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Abstract

From October 2000 to August 2012, 232 consecutive patients with acute
type A aortic dissection had surgery (mean age: 66.3+13.0, 21-96). All
patients had surgery on an emergency or urgent basis. Thirty-four were in
shock status and five required percutaneous assisted circulation. A cardiac
tamponade was detected in 53 patients and a moderate or severe aortic
regurgitation in 34 patients. Forty-six (19.8 %) had neurological symptom
consisting with coma in 4, stroke in 12, TIA in 28, and paraplegia in 2.
Fourteen patients had coronary malperfusion, 11 had visceral malperfu-
sion, and 33 had leg malperfusion. The extent of the aortic replacement was
ascending aorta in 4, hemiarch in 141, total arch in 84, total arch to descend-
ing aorta in 2, and TEVAR in 1. Aortic valve resuspension or valve repair
was performed in 207, root replacement with valve sparing in 22, and
Bentall procedure in 4. Brain protection was achieved by deep hypothermic
circulatory arrest with or without retrograde cerebral perfusion in 78, and
antegrade selective cerebral perfusion in 150. The overall hospital mortality
was 13.4 % (31/232). Newly developed permanent neurological deficits
occurred in 2.7 % (5/186) of patients and transient neurological dysfunc-
tion (TND) occurred in 1.6 % (3/186). There was no difference in incidence
of hospital death, stroke and TND between the DHCA and ACP group also
between the patients who had a hemiarch or a total arch replacement.
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bypass techniques and equipment, better under-
standing regarding brain protection, and refine-
ment of the surgical procedures. Precise diagnosis
of aortic disease has provided recruitment of
patients with chest pain to the earlier surgery for
aortic dissection. According to a survey by the
Japanese Association for Thoracic Surgery, since
1984 the annual number of operations for the aor-
tic dissection, has steadily increased from 519 in
1984 to 5,376 in 2010 [1]. However, The 30 day
mortality for acute type A aortic dissection in
2000 was reported to be 18.4 % (350/1,901) and
was 14.2 % (335/3,628) in 2010, on the other
hand, the 30 day mortality after the aortic arch
surgery in 2000 was 8.9 % (55/616) comparing
with 3.5 % (72/2,073) in the 2010 data of the
Japanese registry (Fig. 26.1) [2, 3]. Thus the
improvement of surgical results for acute aortic
dissection is inferior to the aortic arch surgery.
Main reasons are considered as increase of the
patients with complicated condition, such as end
organ malperfusion, including preoperative brain
complications and with other critical conditions.

4000

The purpose of this report is to describe our strat-
egy and results of surgery for acute type A aortic
dissection, mainly focusing the brain protection.
This study was approved by our Institutional
Review Board, and the need for individual con-
sent was waived.

Patients and Methods

From October 2000 to August 2012, 275 con-
secutive patients with acute type A aortic dissec-
tion were admitted in our hospital and 43 had
medical treatment because of medical (com-
pletely thrombosed false lumen) or personal rea-
sons (Tables 26.1 and 26.2). Every patient had
preoperative CT scan and carotid scan. Two hun-
dreds and thirty-two patients underwent surgery
(mean age: 66.3+13.0, 21-96). Thirty-four
patients (14.7 %) were octogenarian or nonage-
narian. All patients had surgery on emergency or
urgent basis. Thirty-four (14.7 %) were in shock
status and five required percutaneous assisted
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Fig.26.1 Operative cases and 30-day mortality of acute aortic dissection in Japan
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Table 26.1 Preoperative characteristics of patients

No. of patients 232 %
Age, years, (mean = SD)  66.3 = 13.0 (21-96)

Male gender 118 50.9
BMI (kg/[cm]?) 233+4.0

BSA (m?) 1.6+£0.2

Hypertension 178 76.7
Smoking history 71 30.6
Diabetes 17 7.3
sCr22.0 mg/dl 14 6
Octo- or nonagenarian 34 14.7
Marfan syndrome 8 35
AR 2 moderate 34 14.7
Cardiac tamponade 53 22.8
Shock history 34 14.7
Preoperative PCPS 5 2.2
Malperfusion 89 384
Neurological 46 19.8
Cardiac 14 6
Visceral 11 4.7
Peripheral 33 14.2
2 territories 15 6.5

