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condition.” In my experience, in-hospital mortality is
1.5%—a single mortality in a recent personal series of
65 consecutive patients. As Dr. Bachet first pointed out,
however, surgical outcome cannot be expected to be
as satisfactory when young, less-experienced surgeons
on-call at midnight or on the weekends are asked to deal
with cases coming at these times.* It is thus reasonable
to assume that the impact of such factors on surgical
outcome is not reflected in published data.

If we agree that preoperative conditions are compa-
rable among published series, the factor left explaining
these gaps in outcome is case-volume-related—the
experience and expertise of surgeons. This means that
surgical risk must be evaluated considering relatively
unexplored factors such as type and location and case
volume of a given institute and individual surgeons’
experience to gain greater insight into why many institu-
tions have been unable to achieve the required success in
surgical management of acute type-A aortic dissection.

The Japanese Journal of
Thoracic and Cardiovascular Surgery
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Abstract

Total arch replacement (TAR) for aneurysm of the aortic arch through the midsternotomy has several advantages over left thoracotomy.
The purpase of this study was to identify the factors that might have an effect on the distal anastomosis through midstemotomy. From
October 1999 to August 2005, 125 patients underwent TAR for aneurysm of the aortic arch through midstemotomy. Ninety-four patients
with antegrade cerebral perfusion were selected. Distal anastomosis was performed under circulatory arrest (CA) of the lower body.
Preoperatively, the diameter of aneurysm, the depth of distal end of aneurysm from anterior skin surface and the anteroposterior diameter
of body trunk were measured. Postoperattvely, the distance from the carina to the distal anastomesis was measured. There were six early
deaths (6.4%). Duration of CA was 37+ 7.6 min. Diameter of the aneurysm was 60.6+ 13.2 mm and the depth of the distal end of aneurysm
was 139+20.6 mm. There was no correlation between CA time and these factors. The anteroposterior diameter of body trunk was
200+ 18.0 mm and has a correlation with CA time. The depth of distal end of aneurysm from anterior skin surface was the only factor that

affected duration for distal anastomosis.

© 2007 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. Introduction

Surgical treatment of arch aneurysms has remarkably
improved in recent years [1, 2]. Total arch replacement
(TAR) for aneurysm of the aortic arch through the midster-
notomy has several advantages {1]. However, in TAR, distal
anastomosis through midsternotomy is sometimes compro-
mised because of a fragile aortic wall, and narrowed or
deep working space. In anecdotes, midsternotomy was used
for the aneurysm of arch approximately at the level of
tracheal bifurcation and if the aneurysm extended mare
distal, left thoracotomy was employed [1]. The definitive
indications of midsternotomy for arch aneurysm were not
reported. The purpose of this study was to identify the
factors that might affect on the distal anastomosis when
the arch aneurysm was entered from the midsternotomy.

2. Patients and methods

2.1. Patients

From October 1999 to August 2005, 130 consecutive
patients with non-dissected aneurysm of the aortic arch

* Presented at the joint 20th Annual Meeting of the European Assoctation
for Cardio-thoracic Surgery and the 14th Annuat Meeting of the European
Soclety of Thoracic Surgeons, Stockholm, Sweden, September 10-13, 2006.
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underwent TAR in our institution. In 125 patients, the
aneurysms could be approached through midsternotomy
alone. For brain protection, selective antegrade cerebral
perfusion (SCP) was used in 94 patients and deep hypo-
thermia circutatory arrest, with retrograde cerebral perfu-
sion in 31 patients. In this study, patients who had SCP
were selected. Mean age was 7416 (57-86) years. Aneu-
rysm shapes were 51 fusiform and 43 saccular.

2.2. Operative techniques

Cardiopulmonary bypass (CPB) was established by using
ascending aortic cannutation and bicaval drainage.
Both antegrade and retrograde cardioplegia were used to
myocardial protection. Aneurysm was opened under deep
hypothermic (nasopharyngeal temperature 23 °C) circula-
tory arrest (CA). SCP for the cerebral protection was
started with balloon-tipped catheters which were setective-
ly inserted in ali three arteries. The arifice of the descend-
ing aorta, which was distal to the aneurysm, was transected
fram inside of the aneurysm without touching the left vagal
nerve and the left recurrent nerve. Aggressive dissection
and division of the esophageal branches, bronchial arteries,
and upper intercostal arterfes facilitated adequate mobili-
sation of the descending aorta. A quadrifurcated Dacron
graft was used and distal anastomosis was performed with
4-0 polypropylene suture with reinforcemént of a Teflon
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Fig. 1. (a) Aneurysm was opened after circulatory arrest. (b) Selective ante-
grade petrfusion (SCP) was started with selective three balloon catheters.
The descending aorta was transected from inside of the aneurysm. (c) Using
a quadrifurcated graft, distal anastomosis was performed with 4-0 polypro-
pylene suture with Teflon felt remnforcement under deep hypothermic (23)
circulatory arrest of the lower body. (d) During rewarming, the ascending
aorta was anastomosed, then individual reconstruction of arch vessels to the
graft branches was performed.

