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Mid-Term Outcomes Following TEVAR for Chronic

Type B Aortic Dissection
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Objective: To evaluate the mid-term outcomes following
thoracic endovascular aortic repair (TEVAR) for chronic type
B aortic dissection (TBD), especially to know which re-entry
closure affects the thoracic false lumen remodeling in the
late chronic TBD.

Methods: From April 2017 to April 2022, 25 patients with
chronic TBD underwent TEVAR. The late chronic TBD
received the re-entry closure including stent-graft deploy-
ment in the renal artery, infrarenal aorta, and unilateral or
bilateral iliac artery.

Results: Complete shrinkage of the thoracic false lumen
was accomplished in 67% of the early chronic cases but
only 13% of the late chronic cases. The thoracic false lumen
shrinkage over 5 mm in diameter was obtained in 78% of
the early chronic cases and 69% of the late chronic cases.
Univariate and multiple logistic regression analyses revealed
the re-entry closure of common or external iliac artery
affects the thoracic false lumen remodeling.

Conclusion: The re-entry closure in the common or exter-
nal iliac artery could affect the thoracic false lumen remod-
eling following TEVAR for the late chronic TBD. (This is a
translation of Jpn | Vasc Surg 2023; 32: 351-356)
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Introduction

Thoracic endovascular aortic repair (TEVAR) for Stan-
ford type B aortic dissection (TBD) has dramatically
increased the number of cases since commercially manu-
factured TEVAR was approved in Japan for complicated
acute TBD on November 7, 2014, and for complicated
chronic TBD (cTBD) including dissecting type B aortic
aneurysm on February 28, 2019. We have reported that
TEVAR for early ¢cTBD from 2 weeks to 3—4 months after
onset resulted in thrombosis and complete shrinkage of
the thoracic false lumen, so-called remodeling, in nearly
90% of cases. However, the remodeling effect of TEVAR
in patients with late chronic disease 6 or more months
after onset remains controversial, and there is no consen-
sus regarding reentry closure. This paper aimed to exam-
ine the remodeling effect of TEVAR in the late chronic
stage and the effect of reentry closure and to identify the
influencing factors.

Subjects and Methods

Of 39 TBD patients who underwent TEVAR at the Depart-
ment of Vascular Surgery, Kansai Medical University Hos-
pital, between Apr 2017 and 2022, 2 acute cases, 1 case of
infection, 1 case of traumatic injury, 9 cases of ulcer-like
projection, and 1 case of distal stent graft-induced new
entry tear (SINE) were excluded, and 25 patients with
cTBD were included in the study. The patients were divided
into 2 groups: the early chronic group, which included 9
patients between 2 weeks and 4 months after onset, and
the late chronic group, which included 16 patients more
than 4 months after onset (Table 1).

The indications for surgery in the early chronic group
were true + false lumen diameter 255 mm in 2 patients,
high-risk indicators in 6 patients (true + false lumen diam-
eter 240 mm in 5 patients, false lumen diameter >22 mm in
4 patients, entry diameter 210 mm in 6 patients, and par-
tial thrombosis of the false lumen in 2 patients), and true
lumen narrowing in 1 patient. In the late chronic group,
the indications were true + false lumen diameter 255 mm
in 11 patients, true + false lumen diameter 240 mm in 4
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Table 1 Patient characteristics

Mid-Term Outcomes Following TEVAR for cTBD

Table 3 TEVAR + re-entry closure

Early chronic Late chronic

Early chronic Late chronic

(n=9) (n=16) (n=9) (n=16)
Age 63 (45-85) 61 (43-78) TEVAR
Male:female 6:3 14:2 TXD 2 0
Comorbidities CTAG 7 16
Stroke 0(0) 1(6) Dissection stent 2 1
IHD 10 (11) 0 (0) Ax-Ax bypass 2 3
Hypertension 8 (89) 15 (94) Re-entry closure
Dyslipidemia 2 (22) 10 (63) RA VIABAHN 2 6
CKD 1(11) 3(19) RAVBX 0 1
COPD 1(11) 1(6) Aorta extender (AFX2) 2 11
Smoking 6 (67) 12 (75) Unilateral iliac extender 0
Bilateral iliac extender (VBX) 0 2 0.005