BMI body mass index, BSA body surface area, sCr preop-
erative serum creatinine, AR aortic regurgitation, PCPS
percutaneous cardiopulmonary support

circulation. A cardiac tamponade was detected
in 53 patients (22.8 %). Salvage surgery, such as
cardiopulmonary resuscitation or percutaneous
circulatory support because of hemodynamic
instability, was performed in 15 patients (6.4 %).
On the other hand, two patients had “delayed
surgery” because of preoperative large stroke or
cerebral bleeding (Fig. 26.2). Organ malperfu-
sion was detected in 89 (38.4 %) patients. Forty-
six (19.8 %) had neurological symptom
consisting with coma in 4, stroke in 12, TIA in
28, and paraplegia in 2 (Figs. 26.3 and 26.4).
One patient with left hemiplegia had preopera-
tive selective perfusion of the right common
carotid artery from the right femoral artery was
performed and she survived (Figs. 26.5 and
26.6). Fourteen patients had coronary malperfu-
sion, 11 had visceral malperfusion and 33 had
leg malperfusion. Fifteen patients had two or
more organ malperfusion. A moderate or severe
aortic regurgitation was detected in 34 patients
(14.6 %). There were 8 patients with Marfan
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Table 26.2 Perioperative variables
Brain protection n %
DHCA 78 33.6
ACP 150 64.7
None (under clamping) 4 1.7
CPB time (minutes) 20875 (99-546)
Aortic cross clamp time 119+48 (38-272)
(minutes)
Duration of brain protection (minute)
DHCA 27+14
ACP 86+51
Range of aortic replacement
Hemiarch 148 63.8
TAR 84 36.2
Concomitant procedure
Aortic root replacement 22 9.5
CABG 7 3
Mitral valve 2 0.9
Mortality
30-day 21 9.1
In-Hospital 32 13.8
Overall neurological 32/232 13.8
dysfunction
New onset neurological 8/186 5.9
dysfunction
Transient 3/186 1.6
Permanent 5/186 2.7

DHCA deep hypothermic circulatory arrest, ACP ante-
grade selective cerebral perfusion, CPB cardiopulmonary
bypass, TAR total arch replacement, CABG coronary arte-
rial bypass grafting

syndrome and 14 patients had chronic kidney
disease (serum creatinine > 2.0 mg/dl). Two hun-
dreds and thirteen patients (91.8 %) had patent
false lumen and 19 (8.2 %) had thrombosed false
lumen. The entry sites were aortic root in 6
(2.6 %), ascending aorta in 143 (61.6 %), aortic
arch in 40 (17.2 %), proximal descending aorta
in 23 (9.9 %), and undetected in 20 (8.6 %).

Surgical Procedures

Patients were placed in the supine position and
the diodes of the NIRS were attached on the fore-
heads bilaterally. For NIRS, we used the INVOS
5100C (Somanetics, Troy, MI), which provides
continuous readings of the regional cerebral
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Fig.26.2 Preoperative CT scan of 74 years old male who had acute aortic dissection complicated cerebral hemorrhage

and stroke. The operation was delayed 2 weeks

Fig.26.3 Post TAR CT scan and aortogram in a 74-year-old male

oxygen saturation (rSO,). The rSO, readings are
expressed as an index, measuring differences
from an unknown baseline. Before being placed
on the cardiopulmonary bypass, the innominate
vein was fully mobilized by dividing several
branches to facilitate the exposure of the aneu-
rysm. Dissection of the aortic arch was limited
only within the anterior aspect of the aortic arch
and the left vagal nerve should not be dissected.
In addition, dissection or taping of the arch ves-
sels is not necessary.

