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ORIGINAL RESEARCH

Long-Term Outcomes of Chronic Type 
B Aortic Dissection Treated by Thoracic 
Endovascular Aortic Repair
Xiaolang Jiang , MD;Yifan Liu, MD;Lingwei Zou, MD; Bin Chen, MD; Junhao Jiang, MD; Weiguo Fu, MD;  
Zhihui Dong , MD

BACKGROUND: The treatment of chronic type B aortic dissection by thoracic endovascular aortic repair has some challenges, 
and its long-term outcomes remain unclear. This study aimed to analyze the 5-year clinical outcomes of thoracic endovascular 
aortic repair of chronic type B aortic dissection, compare the differences between patients with and without adverse aortic 
events (AAEs), and identify risk factors for AAEs.

METHODS AND RESULTS: Patients who underwent thoracic endovascular aortic repair of chronic type B aortic dissection from 
January 2009 to June 2017 were retrospectively enrolled. The primary end points were AAEs, including aorta-related death, 
procedural complications, and disease progression requiring reintervention. Clinical outcomes were described at the 5-
year follow-up visit. The secondary end point was the comparison of the results between patients with and without AAEs. 
Univariable and multivariable logistic analyses were used to identify potential risk factors for AAEs. A total of 214 patients were 
enrolled. AAEs occurred in 46 (21.5%) patients. Compared with patients without AAEs, those with AAEs had higher rates of 
residual type A aortic dissection (26.1% versus 4.2%, P<0.001) and aortic diameter ≥5.5 cm (69.6% versus 11.3%, P<0.001), 
and a lower rate of complete false lumen thrombosis (23.9% versus 89.9%, P<0.001). Meanwhile, the median interval from 
symptom onset to intervention was longer in patients with AAEs (26 months versus 12 months, P=0.004). Partial or no false 
lumen thrombosis (adjusted odds ratio [AOR], 14.71 [95% CI, 5.67–38.14; P<0.001]) and aortic diameter ≥5.5 cm (AOR, 10.16 
[95% CI, 3.86–26.73; P<0.001]) were identified as independent risk factors for AAEs.

CONCLUSIONS: While thoracic endovascular aortic repair of chronic type B aortic dissection might be challenging in some 
cases, its long-term outcomes appeared promising as this treatment was effective in preventing catastrophic aortic events. 
Patients with AAEs showed higher rates of residual type A aortic dissection and aortic diameter ≥5.5 cm, a lower rate of 
complete false lumen thrombosis, and a longer median interval from symptom onset to intervention. Failure of complete false 
lumen thrombosis and an aortic diameter ≥5.5 cm were predictors of AAEs.
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Aortic dissection (AD) is the most common life-
threatening disorder of the aorta, and its inci-
dence has been reported to be ≈3/100 000 per 

year.1,2 AD is categorized as acute phase (<14 days), 
subacute (15–90 days), and chronic (>90 days).3 

Chronic type B AD (cTBAD) also includes cases pre-
viously operated for type A AD, with persisting dissec-
tion of the descending aorta.3 The optimal treatment 
for cTBAD remains unclear. Notably, aorta-related 
complications might occur in 20% to 50% of patients 
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with cTBAD.4 Overall, ≈20% to 40% of patients with 
cTBAD developed false lumen (FL) enlargement re-
quiring treatment.5 Meanwhile, the estimated rupture 
rate was 30% once aortic expansion reached 60 mm.6 
Although great progress has been made during the 
past decades, the mortality and morbidity, including 
spinal cord ischemia, cerebrovascular events, and 
renal failure of open surgery, remains ≈30%. Thoracic 
endovascular aortic repair (TEVAR), a minimally inva-
sive procedure, has become the dominant treatment 
for complicated acute type B AD (TBAD).7,8 Despite the 
clear superiority of TEVAR over conventional open sur-
gery for complicated TBAD, considerable debate exists 
on its application for cTBAD. Several large single-center 
retrospective studies have reported the outcomes of 
TEVAR for cTBAD. In chronic cases, TEVAR appeared 
safe, with stroke and spinal cord ischemia rates of <3% 
in most series. Early mortality was also <5% in most 

series.9,10 However, most previous studies were con-
fined to small sample sizes with limited follow-up. The 
consensus for TEVAR in the treatment of cTBAD has 
not been achieved, particularly because of poor aortic 
reverse remodeling, defined as gradual thrombosis of 
the FL and enlargement of the true lumen (TL) with-
out enlargement of the total aortic diameter.11 Herein, 
this study aimed to explore the long-term outcomes of 
TEVAR for cTBAD and the challenges during this pro-
cedure. Additionally, we also attempted to identify the 
potential risk factors for adverse aortic events (AAEs).

