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Abstract

Objectives Acute type A aortic dissection complicated with brain ischemia is associated with significantly higher mortality
risks. Even if rescued with central aortic repair, some patients develop permanent postoperative neurological deficiency
postoperatively. We recently introduced direct common carotid artery perfusion for acute type A aortic dissection involv-
ing the common carotid artery. This study introduced this technique to prevent postoperative neurological deficiency by
comparing brain protection strategies.

Methods Among 91 acute type A aortic dissection patients treated at our hospital during August 2015-October 2020, the
common carotid artery was involved in 19 (21%), which had >90% stenosis in either of the carotid arteries on preoperative
contrast-enhanced computed tomography. Twelve patients underwent conventional selective cerebral perfusion during August
2015-December 2018 and seven patients underwent direct carotid artery perfusion during January 2019—October 2020. We
assessed patient characteristics, surgical courses, clinical outcomes, and neurological outcomes.

Results The mean age was 69 (range 39-84) years; 17 patients were male (89%). Eight patients (42%) had neurological
symptoms. Concomitant procedures, postoperative neurological symptoms, and late mortality were significantly associated
with conventional selective cerebral perfusion. Five selective cerebral perfusion patients experienced worsened neurological
symptoms and two died of broad cerebral ischemia. No direct carotid artery perfusion patient died during hospitalization or
experienced worsened neurological outcomes.

Conclusions Direct carotid artery perfusion may be useful in aortic dissection with brain ischemia because it does not aggra-
vate neurological symptoms and is not associated with intraoperative cerebral infarction. However, it may be ineffective
when cerebral infarction has already developed.
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Introduction

Brain malperfusion caused by acute type A aortic dissec-
tion (AAAD) represents a major risk factor for early death
or disability, although early surgical results for AAAD have
recently improved [1, 2]. Previous reports have proposed
that central repair of entry closure and true lumen reinstalla-
tion should be performed first to improve early survival rate
and neurological outcomes; however, some patients have
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developed irreversible neurological deficits after central aor-
tic repair [3, 4]. Moreover, it is difficult to determine which
patients with neurological symptoms will recover after sur-
gery [5, 6]. Therefore, Gomibuchi et al. introduced concept
of “imaging cerebral malperfusion” for subclinical patients,
which is defined as having occlusion or narrowing of com-
mon carotid artery in a preoperative computed tomography
regardless of symptoms [6].

The pathophysiology of brain complications in acutely
dissected patients is largely due to a compressed true lumen
by the false lumen, static or dynamic [7]. It is often mul-
tifactorial, frequently coexisting with circulatory collapse,
sequelae of acute hypoxia, and thromboembolism originat-
ing from the false lumen [7]. However, as a main cause of
postoperative neurological deficiency, the possibility of
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thromboembolism owing to thrombi derived from a throm-
bosed false lumen has been noted [6, 8—10]. According to
these reports, the removal of thrombi from the false lumen
before the initiation of selective cerebral perfusion (SCP) is
extremely important.

To prevent irreversible brain injury, preoperative assess-
ment and intraoperative management are important; how-
ever, the optimal intraoperative strategy remains contro-
versial [11]. Axillary artery perfusion might be effective
in limited cases but may not restore the true lumen and
may cause systemic hypoperfusion [12, 13]. Direct ascend-
ing aortic cannulation was established as a promising new
method; however, it is suboptimal for brain protection [14].
Direct perfusion of the common carotid artery is a reason-
able technique to resolve preoperative cerebral malperfusion
[7, 15, 16]. However, their main concept differs from ous in
some respects. Therefore, this study introduced the tech-
nique of direct carotid artery perfusion (DCP) and aimed to
prevent postoperative neurological deficiency by comparing
brain protection strategies.

Methods
Study design and population

This single-center retrospective cohort study reviewed
records of consecutive patients who underwent emergency
surgical repair for AAAD at Aichi Medical University Hos-
pital from August 2015 to October 2020. Data from the
institutional database were retrospectively selected from
cases of aortic disease with the involvement of the common
carotid artery, which was defined as having over 90% ste-
nosis in either of the common carotid arteries compressed
by a dilated false lumen as observed on preoperative con-
trast-enhanced computed tomography (CT). According to
the change in our strategy, patients were devided into two
groups; patients who underwent conventional SCP between
August 2015 and December 2018 and those who underwent
DCP between January 2019 and October 2020. All proce-
dures were performed according to the tenets of the Helsinki
Declaration, and the Ethics Committee of Aichi Medical
University Hospital approved the study on July 31, 2020
(Approval Number, 2020-077). All patients provided writ-
ten consent for their clinical data to be used for scientific
presentations or publications.

