Therapeutics and Clinical Risk Management downloaded from https://www.dovepress.com/

For personal use only.

Therapeutics and Clinical Risk Management Dove

3

ORIGINAL RESEARCH

Endovascular repair of type B aortic dissection with
the restrictive bare stent technique: morphologic
changes, technique details, and outcomes

Binshan Zha'?
Geliang Xu'
Huagang Zhu?
Wentao Xie?
Zhigong Zhang?
Yongsheng Li?
Peng Qiu?

'Department of General Surgery
and Anhui Province Key Laboratory
of Hepatopancreatobiliary Surgery,
Affiliated Provincial Hospital of Anhui
Medical University, Hefei, People’s
Republic of China; 2Department

of Vascular and Thyroid Surgery,
Department of General Surgery,
The First Affiliated Hospital of Anhui
Medical University, Hefei, People’s
Republic of China; *Department of
Vascular Surgery, Fourth Affiliated
Hospital of Anhui Medical University,
Hefei, People’s Republic of China

Correspondence: Geliang Xu
Department of General Surgery and
Anhui Province Key Laboratory of
Hepatopancreatobiliary Surgery, Affiliated
Provincial Hospital of Anhui Medical
University, Lujiang Road No 17, Hefei
230001, People’s Republic of China

Tel +86 139 5516 8688

Fax +86 551 6228 3294

Email xugeliang2007@ 1 63.com

This article was published in the following Dove Press journal:
Therapeutics and Clinical Risk Management

Purpose: The aim of this study was to present our experience and assess the morphologic
changes of the descending aorta after the restrictive bare stent (RBS) technique in the treatment
of type B aortic dissection (TBAD).

Patients and methods: A retrospective study was conducted of 22 consecutive patients with
TBAD who underwent RBS treatment between February 2012 and June 2016. Indications for
the RBS procedure included radiological evidence of true lumen (TL) compression or collapse
and/or tortuosity index (TI) of the descending aorta >1.4. Technique success, descending aorta
morphology, and clinical outcomes were evaluated.

Results: The technical success rate was 100%. Patients treated with the RBS technique were
often accompanied by TL collapse (45.5%) or TI >1.4 (59.1%). One-month postoperative
computed tomography angiography showed that the taper ratio, oversizing ratio of the stent
graft, and TI values were significantly decreased compared with preoperative computed tomog-
raphy angiography values (P<<0.05). The 30-day mortality rate was 0%. In total 95.2% had a
thrombosed false lumen in the segment of aortic coverage, and TL diameters were increased
in 40.3%x11% (mean = SD) and 37.5%%17.9% of patients in the thoracic and abdominal seg-
ments, respectively. During the follow-up from 16 to 64 months (33219 months), no distal
stent graft-induced new entry, endoleak, and paraplegia were observed. One patient died from
rupture of a chronic TBAD with aneurysm degeneration.

Conclusion: Mid-term outcomes showed RBS to be a flexible and feasible approach to repair
TBAD. RBS corrects the descending aorta morphology and promotes TL expansion in most
patients, but the rupture of chronic TBAD with aneurysm degeneration was not prevented in
all patients.

Keywords: bare metal stent, stent graft, anatomy, type B aortic dissection, thoracic endovas-

cular repair, aneurysm

Introduction

Thoracic endovascular aortic repair (TEVAR) has become an accepted and preferred
approach for type B aortic dissection (TBAD)."? However, mid-term and long-term
follow-up studies have demonstrated prominent distal stent-related complications.?~
Previous studies have shown that the incidence of distal stent graft (SG)-induced new
entry (SINE) ranges from 1.08% to 34.78% and is associated with a mortality rate of
25%.5!! In addition, 14%—26% of patients will develop distal thoracic aortic enlarge-
ment after TEVAR.'? Therefore, the prevention of distal stent-related complications
is an important issue.
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The mechanisms of distal stent-related complications
depend on several factors. First, mismatch between the com-
paratively larger size of the SG and the smaller size of the
highly tapered true lumen (TL) of the dissected descending
aorta is one of the main causes of complications, and exces-
sive radial force from oversizing can result in damage to the
fragile intima. Second, excessive spring-back strength from
the tortuosity of the descending aorta fixation site makes the
intima potentially vulnerable.>¢#13!4 Third, the perfusion of
the false lumen (FL) will lead to long-term complications in
patients, such as aneurysmal degeneration and rupture. '

