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ABSTRACT

To the best of our knowledge, the present report is the first on the safety and efficacy of complete endovascular aortic
reconstruction from zone O to 10 using a standardized approach and parallel stent graft configurations in high-risk
patients considered unfit for surgery. During a 7-year period, five patients with complex thoracoabdominal aortic an-
eurysms and dissections involving zone O-10 presented with rupture (n = 1; 20%), were symptomatic (n = 2; 40%), or had
an aortic pseudoaneurysm (n = 2; 40%) and underwent complete endovascular zone 0-10 reconstruction using off-the-
shelf stent grafts in parallel configurations that included chimneys, periscopes, and endovascular docking stations. The
zone 0-5 complete arch chimney thoracic endovascular repair included chimneys that extended from the ascending
thoracic aorta to the innominate, left common carotid, and left subclavian arteries and a thoracic stent graft extending
from zone O to 5. The zone 5-10 aortic reconstructions were staged. Stage 1 included either thoracic stent graft and
antegrade four visceral chimney placement or abdominal aortic stent graft and retrograde four visceral chimney
placement. Stage Il included completion of the remainder of the aortic reconstruction with cerebrospinal fluid drainage.
A total of 15 aortic procedures included 34 chimneys (14 aortic arch and 20 visceral). Two patients (40%) underwent zone
0-5 aortic reconstruction first, and three patients (60%) underwent zone 5-10 aortic reconstruction first. The incidence of
30-day mortality, spinal cord ischemia, myocardial infarction, stroke, and visceral ischemia was 0%. At a mean follow-up
of 45 + 3.1 years, the aortic reconstruction-related mortality was 0%. All-cause mortality was 20%; one patient had died of
pneumonia at 3 years postoperatively. Two endoleaks each occurred in zone 0-5 and zone 5-10 (40% for both groups). All
endoleaks were treated with coil embolization. Complete endovascular zone 0-10 aortic reconstruction using parallel
stent grafts with a docking station is a feasible and relatively safe technique that offers the ability to customize off-the-
shelf devices for the treatment of high-risk patients with limited morbidity and mortality. (J Vasc Surg Cases Innov Tech
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During the past three decades, much progress has
been made in the endovascular treatment of complex
thoracic and abdominal aortic aneurysms and dissec-
tions. The evolution of endovascular techniques and
technology has allowed surgeons to manage aortic pa-
thology affecting the ascending thoracic aorta to the iliac
bifurcation using customized fenestrated-branched
stent grafts and off-the-shelf devices in parallel stent
graft—chimney configurations."* However, limited data
exist for the treatment of aortic pathology that spans
from the ascending thoracic aorta to the iliac artery bifur-
cation using parallel stent grafting (zones 0-10). We
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report our experience on the safety and efficacy of com-
plete endovascular aortic reconstruction from zone O to
10 using a standardized approach and parallel stent graft
configurations in select patients. The included patients
provided written informed consent for the report of their
case details and imaging studies.

METHODS

Five patients with complex thoracoabdominal aortic
aneurysms and dissections involving zone 0-10 who un-
derwent complete endovascular zone 0-10 reconstruc-
tion using off-the-shelf stent grafts in parallel
configurations that included chimneys, periscopes, and
endovascular docking stations were retrospectively
analyzed.® All thoracic stent grafts were Gore TAG endo-
prostheses, the abdominal stent grafts were Excluder
endoprostheses, the innominate chimney stent grafts
were Excluder iliac limbs, and all other chimneys were
Viabahn endoprostheses (all from W.L Gore & Associates,
Flagstaff, AZ). All the patients were evaluated by multi-
disciplinary specialties, including cardiac and vascular
surgery, and were considered unfit for open surgical
repair because of either anatomic limitations or medical
comorbidities. All the patients were managed with a sin-
gle antiplatelet agent and underwent computed tomog-
raphy angiography (CTA) of the chest, abdomen, and
pelvis every 6 months.
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Fig 1. Viabahn chimney stent grafts extending from the
ascending thoracic aorta into the innominate artery, left
common carotid artery, and left subclavian artery. The
CcTAG thoracic stent graft proximal landing zone (yellow
arrow) is ~1 cm distal to the proximal chimney stent graft
landing zone (red arrow).

