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Summary Objective: To compare the outcomes of the en bloc and branched graft techniques
for supra-aortic vessel reconstruction in total arch replacement (TAR) for acute type A aortic
dissection (ATAAD).
Methods: In 53 ATAAD patients with intact supra-aortic arch vessels undergoing TAR, the arch
vessels were reconstructed using the branched graft technique in 35 patients and en bloc tech-
nique in 18, i.e. reimplantation of the innominate artery and the left carotid artery (LCA) and
transposition of left subclavian artery to LCA. The early and mid-term outcomes were
compared between two groups.
Results: The selective antegrade cerebral perfusion time in en bloc group was significantly
longer (33 � 10 vs 24 � 7 min, p Z 0.001). Operative mortality was 5.7% (3/53), including 1
and 2 in the en bloc and branched graft groups, respectively (5.6% vs 5.7%, p Z 0.981). Stroke
occurred in 1 patient. No spinal cord injury occurred. At mean 4.3 � 1.6 years, clinical and CT
follow-up were complete in 100% and 86% (43/50). No cerebrovascular accidents or upper ex-
tremity claudication occurred. There were 4 deaths and 1 reintervention in follow-up. Survival
was 88.6% and 88.9% at 3 months, and 83.3% and 88.6% at 6 months, 3 and 5 years in the en bloc
and branched graft groups, respectively (pZ 0.597). The arch vessels were patent in 100% (43/
43) without stenosis or aneurysm.
Conclusions: The modified en bloc technique could achieve comparable early and mid-term out-
comes to the branched graft technique in patients undergoing TAR for ATAAD. This approach may
be an alternative technique for ATAAD patients with intact supra-aortic arch vessels.
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Table 1 Preoperative profile.

Variable

Age (year)
Male gender
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Time from onset to surgery (day)
Comorbidity

Hypertension
Prior cardiac surgery
Coronary artery disease
Cerebral hemorrhage
Chronic renal dysfunction

Malperfusion
Preoperative tamponade
Cerebral ischemia
Acute visceral ischemia
Acute renal failure
Lower extremity ischemia

Location of entry tear
Ascending aorta
Transverse arch
Proximal descending aorta
Unidentified
ª 2018 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Surgical treatment remains the standard of care for patients
with acute type A aortic dissection (ATAAD).1,2 However,
there has been continued controversy regarding the optimal
surgical approach.3e6 In patients with an arch entry tear or
proximal descending aortic dilation, total arch replacement
(TAR) with frozen elephant trunk (FET) has achieved satis-
factory outcomes.7e11 There are two broad categories of
methods for aortic arch reconstruction during TAR: the en-
bloc (island) technique and the branched graft technique.
Although literature shows that both methods could achieve
similar results,12,13 there is no consensus on which approach
is the preferred for arch vessel reconstruction.14 In our
team, the separate graft technique has been the standard
technique for TAR since 2003.15 Since 2011, we started using
a modified en bloc technique, i.e., en bloc reimplantation of
the innominate artery (IA) and the left carotid artery (LCA)
and transposition of the left subclavian artery (LSA) to left
carotid artery in an end-to-side fashion during TAR þ FET.16

In this study, we seek to compare the two arch reconstruc-
tion techniques with respect to operative mortality and
morbidity, survival, reoperation and CT imaging in the me-
dium term for patients with ATAAD.
Whole cohort
(n Z 53)

46.3 � 9.4
41 (77.4%)
170.6 � 7.2
76.5 � 13.9
26.5 � 3.7
4.3 � 4.0

44 (83.0%)
2 (3.8%)
6 (11.3%)
1 (1.9%)
4 (7.5%)

3 (5.7%)
1 (1.9%)
2 (3.8%)
2 (3.8%)
5 (9.4%)

33 (62.3%)
9 (17.0%)
8 (15.1%)
3 (5.7%)
2. Material and methods

The Ethics Committee of Beijing Anzhen Hospital, Capital
Medical University approved this retrospective study.
2.1. Patient population

