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Table 5. Multivariate Analyses of Early and Late Results
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Hospital Mortality Late Mortality Reoperation

Variables p OR 95% Cl P OR 95% Cl 14 OR 95% Cl1
Agc at operation 0.642 0.987  0.934-1.047 0.018 1.035  1.006-1.065
Male gender
Emergent operation 0.000 6.984 2.930-16.65 0.990 1006  0.370-2.740
Type A dissection 0.786 1228  0.279-5.411 0469 1351  0599-3.048 0912 1.073  0.311-3.702
Marfan syndrome 0.506 0.594 0.128-2.759 0.015 2912 1.229-6.897 0525 0.687  0.216-2.184
Aortitis 0.651 0.716  0.169-3.037 0.009  3.08  1.325-7.187 0.850 1153  0.263-5.065
Redo operation 0.752 1.199 03314350  0.023 2556  1.138-5.740  0.144 2.881 0.097-11.90
Hypertension 0364  1.829  0.497-6.733
Diabetes mellitus 0534 2433  0.148-40.02 0.869 0843  0.111-6.389
Cercbrovascular discase 0.033 5.101 1.144-23.77 0.774 0.846 0.270-2.652
Coronary artery disease 0737 0922  0.125-6.801 0146 3175  0.670-15.05
Chronic renal failure 0.092 7.808  0.714-85.35 0006 6575  1.716-23.20
Chronic obstructive 0.553 1.634 0.323-8.264

pulmonary diseasc
Pump time (minutes) 0.297 1.002  0.998-1.006 0298  1.001  0.999-1.004
Aorta clamp time (minutes)
Use of bioprosthesis 0.353 0.325 0.030-3.474 0597 0749  0.257-2.186  0.002 5346  1.838-15.55
Skirted proximal anastomosis 0.677 1.302 0.376-4.513 0.015 0.417  0207-0.842 0437 0571 0.139-2.343

technique
Direct button technique 0.027 0270  0.085-0.860  0.602  0.826  0.403-1.693 0239 0431 0.106-1.750
Concomitant aortic surgery 0178 0311 0.057-1.697 0936  1.035  0452-2367 0237 0291  0.038-2250
Concomitant cardiac surgery 0.319 1.941 0.527-7.143 0479 0723  0295-1.774
Era of operation (after 1995) 0.341 0.524 0.138-1.982 0969  1.014  0490-2.100 0442 0501 0.086-2.916

95% CI = 95% confidential interval; OR = odds ratio.

Long-Term Survival

The mean follow-up duration was 106.1 £ 80.4 (2 to 306)
months. The follow-up data were lost in 17 patients
during the study period and the complete follow-up data
were collected in 93.8%. A total of 45 late deaths (18.2%)
were observed. Fourteen of those deaths were related to
the composite valve prosthesis; graft infection in 7, cere-
bral hemorrhage under anticoagulation therapy in 4,
gastrointestinal ischemia in 2, and acute myocardial
infarction in one. Seven patients died from the rupture of
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Fig 1. Overall survival curve and the influence of Marfan syndrome
and aortitis on the actuarial survival,

a residual aortic aneurysm or aortic dissection. The cause
of the late death was unknown in 5 patients. The actuarial
survival rate was 87.0%, 79.9%, and 72.9% at 5, 10, and 15
years respectively (Fig 1). A multivariate analysis showed
that the age at operation, Marfan syndrome, aortitis, the
presence of preoperative renal failure, the use of a
standard proximal anastomosis and a redo operation
were all significant independent predictors of late death
(Tables 4; 5). :

Reoperation

Twenty-four patients (9.5%) presented for reoperation of
the ascending aorta and the aortic root. Some of the 24
patients had multiple indications for the reoperation. Of .
these patients, a prosthetic valve dysfunction was ob-
served in 11 patients, graft detachment in 10 patients, and
graft infection in 5 patients. Of the 11 patients with a

Table 6. Procedures for Reoﬁeratiorz

Procedures Performed at Reoperation No. of Patients

Aortic valve replacement 10

Recomposite graft replacement 8

Repair of graft detachment with/without 4
coronary reconstruction

Homograft replacement 2

Total 24

Downloaded from ats.ctsnetjournals.org by Soichiro Kitamura on April 1, 2009

200

ADULT CARDIAC




>
=]
=
-~
@)
>
=
=
>
3]

1514 TSUNEKAWA ET AL
CGR OF THE AORTIC ROOT

Vo veeemes
- Mechsnical prosthasis
&
—— Ovemll
£% Lo
k-
B —
& 2 L_j £<0.0001
= 0 H {rxchanical v bleprosthesin
g 8 e
£k . b
2& Patient atrisk i .
- = Orenall L_ Bioprosthesis
i N X1 31 R2 " 6
Mechmical
215 n7 73 34 4
Bicoprostesis
" an 16 ¥ 7 2
¥ T T T T T T
4 n 100 10 w 0 300
Months

Fig 2. Actuarial frecdom from rcoperation of the ascending aorta
and the aortic root in overall patients, patients with mechanical
prosthesis, and patients with bioprosthesis.

