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Background: Considering the progressive nature of complicated Stanford type B aortic dissection (TBAD), 
operation must anticipate the need for later interventions. Recently we have used a modified stent elephant 
trunk (SET) procedure to treat these patients. And we review the indications, considerations for planning, 
and operative details for this this modified SET procedure.
Methods: Ten patients (seven males and three females) with complicated TBAD underwent a modified 
SET procedure in Anzhen Hospital, Beijing in the period between January 2019 and December 2019. The 
patients, whose ages ranged from 29–52 (42±7.23), suffered complications with hypertension. Under deep 
hypothermic circulatory arrest, all the patients received SET implantation via an incision of the aortic arch. 
Before the patients were discharged, a computed tomography angiography (CTA) was performed to ensure 
the safety and accuracy of the procedure.
Results: The average surgery time was 4.0–5.5 (4.65±0.47) hours, cardiopulmonary bypass (CPB) 
time was 115–163 (138.6±15.64) minutes, aortic cross-clamping time was 32–59 (42±7.72) minutes, and 
selective cerebral perfusion (SCP) time was 15–32 (21.7±5.56) minutes. The SCP flow and nasopharyngeal 
temperature were 5–8 (6.8±1.23) mL/kg/min and 23.5–26.8 (25.22±0.96) ℃, respectively. During SCP, the 
blood pressure of the left upper limb was 20–31 (25.5±3.81) mmHg. Aorta cannulation position: vascular 
graft was anastomosed to the innominate artery (IA) and left subclavian artery (LSA) in seven cases, and with 
IA, LSA, and the right femoral artery in three cases. Ventilation time was 5–15 (8.8±2.94) h, retention time 
in ICU was one day, and post-operative hospitalization time was 6–8 (6.9±0.74) days. None of the patients 
died, or experienced endoleakage or neurological complications.
Conclusions: The application of a modified stented elephant trunk procedure in the treatment of TBAD 
is safe and efficient.
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Introduction

Aortic dissection, a serious condition where the inner layer 
of the aorta tears apart, has an abysmal natural prognosis. 
The onset of aortic dissection exposes the patient to 

extremely lethal outcomes. Aortic dissection is sub-divided 

into Stanford type A and Stanford type B aortic dissection 

(TBAD) based on the sites involved. Moreover, surgery is 

needed to effectively treat Stanford type A aortic dissection, 
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while controversy continues to surround the treatment of 
TBAD. In particular, the non-invasive thoracic endovascular 
aortic repair (TEVAR) procedure has become the preferred 
treatment for TBAD as opposed to open surgery and has 
profound healing effects for most of the patients (1). For 
some younger patients who have complicated TBAD, 
surgical treatment is carried out in the form of a stented 
elephant trunk procedure (2-4), which employs the right 
axillary artery as the preferred arterial cannulation site. 
The left subclavian artery (LSA) is anastomosed to the left 
common carotid artery. In this paper, we implemented 
this technique on some subjects to explore its safety and 
efficiency in clinical applications, using a 10 mm artificial 
blood vessel to achieve long-term patency rate. 

Methods

Clinical data

We enrolled 10 subjects (7 males and 3 females), aged 29–52 
(42±7.23) years old, with complicated TABD, to undergo a 
modified SET procedure at Anzhen Hospital, Beijing, in the 
period from January 2019 to December 2019. The patients 
ranged in weight from 60–110 (86.2±17.42) kg, including 5 
patients ≥90 kg, and each of them had hypertension-related 
complications. A stent graft was implanted into all of the 
patients through an aortic arch incision under hypothermic 
cardiopulmonary bypass (CPB). Before the patients 
were discharged, they were followed up with an aortic 
computed tomography angiography (CTA) examination. In 
complicated TABD, the primary laceration is located less 
than 1.5 cm from the LSA, or at the lesser curvature of the 
aortic arch, with insufficient or no landing zone at the distal 
aortic arch (5).

Surgical methods

For each of the patients, the operation took place under 
deep hypothermic circulatory arrest and antegrade selective 
cerebral perfusion (SCP). The patients were positioned in a 
supine position, before general anesthesia, disinfection, and 
median thoracotomy to free brachiocephalic artery branches 
were subsequently carried out. For patients whose weight 
≥90 kg, the right femoral artery was kept free for standby.

After heparinization, a 10 mm artificial blood vessel 
(Maquet, Rastatt, Germany) was taken and anastomosed 
with the innominate artery (IA) in an end-to-side manner. 
It was sutured continuously with 5-0 prolene suture with 

subsequent exhaustion. Then, an 8# imported artery 
cannula was inserted through the artificial blood vessel. 
A vent catheter was reserved at the vent hole joint, and 
for overweight patients, femoral artery cannula was 
simultaneously performed. Extracorporeal circulation 
was established through venous cannulation via the right 
atrium, and the right superior pulmonary vein was placed 
and directed into the left ventricle for venting.

