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Abstract: There is no consensus on the treatment efficiency of type A aortic dissection (AD) using ascending aorta
replacement combined with open replacement of triple-branched stent graft versus total arch replacement com-
bined with stented elephant trunk implantation. The present study was designed to compare the short- and long-
term outcomes of patients with type A AD after ascending aorta replacement combined with open replacement
of triple-branched stent graft versus total arch replacement combined with stented elephant trunk implantation.
Thirty-three patients with type A AD admitted in our department from 2009 to 2014 were included in this study.
Twenty-two patients received operations using total arch replacement combined with stented elephant (group A),
while 11 received operations using triple-branched aortic arch covered stent grafts (group B). Adverse events and
other clinical events were also recorded to compare the efficiency of two different methods. Complications were
similar between the two groups. The intraoperative blood loss was significantly larger in group B compared to that of
group A. In group A, the left ventricular size and the aortic diameter was decreased, and the left ventricular ejection
fraction (LVEF) was elevated after surgery. In group B, the aortic diameter was decreased. No statistical difference
was noticed in the survival duration of patients in both groups. The intraoperative blood loss is significantly in-
creased in the patients received triple-branched stent graft compared to those received Sun’s procedure. The Sun’s
procedure is superior to triple-branch graft with improvements in left ventricular size and left ventricular ejection
fraction. Both surgery types contribute to the improvement of aortic diameter.
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Introduction

Aortic dissection (AD), the most frequent and
catastrophic manifestations of the aorta, is
considered as one of the leading causes for
cardiovascular disease related death world-
wide [1]. Nowadays, acute type A AD shows a
mortality rate of about 1% per hour initially
without treatment [2]. Despite treatment, the
mortality rate is still higher and many patients
showed life-long sequela causing remarkable
effects on the life quality.

Currently, the treatment of type A AD is largely
depend on the surgery. The conventional ele-
phant trunk technique has been widely used for
the stage aortic replacement [3]. Nowadays,
some modifications based on that technique

are also available such as the arch-first proce-
dure introduced by Kouchoukos et al [4] and
the so-called “skeletonized elephant trunk
technique” designed by Sun et al [5]. However,
the optimal approach for patients with type A
AD involving the aortic arch remains controver-
sial. Besides, there are ongoing debates about
the benefits and shortcomings of ascending
aorta replacement combined with open place-
ment of triple-branched stent graft, and total
arch replacement combined with stented ele-
phant trunk implantation in type A aortic dis-
section [6]. This leads us to investigate the
treatment efficiency of these methods in
patients with type A AD in Chinese population.

In this study, we analyzed the clinical informa-
tion on in-hospital clinical outcomes and follow-
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Table 1. Baseline characteristics of the patients

Variable A (n=22) B (n=11) t P
Age (£SD), y 46.0£11.3 53.8+11.3 1.636 0.112
Male, n (%) 18 (81.8) 9 (81.8) 1.000
Smoking, n (%) 11 (50) 2 (18.2) 0.132
Drinking, n (%) 2(9) 2(18.2) 0.586
Hypertension, n (%) 17 (77.3) 10 (91.9) 0.637
Marfan syndrome, n (%) 0 0

Diabetes mellitus, n (%) 1(4.5) 0 1.000
ALT (£ SD), U/L 42.9+49.3 63.4£113.8 7.29 0.471
AST (+ SD), U/L 32.8+31.4 89.2+142.6 1.295 0.223
Cr (+ SD), umol/L 80.1+18.4 107.7+25.8 3.173 0.006
BUN (+ SD), mmol/L 6.6+£1.98 9.245.0 1.675 0.121
Hb (+ SD), g/L 128.0+£12.3 126.31+9.5 0.397 0.694
INR (+ SD) 1.3+0.1 1.1+0.2 1.242 0.224
LVIDD (+ SD), mm 55.0+7.5 53.8+2.4 0.624 0.538
Left ventricular ejection fraction (+ SD), % 60.9+6.7 58.0+5.6 1.219 0.232
Ascending aorta diameter (+ SD), mm 48.8+11.0 50.949.2 0.545 0.590
Aortic valve regurgitation, n (%) 16 (72.3) 8(72.3) 1.000

ALT: Alanine aminotransferase; AST: Aspertate aminotransferase; Cr: Creatinine; BUN: Urea nitrogen; HGb: Hemoglobin; INR:
International sensitivity index; LVIDD: Left ventricular internal diameter at end-diastole.

up data of 33 type A AD patients received total
arch replacement combined with stented ele-
phant trunk implantation or triple branches
aortic arch stent-graft placement, respectively.
We aim to evaluate long-term survival rates and
the clinical differences in patients underwent
different operations.