prosthetic valve dysfunction, 9 of them underwent a
sccondary aortic valve replacement. The other 2 patients
had a redo CGR for a coexisting graft detachment or a
coronary ostial true ancurysm. Four patients with a graft
detachment underwent a direct repair of the detachment
with or without coronary reconstruction, and the other 6
patients with a graft detachment received a redo CGR.
All the patients who were treated for a graft infection
underwent a redo CGR. An aortic homograft was utilized
in 2 patients. One patient underwent an aortic homograft
root replacement due to methicillin-resistant staphylo-
coccal prosthetic endocarditis 10 months after the initial
CGR and concomitant total aortic arch replacement. He
required a re-total arch replacement to treat the residual
infection and a graft detachment 4 months later and died
from an uncontrollable infection. Another patient who
required an aortic homograft root replacement had giant-
cell aortitis and repeated graft detachment. An aortic
homograft was utilized for his third root replacement. He
died 9 years after the aortic homograft root replacement.
The procedures for reoperation are summarized in
Table 6. Three patients (12.5%) died after the reoperation
for graft infection. The reoperation free rates of the total
patient population were 96.3%, 92.2%, and 89.7% at 5, 10,
and 15 years, respectively (Fig 2). The multivariate anal-
ysis showed that the use of a bioprosthesis was the only
significant independent predictor for reoperation (Tables
4; 5). In the patients who underwent a CGR with a
mechanical valve, no prosthetic valve dysfunction was
observed and the reopecration free rates were 96.5%,
96.5% and 95.0% at 5, 10, and 15 years, respectively (Fig 2).
Univariate and multivariate analyses did not identify any
variables as a significant predictor for reoperation in the
patients who utilized mechanical valves.

Graft Infection

Ten patients (4.0%) developed a graft infection, Three of
them experienced an accompanied graft detachment.
Five patients underwent reoperation; a redo CGR in four
patients and an aortic homograft root replacement in
one. Three of them (60%) died after the reoperation. Five
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patients were observed without reoperation, and four of
them (80%) eventually died. The actuarial probability of
remaining free of a graft infection was 95.5% at 15 years.

Detachment of the Graft Anastomosis

Fourteen graft detachments were observed in 12 patients
(4.8%) including 6 patients with Marfan syndrome and 5
with aortitis. Seven detachments occurred at the proxi-
mal anastomosis. Of the 7 patients who developed a
proximal graft detachment, the standard proximal anas-
tomosis technique was utilized in 5 patients (5 of 105;
4.8%) and the skirted proximal anastomotic technique in
2 patients (2 of 147, 1.4%). The other 6 detachments
developed at the coronary anastomosis. Of these 6 pa-
tients, Bentall and De Bono's original inclusion technique
[1] was utilized in 2 patients, the graft interposition
technique in 3, and the direct button technique in 1. One
patient presented with multiple detachments at both the
proximal and coronary anastomoses due to a graft infec-
tion. Ten of 12 patients with graft detachment underwent
reoperation, One patient with a detachment of the prox-
imal anastomosis accompanied by coronary true aneu-
rysms has been followed up medically, and another
patient with a detachment of the coronary anastomosis
died from chronic renal failure before a reoperation was
considered. The actuarial probability of remaining free of
detachment of the graft anastomosis was 96.9% at 10
years and 95.5% at 15 years.

Thromboembolisms

Thromboembolic events occurred in 8 patients (3.2%);
cerebral infarction in 7 and thromboembolism of the
superior mesenteric artery in one. Seven patients had
received anticoagulation therapy for the use of a mechan-
ical valve, The actuarial probability of remaining free of
thromboembolic events was 96.5% at 15 years.

Anticoagulant-Related Complications

Fourteen patients (5.6%) had complications related to
anticoagulant therapy which required blood transfusion
or in-hospital treatment; an intracranial hemorrhage in 7
patients, gastrointestinal bleeding in 5, and genital bleed-
ing in 2. Four of the intracranial hemorrhages were fatal.
In all, the actuarial probability of remaining free of these
complications was 93.6% at 15 years.

Coronary Artery Complications

Coronary ostial aneurysms developed at 6 coronary anas-
tomoses in 4 Marfan patients (1.6%). Of the 6 coronary
ostial aneurysms, Bentall and De Bono’s original inclu-
sion technique was utilized in 3 of the anastomoses and
the graft interposition technique was utilized in 3 anas-
tomoses. A coronary obstruction was observed in 3 pa-
tients. Of the 3 patients, the Cabrol technique was uti-
lized in 1 and the direct button technique in 2. Two of the
3 patients with a coronary obstruction had aortitis.

Event-Free Survival Rate

The actuarial probability of being alive and free from a
prosthesis-related complication was 79.4%, 67.8%, and
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Fig 3. Actuurial freedom from all cuents including late deaths in
aortitis and nonaortitis patients.

60.7% at5, 10, and 15 years, respectively. The incidence of
prosthesis-related complication was significantly high in
aortitis patients (Fig 3).

Comment

Several large studies have demonstrated excellent out-
comes associated with a CGR with low 30-day mortality
rates ranging from 4.3 to 9.0% [2, 3, 7]. The current study
documented a comparable result of 95% of the in-
hospital mortality, even including that of the emergency
surgeries. The mortality of elective surgery was 4.3%.
Since 1995, no in-hospital death has occurred in 95
elective patients. The increased experience, as well as
other factors, such as the development of a refined pump
oxygenator system and the myocardial protection tech-
nique, the availability of “zero porosity” vascular grafts,
and improved perioperative management, has contrib-
uted to the improvement of the outcome.

