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Fig. 2. Distribution of stent-graft placement locations in 13 pa-
tients with BAIL See text for a detailed description of the place-
ment zones. Values are numbers (%) of patients. No stent-grafts
were placed in zone 3.

X

Fig. 3. CT and DSA images obtained from a patient who under-
went stent-graft treatment of aortic trauma. Preoperative and post-
operative CT images (left) show, respectively, a massive mediastinal
hematoma and complete resolution of the hematoma. Preoperative
and postoperative DSA images (right) show, respectively, the aortic
injury (white arrowheads) and complete exclusion of the pseudoan-
eurysm resulting from the injury. In this case, the LSA was simply
covered with a stent-graft, whereas the brachiocephalic (BCA) and
LCCA were well preserved by placement of a fenestrated stent-
graft. The LSA was seen by retrograde blood flow.

was development of a type Ia endoleak 7 months postopera-
tively in a 36-year-old patient in whom a nonfenestrated
stent-graft was placed from zone 2 to simply cover the LSA.
Complete exclusion of the aortic isthmus pseudoaneurysm
was observed on postoperative CT images, but adequate
conformation of the stent-graft to the inner curvature of the
native aortic arch was not achieved. The patient underwent
successful open repair and discharged home. However, the
patient died of massive hemoptysis in his home. Exact reason
of his sudden death was unclear because autopsy was not
allowed. Any other death or events have not been observed
during the follow-up periods.
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DISCUSSION

An increasing number of cases of BAI are being treated
with TEVAR.*? The early and mid-term results of this pro-
cedure are better than those of conventional open repair,” but
its long-term results remain unknown and some problems
specifically associated with TEVAR for BAI have been rec-
ognized. For example, because most BAIs, reportedly more
than 90%,' occur at the aortic isthmus, endovascular exclu-
sion of the pseudoaneurysm is highly challenging. This chal-
ienge may be further enhanced by the presence of an acutely
angulated distal aortic arch,* which is more likely to be
present in young patients.

BAI-specific TEVAR issues have generally been addressed
in one of two different ways. Previously, some authors reported
that the abdominal aortic components of endografts (main-body
extension cuffs) are suitable for BAI repairs in patients with
an aortic diameter of less than 23 mm or a small distal arch
curvature radius.” However, although the use of multiple
short extension cuffs may improve conformation to the distal
arch curvature, the procedure has some possible risks,'" in-
cluding component separation and type III endoleaks. Ac-
cording to the 2007 American Association for the Surgery of
Trauma report,” the relatively high rate (20%) of repair site com-
plications after TEVAR for BAT may have resulted from use of the
abdominal aortic cuff technique in early repairs. Currently, this
method is not commonly employed because of the availability of
commercially manufactured thoracic aortic endografis.

A more recently developed technique is extension of the
proximal landing zone toward the LCCA, without reconstruc-
tion of the LSA, by using commercial thoracic aortic
endografts.”® The goal of this procedure is to provide a
proximal landing zone that is long enough to prevent type Ia
endoleaks. However, simple coverage of the LSA is not
always safe because the vertebral artery, as a branch of the
LSA, sometimes has a critical role in the circulation to the
posterior cerebral lobe, brain stem, cerebellum, and spinc.12
Previously, we found that 2 of 31 patients (6.5%) were
adversely affected by an LSA balloon occlusion test.'* One
patient lost consciousness after several seconds after LSA
balloon occlusion, whereas the other had vertigo after several
minutes after LSA balloon occlusion. Although a 6.5% rate of
adverse effects might be considered negligible in the context
of the emergency situation characteristic of BAI, preservation
of the LSA is clearly preferable in all patients. Although we have
no experience of transcranial Doppler'” to decide whether or not
antegrade blood flow into the LSA is mandatory for the patients
whose LSA has to be covered during TEVAR, the evaluation
using transcranial Doppler might be helpful.

We think that a long, straight proximal landing zone is
the key to successful endovascular exclusion of pseudoaneu-
rysms resulting from BAI (Fig. 4). Moreover, even an acutely
angulated distal aortic arch has a relatively straight segment.
In the current series, we found that use of a fenestrated stent-
graft allowed the aortic arch to be used as the proximal landing
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Fig. & Two possible placements of a stent-graft for BAL If the
stent-graft is placed just distal of the LSA (left), there is a risk of
endoleak and graft collapse because of a lack of conformation to the
aortic arch (arrow). If the stent-graft is placed proximal of the LSA
(right), complete exclusion of a pseudoaneurysm can be expecied.
Referred with permission from Circulation Up-to-Date. 2008,
377-383.