In the cooling process, the base of the LSA was detached 
and closed using the sutures. The artificial blood vessel was 
anastomosed to the distal end of the subclavian artery in an 
end-to-end manner via the 5-0 prolene continuous suture. 
The previously reserved vent catheter was then applied to 
perfuse the subclavian artery. After ventricular fibrillation, 
the ascending aorta was cross-clamped, and for myocardial 
protection, the base was perfused with cardioplegia.

Once the nasopharyngeal temperature had dropped to 
about 25 ℃, SCP was performed via artificial blood vessels, 
and the femoral artery cannulation was clamped. The 
perfusion flow was specified to maintain the blood pressure 
of the left upper limb at 20–40 mmHg. The IA and the left 
common carotid artery were cross-clamped, undergoing 
distal circulatory arrest, and, via the aortic arch incision, 
the stent (Cronus®, MicroPort Medical, Shanghai, China) 
was implanted in an open antegrade manner. After the stent 
was released, the stented blood vessel was located at the 
distal aortic arch wall in the full-thickness and continuous 
circumferential suture.

A series of reviving steps were carried out following 
the surgical procedure, including exhaustion, paying off 
oxygen debt, rewarming, and opening the ascending aorta. 
These were followed by parallel circulation, shutdown, 
and repeated examination to ensure that no significant 
hemorrhages occurred. For blood transfusion, the arterial 
cannula was later translocated to the venous cannula. The 
IA and the LSA artificial blood vessel were anastomosed 
in an end-to-end manner to complete the IA-LSA bypass 
operation.

An intravenous drip of protamine (in case anaphylaxis 
follows the operation) was also administered, followed by 
early removal of the venous cannula after mechanical blood 
transfusion, hemostasis, and chest closure. The comparison 
of the traditional SET and the current SET procedure is 
depicted in Figures 1 and 2.

Statistical analysis

Statistical analysis was conducted using SPSS 22.0 statistical 
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Figure 1 Traditional stented elephant trunk surgery. The left subclavian artery was anastomosed to the left common carotid artery.

Figure 2 Modified stented elephant trunk surgery. The left subclavian artery was anastomosed to the artificial blood vessel. LSA, left 
collarbone artery; LCCA, left common carotid artery; IA, innominate artery; VG, artificial blood vessel.
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software. The measurement data were expressed as the 
mean ± standard deviation (X ± s), and the enumeration data 
were expressed as the number of examples and percentages.

Results

All the patients involved in the study were successfully 

operated on. Operation time ranged from 4.0–5.5 
(4.65±0.47) h, CPB time was 115–163 (138.6±15.64) min, 
aorta cross-clamping time was 32–59 (42±7.72) min, and 
the SCP time as 15–32 (21.7±5.56) min. Additionally, the 
cerebral perfusion flow was 5–8 (6.8±1.23) mL/kg/min and 
nasopharynx temperature was 23.5–26.8 (25.22±0.96) ℃,  
while blood pressure in the left upper limb during 
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deep hypothermic circulatory arrest was 20–31 (25.5± 
3.81) mmHg. The intraoperative aorta cannulation was 
performed in a total of seven cases of IA artificial blood 
vessel and LSA artificial blood vessel cannulation; and 
three cases of IA artificial blood vessel, right femoral artery, 
and LSA artificial blood vessel cannulation. In addition, 
the post-operative ventilation time was 5–15 (8.8±2.94) 
h, retention time in ICU was 1 day; the post-operative 
hospitalization time was 6–8 (6.9±0.74) days. None of the 
patients died, or experienced endoleakage or any related 
neurological complications. The closure rate of the peri-
stent false lumen was 100%, and only 1 case was reported of 
delayed healing after the femoral artery incision.

Discussion

Aortic dissection, a potentially catastrophic cardiovascular 
disease, exposes the patient to extreme lethal outcomes with 
an inferior natural prognosis from the onset. Sun Lizhong 
offered a detailed classification of aortic dissection based on 
the Stanford classification (5), in which type B dissection 
is divided into B1, B2, and B3, according to the extent to 
which the descending aorta is involved. TBAD can also be 
sub-grouped into S type (simple type) and C type (complex 
type) based on the involvement of the aortic arch. Notably, 
the treatment and clinical implications of most BS-type 
aortic dissections are considered satisfactory after TEVAR 
treatment (6). However, for BC-type aortic dissection, 
endovascular interventional technology holds limitations 
for the implementation of LSA coverage, and the use of 
chimney technology, laser perforation technology, and 
Castor branched stent system due to the risk of type 
I endoleakage. Therefore, for younger patients who 
undergo BC type dissection, particularly those with Marfan 
syndrome, our center suggest stent elephant trunk (SET) 
surgery as the first choice treatment. Furthermore, patients 
with connective tissue diseases are likely to undergo two-
stage thoracoabdominal aorta replacement, where stent-
type artificial blood vessels are used during the surgery to 
facilitate the cross-clamping and anastomosis of second-
stage surgery.