The actuarial survival rate was also comparable with
the range of 62% to 93% at 10 years, which were previ-
ously published [7-9]. The present results suggest that
one of the significant independent risk factors of late
death is aortitis, which is predominant in Asian coun-
tries. The prevalence of aortitis leading to surgery is high
in the current series. Takayasu arteritis was dominant
among the 56 patients with the pathology of aortitis. The
main pathologic findings associated with Takayasu ar-
teritis are severe destruction of the medial elastic fibers
and thickening of intima, media, and adventitia. The
pathologic fragility causes frequent detachment of the
prosthesis after an aortic valve replacement or CGR [10,
11]. Indeed, in the current study, late graft detachment
was observed in 5 of 56 aortitis patients (8.9%). Although
the appropriate approach to the aortic valve diseases
associated cwith aortitis is unclear, we prefer a CGR,
especially in the active stage, because the graft detach-
ment was less frequent when treated with a CGR than
with an isolated aortic valve replacement [10]. Ishikawa
and colleagues [12] reported the long-term mortality of
the patients having Takayasu arteritis with major com-
plications who require surgical treatment was consider-
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ably poor, with only 43% at 15 years [12]. In the present
study, the 10-year and 15-year survival rates of aortitis
patients were 69% and 58%, respectively. In addition, the
incidence of prosthesis-related complications was signif-
icantly high in aortitis patients; 5 graft infections (8.9%), 4
cerebral infarctions (7.1%), and 2 coronary arterial ob-
structions (3.4%). Not only the poor natural history of this
subset, but also the frequent need for a reoperation for
graft detachment, the life-long steroid therapy, and the
high incidence of graft infection can thus influence the
poor long-term survival.

Although controversy remains in regard to whether
Marfan syndrome decreases the late survival rate [2, 7,
13, 14], the current results suggested that Marfan syn-
drome was one of the significant predictors of late deaths.
The high incidence of an aortic dissection and an aneu-
rysm of the residual aorta, or subsequent operations can
potentially increase the late mortality in Marfan patients.
In fact, in the current series, the incidence of a reopera-
tion on the residual aorta was significantly higher in
Marfan patients (27 patients; 29%) than in non-Marfan
patients (5%). In addition, 16 of 27 Marfan patients who
required an operation on the residual aorta required a
third or fourth operation. The incidence of graft detach-
ment and coronary ostial true aneurysm were signifi-
cantly high in Marfan patients, To reduce these compli-
cations, a direct button technique can be the most
favorable technique, especiaily in Marfan patients. The
size of the side hole made in the graft must be reduced to
fit the diameter of the coronary artery, and a suture
should be placed inside the origin of the coronary artery
so that a residual aortic wall can be eliminated [15].

A composite valve graft root is one of the best treat-
ment strategies for an acute type A aortic dissection and
aortic regurgitation [16, 17]. In the current study only 25
patients had acute type A aortic dissection. The low
prevalence of acute aortic dissection in this study can be
explained by the fact that most of patients with acute type
A aortic dissection and aortic regurgitation were effec-
tively treated by an aortic valve resuspension and as-
cending aortic replacement, unless aortic root was patho-
logically dilated or destroyed by the dissection process.
In addition, recently, an aortic valve-sparing operation
has been used as an alternative strategy for this
condition.

Although recent studies report an excellent early sur-
vival rate for a proximal reoperation after a CGR, ranging
between 70% and 86% [15, 18, 19], a redo CGR remains a
challenging procedure with a high morbidity and mor-
tality, especially in the setting of graft infection. Graft
detachment is one of the predominant indications for late
reoperation [3, 8, 15, 20-23]. In the present study, graft
detachment occurred in 11 patients with Marfan syn-
drome or aortitis. Extreme caution is necessary for the
anastomosis in these patient subsets. The direct button
technique is widely utilized and has reduced the rate of
reoperation on the ascending aorta or aortic valve after a
CGR (0% to 19% at 3 to 10 years) [2, 3, 8, 9, 14, 20]. Since
1985, we have utilized the direct button technique for
coronary artery reconstruction and that technique has
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contributed to reducing the incidence of graft detach-
ment and coronary complications. At present, the direct
button technique is our first-line technique. However, if
there is anatomic difficulty or dense adhesion precluding
the direct button anastomosis, especially in a redo root
surgery, the alternative is a short-length graft interposi-
tion technique [4]. The current data support the efficacy
of the graft interposition technique with nearly the same
long-term reliability as the direct button technique. With
regard to the proximal anastomosis, the skirted tech-
nique has been the current preference. The concept of
translocating the prosthetic valve, initially described by
Cabrol and colleagues in 1981 [5], was adopted in 1989 to
secure the anastomosis without bleeding and to reduce
the risk of late graft detachment. In the skirted technique,
the prosthetic valve does not apply direct stress on the
aortic annulus by separating the suture-line of the pros-
thetic valve from that of the aortic annulus [24]. Although
the current study was not designed to compare the two
proximal anastomosis techniques and it was not assumed
that the skirted technique would completely surpass the
standard technique, the current results demonstrate
some advantages of the skirted technique by improving
the frequency of late proximal graft detachment and the
long-term survival. The results encourage the continued
utilization of the skirted technique, especially in patients
with a fragile aortic annulus, such as those with aortitis
and Marfan syndrome. However, 2 patients experienced
proximal graft detachment after a CGR using the skirted
technique. One patient had giant cell aortitis and another
had Behget disease. The former underwent a second
skirted CGR and repeated graft detachment of the right
coronary ostium and was eventually treated with an
aortic homagraft root replacement. The latter underwent
3 CGR procedures for repeated graft detachment. In
patients with a fragile inflammatory aortic pathology,
further refinement of the anastomotic technique, such as
buttress sutures from the lateral side of the aortic wall for
reinforcement of the prosthesis at the aortic annulus,
placement of thick belt-like Teflon felt on the lateral side
of the aortic wall, is required to reduce late graft detach-
ment [24].

