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distal perfusion under open aneurysms this method is very
useful to prevent spinal cord ischemia.

We believe that selective spinal perfusion for spinal cord
protection is a similarly effective method as in many
operative repairs of the aortic arch. The principle is simitar
to selective cerebral perfusion for brain protection.

5. Conclusion

Selective spinal perfusion maintains the total blood flow
quantity in the spinal cord and is very useful for reducing
the incidence of ischemic injury of the spinal cord during
operation.
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Conference discussion

Dr. D. Pacrm (Bologna Italy): Thoracic and thoras;eab wpnal aortic

complications. Muttiple factors contribute
principal one is represented by the tempg,
blood supply to the spinal cord.
Efforts to reduce the risk of ischeg
ately focused targely on mtraoper
perfusion strategies r
to partial left heart

juries have appropri-
proaches. Alternative

although not all, autho®
Moreover, monitoring

postoperative paraparesis and paraplegia
imately 3-15% in recent series.

ibed the experience with thoracic and thoracoab-
repair with the aid of cardiopulmonary bypass.

he spinal cord blood supply was guaranteed during cross-
Serfusion of the intercostal arteries. A mean of 2.3 intercostal
% perfused in each patient. The resutts were excellent without
or any spinal cord injury. | totally agree with the authors’
sion that perfusion of the spinal cord should be considered similarly
ffective as cerebral perfusion during aortic arch surgery. And in this way
pinal cord ischemia is considerably reduced during the operation.

An important finding of the study was that the Adamkiewicz artery was
preoperatively detected in 87% of the patients with CT or MRI. And so this
is my first question. Could you tell us just a little bit more about the
technical aspect. How were you able to detect this artery before operation?

Dr. Kawaharada: We believe that no single artery is so important in many
patients, but rather it is important for patients that the total amount of
blood flow through all intercostal arteries or vertebral arteries from the
subclavian artery or pelvic vascular plexus determines adequacy of spinal
cord perfusion during operation.

But a few patients depend on one important intercestal artery to the
Adamkiewicz artery for the total amount of blood flow to the spinal cord.
We try to detect these intercostal arteries for Adamkiewicz artery in
preoperative examination, CT or MRI. Our process is to perfuse intercostat
arteries, this critical artery, and next to its upper intercostal artery and
lower intercostal artery on the same side. If we have no information
preoperatively to detect these Adamkiewicz arteries, we will have scheduled
reconstruction of intercostal arteries at Th9, 10, 11, which may need
perfusion.

Dr. Pacini: And my second question addresses cerebrospinal fluid drainage
that was not used in all patients. So in which patients do you recommend
it? And additionally, there is some controversy with the use of CSF drainage
in fully heparinized patients. Could you elaborate this concept?

Dr. Kawaharada: The CSF drainage, our patients had inserted the day
before the operation day. | think this CSF drainage may be very useful. We
don’t think it is a problem to insert the CSF drainage.

Dr. Pacini: But you use it only in 10 patients. So what are your current
indications for using it? Because you didn’t use the drainage in all patients.

Dr. Kawaharada: We try to insert CSF drainage tube in all thoracoabdom-
inal aneurysm patients. But we could not insert in some patients because of
deformity of vertebral body.

Dr. Pacini: 50 you recommend its use in all patients?

Dr. Kawaharada: Yes.

Dr. Pacini: And finally, | noticed that in five patients you performed an
open proximal anastomosis that of course required deep hypothermic cir-
culatory arrest, but you did not mention anything about temperature. So
what degree of hypothermia have you used in case of circulatory arrest,
and also in the other cases?

Dr. Kawaharada: | usually operated the thoracoabdominal aneurysm
repairs under the normal body temperature. But in five cases in this series,
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| operated open proximal anastomosis under deep hypothermic circulatory
arrest. That temperature is about 20°. When | finished the open proximal
anastomosis, we recovered the normal body temperature to the patient.

Dr. Pacini: So if you are able to perform the proximal anastomosis during
clamping, you don’t cool the patient: do | understand right?

Dr. Kawaharada: Yes, when | do not use open proximal anastomosis, |
usuatly operate under normothermia.

Dr. J. Bachet (Abu Dhabi, United Arab Emlrates) 'm a little intrigued by
a few features. First of all, half of your patients had a replacement of the
descending aorta and not of the thoracoabdominal aorta. We know that
patients with replacement of the descending aorta alone are not very prone
to spinal cord ischemia. The attrition rate is rather low.

But more importantly, your study relied on the old vision that the most
important thing is the anatomical vascularization. We know now after the
work by Griepp and his group that the physiologic view, that is, the pattern
of the collateral network, may be much more important.

| used to belong to a group that was assessing the Adamkiewicz artery
before surgery. And it happened that it was useless. First of all, because

when we opened the aorta in the operating theater, often we could not
decide exactly which was the right artery that we had seen in radiology
before surgery; secondly, because the results were exactly the same,
whether we had assessed the Adamkiewicz artery or not.

So to make it short, my question is: do you really think that the important
thing here was to perfuse the intercostal arteries or just to occlude them
to prevent backflow and steal syndrome from the spi

Dr. Kawaharada: This intercostal arteries perfusion®
as distal perfusion procedure. Therefore to perfuse
under open aneurysm is same condition as dista

the total blood flow to the spinal cor
blood pressure due to intercostal arte

stopping back-bleeding
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Purpose: We evaluated the efficacy of magnetic resonance angiography (MRA) for de-
tecting the artery of Adamkiewicz (AKA) and the vertebral level of its feeding arteries
branching from the aorta.

Materials and Methods: Eighty-two patients (67 men, 15 women; aged 34 to 86 years,
mean age 68.6 years) with thoracic descending and thoracoabdominal aortic lesions
(aneurysm in 55, dissection in 25, coarctation in 2) underwent MRA to detect AKA. MRA
was performed using 6-phase, dynamic-enhanced, 3-dimensional, fast spoiled gradient re-
called acquisition in steady state (GRASS) on a 1.5-tesla (T) system, with double-dose bo-
lus contrast injection. The vertebral levels of AKA branching and the AKA feeder artery
branching from the aorta were determined.

Results: The AKA was detected in 67 patients (81.7%). Branching of AKA occurred at
levels T7 to T12 on the left side (n =52) and on the right (n=15). Vascular continuity from
the aorta to the anterior spinal artery was demonstrated in 55 patients (67.1%). Comparing
the vertebral level of arterial branching from the aorta to that of the AKA at the interver-
tebral foramen, the AKA branched at the same vertebral level in 44 patients (80.0%), one
vertebral level above/below in 10 (18.2%), and 2 vertebral levels above in one (1.8%).

Conclusion: MRA can be useful in the preoperative work-up of patients with thoracoab-
dominal aortic lesions to localize AKA and the segmental trajectories of vessels supplying
blood to the AKA.

Keywords: aortic aneurysm, aortic dissection, artery of Adamkiewicz, MR angiography

(MRA), surgery

Introduction

Postoperative paraplegia/paraparesis is a serious
complication of reconstructive surgery for thoracic
descending and thoracoabdominal aortic lesions,
i.e., aneurysm, dissection, or coarctation. The ma-
jor cause of spinal complication is thought to be
spinal cord ischemia during and/or after the proce-
dure. Owing to advances in anesthetic and surgical
techniques, the frequency of severe neurologic
complications has declined, but the rate of post-
operative spinal complication remains high, in the
range of 5 to 10%.'* Maintaining blood supply to

*Corresponding author, Phone: +81-11-611-2111, FAX: + 81-
11-613-9920, E-mail: hyodoh@sapmed.ac.jp

the spinal cord is thought to be a key factor in
reducing the risk of spinal complications. Recent
studies have reported that the rate of spinal cord
ischemia was significantly decreased in patients
who underwent successful preoperative identifica-
tion of the artery of Adamkiewicz (also known as
the great anterior radiculomedullary artery and the
dominant arterial feeder of the spinal cord) com-
pared to patients in whom this artery was not iden-
tified.*?