SET surgery has both advantages and disadvantages 
in comparison with other minimally invasive surgeries 
involving median thoracotomy, CPB, deep hypothermic 
circulatory arrest, and post-operative monitoring, which 
require cardiovascular surgeons to grasp a relatively longer 
and more difficult procedure. Therefore, a hybrid technique 
called axillo-axillary bypass grafting/axillary-to-carotid 

artery bypass grafting, TEVAR is preferred. However, 
the relatively high mortality and complication rates of 
this technique make its application in young patients with 
connective tissue disease who have longer life expectancies 
controversial (7-9). Bünger et al. (8) reported in their study 
involving 45 TBAD patients that hybrid surgery resulted 
in an in-hospital mortality rate of 11.1%, early or late 
endoleakage rates as high as 27% (12/44) and 43% (13/30), 
respectively, and a re-intervention rate of 18%. However, 
several reports have confirmed reduced operative mortality 
and post-operative complications with this procedure, 
suggesting the surgical procedure is safer and more feasible 
than once indicated (10,11). 

Nevertheless, the procedure has some long-term 
drawbacks. The most common among these is brachial 
plexus injury, in which patients suffer post-operative 
numbness and loss of muscle strength in their upper right 
limb. Most of these patients have a slower recovery rate 
post-treatment with neurotrophic drugs, possibly due 
to the traction injury of brachial plexus. A few of these 
patients cannot recover and their quality of life is affected. 
Furthermore, during the procedure, the distal axillary artery 
needs to be cross-clamped during axillary artery cannulation, 
resulting in continuous ischemia of the right upper limb, 
and potential limb ischemia and necrosis in extreme cases. 
The number of cases in this group is relatively small, with 
71.4% (5/7) of the patients weighing more than 90 kg, and 
it is now considered to be associated with aortic dissection 
in patients. Obesity imposes hurdles during the surgical 
procedure and makes it difficult to free both the axillary 
artery and the arterial cannulation. The resulting high 
pump pressure can cause injury to the axillary artery, and in 
extreme cases lead to dissection, which eventually results in 
difficulty during the surgery and risks unnecessary injury. In 
addition, some patients have a deep LSA which is difficult 
to free, while in some patients, the LSA and left common 
carotid artery are far apart. These two factors increase the 
difficulty of left common carotid artery-LSA bypass and 
can eventually make the patients susceptible to anastomotic 
stenosis or hemorrhage. Additionally, some patients have a 
thin left common carotid artery and thick LSA. Therefore, 
in our study, we explored whether the blood supply from 
the left common carotid artery is affected after the bypass. 
Importantly, during the deep hypothermic circulatory 
arrest, the reverse left vertebral artery steal supplies the 
left upper limb, although its influence on the brain’s blood 
supply is not yet fully understood.

To solve the problems mentioned above, we implemented 
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some improvements to the surgical procedure. During the 
operation, a section of 10 mm artificial blood vessel was 
used to anastomose the IA in an end-to-side manner via 
vein cannulation to avoid any possible side injury while 
we surgically freed the axillary artery. The anastomosis 
took about 5 minutes to carry out, which had little effect 
on the cerebral blood supply. After starting the CPB, the 
LSA was detached at an early stage, and the distal end was 
anastomosed with another 10 mm artificial blood vessel in 
an end-to-end manner and perfused by cannulation, thereby 
avoiding vertebral artery steal to improve cerebral blood 
supply. The subclavian artery was anastomosed with an 
artificial blood vessel, which was easy to free, and hemostasis 
could be performed. For the patients who simultaneously 
received femoral artery cannulation, post-operative 
treatment was relatively simple. The procedure involved 
bringing the temperature to 36 ℃, removing of the artificial 
blood vessel cannula, anastomosing the artificial blood 
vessel in an end-to-end manner, keeping the femoral artery 
cannula, and performing other routine treatments. For the 
patients who did not receive a simultaneous femoral artery 
cannula, the anastomotic stoma was repeatedly examined 
after shutdown until there was no active hemorrhaging. 
Subsequently, the arterial cannula was translocated to 
the vena cava cannula for blood transfusion, and then the 
artificial blood vessel was anastomosed in an end-to-end 
manner. Furthermore, the neutralization of protamine 
was conducted slowly to avoid severe allergic reaction, 
and the venous cannula was removed as soon as possible 
after neutralization to avoid thrombosis. We performed 
all of these procedures on ten patients. Every patient was 
later discharged from the hospital without experiencing 
any complications of the central nervous system, or any 
abnormal sensation or loss of muscle strength in the right 
upper limb, although one patient suffered delayed healing 
of the femoral artery incision. There was no operative 
mortality or endoleakage. The closure rate of the peri-stent 
false lumen was 100%, and there was a lower incidence 
of complications, suggesting that the improvements we 
implemented improved the safety and efficiency of the 
operation.

Conclusions

This study shows satisfactory results with no mortality, no 
endoleakage, no complications of central nervous system 
and no abnormal sensation or loss of muscle strength in 
the right upper limb which suggest this modified SET 

procedure is safe and effective. In practice, we found that 
overweight patients were more suitable for this modified 
procedure. However, our study has some limitations that 
need to be discussed. The sample size is relatively small, 
and there is no specific value to confirm the blood flow 
distribution of the three branches of the arch after the 
operation. Therefore, further studies involving larger 
sample sizes and long-term follow-up are required to verify 
the findings of the current study.
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