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SUMMARY

To explore the safety and efficacy of thoracic endovascular aortic repair (TEVAR) in the treatment of pa-
tients with type B aortic dissection, and to evaluate the risk factors for long-term mortality. Our study
retrospectively evaluated 729 patients with type B aortic dissection, who were divided into the thoracic
endovascular aortic repair group and the optimal medical treatment group according to their treatment.
In-hospital mortality, death within 30 days, and aortic-related mortality were lower in the thoracic endo-
vascular aortic repair group than in the optimal medical treatment group (p < 0.05). The cumulative overall
survival rates for the thoracic endovascular aortic repair group at 1 year, 5 years, and 10 years were
92.5%, 84.1%, and 73.5%, respectively. The Cox analysis found that TEVAR was beneficial in reducing
mortality and that a vertical length of the dissection exceeding 150 mm was a risk factor for mortality.

INTRODUCTION

Type B aortic dissection (TBAD) is a type of aortic disease in which the primary tear is located in the descending aorta, distal to the left sub-
clavian artery (LSA)." If the aortic dissection has rupture signs and is associated with malperfusion syndrome, TBAD can be subdivided into
complicated TBAD and uncomplicated TBAD.' Thoracic endovascular aortic repair (TEVAR) is currently recommended as the first-line stan-
dard treatment for complicated TBAD.?? However, for uncomplicated aortic type B dissection, treatment is still variable at present. Although
the guideline recommends optimal medical treatment (OMT) for blood pressure and heart rate control as the first line of therapy.”*

Previous studies have reported mixed outcomes for different treatment options. Clough et al.” reported that there was no difference in
long-term survival in TBAD patients between the two groups receiving OMT or TEVAR. Another study found that although TEVAR did not
improve the 2-year survival rate or reduce the incidence of adverse events, it was found to increase the 5-year survival rate.” TEVAR contributes
to the positive remodeling of TBAD.® Nienaber et al.” reported that the positive remodeling rates of TBAD patients treated with TEVAR and
OMT were 91.3% and 19.4%, respectively. Positive remodeling was shown to be advantageous for the long-term survival of TBAD patients.”
However, data also suggest that TEVAR did not prevent aneurysmal degeneration of the thoracic or abdominal aorta in TBAD.?

To explore the safety and efficacy of TEVAR versus OMT in the treatment of TBAD patients and to evaluate the risk factors for long-term
mortality, this study was conducted based on our 14-year experience with TBAD treatment.

RESULTS

Patient characteristics

The demographic data of 729 patients are presented in Table 1, with men (85.46%) being the majority of the cohort. The annual number of
TBAD patients is shown in Figure S1. The average age of the TEVAR group (53.58 + 11.70 years) was lower than that of the OMT group
(58.25 £ 13.41 years) (p = 0.000). The percentage of complicated TBAD patients in the TEVAR and OMT groups was 9.70% and 11.73%,
respectively (p = 0.451). The preoperative computed tomography angiography (CTA) imaging characteristics of TBAD are shown in Table 2,
identifying that the number of tears was higher in the TEVAR group than in the OMT group (3.60 £+ 2.04 vs. 3.08 + 1.99, respectively).