zone, with preservation of the BCA and the LCCA. Regarding
a case of 36-year-old man who required open repair 7 months
after TEVAR, an acutely angulated distal aortic arch of the
patient was not appropriately assessed due to unavailabil-
ity of preoperative 3D-CT images. Nonfenestrated stent-
grafts (Gore TAG Thoracic Endoprosthesis, WL Gore &
Associates, Flagstaff, AZ) were used in the 140-patient series
of Bavaria et al.,'® who observed an endoleak rate of 11% in
patients in whom the devices were placed distal of zone 2
even though most subjects of the study consisted of athero-
sclerotic pathology which is supposed to have less-acutely
angulated distal aortic arch. Therefore, a reduction in en-
doleaks may require extending the proximal landing zone
more proximally from the LCCA. In patients with BAI,
whose conditions are critical, it may be preferable to accom-
plish this goal by using a fenestrated stent-graft, without
concomitant procedures such as head vessel debranching.
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DISCUSSION

Dr. Aurelio Rodriguez (Pittsburgh, Pennsylvania): In
order to place in perspective my two questions, allow me to
in tone with the political times, my initial comments will be
on experience, change. And I promise not to talk about the
“bridge to nowhere” or lipsticks.

Experience. I have no experience placing an endovascu-
lar stent. As a matter of fact, I never have seen one. However,
I have been personally involved in the repair of hundreds of
traumatic ruptured aortas in my 22 years in Shock Trauma in
Baltimore, MD.

I did it, not because I was good, but because the cardiac
surgeons in those days were not interested in repairing the aorta.
They were doing $30,000 a day. They weren't interested in an
aorta.

1 have suffering moments and glory moments, so I can
say that a stent is a gift; it came from heaven. It is a gift from
heaven, really, the stents.

The endovascular stents at the beginning, as you know,
they were placed. Every day they were placed in three cases
here, four cases in this hospital and the other hospital.
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They were removed because they were not approved.
They came back. And, yes, maybe there were occlusions of
the subclavian artery. Nobody talked very much about that.

So recently, the developments or the colleague from Japan
have demonstrated, that a stent is unique. And I think it will be
continually cvolving. Hopefully, in the future the stents will
replace almost all the repairs of traumatic ruptured aortas.

I have two questions. In the United States of America the
stents are placed in the majority, it is my understanding by the
vascular surgeons. I call it the SSS, the Secret Society of Stent.

Why do I call that? I called my vascular surgeon who
puts in the stents in my hospital. He refused to talk (o me. I
called the hospital surgeon who put in all the stents across the
river in the big university — your university.

He yelled at me and he screamed. He didn’t want to give
me information about it, so there is a lot of secrecy in this
stent. They all claim that they publish this in some obscure
journal. T never found it. Okay?

So who does the stents in Japan? The vascular surgeons?
The trauma surgeons? Like our President, who went to a
special course? Certainly, my hospital would not allow me to
put in stents, even if [ were to take a course. Okay? Who does
the stents in your hospital?

And the second question is, in the land of Japan, in the
land of gadgets, like Japan is, what percentage of traumatic
ruptured aortas are there that do not have open repair? And
what percentage are done with the stents?

The study, though, the review by Dr. Demetriades and in
only 24 trauma centers, he said that 65 percent of the United
States are done these days by stents.

Maybe it’s true. I hope it’s true. So what happens in
Japan? Thank you very much for the privilege. Bail me out.

Dr. L.D. Britt (Norfolk, Virginia): I must submit that
I'm violating one of the rules that I have put on mysell as
Program Chair never to comment during the scientific meet-
ing and to allow the members to comment.

But I would be remiss if T did not highlight this. Is there a
cohort of patients that benefit from inter-vascular stent? Yes. Is
there a standard of care today? No. I want to sprinkle some caution.

We still cannot really embrace the compliance problem.
Once you put in the stent you must follow these patients for life.
And it’s tough following trauma patients for life, Number 1.

Number 2, no one knows the durability of these grafts.
You put it in a young person and they might fray in 10 or 15
years. And should they fray and you have to replace it, it's no
sort of “walk in the park” to take these out and replace them.

Number 3, having just presided over the Hallstead Soci-
ety as President, there was a great paper presented where
they’re beginning to see paraplegia in the vascular stents.

And then my last comment — and I promise I won’t say
any more the rest of the meeting ~ but the vascular surgeons,
as my colleague has said, are doing most of these now
because they do catheter-based management.

The cardio-vascular surgeons are walking away from
even addressing this problem, which I think is a problem of
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biblical proportion. And I promise not to say any more so [
would love for my colleague to respond to this.

Dr. Yoshihko Kurimoto (Sapporo, Japan): Thank you
for questions. In Japan, aortic endovascular stent-grafting is
generally performed by a vascular surgeon.

