
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(8):4357-4366 | https://dx.doi.org/10.21037/jtd-23-331

Introduction

Advanced age is a significant risk factor during repair of 
the aortic arch following an aneurysm. Milewski et al. (1) 
reported the hybrid arch approach has lower mortality 
for high-risk patients aged more than 75 years, and the 

relative safety of hybrid arch procedures involving aortic 
arch debranching and endovascular graft placement have 
made them increasingly popular in the elderly population 
(1,2). However, there is limited evidence on the efficacy 
of the hybrid arch procedure in comparison to total arch 
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replacement (TAR) in elderly patients (3,4). The most 
critical differences between TAR and hybrid procedure are 
that aortic stents and aneurysmal changed aortic tissue were 
left in the hybrid procedure. Therefore, the primary purpose 
of this article is to compare short and mid-term operation 
results between TAR and hybrid procedure for analyzing 
the effects of aortic stents and remnant aneurysmal changed 
tissue in elderly patients (≥75 years of age) diagnosed with 
aortic arch aneurysms and underwent aortic arch repair in 
two medical centers. We present this article in accordance 
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-331/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Review Board of the Samsung 
Medical Center approved the study (No. 2021-08-045-001, 
August 30, 2021). Individual consent was waived due to the 
retrospective nature of this study. This retrospective study 
included 922 patients who underwent aortic arch repair at 
two medical centers between January 2012 and May 2021 
(Figure 1). Patients <75 years of age and those with a history 
of acute/chronic aortic dissection, hemiarch or partial arch 
aortic replacement, patients with aortic arch aneurysm 
extending below pulmonary artery bifurcation level, or 
connective tissue disease were excluded. Additionally, 
patients who had undergone aortic arch repair via left 
thoracotomy were also excluded.

We excluded patients with aortic arch aneurysms 

extending below pulmonary artery bifurcation because 
this type of aortic aneurysm is closer to descending aortic 
aneurysm than aortic arch aneurysm, especially in the zone 
2 thoracic endovascular aortic repair (TEVAR) cohort.

Variables and outcome

Preoperative status and intraoperative information were 
abstracted retrospectively from the hospital medical records 
each patient as described in Table 1. Patients who underwent 
TAR with a frozen elephant trunk were assigned to the 
hybrid group than the TAR group because TAR with a 
frozen elephant trunk reduced the extent of resected aortic 
tissue and left an aortic stent with aneurysmal changed 
aortic tissue compared with TAR without frozen elephant 
trunk. Other hybrid procedures included zone 0, 1, and 2 
TEVAR with or without arch vessel bypass surgery.

The primary outcome measures were al l-cause 
mortality and incidence of post-surgical re-intervention 
in a previously repaired arch segment. Permanent and 
temporary neurological deficits were defined as new deficits 
that were either present or had undergone complete 
resolution at the time of discharge, respectively. Medical 
records and the hospital database were used to collect 
patient demographics and baseline and follow-up clinical 
(such as vital status) data, while mortality data was collected 
from the National Registry of Births and Deaths using the 
patients’ unique personal identification numbers. The mean 
duration of follow-up was 27.0±28.8 months.

Surgical indications

Open surgical repair was the first treatment of choice for 
patients diagnosed with aortic arch aneurysms in both 
medical centers, with the hybrid arch procedure being 
considered for high-risk elderly patients (≥75 years of age) 
with multiple comorbidities only. The multidisciplinary 
team developed the final treatment plan based on the 
anatomical characteristics of the aorta [such as the proximal 
and distal landing zone, site of side clamping or aortic 
cross-clamping (ACC) in the ascending aorta, and degree 
of calcification/presence of thrombus in the aortic lumen], 
carotid artery, and cerebral arteries.

Surgical technique for total arch replacement

Al l  pa t ient s  underwent  median  s ternotomy and 
cardiopulmonary bypass (CPB), established using bicaval 
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Figure 1 Flow diagram. SMC, Samsung Medical Center; DSMC, Dongsan Medical Center; TAR, total arch replacement; TEVAR, thoracic 
endovascular repair.