Diagnosis of AAAD was confirmed using contrast-
enhanced CT in our hospital or other previous hospitals.
Involvement of the common carotid artery was defined as
having over 90% stenosis on contrast-enhanced CT in either
of the common carotid arteries resulting from compression
by a dilated false lumen regardless of neurological symp-
toms. In our institute, cerebral protection was considered
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for all patients with an involvement of the common carotid
artery because of the following reasons. First, it is unclear
which cases will develop cerebral infarction as some asymp-
tomatic patients could develop irreversible neurological
deficits after central aortic repair. Second, there is often
no sufficient time to assess which cases will develop cer-
ebral infarction after surgery. Carotid ultrasonography was
conducted in some patients to further examine cerebral
perfusion. Preoperative symptoms related to neurological
deficiency were defined as experiencing coma, hemiplegia,
hemiparesis, or a transient ischemic attack. Patients with
disorders of consciousness owing to hemodynamic col-
lapse arising from cardiac tamponade, severe aortic valve
regurgitation, coronary malperfusion, and aortic rupture
were excluded. Furthermore, patients with a history of cer-
ebrovascular disease, defined as a history of intracranial
bleeding or infarction with permanent neurologic dysfunc-
tion, were excluded. In our institute, preoperatively coma-
tose patients were excluded from undergoing open surgical
repair. When the patients recovered from coma, open surgery
was considered.

Data on patient demographics (age and sex) and comor-
bidities (hypertension, smoking history, chronic respiratory
disease, chronic renal disease, history of coronary artery
disease, and family history related to aortic dissection) were
recorded. Hypertension was defined as a casual blood pres-
sure of 149/90 mmHg and/or ongoing antihypertensive treat-
ment. Chronic respiratory disease was defined as chronic
obstructive lung disease or pulmonary fibrosis requiring
specific medication. Chronic renal disease was defined as a
serum creatinine concentration > 2 mg/dL. Coronary artery
disease was defined as a history of coronary revasculariza-
tion. Specific preoperative complications related to aortic
dissection such as other organ malperfusion, aortic valve
regurgitation, cardiac tamponade, shock hemodynamics,
cardiac arrest and resuscitation were also recorded.

Patient cases were separated into two groups based on the
strategy for brain protection, which changed with time: 12
patients underwent conventional SCP and seven underwent
DCP. Both early and late clinical outcomes were assessed.
Perioperative parameters, including time from onset to start
of cerebral perfusion, operation time, cardiopulmonary
bypass time, aortic cross clamp time, cerebral perfusion
time, circulatory arrest time, and minimal body tempera-
ture, were assessed. Values of continuous bilateral cerebral
regional oxygen saturation monitored using the INVOS™
Cerebral/Somatic Oximetry Adult Sensors (Medtronic, Min-
neapolis, MN) were also recorded and assessed. The German
Registry for Acute Aortic Dissection Type A (GERAADA)
score is an effective tool to predict the 30-day mortality rate
of patients undergoing surgery for AAAD [17, 18]. Thus,
the GERAADA score in all patients was calculated and
assessed.
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Early outcomes included early mortality, cause of death,
neurological outcomes, and other complications. Respiratory
complications were defined as long-term ventilator depend-
ence that required tracheostomy. Postoperative symptoms
related to neurological deficiency included deep coma,
hemiplegia, and hemiparesis. Neurological worsening was
defined as progression of neurological deficiency compared
to preoperative symptoms. Late outcomes included late mor-
tality, cause of death, major adverse aortic events (MAAE),
and neurological events. MAAE comprised a composite of
either major aortic events or major aortic re-intervention.
Major aortic events included rupture or re-dissection of the
aorta. Major aortic re-interventions included additional tho-
racic endovascular aortic repair or a major surgical graft
revision.

