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A Novel Vascular-Friendly Thoracic Stent Graft
for Endovascular Repair of Acute Complicated

Type B Aortic Dissection
Jie Jin, MD, Qingjun Jiang, MD, Jun Bai, MD, and Lefeng Qu, MD, PhD

Purpose: To evaluate the safety and efficacy of a novel vascular-friendly thoracic stent
graft for patients with acute complicated type B aortic dissection (ac-TBAD).

Methods: A multicenter retrospective study was undertaken in which we prospectively
collected data in consecutive ac-TBAD patients treated by thoracic endovascular aortic
repair (TEVAR) with the Ankura Thoracic Stent. Complications, true lumen rate (TLR),
and mortality were recorded. Follow-up computed tomography angiography (CTA) was
performed at 1, 6, and 12 months postoperatively and yearly thereafter.

Results: Altogether, 63 patients with ac-TBAD in four medical centers were included. No
deaths or serious complications occurred during the perioperative period. The mean
follow-up time was 30.1 + 18.9 months. All-cause mortality rate was 3.1% (n = 2).
TEVAR-related mortality rate was 1.6% (n = 1) because of retrograde type A dissection
(RTAD) at 6 months. The other death was caused by acute myocardial infarction (AMI)
during the third postoperative month. A distal endoleak detected at 3 months in one
patient (1.6%) was treated by reintervention. The use of this novel vascular-friendly
thoracic stent graft in ac-TBAD postoperative patients significantly improved their TLR.
Conclusion: The novel vascular-friendly thoracic stent graft showed satisfactory results,
with favorable stability of the aortic diameter during follow-up.
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Introduction

Acute complicated type B aortic dissection (ac-TBAD)
is a potentially life-threatening condition associated with
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high mortality and morbidity rates.!? In recent years,
multiple consensus statements have recommended tho-
racic endovascular aortic repair (TEVAR) as the treatment
of choice for ac-TBAD.>* Evidence-based medicine has
shown that TEVAR can significantly reduce early mortal-
ity and improve the prognosis.>-” Endovascular treatment
for acTBAD, however, is still associated with major com-
plications such as retrograde type A dissection (RTAD),%?
stent-graft migration,'” distal true lumen collapse,'
endoleaks,'? and stent-graft-induced new entry.'®

Most current aortic stent grafts are designed for patients
with chronic degenerative diseases such as an aortic aneu-
rysm. Studies have revealed that complications are closely
related to stent characteristics, such as the size of the graft,
design of a proximal barbed shape, and the radial strength
of stent.'¥ Here, we introduce a novel vascular-friendly
thoracic stent graft, the Ankura Thoracic Stent Graft
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(Lifetech Scientific, Shenzhen, China), which is used to
treat ac-TBAD. The aim of this study was to evaluate the
midterm outcomes after TEVAR with the Ankura Tho-
racic Stent Graft for treating ac-TBAD.

Materials and Methods

Patient cohort

This multicenter, observational descriptive study was
a retrospective analysis of prospectively collected data
for consecutive ac-TBAD patients treated by TEVAR
with an Ankura Thoracic Stent Graft. The study protocol
was approved by our institutional Ethics Committee, and
all patients provided informed consent. A total of 155
consecutive patients with TBAD diagnosed by computed
tomography angiography (CTA) were admitted to four
medical centers from September 2013 to May 2020.

Inclusion criteria were the presence of ac-TBAD <14
days from the time of onset with acute symptoms.'>
Exclusion criteria were the presence of (1) unsustainable
vital signs; (2) severe systemic infection; (3) chronic
TBAD; (4) abdominal aorta involvement; (5) occlusion
or a stenosis that is impossible to pass; (6) aortic diame-
ter <18 mm or >42 mm; and (7) incomplete clinical and/
or procedural data.

Definitions

Acute type B aortic dissection was defined as occur-
ring within 14 days of pain onset to the time of the inter-
vention. Acute complicated type B dissection generally
refers to the presence of a rupture or impending rupture,
malperfusion, and/or refractory pain or hypertension.'®

Technical success was defined as successful deploy-
ment of the stent-graft device in the absence of a type I
or type III endoleak, open surgical conversion, or death.
An endoleak was defined as persistent blood flow out-
side the stent graft. RTAD was defined as ascending aor-
tic dissection caused by a stent. True lumen rate (TLR)
was defined as the ratio of the true lumen area to the
actual lumen area. TLR was measured by Intellispace
portal V9 (Philips Healthcare, Best, The Netherlands).
TLR was assessed by two radiologists. Stent-graft-in-
duced new entry was defined as a new aortic tear at the
distal end of the stent graft.'®

Ankura thoracic stent-graft characteristics and
instructions for use

The Ankura Thoracic stent graft system (Lifetech Sci-
entific) is specifically designed for endovascular treatment
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of thoracic aortic dissection. The stent graft is preloaded
in a kink-resistant delivery system with hydrophilic coat-
ing designed specifically for endovascular repair of
patients with a thoracic aortic aneurysm. Among its novel
characteristics, compared with other commercially avail-
able stent grafts, are (1) the metal stent is enveloped with
dual-layer expanded polytetrafluoroethylene membrane;
(2) no suture is required on the main body; (3) tapered
design adapts to the aortic anatomy; (4) proximal mini-
wave bare stent and barb-free; and (5) the need for neck
length of 21.5 cm (Fig. 1).