The provisional extension to induce complete attach-
ment (PETTICOAT) technique was first reported to induce
positive aortic remodeling.'® But it was a concern that distal
SINE could occur prior to the placement of the distal bare
stent. Therefore, the restrictive bare stent (RBS) technique
has been proposed to prevent distal SINE and improve aortic
remodeling by reducing the taper ratio (TR) and the distal
oversizing ratio (OR)."* The key point of this technique is
to preplace a bare stent in the descending aorta at the level
of the intended distal end of the SG. However, the tortuous
descending aorta and chronic TBAD with aneurysm degen-
eration are not involved in these studies. Herein, we retro-
spectively review our experience and assess the morphologic
changes and the clinical outcomes of the RBS technique for
TBAD with TL compression or collapse and/or tortuosity
index (TI) >1.4.

Materials and methods

Study design and patient population

The Institutional Review Board of First Affiliated Hospital
of Anhui Medical University approved this study. Signed
informed consent was obtained from each patient involved

Figure | (Continued)

in the study. Patients treated with the RBS procedure
between February 2012 and June 2016 at our institution
were included. The definitions of TBAD stage used in this
study are as follows: acute phase (=14 days from onset to
TEVAR), subacute phase (>14 days and <3 months), and
chronic phase (>3 months). Chronic TBAD with aneurysm
degeneration was defined as aortic dissection progression
to a thoracic aneurysm with a maximum descending aorta
diameter =55 mm.?! Indications for the RBS procedure
included radiological evidence of TL compression or collapse
and/or TI >1.4 (Figure 1A). Connective tissue disease,
intramural hematoma, and penetrating atherosclerotic ulcer
were excluded from the study to meet the RBS inclusion
criteria. The criteria for complicated TBAD included distal
malperfusion, impending rupture, resistant hypertension, and
persistent chest or back pain. Patients with TBAD who met
one or more of the criteria were considered for emergency
endovascular repair.

Endovascular procedure

All procedures were performed under general anesthesia.
Intraoperative thoracic and abdominal aortic angiography
was routinely performed to assess the patency of the visceral
vessels and their origin from the TL or the FL (Figure 1B
and C). The size of the proximal SG was the diameter of
the proximal nondissected aorta, usually at the ostia of the
left subclavian artery. Some patients required partial or
total exclusion of the left subclavian artery to obtain an
adequate proximal landing zone if the right vertebral artery
was patent and the left one was not dominant. Technical
success was defined as SG deployment without type I
endoleak, open surgical conversion, or death within 24 h
of the operation.
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Figure | A 63-year-old man who presented with 3 months of chest and back pain was diagnosed with chronic TBAD with aneurysm degeneration (using patient 4 as an
example). Total stent graft diameter and length were 36 mm and 200 mm, respectively. Two RBSs were implanted, and the diameter of the proximal RBS was 26 mm.
Notes: (A-C) Preoperative CTA and intraoperative angiography showing severe tortuosity of the descending aorta (Tl =1.62) and collapsed TL (TR =0.89, OR =9.9).
Intraoperative angiography verifying the TL collapse. (D, E) Two RBSs (black arrow) were first placed to reduce the angle between the distal end of the stent and the aorta
and to locate the stent fixation site in a straight portion of the descending aorta. The stent graft was then deployed to seal the proximal entry tear, leaving its distal end
partially within the RBS. (F, G) Postoperative angiography showing satisfactory repair of the dissected aorta using the RBS procedure. Meanwhile, the tortuosity of the
descending aorta was corrected. TL was obviously expanded, and no endoleak was observed. (H) CTA at postoperative year | showing satisfactory occlusion of the aortic
dissection with re-expansion of the TL and RBS collapse.

Abbreviations: TR, taper ratio; OR, oversizing ratio of the stent graft; Tl, tortuosity index; TBAD, type B aortic dissection; RBS, restrictive bare stent; TL, true lumen;
CTA, computed tomography angiography.
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The RBS technique was previously reported in detail and

is based on the following strategy:

1.

The diameter of the RBS was selected according to the
greatest diameter of the TL at the intended distal edge
of the RBS. No oversize was adopted for the selection
of the bare stent.

