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Thoracic aortic aneurysm surgery in Japan
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Thoracic aortic aneurysm surgery in Japan
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Thoracic aortic aneurysm surgery in Japan
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TEVAR versus Open repair

Bavaria et al. Endovascular stent grafting versus open surgical repair of descending thoracic 
aortic aneurysms in low-risk patients: A multi center comparative trial. JTCVS 2007

TEVAR 
(n=140)

Open 
(n=94)

p value

Mortality 0.021 0.117 0.004

Respiratory failure 0.04 0.2 <0.001

Renal failure 0.01 0.13 0.01

Cerebrovascular accident 0.04 0.04 n.s

spinal cord ischmia 0.03 0.14 0.03

Mean ICU length 2.6±14.6 5.2±7.2 <0.001

Mean length of hospital stay 7.4±17.7 14.4±12.8 <0.001

Low risk patient in 17 sites, total 140 TEVAR



Effect of TEVAR on outcomes after DTAA repair

the NIS represents the amount hospitals billed for services
but does not reflect how much the hospital services actually
cost or the specific amounts that the hospitals received in
payment. The cost/charge ratios, formulated by the NIS
for each hospital, were used to compute the estimated
cost incurred by the hospital per case. The unadjusted hos-
pital costs were lower for the TEVAR patients than for the
OAR patients ($46,636 ! $46,303 vs $48,974 ! $32,943;
P<.05). However, multivariable linear regression analysis
revealed that TEVAR was not independently associated
with any cost benefit (P ¼ .2).

DISCUSSION
We analyzed the data from a large nationwide cohort of

patients who had undergone TEVAR for isolated DTAA.
Our results have provided detailed insight into the initial
US implementation of TEVAR as a surgical modality. On
average, the TEVAR patients were older than the OAR pa-
tients by almost 1 decade, and the TEVAR patients had
more comorbidities. These differences occurred because,
initially, TEVAR was primarily used for relatively high-
risk patients who could not tolerate OAR, the standard treat-
ment. Thus, OARs constituted 75% of the procedures for
isolated DTAA. If the pattern of increasingly widespread
use of endovascular repair for abdominal aortic aneurysms
can be extrapolated to DTAA repair, a strong potential ex-
ists for increasing the proportion of TEVAR cases.

The most common primary payer for TEVAR patients
was Medicare, which correlated with these patients being
older. A greater proportion of TEVAR patients than OAR
patients were in the lowest quartile of income, and twice
as many black patients had undergone TEVAR as had un-
dergone OAR. One could speculate that these patients
were more likely to have more comorbidities, which would
have favored a less-invasive approach. In addition, because
of the relative lack of data supporting the long-term reliabil-
ity of TEVAR, OAR has been preferentially offered to
younger patients. A significantly greater proportion of fe-
male patients underwent TEVAR, but female gender was
not associated with greater mortality or morbidity risk in
the regression models. Female gender, overall, was associ-
ated with lower odds of a routine discharge after interven-
tion on the DTAA. A more detailed socioeconomic and
demographic analysis is needed to understand the dynamics
of this interaction. In addition, as clinicians gain experience
with time, the proportion of TEVAR procedures performed
in various socioeconomic, racial, and age groups is likely to
change.
For older patients, the LOS must be considered in the

context of the patient’s discharge status. Shorter LOSs
might not necessarily indicate better outcomes if the pa-
tients were discharged to nursing facilities or other health-
care venues. Because insurance companies have capped
payments, hospitals have tended to aggressively incorporate
social services early on in the care of these relatively com-
plex patients to mobilize them fairly quickly to nursing
facilities or arrange support services to shorten the hospital
LOS. Our analysis showed that both the LOS and the pro-
portion of nonroutine discharges were lower for TEVAR
patients, suggesting a less morbid surgical procedure asso-
ciated with quicker recovery.
Our analysis revealed that the mortality profiles for TE-

