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ABSTRACT
Objective: We evaluated the patency of the spinal arteries (intercostal and lumbar) after the STABILISE (stent-assisted
balloon-induced intimal disruption and relamination in aortic dissection repair) technique.

Methods: A retrospective analysis of all patients with aortic dissection treated with the STABILISE technique between
April 2018 and July 2021 was performed. Imaging analysis of the spinal cord vascular supply was accomplished using
multiplanar and maximum intensity projection reconstructed images of pre- and postoperative computed tomography
angiograms at 1 month, 12 months, and annually thereafter.

Results: Twelve patients were treated for complicated aortic dissection. Primary technical success was 100% and mid-
term clinical success, at a mean follow-up of 27 = 12 months, was 90%. No cases of spinal cord ischemia were identi-
fied. One patient died after 1 year (nhon—aortic related), and one patient was lost to follow-up. A significant decrease was
found in the mean number of patent spinal arteries in the stent graft area at 1 month (P < .001), 1 year (P < .001), and
2 years (P = .004). However, no significant reduction was found in the number of spinal arteries in either the bare metal
stented or nonstented aorta (P > .05).

Conclusions: Use of the STABILISE technique decreased intercostal artery patency in the thoracic stent graft area, but
spinal artery patency was not significantly affected by the bare metal stent nor its aggressive ballooning. These findings
constitute a step toward a better understanding of the safety of this technique. (J Vasc Surg Cases Innov Tech 2023;9:1-7.)
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Endovascular treatment has emerged during the past
decade as the standard of care for complicated acute
type B aortic dissection, and the first step is usually
deployment of a thoracic endograft (thoracic endovascu-
lar aortic aneurysm repair [TEVAR]) with the aim of
covering the entry tear. TEVAR might be enough to fix
most malperfusion syndromes but is frequently associ-
ated with late aortic dilatation and unfavorable remodel-
ing."? The failure of simple TEVAR to solve malperfusion
syndromes led to the development of adjunctive tech-
nigues such as direct stenting of the occluded arteries,
fenestration of the lamella or the use of a self-
expandable bare metal stent (BMS) deployment across
the visceral and renal arteries to increase the true lumen
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diameter and improve perfusion of those arteries. This
procedure was called the PETTICOAT (provisional exten-
sion to induce complete attachment) technique.

The STABILISE (stent-assisted balloon-induced intimal
disruption and relamination in aortic dissection repair)
technique was described in 2012 by Hofferberth et al®
and aims for complete remodeling of the thoracoabdo-
minal aorta. The first steps are similar to those in the
PETTICOAT procedure (TEVAR plus BMS deployment)
but are followed by dilatation of the dissection stent
graft and BMS to reappose the lamella to the peripheral
aortic wall and induce complete false lumen thrombosis
and re-create a single-channel aorta.®

Despite the encouraging results and reported low
complication rate, the STABILSE technique remains un-
der investigation. Currently, one of the risks to which
we must be most alert is spinal cord ischemia (SCI),
with a rate that can reach 10%, according to the series re-
ported to date.*®

Although the pathophysiology of SCI after TEVAR is
muiltifactorial and not completely understood, coverage
of the intercostal arteries certainly plays a role.°'® The
STABILISE procedure implies covering some extent of
the descending aorta and, thus, compromising direct
flow to the first pairs of the intercostal arteries. However,
in the area of the BMS, which is aggressively ballooned,
the fate of the intercostal and lumbar arteries is unclear
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and has not been previously assessed, to the best of our
knowledge.

In the present study, we evaluated the patency of the
intercostal and lumbar arteries after the STABILISE tech-
nique for aortic dissection repair.

METHODS

The study followed the reporting guidelines from the
STROBE (strengthening the reporting of observational
studies in epidemiology) statement for cohort studies.”