Material and methods
Patients

Thirty-three type A AD patients (male: 27,
female: 6, mean age: 48.3+11.6 yrs) admitted
0 our department by surgery from January
2009 to December 2014 were included in this
study. Among these patients, 22 received total
arch replacement combined with stented ele-
phant trunk implantation (group A), and 11
received triple branches aortic arch stent-graft
placement (group B). Type A AD is defined as
any dissection that involves the ascending
aorta. The diagnosis was based on electron-
beam computed tomography and echocardiog-
raphy. Ten patients showed tear site at the
ascending aorta, 11 at the transverse arch,
and 4 at the proximal descending thoracic
aorta. No entry tear was detected in 8 patients.
Twenty-seven patients had hypertension with-
out effective control, and 13 patients revealed
a history of smoking (Table 1).
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Surgical procedure

All procedures were performed under general
anesthesia. The arterial blood pressure in the
upper and lower limbs was monitored, and a
probe for transesophageal echocardiographic
monitoring was inserted. The procedures were
carried out by a median sternotomy and total
cardiopulmonary bypass (CPB) with selective
cerebral perfusion (SCP).

The Sun’s procedure was performed as previ-
ously described [7]. Briefly, the artrial line was
bifurcated for the right axillary artery and for
antegrade perfusion. Upon reaching a tem-
perature of 18-22°C, circulatory arrest was
performed. The left subclavian artery was
cross-clamped at the distal part, and then
the descending aortic graft was replaced.
Subsequently, anastomosis was performed at
the distal end of 4-branch prosthetic graft
(Boston Scientific Inc, Boston, MA) and the
proximal end of the descending aorta. On this
basis, blood supply of the descending aorta
was obtained through the prosthetic graft.
Upon the perfusion of blood flow in the descend-
ing aorta was obtained, rewarming was initiat-
ed. The resting 3 branches of prosthetic graft
were anastomosized with the brachiocephalic
trunk, left common carotid artery, and the dis-
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Table 2. Intraoperative comparison of parameters in group A and B

Variable A (n=22) B (n=11) t p

Cardiopulmonary by pass time (£ SD), min 141.5+36.0 134.8+432.8 0.086 0.932
Aortic cross clamp time (x SD), min 103.0 £27.8 102.5+28.9 0.048 0.962
Circulation arrest time (+ SD), min 40.8+17.3 36.5+9.2 0.579 0.567
Lower body arrest time (+ SD), min 74.8+34.0 65.1+28.8 0.739 0.466
Intraoperative blood loss (+ SD), min 2630.5+1821.2 3586.4+2926.8 2.175 0.005
Perioperative death 6 (27.3) 3(27.3) 1.000
ICU staying (+ SD), day 9.9+10.9 11.9411.9 0.478 0.633

Survival functions
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Figure 1. Survival rates of patients.

tal ends of the left subclavian artery, respec-
tively. Finally, the brachiocephalic trunk, left
common carotid artery, and the proximal ends
of the left subclavian artery were clamped, and
then extracorporeal circulation was carried out
after the air was flushed out from the proximal
ends of the anastomotic stoma.

Open triple-branched stent graft placement
was performed as previously described [8].
Blood perfusion of the lower body was started
via the perfusion limb of the 4-branch prosthet-
ic graft. The flow of cardiopulmonary bypass
was maintained in a range of 2.4~2.6 L min-1
m-2. After that, multiple cold blood cardioplegia
(4°C) was given in order to obtain myocardial
protection. The aorta was cross-clamped at the
base of the innominate artery, and then the
main graft of the triple-branched stent graft
was inserted into the true lumen of the arch
and proximal descending aorta. Each sidearm
graft was positioned one by one into the aortic
branch. Subsequently, the main graft and side-
arm grafts were dilated with balloon catheters
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assisting by transesophageal echocardiogra-
phy, which was used to confirm that they were
fully opened and not kinked. The transected
distal stump of the ascending aorta was recon-
structed by the inner proximal stent-free dacron
tube of the main graft and outer Teflon felt.
After that, continuous anastomosis to the
1-branched dacron tube graft was made in an
end-to-end manner. The air was flushed out
from the triple-branched stent graft with femo-
ral and right axillary blood return. Subsequently,
antegrade systemic perfusion from the branch
of the dacron tube graft was started, and the
patient was rewarmed.