Between May 2013, and April 2014, we operated on 176
patients with ATAAD (all DeBakey type I) using the
TAR þ FET technique. Among them, 53 patients had intact
supra-aortic vessels, i.e., their aortic arch were free from
aneurysm and dissection. Mean age was 46.1 � 10.1 years
(range 18e64) and 41 were male. Of those 53 patients, 35
(66%) were managed with separate graft technique and 18
were managed with the en-bloc approach. The time from
symptom onset to surgery was 4.3 � 4.0 days. As shown in
Table 1, the two groups did not differ significantly in terms
of preoperative demographics, including age, gender, body
mass index, comorbidities, time from onset to surgery (day)
and malperfusion. The en bloc group had a significantly
higher percentage of entry tear in the ascending aorta,
seen in 83.3% of patients (15/18) compared to the separate
graft group (18/35, 51.4%; p Z 0.023).
Branch graft
group (n Z 35)

En bloc group
(n Z 18)

p Value

46.1 � 10.1 46.8 � 8.0 0.811
26 (74.3%) 15 (83.3%) 0.214
170.9 � 7.6 170.0 � 6.5 0.675
77.1 � 15.6 75.4 � 10.0 0.683
26.2 � 4.3 26.7 � 2.3 0.895
4.5 � 3.9 3.9 � 4.2 0.592

30 (85.7%) 14 (77.8%) 0.466
0 2 (11.1%) 0.340
6 (17.1%) 0 0.062
0 1 (5.6%) 0.159
3 (8.6%) 1 (5.6%) 0.694

2 (5.7%) 1 (5.6%) 0.981
1 (2.9%) 0 0.469
2 (5.7%) 0 0.301
2 (5.7%) 0 0.301
5 (14.3%) 0 0.092

18 (51.4%) 15 (83.3%) 0.023
7 (20%) 2 (11.1%) 0.476
7 (20%) 1 (5.6%) 0.240
3 (8.6%) 0 0.314
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2.2. Surgical indications and techniques

Our indication for TAR þ FET in patients with ATAAD are: (1)
entry tear in the arch or descending aorta; (2) dissection,
occlusion, or aneurysm of the arch vessels; (3) intimal
intussusception in the arch; (4) concomitant connective
tissue disorders such as Marfan syndrome; (5) dissection in a
dilated arch >4 cm in diameter and extending beyond the
descending aorta.17 During TAR þ FET, we would use the
modified en bloc technique if the innominate artery (IA)
and left carotid artery (LCA) are intact, i.e., free from
dissection, aneurysm, atherosclerosis and occlusion. For
patients with connective tissue disorders, we prefer using
the separate graft technique for arch reconstruction.

Our surgical techniques of TAR þ FET have been
described in detail previously.16,18e20 Briefly, right axillary
artery cannulation is used for cardiopulmonary bypass
(CPB) and unilateral selective antegrade cerebral perfusion
(uSACP) under moderate hypothermic circulatory arrest
(HCA) at 25 �C. The left sternocleidomastoid and ambient
muscles are partially transected and the arch branches are
adequately exposed. The transverse arch is transected
between the LCA and LSA. A frozen elephant trunk,
Cronus� (MicroPort Medical, Shanghai, China) is deployed in
the descending aorta. Arch reconstruction was achieved
using a 4-branched vascular graft (Maquet Cardiovascular,
Rastatt, Germany) or modified en bloc technique. The “is-
land” of the arch we use is smaller than that used in the
traditional en bloc technique and just contains the IA and
the LCA. After the IA and LCA are confirmed to be free of
dissection, aneurysm or arteriosclerosis, a straightened
Dacron graft was trimmed to match and sewn to the “is-
land” surrounding the IA and the LCA. During rewarming,
the LSA is transected and oversewn and then anastomosed
to the LCA in an end-to-side manner (Fig. 1).16
Figure 1 Sagittal reconstructed computed tomographic im-
ages after total arch replacement for acute type A aortic
dissection: A) at 33 months in 70-year-old male with the
modified en bloc technique; B) at 34 months in a 57-year-old
male with the separate graft technique.
All operative survivors were followed up regularly and
recommended to have computed tomography (CT) scan at
3, 6 months and thereafter annually to detect vessel and
graft patency, endoleak, thrombosis and obliteration of the
false lumen, residual intimal tear or distal new entry,
aneurysmal dilatation in the distal aortic segments and
other complications.