Study design, setting, and participants. A retrospective
analysis of prospectively collected data for all patients
treated during a 3-year period (April 2018 to July 2021)
with the STABILISE technique in a tertiary referral center
was performed. Only patients with complicated aortic
dissections (malperfusion syndrome, acute aortic dilata-
tion, refractory hypertension, and/or refractory pain) were
included. Most patients were treated for type B aortic
dissections, except for one patient who was treated for a
type A aortic dissection with distal extension. We
included patients treated in the acute, subacute, and
early chronic phases. Patients treated using the STABI-
LISE technique, in addition to other adjunctive tech-
nigues, such as target vessel stenting, distal covered
endovascular reconstruction of the aortic bifurcation,
and/or iliac artery stenting, were included in the present
study. Patients with an overall aortic diameter >42 mm
and patients in whom the dissection had progressed
deeply into the SMA and renal arteries were excluded,
because we do not use the STABILISE technique for such
patients.

According to our standard practice, all the patients un-
derwent preoperative computed tomography angiog-
raphy (CTA). During the follow-up period, postoperative
CTA was performed at 1 month and 12 months and annu-
ally thereafter.

STABILISE technique. A very careful analysis of the CTA
images was always performed to identify the path to the
true lumen. The procedure started with femoral access
via artery cutdown, followed by catheterization of the
true lumen with a hydrophilic wire, which was changed
to a stiff wire, positioned in the ascending aorta. Next, a
6F flexor sheath was advanced over the stiff wire, and
small, sequential contrast injections were performed
from the top to the bottom of the aorta to confirm true
lumen catheterization at all levels. The chosen endograft
was positioned in the proximal landing zone and
deployed. At this step, a systolic blood pressure
of <70 mm Hg was achieved by the anesthesiology
team. We used Zenith TX2 dissection endovascular grafts
(Cook Medical Inc), with maximum 10% oversizing for the
proximal endograft. However, in a few urgent cases, a
Zenith Alpha thoracic endograft (Cook Medical Inc) was
used because of off-the-shelf availability at our
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department. After stent graft deployment, an angiogram
was obtained to assess the patency of the true lumen
and collateral arteries. Dissection stents were then
deployed and extended to the infrarenal aorta. In cases
in which two BMSs were needed, we avoided over-
lapping them in the visceral area to expedite target
vessel catheterization in the present or future proced-
ures. If needed, catheterization of the visceral and/or
renal arteries arising from the false lumen was per-
formed, and a 6F flexor sheath was introduced. Finally,
dilatation of the distal two thirds of the stent graft with
compliant balloons was achieved, followed by dilation of
the full length of the BMS with noncompliant balloons
(sized according to the total aortic diameter at each
level). After completing the STABILISE technique, the
previously catheterized visceral arteries originating from
the false lumen were stented, if deemed necessary.

Variables, data sources, and measurement. All the pa-
tients underwent a thorough clinical examination at
admission, and the demographic variables, comorbid-
ities, indication for treatment, extent of aortic repair,
and imaging and clinical data were collected prospec-
tively and analyzed retrospectively. This information
and the follow-up data were obtained from case report
forms completed prospectively at the following stages:
preoperatively (at admission), perioperatively, post-
operatively in the hospital, and during outpatient follow-
up.

Imaging analysis of the spinal cord vascular supply
was performed by the same experienced radiologist,
with >30 years’ professional experience, whose clinical
focus was the vascular anatomy. Images were stored
and analyzed using the Sectra picture archiving and
communications system (Sectra AB) of our hospital.
All examinations were performed using 64-slice Phi-
lips Extended Brilliance computed tomography scan-
ner with a slice thickness of 1T mm. Multiplanar
reconstruction images, maximum intensity projection
images, and three-dimensional reconstructed images
of pre- and postoperative CTA were available for all
patients.

End points and definitions. The entire aorta was
analyzed, looking specifically at the origin and main
branches of the spinal arteries—intercostal and lumbar—
in the true or false lumen. The aorta was then divided
into three levels according to where the endografts
were placed (covered stent graft, bare metal dissection
stent, and nonstented aorta). A quantitative assessment
of the patency of the intercostal and lumbar arteries
was determined at each level. Patency was defined as
the presence of contrast opacification up to the aortic
wall. The number of patent intercostal and lumbar ar-
teries on pre- and postoperative imaging was also
compared regarding the different areas of the aorta:
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Table I. Clinical characteristics and indications for stent-assisted balloon-induced intimal disruption and relamination in
aortic dissection repair (STABILISE)®

