER, Extended branched stented anastomosis frozen elephant trunk repair;CTAR, conventional total arch replacement; SEM, standard

error of the mean; ICU, intensive care unit.
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dissected thoracic aorta, the aorta at the pulmonary artery
level was analyzed based on the CT scan findings. The
true and false lumen diameters were measured perpendic-
ular to the contour of the intimal flap at the same level. To
account for the aortic diameter, we calculated the true
lumen index, defined as the ratio of the true lumen diameter
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FIGURE 2. Estimated mortality and unanticipated intervention from Kaplan

Kaplan–Meier were examined for each comparison; there was no significan

P ¼ .554, respectively). The average and median follow-up times for EB-SAF

respectively. The average and median follow-up times for CTAR were 968 �
EB-SAFER, Extended branched stented anastomosis frozen elephant trunk repa
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to the total aortic diameter. The ratios of the true lumen in-
dex at follow-up visit to that at baseline were evaluated.
There was no significant difference in the true lumen index
(00 [18-29] and 27 [5-28] [P ¼ .000]) between the EB-
SAFER group and the CTAR group before and after sur-
gery, respectively.
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ER were 383 � 252 and 365 days, ranging from 14 days up to 925 days,

968 and 721 days, ranging from 1 day up to 2286 days, respectively.

ir; TAR, total arch replacement.



After deploying of
double self-expandable stent-graft.

Extended Branched Stented Anastomosis Frozen Elephant Trunk Repair (EB-SAFER)
to the supra aortic vessels for type A acute aortic dissection: Early to midterm results

Post-operative 3D computed tomography showed
blood flow patency in the cervical branch.

58 cases of emergency
surgery for type A dissection.
December 2016 – August 2021

21 were in the EB-SAFER
group and 37 were in the
CTAR group.

EB-SAFER
Technical success: 100%
No branch artery-complication.

Summary

EB-SAFER anastomoses meet the
technical requirement to move the
FET technique forward to simplify
this surgical procedure.

FIGURE 3. Summary of the TAR by EB-SAFER for AADA. Confirmation of retrograde blood flow after deploying of self-expanding stent grafts and

postoperative 3-dimensional CT showed blood flow patency in the cervical branch.CTAR, Conventional total arch replacement; FET, frozen elephant trunk;

3D, 3-dimensional.
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DISCUSSION
Whether an extended initial aortic repair for AADA

should be performed remains the subject of active debate.
Our experience shows that aortic replacement using a
simplified FET operation is a safe and effective option for
emergency extended repair of type A aortic dissection.
FET repair can be performed with mortality comparable
to that of the conventional hemiarch repair strategy even
in patients with ischemia.8,11,13

The use of our EB-SAFER strategy has kept the cardiac
arrest and SACP times relatively shorter. It eases manage-
ment of complications in the chronic phase of dissection
by facilitating later endovascular repair. The original
B-SAFER technique is used to create the junction between
the FET and the supra-aortic vessel and has been shown to
be safe and efficacious. In this admitted patient cohort, it has
been possible to secure perfusion of every cervical artery
anatomically.16

The anatomic reconstruction of the supra-aortic vessels is
particularly challenging if the distal anastomosis of the arch
graft is moved distal to the LSA. The proximal transfer of
anastomosis simplifies the distal sewing, thus reducing cir-
culatory arrest and cerebral perfusion times and decreasing
complications (eg, recurrent laryngeal nerve injury) as
shown here and in other studies.17,18 In such cases, the
LSA is often managed by rerouting or complete debranch-
ing of all supra-aortic vessels.
In contrast, EB-SAFER allows an orthotopic reconstruc-

tion even if the distal anastomosis is moved to Zone 1. This
is considered useful, particularly in young patients with
acute aortic dissection, and clearly reduces the rate of aban-
doned subclavian arteries in this setting. However, in the
present study, EB-SAFER significantly reduced the cardiac
arrest and SACP times at 55 and 67 minutes compared with
CTAR at 75 and 118 minutes, respectively, proving the su-
periority of EB-SAFER. The EAVR time was also signifi-
cantly shorter.
With these improved technical aspects, the frequency of

bleeding complications from the supra-aortic vessels
decreased even in patients with acute dissection and have
not been recently observed. The supra-aortic vessel anasto-
mosis stent bridging (SAVSTEB) technique for reconstruct-
ing the arch branch using the Viabahn has been reported.
The authors indicated that SAVSTEB causes residual
extravasation from the anastomosis, whereas our EB-
SAFER causes no extravasation.19
JTCVS Techniques c Volume 17, Number C 7



Adult: Aorta Hashizume et al
There are also differences between our EB-SAFER and
the original B-SAFER. EB-SAFER is based on dissecting
the aorta in Zone 1 and inserting self-expandable stent-
grafts in the common carotid artery and LSCA, reinforced
internally with FET and externally with felt. As a result,
EB-SAFER is thought to make the anastomotic procedure
easier. Moreover, EB-SAFER, which can use transection,
does not cause suture dissection of the suture line. Addition-
ally, because 80% fenestration is used and the SACP cath-
eter is crimped intraoperatively after Viabahn deployment,
the patient cannot experience persistent flow in the false
lumen as reported by Guo and colleagues.20

On the other hand, B-SAFER, which reconstructs the bra-
chiocephalic artery and common carotid artery in the form of
islands, leaves the aortic tissue intact. Therefore, it is neces-
sary to level the anastomosis along the aortic arch axis or
dissection at Zone 2. EB-SAFER has the advantage of su-
tureless enlargement of the true lumen without bleeding
even if the dissection extends into the cervical branches.
Transfusion volume significantly decreased from 10 RBCs,
10 FFP, and 20 (20-40) platelet units in the CTAR group to
2 RBCs, 6 FFP, and 20 (20-20) platelet units in the EB-
SAFER group, which may reflect a decrease in blood loss.
There have been almost no specific problems associated
with branched stent grafts during follow-up. There was no
case observed in which a stented side branch of the arch graft
showed obstruction and kinking or progressive narrowing.