2.3. Statistical analysis

All statistical analyses were performed using SPSS for Win-
dows 19.0 (SPSS Inc, Chicago, IL). Data were presented as
the mean � standard deviation (SD) or number and per-
centage as appropriate. Student’s t-test and chi-square test
were used for continuous and categorical variables respec-
tively. Survival was analyzed with the KaplaneMeier method
and compared using the log-rank test. Any two-tailed p value
of <0.05 was considered statistically significant.

3. Results

3.1. Operative data

The time of cardiopulmonary bypass (CPB) and cross-clamp
were 190 � 66 and 204 � 61 min (p Z 0.444), 98 � 43 and
113 � 36 min (p Z 0.169) in the en bloc and branched graft
groups, respectively. SACP time was significantly longer in
the en bloc group compared to branched graft group
(33 � 10 vs 24 � 7 min, p Z 0.001).

Concomitant surgical procedures and amount of trans-
fused blood products did not differ between two groups
(Table 2).

3.2. Operative mortality and morbidity

Operative mortality was 5.7% (3/53) for the whole cohort.
One patient (5.6%, 1/18) of the en bloc group died of ce-
rebral infarction at 4 days postoperatively. In the branched
graft group, one patient died of multiorgan failure at 11
postoperative days and another with preoperative acute
lung injury died of ischemic hypoxic encephalopathy at 12
days after operation.

Cerebral infarction occurred in 1 patient (5.6%) in the
en bloc group, who eventually expired at 4 postoperative
days. No patient sustained spinal cord injury in both
groups. Reexploration for bleeding was required in 4 pa-
tients (11.4%) with the branched graft technique. In the
branched graft group, 5 patients sustained acute kidney
failure, which was resolved after continuous renal
replacement therapy (CRRT); two patients developed
multiorgan failure that necessitated support with extra-
corporeal membrane oxygenation (ECMO), one of whom
recovered and the other expired. One patient experi-
enced slight weakness of the left lower extremity at
discharge, which was thought to be due to lower limb
ischemia and resolved during follow-up. The time of
mechanical ventilation (33 � 31 vs 87 � 112 h, p Z 0.053)
and length of ICU stay (112 � 125 vs 51 � 38 h, p Z 0.051)
were shorter in the en bloc group, almost reaching sig-
nificant difference (Table 2).



Table 2 Operative data and early outcomes.

Variable Whole cohort
(n Z 53)

Branched graft
group (n Z 35)

En bloc group
(n Z 18)

p Value

Procedural times (min)
Cardiopulmonary bypass 199 � 62 204 � 61 190 � 66 0.444
Cross-clamp 108 � 39 113 � 36 98 � 43 0.169
SACP 27 � 9 24 � 7 33 � 10 0.001

Concomitant procedure
Bentall procedure 17 (32.1%) 13 (37.1%) 4 (22.2%) 0.270
Wheat procedure 1 (1.9%) 1 (2.9%) 0 0.469
David procedure 1 (1.9%) 1 (2.9%) 0 0.469
Aortic valve resuspension 2 (3.8%) 2 (5.7%) 0 0.301
Coronary artery bypass grafting 5 (9.4%) 5 (14.3%) 0 0.092
Ascending aorticefemoral bypass 1 (1.9%) 1 (2.9%) 0 0.469

Blood transfusion
Packed red blood cells (unit) 5.4 � 6.8 6.3 � 7.8 3.6 � 4.1 0.178
Fresh frozen plasma (ml) 840.0 � 718.0 945.7 � 800.5 633.3 � 476.5 0.135
Platelets (unit) 1.4 � 1.9 1.6 � 2.2 0.8 � 1 0.156

Early outcomes
Ventilation time (h) 68.6 � 95.4 86.7 � 111.6 33.3 � 30.5 0.053
Length of ICU stay (h) 91.5 � 107.6 112.1 � 125.2 51.4 � 38.4 0.051
Operative mortality 3 (5.7%) 2 (5.7%) 1 (5.6%) 0.981
Operative complications

Reexploration for bleeding 4 (7.5%) 4 (11.4%) 0 0.136
Stroke 1 (1.9%) 0 1 (5.6%) 0.159
Spinal cord injury 0 0 0 NA
CRRT for acute renal failure 5 (9.4%) 5 (14.3%) 0 0.092
Lower extremity ischemia 1 (1.9%) 1 (2.9%) 0 0.469

SACP, selective antegrade cerebral perfusion; ICU, intensive care unit; CRRT, continuous renal replacement therapy; NA, not applicable.