Operative procedures

Central aortic repair was performed for entry exclusion and
true lumen reinstallation. The extent of graft replacement
was based on the position of the primary entry. When the
entry was in the ascending aorta, hemiarch replacement was
selected, and when the entry was in the aortic arch, total arch
or partial arch replacement was selected. An intra-bladder
or pharyngeal temperature of 25 °C was set as the target.
In cases of conventional SCP, cardiopulmonary bypass
was instituted via bicaval drainage and both femoral artery
and right axillary artery cannulation. In cases of DCP, the
stenosed right or left carotid artery was exposed at the begin-
ning of the surgery. The vessel was then cannulated directly
using a 12 Fr Perfusion Cannula Combined Pressure Moni-
toring™ (SUMITOMO BAKELITE, Tokyo, Japan) system
with a proximal clamp and cut-down technique above the
occlusion level (Fig. 1). When the common carotid artery

Fig.1 Schemas of direct carotid
artery perfusion

Preoperative schema

was transected, we removed all observable thrombi from
the false lumen. DCP was introduced using the SCP cir-
cuit. After reaching the target body temperature, the aortic
arch was opened, and an additional cerebral perfusion can-
nula was inserted to establish SCP (10 ml ><kg'1 xmin~!,
Fig. 1). The cerebral perfusion pressure was measured by
the tip of each cerebral perfusion cannula, and continuous
bilateral cerebral regional oxygen saturation was monitored
with INVOS™ Cerebral/Somatic Oximetry Adult Sensors
throughout the surgery. A branch of the artificial graft was
anastomosed to the common carotid artery with ligation of
the proximal site (Fig. 1).

Statistical procedures

Continuous variables are expressed as mean =+ SD or median
(range), and categorical variables are expressed as the num-
ber (%) of patients. Categorical variables were analyzed
using Fisher’s exact test. Continuous variables were com-
pared using the Student’s 7 test, whereas nonparametric vari-
ables were analyzed using the Mann—Whitney U test. All
data analyses were performed with the JMP 14.1 software
(SAS Institute, Cary, NC, USA). Statistical significance was
defined as p <0.05.

Results

The patients’ characteristics and preoperative data are sum-
marized in Table 1. A total of 91 patients were admitted
for AAAD involving the ascending aorta. Two patients
who needed resuscitation owing to cardiopulmonary
arrest because of coronary malperfusion and aortic rupture
were excluded. Among the patients, 19 (21%) presented

Direct carotid artery cannulation
with other branch perfusion

Postoperative schema
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Table 1 Characteristics of patients

SCP (n=12) DCP (n=17) P
Age (years) 70 (45-84) 69 (39-84) 0.826
Sex (male, %) 10 (83) 7 (100) 0.160
Hypertension (%) 8 (67) 7 (100) 0.039
History of smoking (%) 8 (67) 6 (86) 0.348
Chronic respiratory disease 1 (8) 0 0.329
(%)
Chronic kidney disease (%) 1 (8) 1(14) 0.329
Coronary artery disease 2(17) 0 0.160
(%)
Neurological symptom (%) 4 (30) 4. (57) 0.311
Other organ malperfusion 6 (50) 1(14) 0.105
(%)
Aortic valve regurgitation 3 (25) 2 (28) 0.865
(%) (moderate to severe)
Cardiac tamponade (%) 1(8) 1(14) 0.688
Shock hemodynamics (%) 1 (8) 0 0.329
Cardiac arrest, resuscita- 0 0 0

tion (%)

GERAADA socre 13.5(8.3-24.2) 13.1 (9.2-19.6) 0.811

DCP direct carotid artery perfusion, GERAADA German Registry for
Acute Aortic Dissection Type A, SCP selective cerebral perfusion

Statistical significance was set at p <0.05

with involvement of the common carotid artery and were
included in this study. The mean age was 69 years (range,
39-84 years); 17 patients were male (89%). There were
no patients with a family history of aortic dissection. Two
(11%) patients presented with hemodynamic instability
owing to cardiac tamponade; however, their consciousness
was intact. In 19 patients with involvement of the common
carotid artery, the right common carotid artery was severely
stenosed in 16 (84%) patients and the left was stenosed in
the remaining three (16%). Twelve patients (63%) underwent

conventional SCP (Fig. 2a—c) and seven (37%) underwent
DCP (Fig. 3a—d). No significant differences were found in
the preoperative characteristics except for medical history
of hypertension between the conventional SCP and DCP
groups. All patients in the DCP group had a medical his-
tory of hypertension compared with eight patients (67%) in
the SCP group (p=0.039). There were no patients with a
history of transient cerebrovascular disease; however, there
was one case with parapledia owing to past spinal cord
injury. Moreover, although there was no significant differ-
ence, six patients (50%) in the SCP group developed other
organ malperfusion (p =0.105): in the coronary artery in
three cases, mesenteric artery in one, and peripheral artery
in two. Conversely, one patient (14%) in the DCP group
developed peripheral artery malperfusion. The GERAADA
score was 13.1 (range 8.3-24.2) in the SCP group and 13.5
(range 9.2—-19.6) in the DCP group (p=0.811).

