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Background: Thoracic endovascular aortic repair (TEVAR) in the current era has gained widespread 
acceptance as the modality of choice for the treatment of complicated aortic dissection (AD). However, 
reports on clinical results of TEVAR treatment of AD patients are mainly comparisons and analyses of 
results between patients in the acute and chronic phases, few reports have described the postoperative aortic 
remodelling of patients with subacute AD after TEVAR. The aim of this study was to investigate aortic 
remodelling after TEVAR in acute and subacute Stanford type B AD patients.
Methods: The clinical data of 38 Stanford type B AD patients who received TEVAR treatment in our 
hospital between July 2012 and December 2017 were retrospectively analysed. The maximum diameters 
of the aorta, the mean diameters of the true lumens (TLs) and the false lumens (FLs) of the aorta in the 
dissection range before and after TEVAR treatment were measured. All diameters between different groups 
or in the same group before and after therapy were compared using nonparametric tests. Count data were 
examined using the χ2 test. 
Results: The 38 patients were 31.0–82.0 years old with a mean age of 57.0±11.0 years, including 31 men 
and 7 women, with 22 patients in the acute phase and 16 patients in the subacute phase. Among the 38 
patients included in this study, 7 (18.4%) patients had endoleaks after treatment. No perioperative deaths 
occurred. Analyses of computed tomography angiography measurement results showed that the baseline 
maximum diameters of the aorta, TLs and FLs before TEVAR between the acute and subacute groups 
were not significantly different (P=0.193, P=0.301 and P=0.067, respectively). After TEVAR treatment, the 
maximum diameters of the aorta and the diameters of the FLs were different between the two groups (P=0.005 
and P=0.012), but the diameters of the TLs were not (P=0.069). The diameters of the TLs increased, and 
those of FLs decreased significantly in the acute and subacute groups after TEVAR (P<0.001, P<0.001, 
P<0.001 and P=0.007, respectively); the maximum diameters of the aorta decreased significantly in the acute 
group (P<0.001), but they did not change obviously in the subacute group (P=0.121). 
Conclusions: TEVAR offers satisfactory results for the treatment of type B AD. Acute AD may be 
associated with better aortic remodelling compared to subacute AD after TEVAR. 
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Introduction

Aortic dissection (AD) is the most common catastrophic 
aortic event. The traditional treatment methods for AD 
mainly include medical treatment methods based on 
lowering the blood pressure and heart rate, analgesia, 
sedation and surgical intervention. Since it was first 
reported in 1999 (1), thoracic endovascular aortic repair 
(TEVAR) has gained widespread acceptance as the modality 
of choice for the treatment of type B AD complicated by 
malperfusion, ongoing growth, aortic rupture, or refractory 
hypertension and pain (2-5). The clinical outcome of 
AD patients after undergoing TEVAR is associated with 
postoperative aortic remodelling (6,7). Reports on clinical 
results of TEVAR treatment for Stanford type B AD 
patients are mainly comparisons and analyses of treatment 
results between patients in the acute and chronic phases. 
Because the time span of the chronic phase is long (several 
weeks, months, or even years), the pathological changes and 
progression levels of AD in the chronic phase theoretically 
exhibit very large differences (8), resulting in inconsistent 
research results (9-19). Most studies have shown that 
postoperative complications and mortality in acute AD 
are higher than those in chronic AD (9-14). The results 
of some studies have shown opposite conclusions (15-17) 
or that stent treatment results between acute and chronic 
dissections were similar (18,19). Therefore, developing better 
dissection classification systems can help clinical doctors 
develop treatment plans and select optimal treatment timing 
(20-22). A recently proposed classification method considers 
differences among acute, subacute, and chronic diseases, with 
a disease course of acute dissection of less than 2 weeks, a 
disease course of subacute dissection between 2 weeks and 
3 months, and a disease course of chronic dissection longer 
than 3 months (21). However, few reports have described 
the clinical outcomes and postoperative aortic remodelling 
of patients with subacute B AD after TEVAR, and little is 
known about differences in postoperative aortic remodelling 
between the three phases of the disease. The aim of this 
study was to investigate morphological changes in acute and 
subacute B AD patients after TEVAR.