Data collection

The clinical variables evaluated in this study
included patient demographics, case history,
clinical manifestations, physical findings, radio-
logical results, medical and surgical treatment,
as well as the treatment outcomes including
mortality. Adverse events and other clinical
events were also recorded. Follow up was
carried out by telephone or direct interviews
in our department. Patients were followed
up prospectively by contrast-enhanced com-
puted tomographic scan and echocardiograph-
ic examination before discharge, 6 months
after the surgery, and annually thereafter.

Statistical analyses

SPSS 20.0 software was used for the data
analysis. Numerous data were presented as
numbers and percentages. Continuous data
were presented as means + standard devia-
tions or medians and interquartile ranges.
Enumeration data were presented as percent-
age. Fisher exact test was used for the com-
parison between two groups. Student’s t test
was used for the comparison of multiple groups.
Survival time of patients was analyzed using
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Figure 2. CT images of patients before or after Sun’s procedure. A, B. Contrast enhanced CT scan for the patients
before Sun’s procedure. The opening of the dissection was localized at the aortic arch, and involved the descending
aorta. C, D. CT images after Sun’s procedure. The aortic diameters were remarkably decreased. No false aneurysm

or stent occlusion was noticed in the anastomotic stoma.

the Kaplan-Meier method. P<0.05 was consid-
ered statistically significant.

Results
Patient’s characteristics

Table 1 summarized the baseline characteris-
tics of the patients. The characteristics were
well balanced between the two treatment
groups (Table 1). To be exact, no statistical
differences were observed in the baseline char-
acteristics in group A compared to those of
group B, except the creatinine (P<0.05). Male
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patients were more apt to develop AD com-
pared to the female counterparts. Besides,
more patients showed hypertension, elevation
of left ventricular ejection fraction, and
decrease of ascending aorta diameter in
patients of group A than in those of group B
(Table 1).

Surgical variables and complications
As revealed in Table 2, patients of both groups
showed no difference in the cardiopulmonary

bypass time, aortic cross clamp time, circula-
tion arrest time, lower body arrest time.
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Figure 3. CT images of patients before or after triple-branch stent graft. A, B. Contrast enhanced CT scan for the pa-
tients before triple-branch procedure. C, D. CT images after the triple-branch procedure. The aortic diameters were
remarkably decreased. No false aneurysm or stent occlusion was noticed in the anastomotic stoma.

However, in group B, the intraoperative blood
loss was significantly increased than that in
group A. In group A, 6 perioperative deaths
were recorded, while those for group B was 3.
The ICU stay in both groups was similar with no
statistical difference. In this study, we also
compared the survival time of patients in each
group. Log-rank test revealed no statistical dif-
ference was noticed in the both groups (Figure
1).

Postoperative echocardiographic examinations
revealed the left ventricular size and the aortic
diameter were decreased while the left ventric-
ular ejection fraction (LVEF) was elevated after
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surgery in group A (Figures 2 and 3). Whereas,
only the aortic diameter was decreased in
group B (Table 3). For the postoperative com-
plications, no patient with stroke or false
lumen was observed in group A, while in group
B, one with stroke or false lumen was noticed.
One postoperative death was identified in
group A due to heart failure, but no aberrant
changes were noticed in the artificial graft
and the descending aorta stent (Table 4)
(Supplementary Table 1).

Discussion

Aortic dissection, an acute process of large
blood vessels featured by dangerous pathogen-
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Table 3. Ultrasonic examination of both groups

A B
value Pre-operation Post-operation P Pre-operation Post-operation t P
LV (£ SD), mm 55.0+7.5 50.9+6.9 3.709 0.020 53.5+2.5 48.4+9.2 1.611 0.150
EF (+ SD), % 46.9+10.4 62.01£3.1 5.395 0.000 57.5+6.4 62.0+2.6 1.821 0.110
Ascending aort (£ SD), mm 50.916.6 28.2+1.6 14.501 0.000 50.919.8 28.6+3.9 6.173 0.000

Table 4. Postoperative complications

Value A (n=16) B (n=8) P
False lumen, n (%) 0(0.0) 1(12.5) 0.333
Stroke, n (%) 0 )  1(12.5) 0.333
Death, n (%) 1 ) 0(0.0) 1.000
Complication, n (%) 1 ) 2(25.0) 0.249

ic conditions and high fatality, has attracted
extensive attention as it causes great threats
to public health.