Figure 2 Survival in patients with the branched graft and en
bloc techniques did not differ significantly.
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3.3. Mid-term outcomes

At a mean duration of 4.3 � 1.2 years (range 0.1e5.2;
median 4.6), follow-up was complete in 100% and CT scan
was available in 86% (43/50).

3.3.1. Survival
Four patients died during follow-up. In the branched graft
group, 2 patients died from infection and multiorgan
failure at 2 and 3 months, respectively. In the en bloc
group, one patient died at 2 months due to wound infec-
tion and another patient died from unknown reasons at 5
months.

The remaining 46 patients were doing well at the latest
follow-up. No cerebrovascular accidents occurred. Nor did
any patient complain of upper or lower extremity weakness
or claudication.

For the whole cohort, survival was 92.5% at 1 month,
88.7% at 3 months, and 86.8% at 1 year and thereafter,
respectively. The survival rates were 88.6% (95% confidence
interval, CI, 72.4e95.6%) and 88.9% (62.4e97.1%) at 3
months, and 83.3% (56.8e94.3%) and 88.6% (72.4e95.6%) at
6 months, 1 year, 3 and 5 years, in the en bloc and branched
graft groups, respectively (p Z 0.597) (Fig. 2).

3.3.2. Reintervention
One patient of the branched graft group was found to
develop a new entry tear distal to the frozen elephant
trunk on follow-up CT at 5 months after TAR. He was suc-
cessfully managed with thoracic endovascular aortic repair
(TEVAR). No reinterventions on the proximal aorta and arch
vessels were required to the latest follow-up.
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3.3.3. CT imaging
CTA was available in 93.5% (29/31) of patients in the
branched graft group and 93.3% (14/15) in the en bloc
group. The supra-aortic vessels were patent in 100% (43/43)
without stenosis or aneurysm on CTA, which did not differ
between two groups. In the en bloc group, the blood flow
across the anastomosis of LSA-LCCA was unobstructed in
100% (14/14) (Fig. 2).
4. Discussion

Although the extensive total arch replacement and frozen
elephant trunk has achieved favorable short- and long-term
outcomes in experienced centers,16,18,21 continuous de-
bates exist regarding the optimal method for arch vessel
reconstruction during TAR and few studies have compared
the outcomes of the en bloc vs the separate branch tech-
niques in a homogenous patient population.

The en bloc (island) technique was widely used for
replacement of the entire aortic arch in the past, but more
and more centers prefer to use the branched graft tech-
nique in recent years.22 A retrospective study from Europe
for patients with connective tissue disorders have shown
that the residual aortic tissue left during en bloc reim-
plantation of the supra-aortic branches will dilate over time
and may result in the need for reintervention.23 Kazui and
associates argue that the separated branch graft technique
has several advantages over the en-bloc technique
including: (a) it can be safely used in patients with
degenerative, atherosclerotic aneurysm or acute type A
aortic dissection and; (b) vascular prostheses used for the
separated graft technique are commercially available
collagen-pretreated 4-branched aortic arch graft, which
helps simplify the conduct of the operation.14 In contrast,
colleagues from European centers came to an opposite
conclusion. Shrestha and colleagues maintain that the
branched graft technique is not inferior to the en bloc
technique perioperatively or in mid-term follow-up based
on a retrospective study of 103 patients undergoing TAR.13

Di Eusanio from Italy reached the same conclusion from a
multicenter retrospective study of 352 patients.12 Recently,
Schoenhoff and associates have reported similar findings
and found no difference in stroke and mortality rates with
the two techniques.22

However, one major limitation of the above-mentioned
studies is the patient heterogeneity in terms of etiology
(Marfan vs non-Marfan), pathology (dissection vs aneurysm),
and urgency of operation (acute vs chronic dissection). It is
unclear in these studies whether the en bloc and separate
branch graft techniques were compared in patients with
identical arch and supra-aortic pathologies. The en bloc and
separate graft techniques may be performed in different
patients, thus the comparison of early and late surgical
outcomes was less intuitive and convincing. In the present
study, only patients with acute type A dissection who had an
intact innominate and left carotid arteries were selected,
which ensures a more homogenous patient cohort to
compare the two arch reconstruction techniques. Although
the sample size is small, the homogeneity of patients is an
advantage of our study. The results of this study have shown
that the early and mid-term outcomes of our modified en
bloc technique are similar to those of the separate graft
technique in respect to mortality and morbidity, late sur-
vival and reoperation, late graft patency and patient
symptoms.