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design
Patients diagnosed with cTBAD who underwent TEVAR 
at our center from January 2009 to June 2017 were en-
rolled. Their baseline information, surgical procedures, 
morbidity, and mortality were collected and analyzed. 
This study was approved by the Ethics Committee of 
Zhongshan Hospital, Fudan University (No. B2019-
231R). The need for informed consent was waived be-
cause of the retrospective nature of this study.

Data Collection
Baseline information, including age, sex, history of car-
diovascular surgery, and comorbidities, including diabe-
tes, hypertension, coronary artery disease, and chronic 
kidney dysfunction, was collected. Morphological in-
formation included the diameters of the FL and TL at 
2 levels (level A, the maximal aortic diameter; level B, 
the distal end of the stent graft) (Figure 1), and the ex-
tent of the FL thrombosis. TEVAR-related information, 
including the interval from symptom onset to TEVAR, 
the number and types of stent grafts, and the loca-
tion of the proximal landing zone, was also collected. 
During the follow-up period, aortic remodeling at 2 
levels, aorta-related death, complications, including 
stent-induced new entry, retrograde type A AD,12 and 
endoleaks, were recorded and analyzed. Stent-induced 
new entry was defined as a new tear caused by the 
stent graft, excluding those arising from natural disease 
progression or iatrogenic injury from endovascular ma-
nipulation.13 The annual change in diameters of TL and 
FL was defined as the diameter difference of 2 adjacent 
years and measured at level A and level B.

Surgical Procedures
The indications for TEVAR included: (1) the patient com-
plained of recurrent or persistent chest or back pain as 

CLINICAL PERSPECTIVE

What Is New?
•	 Patients with adverse aortic events showed 

higher rates of residual type A aortic dissec-
tion and aortic diameter ≥5.5 cm, a lower rate 
of complete false lumen thrombosis, and a 
longer median interval from symptom onset to 
intervention.

•	 Failure of complete false lumen thrombosis and 
aortic diameter ≥5.5 cm are predictors of ad-
verse aortic events.

What Are the Clinical Implications?
•	 The long-term outcome is promising and effec-

tive for thoracic endovascular repair of chronic 
type B aortic dissection.

•	 More aggressive thoracic endovascular repair 
seems reasonable for chronic type B aortic dis-
section in suitable patients.

Nonstandard Abbreviations and Acronyms

AAE	 adverse aortic event
AD	 aortic dissection
cTBAD	 chronic type B aortic dissection
FL	 false lumen
LCCA	 left common carotid artery
LSA	 left subclavian artery
RCCA	 right common carotid artery
TBAD	 type B aortic dissection
TEVAR	 thoracic endovascular aortic repair
TL	 true lumen



J Am Heart Assoc. 2023;12:e026914. DOI: 10.1161/JAHA.122.026914� 3

Jiang et al� Endovascular Repair for Chronic Aortic Dissection

well as compression symptoms; (2) progressive tho-
racic aortic enlargement (>1 cm/year); (3) development 
of FL aneurysms (with total aortic diameter ≥5.5 cm); 
(4) malperfusion syndrome; and (5) aortic rupture or 
impending rupture.3,14,15 The procedure of TEVAR was 
previously described.16 The embolization of left subcla-
vian artery (LSA) was not routinely performed in our 
center, and they were just covered partially or totally if 
the left vertebral artery was not dominant. Otherwise, 
in situ fenestration and branched stent grafts were 
performed. However, if the angle between the aortic 
arch and the branches was unsuitable for the above 
procedures, a carotid-subclavian artery bypass was 
performed.17 Carotid-carotid bypass was performed if 
the proximal landing zone was expected to involve the 
ostia of the left carotid artery. If the proximal landing 

zone was expected to involve the left carotid artery 
and the left vertebral artery was dominant, then a 
right common carotid artery (RCCA)-left common ca-
rotid artery (LCCA)-LSA bypass was performed. The 
chimney technique was performed only in emergency 
cases. If the endoleak was identified during the follow-
up and the origin of the endoleak was confirmed to be 
the subclavian artery, then we would embolize it.

