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Abstract
Background: The optimal hypothermic level in total arch replacement with stented elephant trunk
implantation for acute type A aortic dissection (aTAAD) was uncertain, and the superiority of unilateral or
bilateral cerebral perfusion remained a controversial topic. We evaluated the application of moderate
hypothermic circulatory arrest (MHCA) with a core temperature of 29℃ and bilateral selective antegrade
cerebral perfusion in aTAAD treated by total arch replacement with stented elephant trunk implantation.

Methods: From July 2019 to January 2020, 25 aTAAD patients underwent total arch replacement with
stented elephant trunk implantation via MHCA (29℃) and bilateral selective antegrade cerebral perfusion
(modi�ed group). Thirty-six patients treated by the same procedure with MHCA (25℃) and unilateral
selective antegrade cerebral perfusion during this period were selected as controls.

Results: No difference existed among patients in both groups in terms of age, gender, incidence of
hypertension, malperfusion, and pericardial effusion, except a higher incidence of cardiac tamponade in
modi�ed group (control 2.8%, modi�ed 20%; P = 0.038). Lowest mean circulatory arrest temperature was
24.6±0.9℃ in control group, and 29±0.8℃ in modi�ed group (p < 0.001). In-hospital mortality was 4.9%
(3/61) for the entire cohort (control 8.3%, modi�ed 0; P = 0.262). The incidence of permanent neurologic
de�cit was 4.9% (control 8.3%, modi�ed 0; P = 0.262). There were no signi�cant differences in the
occurrence of temporary neurological de�cit, renal failure, and paraplegia between groups. The rate of
major adverse events in the modi�ed group was lower (30.6% vs. 4%, P = 0.019). A shorter duration of
ventilation and ICU stay was identi�ed in the modi�ed group, as well as a reduced volume of drainage
within the �rst 48 h and red blood cell transfusion.

Conclusions: The early results of MHCA (29℃) and bilateral selective antegrade cerebral perfusion
applied in total arch replacement with stented elephant trunk implantation for aTAAD were acceptable,
providing similar inferior cerebral and visceral protection compared with that of the conventional strategy.
A higher core temperature may account for the shorter duration of ventilation and ICU stay, as well as a
reduced volume of drainage and red blood cell transfusion. 

Introduction
Acute type A aortic dissection (aTAAD), which is a catastrophic emergency, requires immediate surgical
repair and is correlated with considerable risk of mortality and morbidity.

Since 2003, we have applied total arch replacement (TAR) with stented elephant trunk (SET) implantation
by deep or moderate hypothermic circulatory arrest (MHCA) and unilateral selective antegrade cerebral
perfusion (uSACP) via direct right axillary artery cannulation as our primary strategy for aTAAD in
indicated patients with satisfactory results [1, 2].

Despite the improved perioperative results, some disadvantages exist in this standard protocol. We use
core temperature of 25℃ as our target during distal arch anastomosis, which leads to extensive cooling
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and rewarming times, longer operation and cardiopulmonary bypass (CPB) times, platelet dysfunction,
and inappropriate cerebral vasoconstriction. The ability of uSACP to afford adequate �ow in both
cerebral hemispheres is uncertain, especially in emergency cases with an incomplete Willis circle.

Bilateral selective antegrade cerebral perfusion (bSACP) assisted by a higher core temperature was
recently attempted in aTAAD treated by TAR with SET implantation. Here, we conducted a retrospective
comparative study to compare early outcomes of extended arch replacement using two different cerebral
perfusion and thermal management strategies.

Methods
The study was approved by the Ethics Committees of Beijing Anzhen Hospital, Capital Medical University
and the �rst a�liated hospital of Gannan Medical University, and written informed consents were
obtained from each patient.

Patients
Between July 2019 and January 2020, 25 consecutive aTAAD patients underwent TAR with SET
implantation by MHCA (29℃) and bSACP in the two centers. This cohort of patients was de�ned as the
modi�ed group. Thirty-six aTAAD patients treated by the same TAR strategy via MHCA (25℃) and uSACP
during this period were selected as the control group.