The zone 0-5 complete arch chimney thoracic endovas-
cular repair included femoral access for thoracic endo-
vascular aneurysm repair (TEVAR) and bilateral axillary
and left common carotid access for chimneys that
extended from the ascending thoracic aorta just distal
to the sinotubular junction to the innominate, left com-
mon carotid, and left subclavian arteries (Figs 1 and 2).
All zone 5-10 visceral chimney thoracoabdominal endo-
vascular repairs were staged to minimize spinal cord
ischemic complications. When using parallel stent graft
configurations, we generally oversize the main body
aortic stent grafts by 25% to 30%.

Stage 1 included creation of an endovascular docking
station. A thoracic stent graft was placed in the descend-
ing thoracic aorta with the distal landing zone several
centimeters above the level of the celiac artery. The
visceral chimneys were placed antegrade within the
thoracic stent graft lumen. The chimney stent graft over-
lap length was customized to allow for adequate overlap
within the thoracic stent graft, was two times the thoracic
stent graft diameter, and ended =3 cm short of the top
edge of the thoracic stent graft. In the present series,
the shortest antegrade visceral chimney length was
15 cm. The proximal thoracic stent graft collar beyond
the chimney stent grafts was used as the distal landing
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Fig 2. Completion arteriogram after zone 0-5 complete
arch chimney thoracic endovascular repair.

zone for zone 0-5 TEVAR. The visceral chimneys were rein-
forced with self-expanding stents and left unrestrained
(Fig 3). The chimney stent graft orientation was confirmed
via computed tomography before the stage 2 procedure.

Stage 2 included EVAR and a bridging stent graft that
connected the thoracic and abdominal stent grafts. Dur-
ing this stage, we routinely oriented all visceral chimneys
anteriorly or posteriorly to the bridging stent graft. We
attempted to confirm the orientation of all chimneys
was in either the anterior or posterior position, because,
in our experience, chimney to chimney opposition mini-
mizes the incidence of gutter endoleaks compared with
chimney to main body stent graft opposition. This was
accomplished using the technique of spinning and
advancing a pigtail catheter from the infrarenal aorta
into the thoracic aorta across the chimneys and then
advancing a Lunderquist stiff wire (Cook Medical Inc,
Bloomington, IN) through the pigtail catheter for
bridging stent graft delivery. With the patient in the su-
pine position, in the vast majority of cases, this technique
will allow the pigtail catheter to assume an anterior posi-
tion to all four chimney stent grafts. The subsequent
bridging stent graft will then be allowed to maintain an
anterior orientation, with the chimneys deflected to lie
posteriorly during thoracic device deployment. Although
it is also possible to maintain the orientation with these
positions reversed (chimneys anterior and the bridging
stent graft posterior), because the purpose of this tech-
nigue is to align the chimneys within the same plane
(Fig 4). A similar technique is used across the thoracic
arch (Fig 5).
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Fig 3. Main body docking station deployed in the
descending thoracic aorta several centimeters above the

celiac artery. The antegrade visceral chimneys are
deployed inside the thoracic stent graft, leaving a =3 cm
proximal thoracic stent graft collar to be used as the distal
landing zone of the zone 0-5 thoracic endovascular
aneurysm repair device.

For patients who required zone O-5 chimney TEVAR
first, antegrade visceral chimney placement via a
brachial approach was not technically feasible. In these
cases, all visceral chimneys were placed in a retrograde
“periscope” orientation. The zone 5-10 visceral chimney
thoracoabdominal endovascular repair was staged to
minimize spinal cord ischemic complications. Stage 1
included EVAR and retrograde visceral chimneys with
the proximal landing zone in the visceral arteries and
distal landing zones in the infrarenal aortic stent graft.
In the periscope orientation, the shortest chimney length
in this series was 10 cm. The chimneys were reinforced
with self-expanding stents and left unrestrained. Stage
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Fig 4. Postoperative computed tomography angiogram
indicating zone 5-10 chimney stent graft orientation.