Table 1 Patient demographics and treatment characteristics by group

Characteristics TAR (n=62) Hybrid (n=28) P value

Age, years, mean ± SD 79.5±3.6 77.7±3.3 0.03

Ejection fraction, %, mean ± SD 64.1±7.2 63.7±6.3 0.79

Sex, males, n (%) 44 (71.0) 21 (75.0) 0.62

Neurological dysfunction, n (%) 8 (12.9) 4 (14.3) >0.99

Diabetes, n (%) 12 (19.4) 8 (28.6) 0.31

Diabetes on insulin, n (%) 2 (3.2) 3 (10.7) 0.17

Ischemic heart disease, n (%) 20 (32.3) 9 (32.1) 0.97

Other heart disease, n (%) 4 (6.5) 0 0.31

COPD, n (%) 18 (29.0) 3 (10.7) 0.04

Other lung disease, n (%) 5 (8.1) 2 (7.1) >0.99

Chronic kidney disease, n (%) 20 (32.3) 1 (3.6) 0.002

History of malignant disease, n (%) 15 (24.2) 4 (14.3) 0.41

Other vascular disease, n (%) 14 (22.6) 7 (25.0) 0.77

History of cardiac or aortic surgery, n (%) 5 (8.1) 2 (7.1) >0.99

Poor mobility, n (%) 1 (1.6) 0 >0.99

Carotid stenosis >50%, n (%) 12 (19.4) 7 (25.0) 0.54

Cerebral vascular stenosis, n (%) 16 (25.8) 8 (28.6) 0.75

Pulmonary hypertension, n (%) 6 (9.7) 2 (7.1) >0.99

Emergency operation, n (%) 12 (19.4) 3 (10.7) 0.38

NYHA class, n (%) 0.20

0 55 (88.7) 25 (89.3)

I 3 (4.8) 3 (10.7)

II 4 (6.5) 0

TAR, total arch replacement; COPD, chronic obstructive pulmonary disease; NYHA class, New York heart association class.

Patients underwent aortic arch procedure at two 

institutions, from January 2012 to May 2021

(n=922, SMC: 704 patients, DSMC: 218 patients)

Group TAR (n=62) Group hybrid (n=28)

Exclusion criteria (n=832)

•	<75 years

•	Acute or chronic aortic dissection

•	Hemiarch or partial arch replacement

•	Connective tissue disease

•	Aortic aneurysm extended below carina 

Frozen elephant trunk  
(n=9)

Zone 2 TEVAR  
(n=12)

Zone 0 TEVAR  
(n=6)

Zone 1 TEVAR  
(n=1)
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drainage and arterial return through the ascending aorta 
or axillary artery. The position of the arterial cannulation 
was determined using computed tomography and epiaortic 
ultrasound examination to minimize the risk of cerebral 
embolism. The patients’ body temperature was lowered 
until a rectal temperature of 24–28 ℃ was achieved, and the 
adequacy of the cardiopulmonary bypass perfusion was 
monitored using two arterial lines (right radial and femoral 
arteries), cerebral oximetry, and urine output. After opening 
the ascending aorta and aortic arch, balloon-tipped selective 
cerebral perfusion (SCP) cannulas were inserted into the 
three supra-aortic vessels and TAR was performed using a 
4-branched graft. Following distal anastomosis, antegrade 
systemic circulation was resumed through a side branch of 
the graft, and the three arch vessels were then reconstructed 
individually using the branch of the arch graft extending 
from the left subclavian artery (LSA) to the brachiocephalic 
artery (BCA). Proximal anastomosis was performed above 
the sinotubular junction, and the ACC clamp was then 
removed and the patient’s body temperature was brought 
back to normal.

Surgical technique for hybrid procedure

In the hybrid procedure, the types of TEVAR were 
selected by the level of the proximal end of the aneurysm. 
Therefore, the most critical selection criteria for TEVAR 
type was sufficient landing zone, ranging from 15–25 mm 
proximally and 20–30 mm distally. In addition, and in a 
specific situation, the angle of patients’ aorta or combined 
thromboembolism risk was also considered. We generally 
select the diameter of the stent graft to be about 120% of 
the aortic aneurysm diameter. After TEVAR, additional 
ballooning or stent graft insertion is performed if there is an 
endoleak in post-TEVAR angiography.