Epi-aortic echo scanning was performed in
every case. Preoperative CT scanning was done
for every patient to assess the atheromatous or
thrombosis of the false lumen in the ascending
aorta. Both transesophageal and epi-aortic echog-
raphy were applied to interrogate the ascending
aorta and determine the optimal cannulation site.
Single arterial cannulation was used in 212
patients (91.3 %), where the femoral artery was
used in 173 patients (81.6 %), ascending aorta in
25 (11.8 %), and axillary artery in 14 (6.6 %).
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Fig.26.4 Left, Preoperative CT in a 65-year-old male. No contrast media in the brachiocephalic artery (arrow). Right,
hemispheric infarction if the brain after surgery

Fig. 26.5 Preoperative brain perfusion system from the right femoral artery to the right common carotid artery in a
72 year-old semi-comatose female who had acute aortic dissection, right hemiplegia
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Fig. 26.6 Postoperative CT scan of the patient in Fig. 26.5 showed a large infarction but minimum brain edema. She
regained consciousness and went home. POD postoperative day

Double arterial inflow was applied to prevent or
to mitigate organ malperfusion in 20 patients
(8.7 %), consisted with femoral artery + ascend-
ing aorta in 8, femoral and axillary artery in 10,
femoral artery plus left ventricular apex in 1 and

ascending aorta and axillary artery in 1
(Table 26.3). For the ascending aorta cannula-
tion, a 20 Fr arterial cannula (Duraflo II, Edwards
Lifesciences LLC, Irvine, CA) with the Seldinger
method was exclusively used.
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The extent of the aortic replacement was
ascending aorta in 4 (1.6 %), hemiarch in 145
(62.5 %), total arch in 84 (36.2 %), total arch to
descending aorta in 2 (0.9 %), and TEVAR in 1
(0.4 %) (Table 26.4). Our indication for total arch
replacement for acute type A aortic dissection
have been (1) arch tear, (2) tear in the descending
aorta, (3) Marfan patients, (4) young patients
with uncomplicated dissection, and (5) arch rup-
ture. Aortic valve resuspension or valve repair
was performed in 207 (89.2 %), root replacement
with valve sparing in 22 (9.5 %), and Bentall pro-
cedure in 4 (1.7 %). Our indications for root
replacement have been applied in patients with
the initial entry in the aortic root and with pre-
existing annulo-aortic ectasia. A sealed graft (J
graft. Japan Lifeline, Tokyo or Triplex, Terumo
Corporation, Tokyo, Japan) were exclusively
used. The four-branched (10 mm, 8§ mm, 8 mm,
8 mm) were used in every patient who had the
total arch replacement and each arch vessel was
reconstructed individually. The aorta was always
transected and external reinforcement of the
anastomosis by the Teflon felt has been always
used. The Gelatin — Resorcin — Formalin (GRF)
glue or Bio-glue was usually used to obliterate

Table 26.3 Arterial cannulation

Single inflow 212 91.0 %
Femoral a. 173 74.6 %
Ascending/arch 25 10.8 %
Axillary a. 14 6.0 %

Double inflow 20 8.6 %
Femoral a. + ascending/arch 8 3.4 %
Femoral a. + axillary a. 10 4.3 %
Femoral a. + LV apex 1 0.4 %
Ascending/arch + axillary a. 1 0.4 %

LV left ventricle, a. artery
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proximal false lumen in the aortic root, but never
used to the distal anastomosis of the hemiarch
grafting. Additional procedures consisted with
CABG in seven, Maze procedure in four and
mitral valve repair in two.

Brain Protection

Brain protection was achieved by deep hypother-
mic circulatory arrest with or without retrograde
cerebral perfusion in 78 (64.7 %), antegrade
selective cerebral perfusion in 150 (33.6 %), and
distal aortic clamping in 4 (1.7 %) (Table 26.4).
Monitoring of the blood pressure in the both
extremities and rSO, during cardiopulmonary
bypass was used. When a significant laterality of
the blood pressure or rSO, occurred, additional
arterial inflow cannula was introduced immedi-
ately and liberally as described. Patients’ head
was packed with cold ice jacket. Myocardial pro-
tection was achieved by antegrade or retrograde
cardioplegia.