Operative procedures and postoperative outcomes are
summarized in Table 2. Time from onset to perfusion was
341 (207-501) minutes in SCP group and 427 (172-594)
minutes in DCP group (p=0.491). All patients were weaned
from cardiopulmonary bypass uneventfully. Central aortic
repair, hemiarch, and partial and total arch replacement were
performed in 3, 5, and 11 patients each. No significant dif-
ferences were found in terms of operative procedures and
postoperative outcomes except for concomitant procedures,
postoperative neurological worsening, and late mortality
between the groups. SCP was associated with a significantly
higher incidence of postoperative neurological worsening
(p=0.018) and late mortality (p =0.039). Two patients
in the conventional SCP group died of extensive cerebral
infarction (Fig. 2¢) during hospitalization. Two patients
(11%) in postoperative coma developed respiratory insuf-
ficiency, and percutaneous tracheostomy was required. Late
mortality occurred in two (11%) conventional SCP cases:
one patient died of heart failure 3 months after surgery and

Fig.2 a Preoperative contrast-enhanced computed tomography
image of a patient in the selective cerebral perfusion group showing
the right common carotid artery (white dotted arrow) with a severely
narrowed true lumen. b Postoperative contrast-enhanced computed
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tomography image of the patient showing the remaining narrowed
true lumen (white dotted arrow). ¢ Postoperative head computed
tomography image of the patient showing broad cerebral infarction
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Fig.3 a Preoperative contrast-enhanced computed tomography
image of a patient in the direct carotid artery perfusion (DCP) group
showing the right common carotid artery (white dotted arrow) with
a severely narrowed true lumen. b Postoperative contrast-enhanced
computed tomography image of the patient showing improvement

another patient died of unknown causes 15 months after sur-
gery. During follow-up, a major aortic event occurred in one
(5%) DCP case, in which the patient needed additional aortic
repair after 10 days owing to hemolysis associated with the
internal felt strip.

The pre- and post-neurological changes are shown in
Fig. 4a. On arrival, eight (42%) patients had neurologi-
cal symptoms: four in the SCP group and four in the DCP
group. The remaining 11 (58%) patients were neurologi-
cally asymptomatic: eight in the SCP group and three in the
DCP group. Among 12 patients in the conventional SCP
group, five developed worsening of neurological symptoms
after open surgery (Fig. 2¢). Only one patient with hemi-
paresis improved to become asymptomatic postoperatively.
The remaining six patients presented no significant changes
in neurological outcomes. Among seven patients in the
DCP group, none experienced worsening of neurological

of compression (white dotted arrow) and ligated proximal site (white
arrow) in the right common carotid artery. ¢, d Postoperative three-
dimensional computed tomography images of patients in the DCP
group showing no abnormality in the right carotid artery anastomosis
(black dotted arrow) and the ligated proximal site (black arrow)

symptoms, although five showed no significant changes in
neurological symptoms. Neurological symptoms improved
postoperatively in two patients with hemiparesis.

Postoperative contrast-enhanced CT was performed in
16 patients (Fig. 4b). In the conventional SCP group, three
patients showed improvement of stenosis in the carotid
artery, three showed moderate residual stenosis, and the
remaining three showed severe residual stenosis. In the DCP
group, six patients improved and only one showed moder-
ate residual stenosis. There was no significant difference
between the groups (p =0.050); however, there was a trend
that patients in the DCP group showed improvement of ste-
nosis in the carotid artery.