I have a history, a ten-year history of vascular surgery
and now I’m working in the emergency department. So I take
care of aortic emergency stent grafting in our hospital,

In Japan, unfortunately we have no commercially-available
stent graft device, so probably I think that less than 10 percent
with blunt aortic injury are treated by endovascular therapy.

But I think Japanese physicians also follow the United
States’ experience. And I definitely agree that long-term
follow-up will be necessary for patients who underwent endo-
vascular therapy. Considering a long follow-up period and un-
known late complications, we have not performed stent-grafting
for young patients, except for in an extraordinary situation.

Saving lives is our priority. And not only to save the life,
but also, we want to provide a better quality of life for patients
with blunt aortic injuries. So I believe this less-invasive treat-
ment is preferable for trauma patient with blunt aortic injury.

And regarding paraplegia according to the many records
of endovascular therapy, paraplegia rate is much less in
endovascular therapy group so open repair is less useful in
terms of postoperative paraplegia. Thank you.

EDITORIAL COMMENT

Endovascular management (TEVAR) of traumatic rup-
ture of the descending thoracic aorta (TRA) seems to have
greater and greater acceptance compared with open repair, in
some instances as a temporizing measure.' Part of the reason
is that there is a perception that TEVAR is associated with a
reduction in mortality (particularly in more critically injured
patients) and neurologic injury.?

Apart from the concerns regarding lack of significant fol-
low-up data, the issues regarding risks of TEVAR are based on
the vagaries of a 2—-4 cm stretch of aorta, from the origin of the
left common carotid to just distal to the origin of the left sub-
clavian artery. Issues regarding diameter, degree of angulation,
ability to get apposition against the inner curve, “anomalous”
origin of the vertebral artery from the arch, and risk of posterior
stroke occasioned by subclavian occlusion interfering with ver-
tebral flow all have an impact on when to use TEVAR, what
type of device to use, and where to land it.*> Added to this are
differences at the extremes of age, with hyperdynamic but frag-
ile aortas in younger patients as opposed to stiffer, but more
atheromatous, vessels in older patients. The risk of stroke with
TEVAR is related to the degree to which posterior cerebral
circulation is dependant on left vertebral perfusion and the risk
of emboli or injury occasioned by wire or device manipulation in
the arch of the aorta. Late stroke may occur because of embo-
lism, particularly in settings when the origin of a great vessel is
partially crossed, but this is a theoretical risk because the inci-
dence of this has yet to be properly documented. In the majority
of younger patients, the risk of stroke is <1% and so if con-

Volume 66  Number 4

fronted with an immediate need to use TEVAR, and if the origin
of the left subclavian must be covered then this should be done.?
If 1t is felt that left subclavian perfusion must be maintained
(because of a patent mammary graft or risk of stroke), then
options include carotid-subclavian bypass or transposition, or
“kissing” stents placed via a brachial access.

A dreaded complication of TEVAR, particularly in
younger patients with trauma, is acute or delayed endograft
collapse and/or intimal tear leading to type A dissection or
free perforation.* The risks of these occurring are linked to a
combination of factors and include relative over sizing of the
device, vigorous ballooning, and/or lack of apposition along
the inner curvature. A number of approaches have been used
to reduce the risk of these complications, including using
smaller diameter and shorter “stacked” abdominal components,
developing curved devices, and/or using proximal bare exten-
sions to improve inner curve apposition. Using bare metal prox-
imal components in younger patients does raise the concern of
creating injury, although it has been used to treat stent collapse.

This preamble is necessary when considering the article by
Kurimoto and colleagues. The authors use anatomic-specific,
precurved, and shaped devices that they can prepare in a rela-
tively quick time frame. A requirement is that the patient be
completely stable. Their goal is to show that a device can be
made that can take into account the vagaries of the distal arch
and proximal descending aorta. They do use some bare ex-
tensions to help the device conform to the aortic curvature. In
addition, they describe a clinical test to determine the relative
risk of interfering with left vertebral perfusion. Thus, assum-
ing one agrees that in this subset of patients a TEVAR approach
is better than open repair, the authors have expanded the horizon
of device-specific changes that may increase the utility of
TEVAR by addressing the anatomic-specific concerns previ-
ously discussed. Finally, this group seems to have achieved a full
teamn, in which open and endovascular skill sets are combined
not only in the performance of the procedure, but in the most
critical aspect, the decision and planning stages.