VAR and OAR were not different, even after risk adjust-
ment. The overall unadjusted mortality rate was 2.3% for
both groups. Although TEVAR was performed in patients
with more comorbidities, a critical review of the regression
model for mortality revealed that, surprisingly, the overall
comorbidity score was not associated with mortality. In
contrast, patient age had a significant independent effect
on mortality. We believe that, as TEVAR becomes more
widely adopted in the near future, the age difference be-
tween OAR and TEVAR patients is likely to disappear,

TABLE 4. Independent predictors of outcomes

Death Routine discharge Any complication

Predictor P value Odds ratio 95% CI P value Odds ratio 95% CI P value Odds ratio 95% CI

Age (y) .01 1.079 1.017-1.145 .1 0.992 0.981-1.002 1.0 1.001 0.963-1.040

Female gender .2 1.243 0.886-1.743 < .001 0.798 0.715-0.889 .9 1.025 0.740-1.420

Deyo index .2 0.669 0.377-1.188 < .001 0.784 0.695-0.885 .056 1.500 0.990-2.274

TEVAR .9 1.033 0.682-1.564 < .001 4.014 3.481-4.628 < .001 0.385 0.256-0.578

CI, Confidence interval; TEVAR, thoracic endovascular aneurysm repair.

TABLE 5. Effect of TEVAR on outcomes after DTAA repair:

Hierarchic multivariable regression models

Variable

P

value

Odds ratio or

Exp (B) 95% CI R2

Intraoperative complications < .001 0.41 0.35-0.50 0.14

Infections .3 0.88 0.68-1.14 0.22

Neurologic complications < .001 0.16 0.09-0.29 0.60

Renal complications .3 0.87 0.67-1.14 0.26

Respiratory complications < .001 0.28 0.21-0.36 0.18

Pulmonary embolism .5 1.51 0.51-4.47 0.46

Any complication < .001 0.39 0.26-0.58 0.93

Total complications/patient < .001 #0.33* #0.38 to#0.29 0.11

Died during hospitalization .9 1.03 0.68-1.56 0.38

Length of stay (d) < .001 #1.27* #1.76 to#0.79 0.28

Routine home discharge < .001 4.01 3.48-4.63 0.25

*Multivariable linear regression used for continuous variable outcome measures.
TEVAR, Thoracic endovascular aneurysm repair; DTAA, descending thoracic aortic
aneurysm; R2, correlation coefficient; other abbreviations as in Table 4.

Gopaldas et al Acquired Cardiovascular Disease

The Journal of Thoracic and Cardiovascular Surgery c Volume 140, Number 5 1005
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Nationwide Inpatient Sample data 2006-2007

Open repair 9160 versus TEVAR 2563

Gopaldas et al. Superior nationwide outcomes of endovascular versus open repair for 
isolated descending thoracic aortic aneurysm in 11,669 patients. JTCVS 2010



Thoracic aortic aneurysm surgery in US

analysis had higher predictive power. Moreover, the c-index
for the model for repair of intact DTAAs was 0.80. This was
higher than the c-index for the multivariable model for
repair of ruptured DTAAs, which was 0.66.

DISCUSSION
Study Findings

In this study, we evaluated trends and outcomes of DTAA
repair in the United States during the past decade. There
were several important findings from this population-
based analysis. Foremost, standardized rates of repair had
significantly increased over time for both intact and
ruptured DTAAs. Given that the rates of open repair were
relatively constant in the latter portion of the study period,
the increasing adoption of TEVAR, starting in 2005, is the
most likely driving factor for these increased rates of repair.
Because patients in more recent years had higher comorbid-
ity burdens, this suggests that TEVAR has helped augment
the overall pool of DTAA repairs, in part by allowing sicker
patients to undergo surgical intervention.

Furthermore, we found that operative mortality rates
decreased significantly during the study period for repairs
of both intact and ruptured DTAAs. Again, these findings
occurred despite a higher comorbidity burden in patients.
In multivariable analysis, we found that increasing age
was a significant predictor of operative mortality for repairs

of both intact and ruptured DTAAs. Older age is a well-
known predictor of adverse outcomes after major aortic pro-
cedures. A statewide analysis of thoracoabdominal aortic
aneurysm repairs demonstrated steep increases in 1-year
mortality with increasing age, from 18% for 50- to 59-
year-old patients to 40% for 80- to 89-year-old patients.11

A similar multicenter analysis performed for abdominal
aortic aneurysms showed parallel results, with 1-year mor-
tality ranging from 2.9% in those aged 51 to 60 years to
15% for those aged 81 to 90 years.12 Finally, in multivari-
able analysis, we found that, after accounting for patient and
hospital characteristics, open surgical repair was associated
with a significant increase in mortality risk compared with
TEVAR for both intact and ruptured DTAAs.