For patients with extensively compressed or totally 
occluded TL, stent grafts could be advanced with the 
assistance of balloon dilation or pulled forward with 
the assistance of a snare from the brachial artery ap-
proach. If the attempt failed, a transabdominal aortic 
implantation was considered. For patients with residual 
type A AD after open aortic repair,18 advance of the 
stent grafts could be achieved using a step-by-step 
technique assisted by a balloon. During this process, 
the balloon was first dilated proximal to the stent graft, 
which was then advanced as soon as the balloon was 
deflated. This procedure was repeated until the stent 
graft reached the proximal landing zone (Figure  S1). 
For patients with complication of visceral ischemia, a 
bare stent was implanted if ischemia was sustained 
after TEVAR. The detailed strategy was previously 
described.19

We sealed all intimal entry tears above the celiac 
artery in one  stage. A staged intervention was per-
formed for the residual lesions to prevent paraplegia. 
Cerebrospinal fluid drainage was not routinely per-
formed and was applied as soon as the patient pre-
sented with paraplegia.

Follow-Up Strategy
Technical success was defined as closure of the pri-
mary entry tear without a type I endoleak and con-
version to correct type Ia endoleak. All patients were 
followed up at 3, 6, and 12 months and yearly there-
after. Computed tomography angiography was per-
formed to observe aortic remodeling at 2 levels. AAEs, 
including aorta-related death, procedural complica-
tions (endoleak, stent-induced new entry, retrograde 
type A AD, aortic intimal intussusception, dilation of 
the residual FL), and disease progression requiring re-
intervention, were recorded. Other end points included 
all-cause mortality, aortic remodeling, and intervention. 
Clinical outcomes were described at the 5-year follow-
up visit.

Statistical Analysis
Data were analyzed using GraphPad Prism (GraphPad 
Software Inc., La Jolla, CA). Continuous variables are 
presented as means and SDs or medians with inter-
quartile ranges depending on the distribution of the 
data. Categorical variables are presented as frequen-
cies and percentages. For univariate analysis, the 

Figure 1.  Illustration of 2 levels of measurement.
Level A, the maximal aortic diameter; Level B, the distal end of 
the stent graft.
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Student t-test and Pearson Chi-squared test were ap-
plied to analyze the differences between the 2 groups 
(with and without AAEs) for continuous variables and 
categorical variables, respectively. In the multivariable 
logistic model, all variables with significant differences 
at the level of P<0.05 in the univariate analysis were 
included. For analysis purposes, FL thrombosis was 
dichotomized into total versus partial and no thrombo-
sis, because the number of cases with no thrombosis 
was small. Kaplan–Meier analysis was used to calcu-
late the cumulative survival rate and freedom from re-
intervention. The survival time was censored when the 
patient was lost to follow-up. All P values are 2-tailed, 
and P<0.05 is defined as statistically significant.

RESULTS
Baseline Information and Procedural 
Details
A total of 214 patients diagnosed with cTBAD were 
enrolled and analyzed. All patients were followed for 
at least 5 years. The mean age was 57.1±3.2 (range, 
32–86 years). The indications for TEVAR included re-
current pain in 79 patients (36.9%), aortic diameter 
>5.5 cm in 52 (24.3%), aggressive progression (>1 cm/
year) in 49 (22.9%), and acute symptom onset in 34 
(5.9%). The median interval from onset to interven-
tion was 12 months (interquartile range, 9–33.5). A hy-
brid procedure was performed in 22 patients (10.3%). 
LCCA-LSA bypass was the predominant procedure 
in 5 (2.3%), followed by LSA fenestration and RCCA-
LCCA bypass in 4 (1.9%) patients. Residual type A AD 
was observed in 19 (8.9%) patients, 3 of whom un-
derwent TEVAR using the balloon-assisted technique. 
The details of the baseline information and procedures 
were shown in Table 1. The technical success rate was 
97.7%. Two patients had multiple entries in the aorta, 
and the TL could not be identified. One patient had 
severe calcification in the entire descending aorta, the 
stent graft could not be delivered to the proximal land-
ing zone, and the procedure failed. The other 2 pa-
tients died of aortic rupture after iliac artery-superior 
mesenteric artery bypass and cervical hematoma after 
RCCA-LCCA and left vertebral artery transposition.

Aortic Remodeling
The TL diameter was significantly improved from 

16.3±8.4 mm at baseline to 30.1±12.3 mm at the 5-
year follow-up (P<0.01), and the FL diameter was sig-
nificantly decreased from 25.1±10.3 mm at baseline to 
13.1±8.5 mm at the 5-year follow-up (P<0.01) at level 
A. The TL diameter was significantly improved from 
14.6±8.0 mm at baseline to 26.2±10.2 mm at the 5-
year follow-up (P<0.01), and the FL diameter was sig-
nificantly decreased from 20.3±10.1 mm at baseline to 

14.0±8.7 mm at the 5-year follow-up (P<0.01) at level 
B. The annual diameter changes of TL and FL were 
shown in Figure 2. Complete FL thrombosis along the 
stent graft was observed in 162 (75.7%) patients, and 
no FL thrombosis was observed in 5 (2.3%) patients.