Riyad Karmy-Jones, MD

Department of Thoracic Surgery

Southwest Washington Medical Center

Vancouver, WA
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Abstract

Simple coverage of the left subclavian artery (LSA) in thoracic endovascular aortic repair (TEVAR) is still a controversial procedure. We
present our modified strategy dealing with LSA in TEVAR. Hand-made stent grafts were placed more proximal beyond the LSA for 104
patients. In elective 76, preoperative LSA occlusion test was performed on 31 patients, and preoperative computed tomographic angiography
(CTA) of the vertebro-basilar artery was performed on the remaining 45. Head vessels were planned to be kept patent using fenestrated
stent grafts, if possible. Stent grafts were placed from zone 0 in 23, zone 1 in 39, and zone 2 in 42. The LSA occlusion tests revealed
harmful effects, such as loss of consciousness and vertigo in two out of 31 patients (6.5%). Vertebro-basilar arterial CTA revealed possible
risks, if LSA covered, in three out of 45 patients (6.7%). Fenestrated stent grafts could successfully preserve 131 head vessels, except for
one unintentional occlusion of the left carotid artery (0.75%). There was no LSA-related complication in any of the cases. A combination
of preoperative vertebro-basilar arterial CTA and fenestrated stent grafts is useful to avoid possible LSA-related complications in TEVAR.

© 2009 Published by Eurcpean Association for Cardio-Thoracic Surgery. All rights reserved.

Keywords: Stent graft; Left subclavian artery; Vertebral artery; CT angiography; Thoracic aorta

1. Introduction

One of the major limitations to expand the indication of
thoracic endovascular aortic repair (TEVAR) is an inade-
quate length of proximal landing zones because of clinically
important head vessels branched from the aortic arch.
Because of the unavailability of a commercial device with
a fenestration or a branch to keep the head vessels patent
after TEVAR, proximal extension of a proximat landing zone
has been achieved by a simple coverage of the left subcla-
vian artery (LSA) or revascularization of LSA using LSA
bypass-grafting or transposition.

A recent review of TEVAR in which a stent graft was
placed from zone 2 reported that revascularization of LSA
should be recommended [1]. Although it is well recognized
that possible risks following a simple coverage of LSA in
TEVAR can be largely prevented by concomitant LSA revas-
cutarization [2], we still need to seek an even less-invasive
treatment.

2. Material and methods

We began TEVAR by using a hand-made stent graft placed
more proximal beyond the LSA (zone 2 [3]) from October

* Presented at the 22nd Annual Meeting of the European Association for
Cardio-thoracic Surgery, Lisbon, Portugal, September 14-17, 2008.

*Corresponding author. Tel.: +81-11-611-2111 (ext 3713); fax: +81-11-
611-4963.

E-mail address: kurimoto@sapmed.ac.jp (Y. Kurimoto).

© 2009 Published by European Association for Cardio-Thoracic Surgery

2001. By March 2008, 104 patients underwent TEVAR for
distal aortic arch pathology. In elective cases, preoperative
assessments were performed to evaluate an influence of
possible coverage of LSA. In emergency cases, preoperative
evaluation regarding possible LSA coverage was not carried
out even if LSA was covered or could be preserved by a
fenestrated stent graft.

Until April 2005, preoperative LSA balloon occlusion tests
were conducted in cases in which there was a possibility
that LSA was covered by a stent graft in elective TEVAR.
Since May 2005, preoperative computed tomographic angio-
graphy (CTA) of the vertebro-basilar artery has been chosen
as an initial screening to predict possible complications if
LSA is simply covered. Therefore, a preoperative LSA occlu-
sion test has been considered only for the cases in which
preoperative CTA of the vertebro-basilar artery suggests
possible complications if LSA is simply covered. The indi-
cation of TEVAR for distal aortic arch pathology is that a
proximal end of the diseased aortic segment is >15 mm
away from the left common carotid artery (LCC) and that
a diameter of a proximal landing zone, the aortic arch, is
<37 mm (Fig. 1).

The stent graft was custom-made and reconstructed by
suturing graft material (Ube Corp, Ube, Japan) to an
endoskeleton of Gianturco Z stents (Cook Inc, Bloomington,
IN). Z-stents were attached to each other using stainltess
steel wires with solder, leaving spaces of 8-15 mm between
stents so as to fit the configuration of the distal aortic arch

Downloaded from icvts.ctsnetjournals.org by on April 8, 2010
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Fig. 1. Schema of distal aortic arch aneurysm. The indication of thoracic
endovascular aortic repair is that a diameter of a proximal {anding zone is
<37 mm @ and that a proximal end of the diseased aortic segment is
>15 mm away from the left common carotid artery @

based on CTA images. A procedure of TEVAR in our institute
was previously reported [13]. In cases in which LSA was
located >15 mm away from the diseased aortic segment,
LSA was kept patent using a fenestrated stent graft (Fig.
2). In cases in which the proximal edge of the diseased
aortic segment or primary entry was located fewer than
15 mm away from LSA or in which LSA was involved in the
aortic aneurysm, LSA was covered by a stent graft. LSA
revascularization was considered if preoperative evaluation
suggested a possible risk of neurological complications
following a LSA simple coverage. When type |l endoleak
from LSA was preoperatively expected or seen in digital
subtracted angiography (DSA) following stent-graft deploy-
ment, LSA was occluded using coil or a stent graft with one
end stitched up before or after aortic stent-graft
deployment.