We assessed the change in values of continuous bilateral
cerebral regional oxygen saturation from the the start of cer-
ebral perfusion, 10 min after, 30 min after, 60 min after the
start of cerebral perfusion and post surgery. There were no
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Table 2 Operative procedures
and outcomes

SCP (n=12) DCP (n=17) P

Central aortic repair (HAR, PAR, TAR) 3:2:7 0:3:4

Concomitant procedure CABG 3, AVR 1 0 0.039
Onset to perfusion time (minutes) 341 (207-501) 427 (172-594) 0.491
Operation time (minutes) 489 (302-650) 482 (394-580) 0.958
CPB (minutes) 275 (162-378) 254 (185-355) 0.776
ACC (minutes) 133 (104-199) 152 (100-236) 0.600
SCP (minutes) 166 (32-212) 166 (84-205) 0.749
CA (minutes) 58 (33-77) 49 (38-65) 0.320
Body temperature (°C) 23.8 (21.1-24.7) 23.5(21.8-24.5) 0.873
ICU stay (days) 4 (2-25) 5(3-21) 0.885
Hospitalization (days) 26 (7-69) 34 (18-49) 0.653
Neurological outcomes (%) 5(42) 4 (57) 0.049
Neurological worsening (%) 5(42) 0 0.018
Respiratory complication (%) 1(8) 1(14) 0.688
Renal complication (%) 0 0

Early mortality (%) 2(17) 0 0.160
Late mortality (%) 2(17) 0 0.039
Aortic events (%) 0 1(14) 0.348

Statistical significance was set at p <0.05

ACC aortic cross clamp, AVR aortic valve replacement, CA circulatory arrest, CABG coronary artery
bypass grafting, CPB cardiopulmonary bypass, DCP direct carotid artery perfusion, HAR hemiarch
replacement, /CU intensive care unit, PAR partial arch replacement, SCP selective cerebral perfusion, TAR

total arch replacement

significant changes in the values between the SCP and DCP
groups (Fig. 4c, p=0.551, 0.926. 0.601 and 0.771). There
were no significant changes in the values in the presence or
absence of worsening of postoperative neurological symp-
toms (Fig. 4d, p=0.425, 0.801, 0.444 and 0.601).

Discussion

This study showed that DCP during AAAD repair resulted in
good postoperative neurological outcomes and late mortality
compared with conventional SCP. In particular, in patients
for whom DCP was applied, no worsening of any neurologi-
cal condition recorded at admission was present postopera-
tively, although there was no improvement in postoperative
neurological outcomes when cerebral infarction had already
developed on arrival.

The pathophysiology of brain complications in acutely
dissected patients is often multifactorial and frequently coex-
ists with circulatory collapse, sequelae of acute hypoxia, and
thromboembolism originating from the false lumen [7]. Ben-
ninger et al. showed that thromboembolism is an essential
mechanism in isolated carotid artery dissection [8]. Furu-
kawa et al. reported that patients with partial or complete
thrombosis of the arch vessels are at a high risk of cerebral
malperfusion, especially when the false lumen of the innom-
inate artery is occluded [9]. Gomibuchi et al. stated that
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postoperative neurological deficiency is caused not only by
disturbed blood flow in an occluded or stenotic carotid artery
but also by a thromboembolism owing to thrombi derived
from a thrombosed false lumen [6]. Gaul et al. reported that
in one-third of all patients with preoperative stroke, ischemic
stroke was not caused by an extension of the dissection
toward the supra-aortic vessels. Instead, it was the result of
other etiological mechanisms such as thromboembolism or
severe hypotension [10]. In our institute, in some cases, a
thrombus in the true lumen from the false lumen of the com-
mon carotid artery is detected intraoperatively. Therefore,
we always remove thrombi from the false lumen before the
initiation of SCP. Once SCP is established, thrombi in the
false lumen may enter the true lumen through a small entry.
If re-entry occurrs at the distal site and we anastomose at the
orifice of the brachiocephalic artery, it is possibile that the
thrombi are transferred from the false lumen via the distal
re-entry site [6].