TAR with frozen elephant trunk
The cannulation and CPB strategy used were similar to 
that of TAR reported above. Following ascending aorta and 
aortic arch resection, balloon-tipped SCP cannulas were 
inserted into the three supra-aortic vessels and the aortic 
arch was prepared for distal sutured anastomosis. The stent 
graft was then inserted into the proximal descending aorta 
in an antegrade direction and deployed such that it covered 
the dilated vessel. Distal anastomosis was carried out using a 
4-branched expanded polytetrafluoroethylene graft, and the 
remaining procedures were completed in a manner similar 
to TAR mentioned above.

Zone 0 thoracic endovascular repair
Following median sternotomy and side clamping of the 
ascending aorta, end-to-side anastomosis was carried 
out between the ascending aorta and the ePTFE graft. A 
bypass from the ascending aorta to the BCA, left common 
carotid artery (LCCA), and LSA was created, and a thoracic 
endovascular repair (TEVAR) stent graft was deployed 
through the femoral artery such that it covered the BCA, 
LCCA, and LSA.

Zone 1 TEVAR
A bypass from the right common carotid artery to the 
LCCA and LSA was created using a ringed Gore-Tex graft 
(8 mm), and the proximal sites of the LCCA and LSA were 
ligated. The TEVAR stent graft was deployed through the 
femoral artery such that it covered the LCCA and LSA.

Zone 2 TEVAR
In 7 patients, a bypass was created from the LCCA to the 
LSA using a ringed Gore-Tex graft (8 mm) and the TEVAR 
stent graft was deployed through the femoral artery such 
that it covered the LSA. In the remaining 5 patients, no 
LSA bypass was created and the TEVAR stent graft was 
deployed through the femoral artery such that it covered 
the LSA.

Statistical analysis

Normally distributed variables were reported as mean 
(range) values and compared using the independent t-test, 
while non-parametric continuous variables were reported as 
median (interquartile range) values and compared using the 
Mann-Whitney U test. Categorical variables were reported 
as numbers (percentages) and compared using the Pearson’s 
chi-square test. Cox proportional hazards regression was 
used to estimate the hazard ratio (HR) for risk factors 
for late mortality, and variables with a P<0.2 in the initial 
analysis were included in the multivariate regression  
model (5). The Kaplan-Meier method was used to construct 
survival and free-from-re-intervention curves, and these 
were compared using log-rank tests. All statistical analyses 
were performed using the SPSS software, version 20 (SPSS 
Inc., Chicago, IL, USA), and P<0.05 were considered 
statistically significant.

Results

The study sample included 62 and 28 patients in the TAR 
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and hybrid groups and the mean follow-up duration was 
27.0±28.8 and 38.8±35.4 months (P=0.10) in each group. 
The mean age of the patients was significantly higher 
in the former group compared to the latter (79.5±3.6 vs.  
77.7±3.3 years, P=0.04, Table 1). Chronic lung and kidney 
diseases [glomerular filtration rate <60 mL/min/1.73 m2] 
were more frequently observed in the TAR group compared 
to the hybrid group (chronic lung disease: 29.0% vs. 10.7%, 
P=0.04; chronic kidney disease: 32.3% vs. 3.6%, P=0.002). 
No significant differences in any of the other risk factors 
were observed between the groups.

Twenty pat ients  in  the TAR group underwent 
concomitant procedures (Table 2). In the hybrid group 
(Table 3), 9 patients underwent frozen elephant trunk TAR, 
6 patients underwent zone 0 TEVAR, 1 patient underwent 

zone 1 TEVAR, and 12 patients underwent zone 2 TEVAR 
(of which, 5 did not undergo LCCA to LSA bypass surgery). 
The length of the inserted stent graft was 158.6±24.7 mm.