IHD: ischemic heart disease; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease

Table 2 TEVAR indication

Early chronic Late chronic

(n=9) (n=16)
TEVAR from onset 52 (31-93) 42 (7-156) 0.025
days months
TL+FL=55mm 2 11
High-risk indicators 6 4
TL + FL =40 mm (5) 4)
FL=22 mm 4) 4)
Entry 2 10 mm (6) (4)
FL partial thrombosis (2) 0)
Malperfusion 0 1
TL narrowing, CTO 1 (1)

TL: true lumen; FL: false lumen; CTO: complete total occlusion;
TEVAR: thoracic endovascular aortic repair

patients, and malperfusion in 1 patient. There were signifi-
cantly more cases of dissecting aortic aneurysm in the late
chronic group (p = 0.025) (Table 2).

In principle, a stent-graft tip was placed in a
non-dissecting aorta in the proximal landing zone. Stent
graft sizes were decided based on 110% of the aortic
diameter on the proximal side, the longest diameter of the
true lumen on the distal side in the two-lumen structure,
and the aortic diameter in the area without false lumen,
and the 100%-110% and 100% graft diameters were
selected in the early and late chronic stages, respectively.

For prevention of postoperative paraplegia, mean blood
pressure was maintained at or above 80 mmHg immediately
after stent graft placement, and antihypertensive medica-
tion was halted for 2 to 3 days after surgery. Contrast-en-
hanced computed tomography (CT) examinations were
performed on the fifth postoperative day to detect endoleak
and measure the vessel diameters. Then, contrast-enhanced
CT examinations were performed 3 months, 6 months, and
1 year postoperatively on an outpatient basis and every
year thereafter if there were no problems.

Ax: axillary artery; RA: renal artery; TEVAR: thoracic endovascu-
lar aortic repair

Statistical tests were performed using JMP Pro 16 (SAS
Inc, Cary, NC, USA). Pearson’s chi-square test was used
to compare the proportions between the two groups, and
the Wilcoxon test was used to compare continuous vari-
ables. Multiple logistic regression analysis was used for
multivariate analysis, and a significance level of <0.05 was
considered significant.

Results

The median time from onset to TEVAR was 52 days
(31-93 days) in the early chronic group and 42 months
(7-156 months) in the late chronic group (Table 2). The
grafts used in the early chronic group were CTAG in 7
patients and TXD in 2 patients, and dissection stent was
used simultaneously with TXD. In the late chronic group,
CTAG was used in 16 patients, while a dissection stent
was used in only 1 patient. The proximal landing zone
was zone 2 in 2 patients, zone 3 in 7 patients in the early
chronic group, zone 2 in 3 patients, and zone 3 in 13
patients in the late chronic group. Five patients in whom
the proximal landing zone was zone 2 simultaneously
underwent right and left axillary crossover bypass sur-
gery. For reentry closure, a covered stent was placed in a
unilateral renal artery, and an aorta extender was placed
in the infrarenal abdominal aorta only in two patients
with a true + false lumen diameter of 255 mm in the early
chronic group. In the late chronic group, a covered stent
was placed in a unilateral renal artery in 7 patients, an
aorta extender was placed in the infrarenal abdominal
aorta in 11 patients, an iliac extender was placed in a
unilateral common or external iliac artery in 8 patients,
and iliac extenders were placed in bilateral common or
external iliac arteries in 2 patients. No covered stent was
placed in the celiac or superior mesenteric artery for reen-
try closure (Table 3).
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Table 4 Early outcomes

Early chronic  Late chronic

(n=9) (n=16)
Op duration (min) 75 (51-124) 125 (64-225) 0.0054
Blood loss (g) 32 (0-42) 62 (15-256)