Greenberg’s group reported on neurologic deficit
caused by spinal cord ischemia in 3 of 25 patients
(12%) undergoing endovascular thoracoabdominal
aneurysm repair, with long-segment thoracic aortic
coverage found to be a significant risk factor in
predicting clinically evident spinal cord ischemia.®
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It has been suggested that reattachment of the in-
tercostal arteries during repair of the descending
thoracic or thoracoabdominal aorta could mini-
mize the occurrence of such complications.” Be-
fore reconstructive aortic surgery, knowledge of
the branching level of the intercostal artery from
which the artery of Adamkiewicz originates would
be useful in preventing neurologic complications.
Therefore, we prospectively evaluated detection of
the artery of Adamkiewicz’ by MR angiography
(MRA) that included an additional scan that visual-
ized the aorta to determine the vertebral level of
feeding arteries branching off from the aorta and
the branching trajectory to the anterior spinal ar-
tery.

Materials and Methods

Patient population

This study was approved by the institutional rev-
iew board. All patients who participated provided
written informed consent.

From March 2006 through May 2008, 82 patients
(67 men, 15 women; aged 34 to 86 years, mean age,
68.6 years) underwent MRA to detect the artery of
Adamkiewicz. Patients included 55 with thoraco-
abdominal aortic aneurysm (Crawford type I, 26 pa-
tients; II, 3 patients; III, 3 patients; IV, 2 patients;
and arch, 21 patients), 25 with thoracoabdominal
aortic dissection (DeBakey type I, 3 patients; II,
0 patients; IIla, 5 patients; and IIIb, 17 patients),
and 2 with coarctation.

MRA protocol

MRA was performed with a 1.5T system (Signa
Infinity Excite; GE Medical Systems, Milwaukee,
WI, USA). Because reconstruction of the radicu-
lomedullary artery is considered an essential part of
aortic graft implantation at our institution, a 24-cm
field of view (FOV) from above the second lumbar
(L2) vertebral level was examined in each patient.
We used the L5 vertebra and the twelfth thoracic
(T12) rib to localize the L2 vertebra as the lower
boundary of the FOV on a positioning scan. As in
the previously reported protocol,” a dynamic study
was performed by enhanced, 3-dimensional (3D),
fast spoiled gradient recalled acquisition in steady
state (GRASS) method (spine phased-array coil;
repetition time, 5.9 ms; echo time, 2.4 ms; flip an-
gle, 25 degrees; number of excitations, 2; matrix
size, 256 X 128; slice thickness, 1.6 mm; number of
slices, 12; zero-fill interpolation [section ZIP 4, in-
plane ZIP 512] providing 48 slices), with no phase
wrap, FOV of 24 cm, and oblique-coronal section
along the posterior line of the vertebral body. The
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MR input/output gain was standardized (mean =
standard deviations, 155.0+7.3/13.0+0.0, respec-
tively).

The contrast agent, gadopentetate dimeglumine
(Omniscan; Daiichi-Sankyo, Tokyo, Japan), was
injected into the median cubital vein (0.2 mmol/kg,
4 mL/s) with a saline flush (20 mL). A power injec-
tor (SONIC SHOT 50, Nemoto Kyorindo, Tokyo,
Japan) was used in all patients. By using first-phase
acquisition synchronized to the start of the injec-
tion, 5 dynamic scans were obtained (first to fifth
consecutive scan phases). Each scan time was 23 to
25 s. After 5 dynamic scans, an additional scan was
obtained (sixth phase) with an adjusted FOV to
cover the posterior half of the aorta to detect the
branching level of the feeding artery. After data ac-
quisition, the images were stored as digital imaging
and communications in medicine (DICOM) data-
sets and displayed on a diagnostic monitor (Flex-
scan L365; EIZO NANAO, Ishikawa, Japan) at a
0.4-mm reconstruction pitch.

Image reconstruction

Image reconstruction was the same as previously
reported.” The acquired datasets were transmitted
to a workstation (Advantage Windows, GE Medi-
cal Systems). A 3D maximum intensity projection
(MIP) image® in the anteroposterior direction was
reconstructed for each of the 5 phases. The result-
ing five 3D-MIP source images were used for sub-
traction. The 3D-MIP phase-2 to -5 source images
were subtracted from the phase-1 image for noise
reduction. A partial MIP image was also used for
subtraction. The resulting five 3D-MIP source im-
ages were used for double-subtraction (i.e., sub-
traction of the venous-phase 3D-MIP image from
the arterial-phase 3D-MIP image yielded a double-
subtracted arterial 3D-MIP image).”® The curved
multi-planar reconstruction (MPR) image was re-
constructed and combined with the arterial-phase
image and phase-6 image to evaluate the arterial
continuity from the aorta to the anterior spinal ar-
tery via the artery of Adamkiewicz (Fig. 1).

Detection criteria

The criteria for detection of the artery of Adam-
kiewicz in both the original and the 3D-MIP images
were as previously reported:*’ 1) depiction of a
clearly defined blood vessel connected to the ra-
diculomedullary or lumbar artery in the early
phase, 2) depiction of a blood vessel running
toward the anterior spinal cord with a hairpin-turn
connection in the early phase, and 3) diminished
signal intensity of this vessel in the late phase. Us-
ing curved MPR images, the vertebral level of ar-

Magnetic Resonance in Medical Sciences
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Fig. 1. Magnetic resonance angiography (MRA) images of a 78-year-old man
with a Crawford I aneurysm: (a) arterial phase, (b) venous phase, and (c)
curved multi-planar reconstruction (MPR). MRA demonstrated the artery of
Adamkiewicz in the arterial phase (a). The artery’s signal intensity diminished
in the venous phase (b). The artery of Adamkiewicz branched from the right
side at the intervertebral foramen T9, and its feeding artery branched at the
same level from the aorta (c).

terial branching from the aorta and the level at the
intervertebral foramen were also evaluated.

Two MRA readers independently judged all im-
ages according to these criteria to detect the artery
of Adamkiewicz and determine the branching lev-
els; disagreements about any aspect, i.e., branching
level, side of origin [laterality], or number of ves-
sels, were settled by consensus.

Statistical analysis

Detectability of the artery of Adamkiewicz was
compared between the patients with aneurysm ver-
sus those with dissection by Mann-Whitney U test.
P <0.05 was considered significant (StatView ver
4.58; Abacus Concepts Inc., Berkeley, CA, USA).

Results

The artery of Adamkiewicz was detected in 67
(81.7%) of the 82 patients. All of those 67 had ves-
sels that coursed toward the anterior spinal cord

Vol. 8 No. 4, 2009

and were supplied by the intercostal artery (Fig. 1).
Branching of the artery of Adamkiewicz occurred
either on the left side of the body (n=152; 77.6%) at
T7 (n=6), T8 (n=5), T9 (n=13), T10 (n=19), T11
(n=7), or T12 (n=2) or on the right side (n=15;
22.4%) at T7 (n=1), T8 (n=2), T9 (n=7), T10
(n=1), Tll (n=3), or T12 (n=1) (Fig. 2).