Post-operative results

The length of intensive care unit (ICU) stay was not 
significantly different in both groups (Table 4), but excluding 
waiting period between first and second operation in hybrid 
group, the length of ICU stay was significantly shorter in 
hybrid group (2.6±3.0 vs. 5.9±9.2, P=0.03). The in-hospital 
mortality rate was 3.3% (3 out of 90 patients) overall, and 
no significant differences were observed between the two 
groups (TAR: 1.6%, hybrid: 7.1%, P=0.22, Table 4). One 
patient in the TAR group died on post-operative day (POD) 
13 due to post-surgical cerebral infarction, while 2 patients 
in the hybrid group died from sepsis with empyema after 
zone 0 TEVAR and cerebral infarction after zone 1 TEVAR 
on PODs 19 and 7, respectively.

No significant differences in the incidence of post-
operative complications were observed between the two 
groups. In the TAR group, cerebral infarctions and peri-
operative cerebral (subdural or subarachnoid) hemorrhages 
were observed in 6 (9.7%) and 2 (3.2%) patients, respectively, 
while the corresponding numbers in the hybrid group were 2 
(7.1%) and 1 (3.6%) patient, respectively. One patient (3.6%) 
in the hybrid group exhibited permanent spinal cord injury 
and paraplegia after frozen elephant trunk TAR.

Mid-term follow up results

Mid-term survival rate analysis using Kaplan-Meier curves 
showed no significant differences between the two groups 
(P=0.31, Figure 2). In the TAR group, the freedom from all-
cause mortality rates 1, 3, and 5 years after treatment were 
82%, 71%, and 71%, respectively, while the corresponding 
values in the hybrid group were 80%, 68%, and 52%, 
respectively.

Late aortic re-intervention occurred in 6 patients, of 
which 1 (1.6%) was in the TAR group and 5 (17.9%) were 
in the hybrid group. The freedom-from-re-intervention 
analysis showed significantly better outcomes in the TAR 
group compared to the hybrid group (P=0.04, Figure 3), 
with the freedom from re-intervention rates 1, 3, and 
5 years after treatment being 100%, 93%, and 93%, 
respectively, in the TAR group and 90%, 80%, and 80%, 
respectively, in the hybrid group. One patient exhibited a 
distal anastomosis leak with pseudoaneurysm formation, 

Table 2 Procedural details in TAR group

Details of operation Values (n=62)

Concomitant procedure

Coronary artery bypass grafting 11 (17.4)

Mitral valve replacement 2 (3.2)

Aortic valve replacement 2 (3.2)

Tricuspid valve annuloplasty 1 (1.6)

Pulmonary valve replacement 1 (1.6)

Aortic root replacement 2 (3.2)

Aortic root remodeling 1 (1.6)

Surgical duration, min 364±76

Cardiopulmonary bypass duration, min 184±43

Cross-clamping duration, min 129±34

Selective cerebral perfusion duration, min 79±21

Data are shown as mean ± SD or n (%). TAR, total arch replacement.

Table 3 Procedural details in hybrid group

Details of operation Hybrid procedure (n=28)

Frozen elephant 
trunk, n (%)

9 (32.1)

Zone 0, n (%) 6 (21.4), total debranching bypass with TEVAR

Zone 1, n (%) 1 (3.6), RCCA to LCCA and LSA

Zone 2, n (%) 12 (42.9), LCCA to LSA (n=7), no bypass (n=5)

TEVAR, thoracic endovascular repair; RCCA, right common 
carotid artery; LCCA, left common carotid artery; LSA, left 
subclavian artery.
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concealed by pleural adhesion, 28 months after TAR and 
underwent re-intervention using a TEVAR graft. The 
patient was discharged from the hospital without occurrence 
of any complications. In the hybrid group, 5 patients 
underwent re-intervention for type IB endoleak (3 patients; 
durations: 3 days, 30 months, and 75 months after surgery), 
type II endoleak (1 patient, duration: 26 months after 
surgery), and aortoesophageal fistula (1 patient, duration: 
3 months after surgery), and the median duration until re-

intervention was 26 months (interquartile range: 3–30) after 
surgery. Patients with type Ib endoleaks received additional 
TEVAR grafts at the leakage site, while those with type II 
leaks were treated using coil embolization in the collateral 
arteries for the progression of aneurysmal dilatation. The 
patient with an aortoesophageal fistula received a TEVAR 
graft at the affected site, but died from sepsis 25 days after 
re-intervention. The multivariate Cox regression analysis 
showed that CKD was an independent positive predictor 