When the antegrade cerebral perfusion method
was applied, the patient was cooled down to 23 °C
in the tympanic temperature and below 30 °C in
the rectal temperature. Circulatory arrest was
done and the aortic arch was opened. A 14 or 16
Fr self-inflating serrated-balloon-tipped cannula
(Fuji systems, Tokyo) was inserted from inside
the aorta into the brachiocephalic artery, and 12 Fr
cannulae were positioned in the left common
carotid and left subclavian arteries. Snaring the
neck vessels was not necessary. The antegrade
ACP flow was maintained at 10-12 mL/kg/min
using single independent roller pump, and the bal-
loon tip pressure was maintained between 30 and
40 mmHg. After finishing the distal anastomosis,

Table 26.4 Incidence of 30-day mortality, stroke, and TND regarding with brain protection and extent of aortic

replacement

SCp DHCA
n (%) n 30 DM PND TND n 30 DM PND TND
TAR 78 6 (7.7 %) 2 (2.6 %) 2 (2.6 %) 6 0 0 0
Hemiarch 72 6 (8.5 %) 1 (1.4 %) 1 (1.4 %) 73 7 (9.7 %) 2 (2.8 %) 0

TAR total arch replacement, DM day mortality, PND permanent neurological dysfunction, TND transient neurological

dysfunction
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the lower body circulation was reinstituted
through one branch of the graft, and the whole
body rewarming was started. Coincident with re-
warming, the antegrade ACP flow was gradually
increased while maintaining the baseline values
of rSO,. However, the antegrade ACP flow was
limited to below 1,200 mL/min to prevent brain
edema. The proximal anastomosis was then
accomplished and coronary reperfusion was
started, and defibrillation of the heart was done if
necessary. The aortic arch was divided to make
the arch vessel buttons and the arch vessels were
reconstructed tandem to the graft branches [4].

When the deep hypothermic circulatory arrest
with/without retrograde cerebral perfusion was
applied, the tympanic temperature was kept
below 20 °C during the distal anastomosis. The
retrograde cerebral perfusion was achieved
through the superior vena cava at 300 ml/min
flow and was controlled not to exceed 20 mmHg
at the SVC pressure [5].

Definition of Neurological Deficits

Permanent neurological dysfunction was defined
as the presence of deficits that persisted at dis-
charge, which were caused by an intraoperative
procedure. Transient dysfunction was defined as
the transient loss of orientation, slurred language,
agitation, or a poor response to commands.
Neurological dysfunction caused by preoperative
brain malperfusion associated with the acute type
A dissection, deep shock status or postoperative
atrial fibrillation were excluded from this cate-
gory [6]. Brain malperfusion was defined as cere-
bral blood flow disturbance secondary to acute
aortic dissection involving aortic arch branches
with newly developed stroke, TIA, or conscious-
ness disorder.

Statistical Analysis

Data were processed using the Stat View J-5.0
software program (SAS Institute, Cary, NC).
Continuous values are expressed as the means+
standard deviation. The data were analyzed by
the Chi-squared test for categorical variables.
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A stepwise logistic regression analysis was per-
formed to identify the risk factors for hospital
mortality, PND and TND. Clinically relevant
variables with p <0.05 in the univariate analysis
were incorporated into the multivariate models.
Survival and freedom from aortic aneurysm-
related death were assessed by the Kaplan-Meier
method. Differences were considered to be
statistically significant at p<0.05.

Results

CPB time was 208.6+75.2 (99-546) min and
myocardial ischemic time was 119.3+48.2 (38—
272) min. Mean cerebral perfusion time was
86.0+51.8 min and circulatory arrest time of the
lower body was 47.9+31.4 min with ACP and
brain circulatory arrest time was 27.7 + 14.5 min
with DHCA. The overall hospital mortality was
13.4 % (31/232) and it was 60.0 % (9/15) in sal-
vage cases, 17.9 % (16/89) with organ malperfu-
sion, and 21.7 % (10/46) with brain malperfusion.
The causes of deaths were low cardiac output in
11, central nervous system in 8, necrosis of the
intestine in 4, mediastinitis in 4, DIC 1, acute
renal failure 1, aortic rupture 1, drug allergy 1,
esophageal varices bleeding in 1, and asphyxia
in 1. Among them, 14 patients were in preopera-
tive shock state and 4 required percutaneous cir-
culatory support. Preoperative malperfusion was
recognized in coronary artery in four, brain in
eight, superior mesenteric artery in two, and leg
in one. Four patients were in coma state, three
had stroke, and three had TIA (Table 26.5).