2 Male 69 Chronic 144 Lower limb ischaemia

4 Male 34 Acute 6 Renal malperfusion; lower limb ischemia

6 Male 49 Acute 5

Visceral malperfusion

8 Male T4 Subacute 22 Acute aortic dilatation

10 Male 52 Subacute 16 Renal malperfusion; lower limb ischemia

12 Female 68 Subacute 25 Lower limb ischaemia

Table Il. Patient demographics and risk factors and pro-
cedures associated with the stent-assisted balloon-
induced intimal disruption and relamination in aortic
dissection repair (STABILISE) technique

Male sex 1 (91.7)

Hypertension 12 (100)

Diabetes 0 (0)

Prior aortic surgery 2 (16.7)

Associated procedure

Left carotid—subclavian bypass 6 (50)

SMA 1(8.3)

LRA 1(83)

CERAB 1(83)

covered stent graft, BMS, and nonstented aorta. The
main end point was the variation in spinal artery patency
at the different levels of the aorta after the procedure
and during follow-up.

Statistical analysis. Descriptive statistics are presented
for the demographic and baseline variables as absolute
and relative frequencies. Continuous variables are pre-
sented as the mean * standard deviation if normally
distributed and the median and interquartile range
(IQR) if not. Categorical variables are presented as fre-
guencies and percentages.

To study the patency of the spinal arteries across time
in the different aortic segments, the Mann-Whitney U
test was used. The Pearson x? test or Fisher exact test
was used to compare the categorical variables. The latter
was used when the event rates were low (<10 events).
Statistical significance was set at P < .05. Statistical anal-
ysis was performed using Stata, version 16.0, for Mac (Sta-
taCorp LP).

All the patients provided written informed consent
before treatment. The institutional review board waived
the requirement for approval for the present study.

RESULTS

Patient demographics and descriptive data

During the study period, 12 patients (mean age, 57.2 +
1.7 years; 91.7% male) underwent treatment of compli-
cated type B aortic dissection using the STABILISE tech-
nigue. Of these 12 patients, 4 were treated for
management of acute, 6 for subacute, and 2 for early
chronic aortic dissection. The indication for repair was
visceral malperfusion (n = 3), renal malperfusion (n = 2),
lower limb ischemia (n = 7), acute aortic dilatation (n =
2) in the entry tear region, and refractory hypertension
(n = 1). Four patients had had more than one criterion
for surgery (Table I). One patient had previously under-
gone ascending aorta/arch repair with an E-vita open
hybrid graft (Jotec GmbH) for type A aortic dissection.
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Fig 1. A, Anatomic location, according to the Aortic Dissection Classification System, of the distal landing zone
of the thoracic stent graft (black arrow) and dissection bare metal stent (BMS; red arrow). B and C, Spinal level of
distal landing zone of thoracic endovascular aortic aneurysm repair (TEVAR) and BMS.

The preoperative patient demographics and risk factors
are detailed in Table Il.

Surgical treatment outcomes

Primary technical success was achieved in all patients
with no conversion to open repair or reinterventions
required during the follow-up period (27 = 12 months).
The proximal landing zone was in aortic zone 3 (Society
for Vascular Surgery/Society of Thoracic Surgeons classifi-
cation system), maintaining left subclavian artery
patency without debranching, in five patients. One pa-
tient underwent simultaneous aortic arch replacement
for type A aortic dissection, and six underwent staged
left carotid—subclavian bypass before the STABILISE
technique for zone 2 deployment. The anatomic location
of the distal landing zones of both stent grafts and bare
metal dissection stents is illustrated in Fig 1. The median
number of devices deployed per patient was 3 (range, 2-
4), with a median of 1 stent graft (range, 1-2) and 2 dissec-
tion BMSs (range, 1-2). The left subclavian artery and both
internal iliac arteries remained patent in all patients. All
associated procedures are presented in Table |l. The me-
dian length of the covered aorta by the stent graft was
2025 mm (IQR, 67 mm:; range, 113-334 mm).