The artery of Adamkiewicz was detected clearly
along its entire course (starting with feeding arteries
branching from the aorta and ultimately feeding
into the anterior spinal artery) in 55 (67.1%) of the
82 patients, with aneurysm diagnosed in 44/55
patients (80.0%) and dissection in 21/25 (84.0%).
Branching of the intercostal artery from the aorta
occurred on the left side of the body at T7 (n=3),
T8 (n=4), T9 (n=10), TI0O (n=17), or T11 (n=7),
on the right side at T8 (n=1), T9 (n=195), T10 (n=
2), T11 (n=3), or T12 (n=1), or as an anastomosis
at T10-11 (n=2). There was no statistical differ-
ence in the rate of detecting the artery of Adamkie-
wicz between the patients with aneurysm and with
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Fig. 2. Frequencies of the vertebral level of arterial branching and of the late-
rality of the artery of Adamkiewicz in 67 patients.

dissection (P=0.673). No cases of collateral blood
supply to the artery of Adamkiewicz were found in
this study.

When comparing the branching level of the ar-
tery of Adamkiewicz at the intervertebral foramen
with that of its feeding artery from the aortic wall,
the same vertebral level of branching was found in
44 of the 55 patients (80.0%; mean age + standard
deviation, 67.8x11.4 years), and a difference of
one level (above or below the other vertebral level)
was detected in 10 of 55 patients (18.2%; mean age
70.5+ 8.6 years). Only one patient (1.8%) had a
difference of 2 vertebral levels between the level at
the intervertebral foramen versus the level at the
aortic wall (Fig. 3). No patient had compression
fracture or vascular anomalies.

Discussion

The artery of Adamkiewicz can now be detected
noninvasively with MR angiography.**'*! The use
of these imaging techniques for preoperative analy-
sis and surgical planning enables selective recon-
struction of the feeding radiculomedullary ar-
tery.*>" However, it is difficult to reconstruct the
artery of Adamkiewicz itself because of its small
size (about 0.5 mm in diameter) and its branching
from the intercostal/lumbar artery at the interver-
tebral foramen. Therefore, in the surgical ap-
proach, 2 methods are used to maintain the blood
flow to the artery of Adamkiewicz. First is to recon-
struct the intercostal/lumbar artery feeding the
blood flow to the artery of Adamkiewicz, which is
the method used when its branching origin is within
the vertebral level of the aortic graft replacement.
The other method is to adjust the cross-clamping
level according to the vertebral level to maintain the

artery of Adamkiewicz level Acrtic level

T?--\\ - 77
\\ ‘

T8 - * T8

T9 = T9

T10 - T10

T11 * 1l

T1Z - T12
Fig. 3. Comparison of the vertebral level of arterial

branching: artery of Adamkiewicz at the interver-
tebral foramen versus intercostal/lumbar feeding ar-
tery branching from the aorta.

flow to the artery of Adamkiewicz, which is used
when its branching level is above/below the aortic
graft replacement level.

In our review of the literature, we found no
report discussing the difference in branching level
between the artery of Adamkiewicz at the interver-
tebral foramen and the feeding artery originating
from the aortic wall. In this study, we detected the
same vertebral level of branching in 80.0% and a
difference of only one vertebral level in 18.2%.

In patients in whom MRA could detect the entire
trajectory of the artery of Adamkiewicz and its
feeding arteries from the aorta, the critical inter-
costal/lumbar arterial reconstruction proved ade-
quate to maintain the blood flow to the spinal cord.
However, the overall rate of detection of the artery
of Adamkiewicz was limited to 81.7% of patients,
and we were able to evaluate the entire continuity
of the vasculature from the aorta to the anterior
spinal artery in only 67.1%. We considered 4 fac-
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tors that might affect the branching level difference:
aortic elongation, decreasing vertebral height, vas-
cular formative anomalies, and collateral supply.
In our case series, there was no evidence of verte-
bral compression nor vascular formative anoma-
lies. The group of patients with a different vertebral
level of branching had a slightly higher mean age
than those with the same branching level, but this
difference was not statistically significant. We hy-
pothesized that aortic elongation is the factor
most likely to affect the branching level and thus
contribute to a difference in the branching level in
individual patients.

Our study limitations included difficulties in de-
tecting all collateral arteries feeding into the artery
of Adamkiewicz because of the limited FOV and
difficulties in differentiating this artery from veins.
Collateral arteries feeding into the artery of Adam-
kiewicz may enhance the detection of the arterial
vasculature branching from the aorta. It is still con-
troversial that the collateral vessels can feed blood
into the spinal cord,"*!’ and occlusion of the artery
of Adamkiewicz may not be the only causative fac-
tor affecting spinal ischemia.'® However, actual
cases of spinal cord ischemia after endovascular
repair of the aorta continue to be reported,'” and
increase in biochemical markers of ischemic spinal
cord injury was documented in an experimental ca-
nine study of stent-graft implantation at a critical
aortic segment.'® Our study demonstrated that the
artery of Adamkiewicz can be detected at a high
rate preoperatively, allowing evaluation of the risk
of occlusion of this artery, which could affect the
likelihood of spinal complications.

We used a double dose of contrast to visualize
the artery of Adamkiewicz. According to recent
reports, nephrogenic systemic fibrosis can develop
and cause severe damage in patients with renal in-
sufficiency who undergo contrast-enhanced MR
imaging,'®® so use of a high dose of contrast has a
disadvantage in terms of patient safety. However,
in our study population, no patient had renal in-
sufficiency and no case of nephrogenic systemic
fibrosis was reported in the follow-up period. It has
been shown that the renal artery can still be detect-
ed without contrast enhancement. Using this
MRA technique with high spatial resolution, the ar-
tery of Adamkiewicz could potentially be detected
without contrast enhancement. Further evaluation
will be needed to demonstrate useful noncontrast
MRA in patient with severe renal damage.

Conclusions

Double-subtraction MRA is a useful noninvasive
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technique for detecting the artery of Adamkiewicz
and the vertebral level of its feeding arteries branch-
ing from the aorta. Using this information to plan
surgical strategy, it is possible to reconstruct the ar-
tery of Adamkiewicz to reduce the risk of spinal
complications. In particular, for clinical use in
patients with thoracoabdominal aortic lesions,
MRA can be included in the preoperative work-up
to localize the segmental trajectories of vessels sup-
plying blood to the artery of Adamkiewicz.
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Abstract

Purpose. Anastomotic pseudoaneurysm is a rare but life-
threatening complication after thoracic aortic surgery.
Endovascular stent-grafting is a less invasive treatment
for thoracic aortic aneurysm; however, its clinical useful-
ness for anastomotic pseudoaneurysms following tho-
racic aortic surgery is unclear.

Methods. A series of 12 anastomotic pseudoaneurysms
in 10 patients, which occurred following thoracic aortic
surgery, underwent endovascular stent-grafting in our
university hospital. Eight emergent endovascular stent-
grafting cases were included in this study. A hand-made
stent-graft, reconstructed by suturing graft material to
an endoskeleton of modified Gianturco 7 stents, was
used in all cases.

Results. The delivery success rate was 91.7%, and the
hospital mortality rate was 25.0%. Two cases were con-
verted to open surgery during the postoperative phase
because of a type I endoleak. Complete absorption or
shrinkage of the anastomotic pseudoaneurysm was
observed in seven of nine cases.
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Conclusion. Endovascular stent-grafting for patients
with anastomotic pseudoaneurysms of the thoracic aorta
following thoracic aortic surgery has become a possible
optimal treatment. However, long-term outcome remains
unclear, and periodical follow-up is required.

Key words Endovascular stent-grafting - Anastomotic
pseudoaneurysm - Thoracic aortic surgery

Introduction

Anastomotic pseudoaneurysm is a rare but fatal compli-
cation after thoracic aortic surgery. Both asymptomatic
and symptomatic cases, which present with hemospu-
tum, hemoptysis, or hematemesis, expand with time
unpredictably and result in rupture. Therefore, precise
diagnosis and prompt surgical management are required.
However, the conventional surgical repair is fraught
with a risk of complications and even death. To avoid
the morbidity and mortality associated with redo tho-
racic surgery, endovascular stent-grafting, which is a less
invasive procedure, has been introduced. The aims of
this study are to review the outcome of endovascular
repair for anastomotic pseudoaneurysms following tho-
racic aortic surgery and to assess whether this procedure
can be a treatment of choice.