Table 26.5 Postoperative mortality in regard to preop-
erative neurological dysfunction

Mortality
Malperfusion (n=46) 30 day In hospital
Coma (n=4) 75 % 100 %

3 4
Stroke (n=12) 25 % 25 %

3 3
TIA (n=28) 7 % 11 %

2 3
Paraplegia (n=2)

0 0

TIA transient ischemic attack



26 Brain Protection in Surgery for Acute Type A Aortic Dissection

Overall neurological dysfunction occurred in
32/232 (13.8 %) patients.

New permanent neurological deficits (PND),
excluding 46 patients who had preoperative neu-
rological disorder due to brain malperfusion,
occurred in 2.7 % (5/186) of patients and transient
neurological disorder (TND) occurred in 1.6 %
(3/186). The hospital mortality of patients with
preoperative neurological deficit was 21.7 %
(10/46) and all four comatose patients died during
hospitalization. The hospital mortalities of
patients with preoperative stroke and TIA were
25.0 % (3/12) and 10.7 % (3/28) respectively. No
patients with preoperative paraplegia died
(Table 26.5). Both two patients who had delayed
surgery because of cerebral problems survived.
All four patients with preoperative coma never
recovered. Among 12 patients with preoperative
stroke, 2 had brain death, 1 died of mediastinitis,
1 had a worsening motor deficit, 6 recovered with
some deficit, and 2 were unchanged neurologically.
In 28 preoperative TIA patients, 1 had brain death,
2 died of mediastinitis and asphyxia, 3 was sent to
nursing home due to neurological deterioration,
22 was neurologically normal. Three patients had
a stroke secondary to postoperative atrial fibrilla-
tion and another 3 patients had newly developed
paraplegia postoperatively.

In patients who had TAR the hospital mortal-
ity, PND, and TND were 8.3 % (7/84), 2.4 %
(2/84), and 2.4 % (2/84), respectively and in the
hemiarch patients, they were 14.6 % (21/144),
2.1 % (3/144), and 0.7 % (1/144), respectively.
As for brain protection, the hospital mortality,
PND, and TND in patients who had ACP were
10.7 % (16/150), 2.0 % (3/150), and 2.0 %
(3/150), respectively and in the DHCA patients,
they were 16.7 % (13/78), 2.6 % (2/78), and zero,
respectively (Table 26.4). There was no signifi-
cant difference incidence of 30-day death, stroke
and TND between the DHCA and ACP group
also between the patients who had a hemiarch
replacement or a total arch replacement. A multi-
variate analysis demonstrated the risk factors for
hospital mortality to be age, preoperative serum
creatinine >2.0 mg/dl, preoperative shock, coma
or stroke, visceral malperfusion, and CPB time.
Age, extent of aortic replacement were not
risk factors for hospital mortality (Table 26.6).
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Table 26.6 Logistic regression analysis for hospital
mortality

Variable Pvalue OR HR 95 % C.I.
Age 0.0061 1.07  1.02-1.12
sCr22.0 0.0004 13.18 3.16-54.95
Shock 0.0077 4.82 1.52-15.33
Cardiac tamponade 0.2709 1.93  0.60-6.21
Coma or stroke 0.0008 10.84 2.71-43.42
Visceral mal. 0.0046  10.55 2.07-53.78
CPB time 0.0002 1.01 1.01-1.02
Concomitant- CABG  0.9478 1.07  0.16-7.07

sCr preoperative serum creatinine, CPB cardiopulmonary
bypass

Table 26.7 Logistic regression analysis for PND

Variable Pvalue OR HR95 % C.L
Shock 0.1191 2.66 0.78-9.11
Malperfusion (overall) 0.4463  1.81 0.39-8.32
Brain malperfusion 0.331 2.28 0.43-12.09
Coma or stroke 0.0345 530 1.13-24.83
Cerebral perfusion time 0.0763  0.99 0.97-1.00

The multivariate analysis disclosed that preoper-
ative coma or stroke was only risk factor for post-
operative PND. Age, extent of aortic replacement,
method of brain protection, CPB time were not
proven to be risk for postoperative PND
(Table 26.7). A transient neurological deficit
(TND) occurred in 37 patients (8.7 %) following
surgery, however, no variable was proved to be
risk even by univariate analysis.