The use of a bioprosthesis is an independent risk factor
for a late reoperation. It is obvious that the prosthetic
valve dysfunction is an inherent late complication of a
bioprosthesis. However, all of the valve failures occurred
in use of the Ionescu-Shiley (Shiley Laboratory) biopros-
thesis implanted early in the study period. Since 1987, the
Carpentier-Edwards bovine pericardial prosthesis has
been used and there have been no valve failures. The
durability of the manufactured bioprosthesis, especially
the pericardial valve, is well-documented [25]. Galla and
colleagues [26] also reported excellent long-term perfor-
mance of bioprosthetic CGR with no instances of valve
failure during a 5-year follow-up. A CGR using a bio-
prosthesis is a uscful option for some subsets such as
elderly patients, or those who are contraindicated for
anticoagulation therapy. Currently, a “Valsalva graft” has
been used with a bioprosthetic aortic valve for the long-
term valve durability.

Ann Thorac Surg
2008;86:1510~7

The current study has inherent biases. The series of
patients examined were derived from a retrospective
review covering a long time interval and the patients
included in this study had various different surgical
indications and were treated by different surgeons.

This report presented the 27-year experience in per-
forming a CGR and concluded that a CGR is a safe and
reliable procedure for various aortic root diseases, thus
resulting in sufficient early and long-term resuits. Aortitis
is the significant predictor of late death after CGR, with a
high incidence of late graft detachment and other com-
plications. The skirted proximal anastomotic technique
can help surgeons to avoid late proximal graft detach-
ment and the need to perform a reoperation.

We greatly thank Dr Akiko Kada for her valuable biostatistical
expertise.
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Notice From the American Board of Thoracic Surgery

The 2008 Part I (written) examination will be held on
Monday, December 1, 2008, It is planned that the exam-
ination will be given at multiple sites throughout the

United States using an clectronic format. The closing.

date for registration was August 1, 2008. Those wishing to
be considered for examination must apply online at
www.abts,org.

To be admissible to the Part II {(oral) examination, a
candidate must have successfully completed the Part 1
(written) examination.

© 2008 by The Society of Thoracic Surgeons
Published by Elsevier Inc

A candidate applying for admission to the certifying
examination must fulfill all the requirements of the Board
in force at the time the application is received.

Please address all communications to the American
Board of Thoracic Surgery, 6333 N St. Clair St, Suite 2320,
Chicago, IL  60611; telephone: (312) 202-5900; fax: (312)
202-5960; e-mail: info@abts.org.
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Dilatation of the Aneurysmal Sac
After Total Arch Replacement

Hirotaka Watanuki, MD, Hitoshi Ogino, MD,
Hitoshi Matsuda, MD, Kenji Minatoya, MD,
Hiroaki Sasaki, MD, Tetsuya Fukuda, MD, and
Soichiro Kitamura, MD

Departments of Cardiovascular Surgery and Radiology,
National Cardiovascular Center, Suita, Osaka, Japan

In our institution, total arch replacement for distal arch
aneurysms is performed through a median sternotomy
with antegrade selective cerebral perfusion. The distal
anastomosis to the completely transected descending
aorta is made through the aneurysmal sac. We report on
three interesting cases presenting late dilatation of the
aneurysmal sac due to collateral flow after total arch
replacement.
(Ann Thorac Surg 2008;85:639—41)
© 2008 by The Society of Thoracic Surgeons

In general, prosthetic graft replacement of aortic aneu-
rysm is carried out without complete resection of the
aneurysmal sac. In particular, total arch replacement for
distal or proximal descending aortic aneurysm is per-
formed through the aneurysm sac without resection of
the aneurysmal wall to prevent injury to the phrenic and
vagus nerves and to the lung. In this report, we present
three interesting cases that developed late dilatation of
the aneurysmal sac after total arch replacement for a
distal arch aneurysm through a median sternotomy.

Case Reports

Patient 1

An 82-year-old man underwent total arch replacement
for a huge saccular-type distal arch aneurysm of 94 mm
in 2002. The postoperative course was uneventful. One
year later, the follow-up enhanced computed tomo-
graphic scans revealed a small leakage of the contrast
medium around the prosthetic graft (Fig 1). The leak was
considered from the distal anastomosis site. Therefore,
stent graft insertion was performed to cover the leak;
however, even after this was performed the leak did not
disappear. Angiography was then performed to identify
some collateral vessels opening into the aneurysmal sac.
A collateral vessel originating from the right internal
thoracic artery (ITA) to the aneurysm sac was opacified.
Coil embolization of the right ITA was then performed.
Thereafter, the leak decreased, although it did not vanish
completely. The aneurysm sac had not dilated 36 months
after coil embolization.
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Patient 2

An 82-year-old woman underwent total arch replace-
ment for a saccular-type distal arch aneurysm of 60 mm
in 2002. The postoperative course was uneventful. One
year later, the follow-up enhanced computed tomo-
graphic scans revealed some leak of contrast medium
into the aneurysmal sac (Fig 1). Although angiography
did not reveal any leakage from the distal anastomosis
site, a collateral vessel originating from the left ITA to the
aneurysmal sac was opacified. Coil embolization of the
left ITA was performed. The leak of contrast medium to
the aneurysmal sac did not completely vanish. However,
the aneurysmal sac was not dilated 41 months after coil
embolization.