Materials and methods

Patient population

From December 2001 to September 2007, a total of 232
cases of thoracic aortic aneurysm subjected to endovas-
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Table 1 Patients’ characteristics

No. Age {years)/sex Symptom Primary disease Initial surgery Years to presentation
1 59/M Hemoptysis A-TAA Descending aorta graft replacement 9.0
63 Hemoptysis 13.0
2 17/M No CoA Direct suture 1.6
3 75/M No A-TAA Patch plasty 17.9
4 S4/M No D-TAA Total arch graft replacement 0.7
3 70/M Hematemesis, shock A-TAA Total arch graft replacement 9.0
6 72IM Hemosputum A-TAA Descending aorta graft replacement 6.0
74 No 7.4
7 78/M Hemoptysis, shock D-TAA Descending aorta graft replacement 13.0
8 73/M Hemosputum A-TAA Total arch graft replacement 6.0
9 30/M Hemosputum A-TAA Descending aorta graft replacement 6.6
10 68/M No A-TAA Total arch graft replacement 12.0

A-TAA, atherosclerotic thoracic aortic aneurysm; CoA, coarctation of the aorta; D-TAA, dissecting aortic aneurysm

Table 2 Stent-grafting procedures: type and outcome

No.  Access artery  Type of stent-graft  Postoperative Mortality Primary Course of
complication endoleak  pseudoaneurysm
1 Femoral a. Nonfenestrated None No Absorption
Femoral a. Nonfenestrated ARDS No Shrinkage
2 Femoral a. Fenestrated None No Absorption
3 Femoral a. Nonfenestrated None No Enlargement
4 Femoral a. Nonfenestrated None No Shrinkage
5 Femoral a. Nonfeuestrated e 1 Day (hemorrhagic shock) — -
6 Femoral a. Nonfenestrated None No Shrinkage
Femoral a. Fenestrated None 3 Months (mediastinitis) Typel
7 Thac a. Fenestrated Acute renal failure 21 Days (rupture) Type 1 —
8 Femoral a. Fenestrated ARDS No No change
9 Tliac a. Nonfenestrated Accessed artery injury No Shrinkage
10 Femoral a. Nonfenestrated None No Absorption

ARDS, acute respiratory distress syndrome

cular stent-grafting in our university hospital were
reviewed. Among them, 12 cases (5.2%) in 10 patients
with anastomotic pseudoaneurysms that developed after
thoracic aortic surgery were included as subjects in this
study. The patients’ characteristics are shown in Table
1. The mean age was 65.3 years, and 9 of 10 patients
were male (90.0%). Patients | and 6 had pseudoanecu-
rysms at both proximal and distal anastomotic sites that
had occurred at different times. Five cases were asymp-
tomatic and were treated electively. The clinical presen-
tations of the cases treated emergently were hemosputum
in three cases, hemoptysis in three cases, and hemateme-
sis in one case. The mean time interval between the
original procedure and the diagnosis of anastomotic
pseudoaneurysm was 9.3 years (range 8 months to 17.9
years).

Stent-grafting procedure

Stent-grafting was performed under general anesthesia.
Basically, the 20F or 22F delivery sheath was inserted
from the common femoral artery (Table 2). In two
patients (cases 7, 9), the femoral artery was too small to
accommodate the delivery sheath; hence, a retroperito-
neal incision was performed to insert the delivery sheath
via the iliac artery. In the event that a stent-graft was
placed on a proximal portion of the aortic arch, a fenes-
trated stent-graft was employed to preserve adequate
blood flow to the brain (cases 2, 6, 7, 8). A hand-made
stent-graft, which was reconstructed by suturing graft
material (Ube Corp., Ube, Japan) to an endoskeleton of
modified Gianturco Z stents (Cook, Bloomington, IN,
USA), was used in all cases. It took 20-60 min to con-
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Fig. 1 Left Preoperative
enhanced computed
tomography (CT) shows that
the anastomotic psendoaneu-
rysm occurred at the proximal
descending aorta (white
arrow). Right Postoperative
enhanced CT shows the
detached stent-graft from the
proximal landing zone and
type 1 endoleak in the
aneurysin sac

struct a stent-graft for emergency use, depending on the
complexity of the pseudoaneurysm. During deployment
of the stent-graft, distal migration was prevented either
by lowering systolic arterial blood pressure to 80 mmHg
through intravenous administration of nicardipine
hydrochloride or by inducing temporary cardiac arrest
for several seconds through rapid intravenous adminis-
tration of adenosine triphosphate disodium (ATP). This
procedure, using stent-grafts made in-house, has been
approved by the Ethics Committee at our institution.
Written, informed consent for this procedure was
obtained from the patients or their families.

Patient follow-up

Enhanced computed tomography (CT) was performed 1
week after stent-grafting if the patients’ renal function
was normal. After discharge, the patients were followed
up within 2 weeks to assess the incision sites and overall
health status. CT was usually obtained 6 months after
stent-grafting and yearly thereafter.

Results
Early results

A stent-graft was deployed in 11 of 12 cases (91.7%).
There was only one failure of deployment, which
occurred in patient 5, who died of hemorrhagic shock
related to an aortoesophageal fistula in the operating
room. Massive bleeding could not be controlled by
emergency endovascular stent-grafting. Hospital mor-
tality rate was 25.0%. Two other patients (6, 7) died
postoperatively while in the hospital. Patient 7, with

hemorrhagic shock from hemoptysis related to an aor-
tobronchial fistula, underwent emergent endovascular
stent-grafting, and temporacy hemostasis was achieved.
Postoperative enhanced CT revealed type I endoleak
from the proximal landing zone. However, conversion
to open thoracic surgery could not be tolerated owing to
the poor condition of the patient. He subsequently died
of a ruptured aneurysm 3 weeks after the procedure.
Patient 6, diagnosed with a proximal anastomotic pseu-
doaneurysm in the distal aortic arch 7.4 years after initial
surgery (Fig. 1), then underwent elective endovascular
stent-grafting, Postoperative enhanced CT showed
detachment of the stent-graft to the proximal landing
zone and type 1 endoleak in the aneurysm sac. Open
conversion was readily conducted. However, his general
condition did not improve postoperatively and he died
of mediastinitis 2 months after the surgery.

Postoperative complications are shown in Table 2.
Two patients suffered from respiratory failure, and one
patient incurred injury of the accessed artery. Patient 7
had acute renal failure, and temporary hemodialysis was
initiated.

Midterm results

The mean follow-up period was 22.8 months. Seven
patients are currently alive. Only one patient (case 3)
required open conversion. Patient 3 was diagnosed with
a pseudoaneurysm about 18 years after patch plasty for
a descending thoracic aortic aneurysm and underwent
elective endovascular stent-grafting. There was no
endoleak in the postoperative evaluation. However,
enhanced CT 6 months later revealed the presence of an
endoleak from the pseudoaneurysm (Fig. 2). Further
enhanced CT 18 months postoperatively demonstrated
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Fig. 2 Left Enhanced CT
revealed that the endoleak
was encountered in the
pseudoaneurysm 6 months
after endovascular stent-
grafting. Right At 18 months
after the operation, enhanced
CT demonstrated that the
pseudoaneurysm was
extremely dilated and the
stent-graft had migrated

into it

Fig. 3 Left Enhanced CT
revealed that the distal edge of
the stent-graft was protruding
from the descending aorta
(white arrow) and was

located distal to the site of
anastomosis of prior graft
replacement. Right At 6
months after the operation,
enhanced CT showed that
the distal anastomotic
pseudoaneurysm was
obliterated

a widely dilated pseudoaneurysm and the stent-graft had
migrated into it. Graft replacement of the total aortic
arch was performed, and the postoperative course was
uneventful.