Mid-term clinical success, at a mean follow-up of 27 +
12 months, was obtained in 10 patients (83.3%). One pa-
tient had died at 1 year of follow-up from a non—aortic-
related cause, and one patient was lost to follow-up
because he had returned to his country of birth. No

case of pre- or postoperative SCI occurred in our cohort.
In two cases, the false lumen remained patent in the
transition zone between TEVAR and the BMS and in
the corresponding spinal artery. In another patient, the
false lumen remained patent in the aortic zone 4 on
the first month postoperative CTA (reentry flow) but
was occluded on the 6-month follow-up CTA, with posi-
tive aortic remodeling and complete false lumen throm-
bosis. No difference was found in the occlusion rate
regarding the origin of the spinal arteries in the true or
false lumen.

Patency of spinal arteries before and after STABILISE
technique

A quantitative analysis of the patent spinal arteries in
the various segments of the aorta over time is shown in
Tables Il and IV. The median change over time is shown
in Fig 2.

Stent graft area. The median number of patent spinal
arteries in the stent graft area was 15 (IQR, 6). At 1 month,
1year, and 2 years after the STABILISE technique, the me-
dian number in the stent graft area was 6 (IQR, 4.5), 8
(IQR, 7), and 7 (IQR, 3.5), respectively. This decrease in spi-
nal artery patency was significant compared with the
baseline value at 1 month (P < .001), 1 year (P < .001),
and 2 years (P = .004).

BMS area. The median number of patent spinal arteries
in the area where a BMS was placed was 10 (IQR, 4.5);
however, at 1 month, 1 year, and 2 years after the
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Table Ill. Number of patent spinal arteries stratified by timing of computed tomography angiography (CTA) in aortic
segments
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STABILISE technique, the median number of patent spi- intercostal arteries and/or one to two lumbar arteries
nal arteries was 8 (IQR, 5), 7 (IQR, 4), and 6.5 (IQR, 3), was lost, and in 8%, a loss of patency of more than two
respectively. On the first postoperative computed to- intercostal arteries was observed. The decrease in spinal
mography scan, the number of patent intercostal and artery patency was not significant compared with the
lumbar arteries remained unchanged in 33% of the pa- baseline value at 1 month (P = .24), 1 year (P = 44), and

tients. For 59% of the patients, patency of one to two 2 years (P = 47).
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Table IV. Evolution of spinal arteries on computed tomography angiography (CTA)

Covered endograft 15 (6) 6 (4.5) <.001 8 (7) <.001 7 (3.5) .004
BMS 10 (4.5) 8 (5) 24 7 (4) bb 6.5 (3) 47
Nonstented 2 (3) 2 (2) .62 2 (4) .79 2 (2) .89

BMS, Bare metal stent.
Data presented as median (interquartile range).

Changes in Spinal Artery Patency After STABILISE

15 20

Patent Intercostal / lumbar arteries
10
|

T
1st Month CTA 1st Year CTA 2nd Year CTA

Visit

— Stent Graft
— Non-Stent +———

BMS
IQR

Fig 2. Median change and interquartile range (IQR) of
spinal artery patency after stent-assisted balloon-induced
intimal disruption and relamination in aortic dissection
repair (STABILISE) over time. BMS, Bare metal stent; CTA,
computed tomography angiography; Pre-op, preopera-
tively.

Nonstented area. The median number of spinal ar-
teries in the nonstented area was 2 (IQR, 3). At 1 month,
1year, and 2 years after the STABILISE technique, the me-
dian number of patent spinal arteries was 2 (IQR, 2), 2
(IQR, 4), and 2 (IQR, 2), respectively. This decrease in spi-
nal artery patency was not significant compared with
the baseline value at 1 month (P = .62), 1 year (P = .79),
and 2 years (P = .89).

DISCUSSION

To the best of our knowledge, the present study is the
first to analyze the patency of the spinal arteries after
the STABILISE technique. Our main findings showed
that the number of patent intercostal and lumbar ar-
teries decreased significantly in the covered portion of
the aorta after STABILISE repair. This was an expected
finding, primarily observed on the first postoperative
computed tomography scan, which remained relatively
stable over time.

