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Abstract

Background Extended arch repair for acute type A aortic

dissection remains controversial. Our strategy for acute type

A aortic dissection was primary entry resection and tear-

oriented ascending/hemiarch replacement for patients with

the intimal tear in the ascending aorta or is not found in the

ascending/aortic arch. Extended total/partial arch replace-

ment was performed for patients with the tear located in the

aortic arch. Here, we investigated the validity of our strategy

from the viewpoints of long-term survival and reoperation.

Patients and methods Between 2003 and 2014, 267 acute

type A aortic dissection patients (mean age; 65.2 ±

12.9 years, 134 men and 133 women) underwent emergent

surgical repair. Ascending/hemiarch replacements were

performed in 225 patients (ascending/hemiarch group) and

total/partial arch replacements in 42 patients (arch group).

Early and late outcomes of both groups were compared.

Results The hospital mortality rates in the ascending/hemi-

arch and the arch groups were 4.4 and 9.5 %, respectively

(p = 0.25). For ascending/hemiarch and arch groups, the

actuarial survival rates were 80.7 vs. 84.3 % after 5 years, and

66.4 vs. 74.6 %, respectively, after 10 years (p = 0.94). For

ascending/hemiarch and arch groups, reoperation-free sur-

vival rates were 72.1 vs. 77.1 % after 5 years, and 62.0 vs.

67.1 %, respectively, after 10 years (p = 0.85).

Conclusions We observed no significant differences in

the actuarial survival or reoperation-free survival rates

between the groups. These findings suggest that tear-

oriented ascending/hemiarch replacement for acute type A

aortic dissection does not increase the risk of long-term

mortality or reoperation.

Keywords Aortic dissection � Surgery � Reoperation �
Mortality

Introduction

Acute type A aortic dissection (ATAAD) is a lethal condi-

tion that is associated with a high risk of mortality. Although

operative mortality has improved, patients remain at high

potential risk of reoperation and vascular-related compli-

cations in the long-term period [1–3]. Although several

studies reported that extended arch repair decreases the risk

of reoperation in the long term [4–7], the procedure may

increase operative morbidity or mortality. In addition, it

remains equivocal whether extended arch repair can reduce

the risk of long-term death. Because the preservation of life

should be prioritized in such life-threatening conditions, we

limited ascending/hemiarch replacement to patients for

whom the entry site was located in the ascending aorta or

those in whom the entry is not found in the ascending or

aortic arch. For patients whose entry extended to or was

located in the aortic arch, we performed total/partial arch

replacement. The aim of this studywas to determinewhether

our strategy for ATAAD influences long-term outcomes.

Patients and methods

The institutional review board approved this retrospective

observational study, and the approval included a waiver of

informed consent. Between 2004 and 2014, 267 patients
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with AAAD (mean age, 65 ± 12 years old; 134 men and

133 women) underwent surgical repair at Jichi Medical

University Hospital. Ascending/hemiarch replacement was

performed in 225 patients (ascending/hemiarch group,

84.3 %), and total/partial arch replacement was performed

in 42 patients (arch group, 15.7 %). Emergency operations

were performed within 48 h of onset for all patients.

Retrosternal chest pain and back pain were the common

presenting symptoms. Computed tomography scanning and

echocardiography were the common modalities of defini-

tive diagnosis. Angiography was not routinely performed.

When the diagnosis of AAAD was confirmed by CT scan

and echocardiography, the patient was transferred to the

operating room as soon as possible.

Surgical techniques

Surgery was performed with standard cardiopulmonary

bypass under hypothermic circulatory arrest (bladder tem-

perature of 26–28 �C). During circulatory arrest, either ante-

grade selective cerebral perfusion or retrograde cerebral

perfusion was performed for brain protection. The distal

anastomosis site depended on the site of intimal tear.