Patient 3

A 75-year-old man underwent total arch replacement for
a huge fusiform type distal arch aneurysm of 100 mm in
2001. The postoperative course was uneventful. Five
years later, hemoptysis developed in the patient. Com-
puted tomographic scans revealed a small dilatation of
the aneurysmal sac (Fig 1). Although angiography did not
reveal leakage from the distal anastomosis site, a collat-
eral vessel originating from the left ITA to the aneurys-
mal sac was revealed (Fig 2). After coil embolization of
the left ITA was performed (Fig 2), hemoptysis disap-
peared. The patient continues to be carefully followed.

Comment

Pseudoaneurysm formation after thoracic aortic replace-
ment develops in the late stage. Although it can be
secondary to trauma or infection, previous cardiac sur-
gery is the most frequent cause [1]. It occurs in less than
0.5% of all cardiac surgical cases [2]. Pseudoaneurysms
are located at previous anastomotic sites, aortotomy sites,
cannulation and venting sites, and proximal vein graft
anastomotic sites. Anastomotic pseudoaneurysm after
ascending or aortic arch replacement for aortic dissection
has been reported at various rates ranging from 2% [3] to
38% [4]. It is usually caused by anastomotic leak or
cutting of the aortic tissue. In the presented series, the
residual aneurysmal sacs dilated after total arch replace-
ment, although in most cases they shrink after surgery.
Several causes were considered for these phenomena.
Obviously they might be caused by anastomotic leak or
cutting of the aortic tissue. However, angiography did not
reveal any leak from the anastomotic sites. Even after
stent grafting that covering the anastomotic sites, some
leakage remained.

In our surgical techniques of total arch replacement for
distal arch aneurysm, distal anastomosis is made by
division of the descending aorta at the distal site of the
aneurysm. The aneurysm is not resected. Some arteries
opening into the aneurysm are closed by suturing. How-
ever, some of them might be disguised with mural
thrombi or atheroma in the aneurysmal sac, because all
mural thrombi or atheroma were not always removed in
our routine techniques. Thus, the aneurysm sac might be

0003-4975/08/$34.00
do0i:10.1016/j.athoracsur.2007.08.028

n
=
-
4
=
o~
<
w
=4
=
st
<




o]
m
Z
=
=
m
>
=
0
=
m
»

640 CASE REPORT WATANUKI ET AL
DILATATION OF THE ANEURYSMAL SAC

Fig 1. Enhanced computed tomo-
graphic scans for (A) patient 1,
(B) patient 2, and (C) patient 3
showing leakage of contrast me-
dium around the artificial graft
and inflow of contrast medium to
the aneurysm wall.

enhanced and dilated. It might have a similar mechanism
to that of type II endoleak after endovascular aortic
repair. Gould and colleagues [5] reported there were 20%
type II endoleaks with preoperative coil embolization for
aortic side branches and 23.3% type II endoleaks without
preoperative coil embolization during the follow-up pe-
riod. Therefore, coil embolization was performed to
occlude the collateral vessels. There are two similar
reports on coil embolization of an aortic arch false
aneurysm [6, 7]. Miguel and colleagues [6] succeeded in
coil embolization of a pseudoaneurysm over the distal
suture line of an ascending aortic graft replacement.
Chapot and colleagues [7] succeeded in coil embolization

Fig 2. Angiography of patient 3. (A) Inflow of contrast medium from
the left internal thoracic artery (ITA) to the aneurysm wall (B) after
coil embolization for the left ITA branch.

Ann Thorac Surg
2008;85:639-41

of a pseudoaneurysm at the level of the aortic arch after
surgical replacement of the aortic root and arch for aortic
dissection. However, in our cases, coil embolization was
successful in only 1 patient, presumably because there
might be many collateral sources opening into the aneu-
rysmal sac.

Otherwise, systemic pressure has recently been re-
vealed within the aneurysm sacs of patients with collat-
eral endoleak. This discovery suggests that these patients
could remain unprotected and at risk for aneurysm
rupture [8]. Consequently, close observation for a long
period is mandatory even after successful total arch
replacement.
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Aneurysm of a Right-Sided
Descending Aorta With a Normal
Left-Sided Aortic Arch

Masahiro Daimon, MD, PhD, Hideki Ozawa, MD,
Kazuo Kurihara, MD, and
Takahiro Katsumata, MD, PhD

Department of Thoracic and Cardiovascular Surgery, Osaka
Medical College, Takatsuki, Osaka, Department of
Cardiovascular Surgery, Cardiovascular Center, Kyoto-Katsura
Hospital, Nishikyo, Kyoto, Japan

We encountered an extremely rare case of a saccular
aneurysm of the descending aorta developing to the
right of the spinal column with a normal left-sided
aortic arch. An 80-year-old man was admitted to our
hospital because of a saccular aneurysm of the right-
sided descending aorta that had increased in diameter.
Resection of the aneurysm and prosthetic graft replace-
ment of the right-sided descending thoracic aorta were
successfully performed under deep hypothermia through
a right thoracotomy.
(Ann Thorac Surg 2008;85:641-3)
© 2008 by The Society of Thoracic Surgeons

Because aneurysms of the right-sided descending
aorta with the left-sided aortic arch are quite un-
common, few opinions on surgical treatment exist. We
report our surgical strategy for this unusual entity and
present a review of the literature.