The complete absorption or shrinkage of pseudoan-
eurysms was observed in seven of nine cases during the
follow-up period.

Pseudoancurysm possibly induced by stent-graft

A 63-year-old man (case 1) was admitted to our univer-
sity hospital for hemoptysis. Four years prior to admis-
sion, he had undergone endovascular stent-grafting for
a proximal anastomotic pseudoaneurysm following graft
replacement of the descending thoracic aorta. Enhanced
CT revealed the distal edge of the stent-graft protruding
from the descending thoracic aorta, which was located
distal to the anastomotic site prior to graft replacement
(Fig. 3). Emergent endovascular stent-grafting was per-

formed at the site of the distal anastomosis. Enhanced
CT 6 months postoperatively showed a well-absorbed
distal anastomotic pseudoaneurysm.

Discussion

Anastomotic pseudoaneurysm is a rare' but life-threat-
ening complication after thoracic aortic surgery. Once
diagnosed, it must be treated promptly. However, the
morbidity and mortality of conventional surgical repair
is still high.! Many promising results of endovascular
repair on arteriosclerotic thoracic aortic aneurysms have
been reported.” It is reasonable, then, that the endovas-
cular repair is being considered as an essential treatment
for anastomotic pseudoaneurysm. In fact, good results
of endovascular repair for anastomotic pseudoaneurysm
following an abdominal aortic surgery' and surgical
repair of congenital aortic coarctation’ were reported
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recently. In like manner, Wheatley et al. described three
cases of successful endovascular repair of anastomotic
pseudoaneurysms after thoracic aortic surgery.® Since
2002, when endovascular stent-grafts became available
in our hospital, endovascular stent-grafting has become
an essential therapy for patients with anastomotic pseu-
doaneurysm following thoracic aortic surgery because it
is a less invasive procedure and redo thoracic aortic
surgery can be avoided. If endovascular stent-grafting is
not successful, open conversion can be performed. The
stent-graft can prevent massive bleeding due to rupture
of the aneurysm during division of the adhesion around
the anastomotic pseudoaneurysm.

Technically, there is no major difference in treating
anastomotic pseudoaneurysm versus the usual thoracic
aortic aneurysm by endovascular stent-grafting. We had
enough time to prepare hand-made stent-grafts, and the
patients’ conditions were almost stable. In detail, the
length of the stent-graft deployed for anastomotic pseu-
doaneurysm is structurally shorter than that for the
usual thoracic aortic aneurysm because it has to exclude
only the disruption of the anastomosis between the aorta
and the vascular prosthesis. We used hand-made stent-
grafts for all cases in this study because construction of
suitable forms for the patients’ aortic dimensions was
convenient. Moreover, fenestrated hand-made stent-
grafts can preserve adequate blood flow to the brain. On
the other hand, the quality of hand-made stent-grafts
may not be uniform. A commercial stent-graft system
has been available in Japan since 2008; hereafter, it will
be applied for the treatment of anastomotic pseudoan-
eurysms as well as thoracic aortic aneurysms.

Among our 12 cases, 7 were symptomatic; thus, an
emergent operation was done. Five of seven patients,
who had not been on preoperative shock status, under-
wentsuccessfulemergent stent-graftingwithoutendoleak.
These results suggest that endovascular stent-grafting
can be safely performed even during emergency condi-
tions. Furthermore, patients with preoperative shock
status can rarely be saved by either conventional open
surgery or endovascular stent-grafting. However, patient
7 temporarily held on after hemorrhagic shock with
endovascular stent-grafting, suggesting application of
the procedure as a temporary treatment to achieve
hemodynamic stability and as a bridge treatment to
open thoracic surgery.

Anastomotic pseudoaneurysms are sometimes associ-
ated with infection. Therefore, endovascular stent-graft-
ing remains controversial because there has been concern
about persistent infection when the stent-graft is placed
in the infected field. Kan et al. reviewed the outcome
after endovascular stent-grafting for 48 mycotic aortic
aneurysms.’ The review showed that persistent infections

occurred in 11 patients (22.9%). The 30-day and 2-year
survival rates were 89.6% and 82.2%, respectively. They
also concluded that persistent infection after endo-
vascular stent-grafting was closely associated with a
poor prognosis and that rupture of the aneurysm and
fever at the time of the operation were identified as the
most significant variables associated with persistent
infection.

We basically excluded patients with anastomotic
pseudoaneurysms caused by infection as candidates
for endovascular stent-grafting. In fact, not one of the
patients with an anastomotic pseudoaneurysm in our
study manifested positive bacteriology culture, fever at
the time of operation, or a local abscess around the
pseudoaneurysm—to which we attributed our successful
midterm results.

Aortobronchial fistula can induce infection per se by
virtue of bronchial contamination, However, the
outcome of endovascular stent-grafting for aortobron-
chial fistula was unexpectedly good. Wheatley reported
that seven patients with aortobronchial fistula were suc-
cessfully treated with endovascular stent-grafting, and
the survival rate was 100% at 1 year.® A review of the
literature also showed 30-day mortality of 8.3% for 36
cases of aortobronchial fistula. In our study, aortobron-
chial fistula was strongly suspected in three cases (patients
1, 7, 8). Except for patient 7, who died of a ruptured
aneurysm 3 weeks after endovascular stent-grafting,
three other patients are currently alive without occur-
rence of infection. It is unclear as to why the infection
rate for endovascular stent-grafting is so low, but we
considered that it might be due to the significant advan-
tages of endovascular stent-grafting over open thoracic
surgery: A large skin incision, extracorporeal circula-
tion, interference with respiratory function, and massive
blood transfusion are avoided. .

The complete absorption or shrinkage of the pseudo-
aneurysm was observed in seven of nine patients during
the follow-up period in this study. Only one patient (case
3) required conversion to open thoracic surgery due to
enlargement of the pseudoaneurysm. This failure was
possibly caused by a short proximal landing zone, leading
to migration of the stent-graft into the anastomotic
pseudoaneurysm. The use of a nonfenestrated stent-graft
in case 3 is one of the reasons that the length of the
proximal landing zone was insufficient. Moreover, the
initial operation on patient 3 was patch plasty for a sac-
cular type of thoracic aortic aneurysm. Both proximal
and distal landing zones were composed of the native
aorta, which was dilated during the follow-up period.
Usually, either the proximal or distal landing zone of the
anastomotic pseudoaneurysm is a vascular prosthesis
sufficient in length and quality for attaching the stent-
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graft and is not dilated, causing detachment of the stent-
graft. Furthermore, anastomotic pseudoaneurysms do
not have any vessels with retrograde blood flow causing
type II endoleak.® These factors may contribute to suc-
cessful midterm results as well.

Spinal cord ischemia, which manifests as paraplegia
or paraparesis, is one of the severe complications after
endovascular stent-grafting in the thoracic aorta. We
previously reported that prior aortic surgery was identi-
fied as a significant risk factor for spinal cord ischemia.’
Based on our data, patients in this study must be at high
risk for spinal cord ischemia because every patient with
anastomotic pseudoaneurysm underwent open aortic
surgery. In fact, we did not utilize spinal cord protection
with spinal drainage or maintain a high systolic blood
pressure; and there were no postoperative neurological
complications, such as paraplegia or paraparesis in our
study. The probable reason is the short length of the
native aorta covered with the stent-graft.

Previous literature reported the formation of a false
aneurysm at the proximal or distal end of a stent-graft.'” "
This complication is thought to be attributed to weak-
ness of the aortic wall, mechanical injury during balloon
dilatation, or the mechanical stimulus of the stent-graft.
We conducted 232 cases of endovascular stent-grafting
for thoracic aortic aneurysms in our university hospital,
and pseudoaneurysm induced by endovascular stent-
grafting was first encountered in patient [ only. The
location of the distal end of the stent-graft at the anas-
tomotic site may have caused the occurrence of stent-
graft-induced pseudoaneurysm formation.