EB-SAFER expectedly has some potential pitfalls. There
is an inherent danger if the vertebral artery is overstented,
particularly if the take-off from the LSCA is low. Here,
some practice and experience in estimating the permissible
depth of insertion of the stent into the recipient vessel are
required. If the subclavian artery is extremely tortuous or
dissected, careful Viabahn insertion is necessary.

At the beginning of the procedure, a guidewire was in-
serted from the left radial artery into the aortic arch via
the LSCA. After the circulation was stopped, a pull-
through method was established and the Viabahn was in-
serted in a progressive manner. However, in this method,
the subclavian artery was extended excessively by the
pull-through method, causing difficulty in adjusting the
length of the Viabahn insertion and complication of the pro-
cedure. Therefore, we now insert the top of the Viabahn
directly into the origin of the subclavian artery through a
homemade hole. If the device can be inserted 2 cm without
resistance, it is deployed there. However, if there is resis-
tance to the top, the device is inserted in an over-the-wire
fashion to prevent complications.

However, compared with SAVSTEB, which requires the
subclavian artery to be transected from the arch, EB-
SAFER with its longer effective length of available vessels
has fewer complications and less bleeding. There were no
patients in our series who experienced accidental vertebral
artery overstenting. In CTAR, although there were no
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complications related to the vertebral artery, the difficulty
of distal anastomosis caused a significantly longer operative
time in the present series of dissection.

Regarding the evolution of the suitable procedure andman-
agement of LSCA, Roselli and colleagues21 reported that
there are no commercially available hybrid stent-graft devices
specifically designed to perform FET repair in the United
States. In 2006, Roselli and colleagues21 used a commercially
available stent graft for antegrade delivery and started per-
forming modified FET repair to treat complex thoracic aortic
disease. Because EB-SAFER was first used at our institution,
a series of refinements have beenmade to improve its efficacy.
In Japan, the FROZENIX has been commercially available as
FET since 2014. Although the importance of TAR for AADA
remains high, many centers perform only ascending aortic
replacement due to TAR’s invasiveness. In contrast, the ratio
of TAR using the FROZENIX as FET has been reported to be
12%.22 In a recent meta-analysis, Takagi and colleagues14

analyzed data from 15 studies involving 1297 patients who
underwent FET operations for acute type A dissection.
They reported a mortality rate of 9.2% and a spinal injury
risk of 3.5%. Despite the encouraging results, their technique
has not been widely adopted by centers in other countries,
with only 2 studies in the United States. The slow adoption
of their technique in Japan is partly due to the lack of available
commercial devices.

Two other devices are now commercially available in Eu-
rope: the E-vita OPEN PLUS prosthesis (JOTEC GmBH)
and the Thoraflex hybrid prosthesis (Vascutek). Both de-
vices have been described using a more complex technique
involving multiple anastomoses in the arch. Therefore, we
introduced EB-SAFER as a simplified procedure and for
further minimally invasive surgery using the FROZENIX.
EB-SAFER is safe and effective for the emergency
extended repair of AADA. This technique optimizes true
lumen perfusion and promotes remodeling of the aorta.
Thus, EB-SAFER may facilitate the management of late
complications in the chronic phase of disease. Finally, the
present study included EB-SAFER in 10 patients (47.7%)
with dissection in the cervical branches. Among them, there
was only 1 case of stroke complication in the acute phase.
This may be due to the advantage of self-expanding stent
grafts, which enlarge the lumen more distally.

Study Limitations
This research was a retrospective study with the inherent

limitations of such analysis. The analysis was also limited
by the comparatively short follow-up of the characteristics
of the patient cohort.

CONCLUSIONS
EB-SAFER is a comparatively simple, safe, and effica-

cious technique for creating an anastomosis between the
branched FROZENIX and the supra-aortic arteries
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compared with CTAR in the short and intermediate terms.
EB-SAFER can be used for the emergency extended repair
of AADA. It was successful in nearly all cases, and no sub-
clavian artery had to be abandoned or reattached by extra
anatomic means. However, a few procedure-related compli-
cations occurred in the earlier versions of SAVSTEB, where
the cervical branch was exposed and the Viabahn was in-
serted. Particular attention should be paid to low dissection
from the LSA, overstenting into the vertebral artery, and
stent misplacement into the false lumen. Stent-related com-
plications are extremely rare if the self-expandable stent-
graft insertion procedure and its length are correct. It opti-
mizes true lumen perfusion and facilitates remodeling of
the aorta and supra-aortic artery if EB-SAFER anastomosis
is properly performed. EB-SAFER anastomoses meet the
technical requirement to move the FET technique forward
to simplify this surgical procedure.
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