Methods

Patient cohort

A total of 38 Stanford type B AD patients received TEVAR 
treatment in our hospital between July 2012 and December 
2017. Based on the recent DISSECT classification system (21), 

22 patients in this study were classified into the acute group, 
and 16 patients were classified into the subacute group. The 
preoperative baseline clinical characteristics of the patients 
in these two groups are shown in Table 1.

Computed tomography (CT) scans

All patients underwent CT angiography (CTA) with a 
64-detector row CT scanner (Light Speed VCT; GE 
Healthcare, Milwaukee, WI, USA) to confirm the presence 
of type B AD. The scanning parameters were as follows: 
a tube voltage of 120 kV, tube current of 440 mA, pitch of 
0.984, field of view (FOV) of 50 cm, and slice thickness of 
5 mm. For all scans, the patients were positioned supine 
with both arms up. Each patient received an injection of  
80 mL of anon-ionic contrast material with an iodine 
content of 370 mg/mL (Ultravist 370®; Bayer-Schering, 
Berlin, Germany) at a flow rate of 5 mL/s. 

TEVAR procedure 

All patients received TEVAR treatment under general 
anaesthesia. A longitudinal incision was typically made on 
one side of the groin area to expose the femoral artery. The 
femoral artery was punctured to place a 6F vascular sheath. 
After systemic heparinization, a gold-labelled angiographic 
catheter was introduced into the aorta for the whole aortic 
digital subtraction angiography (DSA) examination. The 
condition of the aortic arch and its branches, the location 
of tears, the anchoring area, and the blood supply of 
arterial branches in abdominal organs were evaluated. The 
anchoring area was labelled, the blood pressure was lowered 
to 90–100 mmHg, and a stent-graft system (Zenith TX2 
Endovascular Graft, William Cook Europe ApS, Sandet 6, 
DK4632 Bjaeverskov, Denmark) was introduced through 
the femoral artery under the guidance of a stiff guide wire. 
After reaching the AD position of the thoracic aorta, the 
stent was released, and whole aortic imaging was repeated 
to evaluate the resultant conditions, such as endovascular 
repair of tears. The stent delivery system and sheath were 
withdrawn, and the incision in the femoral artery and groin 
was sutured. Follow-ups were performed at 1, 3, 6, and  
12 months and then yearly.

Data measurements

The maximum diameters of the aorta, and the diameters 
of true lumens (TLs) and false lumens (FLs) in the middle 
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plane of the proximal-third, middle-third, and distal-third 
segments of the aorta in the dissection range before and 
after TEVAR treatment were measured on a CT work 
station. The mean diameters of TLs and FLs of the three 
segments were used as the diameters of TLs and FLs. 
The largest diameters perpendicular to the curvature of 
the aorta were used as the largest diameters of the aorta 
(short axis diameter) (23,24). The distances of TLs and FLs 
perpendicular to the intimal flap were used as the diameters 
of TLs and FLs (25).

Statistical analyses

The data were analysed using SPSS 21.0 software. All 
diameters between the different groups or in the same 
group before and after therapy were compared using 
nonparametric test. Count data were examined using the χ2 
test. A value of α=0.05 indicated statistical significance.

Results

The ages of the cohort, including 31 men and 7 women, 
ranged from 31.0 to 82.0 years (average, 57.0±11.0 years). 
Among the 38 patients included in this study, a total of 33 
(86.8%) patients had an absolute history of hypertension. 
Twelve (31.5%) patients had bifurcation involvement. Five 
(13.2%) patients had coronary artery disease. One (2.6%) 
patient had diabetes, 1 (2.6%) patient had pulmonary 
infection, and 1 (2.6%) had pleural effusion. The mean CT 
scan follow-up was 13.1 months (range, 2.0–36.0 months), 
and 55.3% of the entire group had more than 12 months 
of follow-up. An average of three CT scans per patient was 
evaluated. Analyses of CTA measurement results showed 

that the baseline maximum diameters of the aorta, TLs and 
FLs before TEVAR between the acute and subacute group 
were not significantly different (Z=1.301, P=0.193; Z=1.035, 
P=0.301 and Z=1.833, P=0.067, respectively). 