Fig. 2. A hand-made fenestrated stent graft. A proximal roof of a stent graft
is fenestrated (white arrow) to preserve head vessels. A wire ring (black
arrow) prevents distal migration of the device during stent-graft deployment.
in a case of aortic dissection, a stent graft is often tapered to fit a size of a
true lumen, A stent graft is custom-made to fit the distal aortic arch.

A procedure of LSA occlusion test was previously reported
{13]. Briefly, during balloon occlusion of LSA for 20 min,
neurological tests, including a finger-to-nose test were
repeatedly performed to reveal possible adverse effects,
such as cerebellar, brain stem, spinal cord or left arm
ischemia.

A case in which the right or left vertebral artery (VA)
measured above the posterior inferior cerebellar artery
(PICA) was hypoplastic (Fig. 3), or in which the right VA
was terminated (Fig. 4) or stenotic (Fig. 5), was considered
to have the possibility of neurological complications if LSA
is simply covered. In such a case, preoperative LSA balloon
occlusion test or LSA revascularization was planned on the
same day of TEVAR.

3. Results

In 76 elective cases out of 104 subjects, preoperative LSA
occlusion tests were conducted on 31 and preoperative CTA
of the vertebro-basilar artery was performed on 45. In 28
emergency cases (26.9%), preoperative evaluations regard-
ing an influence of LSA coverage were not carried out
regardless if LSA was covered or could be preserved by a
fenestrated stent graft. The patients, aged 17-94 years
(mean 70.2), consisted of 84 males (80.8%) and 20 females.

Fig. 3. Computed tomographic angiography (CTA) images. CTA of the verte-
bro-basilar artery revealed hypoplastic right vertebral artery (white arrow)
(upper). A fenestrated stent graft well preserved antegrade blood flow into
the left subclavian artery as well as the left common carotid artery (lower).
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Fig. 4. CTA images. CTA of the vertebro-basilar artery suggested terminated
right VA (upper). A fenestrated stent graft well preserved antegrade blood
flow into LSA as well as LCC (lower). Lt. VA, left vertebral artery; BA, basilar
artery.

Distal aortic arch pathology consisted of degenerative thor-
acic aortic aneurysm in 55 (52.9%), type B aortic dissection
in 20 (19.2%), thoracic aortic pseudoaneurysm in 28 (26.9%)
and inflammatory thoracic aortic aneurysm in one (Table
1.

Stent grafts were placed from zone 0 in 23 patients
(22.1%), zone 1 in 39 (37.5%), and zone 2 in 42 (40.4%)
(Fig. 6). LSA was preserved by a fenestrated stent graft in
53 patients (51.0%) and revascularized by axillo-axillary
bypass-grafting in 8 (7.7%) due to LSA occlusion tests being
positive in two, patent left internal thoracic artery (LITA)
graft in two and patient’s discretion in four. LSA was simply
covered by a stent graft in the remaining 43 patients
(41.3%). Fenestrated stent grafts could successfully pre-
serve 131 head vessels, except for one unintentional occlu-
sion of LCC (0.75%). Fortunately, no neurological
complication was observed in this 75-year-old man who
additionally underwent LCC bypass-grafting following unin-
tentional coverage of LCC.

LSA occlusion tests revealed harmful effects in two out of
31 patients (6.5%). A 71-year-old man lost consciousness
several seconds after LSA occlusion. As soon as the occlusion
balloon was deflated, his consciousness returned. A 76-

Fig. 5. CTA and CT images. CTA of the vertebral artery revealed stenotic
orifice (white circle) of right VA (upper). A fenestrated stent graft well pre-
served antegrade blood flow into LSA as well as LCC (lower). Postoperative
CTA shows complete thrombo-occlusion of distal aortic arch aneurysm (lower,
white arrow). Lt. VA, left vertebral artery.

year-old woman complained of vertigo a few minutes after
LSA occlusion. LSA could not be preserved by a fenestrated
stent graft due to a lack of distance between LSA and the
diseased aortic segment in both cases. TEVAR was per-
formed on these patients following concomitant axillo-
axillary bypass-grafting.

