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The branched single anastomosis frozen elephant trunk repair (B-SAFER) includes partial 

arch replacement, a stent graft placed at the zone 2 arch, and a small stent graft into the left 

subclavian artery through the arch stent graft.1 As B-SAFER remains a new technique, it is 

critical to monitor its efficacy and long-term outcomes in the management of descending 

thoracic aneurysms. We present 2 cases of aneurysmal expansion after B-SAFER, secondary 

to persistent perfusion of the false lumen, which necessitated open repair.

CASE SUMMARIES

Case 1

A 55-year-old man with Marfan syndrome and a history of acute type A dissection repair, 

followed by an acute on chronic type B dissection treated with B-SAFER (Table 1), 

presented to our facility with a rapidly expanding 7.5-cm descending thoracic aortic 

aneurysm (dTAA). Using a left thoracotomy in the fourth and eighth intercostal spaces, we 

established cardiopulmonary bypass via subclavian artery perfusion and femoral vein return. 

Under hypothermic circulatory arrest (HCA) and antegrade cerebral perfusion through the 

left subclavian and lower body perfusion through femoral artery, a large intimal tear was 

identified at the branch point of the left subclavian artery. The frozen elephant trunk (FET) 

stent graft, which had been deployed over a guiding wire, was found to have been inserted 

into the false lumen. The stent graft and aorta were divided distal to the left vertebral artery 

and sewn to a 30-mm Dacron graft. HCA time was 30 minutes. The left subclavian artery 

was reimplanted via an 8-mm graft. The distal aorta was transected above the celiac artery 

and anastomosed to the Dacron graft with HCA after a 5-cm septectomy of the dissection 

flap. The left T11 intercostal artery was reimplanted via an 8-mm graft (Figures 1 and 2).

Case 2

A 59-year-old woman presented with chronic type B dissection and 6.5-cm symptomatic 

thoracoabdominal aneurysm and stenosis of the celiac artery after B-SAFER (Table 1). 

Dissection of the proximal descending aorta and arch was challenging due to inflammatory 
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changes and scarring from B-SAFER procedure. Under HCA, the aorta and FET were 

divided distal to the left subclavian artery. A patent false lumen at the proximal arch was 

identified as the cause of the proximal endoleak and obliterated using full-thickness 3-0 SH 

PROLENE suture. A 32-mm Dacron graft was then sewn to the distal arch, incorporating the 

stent graft. A pair of T11 intercostal arteries were reimplanted via 10-mm grafts. The distal 

anastomosis was completed proximal to the superior mesenteric artery under HCA with 

reimplantation of celiac artery via a 10-mm branch graft (Figure 3).

Postoperatively, both patients recovered well with no complications and minimal pain due to 

intercostal nerve ablation.2 Informed consent for patients included in this study has been 

waived by the University of Michigan Medical School institutional review board.

COMMENT

The B-SAFER procedure has been used in acute type A aortic dissection to simplify total 

arch and FET to obliterate the false lumen in the arch and proximal descending thoracic 

aorta and promote aortic remodeling and false lumen thrombosis.1,3 It has been expanded to 

dTAA from chronic aortic dissection.4 These 2 case presentations likely represent a 

continuous expansion of the proximal dTAA due to persistent blood flow into the false 

lumen proximally and distally after B-SAFER procedure. Case 1 had persistent proximal 

flow from the dissected left subclavian artery into the false lumen of the aorta, which was 

treated twice with stent grafts. Case 2 had a proximal leak from the false lumen of the 

remaining arch into the false lumen of the descending thoracic aorta secondary to 

incomplete closure of the false lumen at the anastomosis of the FET to dissected zone 2 

arch. Both cases had persistent distal flow into the false lumen related to the stent graft’s 

position in the true lumen of descending thoracic aorta; we also note that case 1 was on 

Coumadin for a mechanical aortic valve. In addition, case 1 was a patient with Marfan 

syndrome with dissection extended into the left subclavian artery and may not have been an 

ideal candidate for the B-SAFER procedure. At the presentation of a descending thoracic or 

thoracoabdominal aortic aneurysm, to complete a B-SAFER procedure necessitated a redo 

sternotomy and multiple procedures for patient 1 and replacement of the normal ascending 

aorta for patient 2 (Table 1). Alternatively, patient 1 could have had a reverse zone 2 arch 

replacement beveled to the previous ascending Dacron graft, and descending aorta 

replacement to the celiac artery. Patient 2 could have had reverse hemiarch replacement and 

thoracoabdominal aneurysm repair. Although the B-SAFER procedure has its advantages, 

the standard care remains open repair for dTAA or thoracoabdominal aortic aneurysm due to 

chronic aortic dissection, especially in patients with connective tissue disease (Video 1).
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CENTRAL MESSAGE