The follow-up was completed in 96.5 % of
patients (mean 51.6+38.4, 1-153 months). The
survival, excluding the hospital mortality, at 5
and 10 years after surgery was 85.5+3.0 % and
80.1+5.0 %, respectively. Late death occurred in
25 patients, and the causes of death were pneu-
monia in 10, cardiac events in 3, cerebrovascular
in 2, aorta-related in 2, malignancy in 2, and oth-
ers (gastrointestinal, renal failure, accident,
unknown) in 6. There were only two patients who
died from aorta-related events during the follow-
up period. The causes of death were rupture of
the thoracoabdominal aortic aneurysm 8 years
after hemiarch replacement and the other patient
died of pneumonia after redo-surgery for aortic
regurgitation. A multivariate analysis demon-
strated the risk factors for late mortality to be age,
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Table 26.8 Cox hazard multivariate analysis for late
death

Variable P value OR HR 95 % C.1
Age 0.0002 1.08 1.04-1.13
sCr22.0 0.3563 2.04  0.449-9.28
Shock 0.0503 2.54 1.00-6.46
Postop neuro Cx 0.0239 3.27 1.17-9.14

sCr preoperative serum creatinine, neuro neurological, Cx
complication

preoperative shock, and postoperative neurologi-
cal complications. Preoprative organ malperfu-
sion, serum creatinine value, extent of aortic
replacement, and brain protection method were
not risk factors for late death (Table 26.8).

Twenty-seven patients required reoperations
during follow-up. Proximal reoperation was nec-
essary in 17 patients due to aortic regurgitation in
12, infective endocarditis in 3, hemolysis in 1,
and false aneurysm in 1. Distal reoperation was
done in 13 patients, consisted of total arch
replacement in 7, descending aorta replacement
in 1, replacement of the thoracoabdominal aorta
in 3, replacement of infected elephant trunk in 1,
and TEVAR in 1. Three patients needed reopera-
tion due to tear in the brachiocephalic artery and
resultant enlargement of the false lumen of the
arch. Freedom from reoperation was 82.7+3.6 %
at 5 years and 73.4+5.1 % at 10 years.