Prior Studies
Indeed, open repair of DTAA has been associated with

significant morbidity and mortality in prior series. In a
single-institution review of 387 patients, the in-hospital
mortality rate was 4.4%, with a 30-day mortality of
2.8%.13 In another single-institution study of 300 patients,
the 30-day mortality was 8%.7 An earlier study of 366 pa-
tients demonstrated an in-hospital mortality rate of 12%
that decreased to 9.9% if ruptured aneurysms were
excluded.14 These data generally coincide with our current

FIGURE 1. Standardized annual rates of open and endovascular repair of

intact (A) and ruptured (B) descending thoracic aortic aneurysms.

FIGURE 2. Annual unadjusted operative mortality rates for repair of

intact (A) and ruptured (B) descending thoracic aortic aneurysms (DTAAs).

In 2005, there were only 16 endovascular repairs of ruptured DTAAs.

Acquired Cardiovascular Disease Kilic et al

1858 The Journal of Thoracic and Cardiovascular Surgery c June 2014
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Kilic et al. Trends in repair of intact and ruptured descending thoracic aortic 
aneurysm in the United States: A population-based analysis. JTCVS 2014

total 20,568 pts. from Nationwide Inpatient Sample



Results of Arch TEVAR (2007)

Melissano et al. Results of Endografting of the aortic arch in different landing 
zones. Eur J Vas Endovasc Surg 2007

Zone 0 
n=14

zone 1 
n=12

zone 2 
n=38

total 
n=64

Technical success 92.9% 66.7% 89.5% 85.9%

30-day mortality 14.3% 0% 5.3% 6.3%

stroke 14.3% 0% 0% 3.1%

type I/III Endoleak 7.1% 33.3% 7.9% 12.5%

1999-2006, N=64, Italy



Results of Arch TEVAR (2014,2016)

* Shirakawa et al. The efficacy and short-term results of hybrid thoracic endovascular repair 
into the ascending aorta for aortic arch pathologies. Eur J Cardiothorac Surg 2014

Zone 0* 
n=40

Zone 1 and 2** 
n=101

Technical success 100.0% 100.0%

30-day mortality 3.0% 1.0%

stroke 0.0% 3.0%

type I/III Endoleak 3.0% 2.0%

* * Shijo et al. Thoracic endovascular aortic repair for degenerative distal arch aneurysm 
can be used as a standard procedure in high-risk patients. Eur J Cardiothorac Surg 2016

2008-2012*(2015**), Osaka Univ. Commercial device



Hybrid vs Open for aortic arch

Hybrid 
(n=50)

Open 
(n=143)

p 
value

Patient

Outcomes

Age 78.6 72.1 <0.001

EuroSCORE II 7.78% 4.35% <0.001

Mortality 2% 3% n.s

PND 6% 2% 0.17

ICU stay 1.6 4.7 <0.001

Hybrid 
(n=45)

Open 
(n=274)

p 
value

Patient

Outcomes

Age 68 63 0.098

COPD 68.9% 36.1% <0.001

30-day Mortality 11.1% 8.4% n.s

stroke 15.6% 7.7% 0.091

ARF 8.9% 20.3% 0.073

ICU stay (day) 6 5 n.s

Iba et al. EJCTS 2014 Preventza et al. JTCVS2015



Risk factor for late endoleak
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Risk factor for late endoleak
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MDCT after TEVAR for aortic arch disease. EJCTS 2017 in press.