“Imaging cerebral malperfusion” introduced by Gomibu-
chi et al. is a crucial concept for detecting brain ischemia
regardless of symptoms in the preoperative difficult situation
[6]. Patients with a subclinical imaging cerebral malperfu-
sion preoperatively maintain cerebral circulation by collat-
eral circulation via the circle of Willis, and it is therefore
important not to disrupt the cerebral circulation. Moreover,
it does not matter whether there are preoperative neurologi-
cal symptoms because it is unclear which cases will develop
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a Changes in preoperative and postoperative neurological findings
SCP DCP
No symptom —_— No symptom

hemiplegia f \ /
coma \ coma

X y X y

hemiparesis hemiparesis

x: before surgery
y: after surgery

p=0.018
b Changes in carotid artery stenosis on preoperative and postoperative CT
SCP DCP
% W@
0 0
50 50
100 100
X y X y

x: before surgery
y: after surgery

p=0.050

Fig.4 a Changes in preoperative and postoperative neurological find-
ings. b Changes in carotid artery stenosis on preoperative and post-
operative CT. ¢ Changes in cerebral regional oxygen saturation from

neurological sequelae after surgery. Because it is unclear
whether cerebral infarction will develop, sufficient time is
not available to examine brain perfusion using multimodali-
ties such as head magnetic resonance imaging and enhanced
head CT; moreover, the carotid artery can be easily exposed.
Based on the results of this study, we decided to use the DCP
for all cases.

Immediate surgery for patients with cerebral malperfu-
sion can lead to acceptable neurologic outcomes; however,
most preoperative neurologic symptoms are irreversible [3,
4]. Restoration of cerebral blood flow via conventional cen-
tral aortic repair with SCP may be very difficult if severe
stenosis or occlusion of the common carotid arteries is pre-
sent. We experienced some cases that developed irrevers-
ible neurological deficiency with conventional SCP. There
have been various strategies for brain protection in AAAD
patients with brain malperfusion. Munakata et al. reported
the performance of “controlled reperfusion [19],” in which

c Changes in cerebral regional oxygen saturation from the start of cerebral perfusion

I sce
(%) Dcp
40 P=0.771
@ P=0.551 P=0.926 P=0.601
1 2 3 4

1: 10 minutes after cerebral perfusion
2: 30 minutes after cerebral perfusion
3: 1 hour after cerebral perfusion

4: after surgery

d Changes in cerebral regional oxygen saturation from the start of cerebral perfusion
focusing on postoperative neurological outcomes

B vorsened

immutable or improved

P=0.601
P=0.801 —
P=0425 P=UAA ‘
1 2 3 4

1: 10 minutes after cerebral perfusion
2: 30 minutes after cerebral perfusion
3: 1 hour after cercbral perfusion

4: after surgery

the start of cerebral perfusion. d Changes in cerebral regional oxygen
saturation from the start of cerebral perfusion focusing on postopera-
tive neurological outcomes

perfusion with cold blood was used first to reduce reperfu-
sion injury after prolonged ischemia. Igarashi et al. removed
a thrombus in the false lumen of the common carotid artery
to restore the true lumen in two cases [20]. Carotid stenting
may be a good alternative to produce better results in this
subset [21]. However, catheter manipulations have the poten-
tial to injure the thin aortic wall or mobilize the thrombus
in the false lumen, leading to cerebral embolism. Ueyama
et al. reported a case where the right common carotid artery
was first bypassed, followed by aortic repair [22]. Regard-
ing the procedure of arterial cannulation, direct brachio-
cephalic artery cannulation is a less time-consuming and
reliable method to restore cerebral perfusion [23]; however,
there is the concern of turbulent blood flow with that method
[24]. Matsushita et al. reported 52 cases of transapical can-
nulation, and they converted to another perfusion route to
resolve intraoperative malperfusion syndrome in five cases
(9.6%) [25]. Furthermore, a 5—11% incidence of cerebral
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complications has been reported using central cannulation
[14]. Samely, direct ascending aortic cannulation was estab-
lished as a promising new method; however, it is subopti-
mal for brain protection [14]. Axillary artery perfusion may
not restore the true lumen when there is a compressed true
lumen at the distal site of the carotid artery and may cause
systemic hypoperfusion [4]. In the present study, in con-
ventional SCP with axillary artery perfusion, neurological
symptoms worsended in five (42%) patients after open sur-
gery. Axillary artery perfusion may not sufficiently perfuse
to the right carotid artery because of severe stenosis associ-
ated with the compression of the true lumen, even if con-
tinuous bilateral regional oxygen saturation is maintained
throughout the surgery.