Although the B-SAFER procedure has its advantages, the standard care remains open 

repair for dTAA or TAAA due to chronic aortic dissection.
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FIGURE 1. 
Persistent flow (red) in the false lumen caused aneurysm expansion after B-SAFER.
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FIGURE 2. 
Intraoperative photos of open repair for patient 1 after B-SAFER procedure, who had 

Marfan syndrome with a continuous expansion of 7.5 cm descending thoracic aortic 

aneurysm. A, Left subclavian artery cannulation with an 8-mm Dacron graft. B, Incision into 

the aorta with visualization of the FET stent graft, left subclavian artery VIABAHN stent 

(green arrow), and large intimal tear. C, Intra-aortic view after proximal transection of the 

aorta distal to the stent graft in the left vertebral artery (green arrow). D, View of the left 

vertebral artery with VIABAHN stent (green arrow). E, Completed proximal anastomosis of 

the descending aortic Dacron graft to the aortic arch with reimplantation of the left 

subclavian artery via 8-mm graft.
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FIGURE 3. 
Case 2: Preoperative CT (March 2019) showing persistent proximal (A) and distal (B) blood 

flow (green arrows) into the false lumen. C, Three-dimensional rending of CT (March 2019) 

depicting thoracoabdominal aneurysm measuring 6.5 cm in maximum diameter at the level 

of the left subclavian artery with persistent flow in the false lumen of the arch (green arrow) 

and descending thoracic aorta. D, 4-month postoperative CT (January 2020).
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TABLE 1.

History of cardiovascular interventions

Patient 1 (MFS) Patient 2

First 
presentation

2000: Presented to an outside hospital with an acute type A 
dissection. Underwent Bentall procedure with St Jude mechanical 
composite valve graft and CABG.

October 2013: Presented to the same outside hospital 
with an acute type B aortic dissection extending from 
the left subclavian artery to the aortic bifurcation. 
Treated medically.

B-SAFER 
operation

February 2018: Presented to the same hospital
with an acute on chronic type B dissection and dTAA measuring 5.9 
cm.
Underwent B-SAFER procedure with:
• Right
vertebral-to-carotid artery transposition by vascular
surgery
• Redo ascending and zone 2 aortic arch
replacement
• FET (C-TAG 37 mm × 10 cm) placed at
zone 2 aortic arch over a guidewire placed through femoral
artery
• 13-mm × 2.5-cm and 6-mm × 5-cm
VIABAHN stent graft placement in the left subclavian and left 
vertebral
arteries
• Reimplantation of the left common carotid and
innominate arteries
March 2018: Underwent completion TEVAR (C-TAG
37 mm × 20 cm) of the descending aorta to the level of the celiac
artery with balloon rupture of dissection flap distally and placement 
of
13-mm × 2.5-cm VIABAHN stent graft in the LScA (Figure 1)

November 2018: Presented to the same hospital
with chronic type B dissection and TAAA measuring 
5.2 cm. Underwent
B-SAFER procedure with:
• Ascending aorta and hemiarch
replacement
• FET (C-TAG 37 mm × 15 cm) placed from
zone 2 aortic arch without guidewire
• 13 mm ×
2.5-cm VIABAHN stent graft placement in the left 
subclavian artery
(Figure 3, C)

Open 
reoperation

April 2019: Transferred to our facility with
back pain and a rapidly expanding dTAA measuring 7.5 cm. 
Underwent
urgent left-sided thoracotomy with:
• Left subclavian and
femoral artery cannulation
• Aortic arch and descending
thoracic aorta replacement under HCA at 18°C (bladder) from zone
2 arch to celiac artery with antegrade cerebral perfusion through
LScA
• T11 intercostal artery
reimplantation
• Cryoablation of T3-T9 intercostal
nerves

March 2019: Transferred to our facility with
an expanding TAAA measuring 6.5 cm. Required 
pulmonary rehabilitation
before surgery. September 2019: Underwent a left-
sided thoracoabdominal
incision with:
• Left subclavian and femoral artery
cannulation
• Aortic arch and thoracoabdominal aortic
replacement under HCA from zone 3 arch to superior 
mesenteric artery
with antegrade cerebral perfusion through LScA
• Celiac
artery reimplantation
• T11 intercostal artery
reimplantation
• Cryoablation of T3-T9 intercostal
nerves

MFS, Marfan syndrome; CABG, coronary artery bypass graft; B-SAFER, branched single anastomosis frozen elephant trunk repair; dTAA, 
descending thoracic aortic aneurysm; FET, frozen elephant trunk; TEVAR, thoracic endovascular aortic repair; LScA, left subclavian artery; 
TAAA, thoracoabdominal aortic aneurysm; HCA, hypothermic circulatory arrest.
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