The size of the Ankura stent graft should fit the
patient’s aortic anatomy. Lifetech recommends using an
oversized Ankura stent graft—that is, one that is 10-20%
larger than the inner diameter of the vessel’s landing zone.
The endograft comes with a delivery system that has an
outer diameter of 18F-24F.

Operation procedure

Generally, the heart rate should be maintained
below 70 beats/min and the systolic blood pressure at
<120 mmHg. Spinal cord drainage is not required on a
routine basis but is performed selectively in symptom-
atic patients.'” It has been suggested that spinal pressure
be maintained at <10 mmHg, and close neurologic mon-
itoring should be conducted for 48 h after the procedure.

In our study, the operation was performed in a hybrid
operating room under general or locational anesthesia
(whole heparinization: 0.5-1.0 mg/kg).

(1) Access building: Arterial access was obtained by
either needle puncture (Seldinger technique) or surgical
arteriotomy in the common femoral artery.

(2) Angiographic evaluation: A SF pigtail catheter
was inserted into the ascending aorta with a nontrau-
matic guide wire to navigate the true lumen. Transesoph-
ageal echocardiography was used to confirm the exact
location of the primary tear.

(3) Stent-graft implantation: The delivery system (21F—
24F) was tracked over the wire to the predetermined posi-
tion to seal the entry tear. The Ankura Stent Graft (oversized
by 10-20%) was inserted via the femoral artery to com-
pletely cover the lesion.'® Endograft’s instructions for use
do not impose routine use of endograft ballooning. Among
those cases with planned intentional coverage of the left
subclavian artery (LSA), adjunctive prophylactic revascu-
larization was performed in selected cases.

(4) Final angiography: Angiography was performed
to assess the stent’s position and search for potential
endoleaks. Postoperatively, the patient was routinely
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Fig.1 (A) Proximal parallel bare stent and barb-free design, (B) tapered design, flexibility, adapt to aortic anat-
omy, (C) tip capture release, and (D) fluoroscopic images

transferred to the intensive care unit, later transferred to
a ward, and finally discharged in good clinical condition.

Outcomes measures and follow-up protocol

Data were collected from a prospectively maintained
database that included baseline characteristics, operative
details, technical success, complications, and deaths.
Follow-up was performed on all patients after discharge
until the end of the study period (May 2020) or death.
Each patient underwent CTA at 1, 3, and 6 months after
TEVAR and annually thereafter. The mean TLR values
at the LSA level (Ievel S), middle-thoracic aorta level
(level M), and celiac trunk level (level T) were recorded.
Attention was focused on the sealing zones, TLR, and
aortic measurements (Fig. 2).

Statistical analysis

Statistical analysis was performed using SPSS 22.0
for Windows software (IBM Corp, Armonk, NY, USA).
Categorical variables were reported as counts and pro-
portions and continuous variables as means * standard
deviations. Continuous and normally distributed vari-
ables were analyzed with Student’s t-test and categorical
variables with Pearson’s 2 test. The survival curve was
performed using GraphPad version 8.0 software (Graph-
Pad Software Inc., San Diego, CA, USA). A value of
p <0.05 was considered to indicate statistical significance.

Results
Baseline characteristics

There were 155 patients with TBAD admitted to the
four medical centers between September 2013 and May
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2020. We subsequently excluded 30 of the patients
because of incomplete clinical and procedural data and
62 because of chronic TBAD. In total, 63 patients with
ac-TBAD were included in this study, of whom 52 were
males. The mean age of these patients was 54.2 + 12.3
years. Acute complicated type B dissection included
impending rupture (3.2%), acute renal failure (19%),
visceral ischemia (23.8%), refractory pain (42.9%), and
refractory hypertension (11.1%). Baseline patient char-
acteristics are shown in Table 1.