Direct carotid artery perfusion has been introduced to
resolve preoperative cerebral malperfusion [7, 15, 16]. Luehr
et al. reported that extra-anatomic aorto-carotid bypass was
performed in 23 patients who had cerebral malperfusion
owing to the occlusion of the carotid artery secondary to
aortic dissection [26]. Okita et al. reported a simple bypass
circuit between the common femoral artery and right com-
mon carotid artery performed in the emergency room [7].
Surgical access to the common carotid artery is very easy
and quick and is therefore suitable for emergencies. How-
ever, it is sometimes difficult to establish this perfusion
system in the emergency room. Moreover, there are some
differences between our approach and their common carotid
artery perfusion. They introduced this perfusion system
in the emergency room only for patients with neurologi-
cal symptoms. Furthermore, they used the femoral artery
as inflow using a double-lumen or Y-shaped line to gain
prompt brain perfusion before aortic repair. In the present
study, direct perfusion to the carotid artery was introduced
in the operating room using the SCP circuit. Although their
main concept is based on achieving prompt perfusion in the
ischemic carotid artery, our goal is to obtain reliable cerebral
perfusion and prevent thromboembolism at the distal site
during surgery. Sasaki et al. considered that definitive blood
flow restoration under direct vision with hypothermic circu-
latory arrest is of utmost importance to prevent creating a
new intimal tear and embolism [15]. Among their nine cases,
three developed new cerebral infarction, although two of
them did not have any neurological symptoms at admission.
The DCP method improves postoperative results by prevent-
ing this thromboembolism at revascularization in addition to
the reversible brain damage.

In the present study, there were no significant changes
between the groups with respect to continuous bilateral cer-
ebral regional oxygen saturation values. Moreover, there
were no significant difference in values due to postopera-
tive neurological outcomes. Cerebral regional oxygen satura-
tion monitored with INVOS is reliable for detecting changes
in blood flow [27]; however, it cannot detect fine changes
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during continuoous perfusion with cardiopulmonary bypass
[28]. The reason why continuous bilateral cerebral regional
oxygen saturation is maintained in the presennt study
although cerebral infarction occurs, may be the existence of
collateral circulation perfused by cardiopulmonary bypass.

The GERAADA score is a simple effective tool to predict
the 30-day mortality rate for patients undergoing surgery for
AAAD [17, 18]. Malperfusion of any organ system, particu-
larly multiple organ ischemia, has been shown to be a strong
independent predictor of the 30-day mortality rate. In the
present study, there was no significant difference between
the goups with respect to the GERAADA score. Moreover,
the value of the GERAADA score in the present study was
not higher than that in the other cohort without the involve-
ment of the carotid artery [18]. Although the GERAADA
socre may be identified as an independent predictor of the
30-day mortality rate, it might not be related to neurological
outcomes.

There are unsolved problems with this method. Moreover,
the management strategy for patients with preoperative coma
remains unknown. According to Tanaka et al., patients in
preoperative coma for more than 3 h after onset should be
excluded as candidates for immediate central aortic repair
surgery [29]. In this study, time from onset to perfusion were
341 in the SCP group and 427 min in the DCP group; which
could be shortend. Preoperative focal neurologic symptoms
were reversible in some cases, and postoperative rehabilita-
tion could achieve acceptable recovery. However, it is dif-
ficult to determine which patients with neurological symp-
toms will recover after surgery [3, 4]. Although five patients
in the DCP group had hemiparesis at discharge, their symp-
toms gradually improved during follow-up. Furthermore,
continuous bilateral cerebral regional oxygen saturation is a
reliable monitoring method for detecting changes in intrac-
ranial blood flow of patients; however, it cannot constitute
absolute evaluation for brain protection [28]. Therefore, the
optimal indications and contraindications for brain malper-
fusion remain unclear. Further studies regarding these prob-
lems are warranted.

Study limitations

This study had some limitations. First, relatively few patients
were included owing to the rarity of this condition. Second,
this was a retrospective single-center experience lacking
any form of randomization. Third, the surgical technique for
AAAD has evolved during the time of this study. To resolve
these limitations, a multi-institutional study is needed. Fur-
ther studies on brain mechanisms at the time of reperfusion
during surgery are warranted. Moreover, public-health man-
agement strategies that would reduce the time from onset to
admission are needed.
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Conclusion

DCP in AAAD with cerebral malperfusion was acceptable.
Although this method did not improve neurological symp-
toms that had already developed on arrival, it prevented
worsening of neurological symptoms. Furthermore, it may
prevent the onset of new infarction after cerebral reperfusion
during surgery in asymptomatic cases.
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