Table 4 Clinical outcomes by treatment group

Outcomes TAR (n=62) Hybrid (n=28) P value

Length of ICU stay, days, mean ± SD 5.9±9.2 5.1±7.6 0.72

Length of hospitalization, days, mean ± SD 25.0±32.5 17.2±19.6 0.24

Mortality on hospitalization, n (%) 1 (1.6)* 2 (7.1)** 0.22

Tracheostomy, n (%) 6 (9.7) 3 (10.7) >0.99

Complications, n (%)

Cerebral infarction 6 (9.7) 2 (7.1) >0.99

SDH, SAH 2 (3.2) 1 (3.6) >0.99

Pneumonia 6 (9.7) 2 (7.1) >0.99

Temporary SCI 1 (1.6) 1 (3.6) 0.52

Permanent SCI 0 (0.0) 1 (3.6)*** 0.31

Bowel ischemia 1 (1.6) 1 (3.6) 0.52

AKI on hemodialysis 1 (1.6) 0 (0.0) >0.99

Dysphagia 2 (3.2) 3 (10.7) 0.17

Mediastinitis 1 (1.6) 0 (0.0) >0.99

*, cerebral infarction; **, empyema sepsis, cerebral infarction; ***, permanent paraplegia. TAR, total arch replacement; ICU, intensive care 
unit; SD, standard deviation; SDH, subdural hemorrhage; SAH, subarachnoid hemorrhage; SCI, spinal cord injury; AKI, acute kidney injury. 
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Figure 2 Survival rate after surgery (Kaplan-Meier curve). No 
significant differences were observed between the two groups. 
TAR, total arch replacement.

Figure 3 Re-intervention rate after surgery (Kaplan-Meier curve). 
The rate of re-intervention was significantly higher in the hybrid 
group compared to the TAR group. TAR, total arch replacement.
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of post-operative mortality (HR: 2.957, P=0.02) during the 
follow-up period (Table 5).

Discussion

Advanced age is an independent predictor of early post-
operative complications in patients undergoing conventional 
TAR (6,7). Although previous studies have suggested that 
hybrid arch procedures are relatively safer in elderly patients 
(1,2,8-10), they have been unable to demonstrate significant 
differences in mortality between the two procedures. In 
the results of the current study, the clinical outcomes of the 
hybrid procedure in elderly patients are not better than the 
outcomes of TAR, but the re-intervention rates were higher 
in the former group and usually occurred within three years 

after surgery.
Murashita et al. (2) found that hybrid procedures were 

safer than TAR when treating aortic arch aneurysms in 
high-risk patients, and emphasized that early outcomes 
such as mortality and morbidity were similar between the 
two procedures despite patients in the hybrid group being 
at higher risk. In the current study, patients in the hybrid 
group recovered more rapidly after the operation and started 
post-operative rehabilitation faster than patients in TAR. 
However, no significant differences in in-hospital mortality 
rates were observed upon comparing the two procedures 
(TAR: 1.6%, hybrid: 7.1%, P=0.22, Table 4), although there 
was significantly more COPD and CKD in the TAR group. 
This was in agreement with previous evidence suggesting 
that post-operative mortality did not significantly differ 

Table 5 Multivariate survival analysis (Cox regression model)

Variable
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Hybrid group 0.987 (0.438–2.214) 0.97

Age 1.120 (1.013–1.239) 0.03 1.073 (0.950–1.211) 0.25

Ejection fraction 1.003 (0.989–1.017) 0.70

Sex (male) 0.977 (0.410–2.233) 0.96

Neurological dysfunction 2.424 (0.569–10.327) 0.23

Diabetes 1.227 (0.491–3.064) 0.66

Diabetes on insulin 1.326 (0.307–5.725) 0.71

Ischemic heart disease 2.009 (0.906–4.454) 0.08 1.134 (0.419–3.070) 0.81

Other heart disease 1.077 (0.449–2.582) 0.87

COPD 1.666 (0.718–3.865) 0.24

Other lung disease 1.201 (0.521–2.770) 0.67

Chronic kidney disease 3.207 (1.420–7.244) 0.005 2.957 (1.162–7.525) 0.02

History of malignant disease 1.321 (0.555–3.144) 0.53

Other vascular disease 1.357 (0.903–2.038) 0.14 0.728 (0.244–2.179) 0.57

History of cardiac or thoracic aorta surgery 2.056 (0.106–1.244) 0.15 1.691 (0.437–6.546) 0.45