Surgical details

In the OMT group, 28 (17.28%) patients underwent TEVAR for progression or complications of aortic dissection in the chronic phase. In the
TEVAR group, the primary technical success rate of TEVAR was 99.65%. And 519 (91.53%) were completely endovascular, and 48 (8.47%) had
TEVAR combined with bypass surgery. The LSA was covered in 139 (24.51%) patients, comprising partial coverage in 24 (4.23%) and complete
coverage in 115 (20.28%). The LSA was reconstructed in 87 (15.34%) patients, comprising 44 (7.76%) using the hybrid procedures, 27 (4.76%)
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Table 1. Demographic data of 729 included patients
Variables TEVAR group (n = 567) OMT group (n = 162) All (n =729) p value
Age (years) 53.58 + 11.70 58.25 + 13.41 54.62 + 12.24 0.000
Male 489 (86.24) 134 (82.72) 623 (85.46) 0.261
BMI (kg/mz) 25.20 £+ 4.26 24.18 + 3.88 24.99 + 4.20 0.013
SBP (mmhg) 147.35 + 27.22 149.50 + 28.24 147.83 + 27.44 0.380
DBP (mmhg) 86.33 + 16.23 86.77 + 19.07 86.43 + 16.89 0.768
Smoking 272 (47.97) 81 (50.00) 353 (48.42) 0.649
Drinking 257 (45.33) 67 (41.36) 324 (44.44) 0.370
Symptoms
Chest pain 301 (53.09) 69 (42.59) 370 (50.75) 0.018
Chest tightness 86 (15.17) 32(19.75) 118 (16.19) 0.162
Abdominal pain 149 (26.28) 37 (22.84) 186 (25.51) 0.376
Backache 164 (28.92) 37 (22.84) 201 (27.57) 0.126
Comorbidities
Coronary heart disease 45 (7.94) 25 (15.43) 70 (9.60) 0.004
History of myocardial infarction 4(0.71) 8 (4.94) 12 (1.65) 0.000
Stroke 70 (12.35) 31(19.14) 101 (13.85) 0.027
Chronic kidney disease 49 (8.64) 21 (12.96) 70 (9.60) 0.100
Hypertension 456 (80.42) 125 (77.16) 581 (79.70) 0.363
Diabetes mellitus 39 (6.88) 16 (9.88) 55 (7.54) 0.203
Marfan syndrome 2 (0.35) 2(1.23) 4 (0.55) 0.215
Connective tissue disease 34 (6.00) 8 (4.94) 42 (5.76) 0.610
COPD 17 (3.00) 6(3.70) 23 (3.16) 0.651
PAD 5 (0.88) 4(2.47) 9(1.23) 0.117
Complicated TBAD 55 (9.70) 19 (11.73) 74 (10.15) 0.451
History of operation 59 (10.41) 13 (8.02) 72 (9.88) 0.370
Loss to follow-up 101 (17.81) 36 (22.22) 137 (18.79) 0.205

Data are presented as n (%) or mean + standard deviation. TEVAR, Thoracic endovascular aortic repair. OMT, Optimal medical treatment. COPD, Chronic
obstructive pulmonary disease. BMI, Body mass index. PAD, Peripheral arterial disease. SBP, Systolic blood pressure. DBP, Diastolic blood pressure.

using the chimney technique, 13 (2.29%) using the fenestration techniques, and 3 (0.53%) using branched stent-graft. The incidence of com-
plications in TEVAR was 35.19%. Complications of TEVAR for TBAD patients are presented in Table 3. Forty-six (9.87%) patients underwent re-

intervention with the reasons for re-intervention being shown in Table 4.

Factors associated with mortality

There were 137 (18.79%) patients lost to follow-up in this study, with a mean follow-up time of 58.9 + 45.17 months. A total of 150 (20.58%)
patients died during the follow-up period, and the number of deaths was lower in the TEVAR group (20.60%) than in the OMT group (42.86%).

Table 2. CTA Imaging characteristics of type B aortic dissection

Variables TEVAR group (n = 567) OMT group (n = 162) All (n =729) p value
Number of tears 3.60 + 2.04 3.08 + 1.99 3.49 +£ 2.04 0.009
Primary tear size (mm) 11.54 + 7.39 9.16 + 6.77 11.12 + 7.31 0.058
The distance from the primary 20.14(10.00,37.61) 20.09(3.02,46.53) 20.14(9.76,39.16) 0.623
tear to the LSA (mm)

Vertical length of TBAD (mm) 332.77 + 311.09 318.30 + 118.35 330.12 4+ 283.57 0.600

CTA, Computed tomography angiography. TEVAR, Thoracic endovascular aortic repair. OMT, Optimal medical treatment. TBAD, Type B aortic dissection. LSA,

Left subclavian artery. Data are presented as mean + standard deviation or median (first quartile, third quartile).
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Table 3. Complications of TEVAR for TBAD patients

Complication TEVAR (n = 466)
Ischemia 14 (3.00)
Left subclavian artery 8(1.72)
lower limbs 2 (0.43)
viscus 3(0.64)
Spinal cord ischemia 1(0.21)
Hematoma 17 (3.65)
Sepsis 7 (1.50)
Stent-graft migration 2(0.43)
Stroke 4(0.86)
Pneumonia 27 (5.79)
Stress ulcer 3(0.64)
Pulmonary embolism 1(0.21)
Stent graft-induced new entry 27 (5.79)

Proximal stent graft-induced new entry 14 (3.00)

Distal stent graft-induced new entry 13 (2.79)
Endoleak 41 (8.80)
Abdominal aortic dissection dilatation 19 (4.08)
Stent occlusion 1(0.21)
Retrograde type A aortic dissection 1(0.21)

Data were presented as n (%). TEVAR, Thoracic endovascular aortic repair. TBAD, Type B aortic dissection.