2 included placement of the bridging stent graft con-
necting the thoracic and abdominal stent graft (Figs 6
and 7). All stage 2 procedures were performed with cere-
brospinal fluid (CSF) drainage.

A visual representation of a complete zone 0-10 aortic
endovascular reconstruction is provided in the
Supplementary Video (online only).

CASE SERIES

Patient 1. A 58-year-old man with Marfan syndrome
and prior ascending aortic repair for type A aortic
dissection (TAAD) presented with aortic arch rupture in
2007. He underwent emergent zone 0-5 TEVAR with an
innominate and a left common carotid artery chimney,
left carotid artery to subclavian artery bypass, and prox-
imal left subclavian artery embolization. No major post-
operative complications occurred. Follow-up CTA at 1
and 2 years revealed exclusion of the thoracic arch
aneurysm. In 2019, 12 years later, he presented with an
expanding 7.4-cm paravisceral thoracoabdominal aortic
aneurysm and underwent four-vessel retrograde chim-
ney thoracoabdominal aortic aneurysm repair with CSF
drainage. His postoperative course was unremarkable.
The 1-year follow-up CTA revealed a visceral chimney
gutter endoleak, and he underwent catheter-directed
coil embolization. In 2022, the patient died of septic
complications of pneumonia.

Patient 2. A 72-year-old man with home oxygen-
dependent chronic obstructive pulmonary disease, cor-
onary artery disease (CAD), and hypertension presented
with a 7.0-cm paravisceral aortic aneurysm and a 6.8-cm
thoracic arch aneurysm. He presented with unexplained
abdominal pain, and the abdominal aortic aneurysm
was tender to palpation. He underwent zone 5-10 four-
visceral chimney endovascular thoracoabdominal aortic
aneurysm repair with CSF drainage. During the next few
months, he underwent staged zone 0-5 TEVAR, with arch
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Fig 5. Postoperative computed tomography angiogram
indicating zone 0-5 chimney stent graft orientation.

chimneys to the innominate, left common carotid, and
left subclavian arteries. The procedure was performed
with CSF drainage. At the 2-year follow-up, he was noted
to have a visceral chimney gutter endoleak and under-
went translumbar catheter-directed embolization. At
year 9, the patient developed a recurrent gutter endo-
leak and underwent successful catheter-directed
embolization.

Patient 3. A 56-year-old woman with home oxygen-
dependent chronic obstructive pulmonary disease, Mar-
fan syndrome, and a prior ascending aortic repair for
TAAD presented with a thoracoabdominal aortic aneu-
rysm and dissection starting at the level of the arch and
extending up to the aortic bifurcation. The thoracic arch
aneurysm was 7.4 cm, and the paravisceral aortic aneu-
rysm was 6.6 cm. The arch dissection extended into the
innominate artery. On physical examination, the patient’s
aortic aneurysm was tender to palpation. She underwent
zone 0-5 TEVAR and chimney stent grafting to the
innominate, left common carotid, and left subclavian
arteries. The procedure was uneventful, and her
abdominal aortic tenderness resolved. The following
month, the patient underwent staged zone 5-10 four-
visceral retrograde chimney thoracoabdominal aortic
aneurysm repair with CSF drainage. The procedure was
uneventful. On the 6-month follow-up CTA, a significant
endoleak connecting the innominate artery dissection to
numerous lumbar arteries was noted. The patient had a
CSF drainage catheter placed and underwent trans-
lumbar catheter-directed endoleak embolization. The
procedure was uneventful, and she was discharged
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Fig 6. The bifurcated main body aortic stent graft is
deployed several centimeters below the renal arteries and
becomes the docking station for the retrograde chimney
stent grafts. The chimneys are positioned, extending from
the visceral arteries to the bifurcated aortic stent graft.
Additional thoracic endoprosthesis is positioned as a
bridging stent graft, which connects the distal zone 0-5
device to the proximal zone 5-10 device.

home. The 3-year follow-up CTA showed that the thor-
acoabdominal aortic aneurysm remained excluded, with
an incidental finding of celiac chimney stent graft oc-
clusion. The patient was asymptomatic.