After TEVAR treatment, the maximum diameters of the 
aorta and the diameters of the FLs between the two groups 
were evidently different (Z=2.809, P=0.005 and Z=2.514, 
P=0.012, respectively), but the diameters of the TLs were 
not (Z=1.818, P=0.069) (Table 2). The diameters of the 
TLs increased and those of FLs decreased significantly 
in the acute and subacute groups after TEVAR (Z=4.010, 
P<0.001; Z=3.516, P<0.001; Z=3.815, P<0.001 and Z=2.689, 
P=0.007, respectively); the maximum diameters of the 
aorta decreased significantly in the acute group (Z=4.010, 
P<0.001), but they did not change obviously in the subacute 
group (Z=1.551, P=0.121) (Table 3, Figure 1). Among the 
38 patients included in this study, 7 (18.4%) patients had 
type II endoleaks, which were treated by balloon dilatation 
or additional bare stent deployment. All endoleaks resolved 
after additional treatment. Stent-graft related complications 
and perioperative deaths have not occurred. 

Discussion 

AD results  from a tear  of  the int imal  layer,  and 
subsequently, the blood flow enters the intimal tear, creating 
a flap that divides the aorta into an FL and a TL. The blood 
flow into the TL continuously enters the FL, increasing the 
pressure and continuously increasing the diameter of the 
FL; therefore, the TL is compressed and becomes smaller 
or even collapses. In the chronic phase, the persistent high 
pressure in the FL gradually causes aneurysmal dilatation 
of the aorta. The purpose of TEVAR treatment for AD 

Table 1 Clinical characteristics of the two groups in the study

Variables Acute group Subacute group P value

Age, mean ± SD (years) 59.0±11.8 54.2±11.1 0.188

Male (n) 20 11 0.108

Hypertension (n) 20 13 0.632

Bifurcation involvement (n) 3 9 0.012

Disease course, mean ± SD (days) 8.8±3.6 24.0±8.3 <0.001

Coronary artery disease (n) 4 1 0.466

Other diseases* (n) 3 0 0.249

Endoleak (n) 0 7 0.001

*, other diseases include diabetes [1], pulmonary infection [1], pleural effusion [1]. SD, standard deviation.
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is to repair the tears, isolate the FL, reduce the risk of 
aortic rupture, and promote aortic remodelling. The 
morphological changes in AD patients during the process 
of aortic remodelling after TEVAR include FL narrowing 
or occlusion, and TL dilation. The definitions of aortic 
remodelling are different across studies and include a 
20% increase in the TL area, a 20% decrease in the FL  
area (26), and a 5-mm decrease in the maximum diameter of 

the thoracic aorta (7,15). In addition, one study also defined 
aortic remodelling as complete regression of FLs of the 
thoracic aorta (19). 

Many researchers have reported aortic remodelling 
after TEVAR in patients with acute and chronic type B 
AD. Those studies have indicated that aortic remodelling 
following TEVAR is more pronounced for acute rather 
than chronic AD (6,26-28). One study (27) systematically 

Table 2 Comparison of diameters between the acute and subacute groups before and after TEVAR

Diameter 
(mm)

Pre-TEVAR Post-TEVAR

Acute group Subacute group Z P value Acute group Subacute group Z P value

Thoracic aorta 35.6 (33.2–39.3) 36.9 (34.1–42.0) 1.301 0.193 26.4 (25.6–30.5) 35.5 (27.5–42.8) 2.809 0.005

True lumen 20.4 (12.3–22.7) 14.2 (11.4–18.7) 1.035 0.301 24.6 (17.9–26.2) 19.8 (15.1–23.5) 1.818 0.069

False lumen 10.5 (7.7–15.9) 13.7 (9.7–22.4) 1.833 0.067 1.4 (0.0–8.4) 12.8 (7.4–19.1) 2.514 0.012

Values of diameters were expressed as median (first and third quartiles). TEVAR, thoracic endovascular aortic repair. 