Ascending/hemiarch aortic replacement was performed in

patients with the intimal tear localized in the ascending aorta

or in the lesser curvature of the transverse aortic arch. When

the intimal tear extended close to the orifice of the arch vessels,

total arch replacement was performed. When the intimal tear

could not be identified in the ascendingor aortic arch (so called

‘‘DeBakey IIIb retrograde dissection’’), we simply replaced

the ascending aorta. Both proximal and distal anastomosis

were performed with reinforcing by double felt strips for

reapproximation of the dissected aortic layers (adventia

inversion technique was not used). Gelatin–resorcinol–

formaldehyde (GRF) glue was not used to avoid the risk of

aortic wall necrosis. Elephant trunk technique or open stent

grafting for total arch replacement was not used in most cases.

When the intimal tear extended to the sinus of Valsalva or we

observed root dilatation associated with annulo-aortic ectasis,

aortic root replacement was performed.

Follow-up

Outcome data were obtained through patient follow-up. We

either examined patients at our outpatient clinic or con-

tacted them by letter or telephone. The follow-up rate was

98 % (6 patients were lost to follow-up) with a mean

duration of 57 ± 32 months (1–130 months).

Statistical analysis

Continuous variables were compared using unpaired two-

tailed t-test and were expressed as the mean ± SD.

Categorical variables were presented as counts, and dif-

ferences between groups were assessed by Fisher’s exact

test. Overall survival was defined as the time from surgery

to death from any cause. Time-related survival was esti-

mated using the Kaplan–Meier method and compared by

log-rank test. Statistical analysis was performed with Stat

View 5.0 (Abacus Concepts Inc., Berkeley, CA). P values

\0.05 were considered statistically significant.

Results

The characteristics of the two groups are listed in Table 1.

Compared with ascending/hemiarch replacement, arch

replacement was performed in significantly younger

patients who were more likely to be men (p\ 0.01). Fur-

thermore, arch replacement was performed more often in

patients with maintenance hemodialysis (p = 0.03). There

were no other differences in any of the preoperative vari-

ables evaluated. Risk analysis based upon Japan score

indicates no difference between the two groups (Table 1).

Operative data indicated that there were no significance

differences in concomitant procedures. Cardiopulmonary

bypass and operation times were significantly longer in the

arch replacement group (p\ 0.01; Table 2).

In-hospital mortality and morbidity

Hospital mortality andmorbidity are described in Table 3. The

overall hospitalmortalitywas 5.2 % (14 patients). The hospital

mortality rate was 4.4 % (10 of 225 patients) in the ascending/

hemiarch group. Causes of death were the following: cerebral

ischemia (n = 4 patients), pneumonia (n = 2), heart failure

(n = 1), postoperative reperfusion injury (n = 1), rupture of

residual false lumen (n = 1), and hepatic failure (n = 1). The

hospital mortality rate in the arch group was 9.5 % (4 of 42

patients). The causes of death were the following: cerebral

ischemia (n = 2), heart failure (1 patient), and multiple organ

failure (1 patient). There were no statistical differences in

hospital mortality between the two groups (p = 0.25).

Several morbidities occurred during the postoperative

period. However, there were no significant differences in

morbidities between the two groups. The duration of hos-

pital stay was 26 ± 20 days in the ascending/hemiarch

group and 29 ± 17 days in the arch group (p = 0.28). The

patency rate of the distal false lumen and diameter of the

downstream aorta 2–3 weeks after surgery was similar

between the two groups (Table 3).

Actuarial and reoperation-free survival

After discharge from the hospital, thirty-three of the

ascending/hemiarch patients (15.3 %) and 4 of the Arch
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patients (10.5 %) died. There were no significant differ-

ences in the late mortality rate (p = 0.47). The causes of

deaths are described in Table 4. Aorta-related deaths

occurred in 2.3 % (5 of 215 patients) in the ascending/

hemiarch group and 2.6 % (1 of 38 patients) in the arch

group. Aorta-related deaths in the ascending/hemiarch

group included rupture of the residual false lumen (n = 1),

aortic dissection (n = 1), consumption coagulopathy

(n = 1), postoperative pneumonia after repeat surgery

(n = 1), and postoperative cerebral hemorrhage after

repeat surgery (n = 1). In the arch group, one patient died

of rupture of anastomotic pseudoaneurysm. Aorta-related

death rates indicated no significant difference between the

groups (p[ 0.99).