Mortality and Morbidity
The 30-day morbidity rate was 5.1%. Femoral ac-
cess occlusion occurred in 3 (1.4%) patients, and all 
of them underwent open repair. Two (0.9%) patients 
experienced atelectasis attributable to massive pleural 

Table 1.  Baseline Information and Procedural Details

No. (%) or −X±SD

Men 147 (68.7%)

Age, y 57.1±3.2 (32–86)

Comorbidities

Hypertension 150 (70.1%)

Diabetes 27 (12.6%)

CAD 17 (7.9%)

Cerebral infraction 14 (6.5%)

CKD 14 (6.5%)

TAAD 19 (8.9%)

Indications for intervention

Recurrent pain 79 (36.9%)

Aortic diameter >5.5 cm 52 (24.3%)

Rapid growth 49 (22.9%)

Acute onset 34 (5.9%)

Interval from onset to intervention 
(mo)

12 (9, 33.5)

Coverage of LSA

No 156 (72.9%)

Partially 25 (11.7%)

Totally 33 (15.4%)

Mean length of stent graft, mm 184.6±32.8 (80–300)

Proximal technique

LCCA-LSA bypass 5 (2.3%)

LSA fenestration 4 (1.9%)

RCCA-LCCA bypass 4 (1.9%)

RCCA and LCCA chimney 1 (0.5%)

LCCA and LSA chimney 1 (0.5%)

RCCA-LCCA-LSA bypass 1 (0.5%)

LCCA chimney 1 (0.5%)

LSA chimney 1 (0.5%)

LSA branched stent graft 1 (0.5%)

Axillary-axillary bypass 1 (0.5%)

RCCA-LCCA bypass and LVA 
transposition

1 (0.5%)

Hybrid procedure 1 (0.5%)

CAD indicates coronary artery disease; CKD, chronic kidney disease; 
LCCA, left common carotid artery; LSA, left subclavian artery; LVA, left 
vertebral artery; RCCA, right common carotid artery; and TAAD, type A 
aortic dissection.
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effusion after TEVAR, and both recovered after ven-
tilator therapy. Two patients (0.9%) died. One patient 
presented with malperfusion of the bowels and died of 
aortic rupture after iliac artery-superior mesenteric ar-
tery bypass, and the other died of cervical hematoma 
after RCCA-LCCA and left vertebral artery transposi-
tion. One patient developed spinal cord ischemia and 
recovered after cerebrospinal fluid drainage for 5 days. 
Stent-graft–induced aortic intimal intussusception oc-
curred in 1 patient (0.5%) and was detailed in our previ-
ous studies.20

Reintervention was performed in 40 (18.7%) pa-
tients. Distal aneurysmal dilation was the most com-
mon indication in 20 (9.3%) patients. Other indications 
included type Ib endoleak in 6 patients (2.8%), distal 

stent-induced new entry in 6 (2.8%) (Figure 3), femo-
ral artery occlusion in 3 (1.4%), type II endoleak in 2 
(0.9%), retrograde type A AD in 2 (0.9%), and type Ia 
in 1 (0.5%) patient (Figure 4). Two patients presented 
with endoleak type II from LSA and required embo-
lization. One of them presented with endoleak type 
II 10 months after TEVAR, and he was complicated 
with endoleak type Ib, originating from the distal entry 
tear. A cuff stent was applied to seal the distal entry 
tear, and the LSA was embolized, and the patient had 
complete remodeling along the stent graft. The other 
patient presented with endoleak type II and type Ia at 
18 months after TEVAR. He underwent re-TEVAR and 
LSA embolization, but the patient died of aortic rup-
ture at 22 months. The freedom from reintervention 
rate was 86.6% (95% CI, 81.2%–90.5%) at 5 years and 
79.0% (95% CI, 71.7%–84.5%) at 10 years (Figure 5).

During follow-up, all-cause mortality occurred in 20 
(9.3%) patients. In 15 (7.0%) patients, the cause of mor-
tality was aorta related. Among them, aortic rupture 
was the predominant cause in 10 (4.7%) patients, and 
4 (1.9%) suffered from multi-organ dysfunction after 
debranching procedures. The last patient (0.5%) suf-
fered sudden death 1 day after TEVAR, and the exact 
cause of death remained unclear because of the lack 
of autopsy (Table S1). The cumulative 5-year and 10-
year survival rates were 95.3% (95% CI, 91.5%–97.5%) 
and 89.9% (95% CI, 84.6%–93.5%) (Figure 5).