Table 3 Comparison of diameters before and after TEVAR in the acute and subacute groups

Diameter (mm)
Acute group Subacute group

Pre-TEVAR Post-TEVAR Z P value Pre-TEVAR Post-TEVAR Z P value

Thoracic aorta 35.6 (33.2–39.3) 26.4 (25.6–30.5) 4.010 <0.001 36.9 (34.1–42.0) 35.5 (27.5–42.8) 1.551 0.121

True lumen 20.4 (12.3–22.7) 24.6 (17.9–26.2) 4.010 <0.001 14.2 (11.4–18.7) 19.8 (15.1–23.5) 3.516 <0.001

False lumen 10.5 (7.7–15.9) 1.4 (0.0–8.4) 3.815 <0.001 13.7 (9.7–22.4) 12.8 (7.4–19.1) 2.689 0.007

Values of diameters were expressed as median (first and third quartiles). TEVAR, thoracic endovascular aortic repair.

A B C

Figure 1 A 48-year-old male patient with subacute Stanford type B aortic dissection. (A) Preoperative computed tomography angiography 
(CTA) demonstrated the intimal flap, true lumen (TL) and false lumen (FL). The maximum diameter of the aorta and the mean diameters 
of the TL and FL were 38.2, 10.2 and 17.8 mm, respectively; (B) CTA at the 1-month follow-up after thoracic endovascular aortic repair 
(TEVAR) displaying the stent and FL thrombus in the same patient. The maximum diameter of the aorta and the mean diameters of the 
TL and FL were 37.7, 22.2 and 11.7 mm, respectively; (C) CTA at the 6-month follow-up after TEVAR exhibiting aortic remodelling as 
indicated by complete regression of FLs and dilation of TLs of the thoracic aorta in the same patient. The maximum diameter of the aorta 
and the mean diameter of the TL were 27.7 and 27.0 mm, respectively.
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analysed a total of 16 reports meeting specific inclusion 
criteria. The study results showed that acute dissection 
patients displayed a more consistent degree of remodelling 
compared to chronic dissection patients. Factors such as 
the length of aortic coverage and the timing of treatment 
may explain the variation observed in the chronic dissection 
group. Few reports have described aortic remodelling 
after TEVAR in patients with subacute type B AD. The 
VIRTUE Registry (29) describes the morphological results 
of TEVAR in patients with type B AD. One hundred 
patients with complicated acute, subacute, and chronic type 
B AD were enrolled. The study showed that patients with 
acute and subacute AD exhibited greater aortic plasticity 
compared to patients with chronic AD. Analysis of aortic 
morphology revealed that patients with subacute dissection 
demonstrated a similar degree of aortic remodelling 
compared to patients with acute dissection. The rates of 
FL thrombosis between the three clinical groups were not 
significantly different in the proximal and distal descending 
thoracic aorta. However, an analysis of FL thrombosis 
rates between the diaphragm and coeliac axis revealed that 
patients with chronic AD had a significantly lower rate of 
FL thrombosis than patients with subacute or acute AD. 
The present study showed that the maximum diameter of 
the aorta significantly decreased in the acute group, but 
it did not change obviously in the subacute group after 
TEVAR treatment for thoracic AD. The mean diameters of 
the TLs all significantly increased and those of the FLs all 
significantly decreased after the TEVAR procedure in the 
two groups. Both the maximum diameters of the aorta and 
the diameters of FLs in the acute group were smaller than 
those in the subacute group after TEVAR treatment. The 
results of the present study indicated that aortic remodelling 
following TEVAR is more pronounced in acute versus 
subacute AD, which is not consistent with the results of the 
VIRTUE Registry. 