In this entire cohort, the mean age was 50.1 ± 11.3 years, and 50 patients (82%) were male. Hypertension
was the most prevalent comorbidity, being present in 49 patients (80.3%), followed by pericardial effusion
in 29 cases (47.5%) and smoking in 26 cases (42.6%). Moderate or severe aortic insu�ciency was
con�rmed in 18 cases (29.5%), malperfusion in 16 (26.2%), and cardiac tamponade in six (9.8%). Details
of the clinical characteristics of the patients in both groups are summarized in Table 1. Aortic computed
tomography angiography (CTA) and transthoracic echocardiography were performed routinely in the
emergency department for con�rmation of diagnosis, to evaluate the cardiac function, and to identify
involved aortic valves and pericardial effusion.
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Table 1
Preoperative clinical pro�les

Variable Total

(n = 61)

Control group (n = 
36)

Modi�ed group (n 
= 25)

P
value

Age, years 50.1 ± 
11.3

49.8 ± 11 50.6 ± 12 0.807

Male 50 (82%) 30 (83.3%) 20 (80%) 0.739

Hypertension 49
(80.3%)

30 (83.3%) 19 (76%) 0.479

Smoking 26
(42.6%)

16 (44.4%) 10 (40%) 0.730

Malperfusion 16
(26.2%)

11 (30.6%) 5 (20%) 0.357

Pericardial effusion 29
(47.5%)

20 (55.6%) 9 (36%) 0.133

Cardiac tamponade 6 (9.8%) 1 (2.8%) 5 (20%) 0.038

Diabetes mellitus 2 (3.3%) 1 (2.8%) 1 (4.0%) 1.000

Marfan syndrome 2 (3.3%) 1 (2.8%) 1 (4.0%) 1.000

Myocardial infarction history 3 (4.9%) 2 (5.6%) 1 (4.0%) 1.000

Previous cerebrovascular history 3 (4.9%) 1 (2.8%) 2 (8.0%) 0.562

Previous aortic valve replacement 1 (1.6%) 0 1 (4.0%) 0.410

Previous TEVAR for

type B aortic dissection

2 (3.3%) 0 2 (8.0%) 0.164

Dialysis 1 (1.6%) 0 1 (4.0%) 0.410

Aortic Regurgitation (moderate or
severe)

18
(29.5%)

12 (33.3%) 6 (24%) 0.432

Ejection fraction 61.5 ± 
5.7

62.1 ± 5.3 60.7 ± 6.1 0.335

Data presented as mean ± SD, or percentages as appropriate.

De�nitions
In-hospital mortality was de�ned as death occurring during the hospital stay. Permanent neurologic
de�cit (PND) was de�ned as the presence of new focal (stroke) or global (coma) permanent neurological
dysfunction con�rmed by CT scanning. Temporary neurological de�cit (TND) was de�ned as the
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presence of reversible postoperative confusion, delirium, agitation, or motor de�cit. All symptoms were
resolved before discharge, and a normal CT scanning was required. The major adverse events (MAEs)
included in-hospital mortality, PND, paraplegia, and new renal failure needing continuous renal
replacement therapy (CRRT).

Surgical technique
The method of TAR with SET implantation had been described in detail previously [2]. Indications for TAR
included primary arch tear, involvement of arch vessels, Marfan syndrome and intimal intussusception in
the arch.

In brief, the arterial line was bifurcated, one for axillary artery perfusion and the other for perfusion of a
branch of the four-branched graft. The right axillary artery was exposed �rst. The femoral artery was used
as an assistant perfusing limb in cases of body weight (≥ 100 kg), with signi�cantly compressed true
lumen and visceral hypoperfusion. After median sternotomy, the supra-aortic vessels were dissected
individually. After systemic heparinization, the right axillary artery was directly cannulated with a �exible
arterial cannula (18-22F; Edwards Lifesciences, Irvine, CA, USA) followed by cannulation of the right
atrium and right superior pulmonary vein.