An 80-year-old man was admitted to our hospital be-
cause of a saccular aneurysm of the descending aorta,
which was detected on computed tomography several
years previously, but it had increased in size from a
diameter of 50 mm to 70 mm within 1 year. Hypertension
had been present for more than 18 years. However, no
symptoms had been noted. A chest x-ray film showed the
dilatation of the mediastinum toward the right hemitho-
rax (Fig 1). A computed tomographic scan (Fig 2) and
angiographic examinations (Fig 3) revealed that the tor-
tuous descending aorta was on the spinal column at the
sixth thoracic vertebra just behind the esophagus, which
ran along the right side of the spinal column to the first
lumbar vertebra, and then returned to the usual position.
The dilatation of the aorta was seen from the seventh
thoracic to the first lumbar vertebra. The patient had a
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past history of tuberculous pleuritis of the left hemitho-
rax, partial gastrectomy for a gastric ulcer, and cholecys-
tectomy for cholecystitis. Serological tests for syphilis
were negative. No congenital anomalies were found on
examination.

The right fifth intercostal space was opened, and a
seventh intercostal pleurotomy was added to access the
distal part of the descending aorta. Dense adhesions
were seen in the pleural cavity. Cardiopulmonary bypass
through ascending aortic perfusion and right atrial drain-
age was established, and perfusion cooling was initiated.
A venting catheter was inserted into the left atrium
through the right upper pulmonary vein. When the rectal
temperature dropped below 18°C, the descending aorta
just proximal to the diseased segment was clamped.
Partial extracorporeal circulation was continued to main-
tain the cerebral and coronary circulation under ventric-
ular fibrillation. The partial circulatory flow was 1,000
mL/min and the mean aortic pressure was maintained
around 40 mm Hg. The proximal aorta was transected at
the appropriate level. The aneurysm was then incised
longitudinally just above the diaphragm. The aneurysm
was extensively atherosclerotic with dense calcification,
and all intercostal arteries were occluded. The anastomo-
sis to the proximal aorta using a woven polyester, gelatin
coated, 22 mm-prosthetic branched graft (Gelweave Ante-
Flo; Sulzer Vascutek Ltd, Renfrewshire, Scotland) was
completed using 3-0 polypropylene sutures, reinforced
with polyester felt. Distal anastomosis was performed by
an open aortic technique. Extracorporeal circulation
lasted 160 minutes. The duration of the ventricular fibril-
lation was 106 minutes and the circulatory arrest of the
lower body was 49 minutes. No neurocognitive dysfunc-
tion was found during the postoperative period. The
postoperative chest computed tomographic scan showed
no abnormal findings. Respirator management was re-
quired for 12 hours. However, he took time for rehabili-
tation for respiratory functional disorder. The patient was
discharged on postoperative day 40.

Comment

Although there are some reports of right-sided descend-
ing aortas with a right-sided aortic arch [1, 2], atheroscle-
rotic aneurysm of the descending aorta developing to the
right of the spinal column with a normal left-sided aortic
arch is extremely rare. Because Epstein and Friedman [3]
reported the first case of the aneurysm of the descending
aorta protruding to the right of the spine in 1949, several
case reports have been subsequently made [4-6]. These
reports usually focused on the difficulty of the diagnosis,
because chest x-ray films were the major diagnostic
method in those days.

The first successful surgical case was reported by
Claxton and Dillon in 1969 [5]. The patient underwent
closure of the neck of the saccular aneurysm and resec-
tion of the aneurysmal wall through a right thoracotomy.
In 1970, Engelman and Clauss [6] reported another case
of an aneurysm presenting in the right thorax. They
performed resection of the aneurysm and an end-to-end
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AZZYL—hF (PMMA), RYUTF prIZ7A4FRZTF L (PTFE} R =AVFTAra—IL

(PVA) 2 ERRLELNTVE ™, HBEICEWTHATABEOREREIX, BVWEELZE-T
W3 Y, FRIZLDLF, BVMEEN - BEEZETAIATABIERESN TR, &
i T, AlphaCore (PMMA ) 233 FDA I TAR I, BEKBROERHERICHS, L
MULARRL, ZhHDHEE ABRE L OBEAEE TS LIEELAT. TORR, Lty
MBI EM E~DEER TSI ERT. ATABEAL TORMRICE D HE-CRIYLE 2
EREBEEREL 2 >TWD, TOEFD~—2E LT, £EARE ATAELOHEORER
EFbha,

—h. BT, BAERPHBTIZOME» O ABEREOHENTOATWVWS, B4E
ERFEHICE>T, ABLEBIUCHEBEREFAEFRGA SR TRY, BAERENOAES
H~DEWE?S, ARESBOBRLARHBEIN TS, LirL, AELEBIUCABRENED
BARZ, HROAEZRV MR — FROEEX AW EEAOICIIHRBOALOBAETHD,
AEDIFITO 0% % EHAEHEHSOBAERBEL UL, REBRISBIZW 5 BATHIIEHE
REANhTWhiy, Zokd, AREEROFLIZSWTL, 27— 5L - AR DB
WEBIERKEZ 5H TS, T TEAIZ, AFEEOHMICELTAIATIAEL LT,
AR A EOFBUZ SV TRE LT3, BRI S 1, REAS» S EREL,
BT A4FTISREEET, HARLERORYUESL LT, REEERRY V08
EEFER Y ORIBIZ L A(LENTFIERE., LK« PBER LEDENFETHIBRELEE
NRhHsd, HBHFT. EHREAMI L HREZEEL., MRBESESFCIVRETSIFETH
5 (Figl), ThE<, IE, LER, 9%, Bk ofr oM ik 2RI L
TW3B ), REFFE i, REEERE, BEEARKI X5 ABEOMAIRALEBIZEVED
N AR B IED B & in vivo TORBMBHEER LTV, HARICAEOATARE LT
DEBEIC DWW THRET L7,

Decellnlarized cornea

Fig.1. Structure of native cornea (left) and scheme of decellularized porcine corneas(right).