Effectiveness of LSA protection

introduced. Stroke prevalence in the patients with atheroma
Grades I–II and Grades III–IV was 0% (0 of 35 patients) and 17%
(3 of 18 patients), respectively. Patients with severe atheroma
(Grades III–IV) at the proximal neck were more likely to develop
perioperative stroke (P = 0.035). Perioperative stroke prevalence
gradually increased with atheroma severity (P = 0.007), as shown
in Fig. 2A. Although no stroke occurred in the patients with ather-
oma Grades I–II, 1 of the 11 patients (9%) with atheroma Grade III
and 2 of the 7 patients (29%) with atheroma Grade IV developed
perioperative stroke. A history of cerebrovascular disease (P = 1.00),
proximal landing Zone 1 or 2 (P = 0.58) and LSA sacrifice (P = 1.00)
were not associated with perioperative stroke.

All strokes occurred before the brain protection method (3 of
53 patients, 6%) was introduced; no patient developed stroke after
the protection (0 of 48 patients, 0%; P = 0.24) was introduced.
Subgroup analysis among the patients with atheroma Grades III–
IV is demonstrated in Fig. 2B. Before the introduction of the pro-
tection method, 3 of 18 patients developed perioperative stroke
(17%), whereas no stroke occurred after the protection was intro-
duced (0 of 23 patients; P = 0.077).

Late results

The median length of the follow-up was 27.4 months (range: 0.2–
69 months). The Kaplan–Meier survival curve for late results is
demonstrated in Fig. 3. The overall survival rate at 1 and 4 years
was 93 and 84%, respectively. Thirteen late deaths were observed,

among which aorta-related deaths occurred in 4 patients (stent
graft infection: n = 2; supra-aortic bypass infection: n = 1; aneurysm
rupture: n = 1). The rate of freedom from aorta-related death at 1
and 4 years was 97 and 95%, respectively. In addition, 8 aortic
events occurred, as seen in Table 5. The rate of freedom from
aortic events at 1 and 4 years was 91 and 86%, respectively.
Although a late type Ib endoleak was observed in 1 patient, no
type Ia endoleak developed during the follow-up. We observed 1
late type A dissection, which was a zone 1 case. Pre-discharge and
follow-up CT showed no apparent evidence of an intimal tear of
the ascending aorta or the aortic arch. The patient developed the
type A dissection 17.5 months after the debranching TEVAR was
performed. Regarding bypass graft patency, there was no inci-
dence of late bypass failure.

DISCUSSION

Intraoperative circulatory management and neurological protec-
tion technologies have improved considerably. However, conven-
tional aortic arch repair is still associated with significant mortality
and morbidity [1–3]. The use of hypothermic circulatory arrest
and selective cerebral perfusion has decreased the incidence of
neurological complications. These techniques are still highly
invasive for patients with severe comorbidities. In recent years, as

Table 4: Univariate analysis of perioperative stroke before
the use of the brain protection method

Stroke prevalence
(95% confidence interval)

P-value

Age
<75 years (n = 28) 4% (0–18%) 0.60
≥75 years (n = 25) 8% (1–26%)

Sex
Female (n = 11) 0% (0–28%) 1.00
Male (n = 42) 7% (1–19%)

Cerebrovascular disease
No (n = 42) 7% (1–19%) 1.00
Yes (n = 11) 0% (0–28%)

Diabetes mellitus
No (n = 44) 2% (0–12%) 0.099
Yes (n = 9) 22% (3–60%)

Coronary artery disease
No (n = 40) 3% (0–13%) 0.15
Yes (n = 13) 15% (2–45%)

Logistic EuroSCORE
<15% (n = 38) 5% (1–18%) 1.00
≥15% (n = 15) 7% (0–32%)

Proximal landing zone
Z1 (n = 24) 8% (1–27%) 0.58
Z2 (n = 29) 3% (0–18%)

LSA sacrifice
No (n = 46) 7% (1–18%) 1.00
Yes (n = 7) 0% (0–41%)

Atheroma grade
Grade I, II (n = 35) 0% (0–10%) 0.035
Grade III, IV (n = 18) 17% (4–41%)

LSA: left subclavian artery; Z1: Zone 1; Z2: Zone 2.