The actuarial survival rates including hospital death

were 80.7 ± 3.0 % at 5 years and 66.4 ± 6.3 % at

10 years in the ascending/hemiarch group. In the arch

group, the rates were 84.3 ± 6.0 % at 5 years and

74.6 ± 8.3 % at 10 years (p = 0.94). Log-rank survival

analysis indicated no significance difference in actuarial

survival rates between the groups (p = 0.94). The actuarial

survival curves for the two groups are shown in Fig. 1.

Reoperations were performed for the dilated down-

stream aorta in 21 patients after discharge from the hospital

(19 patients in the ascending/hemiarch group and 2 patients

in the arch group; Table 4). In the ascending/hemiarch

group, reoperations included 9 descending aorta replace-

ments, 2 thoracoabdominal replacements, 2 total arch

replacements, one arch/descending aorta replacement, and

5 endovascular surgeries. In the arch group, reoperations

included one descending aorta replacement and one

endovascular surgery for descending aorta. Actuarial

reoperation-free survival rates at 5 and 10 years were

72.1 % ± 3.4 % and 62.0 ± 5.7 %, respectively, in the

ascending/hemiarch group, and 77.1 % ± 7.3 % and

67.1 ± 9.2 %, respectively, in the arch group (p = 0.85).

The actuarial reoperation-free survival curves are shown in

Fig. 2.

Discussion

Despite recent advances in cardiac surgery, ATAAD

remains associated with high mortality and morbidity

during short- and long-term follow-up. Early surgical

mortality rates are estimated to range from 4.7 to 16.9 %

[1, 2, 4–9, 11, 12], with 5-year survival rates of 73–89 %

[6, 9, 11]. In the present series, the in-hospital mortality

rate was 5.2 %, and the actuarial survival rate was

approximately 80 % at 5 years, both rates were comparable

to those of previous reports. The principal finding of this

study was that both ascending/hemiarch replacement and

Table 1 Patient characteristics

Ascending/

hemiarch

replacement

n = 225

Arch

replacement

n = 42

p value

Age (years) 66 ± 12 59 ± 12 \0.01

Male sex 103 (45.8 %) 31 (73.8 %) \0.01

Body mass index (kg/m2) 24.1 ± 3.9 24.5 ± 4.5 0.49

Maintenance hemodialysis 2 (0.9 %) 3 (7.1 %) 0.03

Neurological deficit 37 (16.4 %) 5 (9.5 %) 0.25

Cardiac tamponade 38 (16.9 %) 4 (9.5 %) 0.35

Aortic

regurgitation[moderate

68 (30.2 %) 10 (23.8 %) 0.46

Shock 35 (15.6 %) 6 (9.5 %) 0.31

Endothoracheal intubation

upon arrival

8 (3.6 %) 2 (4.8 %) 0.66

Organ ischemiaa 52 (23.1 %) 12 (5.3 %) 0.45

Marfan 3 (1.3 %) 0 (0 %) [0.99

DeBakey type II 39 (17.3 %) 1 (2.4 %) \0.01

DeBakey type III

(retrograde)

40 (17.8 %) 7 (16.7 %) 0.86

Thrombosed type 49 (21.8 %) 5 (11.9 %) 0.21

Japan score

30 days operative

mortality (%)

12.6 ± 8.4 13.1 ± 7.5 0.71

30 days operative

mortality/morbidity

(%)

41.0 ± 12.3 38.4 ± 12.1 0.22

a Including myocardial, cerebral/spinal cord, extremities, renal, and

visceral ischemia

Table 2 Operative data

Ascending/

hemiarch

replacement

n = 225

Arch

replacement

n = 42

p value

Concomitant procedure 38 (16.9 %) 6 (14.3 %) 0.82

Root replacement 16 0

Aortic valve

replacement

8 0

CABG 3 4

CABG ? AVR 1 0

Abdominal surgery 2 0

Bypass for lower leg 4 0

Descending aorta

replacement

0 2

Congenital 1 0

Others 3 0

CPB time (min) 202 ± 67 292 ± 72 \0.01

Operation time (min) 366 ± 107 490 ± 128 \0.01

AVR aortic valve replacement, CABG coronary artery bypass grafting,

CPB cardiopulmonary bypass

Gen Thorac Cardiovasc Surg (2016) 64:403–408 405

123



arch replacement for AADA were associated with similarly

low hospital mortality rates, and the incidences of late

death and long-term aortic events of limited ascending/

hemiarch replacement were similarly low when compared

with extensive aortic arch replacements.