Contrast medium 110 (60-155) 217 (105-433) 0.0032

volume (ml)
Fluoroscopy duration 9 (6-52) 24 (9-94)
(min)
ICU stay (day) 1 1
Postop hospital stay 7 (6-13)
(day)
Stroke 0 0
Spinal cord ischemia 0 0
In-hospital death 0 0
Type 1a endoleak 1 1

Table 5 Mid-term outcomes

Early chronic Late chronic

(n=9) (n=16)
F/U duration 9 (1-48) 24 (6-54) NS
Thoracic false lumen
Complete shrinkage 6 2 } ]0.005
77.8% 68.8%
Shrinking = 5 mm 1 9 ] Ns
No change 2* 2
Enlargement 2 5 mm 2
Rupture 1
Type la endoleak 1 1
re TEVAR 2% 1

*F/U period less than 3 months.

**Marfan’s syndrome underwent David’s operation and AAA open
repair before TEVAR.

TEVAR: thoracic endovascular aortic repair

The median operative duration was 75 (51-124) min-
utes in the early chronic group and 125 (64-225) minutes
in the late chronic group, and the median contrast medium
volume used was 110 (60-155) mL in the early chronic
group and 217 (105-433) mL in the late chronic group.
The operative duration was significantly longer, and the
contrast medium volume used was significantly greater
in the late chronic group (p = 0.0054, p = 0.0032). The
X-ray irradiation time was 9 (6-52) minutes in the early
chronic group and 24 (9-94) minutes in the late chronic
group. The irradiation time in the latter group was longer,
but the difference between the two groups was not signifi-
cant. In both groups, the length of postoperative intensive
care unit stay was 1 day, and the median length of postop-
erative hospital stay was 7 days, showing no differences.
Postoperative cerebral and spinal cord infarctions were not
observed, and there were no in-hospital deaths (Table 4).

The mean (median) duration of observation was 9
(1-48) months for the early chronic group and 24 (6-54)

Table 6 Thoracic aorta remodeling and visceral branch originating
from false lumen and re-entry (late chronic cases)

Univariate Multiple logistic
analysis p regression analysis p

CA from FL 0.4281

SMA from FL 0.7847

Rt. RA from FL 0.2616

Lt. RA from FL 0.7981

Infrarenal Ao re-entry 0.4321

Rt. C/EIA re-entry 0.0780 NS
Lt. C/EIA re-entry 0.0766 0.0558
Postop type 1a endoleak 0.0992 NS
Postop CA from FL 0.4281

Postop SMA from FL 0.7847

Postop Rt. RA from FL 0.7847

Postop Lt. RA from FL 0.8679

Postop infrarenal Ao re-entry 0.3279

Postop Rt. C/EIA re-entry 0.3051

Postop Lt. C/EIA re-entry 0.0003 0.0346

CA: celiac axis; SMA: superior mesenteric artery; RA: renal artery; Ao:
aorta; C/EIA: common or external iliac artery

months for the late chronic group. Complete shrinkage of
the thoracic false lumen was observed in 6 patients (67 %)
in the early chronic group and only 2 patients (13%) in
the late chronic group, with a significantly higher com-
plete shrinkage rate in the early chronic group (p = 0.005).
Remodeling, including >5 mm shrinkage, was achieved in
7 patients (78 %) in the early chronic group and 11 patients
(69%) in the late chronic group, with no significant differ-
ence. There were no cases with enlargement of thoracic
false lumen in the early chronic group, but 2 cases (13%)
had >5 mm enlargement in the late chronic group. One of
these patients had ruptured due to enlargement of the tho-
racic false lumen and underwent candy-plug placement in
the thoracic false lumen and closure of the residual exter-
nal iliac artery reentry on an emergency basis (Table 5).
In 16 patients in the late chronic group, the preoper-
ative abdominal visceral branch originating from the
false lumen strongly suggests the presence of reentry at
the root of the branch. Therefore, univariate analysis
and multiple logistic regression analysis were performed
based on whether the preoperative abdominal visceral
branches were branched from the false lumen, whether
there was the reentry of the infrarenal abdominal aorta
and the left and right common and external iliac arteries,
and whether there was type Ia endoleak postoperatively;
reentry was considered not present when a covered stent
was placed in the abdominal visceral branches, when an
aorta extender was placed in the infrarenal abdominal
aorta, and when iliac extenders were placed in the left
and right common and external iliac arteries. Univariate
analysis showed that preoperative left and right common
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Table 7 Relationship between re-entry and false lumen shrinkage (late chronic case)