Patient 4. A 68-year-old man with severe CAD (30%
ejection fraction), stage Ill chronic kidney disease, and
prior ascending thoracic aortic repair for TAAD presented
with a 6.5-cm arch pseudoaneurysm and dissection that
extended into the innominate artery and abdominal
aorta with a 7-cmm abdominal aortic aneurysm. He un-
derwent zone 5-10 four-visceral vessel chimney stent
graft placement and endovascular thoracoabdominal
aortic aneurysm repair with CSF drainage. The procedure
was uneventful. The following month, he underwent
zone 0-5 TEVAR and chimney stent grafting to the
innominate, left common carotid, and left subclavian
arteries, with CSF drainage. The procedure was un-
eventful. On the 6-month follow-up CTA, he was noted to
have a retrograde endoleak from the innominate
dissection and underwent transbrachial catheter-
directed endoleak embolization. The 4-year follow-up
CTA revealed a gutter endoleak, and he underwent
catheter-directed embolization. The 7-year follow-up
CTA revealed a small residual type Il endoleak without
a change in aneurysm size, and the patient received
conservative follow-up.
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Fig 7. Completion arteriogram after zone 5-10 complete
periscope abdominal aortic endovascular repair.

Patient 5. A 65-year-old woman with severe CAD and a
prior ascending thoracic aortic repair for TAAD presented
with aortic dissection across the arch that extended to
the aortic bifurcation into the right common iliac artery.
She had a 6-cm pseudoaneurysm at the arch. The
maximum thoracoabdominal aortic aneurysm size was
6.8 cm. The patient underwent zone 5-10 four-visceral
vessel chimney stent grafting and endovascular thor-
acoabdominal aortic aneurysm repair with CSF drainage.
The procedure was uneventful. Three months later, she
underwent zone 0-5 TEVAR and chimney stent grafting
to the innominate, left common carotid, and left sub-
clavian arteries, with CSF drainage. The procedure was
uneventful. On the 6-month follow-up CTA, the patient
had a small type Il lumbar endoleak without a change in
aneurysm size and received conservative follow-up.

RESULTS

During a 7-year period, five patients with a variety of
complex thoracoabdominal aortic pathologies pre-
sented with complex thoracoabdominal aortic dissec-
tions (N = 4; 80%) and aneurysms (n = 1; 20%) involving
zone 0-10. These patients presented with rupture (n = 1;
20%), were symptomatic (n = 2; 40%), or had an aortic
pseudoaneurysm (n = 2; 40%) and underwent complete
endovascular zone 0-10 reconstruction (Table 1). The
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Table I. Patient demographics

Male

Comorbidity

Hypertension

Smoker

Chronic renal insufficiency

Abdominal aortic aneurysm size, cm 7.0 £ 0.27

mean postoperative follow-up period was 4.5 + 31 years.
Two patients had Marfan syndrome, and both had previ-
ously undergone ascending thoracic aortic reconstruc-
tion for acute TAAD. One of these patients was
symptomatic, and the other had presented with rupture.
In total, the five patients underwent 15 aortic procedures,
including 34 chimneys (14 aortic arch and 20 visceral).
The 34 chimneys included 5 innominate chimneys, 5
left carotid artery chimneys, 4 left subclavian artery chim-
neys, 1 left carotid—subclavian bypass, 5 celiac artery
chimneys, 5 superior mesenteric artery chimneys, and
10 renal artery chimneys. The decision to perform zone
0-5 vs zone 5-10 aortic reconstruction was determined
by patient presentation and aortic morphology. Two pa-
tients (40%) underwent zone 0-5 aortic reconstruction
first, and three patients (60%) underwent zone 5-10
aortic reconstruction first. The technical success rate
was 100%. The mean interval between staged zone 5-
10 aortic reconstruction was 6 weeks, and all the unre-
strained chimney stent grafts maintained their orienta-
tion without migration between procedures.