felt strip. Rewarming was started after the distal anasto-
mosfs. In patients without intra- or extra-cranial vascular
lesions, the ascending aorta to graft anastomosis was
achieved and the coronary arteries were reperfused. Final-
ly, individual anastomosis of the left subclavian artery, the
teft common carotid artery, and the brachiocephalic artery
to the graft branches were perfarmed with 5-0 polypropy-
lene suture. For patients who had cranial vascular obstruc-
tive lesion, reconstruction of arch vessels was performed
prior to rewarming and to the proximal anastomosis (Fig.
1).

2.3. Megsurements

Preoperatively, the diameter of aneurysm (Fig. 2), the
depth of distal end of aneurysm from anterior skin surface
(Fig. 2b) and the anteroposterior diameter of body trunk
(Fig. 2c) were measured using computed tomography (CT).
During the operation, the aortic wall was subjectively
evaluated according to the severity of atheroscterosis in
the point of aortic fragility and calcification, and classified
into three grades (1: mild, 2: moderate, 3: severe). Post-
operatively, distance from the middle point of the tracheal
bifurcation to the distat end of the anastomosis was meas-
ured by CT (Fig. 3).

2.4, Statistical analysis

All analyses were performed using the Stat view version
4.5 statistical package (Abacus Concepts Inc., Berkeley,
CA) and Sigmastat software.

Continuous data are expressed as the meantstandard
deviation. Multivariate logistic regression was used to iden-
tify independent predictors of prolonged CA and the cor-

Fig. 2. The dtameter of aneurysm (a), the depth of distal end of aneurysm
from anterior body surface (b), and the anteroposterior diameter of body
trunk (c), was measured by computed tomography.

relations between CA time and four factors (a~d) were
analysed. A P-value of 0.05 or less was considered
significant.

3. Results

The overall in-hospital mortality was 6.4% (6 of 94
patients). No patients required additional skin incision or
left pleurotomy. Two patients died due to respiratory dys-
function, two multi-organ failures, one tow output syn-
drome and one sepsis. As the morbidity, 5 patients (5.3%)
had respiratory dysfunction, 3 (3.2%) mediastinitis, 3 (3.2%)
renal dysfunction, and 3 (3.2%) neurological dysfunction,
and 4 (4.3%) hoarseness.

Fig. 3. The pastoperative distance from tracheal bifurcation to the distal end
of the anastomosts by CT.

Downloaded from icvts.ctsnetjournals.org by on March 25, 2008

-&6l-



M. Asano et al. / Interactive CardioVascular and Thorucic Surgery 6 (2007) 283-287 285
Table t Tabte 2
The measurements of anatomicat, operative and postoperative factors The factors which prolonged circulatory arrest time over 40 min
Precperative measurements (mm) Aortic wall quality n=11
Diameter of aneurysm 60.6+13.2 (25-91) Poor aortic wall 9
Depth of the end of aneurysm from 139+20.6 (80-180) Endoarterectomy 1
anterior skin level Aortic tnjury due to poor aorta 2
Anteropasterior diameter of body trunk 200+ 18.0 (160-240) Other n=6
Depth ratio 0.70+0.08 (0.39-0.85) Adhesion to pleura 1
Surgeon’s feeling to be deep 5

Operative measurements (min)
Surgery time
Cardtoputmonary bypass time
Agrta cross-clamp time
Circulatory arrest time
Aortic wall score

391+ 128 (225-845)
168461 (115-263)
70430 (38-195)
374£7.6 (24—49)
1.92+0.9

Postoperatfve measurements (mm)
The distance from the distat end of the
anastamosis to the tracheal bifurcation

10.7+7.9 (- 10 to 30)

3.1. Preoperative measurements

The mean diameter of aneurysm was 60.6+13.2 mm. The
mean distance between distal end of aneurysm and anterior
skin level was 139+20.6 mm (Table 1).

3.2, Intra-operative measurement

Duration of lower body CA was 37+7.6 min. The aortic
wall score at the distal anastomosis, which was subjectively
evaluated by a surgeon (Y.0.), was grade one (normal or
trivial) in 24 patients, grade two (moderate) in 25, and
grade three (severe) in 36. The mean aortic score was
1.9240.9. Eighteen patients required a longer CA time
(over 40 min). The main reasons for this time consuming
was fragile aortic wall; two had aortic injury, one needed
concomitant endoarterectomy, and one had adhesion to
pleura. In five patients, the surgeon subjectively felt that
the distal anastomosis was very deep (Tables 1 and 2).