Conclusion

We undertook 12 cases of endovascular stent-grafting in
patients with an anastomotic pseudoaneurysm of the
thoracic aorta. Although the number of cases is small,
no postoperative severe complications were encountered,
and the midterm result was satisfactory. It is thought
that endovascular stent-grafting is the optimal treatment
for patients with anastomotic pseudoaneurysms of
the thoracic aorta following thoracic aortic surgery.
However, periodic follow-up is a requisite for anticipat-

ing possible complications during the late postoperative
phase.
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Objective: There has been no study on the measurement of blood flow of the intercostal artery (ICA) or fumbar
artery (LA) with the use of transthoracic Doppler sonography. Here, the method of the [CA depiction and
flow measurement were described, and we suggested the clinical usage of this method. Methods: Twelve
healthy subjects were examined. The performance of transthoracic Doppler sonography was approached
from the back on lateral decubitus position. The intercostal artery was depicted by two-dimension mode with
color flow, and the inner diameter was measured. Peak systolic velocity (PSV), end-diastolic velocity (EDV),
velocity-time integral (VT1), and heart rate (HR) were measured with pulsed Doppler, and the blood flow was
calculated. Results: Bilateral ICAs and LAs from Th4 to L4 were measurable with this method. The PSV of Lt
Th9 was the fastest at 43.3 = 10.1 cm/sec and the PSV of the ICAs gradually decreased as distance from Th9
increased. As for the flow volume, the left Th11 was the greatest at 99.7 mL/min, and the flow volume of the
ICA gradually decreased as distance from Th11 increased. The velocity and blood flow of right ICA tended to
be lower than the left in the same spinal level. Conclusions: Evaluation technique of serial ICAs and LAs was
shown. We think that it may be a clinically useful method in the study of spinal cord circulation in the repair
of cases of descending thoracic or thoracoabdominal aortic aneurysm. (Echocardiography 2010;27:17-20)

Key words: posterior intercostal artery, diagnostic imaging tools, ultrasound imaging

The examination of the intercostal artery (ICA)
and lumbar artery (LA) by transthoracic Doppler
sonography is not a routine procedure. To date,
no report about the practical applications of the
method has been published. Recently, in the re-
pair of cases of descending thoracic or thoracoab-
dominal aorta, the ICA that feeds the artery of
Adamkiewicz (arteria radicularis magna: ARM) is
being identified with the use of magnetic reso-
nance angiography (MRA) and multidetector row
CT (MDCT) for the purpose of preventing spinal
cord ischemia.’2 However, the quantity of the blood
flow has not been evaluated. The reasons for the re-
duction in the amount of blood flow of the ARM
are potential stenosis or occlusion of the ICA for
ARM due to arteriosclerosis of the aortic wall, aor-
tic dissection, and sacrifice of the ICA for ARM dur-
ing surgical repair of thoracic aneurysms. Because
the ARM is a branch of the ICA or the LA, we con-
sider that the quantity of the blood flow of the ARM
could reflect the amount of blood flow to the ICA for
ARM. Here, we describe the technigue of examining
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the ICAs and LAs using noninvasive transthoracic
Doppler sonography.

Material and Method:

We studied the intercostal arteries in 12 young
male healthy subjects. Age, height, and weight were
26.5 + 2.7 years, 170 = 8.0 cm, and 67.5 + 5.0 kg,
respectively. In this study, the examination was per-
formed using a commercially available echocardiog-
raphy system. Left lateral decubitus is the most suit-
able position for the procedure in consideration of
muscle tonus and the presence of operative wounds.
Measurable ICAs and LAs are from levels Th4 to L4.
Identification of ICAs can be facilitated by first locat-
ing the twelfth rib by two-dimensional mode with.
color flow. There is a window (Fig. 1) that is suitable
for scanning at about 4 cm lateral from the mid-
line of the back. The frequency of pulsed Doppler is
from 4.5 to 6.0 MHz. Decreasing the Doppler veloc-
ity range below 20 cm/sec facilitates easier detection
of ICA flow. There is usually an intercostal vein right
under a rib, and there is an ICA in the tail side. Flow
velocity is measured with pulsed Doppler signals.
The ultrasound beam is aligned as parallel as possi-
ble to the ICA flow. The Doppler sample volume is
set on the ICA as deep as possible.

Flow signals of the intercostal veins are some-
times detected simultaneously, but the said flow is
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Figure 1. A suitable window for the scanning is at about 4 cm outside of the
midline of the back. (Please compare it with Fig. 2.) Posterior branch of intercostal
artery is diverged in the depth of about 5 cm.

distinct from the ICA because the flow pattern is
different and the velocity changes with respiration.
The pulsed Doppler pattern of ICA consists of sys-
tolic, dicrotic notch, and diastolic (Fig. 2). Peak sys-
tolic velacity (PSV), end-diastolic velocity (EDV), and
velocity-time integral (VT1) of the ICAs are measured
by pulsed Doppler in the long axis. The inner diame-
ter is measured by color flow mode in the short axis.
An estimate of the ICA flow volume is calculated
from the following equation:

Q = (IID? /4) VTI HR

where Q is the flow volume, D is the inner diameter
of the ICA, VTl is the velocity time integral of the ICA
flow, and HR is heart rate,

Results:

In normal subjects, bilateral velocities of ICAs and
LAs from Th4 to L4 levels were measurable (Table 1)
with pulsed Doppler. We got clear ICA images in
this study population. The ultrasound beam could
be aligned almost parallel to the ICA flow. There-
fore, the angle correction was not necessary. Peak
systolic velocity of the ICAs was shown in Figure 3.
The velocity of the left Th9 was the fastest at 43.3 +
10.1 cm/sec, and the velocity of the ICAs gradu-
ally decreased as the distance from Th9 increased.
The velocity of left Th4 was 25.1 £ 5.6 cm/sec and
left L4 was 23.2 £ 8.2 cm/sec. The velocity of the
right 1CA was slower than the left ICA at the same
level. The velocity of right Th9 was the fastest in the
right side at 36.8 + 6.8 cm/sec. VTI of left Th9 was
the longest at 9.5 cm, in which there was gradual
reduction as the distance from Th9 increased. In-
ner diameter from Th8 to Th12 was larger than the
other spinal levels. Inner diameter of LAs was larger
than upper ICAs (Th4-7). The flow volume of the
ICAs was shown in Figure 4. The left Th11 demon-
strated the greatest flow volume as influenced by
inner diameter and VTI, and flow volume of the ICA
gradually decreased as the distance from Th11 in-
creased (Table II). Flow volume of the right ICA was
lesser than the left.