CTA of the vertebro-basilar artery revealed possible risks,
if LSA covered, in three out of 45 patients (6.7%). A 76-
year-old woman with a hypoplastic right VA underwent
TEVAR from zone 1 using a fenestrated stent graft (Fig. 3).

Table 1
Patient characteristics (n=104)

Age (years) 70.2+13.6 (17-94)

Male 84 (80.8%)
Pathology
Degenerative aortic aneurysm 55 (52.9%)
Aortic dissection-retated 20 (19.2%)
Pseudoaneurysm 28 (26.9%)
Blunt aortic injury 12
Ruptured degenerative 7
Ruptured aortic dissection 3
Anastomotic 6
Inflammatory 1(1.0%)
Emergency 28 (26.9%)

Downloaded from icvts.ctsnetjournals.org by on April 8, 2010



Y. Kurimoto et al. / Interactive CardioVascular and Thoracic Surgery 8 (2009) 548-552 551

Zone 1 Zone 2
39 (37.5%) 42 (40.4%)
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23 (22.1%) Zone 3

Th 4412

Fig. 6. Zone classification of a stent graft deployed from the aortic arch {3].

A 75-year-old woman with a terminated right VA underwent
TEVAR using a fenestrated stent graft to preserve LSA
although a preoperative LSA occlusion test was negative
(Fig. 4). Finally, a 74-year-old man with a stenotic orifice
of right VA underwent TEVAR using a fenestrated stent graft
to preserve LSA without a preoperative LSA occlusion test
(Fig. 5).

There was no LSA-related complication in any of the
cases. Postoperative neurological complications included
strokes in five patients (4.9%) and spinal cord ischemia in
three (2.9%). Among five patients who suffered from
strokes as an operative complication, two were treated
using a fenestrated stent graft from zone 2 and 0 preserving
LSA. The remaining stroke-complicated three patients were
treated using a fenestrated stent graft preserving the
brachio-cephalic artery (BCA) and LCC, but covering LSA.
One of these patients suffered a stroke in the left VA
region, but this was due to an embolism, not by LSA
coverage. Delayed paraplegia was observed in two emer-
gency rupture cases in which LSA could not be preserved
due to the location of the aneurysm, and in one elective
case which LSA was preoperatively occluded.

Two patients died due to an aortic aneurysm rupture or
acute myocardial infarction in 76 elective cases (early
mortality rate, 2.6%) and six patients in 28 emergency
cases (21.4%). Excluding these early-death patients, 92
patients (95.8%) could be interviewed about post-TEVAR
course, at least six months after operation by telephone or
at out-patient clinic. We could not follow one patient until
six months after TEVAR due to an unknown reason. Two
patients underwent removal of stent grafts and open repair
of thoracic aortic diseases three months and four months
after TEVAR. One patient died due to cerebral hemorrhage
five months after TEVAR. None of the patients, including
43 patients whose LSA was simply covered by a stent graft,

have undergone any intervention to restore the blood flow
into LSA in the follow-up periods.

4, Discussion

Previously, intentional occlusion of LSA was widely accept-
ed in cases in which a proximal landing zone was too short
to exclude distal aortic arch aneurysm in TEVAR [4,5].
However, it is obvious that LSA is anatomically important
for some patients. A super-dominant or single left VA or VA
that ends in PICA could be considered important anatomy,
as could contralateral subclavian arterial disease. This
anatomy would be particularly important in the presence
of a circle of Willis that is incomplete, reportedly as high
as 42.4% [6]. In another example, LSA is also very important
for patients with previous coronary artery bypass-grafting
with use of LITA. Although left arm ischemia immediately
after LSA occlusion is very rare {7] and revascularization of
intentionally occluded LSA was reported mainly in the
follow-up periods [5], brain stem ischemia and paraplegia
as complications following TEVAR [5,8] are different stories,
which means these are too late to be treated at the time
of diagnosis. According to a report [9] in which the anatomy
of the cerebral arteries in 92 forensic medicine autopsies
was assessed, the right VA measured above PICA was hypo-
plastic in 8.7% and the left VA in 7.6%. The right VA
terminated to PICA in 3.3%. In 56.5%, either the left or
right posterior communicating artery (PComA) was hypo-
plastic (or absent) and in 7.6%, both PComAs were absent.
The authors concluded that there was a substantial risk of
neurological complication following a simple coverage of
LSA in TEVAR in 5.4% of the cases. This study indicates not
only that there is a 5.4% risk following a simple coverage
of LSA, but also that >90% of patients do not need LSA
revascularization as an additional procedure in TEVAR.