Infra Rt. Lt. EL at

pinfra prt. p It.

Case# CA SMA Rt.RA Lt.RA Ao C/EIA CIEIA discharge pCA pSMA prt. RA plt. RA Ao C/EIA C/EIA Remodeling
1 T T T B P N P N T T T B P N N Shrinkage
2 T T T T P P P N T T T T P P P Enlarge
3 T T T T P P P N T T T T P P N Shrinkage
4 T T F T P N P N T T T T P N N Shrinkage
5 T T T T N N P N T T T T N N N Shrinkage
6 F T T T P N N N F T T T P N N Stable
7 T T F T P P P N T T T T P N P Enlarge
8 T T T NA P P P N T T T NA P N N Shrinkage
9 F T F T N N N N F T F T N N N Shrinkage
10 F T T F N N N N F T T T N N N Shrinkage
11 T T T T P N P N T T T T N N N Shrinkage
12 T T F T P N N N T T T T P N N Shrinkage
13 T T B B P P P P T T T B P N P Enlarge
14 T T T T P P P N T T T T P N N Shrinkage
15 F B T F P N N N F B T F N N N Shrinkage
16 T T F T P P N N T T T T N P N Stable

Blue characters show re-entry closure with stent grafts. Red characters show thoracic false lumen enlargement case with a visceral branch
from the false lumen and re-entry in the infrarenal aorta or common/external iliac artery.

CA: celiac axis; SMA: superior mesenteric artery; RA: renal artery; Ao: aorta; C/EIA: common or external iliac artery; EL: endoleak; p: postop;
T: branch from true lumen; F: branch from false lumen; B: branch from true and false lumen; NA: not available (post-nephrectomy); P: entry

proved; N: no entry

and external iliac artery reentry and postoperative type la
endoleak and left common and external iliac artery reen-
try tended to influence the remodeling of the thoracic false
lumen. Multiple logistic regression analysis indicated that
postoperative left common and external iliac artery reen-
try was the only factor significantly affecting remodeling
(p=0.0346) (Table 6). Table 7 shows the individual cases.
The three patients with enlarged thoracic false lumen had
reentries in the infrarenal abdominal aorta and the left
common and external iliac arteries postoperatively. All
cases in which the thoracic false lumen shrank had no
reentry in the left common or external iliac artery post-
operatively, and the false lumen shrank even if reentry
existed in the infrarenal abdominal aorta in some cases

(Table 7).

Discussion

Today, the efficacy of TEVAR for acute complicated TBD
is well established. Furthermore, in early chronic uncom-
plicated TBD, factors predictive of thoracic false lumen
enlargement in the near future, that is, high-risk indi-
cators,!) include the presence of an entry on the lesser
curvature side on CT scan at the time of onset,? partial
thrombosis of the false lumen,? true + false lumen diam-
eter of 240 mm,* false lumen diameter of >22 mm,’) and
entry diameter of 210 mm,® and are considered good indi-
cations for preemptive TEVAR. We have also reported that
complete remodeling can be achieved within 1 year after
TEVAR in nearly 90% of patients with early cTBD.78)