Y =33.736 + 0.048 * X; R? = 0.011

a5

3.3. Postoperative measurements

The distance from the distal end of the anastomasis to
the mid-portion of the tracheal bifurcation was 10.7+7.9
(—10 to 30) mm (Table 1).

3.4. Correlation

The correlation between CA time and the five factors:
the diameter of aneurysm (Fig. 4a), the depth of the distal
end of aneurysm from anterior skin (Fig. 4b), the antero-
posterior diameter of body trunk (Fig. 4c), and the distance
between the distat end of the anastomosis and the tracheal
bifurcation (Fig. 4d) were analysed. There was no signifi-
cant correiation between CA time and the diameter of
aneurysm, the anteroposterior diameter of body trunk, and
the distance from the distal end of the anastomaosis to the
tracheal bifurcation. However, a weak correlation between
the depth of distal end of aneurysm from the anterior skin
and with CA time was found (P=0.0085, R2=0.11).

The logistic regression for multivariate analysis demon-
strated that the depth of distal end of aneurysm from the
anterior skin level over 150 mm was the only risk factor
(OR: 28.1; Cl: 1.73-456.9; P=0.02) for CAtime over 40 min
(Table 3).

Y= 1562 +0.149* X: R* = 0.128
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Fig. 4. The correlation between the CA time and (a) the diameter of aneurysm, (b) the depth of distal end of aneurysm from anterior body skin level, (c) the
anteroposterior diameter of body trunk, (d) the distance from tracheal bifurcation to the distal end of the anastomosis.
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Table 3

The multivariate logistic regression about the risk factors and CA time over 40 min
Odds a P

Post OP distance from the tracheal bifurcation 0.5 0.06—4.18 0.54
The diameter of aneurysm (<50 mm) 0.9 0.09-8.86 0.92
The depth of distat end of aneurysm (> 150 mm) 28.1 1.73-456.9 0.02
The anteroposterior dtameter of body trunk (>210 mm) 0.22 0.02-2097 0.25
The aortic wall condition 0.98 0.17-5.63 0.98
The shape of aneurysm 0.32 0.04-2.41 0.26
4, Discussion of TAR when the aneurysm was entered from the mid line.

The surgical treatment for arch aneurysms has remarkabty
improved in recent years, and operative mortality was
reported as low as 0.8-5.3% [1, 2]. The most common
approach for aortic arch down to distal arch aneurysm is
through midsternotomy [1-3]. This approach has several
advantages in cerebral, cardiac, pulmonary and recurrent
nerve protection, which reduces postoperative respiratory
dysfunction and wound pain caused by left thoracotomy [1,
4]. Benefits of the midsternctomy are feasible access for
ascending aortic cannulation and establishment of an ordi-
nary cardiopulmonary system, combined surgery such as
aortic valve or coronary surgery, more appropriate brain
protection using SCP [3, 5] and myocardial protection, and
less impairment of respiratory function than left thoracot-
omy. The posterolateral left thoracotomy approach pro-
vides some advantages such as wider expasure of the distal
part of the aortic arch, however, a femoro-femoral bypass
was normally required, which might produce cerebral
embolism caused by a result of retrograde perfusion [6]. In
addition, manipulation of the left lung sometimes causes
serious bronchial bleeding, particularly in the setting of
deep hypothermia, and may lead to pulmonary complica-
tions. Also from the left thoracotomy, isolation of the left
vagal nerve is mandatory to make an anastomosis. There
have been several altermatives for the exposure of the
distal aortic arch besides the posterolateral left thoracot-
omy; L-shape incision approach (a combination of a left
anterior thoracatomy and upper half midsternotomy), mid-
sternotomy with left anterolateral thoracotomy and antero-
axillary thoracotomy [7-9]. However, no study which accu-
mulated a significant number of patients was reported.
Procedures regarding the distal anastomosis in TAR would
be the most difficult part during the operation. Severely
diseased aorta of distal arch and deep anastomotic site
within a narrow working-space, particularly in larger male
patients, makes this procedure more technically demanding
[1, 2). minatoya et al. applied ‘a stepwise technique’ to
facititate the distal anastomosis, such as suturing a separate
graft first as a short elephant trunk then making a graft to
graft anastomosis [2]. Regarding the extension of the thor-
acic aneurysm for surgical anastomaosis, Ogino et al. report-
ed that for aneurysms from the aortic root to the end of
the aortic arch, the median approach is feasibte and that
from the end of the ascending aorta to the mid-portion of
the descending aorta the anterolateral approach is prefer-
able, and from the proximat descending aorta te the distal
part of the descending aorta, the posterotateral approach
should be employed {1]. Our aim in this study was to
identify the factors that might affect the distal anastomosis