As recent reports recommended [1,2], LSA revasculariza-
tion is the easiest way to prevent LSA-coverage-related
complications. However, LSA revascularization itself also
has potential complications, such as vocal cord palsy, spinal
cord ischemia, and a chance of infection [10]. Even LSA
revascularization alone has a mortality rate of 2.6% [11].
Therefore, we believe that LSA revascularization should
also be performed by endovascular techniques, such as a
branched {12] or a fenestrated stent graft [13], if possible.
Although a fenestrated stent graft cannot allow LSA revas-
cularization for distal aortic arch aneurysm involving LSA,
zone 2 cases can be treated using a fenestrated stent graft
preserving LSA.

Although the report dealing with the subjects distal from
zone 3 showed stroke rates of 2.2% [14], the report dealing
with only zone 2 cases showed a rate as high as 8.6% [15],
which was reported not to be related to LSA coverage. It
seems obvious that more proximal stent-graft placement is
related to a high incident rate of stroke. In our experience
of 270 TEVAR by March 2008, there was only one patient
(0.6%) who showed stroke symptoms following TEVAR in the
group of zone 3 or more distal (n=166). However, the
stroke incident rate was 4.8% as presented in this study.
The prevention of strokes must be one of the important
points to extend the indication of TEVAR for distal aortic
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arch pathology. Spinal cord ischemia also happened in our
subjects much like other reports, for example, often in
emergency cases. We agree that unprotected LSA coverage
increases an incident rate of spinal cord ischemia in TEVAR
[2]. Despite two emergency rupture cases, an incident rate
of spinal cord ischemia in 76 elective cases was 1.3%, which
might mean that spinal cord ischemia does not happen
frequently compared to strokes in TEVAR for distal aortic
arch pathology.

In conclusion, a combination of preoperative vertebro-
basilar arterial computed tomographic angiography and
fenestrated stent grafts is useful to avoid possible LSA-
related complications in thoracic endovascular aortic
repair.
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Conference discussion

Dr. B. Zipfel (Berlin, Germany): | wish to congratulate Dr. Kurimoto and
his cotleagues on their contribution to the problem how to manage the left
subclavian artery when it has to be occluded by the stent graft. This
remarkable series has good results of stent grafting in distal aortic arch
disease.

Dr. Kurimoto and his colleagues were able to preserve the LSA in many
cases, and in many cases, also more proximal head vessels by using
handmade stent grafts with a scallop fenestration at the proximal end.

in elective cases the authors used an LSA balloon occlusion test to evaluate
the cerebral perfusion dependent on patency of the LSA. This procedure
was obviously abandoned after computer tomography angiography provided
exact anatomical information on the vertebrobasilar artery. Only in cases of
known anomalies or stenosis they performed additionally the occlusion test.

Using this policy, in 51% of the patients, the LSA perfusion was preserved
by the scallop fenestration and an additional 7.7% with an axio-axillary
bypass. In 43% of the patients, the LSA was simply covered with the stent
graft, Eight neurological events, five strokes and three spinal cord ischemias
are reported. Remarkably six of these events occurred in patients after
simple coverage of the LSA,

This is basically the same experience we made. We use a little bit different
approach because we are not so confident in fenestrated stent grafts. We
use straight stent grafts, and in doubt we perform more general surgical
revascularization using extrathoracic left carotid-subclavian bypass.

Now, this is my first question. After simple coverage of the LSA, 6 of 43
patients developed neurological complications that may be related to the
LSA occlusion despite sophisticated preoperative workup of the vertebral
circutation. How reliable is the batloon occlusion test of the LSA at rest in
the cath lab, even if it is restricted to patients with identified abnormalities
in the vertebral circulation? Don’t you think that transcranial Doppler
sonography might provide additional information?

Dr. Kurimoto: You are talking about the two cases of positive by occlusion
test?

Dr. Zipfel: My question is whether this test is really reliable to identify
potential problems from the LSA circulation, whether you should use addi-
tional information like a Doppler sonography.

Dr. Kurimoto: Yes. | really believe the occlusion test is reliable to predict
the serious neurological complication. But occlusion test cannot predict
possible delayed spinal cord ischemia or delayed ctaudication of the left
arm.

But, yes, really critical neurological complications I think is very impertant
to predict preoperativety.

Dr. Zipfel: You used stent grafts with a proximal scallop fenestration in a
significant part of your distal aortic arch implantations. What is your
experience in sealing of these grafts at the proximal end? How many Type |
endoleaks did you experience?

Dr. Kurimoto: Endoleak?

Dr. Zipfel: Yes.