Univariable and Multivariable Analyses
The AAE rate was 21.5%. Compared with patients with-
out AAEs, those with AAEs had higher rates of residual 
type A AD (26.1% versus 4.2%, P<0.001) and aortic 
diameter ≥5.5 cm (69.6% versus 11.3%, P<0.001), and 
a lower rate of complete FL thrombosis (23.9% versus 
89.9%, P<0.001). The median interval from symptom 
onset to intervention was longer in patients with AAEs 
(26 months versus 12 months, P=0.004) (Table  2). In 
the multivariable analysis, partial or no FL thrombosis 
(adjusted odds ratio [AOR], 14.71 [95% CI, 5.67–38.14; 
P<0.001]) and aortic diameter ≥5.5 cm (AOR, 10.16 
[95% CI, 3.86–26.73; P<0.001]) were identified as in-
dependent risk factors for AAEs (Table 3).

DISCUSSION
It is well understood that TEVAR can be performed 
with minimal morbidity for the acute setting of TBAD. 
However, little is known about its safety for the chronic 
setting of TBAD, as most patients have traditionally 
been treated with medical therapy. Although medi-
cal treatment is recommended for cTBAD, FL throm-
bosis after medical therapy was reported to be <4%. 
However, aneurysmal dilation, de novo dissection, 
and aortic rupture occurred in 20% to 50% of these 

Figure 2.  The annual diameter changes of the true lumen 
and false lumen at 2 levels.
A, At level A, the diameter of true lumen increased by 9.0±2.3, 
2.7±1.0, 1.0±0.2, 0.5±0.1, and 0.6±0.1 mm, and the diameter of 
false lumen decreased by 7.1±1.1, 3.0±0.7, 1.5±0.4, 0.7±0.1, and 
0.5±0.1 mm at 1, 2, 3, 4, 5 years after endovascular repair. B, At 
level B, the diameter of true lumen increased by 6.9±1.3, 2.5±0.5, 
1.1±0.2, 0.6±0.1, and 0.5±0.1 mm, and the diameter of false lumen 
decreased by 3.8±0.9, 1.0±0.3, 0.6±0.1, 0.5±0.1, and 0.4±0.1 mm 
at 1, 2, 3, 4, and 5 years after endovascular repair.
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patients.21 Therefore, there has been an increasing in-
terest in using TEVAR over medical treatment in pa-
tients with cTBAD, despite a lack of strong evidence 
demonstrating the superiority of TEVAR. A meta-
analysis of 567 patients treated with TEVAR showed 
a technical success rate of 89.9%, with an aneurysmal 
dilatation rate of 7.8%.15 Similarly, early data also sug-
gested that TEVAR was associated with acceptable 
short-term outcomes. However, compared with open 
surgery, more reinterventions were required for TEVAR. 
The most important determinant of cTBAD prognosis 
after TEVAR was negative aortic remodeling, leading to 
adverse clinical outcomes.22 In the present study, we 
enrolled 214 patients treated with TEVAR with a techni-
cal success rate of 97.7%. The 5-year all-cause mor-
tality was 10.3%, and aorta-related mortality rate was 
7.0%, which were comparable with a previous study.23

In terms of endovascular treatment, cTBAD has 2 
distinguishing characteristics compared with acute 

AD that have a negative impact on clinical outcomes. 
First, cTBAD often has several mature fenestrations 
between the TL and FL. Second, the septum separat-
ing the TL from the FL in cTBAD is usually fibrotic and 
stiff. Because of both of these factors, promoting FL 
thrombosis in patients with cTBAD using a stent graft 
is difficult, because the radial force of the prosthesis 
cannot completely obliterate the FL of the dissection. 
Some investigators have noted that an inability to treat 
chronic dissections can be argued for early interven-
tion. In this study, we found that the median interval of 
symptom onset was longer in patients with AAEs than 
in those without AAEs (P=0.004). Meanwhile, the sep-
tum became stiffer and thicker in patients with a longer 
history of AD. Hence, early endovascular intervention 
might be necessary to promote aortic reverse remod-
eling and avoid devastating events.

Occluded TL was identified as another challenge 
during the TEVAR. First, advancement of the stent 

Figure 3.  The occurrence of stent-induced new entry.
The chronic type B aortic dissection was confirmed in an 82-year-old man (A), and he underwent endovascular repair by a stent graft 
(38*200 mm, Zenith). The false lumen was completely thrombosed at 5 months (B), as well as 12 months (C). However, the distal stent-
induced new entry was observed at 24 months (D), and a stent graft (38*200 mm. Zenith) was deployed to seal the distal stent-induced 
new entry. The aortic remodeling was satisfactory at 6 months (E) and 24 months (F) after reintervention.