The diameter of aneurysm indicates the area of working-
space and the depth of distal end of aneurysm from anterior
skin surface shaows depth of working-space. The anteropos-
terior diameter of body trunk shows the body size. We
speculated that the depth of anastomosis, the room for
working-space and the characters of aortic wall might
affect the quality of distal anastomosis. However, our data
demonstrate that only the depth of distal end of aneurysm,
which was analogue to the depth of anastomosis from the
midsternotomy, was proven to be a risk factor for a longer
CA time. The distal anastomosis could be safely performed
at the level of 10 mm distal to the tracheal bifurcation
regardless of the diameter and the shape of the aneurysm,
the antero-posterior diameter of body trunk, and aortic
wall quality. Although there was a tendency that a fragile
aortic wall required longer CA time >40 min.

In conclusion, the aneurysm of the aortic arch was safely
accessible from the midstermotomy down to the level of
tracheal bifurcation. We could reach a portion 1 cm lower
from tracheal bifurcation without being affected by warking
space, shape of aneurysms and the quality of aortic wall.
Only the depth of distal anastomosis from anterior body
surface {s the risk factor for a longer CA time.
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Conference discussion

Dr. D.C. Miller (Stanford, California, USA): Please tell us the weight,
number of kilograms, and body surface area, BSA in meters squared, for
your patients.

Dr. Okita: Our patients are quite smatt compared to Caucasfan peopte. Our
average body weight s around 50 and 60, and including a 30 kg 80-year-old
lady. So quite small.

Dr. £. Buffolo (Seo Paulo, Brazil): The cases presented by Dr. Okita’s group
represent, in our opinion, a good apptication of the hybrid approach. In this
case, what would we do? it will be 3 median stemotomy. And if the pattent
has normat, or almost normal, ascending aorta, we would apply a stent in
the aortic arch and do anastomotic deviation to the arch vessets. This is a
very simple procedure, does not need extracorporeal circulation or even
deep hypothermia and circulatory arrest. it's stmple vascular surgery. Since
the last patients, | do not remember cases that | operate the aortic arch
with extracorporeal circulation. | think that these cases are good indications
to the hybrid approach.

Dr. Miller: I'll be potite and not ask you about the long-term durability of
this hybrid approach; but you’ve made a very provocative and even inflam-

matory point. Furthenmore, for the patients’ sake we do not want the
vascutar surgeons to be doing these kind of hybrid arch operatfons without
us.
Dr. Okita, can you respond to Dr. Buffolo’s suggestion that we do these
cases withgut the pump and without circulatory arrest?

Dr. Okita: 1'm sorry we cannot show the videos. But if you go, in some
patients, the arch is very dirty; and we don’t want to embolize with an
endovascular graft.

Our data shows that our circulatory arrest time is around 40 min. That
means very stable and very encouraging results. So we don‘t want to do
endavascular surgery like that. '

Dr. Miller: | would love to do totat arch replacements 1n 40 kilo patients.
The exposure would be like an inguinal hemia repair for us compared to the
huge and obese American patients we operate on all too commonly.

Dr. Okita: | don’t agree.

Dr. Miller doesn’t know how small our patfent is. And the 30 kg, 80-year-
old lady is very fragile. It’s very difficult conditions.

Dr. Miller: | would take that patfent any day over a 130 kg, 2.5 square
meter ‘gringo’ in North America or tumberjack in northem Europe.
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Suction{  Suction2  Ventling pump

Fig. @ Retrograde cerebral perfusion can be easily performed using the bypass
connecting between arterial and venous lines and clamping the IVC.
SVC : superior vena cava, IVC:inferior vena cava.
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Fig. @ Modified retrograde cerebral perfusion is performed during distal aortic
arch aneurysm surgery through the left thracotomy. The SVC blood flow
is returned from the IVC via the perfusion of the lower half of the body.

PA : pulmonary artery.
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Retrograde cerebral perfusion M
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Fig. @ Changes in oxyhemoglobin (continuous line) and deoxyhemoglobin (dot

line) measured by near infrared spectroscopy. Upper flame showed gentle
decreasing of oxyhemoglobin and increasing of deoxyhemoglobin during
retrograde cerebral perfusion. Lower flame showed acute decreasing of

oxyhemoglobin during simple circulatory arrest.
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