The cumulative overall survival rates for the TEVAR group at 1 year, 5 years, and 10 years were 92.5%, 84.1%, and 73.5%, respectively. The
cumulative overall survival rates for the OMT group at 1 year, 5years, and 10 years were 77.8%, 69.9%, and 63.0%, respectively. The cumulative
survival rates for the TEVAR and OMT groups are shown in Figure 1. Mortality and anatomical features during follow-up are presented in Ta-
ble 5. In-hospital mortality, death within 30 days, and aortic-related mortality were lower in the TEVAR group than in the OMT group (p < 0.05).
CTA results during follow-up suggested that complete and partial thrombosis of the false lumen was more common in the TEVAR group than
in the OMT group. The multivariable Cox analysis suggested that TEVAR was beneficial in reducing mortality (HR 0.531, 95%CI 0.365-0.774;
p = 0.001) and that the vertical length of the dissection exceeded 150 mm was a risk factor for mortality (HR 2.307, 95%Cl 1.228-4.335; p =
0.009). The mortality rates in the TEVAR and OMT groups were 17.16% and 36.17%, respectively, when the length of aortic dissection was
>150 mm (p < 0.05). Complicated TBAD was not shown to be a risk factor for patient death in this study. The results of the univariable analysis
and multivariable Cox proportional hazard regression analysis are shown in Table é.

DISCUSSION

TBAD is a serious life-threatening aortic disease with an incidence of 1.6/100,000 per year.” OMT is effective in reducing aortic wall shear stress
and preventing rupture of the aortic dissection'® but cannot improve remodeling in TBAD. A report from the IRAD showed that more than

Table 4. Main causes for re-intervention in 46 TBAD patients

Causes Patients (n = 46)
Endoleak 15 (32.61)

Stent occlusion 1(2.17)
Abdominal aortic dissection dilatation 14 (30.43)
Proximal stent graft-induced new entry 4 (8.70)

Lliac Aneurysm 1(2.17)

Distal stent graft-induced new entry 6(13.04)
Ascending aortic aneurysm 1(2.17)

Unclear 4 (8.70)

Data are presented as n (%).TBAD, Type B aortic dissection.
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Figure 1. Kaplan-Meier estimates of cumulative survival for TEVAR and OMT.

70% of TBAD patients treated with OMT developed aneurysmal degeneration during follow-up."" In contrast, the ADSORB study® found that
endovascular repair promoted thrombosis within and reduced the diameter of the false lumen. A total of 729 patients with TBAD were
included in this study. Our results showed that both all-cause mortality and aortic dissection-related mortality were significantly lower in
the TEVAR group than in the OMT group, with 20.60% versus 42.86% and 5.58% versus 13.49%, respectively (p < 0.05). This result is consistent
with the findings of Nienaber et al.” who revealed that all-cause mortality and aortic-specific mortality were lower in the TEVAR group than in
the OMT group. Furthermore, Liu et al.'” noted that the mortality rates over 5 years were lower in the TEVAR than those in the OMT group.

The length of aortic dissection was grouped based on the average length of the descending aorta in the Chinese population (approxi-
mately 150 mm). Our results suggest that an aortic dissection exceeding 150 mm in length was a risk factor for death in patients with
TBAD. Morphologically, a dissection exceeding 150 mm in length suggested that the dissection crossed the diaphragm and involved the
abdominal aorta, which indicated a high risk of visceral ischemia. TBAD patients with visceral ischemia had a higher mortality rate than those
without visceral ischemia.® Our results showed that the number of tears was higher in the TEVAR group than in the OMT group. The contrib-
uting factor to the difference may have been the lower number of patients in the OMT group compared to the TEVAR group.