On the first postoperative CTA, two endoleaks (40%)
were identified in zone 0-5 (two patients with aortic
arch dissection extending into the innominate arteries
had a retrograde innominate endoleak into the false
lumen) and two visceral chimney gutter endoleaks
(40%) were identified in zone 5-10. All four patients un-
derwent catheter-directed embolization (Fig 8). During
patient follow-up, three additional gutter endoleaks
were identified; all were treated with catheter-directed
embolization (Table II). Two patients had persistent
type Il residual endoleaks with no change in aneurysm
size, which were managed conservatively. In the present
patient cohort, for asymptomatic patients, we treated
gutter endoleaks that persisted for 6 months in non-
shrinking aneurysms. For symptomatic patients, we
treated gutter endoleaks when identified. None of the
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Fig 8. Translumbar catheter-directed embolization of an
endoleak after zone 0-10 reconstruction.

patients experienced major complications, including
stroke, spinal cord ischemia, bowel ischemia, renal fail-
ure, limb ischemia, or death. At a mean follow-up of
45 =+ 31 years, aortic reconstruction-related mortality
was 0%. All-cause mortality was 20%; one patient had
died of pneumonia at 3 years postoperatively. Chimney
occlusion was noted incidentally in one chimney (2.9%);
the patient was asymptomatic with celiac chimney
occlusion.

DISCUSSION

Our experience with the endovascular docking station
technique for staged complex aortic repairs originated
nearly one decade ago. The fenestrated stent grafts
currently available were not available then, and we did
not have access to an investigational device exemption
for physician-modified endografts with a fenestrated
design. We recognize that other devices and approaches
could also be used and that the present series was a
small case series of a select patient population. Therefore,
we remain guarded in drawing broad conclusions.
Others have described isolated repairs of arch, thora-
coabdominal, and aortoiliac aneurysms using a variety
of different parallel stent graft in a “sandwich” configura-
tion.>"® What is unique about our technique is that by
creating an endovascular docking station, for the first
time, we were able to stage zone 5-10 repair using paral-
lel stent grafts and prevent spinal cord ischemic compli-
cations. Furthermore, our endovascular docking station
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Table Il. Patient procedures and outcomes

Aortic aneurysm 1(20) 1(20)
Aortic dissection and aneurysm 4 (80) 4 (80)
Chimneys/periscopes 14 (41) 20 (59)
Initial endoleaks 2 (40) 2 (40)
Chimney stent graft occlusion 0 (0) 1(5)
Persistent endoleaks 1(20) 2 (40)
Postoperative complications
Cardiac 0 (0) 0 (0)
Cerebrovascular 0 (0) 0 (0)
Pulmonary 0 (0) 0 (0)
Renal 0 (0) 0 (0)
30-Day mortality 0 (0) 0 (0)

Data presented as number (%).

technique allows for zone 5-10 to be treated before treat-
ing zone 0O-5 and to preserve flow to the visceral vessels.
In the present report, we describe our approach and
experience with complete zone 0-10 endovascular aortic
reconstruction using off-the-shelf stent grafts in parallel
configuration using chimneys and an endovascular
docking station for complex thoracoabdominal aortic
aneurysms and dissections.

The evolution of endovascular techniques and technol-
ogy has encouraged their adoption in the management
of complex aortic dissections and aneurysms.®" Howev-
er, even today, a subset of patients will be considered un-
fit for surgery and refused repair or will not meet the
inclusion criteria for the currently available fenestrated
and branched stent grafts. Furthermore, contemporary
data on zone 0-5 TEVAR are evolving. A systematic re-
view of contemporary outcomes of endovascular zone
5-10 thoracoabdominal aortic reconstructions using
fenestrated and branched devices indicated rates of hos-
pital mortality of 7.4%, spinal cord ischemia of 13.5%, and
permanent paralysis of 5.2%.”'2"® We first reported our
experience with zone O triple arch chimney TEVAR using
a parallel stent graft configuration in 2014. A systematic
review of current data with a similar technique indicated
rates of procedure-related complications, chimney stent
graft patency, gutter endoleaks, mortality, and conver-
sion to open surgical repair of 6%, 99%, 11%, 4%, and
1%, respectively.>'? Similarly, our experience with zone
0-5 complete arch TEVAR using parallel stent graft con-
figurations has been promising, with low procedure-
related morbidity and mortality.