The RBS was first placed into the compressed or collapsed
TL to restrict the spring-back force of the distal SG edge
while expanding the TL. If a tortuous descending aorta
and TL collapse existed simultaneously, the RBS helped
pave the road for advancing of the delivery system and
reduced the angle between the distal end of the stent
and the aorta.

More than one RBS was placed to maintain the stability
and locate the descending aorta fixation site in a relatively
straight portion (Figure 1D). The length and numbers of
the RBS were determined by tortuosity location and TL
compression degree. Considering iatrogenic malperfusion,
RBS placement over visceral artery ostia was avoided.
The Sinus-XL stent (Optimed, Ettlingen, Germany) was
used as the RBS in all patients. The RBS was positioned
proximally to anticipate 30—40 mm of overlap with the
distal end of the proximal SG.

After the RBS was deployed and secure, the SG, approxi-
mately 10%-15% oversized, was introduced into the
proximal landing zone and deployed to seal the proximal
entry tear, leaving its distal end partially within the RBS
(Figure 1E). No postdeployment ballooning was used.
Completion aortography was then performed to ensure
the coverage of the proximal entry tear and to visualize
the side branches (Figure 1F and G).

In cases with persistent malperfusion syndrome, an
adjunctive procedure (distal bare stent extension or open
surgery) was performed.

Follow-up
Computed tomography angiography (CTA) was performed

before discharge and at 1, 3, 6, and 12 months postop-

eratively, followed by annual examinations in the extended

follow-up period (Figure 1H).

Data collection and definitions
CTA images were collected before and after the procedure.

The definitions and mathematical measurements of descend-

ing aorta morphology are as follows (Figure 2):

1.

Prestent and poststent TR: the proximal vs the distal land-
ing area, defined as 1-(X /X, ). Prestent and poststent
OR: the oversizing ratio at the distal end of the SG, defined
as (X /X, )—1. X, is the area of the TL at the presumed
distal end of the SG; X,
proximal landing zone; X, is the distal size of the fully

is the presurgery area of the

expanded stent before insertion. After stenting, X is the
area of the TL at the real distal end of the SG, and X is
the poststent area of the proximal landing zone. X, is the
distal area of the partially expanded stent after insertion.’
TI was defined as the intra-aorta midline length divided
by the linear distance between the left subclavian artery
and the celiac trunk.?

TL expansion was assessed separately at the level of
the descending thoracic aorta and the abdominal aorta
(divided at the level of the celiac trunk). The aortic
TL diameter and the total aortic diameter at the site
of maximal aortic disease were measured using sec-
tional computed tomography scans. The postoperative
diameters were measured at similar locations and were
subsequently compared with preoperative computed
tomography scan data.

The status of the TL was qualitatively assessed as patent,
partially thrombosed, or completely thrombosed in the

Figure 2 Measurement of the local and global anatomy of the descending aorta (TR, OR and TI).

Notes: (A) Sagittal computed tomography view before TEVAR showing the size of the presumed proximal landing zone (X

) and the presumed distal landing zone (X,).

PRO:
(B) Maximal diameter and area of X,. (C) Tl =b/a, defined as the length of the midline (b) within the aorta divided by the linear distance (a) between the left subclavian artery

and the celiac trunk.

Abbreviations: TR, taper ratio; OR, oversizing ratio of the stent graft; Tl, tortuosity index; TEVAR, thoracic endovascular aortic repair; Max, maximal; diam, diameter.
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segments of aortic coverage, the distal SG, and the
abdomen, respectively.

Statistical analyses

Patient demographic characteristics are summarized as the
mean + SD for continuous data and as a number (%) for
categorical data. Differences in descending aorta morphology
parameters were compared using a two-sample #-test for
normally distributed data or the Mann—Whitney U-test for
data with nonnormal distributions. All statistical assess-
ments were two-tailed and were considered significantly
different at P<<0.05. Statistical analyses were conducted with
SPSS Statistics 22 software (IBM Corporation, Armonk,
NY, USA).