Discussion

Surgical results for acute aortic dissection have
improved for a decade, however, not so much as
the dramatic evolution of other fields in cardiac
surgery, which was driven by OPCAB, valve
repair, TAVR, and stent grafting. Population
based study in the US 3,013 patients demon-
strated that in hospital mortality has improved,
but it was still over 20 % in 2003 [7]. Main rea-
sons for this dawdling have been attributed to
aortic rupture and organ malperfusion secondary
to aortic or branch stenosis. Incidence of the mal-
perfusion has been reported as 20—40 % and the
patients’ outcome became worse than those with-
out malperfusion [8—11]. The IRAD study dem-
onstrated that the more aortic branches are
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involved, the higher mortality was recognized
[12]. Centofanti et al. [13] developed a mathe-
matical model consisting of five risk factor, such
as age, coma, acute renal failure, and redo sur-
gery, to predict early mortality for acute type A
aortic dissection. They concluded when the pre-
dictive mortality is greater than 58 %, surgery is
not considered to be mandatory. Geirsson et al.
[9] pointed out that not only the early mortality
and also late mortality was higher in patients with
cerebral malperfusion. The German registry data
(GERRADA) [11] disclosed that new postopera-
tive neurological dysfunction was associated
with malperfusion syndrome, supra-aortic vessel
dissection and operation time. In their analysis,
one third of the patients had no brain protection,
which meant distal aorta clamping, and only 2 %
had DHCA. Our previous study revealed that
early mortality of the patients with preoperative
brain malperfusion was 29 and 7 % in those with-
out cerebral malperfusion [14]. Patients with
coma never survived surgery in our experience.
Controversy regarding indication for aortic
repair in preoperative comatose patients has
existed. Patel et al. [15] proposed a strategy,
where patients with stroke, acute abdomen, acute
renal failure and leg ischemia had surgery after
correction or subsiding of the peripheral arterial
malperfusion syndrome. Their operative mortal-
ity after aortic repair was reported to be 9.5 % in
126 patients, however, 23 out of 70 patients
(32.9 %) died of complications or aortic rupture
while waiting for resolution of the malperfusion
syndrome. Fukuda et al. [16] reported that three
stroke patients successfully underwent aortic sur-
gery after 27, 41, and 81 days from onset of aortic
dissection, however, one died before surgery. On
the contrary, Esterera et al. [17] reported that
80 % of patients with sustained stroke secondary
to acute dissection who underwent aortic repair
within 10 h had improvement in neurological sta-
tus. Pocar et al. [18] reported that five comatose
patients within 12 h of duration of consciousness
disorder all survived surgery and four returned to
normal life. Tsukube et al. [19] recommended
earlier surgery because 86 % of patients regained
the consciousness from preoperative coma when
they underwent aortic repair within 5 h after
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onset of dissection. Bonser et al. [8] pointed the
importance of early surgical reperfusion. Shiiya
et al. [20] reported three cases in whom establish-
ing selective cerebral perfusion before systemic
perfusion. We had a patient, 72 year old female,
with acute type A dissection of 6 h old. She was
unconscious and left paraplegia on arrival. The
CT and carotid echography showed a type A dis-
section and that there was no flow in the right
common carotid artery. In the emergency room, a
temporary bypass from the right femoral artery to
the true lumen of the right common carotid artery
using a roller pump was instituted. Then she was
sent to the operating room and had hemiarch
replacement. She woke-up next morning and dis-
charged with mild left hemiparesis [21].
Sakaguchi et al. [22] reported a similar case, in
whom earlier starting the antegrade cerebral
perfusion at the beginning of cardiopulmonary
bypass was done and he had no neurological defi-
cit postoperatively.

Regarding arterial cannulation for the extra-
corporeal circulation, three quarters of patients
had femoral cannulation, however, in 90 % of
recent 30 cases we have used direct ascending
aorta cannulation in the true lumen under guid-
ance of direct or trans-esophageal echography.
The axillary artery was used in only 6 % of whole
patients. Main advantages of ascending aorta
cannulation were (1) quicker access to the aorta,
(2) large amount of the antegrade blood flow to
the true lumen was almost always possible by
using echo guidance, and (3) seldom occurrence
of vascular injuries. Reece et al. [23] and Kamiya
et al. [24] also reported a safeness of the direct
ascending aorta cannulation in acute type A dis-
section. However, sometimes the organ malper-
fusion was detected during cardiopulmonary
bypass by monitoring the direct blood pressure in
the extremities and rSO,. In such circumstances,
we have used multiple arterial cannulation in 20
patients, usually adding the femoral or axillary
cannulae. Shiiya et al. [20] also recommended
multiple arterial inflow strategy when organ mal-
perfusion existed or occurred. Recently, cannula-
tion in the axillary artery has become popular for
treating patients with acute type A aortic dissec-
tion [25], as well as patients with a shaggy

291

ascending aorta, because this cannulation can
provide antegrade blood flow in the aortic arch.
Nevertheless, there still some concerns remain-
ing for malperfusion in the brachiocephalic
artery, for atheromatous or ulcerative lesions at
the orifices of the aortic arch vessels, and for
injury of the axillary artery [26].

Antegrade cerebral perfusion is now consid-
ered to be the most reliable brain protection
method, and has been widely used in the field of
aortic surgery [27-29]. However, the procedures
vary among surgeons. We always use three can-
nulae, which are inserted from inside of the arch
without snaring [4]. Urbansky et al. [30] has used
only one cannula to perfuse the whole brain, and
reported a low incidence of postoperative stroke.
Many surgeons perfuse only the brachiocephalic
and left common carotid artery, and not the left
subclavian artery [28]. However, the incomplete-
ness of the brain Wills circle has been reported to
be as high as 20-30 % in the normal population
[31], and the vertebral arteries were sometimes
hypoplastic or stenotic, especially in elderly
patients. In addition, the left subclavian artery is
often a supplier of the collateral vessels to the
spinal cord.