Discussions:

Ravi et al. previously reported a study on the ICA
using transesophageal echocardiography.? In ad-
dition, there are few reports about evaluation of
the ICA by sonography. Initially, the clinical sig-
nificance on the measurement of the blood flow
of the ICA is not appreciated. We believe that
the ICA echo method may be useful for the di-
agnosis and prevention of spinal cord ischemia in
cases of descending thoracic or thoracoabdominal
aortic repair. Spinal cord injuries leading to para-
plegia and paraparesis are the most devastating

Figure 2. The image of the intercostal artery
(right}, and the pulsed-Doppler pattern consists
of systolic, dicrotic notch, and diastolic (feft).
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TABLE |

Mean Peak Systolic Velocity and End-Diastolic Velocity of Normal intercostal Arteries

Right intercostal Artery

Left Intercostal Artery

Spinal Level PSV{cm/sec) EDV(cmy/sec) PSV(cmi/sec) EDV(cm/sec)
Th4 228+75 28+07 251 +£56 36+13
Ths 222+ 64 28+07 276+54 32+12
Thé 267 +7.8 36+1.0 298+ 10 36+£1.2
Th7 287 +68 30+£09 329+9.7 35+1.4
Th8 334+56 33+1.2 382+ 95 41+ 1.0
The 368 £ 6.8 38+1.7 433+ 10.1 39413
Thig 365+ 7.1 38+16 404+ 7.8 45+14
Thil 345+ 7.6 4.1 +21 40.1 +£10.6 48+18
Th12 25.5+10.6 38+17 318492 49+1.7
] 20.8 % 6.9 25+13 288+ 137 29+3.0
L2 203+ 101 21+23 214+56 1.7+£1.2
L3 19.0+£53 2.1 k1.1 23.5+ 135 19+19
L4 243+ 9.6 22+22 23.2+82 22+16

PSV = peak systolic velocity; EDV = end-diastolic velocity.

complications, and ARM is thought to play the most
important role in the pathology. Selective angiog-
raphy,* magnetic resonance angiography (MRA),
and multidetector row CT (MD-CT)7 are reported
to have practical uses in the identification of the
ARM. Recently, the ICA for ARM is identified by MD-
CT or MRA, and the vessel is reimplanted to prevent
paraplegia due to spinal cord ischemia in descend-
ing thoracic or thoracoabdominal aortic repair.’-?
The successful identification frequency of ARM im-
proves year by year and gets closer to 100%."24~7
However, a practical method in order to quantify
the blood flow or to demonstrate the reduction in
bloodstream in cases of paraplegia is currently not
available. The cause of postoperative paraplegia can-
not be explained with the use of CTA or MRA.

With our echo technique, the identification of
each segmental artery from Th4 to L4 and the quan-
tification of the blood flow become possible, except

Right 1CA Spinst LB ICA ‘
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[ . ....... :

Figure 3. Peak systolic velacity of the intercostal arteries. The velocity of the left
Th9 was the fastest at 43.3 10.1 cm/sec, and the velocity of the ICAs gradually
decreased as the distance from Th9 increased.

the identification of the artery of ARM. However,
the blood flow of the ARM can be measured indi-
rectly granting that the ARM is initially identified by
MRA or MDCT. In essence, the ICA arises from the
descending aorta, and divides into the anterior and
posterior branches, in which the posterior branch
subdivides into the ARM. Therefore, a normal blood
flow of the ICA for ARM equates to a normal blood
flow of the ARM.

In physically unimpaired young persons, the
blood flow of the ICA is measurable bilaterally from
Th4 to L4 almost without exception. This fact means
that this echo method covers all the segmental ar-
teries, which may diverge to the ARM. In descend-
ing thoracic or thoracoabdominal aortic aneurysm
patients, the frequency that the ARM diverges in
left Th9 is high.’? The fact that the velocity was
the fastest in Th9 is an interesting conformance. We
must take this into consideration to diagnose ICA
flow as normal by this Doppler technique. In other
words, blood flow of the ICA will be normal when
the PSVis 20 cm/sec at L1, but blood flow may be re-
duced when PSV is 20 cm/sec at Th9. The measure-
ment of the flow volume by the echo is calculated
with various suppositions. Flow volume is calculated
by multiplication of velocity-time integral, square of
inner diameter, and heart rate. Therefore, measure-
ment error must be considered.? In this study, the
maximum blood flow at left Th11 was 169 mL/min
and the minimum was 47 mL/min. Therefore, it is
difficult to diagnose whether ICA flow is normal or
not by virtue of PSV or flow volume alone. Fur-
ther evaluation on qualitative analysis of the ICA is
necessary.

The advantage and purpose of this ultrasound
method are to examine the dynamic blood flow of
sacrificed 1CAs and the correlation with postoper-
ative paraplegia from other aspects of still images
of MRA or MDCT. Examining the relation between
the change in ICA flow from pre- to postoperation
of descending thoracic or thoracoabdominal aor-
tic aneurysm repair and postoperative spinal cord
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TABLE I

Mean VT, Inner Diameter, and Flow Volume of Normal Intercostal Arteries

Right Intercostal Arteries

Left Intercostal Arteries

Spinal Level VTi{cm) D(cm) Q(mt/min) VTi{cm) D(cm) Q(mL/min)
Th4 5015 0.23 £ 0.04 163184 6019 0.26 £ 0.04 239+9.8
Ths 5512 0.24 £ 0.06 19.5+11.7 6.2+19 0.27 £ 0.07 28.7 £ 149
The 62+1.5 0.28 + 0.06 298+ 163 65+1.6 0.30 + 0.05 33.6 143
Th7 65+1.6 0.31 £ 0.07 39.0+ 226 72420 0.32 4 0.06 4554258
Thg 72413 0.36 £ 0.03 53.4+£106 85+19 0.33£0.05 542+ 233
Th9 82417 0.38 + 0.04 69.7 253 9.5+29 0.36 £ 0.05 732 +46.4
Th10 8.1%1.8 0.38 = 0.04 70.0 £ 30.4 95+1.9 0.40 £ 0.07 B6.4 & 36.2
Thii 7.7+23 0.38 £ 0.07 658 373 98+26 0.42 £ 0.06 99.5 + 33.9
Thiz 6.2+ 3.1 0.38 £ 0.09 60.6 = 45.9 8.4+ 2.1 .35+ 0.08 65.9 & 38.1
R 42423 0.36 £0.07 26.2+90 58+£33 0.33 £ 0.09 423 £ 37.0
12 4.0+ 28 0.36 £ 0.09 34.9 £ 301 40422 0.33 £ 0.06 26.1 £19.6
L3 40+14 0.33 +£0.07 246110 47+34 0.36 + 0.08 368+ 31.2
L4 49:+26 0.36 + 0.09 38.2 +£241 46+20 0.32 £ 0.09 28.1 +£18.0

PSV = peak systolic velocity; EDV = end-diastolic velocity; VTi = velocity-time integral; D = inner diameter of intercostal artery; Q = flow volume of intercostal artery.

ischemia may clarify the possibility of the indirect
quantification of ARM flow, hence the significance
of this method is elaborated. However, postopera-
tive paraplegia or paraparesis is regarded as mul-
tifactorial® and it is likely that the condition is not
simply affected by the blood flow of the postopera-
tive ARM.

Conclusions:

A new method on assessment of the intercostal
artery is shown in this study. This method enabled us
to quantify the intercostal artery flow, and may bring
important information as regards spinal cord circu-
lation. Further investigation about this new method
will be necessary.
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Fenestrated Stent-Graft Facilitates Emergency Endovascular
Therapy for Blunt Aortic Injury

Yoshihiko Kurimoto, MD, Yasufumi Asai, MD, Satoshi Nara, MD, Kazuhisa Mori, MD, Mamoru Hase, MD,
Syunsike Ohori, MD, Toshiro Ito, MD, Toshio Baba, MD, Nobuyoshi Kawaharada, MD, and Tetsuya Higami, MD

Background: Endovascular stent-
grafting with intentional coverage of the
left subclavian artery may be used to treat
aortic isthmus injury, but this procedure
may have serious neurologic sequelae and
may not provide an adequate proximal
landing zone. In 2005, in an effort to mit-
igate these problems, we began to use
fenestrated stent-grafts for emergency
repair of blunt aortic injury (BAI).

Methods: Between 2005 and 2007, all
patients in our practice with a BAI with
mediastinal hematoma (except young pa-
tients without an associated critical in-
jury) were treated with immediate endo-

vascular stent-grafting, if anatomically
possible. A fenestrated stent-graft was
placed from the aortic arch, if the BAI was
less than 20-mm distal of the left subcla-
vian artery. The records of the 13 patients
in the series were reviewed retrospec-
tively.