Intraoperative details

The technical success rate was 100% of all patients.
Local anesthesia was used in 30 patients (47.6%). The
average duration of the procedure was 57.3 + 24.2 min,
and intraoperative blood loss was estimated at 55.4 *
42.6 mL. In all, 16 patients (25.4%) required transfusion
during the perioperative period due to blood loss in a
false lumen or a low preoperative hemoglobin level. Two
stent grafts were implanted in 10 patients (15.9%)
according to the lesion scale. LSA reconstruction was
performed in 20 patients (31.7%) (Table 1).

Thirty-day outcomes

No deaths or serious complications (e.g., RTAD, spi-
nal cord ischemia, type I/III endoleaks) occurred during
the perioperative period. A minor type II endoleak was
found in two patients. They were not treated and the
endoleaks disappeared during follow-up. Spinal cord
drainage was performed on two patients who presented
with lower-limb muscle weakness. After prophylactic
spinal cord drainage, the two patients’ muscle strength
of the lower limbs returned to normal without
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neurological deficit. One patient (1.6%) suffered myo-
cardial infarction. Respiratory complications, including
infection and respiratory failure, occurred in six patients
(9.5%). Access-site events included two hematomas and
two puncture-site infections. No other complications
occurred. The mean hospital stay was 10.1 £ 5.2 days
(Table 2).
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Fig.2 TLR at LSA level (Level S), middle-thoracic aorta level (L

Vascular-Friendly Thoracic Stent for ac-TBAD
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evel M) and coeliac trunk level (Level T). TLR: true lumen rate

Follow-up outcomes

The mean follow-up time was 30.1 £ 18.9 months
(median 30.2 months, range 1.3-70.6 months). During
the follow-up period, the cumulative mortality was 3.1%
(n = 2). TEVAR-related mortality was 1.6% (n = 1)
whom died because of multiple organ failure after RTAD
during the sixth follow-up month, and the other death
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Table 1 Baseline characteristics and operation-related
information (N = 63)

Characteristics N =63 (%)
Demographic data

Male sex 52 (82.5)

Age (years) 542+12.4
Risk factors

Smoking 42 (66.7)

Hypertension 51 (81.0)

Diabetes 7(11.1)

Hyperlipidemia 15 (23.8)
Comorbidities

Coronary artery disease 6(9.5)

Peripheral artery disease 9 (14.3)

Chronic renal failure 16 (25.3)

Pulmonary disease 9(14.3)
Complications

Impending rupture 2(3.2)

Acute renal failure 12 (19.0)

Visceral ischemia 15 (23.8)

Refractory hypertension 7(11.1)

Refractory pain 27 (42.9)
Technical success 63 (100)
Anesthesia (n)

General 33 (52.7)

Local 30 (47.6)
Duration of procedure (min) 57.3+24.2
Intraoperative blood loss (ml) 5541426
Transfusion 16 (25.4)
No. of stent graft (n)

1 53 (84.1)

2 10 (15.9)
Reconstruction of LSA (n) 20 (31.7)

Categorical variables are presented as number (%). Continuous
variables are presented as mean =+ standard deviation. RBS:
restrictive bare stent

was caused by acute myocardial infarction (AMI) during
the third follow-up month. Follow-up CTA showed that
each ac-TBAD was well repaired without severe compli-
cations (e.g., retrograde stent displacement or fracture,
stent-induced aneurysm). A distal endoleak was detected
in one patient at the third month. Reintervention was per-
formed to repair the leak (Table 2).

TLR of aortic dissection: baseline data for all TBAD
cases

The TLRs were 34.7 = 4.6 mm and 32.9 + 32.3 mm of
the mean diameter of the proximal landing zone and the
distance from the break site to the LSA. The mean TLRs
at levels S, M, and C were 67.9% * 24.4%, 54.8% *
22.1%, and 67.4% * 26.7%, respectively (Table 3).
At level S, the TLRs were 86.3% * 16.2% (at 1 month),
95.7% *+ 5.0% (at 6 months), and 98.0% + 2.6% (at
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Table 2 Thirty-day and follow-up outcomes

Variables N =63 (%)

Thirty-day outcomes

Length of stay (days) 10.1£5.2

Perioperative complications (n)
Access site events 6(9.5)
Fever 13 (20.6)
Type I/I1I endoleak 0
Type II endoleak 23.1)
Cerebral events 0
Spinal cord drainage 23.1)
Retrograde type A dissection 0
Cardiac events 1(1.6)
Respiratory complications 6(9.5)
Access site complications 6(9.5)

In-hospital mortality (n) 0
Follow-up outcomes

Mean follow-up time (months) 30.1 £ 18.9
Median follow-up period (months) 30.2 (range,
1.3-70.6)
All-cause mortality during follow-up 2(3.1)
Aorta-related mortality 1(1.6)
Myocardial infarction 1(1.6)
Complications during follow-up
Stent displacement / fracture 0
Type I/11I endoleak 1(1.6)
Stent-induced new entry 0
Retrograde type A dissection 1(1.6)
Secondary intervention 1(1.6)

12 month). At level M, the TLR was 84.7% + 12.4%
(at 1 month), 92.8% % 6.9% (at 6 months), and 96.9% *+
3.1% (at 12 months). At level T, the TLRs were 91.7% +
7.2% (at 1 month), 96.8% + 3.1% (at 6 months), and
98.4% + 1.6% (at 12 months). These follow-up data
show that the Ankura TAA Stent Graft can improve the
TLR in patients with ac-TBAD.