Poor mobility 7.996 (1.023–62.490) 0.05 4.905 (0.427–56.313) 0.20

Carotid stenosis (>50%) 2.366 (1.049–5.338) 0.04 2.424 (0.902–6.514) 0.08

Cerebral vascular stenosis 0.895 (0.387–2.074) 0.80

Pulmonary hypertension 1.308 (0.711–2.405) 0.39

Emergency operation 1.913 (0.801–4.568) 0.14 1.474 (0.504–4.310) 0.48

NYHA class 0.835 (0.377–1.851) 0.66

HR, hazard ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; NYHA class, New York heart association class.
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between the TAR and hybrid groups, with early mortality 
rates being 4–10% for aortic arch operations with selective 
cerebral perfusion and 2–6% for hybrid procedures using 
stent grafts (11-16). The current study also found that old 
age was not a surgical risk factor (Table 5), and this was 
in agreement with previous evidence (17-19). The main 
difference between the hybrid and TAR procedures lies 
in the incidence of remnant aortic aneurysms which can 
create pressure by pressing on the surrounding tissues 
such as the esophagus and trachea and increase the risk of  
re-intervention. Significantly fewer patients in the TAR 
group required aortic re-intervention compared to the 
hybrid group (P=0.04). Yoshitake et al. (18) recently 
compared aortic arch repair using the endovascular 
technique, TAR, and staged surgery and found that the mid-
term survival was similar between the hybrid procedure 
and TAR. However, TEVAR grafts were associated with 
an increased risk of re-intervention, the majority of which 
occurred within 3 years after surgery. The findings of the 
current study were in agreement with previous evidence 
suggesting that the majority of re-interventions occurred 
within 3 years of hybrid surgery, with the approximate 
freedom from re-intervention rate being 80–95%  
(20-23). The life-expectancy in South Korea in 2020 was 
83.5 years (24). For this reason, reintervention after the 
hybrid procedure could occur in elderly patients within 
their life expectancy, and we must not ignore the risk of 
reintervention after the hybrid procedure in elderly patients.

In the current study, the incidence of post-operative 
neurological complications did not significantly differ 
between the two groups, and this was in agreement with 
Cao et al. (25) who also reported similar mortality and post-
operative neurological outcomes between the hybrid and 
conventional TAR groups. Their systematic review of the 
clinical outcomes of hybrid arch procedures concluded 
that hybrid repair of the aortic arch was associated with 
negligible risk of peri-operative mortality and neurological 
morbidity, although the authors emphasized the lack of 
longitudinal evidence preventing ascertainment of the 
durability of the procedure.

Limitations

This study had several limitations. Firstly, the sample size 
was too small to conclude about a higher reintervention 
rate risk in the hybrid group. For this reason, further 
investigation using a larger cohort and longer follow-up 
is necessary. Secondly, patient characteristics and surgical 

procedures in both groups were not controlled. Thirdly, the 
indication of hybrid procedure was not controlled because 
this was a multicenter cohort study, and the indication of 
hybrid procedure differed in each hospital and operator. 
And in selecting patients for hybrid procedures besides age 
and comorbidities, anatomical characteristics of the aorta 
were also critical factors for selecting patients for hybrid 
procedures. More chronic kidney disease patients were 
in the TAR group for these reasons. Finally, only some 
patients were followed-up in the current study, suggesting 
potential inaccuracies in the long-term follow-up data.

Conclusions

The treatment outcomes of the hybrid procedure did not 
significantly differ from those of TAR, although the re-
intervention rates were higher in the former group and 
usually occurred within 3 years after surgery. Therefore, the 
risk of re-intervention should be taken into consideration 
when treating elderly patients, and selection of the surgical 
strategy for aortic arch aneurysms should be based on the 
patient’s demographic and anatomical characteristics.
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