Compared to the results of the en bloc techniques used
in centers of excellence,12,13 our modified en bloc tech-
nique is associated with shorter CPB, DHCA and cross-clamp
times. The averages durations of CPB, cross-clamp and
DHCA were 249 and 215, 147 and 131, and 59 and 70 min in
European experience,12,13 compared to 190, 98 and 33 min
in the present series. These shorter durations may result
from the difference in the anastomotic sequence for arch
vessel reconstruction. In the classic en bloc technique, all
the anastomoses have to be completed, namely the distal
and proximal anastomoses as well as reimplanting the
supra-aortic ‘island’ to the aortic graft before myocardial,
cerebral and lower body perfusion is resumed. After
establishing selective antegrade cerebral perfusion, it re-
quires a period of DHCA for approximately 30 min to com-
plete two anastomoses (proximal and distal) to reimplant
the arch vessels. In our modified en bloc technique, only
one anastomosis is required, which comprises the en bloc
cuff, the proximal end of the frozen elephant trunk before
perfusion is resumed to the brain and lower body, Proximal
anastomosis was performed during the rewarming phase.16

In addition, the en bloc cuff contains two ostia of arch
vessels (IA and LCA). It is smaller in area compared to the
classic en bloc technique, which allows for easier manipu-
lation, better surgical view and facilitates hemostasis.
These are associated with a shorter duration of DHCA, SCAP
and CPB, all of which are well recognized risk factors for
adverse events after cardiac and aortic surgery.12,17,24,25

The reduction of DHCA, SCAP and CPB times, together
with preservation of the innominate and left carotid ar-
teries help minimize early adverse outcomes and avoid the
risk of anastomotic stenosis seen in separate graft tech-
nique, which may lead to better long-term outcomes.

This retrospective study has several limitations,
including the small sample size and relatively short dura-
tion of follow-up. One important weakness is the selection
bias associated with the delay in surgery (4.3 days). The
main reason for this delay was that more than 80% of our
patients had been referred and transferred from outlaying
hospitals, which in many cases is a long distance away. In
our recent series of 832 patients with TAAD, the average
distance of transfer was 405 miles (650 km) and the chance
of getting surgical repair within the first 48 h from onset
was significantly influenced by transfer distance (in miles)
(odds ratio, 0.998; 95% confidence interval, 0.997e0.999;
p < 0.001). This means that with every mile added during
transfer, the chance of getting surgery would be decreased
by 0.2%, which accounts for, to a large extent, the delay in
surgery in this series.15,26 As a result of this natural selec-
tion, we were operating on a subset of lower-risk patients
and survivors of the early hazard phase of aortic dissection.
Despite the patient homogeneity in this series, i.e., all
acute type A dissection with intact innominate and left
carotid arteries, the numbers of patients are not equal in
two groups, which may skew the estimate and limit the
statistical power. In addition, our modified en bloc tech-
nique is technically complex and poses very high demands
on surgical proficiency. Up to date, the separate graft
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technique remains the standard of care for patients with
acute type A dissection undergoing total arch replacement
in our team. Therefore, this technique is not applicable to
all patients with acute type A dissection.

5. Conclusions

In this series of patients with acute type A aortic dissection,
our modified en bloc technique was associated with shorter
CPB and cross-clamp times compared with the separate
graft technique. The results of this study show that the
modified en bloc technique could achieve comparable early
and mid-term outcomes to the separate graft technique,
including mortality and morbidity, late survival and reop-
eration, late patency and patient symptoms. Our modified
en bloc technique may be a feasible alternative approach
for ATAAD patients with intact supra-aortic vessels.
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