J Am Heart Assoc. 2023;12:e026914. DOI: 10.1161/JAHA.122.026914� 7

Jiang et al� Endovascular Repair for Chronic Aortic Dissection

graft was difficult in most patients with occluded TL, 
and auxiliary procedures, including 2.8% brachial ar-
tery access, 0.5% transabdominal aortic implantation, 
and 1.4% balloon dilatation assistance, were applied in 
the present study. Meanwhile, TL could not be distin-
guished in 2 (0.9%) patients, and the procedure failed. 
Of note, visceral arteries originating from the FL also 
made the procedure more challenging. There was a 
high risk of end-organ ischemia when FL thrombo-
sis occurred after extensive sealing of intimal entries. 
However, a patent FL was also responsible for the 
continuous dilation of the FL. Hence, initial TEVAR was 
performed to seal the primary entry tear, and close 
computed tomography angiography follow-up was 

used to evaluate the remodeling of the distal aorta. We 
performed staged hybrid open endovascular repair to 
reconstruct the visceral arteries when the indications 
were met.24 Three (1.4%) patients underwent this pro-
cedure when aneurysmal dilation was observed at 24, 
60, and 68 months after TEVAR.

Because of the relatively long course of the dis-
ease, progression of the dissecting aortic aneurysm 
was observed in 52 (24.3%) patients. Because of this 
feature, additional procedures were necessary to ac-
quire sufficient proximal landing zones. In our center, 
partial or total sacrifice of the LSA was sufficient for 
most patients with acute TBAD. However, we usually 
performed carotid-carotid or carotid-LSA bypass to 

Figure 4.  The occurrence of retrograde type A aortic dissection. A 74-year-old man complained 
of chest pain for 2 years.
The computed tomography show aortic dissection with entry tear in the distal to the left subclavian artery 
(A) and the false lumen was patent (B). A stent graft (36*200 mm, Valiant Captivia) was deployed. However, 
he suffered acute refractory chest pain at 26 days, and the computed tomography showed retrograde 
type A aortic dissection (C) and the false lumen was partially thrombosed (D). Hence, he underwent 
ascending aorta and aortic arch replacement and survived.
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avoid type Ia endoleak because of aneurysmal dilation 
in patients with cTBAD. Meanwhile, we identified an-
eurysmal dilation ≥5.5 cm as an independent predic-
tor of AAE in this study. The results were consistent 
with those from Lee et al.25 Lee et al demonstrated 
that good outcomes could be achieved in most pa-
tients with cTBAD treated by TEVAR and provided fur-
ther insight into the complexity of this type of disorder. 
These authors concluded that there was no significant 
difference in outcomes between patients with long 
and short grafts, except that the patients having an-
eurysms with larger diameters required more frequent 
reinterventions.26,27

Aortic reverse remodeling, including FL thrombosis, 
stabilization, and preferential TL flow, and reduction 
in the overall aortic diameter, varied among different 
studies. The investigation of stent-grafts in aortic dis-
section trial demonstrated positive rates of aortic re-
verse remodeling with TEVAR in cTBAD. Leshnower 
et al also concluded that TEVAR in cTBAD stabilized 
dissecting aneurysm size and positively remodeled the 
descending thoracic aorta in 87% of patients.27 A sim-
ilar conclusion was also reported in another study.28 
However, outcomes were further stratified by the extent 
of the dissection. In this regard, patients with DeBakey 
IIIa achieved 100% FL thrombosis, while only 68% 
FL thrombosis was observed in those with DeBakey 
IIIb.27 Meanwhile, it remains controversial whether im-
plantation of the stent grafts alters the natural history 
of cTBAD, with specific regard to aneurysm progres-
sion in the visceral segment and the ultimate need for 
open aortic replacement or branched endograft within 
the perivisceral aorta. In this study, complete throm-
bosis along the stent grafts was observed in 162 pa-
tients (75.7%) (Figure S2). Partial or no FL thrombosis, 

identified as an independent predictor of AAE, was 
observed in 52 patients (24.3%). Thrombosis failure in-
creased the risk of continuous dilation of the FL, lead-
ing to aortic rupture without aggressive reintervention. 
These results indicated that additional techniques to 
promote FL thrombosis might prevent devastating aor-
tic events.