Discussion

The main finding of this study was that the novel
vascular-friendly Ankura Thoracic Stent Graft used for
TEVAR was safe and effective. The technical success
rate was 100%, the all-cause mortality rate was 3.1%, the
cardiac events rate was 2.3%, and the rate of reinterven-
tion was 1.6% (due to distal endoleaks). The two cases of
spinal cord ischemia were immediately resolved by lum-
bar drainage, which left no permanent effect.

Compared with the results of covered stents in a pre-
vious study,'® the Ankura Thoracic Stent Graft has a
favorable incidence of complications. Minor type II
endoleaks were found in two patients. They were left
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Table 3 True lumen rate of aortic

Follow-up N =63 (%)

Baseline

1 month

6 months 12 months

LSA Level
Middle-thoracic aorta level
Coeliac trunk level

67.9% £ 24.4%
54.8% £22.1%
67.4% £ 26.7%

86.3% +16.2%
84.7% +12.4%
91.7% £ 7.2%

98.0% £ 2.6%
96.9% £ 3.1%
98.4% £ 1.6%

95.7% £ 5.0%
92.8% £ 6.9%
96.8% *3.1%

LSA: Left subclavian artery

untreated and disappeared during the follow-up period.
Most complications were minor and easily managed. In
our center, the Ankura Thoracic Stent Graft has been
used for as-TBAD since 2013.

TEVAR plays an important role in advancing endo-
vascular surgery, especially in treating acute aortic syn-
dromes, such as acute penetrating ulcers and ac-TBADs.
One study!” showed that in-hospital mortality was
significantly higher after open surgery (33.9%) than after
endovascular treatment (10.6%, p = 0.002). Stelzmueller
et al.'® reported that the mortality rate for TEVAR
reached 9% because of the still-imperfect design of the
existing stent graft for ac-TBAD. An ideal stent graft
for treating ac-TBAD should meet the following two
requirements: It minimizes irritation of blood vessels
and maximizes compatibility with vascular morphology.
In our study, all 63 patients had ac-TBAD, and the all-
cause mortality rate was 3.1% (n = 2). TEVAR-related
mortality was 1.6% (n = 1). That patient died because of
multiple organ failure 6 months after suffering RTAD.

The outcomes of Medtronic’s Valiant Thoracic Stent-
Graft System for acute aortic dissection have been
reported. The Medtronic DISSECTION Trial?” enrolled
50 patients at 16 institutions in the United States. At 12
months postoperatively, the true lumen diameter in the
stented region remained stable or increased in 27 of the
29 (93.1%) patients. False lumen diameters remained
stable or decreased in 22 patients and were partially or
completely thrombosed in 91%. Our research showed
that 57 of 63 patients (90.40%) showed an improved
TLR at 12 months. It appears that there is no significant
difference between these two outcomes.

In the Bolton Relay RESTORE Patient Registry
trial,>” 30 patients with acute aortic dissection under-
went TEVAR with Relay stent grafts. The procedure was
technically successful in 97% of these patients. Their
type I endoleak rate was 7%. Stent-related complications
occurred in eight (9%) patients, including six cases of
stent-graft migrations, one failure to advance the deliv-
ery system, and one case of partial collapse of the stent
graft. The rates of postoperative paraplegia, paraparesis,
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and stroke were 2%, 1%, and 2%, respectively. The
30-day mortality was 13%. The 1-year survival rate was
85% in the overall population and 98% when consider-
ing only stent-related death. Apparently, relevant data in
our study precede the data presented above.

As far as we know, there is no study on this novel
Vascular-Friendly Thoracic Stent Graft for the treatment
of ac-TBAD. However, this study has several limitations
that must be considered. It is a retrospective study with-
out a control group. The study group comprises TEVAR
patients treated with some other commercially available
endografts or patients who underwent open repairs. This
lack might have introduced selection bias. Moreover, the
sample size and follow-up period are limited. Hence,
further multi-center, prospective studies to assess its
long-term performance are needed.

Conclusion

The novel vascular-friendly Ankura Thoracic Stent
Graft showed satisfactory results, with favorable stabil-
ity of the aortic diameter during follow-up.
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