Results

Patient characteristics

A total of 22 patients (17 men; median age 54.9 years,
range 3375 years) underwent the RBS procedure. Of these
patients, 8 were treated during the acute phase, 5 were treated
during the subacute phase, and 9 were treated during the
chronic phase. A total of 66.7% (6/9) of the chronic phase
patients exhibited chronic TBAD with aneurysm degenera-
tion. Five patients required emergency surgery due to distal
malperfusion (n=4) and dissection impending rupture (n=1).
The demographic and comorbidity data are summarized in
Tables 1 and 2.

A subset of patients treated with the RBS technique
exhibited TL collapse (10/22, 45.5%) and TI >1.4 (13/22,
59.1%). The preprocedural CTA revealed TR, OR, and
TIvalues 0f0.7910.08, 4.74+2.6, and 1.4440.17, respectively
(Tables 1 and 2).

Procedure information

The technical success rate was 100%. Four SG systems
were used in this study: Zenith TX2 (Cook Medical,
Bjaeverkov, Denmark; 3/22, 13.6%), Ancura (Lifetech,
Shenzhen, People’s Republic of China; 4/22, 18.2%), Grikin
(Grikin, Beijing, People’s Republic of China; 1/22, 4.5%),
and Captivia (Medtronic, Santa Rosa, CA, USA; 14/22,

Table | Patient characteristics

Variable Preoperation Postoperation | P-value
CTA CTA

TR 0.7940.08 0.5010.15 <0.001

OR 4.7412.68 1.93+1.03 <0.001

Tl 1.44+0.17 1.32+0.16 <0.05

Note: Continuous data are presented as mean * SD.
Abbreviations: CTA, computed tomography angiography; OR, oversizing ratio of
the stent graft; T, tortuosity index; TR, taper ratio.

63.7%). In total, 35 RBSs were placed on the distal side.
All of the descending aorta fixation sites were located in the
straight aortic portion. Three patients who presented with
static obstruction were treated with additional procedures
after the RBS procedure. Detailed procedural information
is presented in Tables 2 and 3.

Descending aorta morphologic changes

and remodeling

The 1-month postoperative CTA scans showed that the TR
and OR values decreased significantly after the RBS tech-
nique (0.76£0.08 vs 0.5010.15, P<0.001 and 4.7442.68
vs 1.93£1.03, P<<0.001, respectively). Furthermore, the TI
values were also notably lower than those before surgery
(1.44%0.17 vs 1.32£0.16, P=0.029). Additionally, the
percentages of completely thrombosed FL in the segments
of aortic coverage, the distal SG, and the abdomen were
95.2% (21/22), 63.6% (14/22), and 13.6% (3/22), respec-
tively. Moreover, the TL diameter expanded significantly
in the thoracic and abdominal segments compared with the
preoperative TL diameter (40.3%x11% and 37.5%%17.9%,
respectively).

Thirty-day mortality and aortic-related
morbidity

The 30-day mortality rate was 0%. The morbidity at 30 days
included RBS collapses (13.6%); no instances of endoleak,
stroke, paraplegia, retrograde dissection, or visceral artery
ischemia were observed.

Post-30-day aortic-related morbidity

and mortality

We followed up all patients from 16 to 64 months
(33£19 months). No distal SINE, endoleak, stroke, paraplegia,
or reintervention events occurred. The >30-day morbidity
included RBS collapse (13.6%, within 30 days) in patients
2, 3, and 4 (Table 4) (Figure 1H). The 1-month follow-up
CTA revealed that no collapsed stents re-expanded. Despite
this unsatisfactory morphologic result, the patients did not
complain of clinical symptoms.