Patients with ATAAD are at risk of cardiac tamponade,

rupture, aortic regurgitation, and malperfusion. In such life-

threatening conditions, the first priority should be the

patient’s life and use of less invasive surgeries. To achieve

this aim, some groups advocated a conservative tear-ori-

ented conservative approach [8–10]. They reported that

tear-oriented conservative ascending/hemiarch replace-

ment with resection of the intimal tear did not increase the

risk of reoperation and would not compromise late results.

While the inherent pathological characteristics of the dis-

section process affected the entire length of the aorta in

most patients with ATAAD, other groups have advocated

the aggressive strategy of complete replacement of the

ascending aorta and aortic arch (extensive aortic repair) [4–

7]. Those groups recommended extensive aortic arch repair

because of its capability of reducing the risk of distal

dissection, promoting the occlusion and thrombosis of the

false lumen, and achieving a favorable long-term progno-

sis; however, some reports suggest that extensive arch

repair is associated with greater morbidity and mortality

than is ascending/hemiarch replacement [6, 13, 14].

Although Omura et al. recently reported that extensive arch

replacement reduced distal aortic events without compro-

mising early results [11], it remains controversial whether

surgeons should perform extended arch replacement to

improve long-term outcomes or use a conservative strategy

with ascending/hemiarch replacement to palliate the life-

threatening condition. The present study indicated that

ascending/hemiarch replacement did not compromise the

actuarial survival rate and aorta event-free survival rates

compared with arch replacement. Although operative

mortality and morbidity rates of the arch replacement were

not inferior to those of the ascending/hemiarch replace-

ment, extensive arch replacement was associated with

longer cardiopulmonary bypass time and operation time,

both of which are considered potential risks of operative

mortality and morbidity [12].

Yan et al. performed a meta-analysis using pooled data

regarding the surgical strategy for ATAAD and evaluated

the less aggressive proximal aortic repair versus extensive

aortic repair [13]. They concluded that less aggressive

proximal repair had lower operative mortality than did

extensive repair, but was also associated with increased

incidence rate of late aortic re-intervention; however,

prognostic results, including long-term mortality, were

similar for both. These results suggest that re-intervention

has been performed safely, on an elective basis. In fact,

recent studies reported that redo aortic surgery for proxi-

mal/distal dilatation was achieved with low operative risk

when the procedures were carried out an on elective basis

[14, 15]. They recommended the ascending/hemiarch

replacement for initial surgical strategy and the untreated

aortic arch should be electively performed in the chronic

period, if necessary [14, 15]. However, patients with

Malfan syndrome are more prone to develop late compli-

cations, and this condition has been reported as a risk factor

that affects long-term results [8, 9, 15]. As Shiono et al.

mentioned, [9] extensive surgical strategy might be nec-

essary for this patient cohort.

In this study, patency rate of downstream false lumen

was higher than previous reports [2, 16]. We did not use the

additional procedures such as elephant trunk technique,

open stent grafting, or surgical adhesives including GRF-

glue for re-approximation of dissected aorta. These factors

may partially explain higher patency rate of false lumen.