Negative remodeling was an important late complication of aortic dissection. This mainly includes aneurysmal degeneration and dissec-
tion rupture, which was shown to be associated with persistent impact on the false lumen wall. This impact originated from the blood flow
through the intimal tears.'” TEVAR could induce positive remodeling of aortic dissection.'® Our study found that after TEVAR, the false lumen
was filled with thrombus in 21.24% of patients, whereas in the OMT-treated group, the false lumen was completely occluded in only 1.59% of
patients. TEVAR reduced the pressure in the false lumen by covering the entry tear and blocking blood flow, which promoted true lumen
expansion and false lumen reduction.'®'” Additionally, TEVAR could lower blood flow velocity in the false lumen, providing favorable con-
ditions for thrombus formation.” Complete thrombosis of the false lumen was considered a desirable outcome after treatment for aortic
dissection.'® The improved 5-year survival rate and reduced disease progression after TEVAR were hypothesized to be associated with false
lumen thrombosis induced by stent-graft implantation.”

Considering the characteristics of TBAD patients, TEVAR was adopted as the active management method in our center. First, the age of
onset of aortic dissection was lower in our center than in other countries. The mean age of patients in our study was 54.62 + 12.24 years,
whereas Tolenaar et al.'” reported an average age of 63.5 + 14.0 years based on data from the International Registry of Acute Aortic Dissec-
tion. Previous studies have also indicated that Chinese patients with acute aortic dissection were approximately 10 years younger than their
Western counterparts.”” Young aortic dissection patients had a reduced proportion of true lumen blood supply than older patients, which
resulted in increased visceral and lower extremity malperfusion.”’ Therefore, the patients might face a higher risk of complications if they un-
derwent OMT. Qin et al.”? indicated that patients with TBAD receiving OMT had a higher risk of adverse aortic events and mortality than those
receiving TEVAR. Additionally, Hossack et al.”* suggested that aortic-related mortality was significantly higher in patients treated with OMT
than in those treated with TEVAR. Second, during OMT, blood pressure and heart rate should be strictly monitored and controlled, and
follow-up supervision should be closely monitored. However, blood pressure control in our country is insufficient, with only 51.6% of hyper-
tension patients being aware of their condition. Furthermore, treatment and control rates are only 45.8% and 16.8%, respectively.”* Conse-
quently, uncontrolled hypertension increased the risk of complications and progression of TBAD. Third, in chronic TBAD patients who under-
went TEVAR, the effect of promoting aortic remodeling was lower than that of TBAD patients who underwent TEVAR in the acute and
subacute phases.” Finally, compared with open surgery, TEVAR had significantly reduced perioperative complications and mortality.'® For
these reasons, we had chosen to treat uncomplicated TBAD more aggressively with TEVAR. Patients who refused TEVAR were given OMT
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Table 5. Mortality and anatomical features during follow-up

Variables TEVAR group (n = 466) OMT group (n = 126) p value
Death 96(20.60) 54(42.86) 0.000
Death in the year of first admission 38(8.15) 33(26.19) 0.000
Deaths after the year of first admission 46(9.87) 17(13.49) 0.242
Unknown 12(2.58) 4(3.17) 0.713
In-hospital death 18(3.86) 16(12.70) 0.000
Out-of-hospital deaths 78(16.74) 38(30.16) 0.001
Death within 30 days 23(4.94) 19(15.08) 0.000
Death after 30 days 73(15.67) 20(15.87) 0.955
Unknown 0(0.00) 15(11.90) 0.000
Dissection related death 26(5.58) 17(13.49) 0.002
Non-dissection related death 34(7.30) 9(7.14) 0.953
Unknown 36(7.73) 28(22.22) 0.000
Non-dissection related death
MODS 5(1.07) 0(0.00) 0.590
Malignant tumor 4(0.86) 3(2.38) 0.348
Infection 8(1.72) 0(0.00) 0.213
Stroke 2(0.43) 0(0.00) 1.000
Intracerebral hemorrhage. 2(0.43) 0(0.00) 1.000
Uremia 2(0.43) 3(2.38) 0.115
Trauma 1(0.21) 0(0.00) 1.000
Myocardial infarction 10(2.15) 1(0.79) 0.532
Aspiration 0(0.00) 1(0.79) 0.213
sudden death 0(0.00) 1(0.79) 0.213
False lumen status
Completely thrombosed 99(21.24) 2(1.59) 0.000
Partially thrombosed 264(56.65) 10(7.94) 0.000
Patent 95(20.39) 41(32.54) 0.004
Unknown 8(1.72) 73(57.94) 0.000