The presence of multiple entry tears was an out-
come determinant. The optimal coverage of stent grafts 
remains controversial. To promote aortic remodeling, 
one study proposed implantation of longer stent graft. 
However, this approach increased the risk of paraple-
gia.29 By contrast, Lee et al concluded that there was 
no significant difference in outcomes between patients 
with long and short grafts.25 Additionally, Nienabe et 
al proposed the provisional extension to induce com-
plete attachment (PETTICOAT) technique, which was 
characterized by the preservation of the spinal cord 
blood supply and the expansion of the distal FL.30 
However, whether this technique could promote aortic 
remodeling was controversial.31 In our center, the initial 
TEVAR was performed to seal the primary entry tear, 
and the entry tears between the stent graft and the 
visceral artery were then dominant. A short-cuff stent 
graft rather than one with a coverage of the whole tho-
racic descending aorta was implanted to seal these 
tears in ≥1 stages. The mean number of stent grafts 
used in the study was 1.2±0.3, and the mean length 
was 184.6±32.3 mm. Under this strategy, spinal cord 
ischemia occurred in only 1 (0.5%) patient, who fully 
recovered after cerebrospinal fluid drainage for 5 days.

This study has some limitations. First, this was a 
retrospective study that complied with its own nature. 
Second, we enrolled patients from January 2009 to 
June 2017; however, the devices used in endovascular 

Figure 5.  The cumulative survival and freedom from reintervention rates calculated by Kaplan–Meier analysis.
A, The 5-year and 10-year cumulative survival rates were 86.6% (95% CI, 81.2%–90.5%) and 79.0% (95% CI, 71.7%–84.5%). B, The 
5-year and 10-year freedom from reintervention rates were 95.3% (95% CI, 91.5%–97.5%) and 89.9% (95% CI, 84.6%–93.5%).
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therapy, the surgeon’s experience, and perioperative 
care have improved dramatically in recent years, all 
of which might cause chronological bias. If the clini-
cal outcomes of cTBAD treated with TEVAR are also 

improved, further exploration is needed. Meanwhile, 
some novel techniques, including “PETTICOAT,” si-
multaneous FL embolization, constrained bare stent, 
and some new devices, including taper stent graft and 
branched stent graft, have emerged. The long-term ef-
fectiveness and safety of these innovations must also 
be demonstrated. Finally, while the chimney technique 
was applied in 4 (1.9%) patients in this cohort, it was 
only used for emergency cases. The sample size in this 
study was still too small, and the conclusions should 
be confirmed by large scale clinical trials. Despite 
these limitations, the present study enrolled 214 pa-
tients with a median follow-up of 101.9±34.6 months, 
and we believe that our results might support clinical 
decision-making and provide some insights for future 
research directions.

CONCLUSIONS
TEVAR treatment for cTBAD might have some chal-
lenges, including the difficulty of the stent graft passage 
because of the extremely compressed TL, the failure of 
complete aortic remodeling, and the controversy about 
the benefit of TEVAR in cTBAD. However, its long-term 
outcomes might be promising, as this procedure was 
effective in preventing catastrophic aortic events with 
encouraging aortic remodeling and freedom from AAEs. 
Patients with AAEs showed higher rates of residual type 
A aortic dissection and aortic diameter ≥5.5 cm, a lower 
rate of complete FL thrombosis, and a longer median 
interval from symptom onset to intervention. Additional 
surveillance might be advisable in patients with failure of 
complete FL thrombosis and aortic diameter ≥5.5 cm, 
which were identified as predictors of AAEs.
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Table 2.  Comparison Between Patients With and Without 
AAEs

AAEs No AAEs P value

No. (%) or −X±SD

Sex 0.615*

Men 33 (71.7) 114 (67.9)

Women 13 (28.3) 54 (32.1)

Age, y 55.4±10.2 57.5±10.6 0.223‡

Hypertension 0.930*

Yes 12 (26.1) 7 (4.2)

No 34 (73.9) 161 (95.8)

Diabetes 0.366*

Yes 4 (8.7) 23 (13.7)

No 42 (91.3) 145 (86.3)

Cerebral infraction 0.999†

Yes 3 (6.5) 11 (6.5)

No 43 (93.5) 157 (93.5)

Coronary artery 
disease

0.537†

Yes 2 (4.3) 15 (8.9)

No 44 (95.7) 153 (91.1)

Chronic kidney 
disease

0.999†

Yes 3 (6.5) 11 (6.6)

No 43 (93.5) 155 (93.4)

TAAD <0.001*

Yes 12 (26.1) 7 (4.2)

No 34 (73.9) 161 (95.8)

Symptom onset to 
intervention, mo

26 (12, 51.8) 12 (8, 30) 0.004*

LSA sacrifice 0.160*

No 38 (82.6) 118 (70.2)

Partially 2 (4.3) 23 (13.7)

Totally 6 (13.0) 27 (16.1)

Mean length of stent 
grafts, mm

187.2±35.8 183.9±32.0 0.545‡

No. of stent grafts 1.2±0.4 1.2±0.3 0.459*

Aortic diameter 
≥5.5 cm

<0.001*

Yes 32 (69.6) 19 (11.3)

No 14 (30.4) 149 (88.7)

FL thrombosis along 
the stent graft

<0.001*

Totally 11 (23.9) 151 (89.9)

Partially or patent 35 (67.3) 17 (10.1)

AAEs indicates adverse aortic events; FL, false lumen; LSA, left subclavian 
artery; and TAAD, type A aortic dissection.