When treating select high-risk patients considered unfit
for surgery with complex zone 0-10 aortic dissections
and aneurysms, our approach has focused on patient
safety and procedure feasibility. Case planning includes
appropriate case selection and stent graft oversizing at
the proximal or distal fixation sites, and we anticipate
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the occurrence of gutter endoleaks. To minimize gutter
endoleaks, all arch chimneys and all visceral chimneys
are oriented anteriorly or posteriorly to the thoracic and
abdominal aortic stent graft. This technique allows for
better stent graft opposition when in parallel configura-
tion, and we believe it minimizes the incidence of gutter
endoleaks and chimney stent graft strictures and kinks.
Furthermore, it also allows for easier access to the gutter
endoleaks when embolization procedures are planned.
Additionally, this technique adopts the use of longer
visceral chimneys to allow for longer parallel stent graft
overlap zones and longer gutters. Pressure reduction
across thrombosed endoleaks channels is directly pro-
portional to the length of the endoleak channel and
inversely proportional to the diameter of the endoleak
channel.”” Longer gutter endoleaks when thrombosed,
with or without embolization procedures, likely result in
significant pressure reduction and are less likely to allow
aneurysm sac growth. Much has been reported on the
natural history of gutter endoleaks, and the data have
evolved with improved patient selection, stent graft
sizing and overlap, and technical ability.'® Ullery et al'® re-
ported their contemporary data, indicating that gutter
endoleaks can occur in 30% of patients, can be relatively
benign in many patients, and can spontaneous resolve in
as many as 44% at 6 months, 65% at 12 months, and 88%
at 18 months.

The endovascular docking station using a parallel stent
graft configuration allows for the staging of endovascular
zone 0-10 aortic reconstruction, which, in our experience,
allows for planning of the procedures in accordance with
patient aortic morphology and presentation. It provides
the ability to bridge the zone 0-5 thoracic stent grafts
to the zone 5-10 devices and to stage the endovascular
zone 5-10 reconstruction into two parts to minimize the
risk of spinal cord ischemia. In addition, the technical
simplicity of the procedure combats physician fatigue,
allows for a single visceral artery to be catheterized and
manipulated at a time, and allows for case planning
based on contrast usage for patients with chronic kidney
disease. There is also flexibility with the option to stage
visceral chimney placement, because it is not required
to place all four visceral chimneys in one procedure.

Based on current data, it is difficult to decipher whether
chimney orientation (antegrade chimneys vs retrograde
periscopes) affects patency.”* What we have learned is
that chimney orientation requires careful consideration,
particularly when the aorta is narrow (<30 mm) in zones
6 to 8, and chimney stent grafts likely have higher steno-
sis and occlusion rates if they have an acute angulation.
Using longer chimneys allows them to bend gradually
and avoids abrupt kinks. In patients with severe >60%
visceral osteal stenosis, we routinely use balloon-
expanding stents to treat the lesions before chimney
stent graft placement. Also, all Viabahn chimney stent
grafts are reinforced with self-expanding stents across
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the length of the chimney, which not only increases their
radial force, but also allows for a gradual bend. With our
adoption of these methods, we have had a low incidence
of chimney occlusion during long-term patient follow-
up.

Our technical approach to zone 0-10 aortic reconstruc-
tion included a standardized approach, as described in
the Methods section, which is especially important in
zone 5-10 reconstruction to build the endovascular dock-
ing station. The simplicity of this procedure only required
appropriately sized stent graft deployment in the mid to
distal thoracic aorta, transbrachial visceral artery cannu-
lation, and appropriately sized tubular chimney stent
graft deployment. Preoperative CTA-based visceral fenes-
tration and branch orientation were not needed. The
simplicity of the endovascular docking station included
the ability to modify the chimney and periscope config-
urations and stop at any step of the procedure, if needed.

CONCLUSIONS

Complete endovascular zone 0-10 aortic reconstruction
using parallel stent grafts with a docking station is a
feasible and safe technique that offers the ability to use
off-the-shelf stent graft devices to customize treatment
for high-risk patients in a staged manner with limited
morbidity and mortality. Although our experience has
been promising, for this approach to be useful in our
armamentarium of techniques, we will need further
studies across multiple centers and with larger patient
populations.
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