Resulls: The BAI treatment was suc-
cessful in all 13 patients. Eight patients
(61.5%) were given a fenestrated stent-
graft, placed distal to either the ascending

aorta (n = 2), brachio-cephalic artery
(n = 4), or left commeon carotid artery
(n = 2), without concomitant bypass

grafting .or transposition of the head ves-

sels. Two patients died of an associated
critical brain injury (hospital mortality
rate, 15.4%). There were no perioperative
complications related to stent-graft usage
and no unintentional occlusions of the
head vessels by a fenestrated device. One
patient underwent open repair of a newly
developed type Ia endoleak 7 months after
placement of a nonfenestrated stent-graft.

Conclusion: Fenestrated stent-grafts
can be used to treat BAI, without any
concomitant procedures to provide an ad-
equate proximal landing zone.

Hey Words: Aorta, Blunt trauma, En-
dovascular therapy, Stent-graft, Fenestration.

major change in the treatment of blunt thoracic aortic

injury (BAI) has occurred in the past 10 years.! Ac-

cording to a 2007 report by the multi-institutional tho-
racic aortic injury study group of the American Association
for the Surgery of Trauma, the initial treatment for 65% of
BAI cases in 2005 to 2007 was endovascular stent-graft
placement rather than open surgical repair.” In addition, a
recent meta-analysis of the use of stent-grafts for BAI re-
vealed that early and mid-term results with these devices
were better than those with conventional open surgery.* How-
ever, some problems specifically associated with thoracic
endovascular aortic repair (TEVAR) of BAI have been
reported— difficulties that rarely occur in TEVAR in elderly
patients with degenerative thoracic aortic lesions. One of
these problems is that because relatively young patients are
more likely to have such anatomic features as an acutely
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angulated distal aortic arch® and small aortic diameter, it is
more difficult to ensure that the proximal landing zone for the
stent-graft is sufficiently long. A few techniques for over-
coming this problem have been reported, including extension
of the proximal landing zone by covering the left subclavian
artery (LSA) with the stent-graft™® and the “stacked” aortic
cuff method, which uses commercially manufactured abdom-
inal aortic extension cuffs.” In this study, we present our
endovascular procedure for BAI using a fenestrated hand-
made stent-graft to overcome acutely angulated short proxi-
mal landing zone.

METHODS

Use of handmade stent-grafts in TEVAR for BAI was
approved by our institutional ethics committee, and written
informed consent for the endovascular procedure was ob-
tained from the family of each patient. All patients with BAI
with mediastinal hematoma were considered for immediate,
emergency treatment with TEVAR. In a case of blunt aortic
dissection with mediastinal hematoma, an indication of TEVAR
has been determined case by case considering a possible rupture
of dissected aorta although a case of blunt aortic dissection
was not seen in this series. Excluded from the procedure were
young patients with isolated BAI, patients in whom the aortic
injury was less than 15 mm from the left common carotid
artery (LCCA), and patients in whom the aortic diameter at
the prospective proximal or distal aortic landing zone was
more than 38 mm. These patients have been considered (o be
candidates of open repair or combined management, such as
debranching techniques.® In cases in which the aortic injury
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Fenestrated Stent-Graft for Blunt Aortic Injury

Fig. 1. A handmade stent-graft with a fenestration (white arrow)
to allow preservation of blood flow into head vessels and a wire
ring (black arrow) to prevent distal migration of the device

during deployment.

was less than 20-mm distal of the L.SA, the stent-graft was
placed from the aortic arch to achieve a sufficiently long prox-
imal landing zone. The brachio-cephalic artery (BCA) and the
LCCA were preserved in all cases in which a fenestrated
stent-graft was used, and the LSA was preserved in cases in
which the aortic injury was more than 15 mm from the LSA.

Stent-Grafting Procedure

Handmade fenestrated (Fig. 1) and nonfenestrated stent-
grafts are constructed in the operating room by suturing graft
material (Ube, Ube, Japan) to modified Gianturco Z stents
(Cook, Bloomington, IN). The Z-stents are attached to each
other by soldering together stainless steel wires. Spaces of 8
to 15 mm are left between the stents to allow the stent-grafts
to conform to the configuration of the thoracic aorta as
depicted on computerized tomography (CT) images, prefer-
ably three-dimensional CT (3D-CT) images. It takes 20 to 60
minutes to construct a stent-graft, depending on the complex-
ity of the patient’s anatomy.

The TEVAR procedure is performed in an operating
room equipped with a radiolucent operating table and with
use of mobile digital subtraction angiography (DSA). Patients
are placed under general anesthesia with intubation. The
stent-graft is manually loaded into the proximal end of a 20
or 22F sheath (Cook). The delivery system is advanced over
a guidewire through the femoral artery (or, rarely, the iliac
artery) to the target region. The brachial guidewire technique
is used to overcome unfavorable anatomic features of the iliac
artery and to prevent rerupture of the aortic isthmus pseudo-
aneurysm. The sheath is withdrawn after the exact target
location relative to the head vessels and the injured aortic
segment has been confirmed by DSA. During deployment of
the stent-graft, distal migration of the device is prevented
either by lowering the systolic arterial blood pressure to 80
mm Hg by means of intravenous administration of nicardi-
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pine hydrochloride or by inducing cardiac arrest for several
seconds by means of rapid intravenous administration of
adenosine triphosphate disodium.

Data Analysis

The current series includes all 13 patients who under-
went TEVAR for BAT at our institution in 2005 to 2007. Data
were collected retrospectively from the patients’ electronic
medical records and by direct communication with the pa-
tients, their families, or their referring physicians. All patients
were completely followed up.

Data from individual patients were compiled and ex-
pressed as mean (*:SD) and range values for the series. All
statistical calculations were performed by using JMP5.1 sta-
tistical software (SAS Institute, Cary, NC).

RESULTS

Characteristics of the 13 patients in the series are shown
in Table 1. More than half the patients had a severe brain
injury, with two having an abbreviated injury score of 5. For
four patients, the PS (probability of survival) was below 50%.
Although all TEVAR procedures were performed on the day
of admission to our institution, some were done several hours
or days after the BAI occurred because of the time required
for transportation from referring hospitals.

Figure 2 shows the locations of stent-graft placement.
Zone 0 was distal of the ascending aorta; zone 1, distal of the
BCA; and zone 2, distal of the LCCA. No concomitant
bypass procedures or transpositions of the head vessels were
performed in patients in whom a stent-graft was placed in
zone 0, 1, or 2. Of the four patients with zone 2 stent-graft
placement, two were given a fenestrated device. In three
patients, a stent-graft was placed distal of the LSA. Eight of
the 13 patients in the series (61.5%) were given a fenestrated
stent-graft. In six of these eight patients, the LSA was pre-
served. In four patients in the series, the LSA was simply
covered because of anatomic reasons; in two of the four, a
fenestrated stent-graft was placed from zone 0, with preser-
vation of the BCA and the LCCA (Fig. 3).

The BAI treatment was successful in all cases. However,
two patients died shortly after TEVAR of brain death due to
an associated critical brain injury (abbreviated injury score of
5); thus, the hospital mortality rate was 15.4%. One of the
patients, a 77-year-old man who had a PS of 6%, died 23
hours after TEVAR. The other, a 30-year-old woman with a
PS of 24%, died 9 days after TEVAR and external decom-
pression for brain edema.

There were no perioperative complications related to place-
ment of a stent-graft or coverage of the LSA. There were no
unintentional occlusions of the head vessels by a fenestrated
stent-graft. There is no neurologic complication including
strokes and spinal cord ischemia. The mean follow-up period
was 20.3 months (range, 7 to 36 months). One stent-graft-
related complication occurred among the 11 patients dis-
charged from the hospital after TEVAR. The adverse effect
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