Data were presented as n (%). TEVAR, Thoracic endovascular aortic repair. OMT, Optimal medical treatment. MODS, Multiple organ dysfunction syndrome.

only. In total, 17.28% of patients were treated surgically for progression or complications of aortic dissection in the chronic phase. This was
lower than the 45.9% reported by Lou et al.”> This difference might be attributed to the 22.22% loss to follow-up rate in the OMT group.

Limitations of the study

First, this study was a single-center retrospective observational study; therefore, selection bias was unavoidable, which could be compensated
for by a prospective randomized controlled study. Second, due to the long period of this study, the loss to follow-up rate was 18.79%, espe-
cially in the OMT group, where timely CTA follow-up imaging data could not be obtained. Therefore, we were unable to determine the per-
centage of patients with abdominal aortic aneurysm formation. Finally, some patients were followed up by telephone, and we were unable to
obtain precise morphological and re-intervention information on aortic dissection in these patients.

Conclusions

TEVAR treatment could reduce the long-term mortality of TBAD patients, and a dissection length of over 150 mm was a risk factor for TBAD
patient mortality.

STARX*METHODS

Detailed methods are provided in the online version of this paper and include the following:
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Table 6. Results of Cox proportional hazard regression analyzing the predictors for the composite endpoint of death in 150 patients

Variables HR (95% CI) p value HR (95% ClI) p value
TEVAR 0.481(0.340-0.681) 0.000 0.531 (0.365-0.774) 0.001
Age 1.289(0.921-1.806) 0.139 1.129 (0.785-1.623) 0.513
Male 0.731(0.445-1.201) 0.216

BMI 0.959(0.669-1.376) 0.822

SBP 1.404(0.995-1.982) 0.053 1.234 (0.861-1.767) 0.252
DBP 0.931(0.656-1.321) 0.688

Smoking 1.186(0.851-1.652) 0.313

Drinking 1.050(0.753-1.465) 0.774

Coronary heart disease 1.406(0.875-2.260) 0.160 1.438 (0.867-2.386) 0.159
History of myocardial infarction 0.954 (0.303-2.999) 0.935

Stroke 1.098(0.690-1.746) 0.693

Chronic kidney disease 1.014(0.573-1.794) 0.963

Hypertension 1.179(0.774-1.795) 0.444

Diabetes mellitus 1.550(0.907-2.650) 0.109 1.266 (0.701-2.286) 0.434
Marfan syndrome 1.215(0.170-8.689) 0.846

Connective tissue disease 0.908(0.445-1.855) 0.792

COPD 1.927(0.900-4.122) 0.091 1.749 (0.767-3.988) 0.184
PAD 0.499(0.070-3.567) 0.488

Complicated TBAD 1.559(0.949-2.562) 0.080 1.431(0.843-2.429) 0.184
History of operation 0.659(0.346-1.253) 0.203

Vertical length of TBAD 2.435(1.331-4.457) 0.004 2.307 (1.228-4.335) 0.009
Number of tears 1.397(0.889-2.197) 0.147 1.119 (0.699-1.792) 0.639
Primary tear size 1.096(0.778-1.546) 0.600

The distance from the primary tear to the LSA 1.034(0.730-1.464) 0.850

TBAD, Type B aortic dissection. TEVAR, Thoracic endovascular aortic repair. BMI, Body Mass Index. SBP, Systolic blood pressure. DBP, Diastolic blood pressure.

COPD, Chronic obstructive pulmonary disease. PAD, Peripheral arterial disease. LSA, Left subclavian artery.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This study was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University. Since this was a retrospective
study, the informed consent requirement was waived. All participants are Asian. Demographic information including age and gender are pro-
vided in Table 1. The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

METHOD DETAILS

Study population

Between January 2008 and June 2022, a total of 974 patients were considered to suffer from TBAD by retrospectively searching the medical
record system at our center, and 862 patients were finally confirmed by a CTA. Patients with intermural hematomas or penetrating aortic ulcers
were excluded. Patients with TBAD retrograde to the ascending aorta and undergoing total aortic arch replacement were also excluded. The
remaining 729 patients ultimately met the criteria for inclusion in our analysis. The patients were divided into the TEVAR and OMT groups,
according to whether the patient received TEVAR or not. Complicated and uncomplicated TBAD patients were also studied.