*Pearson Chi-squared test.
†Fisher exact test.
‡Student t-test.

Table 3.  Multivariable Analysis of the Risk Factors for 
AAEs

AOR 95% CI P value

TAAD 3.008 0.779–11.609 0.110

Symptom onset to intervention 1.006 0.977–1.007 0.309

Partial or no FL thrombosis 14.705 5.670–38.136 <0.001

Aortic diameter ≥5.5 cm 10.159 3.861–26.733 <0.001

AAEs indicates adverse aortic events; AOR, adjusted odds ratios; FL, false 
lumen; and TAAD, type A aortic dissection.
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Table S1. Details of patients with aorta-related death 

No. Sex Age TAAD Interval to  Indications Stent graft Reintervention  

Time of 

death 

(months) 

    TEVAR (months)   /Time (months)   

1 1 45 Yes 9 AAS Gore (34*200mm) Yes/12 

RCCA/LCCA 

fenestration, LSA 

chimney 

12 

2 1 40 Yes 120 Bowl ischemia / No / 1 

3 2 32 No 6 Recurrent back pain Ankura (30-26*160mm) No / 12 

4 1 54 No 12 Aortic diameter >55mm Captivia (34*200mm) No / 84 

5 1 56 Yes 60 Aortic diameter >55mm Captivia (32*150mm) Yes/30 
Debraching for distal 

dissecting aneurysm 
30 

6 1 54 No 47 Aortic diameter >55mm / No / 1 

7 2 77 No 19 Rapid growth 
Captivia (34*200mm, 

32*150mm) 
No 

TL in abdominal artery 

occlusion and treated by 

bare stent  

1 



8 1 49 No 30 Aortic diameter >55mm Captivia (32*150mm) Yes/68 
Debraching for distal 

dissecting aneurysm 
68 

9 1 60 No 28 Aortic diameter >55mm Zenith (32*280mm) Yes/18 

TEVAR + LSA 

embolization for Ia 

endoleak 

22 

10 1 55 No 4 AAS Captivia (42*200mm) No / 48 

11 1 53 No 9 Aortic diameter >55mm Captivia (32*200mm) Yes/72 
TEVAR for distal FL 

dilation 
72 

12 2 62 No 19 AAS Captivia (28*150mm) No / 1 

13 1 60 No 39 Aortic diameter >55mm Zenith (30*160mm) Yes/60 
Debraching for distal 

dissecting aneurysm 
61 

14 1 56 No 38 Aortic diameter >55mm Zenith (42*200mm) Yes/70 TEVAR for dSINE 72 

15 1 51 No 12 Rapid growth Captivia (34*200mm) No / 70 

AAS, acute aortic syndrome; dSINE, distal stent graft-induced new entry; FL, false lumen; LCCA, left common carotid artery; LSA, left subclavian 

artery; RCCA, right common carotid artery; TAAD, type A aortic dissection; TEVAR, thoracic endovascular aortic repair; TL, true lumen. 



Figure S1. The advance of a stent-graft assisted by a balloon. 

 

A 81-year-old female underwent the ascending aorta and aortic arch replacement due 

to type A aortic dissection 4 years ago. She complained of recurrent chest pain and the 

CTA showed distal dilation (A) and the maximal aortic diameter was 7.5cm (B). The 

angiography confirmed the aortic dilation (C). The advance of the stent graft was 

assisted by the balloon. The balloon was inflated (D) and then the stent graft was 

advanced while the balloon was deflated (E). Finally, two stent-grafts (40*200 mm, 

Valiant Captivia) were deployed, and the angiography showed complete sealing of the 

dissecting aneurysm (F). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. The process of aortic reverse remodeling. 

 

A 75-year-old woman was confirmed aortic dissection due to recurrent chest pain for 

10 years (A). A stent graft (34*200 mm, C-TAG) was deployed. The follow-up CTA 

showed complete remodeling at 6, 12, 24, 36 months (B-E). 
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