Figure 2: Atheroma grade and stroke. (A) Perioperative stroke prevalence grad-
ually increased with atheroma severity. Grade I: smooth and continuous intimal
surface; Grade II: intimal thickening from 3 to 5 mm; Grade III: atheroma pro-
truding within 5 mm into the aortic lumen; Grade IV: atheroma protruding
more than 5 mm into the lumen and pedunculated. (B) Subgroup analysis
among the patients with atheroma Grade III–IV: before introduction of the pro-
tection method, 3 of 18 patients developed perioperative stroke (17%), whereas
no stroke occurred after the protection (0 of 23 patients). Protection (−):
patients without the brain protection method. Protection (+): patients with the
brain protection method.
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T. Shijo et al. / European Journal of Cardio-Thoracic Surgery 5

Shijo et al. Thoracic Endovascular aortic repair for degenerative distal arch 
aneurysms can be used as a standard procedure in High-risk patients. EJCTS 2016

Atheroma grade III/IV case (n=41)



Arch Branch System

Number 38
technical success 84.2%

mortality 13.2%
stroke 15.8%

type I endoleak 13.2%

Number 22
technical success 100.0%

mortality 0.0%
stroke 0.0%

type I endoleak 0.0%

Zone 0 Zone 2

Himanshu et al. Branched endovascular therapy of the distal aortic 
arch: preliminary results of the feasibility multi center trial of the Gore 

thoracic branch endoprothesis. Ann Thorax Sure 2016
Haulon et al. Grobal experience with an inner branched 

arch endograft. JTCVS 2014



Impact of Branch device

procedure

branch device total endovascular

age 79.0±5.9 74.5±7.9

Logistic EuroSCORE (%) 29.5* 22.6*

Technical success 100% 94.8%

stroke 8.6% 15.8%

spinal cord ischemia 0 5.2%

n=23 n=23

fene 42.8% 
chimney 0% 

* p<0.05



Impact of branch device: endoleak

procedure

branch device total endovascular

type 1a 0.0%* 21.0%*

type 1b 0 0

type 2 (LSA) 0 0

type 3 0 0

n=23 n=23

fene 15.2% 
chimney 25.0% 

* p<0.05



Dissection specific complication

during routine follow-up. One SIDR (1/9, 11.1%) was
located at the lesser curve of the aorta; the others were
located at the greater curve. All SIDRs were on the
dissected flap. The patients with SIDRs were 58 6 7 years
of age, which was not significantly different from the age of
patients without SIDRs (Table II). The preoperative
mismatch rate of the SIDR, 192.7 6 54.9%, was signifi-
cantly higher than that of the non-SIDR, 131.9 6 10.4%
(P < .05). This observation suggested that preoperative
mismatch rate might predict the risk of SIDR occurrence in
the long term. The OR of the preoperative mismatch rate
was 2.42, and the 95% confidence interval (CI) was 1.81 to
3.25 (P < .05). The follow-up mismatch rate for SIDRs
was significantly higher than that for non-SIDRs (145.4 6
34.6 vs 120.3 6 16.1; P < .05), and the OR (95% CI) was
4.46 (3.22- 4.91; P < .05). This indicated that consistent
mismatch in the follow-up period might lead to excessive
radial force, which could cause the SIDR. Three of the nine

(33.3%) cases of SIDR were treated primarily with a stent
graft with longitudinal connecting bar (TALENT,
Hercules and Relay), but this did not significantly differ
from the situation in the non-SIDR group (206/456,
45.1%; P ¼ .524), which suggests that the design of the
endograft with longitudinal bar does not increase the
incidence of SIDR.