Surgical approach and technique

After admission, all patients were given medication to maintain their heart rate at 60-80 beats/minute and systolic blood pressure at 100-
130 mmHg. In the TEVAR group, preoperative CTA was performed to assess the condition of the aorta. The proximal anchoring zone of
the stent graft depended on the distance of the primary entry tear from the left subclavian artery. If the distance between the primary entry
tear and the left subclavian artery was greater than 2 cm, the proximal anchoring zone of the stent graft was located in the area distal to the
left side of the left subclavian artery. If the distance between the primary entry tear and the left subclavian artery was less than 2 cm and if
the left subclavian artery did not involve the left dominant vertebral artery, left upper extremity arteriovenous fistula, or left intramammary
artery-coronary artery bypass grafting, we covered the origin of the left subclavian vessel. If the left subclavian artery involved the left domi-
nant vertebral artery, left upper extremity arteriovenous fistula, or left intramammary artery-coronary artery bypass grafting, we recon-
structed the left subclavian artery using the following surgical procedures, including bypass, chimney, or fenestration techniques. If the
stent graft had to cover the origin of the left common carotid artery, we reconstructed the left common carotid vessel by endovascular
or bypass approaches. Endovascular reconstruction was typically used in patients older than 60 years or for emergency surgery. Figure S2
shows the surgical approach.
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Optimal medical treatment

The goal of OMT was to control systolic blood pressure at 100-130 mmHg and heart rate at 60-80 beats/min. Alpha- and beta-blockers, cal-
cium channel blockers, angiotensin receptor blockers, angiotensin-converting enzyme inhibitors, and diuretics were selected according to
guideline recommendations and the patient’s condition. Combination drug therapy would be considered the preferred regimen.”

Follow up

Contact names, phone numbers, addresses, and other basic information were obtained from the electronic medical record system. Patients
returned for CTA atregular intervals, and the interval between CTA examinations depended on the findings of the previous CTA examination.
Telephone follow-up was used for patients who did not return regularly. All-cause death was adopted as the primary endpoint in this study.

Definitions

Primary technical success was defined as the successful introduction and deployment of stent grafts without open repair and the absence of
type | and type Il endoleaks.?® Endoleaks were defined as the flow of contrast into the false lumen from a variety of routes during follow-up.?’
Migration was defined as stent-graft movement greater than 10 mm from the original landing area, or resulting in the development of symp-
toms or the need for re-intervention during follow-up. Abdominal aortic dissection dilatation was defined as the enlargement of the post-
operative false lumen by more than 10 mm in the cross-section compared to the pre-operative false lumen. History of operation was defined
as any surgery other than aortic surgery performed before the current admission. The size of the primary entry tear was the maximum width of
the primary entry tear on the cross-sectional image of CTA. Additionally, this measurement was done axially. The number of tears was the
number of intimal tears that were identifiable on CTA images. The vertical distance of aortic dissection was the distance in the vertical direc-
tion from the top of the dissection to the distal of the dissection. Additionally, the measurements were linear measurement over axial slices.

QUANTIFICATION AND STATISTICAL ANALYSIS

Continuous variables were presented as the mean and standard deviation or median/interquartile range and compared univariately using the
t-test. Categorical variables were expressed as absolute and relative frequencies, and differences between the two groups were assessed
using a chi-square test or Fisher exact test. The Kaplan-Meier method was used to calculate the overall survival for the two groups. The
log rank test was used to compare the difference in overall survival between the two groups. Univariable analysis and multivariable Cox pro-
portional hazard regression were adopted to estimate risk factors with a plausible relationship to the outcome. Variables with p values less
than 0.2 in the univariable analysis would be subjected to multivariable analysis. For continuous variables, cut points were selected to divide
the data into two groups, and the cut points are shown in Table S1. A p value less than 0.05 was considered statistically different. SPSS Sta-
tistics (version 25.0; IBM Cor., Armonk, NY, USA) was used for statistical analysis.
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