We still use simple deep hypothermic circula-
tory arrest with retrograde cerebral perfusion in
patients who underwent hemiarch repair but the
duration of circulatory arrest was limited within
30 min [32]. The neurological outcome of these
patients was similar to patients who had ACP in
this study. Previously we reported the higher inci-
dence of postoperative TND in patients who had
total arch replacement using DHCA compared
with ACP [33]. Since then, we have almost exclu-
sively used ACP for patients who underwent total
arch replacement. The GERAADA data demon-
strated that for circulatory arrest time less than
30 min, neurological results of DHCA and ACP
were similar [34].

TAR with elephant trunk insertion has been
tried in anticipation of thrombosis of the remain-
ing false lumen in the distal aorta and should be
recommended [35]. Elephant trunk insertion
technique first proposed by Borst et al. [36] has
some advantages; to reinforce from inside and
reduce risks of bleeding or new intimal tear at the
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distal anastomosis, and facilitation of multiple
stage treatment of extensive aortic dissection.
However, it was not possible for every patient
because of preoperative morbidities of the
patients. Twenty-three patients with retrograde
dissection underwent TAR with elephant trunk
insertion to exclude intimal tear. Recent report by
Tsagakis et al. [37] regarding frozen elephant
trunk insertion acute type A dissection is promis-
ing. In our policy, for the young patients, Marfan
patients, or patients with completely dissected
arch vessels, tear in the arch or in the descending
aorta, and those who hemodynamically stable
preoperatively we performed TAR [28].

Usage of a four-branch graft has several
advantages over the “island” aortic cuff tech-
nique when used to reconstruct the arch vessels
[4, 28]. The individual anastomosis of each arch
vessel can provide a secure anastomosis. In addi-
tion, by dividing the arch cuff into three buttons,
more liberal exposure of the aortic arch can be
obtained. We had three patients who had tear in
the brachiocephalic artery which led to reopera-
tion due to dilatation of the residual false lumen
of the arch.

The temperature of hypothermic CA during
the distal anastomosis is particularly crucial for
protecting vital organs. Since the primary goal of
core cooling is to achieve a brain temperature
compatible with the maximum suppression of
metabolism, the lowest temperatures that can be
safely achieved for optimal brain protection are
used [16]. On the other hand, deep hypothermia
tends to be associated with either coagulopathy
or lung injury, which is to be avoided. The opti-
mal temperature used during antegrade ACP has
been reported to be between 20 and 28 °C [4, 29].
Kamiya et al. [38] reported that the temperature
during hypothermic circulatory arrest could be
safely increased to 28 °C with a high ACP flow
rate, and that the incidence of neurological events
was not increased. We set the tympanic tempera-
ture between 20 and 23 °C, thus resulting in opti-
mal CA and ACP times (42.4+27.8 and
97.3+31.4 min respectively). As for the rectal
temperature, we aimed to keep it below 30 °C
just prior to CA, because we had one patient
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whose rectal temperature before CA was in
excess of 30 °C, who developed necrosis of the
entire colon, presumably because of the presence
of the calcified stenosis of the mesenteric artery
with poor visceral circulation.

Monitoring brain oxygenation by rSO, and
blood pressure in the both radial arteries during
CPB is particularly important [39]. Earlier detec-
tion of the brain malperfusion is prerequisite for
normal recovery. Also during re-warming, we
increased the ACP flow from 10 to 15 mL/min/m?
to maintain the preoperative values of rSO,, how-
ever, the total flow was always maintained below
1,200 mL/min to avoid brain edema.

Limitations of the study are related to its retro-
spective nature. The operative techniques or
strategies are refined over time during this period.
These operations were performed by chief sur-
geon and additionally a couple of surgeons, even
though the operative strategy was standardized.

Conclusions

The strategy of surgery and brain protection for
acute type A aortic dissection was herein pre-
sented. The outcome of patients who had pre-
operative neurological disorder was worse.
However, our approach has contributed to low
hospital mortality and morbidities, thus leading
to a favorable long-term outcome as a whole.
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