Follow-up and comparison between TEVAR and
TEVAR D RBS. A total of 154 RBSs were used; the
median size was 24 mm (range, 20-28 mm). The overlap-
ping length of stent graft and RBS was 36.5 6 2.5 mm. No
dislodging or disjointing of the RBS was observed in the
follow-up period. A comparison between TEVAR and
TEVAR þ RBS is outlined in Table III. Preoperative
mismatch rates did not significantly differ between the two
groups. The incidence of SIDR was significantly lower in
the TEVAR þ RBS group (0% vs 2.9%; P ¼ .033), and the
need for secondary intervention was significantly less in this

Fig 3. A, Preoperative computed tomography angiography (CTA) revealed a complicated type B dissection in patient
6. The true lumen was severely compressed by the false lumen. B, Moderate type I endoleak detected 3 months after
primary thoracic endovascular aortic repair (TEVAR). C, D, The distal end of the stent graft perforated the flap. The
stent graft-induced distal redissection and aneurysmal expansion of the false lumen were revealed by CTA at 18 months.
E, The true lumen of the distal descending aorta was so narrow that the abdominal organs were in a state of ischemia.
The blood supply to both lower limbs was from the false lumen. F, After the secondary TEVAR þ RBS through the
right carotid artery, the redissection was completely excluded, and the true lumen of the distal descending aorta was
obviously expanded, which remarkably improved the blood supply to abdominal organs. CTA at 10 months after the
secondary intervention confirmed the patency of the bypass and the original type I endoleak, which will be treated by
further intervention.
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servatively (83%). Interestingly, patients with progression of
aortic disease underwent elective surgical repair in the majority
(57%). Mortality was high and not different with stent graft–
induced dissections and wire-related dissections (45% versus
43%). However, patients with rAAD caused by progression of
aortic disease had a better outcome (mortality, 14%; P!0.216;
Figure 3).

Discussion
To our knowledge, this is the first multicenter study to
provide insight into an unusual but catastrophic complication
of TEVAR in a larger series of patients. Our data indicate that
rAAD is rare, occurring in only 1.33% of 4750 TEVAR
procedures performed across 27 European centers and 1
Chinese center. This event not only occurred during the

procedure but occurred even beyond the procedure during
index hospitalization as well as after hospital discharge up to
1050 days of follow-up. Additionally, our data suggest that
rAAD is not a benign event and is associated with very high
mortality despite surgical repair in many.

Iatrogenic aortic dissection (class 5 dissection according to
Svensson classification14) accounts for approximately 5% of
all acute aortic dissections and is a well-known complication
of coronary angiography, percutaneous coronary interven-
tions, and open heart surgery.15 Our data add TEVAR to this
list of the procedures resulting in iatrogenic dissection. The risk
of iatrogenic dissection of the ascending aorta after TEVAR is

Figure 1. A, Preoperative contrast-enhanced CT
scan showing type B aortic dissection with true
lumen (TL) and false lumen (FL) in the descending
thoracic aorta. B, Angiography after successful
TEVAR shows complete exclusion of the false
lumen. C, Contrast-enhanced CT 4 hours after
TEVAR performed for sudden hemiplegia and
aphasia shows rAAD with perfused TL and FL.
Note the stent graft and the completely throm-
bosed FL in the descending thoracic aorta. D,
Multiplanar CT reconstruction reveals stent graft–
induced rAAD with ascending aortic injury related
to the proximal bare spring of the endoprosthesis.

Figure 2. Mortality in relation to the onset of rAAD.
Figure 3. Choice of treatment regimen and mortality in relation
to the presumed etiology of rAAD.

Eggebrecht et al Ascending Aortic Dissection After TEVAR S279

 at Osaka Daigaku on June 1, 2015http://circ.ahajournals.org/Downloaded from 

retrograde type A dissection distal re-dissection (tear)
Feng et al. 2013 Eggebrecht et al. 2009 



Non-dissection area 
oversize 10-20%

Straight part of DTA 
oversize 5-10% of TL

①　cuff 23mm 
3.3cm 

②　tapered 31-26mm 
10cm 

③　straight 34-34mm 
10cm 

How to improve the Quality of 
TEVAR?



Aortic remodeling after TEVAR
POST 6M 1Y



Aortic remodeling prevents aortic event
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Watanabe et al. Aortic remodeling as a prognostic factor for late aortic events after thoracic 
endovascular aortic repair in type B aortic  dissection with patent false lumen. J Endovasc Ther 2014



Freedom from aortic-related death
In relation to early and late intervention
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Freedom from aortic event
In relation to early and late intervention
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