Dr. Kurimoto: it is one of the major concerns, but we experienced probably
15% of Type | endoleak. But only less than 5 patients underwent open
conversign. Just we observed the size of aneurysm. If aneurysm size is
increasing, we suggest the patient undergo open conversion.

Dr. E. Saadi (Porto Alegre, Brazil): When you cover the left subclavian
artery, you may have Type Il endoleak by retrograde flow. Did you have any
in your experience, and if yes, how did you treat it?

Dr. Kurimoto: If the left subclavian artery is branched from aneurysm, it
is definitely necessary to embolize using the coil or something else.

But if the left subclavian artery is branched from normal arch wall, it isn’t
necessary to coil-embolize because the stent graft completely seals the left
subclavian artery root.

So we don’t see any Type H endoleak if the left subclavian artery branched
from normal wall.
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Figure 1 Identification of the artery of Adamkiewicz in a patient with thoracic aortic aneurysm.
A: Oblique coronal multiplanar reformation (MPR) image {rom CTA shows the artery of Adamkiewicz

(arrow). This artery has a characteristic hairpin turn connection with the anterior spinal artery.

B: Obligue coronal MPR image from MRA shows the artery of Adamkiewicz (arrow).

C: Curved planar reformation (CPR) image from CTA shows continuity of the aorta, left 9th intercostal
artery, radiculomedullary artery, the artery of Adamkiwicz (arrow), and anterior spinal artery.

D: CPR image from MRA shows the entire sequence from the aorta to the artery of Adamkiewicz (arrow)

and anterior spinal artery.

E: Three-dimensional volume-rendered (VR) image from CTA, displayed with a semitransparent skeletal

system and aorta. Arrow indicates the artery of Adamkiewicz.
T9: 9th thoracic vertebra, TAA: thoracic aortic aneurysm

Table 1 Detection rates for the artery of Adamkiewicz by CTA

No. No. Slice thickness Detection rate (%) Detection rate (%)
of patients of detector rows (mm) by hairpin tumn by continuity
Takase K et al, 2002" 70 4 2 90 29
Yoshioka K et al, 2003 30 4 1 80 50
Yoshioka K et al, 2006 30 16 0.5 83 60
Utsunomiya D et al, 2008” 20 64 0.5 80 50

Table 2 Detection rates for the artery of Adamkiewicz by MRA

No. of paticnts Method Detecpon Ra}e (%) Detection Ratfz (%)
by multiphase imaging by continuity
Yamada N et al, 20007 26 Time-resolved MRA 69 —
Hyodoh H et al, 2005'" 50 Time-resolved MRA 84 —
Yoshioka X et al, 2003" 30 High Spatial Resolution MRA —_ 57
Yoshioka K et al, 2006” 30 High Spatial Resolution MRA — 80
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New developments in CT angiography (CTA) and MR angiography (MR A) enable non-invasive diagnosis of the artery
of Adamkiewicz. It is very important to differentiate the artery of Adamkiewicz from the anterior radiculomedullary vein

in both CTA and MRA.

CTA is suitable for three-dimensional demonstration and visualization of the collateral circulation to the artery of

Adamkiewicz.

MRA is superior for depiction of the artery of Adamkiewicz when it arises from false lumen of a dissecting aortic

aneurysm.
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Development of an Image-based Navigation System to Improve the Safety and the Reliability
for Aortic Vascular Surgery

Miyuki Uematsu''?, Yoshitaka Nakano**, Kodai Matsukawa >,

Ryuhei Utsunomiya’>?, Ryoichi Nakamura>*, Yoshihiro Muragaki >**,

Hiroshi Iseki >* ’6, Shigeyuki Aomi%’ , and Mitsuo Umezu >

Abstract -—- To facilitate the accurate orientation of the surgical fields, we had developed a
Multidimensional CT-based navigation system and clinically applied in thoraceabdominal aortic
aneurysm repair with selective reconstruction of Adamkiewicz artery. Thirty patients who had
thoracoabdominal aortic aneurysm were studied using Multidimensional CT imaging to identify
their Adamkiewicz artery preoperatively. During navigation, the pointer location was measured
by the sensor in the surgical field, and simultaneously, anatomical structures were visualized by
the three-dimensional images. Then the position of the targeted intercostal arteries were
successfully found in the real field, the targeted arteries and major visceral arteries were
reconstructed. Hospital deaths were one patient and there was no paraplegia. A new navigation
system was effective to improve an accurate orientation. Our clinical experiences exhibited that
this system for thoracoabdominal aortic aneurysm repair provides a safe and effective surgery.

Keywords: aortic vascular surgery, surgical navigation system, three-dimensional imaging
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Fig.8 Registration Errors (Partial) in relation to a base point
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Fig.9 Registration Errors (Partial) in relation to number order