2. ¥R & B
2.1. SEFERIC X 5 ABO KSRk

BARGET RSO ABRERHIL L, £BLEEE (1 wW% SDS, 1 w/v% TritonX-100) {Z
BHE L, 37°CT 4 ML CESIRE Lk, {FohiMR/LEfiz, HERAIZ L VER
i L7z,
2.2. BRELEEN 2 AV A RATRE

RARGET ZIRER» S ABES L L. PBS (Dextran70 35mg/ml, penicillin streptomycin
10u/m) Iz BT, BEEQIREE (DrCHEF, (RWFRSERT %MV, AEEH 10000 K

FECAEREFR] 10 2 (ESEI#EE 666 RUE /4. AAEIBEK 10°C) TEREBE/AKERML, &
ERICHESEESECEEL, 37CO0AM rFarR—F—NTERRE L. MREEEZREL
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7, JFon - BA LRI, HE LASEHERBEIC LV FE L,
23 BMR{CAARROBHEIER

77 I b B U ¥ ABE~OBEEREYTT o7, BAREEROBEL LR L.
FAIREERBICH4mmiDOR T v M EER L, B2 2mmXEZ4 0.16mm O ARG A EE#F
ALr, it e LCik, RAEO7 FAEZ AV, BEZCREBELZITV., BlER
2 ATBEAZRYHEL., ERFEMICBELZITo T,

3. R
3.1. REEER L BRELABREIC X 5 HARLABROHERTM

FEiEEAIAE U R b A Fig2 (2759, SDSAAEETIX, AEONEEROELE L F
R TOFRNBAE LN, BB LI, Triton X-100 2BV Th, BRHOBMITI R P T- LD
D, ELLEE - ABkrisE LN, LBABEFEZ~< ¥V U r—x4 T (H-E) Bfal
THBFAN RN 21T o /2. Toriton X-100 TiX, AEELR. LEBOWThOEIZIBWT
LEAICRE SN -HIAESHER SN, 2L A YDHIAREISRTHARNI EBBA LML
pote, AEEEROD a7 — 7 i8# > 0T, EXRBERE/ CIEFig20 L5 BmEEIC
AL TS od#s UTHEEN DM, 8ET S Triton X-100 Tit, #HEMOZERD
JERB A BN, —F, SDS DFE. FEBHOIEE A Y ORIIIREIN TN, EH
BTl ERTREN, o, 27— UiiEoRmIIRE EN. 35— 5 i
DB X OEROILANBRE S K-,

BB ELRIC X A BRI A B TIX. 10000 RIEOEREEIMCIL Y, &AL Y AL
RN AR A E b (Fig2)., /. H-E RAFTR Tk, HMIREOTRZ2BRENTREN,
2 —F o mOKE RELNWIBESh o7, DNABTFREBOTERICB W T LR
RIEEDODNANERINAEET T, BEISRAHROBEITIZEALREIN TV,

Non-treated Triton X-100 SDS UHP/10T

Fig_2_Photographs and H-E staining of the porcine corneas treated by UHP and detergent

3.2. BEEAEE ORI AR~OEE

BRELEBTHEONIHARARIT, AEARICE~NABL T, Zhid, AfEofE
T, ARAEHERON  7REEICK VA 0% DIFREICHE S h Tuw S Z b Ty
5. LnLRARET 2 Z LT, ARRKMROR  FHEREIREESh. ABIEEILZ
ETCAEBEORRIIELDS, T2 T, BREBRMREICE Y mECHERLZAES, BklZk
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SUEIL K D MEREET I E I NICOVWTRI L, 7Y e - A diRicEiETs 2 &
TERBELZREL, TOROERRRET o7, BAIRILABED HEFEIX, RLBEAED
FREIFERE LY, BHEZOABANMEO RN TEEBICL Y hEFENEE I NS T
et VR En . (Figl),

A B
a b

glycerol 0 0 100

L
H 0.04 .03

'A) Native Strain
(a) Native, fn; 1o',uoo atm, 16 for10

(1) DeceMularized cornea by nltra-high pressurization (10°C) i WSS B AR

Fig. 3_.A Photographs of decellnlarized corneas treated by plycerol immersion B Stress-strain curve of the
comeas treated under various conditions.

3.3. U RAM~DT Z RAAREAROBIEER

7Y EA~OHAIR A EREEROM RS Figd (277, BEEHBLUEME IR, K
M EABIIABL T Y., ROBABKILEE TH-7-, B 2 BBV TiE, Bk
LA BRSO bR T ABIREICHh om0, —HORMEAE CIIRERER RENE
TOFENRD BN, B 48M%ICIT, BARLABEITZERIC 2o TV, BHEEHRE
M TEFORENZD G, —HORNEBAB GO RAEIZ L 5 BIE & & olEEN
BOLNT, SbIC, B8 ER%E TIX. RARCAMOBHAREBIZERESh TRY, B
ERENDDORIEFIERD BARP o T, —F, RUBAPETEIBORERERHE N TRY ., £
EFE D MEOEENED bz, BEHEAD H-E RE T, RABABICBWLTIIZED
KIEFRABEIN, BARBORRENTE 2o/, —HFOBRMREABKICI O TR, £
FEAMIRITIE L A Y BRI BRMRILABOBRENSRENT.

After 1day After 8 weeks H-E staining

Decellularized

Native

Fig. 4 Photographs and H-E staining of the porcine corneas
implanted in rabbit after eight weeks (B, C, E, F).