Aortic remodelling after TEVAR may be associated 
with the characteristics of the dissection (19,30-32). Type 
B AD patients exhibit substantial changes over the disease  
course (8) that will cause different aortic remodelling 
patterns after TEVAR in different phases. Despite the aorta’s 
vulnerability and fragility during the acute phase, several 
studies have suggested that more favourable remodelling 
can be observed if early interventions are attempted (15,19). 
During the chronic phase, on the other hand, intimal flaps 
become more rigid and fibrotic, resulting in a reduced 
capacity for remodelling (19). Persistent communication 
between the TL and FL in the descending aorta in AD 

patients after TEVAR may cause different aortic remodelling 
patterns. Kim et al. (30) reported that  large FL dimensions 
may indicate the presence of good communication between 
the TL and FL at the distal segment of the dissected aorta. 
Because TEVAR can only cover the proximal entry of the 
thoracic artery, some patients still have residual tears after 
the procedure, and the distribution and number of these 
residual breaches, will affect aortic remodelling. In addition, 
the presence of abdominal branches that are completely 
or incompletely connected to the FL after TEVAR may 
also affect aortic remodelling. Kitamura et al. (31) regarded 
a smaller aortic diameter and the absence of abdominal 
branches arising from the FL as key success factors for 
remodelling. In our study, 3 (13.6%) in the acute group had 
branches that were completely or incompletely connected 
with FLs versus 9 (56.3%) in the subacute group, which 
may be one of the reasons for inferior aortic remodelling 
in the subacute group compared to that in the acute 
group. Fanelli et al. (6) assessed the factors influencing 
morphological changes in acute and chronic type B AD 
patients after TEVAR treatment. In their study, sixty 
cases of TEVAR for complicated type B acute and chronic 
AD were retrospectively reviewed. Their study showed 
that aortic remodelling is more prominent in acute AD 
patients compared to that in chronic AD patients. Aortic 
remodelling and clinical outcomes after TEVAR can be 
influenced by procedural techniques. In addition to the 
above factors, however, several other variables may account 
for differences in these outcomes.

Because the ranges of AD at different stages and among 
patients with varying severity exhibit large differences, no 
unified anatomical standard exists for the measurement 
of dissection diameters. Most studies have evaluated 
morphological changes in the aorta by measuring changes 
in the maximum diameter of the aorta and the diameters of 
the TLs and FLs in the dissected region at different planes. 
Common measurement planes include the left subclavian 
artery, pulmonary artery bifurcation, carina level, celiac 
artery level, inferior mesenteric artery, and renal artery. 
Studies have also measured dissection areas or volume 
(33-36). Measurements of diameters and areas are based 
on different anatomical planes of the aorta, which can 
easily be affected by aortic distortion and irregular cross-
section shapes, resulting in measurement errors. Volume 
measurement can determine the overall value, which is 
associated with a small measurement error, but the procedure 
is complicated and time-consuming. Patterson et al. (36) 
measured diameters and areas in 100 cases of type B AD at 
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different planes using a CT work station. Aortic TL and 
FL diameters and areas showed good correlations in most 
anatomic locations. The results in that study showed that 
diameter measurements using multiplanar reconstructions 
based on a central luminal line appear to be adequate when 
assessing aortic remodelling after endovascular treatment of 
AD. In addition to measuring of the maximum diameters of 
the aorta, we also divided the patients’ dissected aortas into 
three equal segments, and the TL and FL diameters were 
measured in the middle plane of the proximal-third, middle-
third, and distal-third segments of the dissected region. The 
mean diameters of the TLs and FLs of the three segments 
were used as the diameters of the TLs and FLs. Using this 
three-segment measurement method minimised the effects 
of the previously mentioned anatomical factors to some 
extent and the complexity of volume measurement and also 
more comprehensively reflected aortic remodelling in the 
dissected aorta after interventional treatment. 

In summary, the results of the present study indicated 
that TEVAR is an ideal method for treating type B AD. 
Aortic remodelling following TEVAR is more pronounced 
in acute versus subacute AD patients, which may facilitate 
the selection of optimal operative timing.
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