Meanwhile, indications in treatment of late cTBD were
a true + false lumen diameter of 255 mm and an annual
expansion of >4 mm in the 2013 European Expert Con-
sensus, while they were a true + false lumen diameter of
>60 mm and an annual expansion of >10 mm in the Japa-
nese Circulation Society 2020 Guideline on Diagnosis and
Treatment of Aortic Aneurysm and Aortic Dissection.”) In
any case, TEVAR for dissecting aortic aneurysms in the
late chronic stage after the false lumen enlargement gives
a lower rate of false lumen shrinkage than in the early
chronic stage, even if thrombosis of the thoracic false
lumen is achieved postoperatively. In the early chronic
stage, entry closure by TEVAR alone, without reentry
closure, results in shrinkage of the thoracic false lumen
in 80%-90% of cases. This is because of upward blood
flow in the false lumen from the larger reentry in the late
chronic stage.!® To address this problem, the candy-plug
technique has been attempted to suppress upward blood
flow in the false lumen.!%:12) Furthermore, there is a method
to completely occlude the reentry with a fenestrated or
branched stent graft for thoracoabdominal aortic aneu-
rysm, but these medical materials have not been approved
by the regulatory authorities, and there are many prob-
lems before they can be widely used in general.!?)

If reentry was present in the infrarenal abdominal aorta,
an aorta extender was placed, and if reentry was present in
the common or external iliac artery, an iliac extender was
placed. If reentry was present in the infrarenal abdomi-
nal aorta, an aorta extender was placed, and if reentry
was present in the common or external iliac artery, an
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iliac extender was placed. When reentry exists in bilateral
common and external iliac arteries, obstruction of bilat-
eral internal iliac arteries by iliac extenders always results
in the appearance and persistence of symptoms of gluteal
claudication. Thus, we limited obstruction to one side in
relatively young patients with TBD. In this study, univar-
iate and multivariate analyses revealed that the presence
of reentry in the left and right common and external iliac
arteries tended to affect the remodeling of the thoracic
false lumen more than preoperative reentry in the abdom-
inal visceral branch roots and infrarenal abdominal aorta,
namely the lumbar artery and inferior mesenteric artery
roots, and the presence of reentry in the left common and
external iliac arteries had the greatest influence on the
remodeling. Of the 16 patients in the late chronic group, 1
patient had common and external iliac artery reentries on
the right side only, 4 patients had the reentries on the left
side only, and 6 patients had the reentries on both sides
preoperatively. Among the 6 bilateral cases, the selected
access vessel for TEVAR was the right common femoral
artery in 4 cases and the left common femoral artery in 2
cases, and all cases of false lumen enlargement had resid-
ual left common and external iliac artery reentries after
surgery. Therefore, it is essential to close the reentries in
the left and right common and external iliac arteries to
avoid a dissecting aortic aneurysm rupture. Moreover,
closure of all reentries with fenestrated or branched stent
grafts simultaneously with TEVAR may have a risk of
inducing spinal cord ischemia.!3)

Besides the upward blood flow from the reentry, factors
related to the biological properties of the intimal flap, that
is, vascular biology-related factors, may influence remodel-
ing. Levels of decline in vessel wall compliance and throm-
bus regression in the thoracic false lumen in the late chronic
stage may differ from those in the early chronic stage.

Peripheral stent graft sizing was 100%-110% in the
early chronic cases and 100% in the late chronic cases to
avoid oversizing and prevent distal SINE because the elas-
ticity and compliance of the intimal flap in the late chronic
stage were considered to be lower than those in the early
chronic stage.

There were some limitations in the analysis due to a
small number of cases because this was a single-center ret-
rospective study. We await the results of future studies.

Conclusion

In TEVAR for ¢TBD, complete shrinkage of the thoracic
false lumen was achieved in 67% of the early-stage cases
and 13% of the late-stage cases, with a significantly higher
complete shrinkage rate in the early-stage cases. However,
the remodeling rate of >5 mm did not differ between the
two groups. In TEVAR for late cTBD, closure of reentries

in the left common and external iliac arteries was con-
sidered the most important factor in promoting mid-term
false lumen remodeling.
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