The >30-day aortic-related mortality rate was 4.5%.
One patient (patient 3) presented with chronic TBAD with
aneurysm degeneration (total aortic diameter =71 mm) and
underwent the procedure. Intraoperative digital subtraction
angiography showed that the primary tear flap was suc-
cessfully excluded with no endoleak, and the distal reflux
was limited to the abdominal segment. Follow-up CTA at 1
year showed an increased FL diameter, and the total aorta
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a z Table 3 Procedural details of the RBS technique
] o
o
S g Variable Result (n=22)
s = E
g g < g SG median length (mm) 181.2+23.9
9 E, b <Z( <Z( g Stent graft with taper 7 (31.8)
g RBS
v
5 Median diameter (mm) 24.7+2.7
8
2 Median length (mm) 126.3+66
Q
&8 8 & 8 g Number of RBSs 1.6£0.8
X X X X 5
X & K S 5 Coverage of LSA
§' Total coverage 14 (63.6)
g Partial coverage 5(22.7)
S § § § : No coverage 3(13.6)
P z P 2 P g P Z g Adjunctive procedures
Zom ZmZm 3o Chimney stent 0
aX ool okl
S é SR RI R L; Femoral-femoral bypass | (4.5)
b Mesenteric artery bare stent 1 (4.5)
1
g Mesenteric artery PTA | (4.5)
o Renal artery bare stent 0
«
b= =1 8 n }3 Note: Continuous data are presented as mean + SD and categorical data are
- - - ~ ks presented as number (%).
s Abbreviations: LSA, left subclavian artery; PTA, percutaneous angioplasty;
QL’_ RBS, restrictive bare stent; SG, stent graft.
Y 8
2 3
= -
2 O Fo
2% s s |4
© o . . . .
" " - = diameter had also increased to 76.3 mm. Considering the
«
~ ~ ~ = - . .- . .
- = = = ] poor physical condition of the patient, we decided to follow
Q
-« -« g a conservative policy with strict radiologic surveillance. At
< ™~ < N S .
¥ w ¥ d g 18 months, the patient presented at the emergency depart-
T = & g é ment of a local hospital with hemodynamic collapse, and
o o o IS . .
g CTA revealed rupture of the chronic TBAD with aneurysm
o
v v O 2 £ degeneration. Given the patient’s extensive medical history,
2 a @ 2 K] . .. ..
§ & & g o unfavorable prognosis, and poor condition, the decision was
= = = =
0 ) o o ¢ . .
o o o o o made to discontinue treatment.
- - - - c
F F F F 5
g
o
8
P Table 4 Outcomes and follow-up data
0
©
Zo o o 2 Variable Result (n=22)
p4 p4 a
g Days from onset to TEVAR
:. Acute (<14 days) 8 (36.4)
° ° 2 ° z Subacute (> 14 days, <3 months) 5(227)
o K
s 5 £ 3 g Chronic (>3 months) 9 (40.9)
< < v < = TBAD with aneurysm degeneration 6(31.8)
> > g Complications
c < © Endoleak 0
5 % 3 3 |8 ‘
5 5 < < B Paraplegia 0
§ 5§ & & |8 Stroke 0
& 8 Distal SINE 0
e g
<5 Acute renal failure 0
w a
e X 3 ? i 2 Bow and limb ischemia 0
EE RBS collapsed 3(13.6)
‘f_ é Reintervention for all causes 0 (0)
e 3 .
= 30-day mortalit; 0 (0
s s 5 s gy y mortality 0)
- Overall aorta-related death 1 (4.5)
.g r—i Note: Categorical data are presented as number (%).
2 _é Abbreviations: RBS, restrictive bare stent; SINE, stent graft-induced new entry;
i 8 ~ N g £ TBAD, type B aortic dissection; TEVAR, thoracic endovascular aortic repair.
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Discussion

This study shows the flexibility and feasibility of the RBS
technique, with a technical success rate of 100%. It may not
only improve descending aorta morphology but also promote
TL expansion. No distal SINE, endoleak, or paraplegia
occurred, and the 30-day mortality rate was 0%. However,
the rupture of chronic TBAD with aneurysm degeneration
was not prevented in all patients. To our knowledge, this is
the first study to comprehensively evaluate the descending
aorta morphologic changes and to assess the outcomes of
chronic TBAD with aneurysm after the RBS technique.

The TR and OR, which reflected local anatomy, are inde-
pendent predictors of the development of SINE, and the cut-
off values for predicting post-TEVAR SINE were 0.72 and
3.36, respectively.®!7? Our data showed that the post-RBS
TR and OR values were significantly decreased compared
with the preoperative values (TR 0.76+0.08-0.50+0.15;
OR 4.7442.68-1.93£1.03), and no distal SINE was
observed after the RBS procedure. Although preoperative
use of tapered SGs (7/22, 31.8%) may also reduce the OR
and TR, current tapered devices were designed with lim-
ited matches of the proximal and distal diameters. Thus,
RBS is more flexible, as it can supply a better size match.
Furthermore, our study also showed that this technique may
help promote TL expansion and 95.4% of patients had a
thrombosed FL in the segment of aortic coverage, which
was higher than that in the 1-year follow-up results reported
by Canaud et al.?*