212



142

4. BE

BRI A HMAICEBTIROERIZ. RABEARC S v 7 BN MERSOERN
BIZ L ABMRETHD, FIC, Fie b DREERRAEZROCCHBEOBMIELER
Frim, A FEREEEETH S SDSIE, HRE, HEOBRMENRRFETHY ., A LAk
LRI L LTS, f#. BEOMANRELIECAV b, (RIFEL BN RL s h T
WAFI UL, Fur v E—F o EHEEROMIEC LAY o "/ EEMOEREB L
GV ayI /7Y By (GAG) OBEHMER BBEEShTWA Y, SDS T X % AL
TliI. HOHBRERMBRILIND LODOELLBRMBRLIER ESNT., £, 25— 58k
R DZEE DL RAR EN T, BIRERI AN E N DA B RS Tho s 22 5N DM,
aF—4F UBHERROINBTRENLTWAEZ Lh, BEA3EERHOERIIESECHL L
ZZbhb, a5 —HUBHEREOINIT, SDSIC LD GAGERIRICE - THREN TS &
Zz bh, %, AEOBBICH~AE GAG EHFEO A MR ORANILICIVTIT SDS
OFARRBETHILEZOND, —F. FUo A \7E (EEHE THEASE LA VIESA
ERBEEERITH S Triton X-100 TiE, 2 7—F Ui~ F A—JI3b 2000, i
BB OILRK L, BRI LIZE A ERENRD -T2, Triton X-100 12 & 3 Bifil{ibag T
X, BRI K AR RBERD 2 EBBEENTEY., SO/ BN
MBI B L BEXOND, ZhbOFERL Y, AEOBMIRLIZR VTR, REEKE
HOATOFIRIRABTHBEE LB,

ZHIZH LT, Foe BEAE LABREAEEZ., BEEEMC &Y IS ERE L%,
HHpREE A A B KV BRI 2R ET B FIETHH M, 10000 [IED A EEHNC
LY, BEL-ABENEONZ, F, HE REFTECIL, HMIREDOER2RBRENTEN.
AT —FUBMRAORE RELAIBEIh Ao, S LHOBRIT. BEELAREC L
DRI OFERMER LTS, LLANS, EROREESEREICHSTENLOD,
MBI A2AEOABLIFEEARLA LN, TOEEICE D AEEEERBL L TVELODE
BN, ABRBREO—DTHHZERUEZ BT DCRIMRTREMETHH, £ T,
FXANFCERFNT S L CABOENH 2R, Z0ORE, BEELE, RERE
BOFEEHHRT XA M7 oML v R&hi, £, 2E0RETR. AENRERD
R 7BEEICE O, AEOFEIAMBHBFIN TR LRI TWS, EoT,. BETL
ML L V BEICHEB U AR HAKICE VIRG L. SHRESAEET 2 - L BT,
BHEATAEL LTOISHATEMEREIND, 22T, BKEFILVERL LT, BBEL
BV BONERAREAEEZSREETHD VY e — Bl L, SHEEOEEI SV
THEtLE, 50%. 100%7 Y Ea— @B 1EREHTAE,. 50%7 ) Er—n
WCHEEHIEHEMEAEIE L, 1 00% 7Y Fa— A TIRESHIZ 2 o, 2 bOERIT,
Bon-BEERMIMCAEOBEIHISIT AEHMEEOREMEZRLTVAS, SHIT,
T BRI ARO v X ~OBERR T, RENIIZLAERD LT, EAMENSE
Bahi, UEOINGORENS, BETEVBIHNEZ AV HARA BT AR EA TS
BEELCORASHFTE S,

S

AMAEO—EiT, EEFHRENEREHEB IVt a—v o VA 2 RABRAPRELRIC
TiThrohi,
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Abstract

We investigated the characteristics of a decellularized porcine cornea by ultra-high
hydrostatical pressurization (UHP) method. The UHP method consists of the
disruption of cells by hydrostatical pressurization and the removal of components of
the disrupted cells by washing process. Porcine cornea were hydrostatically pressed
at 10,000 atmospheres and 10 °C for 10 min and immersed in medium for 72 hours.
The turbid cornea was obtained. For H-E staining of the cornea decellularized with
the UHP method, the complete removal of corneal cells and maintenance of the
superstructure of collagen fibrils were confirmed. When the corneas were immersed
in glycerol for 1 hour, their optical and mechanical properties were restored to those
of a natural comea. As the preliminary animal study, when the implantation of the
acellular porcine cornea to rabbit cornea was carried out, the immune reaction was
not occurred and the turbid cornea became clear. These results indicate that the
decellularized cornea by UHP method would be useful as corneal scaffold for
regeneration. These results indicate the possibility of the acellular cornea prepared
by the UHP method as artificial bio-cornea.

Keywords : Artificial cornea, Decellularization, Ultra-high hydrostatic pressure
technology.
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A biological scaffold is an extracellular matrix body denved from buologlcal tissues and is made through
‘removal of unnecessary components from the tissues. An extracellular matrix is a polymer superstrucmre produced
by cells and is an appropnale enwronment for cells in a blologlcal tissue: Although there are some problems to .

i unllze the scaffold as a biomaterial, there are certain advantages rather than d:sadvanmﬂes in biological scaffolds.
:In this article, aclvantages and disadvantages of a biological scaffold are. dcscrlbed and an outline of researches
related to blologlcal scal’folds in the world is given. And then our researches are introduced.
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