In the uncovered BMS area, the number of patent inter-
costal and lumbar arteries remained unchanged at the
first postoperative follow-up visit in one third of the cases.
However, a slight decrease in patent intercostal and

lumbar arteries was observed in 59% of the cases, and,
in 8%, more than two were lost. Overall, this difference
was not statistically significant. No clinical effects from
these findings were observed in this small cohort.

SCI remains the Achilles’ heel of both open and endo-
vascular repair of thoracic and thoracoabdominal aortic
pathologies. In a recent review, Uchida'® showed an
average SCI rate of 4.5% (range, 0%-103 %) in 7309
TEVAR patients, suggesting that endoluminal proced-
ures are not superior to the open approach, especially
compared with the rate at aortic centers performing a
high volume of open repairs®'?'* Endoluminal ap-
proaches avoid aortic cross-clamping and most of the
intraoperative hemodynamic changes but prevent reim-
plantation of the intercostal arteries covered by the stent
graft.

Although the pathogenesis of SClI is not yet fully under-
stood, it is certainly a multifactorial phenomenon. One of
the causes of SCI after TEVAR is coverage of the origin of
the lower intercostal arteries and the Adamkiewicz artery
(AKA), which reduces the blood supply to the spinal cord.
The AKA, discovered in 1882 and also known as the
magna anterior radicular artery, usually arises from T8
to T12, and is considered the most important input to
the anterior spinal artery in the thoracolumbar area.

The use of the STABILISE technique to manage compli-
cated aortic dissections leads to obstruction of the origin
of the aortic side branches in the region of the covered
stent. However, the fate of these arteries across the
BMS area is not known. Additionally, dissected aortas
are usually different from degenerative aneurysms in
which aortic wall atherosclerosis and thrombus are com-
mon, leading to chronic occlusion of several intercostal
and lumbar arteries. Patients with dissection are often
younger, with no or scarce atherosclerotic involvement
and, theoretically, are more prone to develop SCI after
large endovascular aortic coverage.

An important finding of our study is that vigorous dila-
tation of the BMS dissection to reappose the lamella,
thus restoring the single aortic lumen, led to a slight
and nonsignificant reduction of the patent intercostal
and lumbar arteries, which remained considerably stable
at each follow-up period after STABILISE. The mecha-
nism of postoperative occlusion of these arteries could
be twofold. One is the mismatch between the ostia
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and the corresponding lamella orifice after reapposition
of the flap when they arise from the false lumen. The sec-
ond is that it might result from previous involvement of
the spinal arteries by the dissection process, further
compromised by the dilatation.

In our study, despite an overall reduction of patent
intercostal arteries after the procedure, no cases of SCI
occurred. This is in line with the current concept of a
collateral blood supply to the spinal cord, which relies
more on a collateral network than on single segmental
arteries, such as the AKA'® Kawaharada et al”® found
that although there was a trend toward a higher risk of
a neurologic deficit in patients with occlusion of the
intercostal artery to the AKA after TEVAR, in most pa-
tients, SCI did not occur, supporting the concept that
the total amount of blood flow to the spinal cord is
more important than any single artery. However, it is
essential to recognize the importance of the intercostal
and lumbar arteries, as well as the vertebral, subclavian,
and hypogastric territories. In our series, these arteries
were preserved in all 12 patients.

Our study has the limitation of a small sample size with
only 12 patients and the absence of SCI cases, limiting
the analysis of potential risk factors. However, to the
best of our knowledge, this is the first study to evaluate
the effect of the STABILISE technique on the patency
of spinal arteries. Despite awareness of the myriad of po-
tential causes for its development, the absence of a sig-
nificant reduction in patent spinal arteries in the BMS
area constitutes a step toward establishing the safety of
this technique.

CONCLUSIONS

The STABILISE technique decreased intercostal artery
patency in the area of the thoracic stent graft; however,
spinal artery patency was not significantly affected by
aortic coverage with the BMS nor by its aggressive
ballooning to reappose the intimal lamella. These find-
ings constitute a step toward a better understanding of
the safety of this technique.
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