TI, which reflects the global anatomy, has been implicated
in adverse outcomes after TEVAR. Chen et al* associated
high tortuosity with a higher rate of endoleak and strokes
and with a lower survival rate. The spring-back force at the
distal end of the SG across the tortuous descending aorta
fixation site may make the dissected intima potentially
vulnerable. However, the tortuous descending aorta was not
involved in previous studies.!”? In our experience, we should
locate the distal landing zone in a relatively straight portion of
the descending aorta. In our study, the results showed that an
average of 1.6 RBSs were used to reduce the angle between
the distal end of the stent and the aorta, the postoperative TI
values decreased significantly (1.44+0.17—1.3240.16), and no
distal SINE and endoleak were observed during follow-up.
It is noteworthy that distal stent collapse is associated with
severe tortuosity. Follow-up CTA revealed the collapse of
RBSs in three patients with severe TI (TI >6) and collapsed
TL (patients 2, 3, and 4) in the absence of symptoms. The
causes for these collapses are likely related to the inadequate
radial forces of the distal stent.?

There are no reports of using the RBS technique for
the repair of chronic TBAD with aneurysm degeneration.
In our study, 40.9% were treated in the chronic phase, and
66.7% of the chronic TBAD cases presented as a chronic
TBAD with aneurysm degeneration. One patient died
from an aneurysm rupture. This may be interpreted from a
pathological perspective. In our report, the percentages of
patients with completely thrombosed FLs in the segments of
the distal SG and the abdomen were unsatisfactory (63.6%
and 13.6%, respectively). Thus, similar to PETTICOAT,
the RBS technique failed to completely stop the blood from
flowing backward to the thoracic FL. Moreover, in chronic
dissection, the intimal membrane is thicker and more fibrotic
than those in acute dissection, resulting in a reduced capacity
for remodeling of the TL.?”*® Therefore, instead of being
related to distal stenting, the rupture may be the result of
the dynamic evolution of aortic dissection pathology. As an
adjunct one can use candy plugs or knickerbocker grafts, or
simply occlude devices, to close the FL, and branched and
fenestrated endovascular aortic repair can offer more oppor-
tunities in chronic TBAD with aneurysm degeneration.?

RBS selection was an important issue. The Sinus-XL
stent is more accessible and affordable in People’s Republic
of China and is characterized by a closed-cell design with
a large mesh size; it also has a higher radial force and can
reduce the risk of spinal ischemia. Although distal bare stent
systems including the Zenith Dissection Endovascular (Cook
Medical) have been developed, the bare stent is designed for
the PETTICOAT technique to provide intimal support, not
restriction. Thus, we selected the Sinus-XL stent as the RBS.
Furthermore, 10% oversizing of the SG is recommended,
but the descending aorta of a TBAD is always dissected so
10% oversizing of a RBS may injure the intimal flap. In our
report, we selected size of the RBS on the basis of the long
diameter of the TL at the intended distal edge of the RBS,
and no oversizing was adopted. During follow-up, the mean
diameter of the RBS (24.74+2.7 mm) was consistent with the
results of previous reports'’" and no dislodging or disjoint-
ing of the RBS was observed.

The primary limitations of this study include the small
number of patients, which may account for the underes-
timation of technical concerns or possible complications
associated with the RBS. A comparison of patients treated
with RBS with patients anatomically suitable for but not
receiving RBS would be helpful to establish the true value
of this technique, but this comparison was not possible in
this retrospective review. In addition, a longer follow-up
period is needed to validate the results and to draw any

submit your manuscript

2000

Dove

Therapeutics and Clinical Risk Management 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Endovascular treatment of TBAD with RBS technique

definitive conclusions about the safety and durability of the
RBS technique.

Conclusion
The RBS technique may effectively improve descending

aorta morphologic remodeling, potentially addressing the

limitations of current grafts. However, the rupture of chronic

TBAD with aneurysm degeneration was not prevented by the

RBS technique in all patients. Further prospective clinical

studies are warranted to evaluate the procedure’s long-term

efficacy.
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