In 1983, ascending aorta and aortic arch
replacement were proposed initially for the
treatment of AD [9]. In addition, the descending
aorta is built into a free artificial blood vessel.
These procedures are supposed to avoid the
two stage operation involving the aortic arch.
Moreover, there is no need to use the deep
hypothermic circulatory arrest. This is the clas-
sic procedure named stented elephant trunk.
However, such procedure was reported to
induce severe side effects in clinical practice
[10, 11]. For example, organ embolism or even
serious complications (e.g. paraplegia) were
caused by vascular thrombosis and trunk shift-
ing with blood swing [12]. Besides, it is still dif-
ficult to place the prosthetic graft into the true
lumen of a type A dissection. Considering these
limitations abovementioned, extensive studies
have been carried out for the modifications of
the elephant trunk procedure. The famous one
is called the Sun’s procedure, which is a surgi-
cal technique integrating total arch replace-
ment by using a tetra furcated graft with
implantation of a special stented graft in the
descending aorta. To date, the procedure is
considered as a treatment option for extensive
dissections or aneurysms involving the ascend-
ing aorta, aortic arch and descending aorta
[13]. The triple-branched stent graft was a
branched 1-piece graft consisting of a self-
expandable nitinol stent and polyester vascular
graft fabric. During hypothermic circulatory
arrest, the main graft of the triple-branched
stent graft was inserted into the true lumen of
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the arch and proximal descending aorta
through the transverse incision of the ascend-
ing aorta. Subsequently, each sidearm graft
was positioned one by one into the aortic
branch [14]. In clinical practices, upon the prop-
er position of the main graft and sidearm grafts,
the restraining strings were withdrawn, fol-
lowed by deployment of the main graft and
sidearm grafts. Such procedure has been
approved to achieve a stronger distal anasto-
mosis and to improve long term results, as well
as reducing bleeding and simplifying the opera-
tions [6, 15].

Despite the significant process in the Sun’s pro-
cedure, there were actually significant differ-
ences in the blood loss of patients [16]. The
reasons are as follows: Firstly, the stent graft
and vascular prosthesis are in a bad fit, which
may increase the chance of bleeding during the
op Sun’s procedure. Secondly, the bad fit of tri-
ple-branched stent graft and vascular prosthe-
sis may increase the chance of bleeding during
the operation. Thirdly, the coagulation could be
completely recovered after the surgery due to
the application of hemostatic drugs. Finally, the
application of right atrial shunt contributes to
the reduction of the risk of bleeding. In this
study, 22 received total arch replacement com-
bined with stented elephant trunk implanta-
tion, while 11 received triple branches aortic
arch stent-graft placement. The intraoperative
blood loss in group B was significantly increased
than that in group A.

Periodical measures are usually needed to
monitor signs of progression of aortic dilata-
tion. In our study, the aortic diameters were sig-
nificantly decreased in both groups compared
with the baseline levels. Above all, false lumen
can be effectively closed by the descending
aortic stent [17]. Moreover, the risk of bleeding
is reduced by reducing the local tension [18].
On this basis, the volume of distal anastomotic
bleeding is reduced, and the distal false lumen
closure rate is improved, together with the
decrease of the reoperation rate. Furthermore,
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a 4.0-fold increase was noticed in the incidence
of postoperative complications in group B com-
pared with that of group A (25% vs. 6.3%). This
may relate to the stent shift induced by rela-
tively fixed position of blood vessels and high
variability. To sum up, we should strictly grasp
the operation indication and prevent the injury
of vascular wall of the false lumen induced by
stent.

Several postoperative complications were
reported after surgery for AD, including false
lumen, stroke and death. In this study, the false
lumen was a major complication of the opera-
tion. Therefore, positive measures should be
taken to prevent false lumen. According to our
clinical experiences, extensive efforts should
be made to monitor the presence of distal lac-
eration after surgery. Besides, for the cases
with increase in the retrograde flow, and even
enlarge of false lumen or new laceration at the
distal ends, appropriate management should
be given. If the new lesion was at the distal
ends of the stent or not close to the major
branches of the artery, a new segment of stent
should be added at the distal ends. For the
patients with large lesion and with aortic
branches needing management, multi-layer
stents are needed to adhere to the false lumen
wall.

Indeed, there are still limitations in our study.
This study is a retrospective study rather than a
randomized controlled one. Besides, the sam-
ple size is comparatively small. In the future
studies, we will focus on the randomized con-
trolled studies with large sample size to investi-
gate the treatment efficiency and complica-
tions of these methods.

In summary, the left ventricular size and the
aortic diameter was decreased while the left
ventricular ejection fraction (LVEF) was elevat-
ed after surgery in patients received Sun’s pro-
cedure. Whereas, only the aortic diameter was
decreased in patients undergoing triple-branch
stent. The intraoperative blood loss was signifi-
cantly increased in the patients received triple-
branched stent graft compared to those
received Sun’s procedure.
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