For remodeling to the false lumen, open stent grafting may

effective. Uchida mentioned in the review article that

employing the graft diameter of 90 % of total aortic

diameter and the limited distal landing zone up to the T4

Table 3 Hospital mortality/morbidity and information of distal aorta

Ascending/

hemiarch

replacement

n = 225

Arch

replacement

n = 42

P value

Hospital mortality 10 (4.4 %) 4 (9.5 %) 0.25

Morbidity

Myocardial infarction 13 (5.8 %) 3 (7.1) % 0.72

Renal failurea 9 (4.0 %) 3 (7.1 %) 0.41

Heart failureb 8 (3.6 %) 2 (4.8 %) 0.66

Pneumonia 4 (1.8 %) 2 (4.8 %) 0.24

Brain damage 18 (8.0 %) 5 (11.9 %) 0.38

Spinal cord ischemia 7 (3.1 %) 3 (7.1 %) 0.20

Visceral ischemia 2 (0.9 %) 1 (2.4 %) 0.40

Reexploration 6 (2.7 %) 2 (4.8 %) 0.61

Cardiac tamponade 11 (4.9 %) 2 (4.8 %) [0.99

Deep sternal infection 5 (2.2 %) 0 (0 %) [0.99

Hospital stay (days) 26 ± 20 29 ± 17 0.28

Patent false lumenc

Arch 98 (45.6 %) 15 (39.5 %) 0.60

Proximal descending 105 (48.8 %) 17 (44.7 %) 0.73

Distal descending 109 (50.7 %) 18 (47.4 %) 0.73

Diameter of aorta (mm)c

Arch 36 ± 6 35 ± 7 0.21

Proximal descending 34 ± 6 33 ± 6 0.51

Distal descending 29 ± 6 31 ± 7 0.19

a Renal failure requiring continuous hemodiafiltration
b Heart failure requiring percutaneous cardiopulmonary support
c Evaluated by computed tomography 2–3 weeks after surgery (ex-

cluded hospital death)
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vertebral level prevent new intimal tear and spinal cord

injury effectively [16]. A commercially available open

stent graft has been introduced recently, and this may

encourage the long-term surgical outcomes of ATAAD.

Our study has several limitations. First, it was a non-

randomized and retrospective study. Second, the small

sample size and relatively short-term follow-up are clear

limitations. Third, this study encompasses data over a time

line of 10 years. During this time, variability in factors,

such as surgical technique and perioperative management,

can influence outcomes.

Conclusions

We observed no significant differences in the actuarial

survival and reoperation-free survival rates between the

tear-oriented ascending/hemiarch and extensive aortic arch

replacements. Tear-oriented ascending/hemiarch replace-

ment did not increase the risk of long-term mortality or

reoperation. To reduce the operative mortality without

Table 4 Late mortality and repeat surgery

Ascending/

hemiarch

replacement

n = 215

Arch

replacement

n = 38

P value

Late Mortality 33 (15.3 %) 4 (10.5 %) 0.47

Causes of late death

Aorta-related 5 (2.3 %) 1 (2.6 %) [0.99

Rupture of false lumen 1 0

Rupture of anastomotic

pseudoaneurysm

0 1

Aortic dissection 1 0

Consumption

coagulopathy

1 0

Death after the

reoperationa
2 0

Pneumonia/respiratory

failure

6 1

Cerebral infarction/bleeding 5 0

Malignancy 3 0

Natural death 3 1

Heart failure 2 0

Myocardial infarction 1 1

Sepsis 1 0

Gastrointestinal bleeding 1 0

Liver failure 1 0

Unknownb 5 1

Repeat surgery 19 (8.9 %) 2 (5.3 %) 0.55

Descending 9 1

Thoracoabdominal 2 0

Arch 2 0

?Descending 1 0

Endovascular: descending 3 1

Abdominal 1 0

Descending ? abdominal 1 0

Duration of follow-up (1–130 months, mean 57 ± 32 months)
a Patients died of postoperative pneumonia and subarachnoid

hemorrhage
b Recent distal aortic diameter in 5 deaths with unknown reasons in

ascending/hemiarch group were 32, 37, 38, 40, and 42 mm. Distal

aortic diameter in 1 unknown death in arch group was 27 mm

Fig. 1 Actuarial survival curve for the two groups (ascending/

hemiarch replacement and arch replacement) after emergent surgery

for acute type A aortic dissection

Fig. 2 Reoperation-free survival curve for the two groups (ascend-

ing/hemiarch replacement and arch replacement) after emergent

surgery for acute type A aortic dissection
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compromising late outcomes among patients with

ATAAD, our tear-oriented conservative strategy might be

appropriate.
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