Cooling was started immediately after the initiation of CPB. After the ascending aorta was clamped and
incised obliquely, cardioplegia was performed and the heart was perfused with HTK solution. The
proximal manipulations were carried out during the cooling period, including reinforcement of the
detached commissures and ascending aorta or aortic root replacement. Once the target temperature was
reached, all supra-aortic vessels were clamped and transected. The uSACP was initiated via the right
axillary artery. The �ow was adjusted to maintain a left radial artery pressure ≥ 20 mmHg, which allowed
a mean �ow of (7.4 ± 2.0) ml/kg·min and a mean pump pressure of (63 ± 14.2) mmHg. The arch was
transected between the left carotid and left subclavian arteries. The stented elephant trunk (Cronus,
MicroPort, China) was deployed in the true lumen of the descending aorta, and TAR was performed with a
four-branched graft (Vascutek, Terumo, Japan). Once the distal anastomosis was completed, distal
reperfusion was initiated through the perfusing limb of the four-branched graft. The left carotid artery
was reconstructed �rst to allow resumption of the bilateral brain perfusion, and rewarming was then
started. The ascending aorta was anastomosed to resume the myocardial perfusion, followed by the left
subclavian artery, and �nally the innominate artery.

In the modi�ed group, the perfusing line prepared for the lower body was bifurcated again. The planned
nasopharyngeal temperature was 30℃; however, the actual nasopharyngeal temperature at the initiation
of the circulatory arrest was consistently 29℃ due to thermal loss during the operation and low room
temperature. Once the target temperature was reached, the innominate and left subclavian arteries were
clamped, and the left carotid artery was cannulated to perfuse the left hemisphere. The left radial artery
pressure was maintained at approximately 30 mmHg, and the pressure and �ow were (65.4 ± 9.8) mmHg
and (7.8 ± 1.2) ml/kg·min respectively. We then performed the SET implantation and distal arch
anastomosis. Subsequently, distal reperfusion was started via the third limb of the arterial line. The
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ascending aorta was anastomosed �rst, followed by the left subclavian artery reconstruction, the left
carotid artery, and �nally, the innominate artery.

Statistical analysis
SPSS 19.0 (SPSS, Inc., Chicago, IL, USA) was applied for statistical analyses. Data was expressed as
mean ± standard deviation, range interquartile or percentages as appropriate. Student’s t-test or Mann-
Whitney U-test and Chi-squared or Fisher’s exact tests were used for comparisons as appropriate.

Results
There were no differences between the modi�ed and control groups in terms of age, sex, incidence of
hypertension, malperfusion, pericardial effusion, moderate or severe aortic regurgitation, and the
preoperative cardiac function. The incidence of cardiac tamponade was higher in the modi�ed group
(20% vs. 2.8%, P = 0.038).

The operative data is summarized in Table 2. There were no differences between the groups in the
incidence of concomitant procedures, such as aortic sinus repair, ascending aorta replacement, the
Bentall procedure, bypass and CABG. Compared with the control group, the operation, CPB, cross-
clamping, and lower body circulatory arrest time were shorter in the modi�ed group (7 ± 0.8 h vs. 7.8 ± 
1.2 h (P = 0.005); 174 ± 29.1 min vs. 218 ± 39 min (P < 0.001); 96.2 ± 20.4 min vs. 129.3 ± 26.4 min (P < 
0.001); and 16 ± 4 min vs. 22.8 ± 4.9 min (P < 0.001), respectively). The perfusion pressure and cerebral
perfusion �ow were similar between the groups.
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Table 2
Operative outcomes

Variable Total

(n = 61)

Control group (n = 
36)

Modi�ed group (n 
= 25)

P
value

Operation time, h 7.5 ± 1.1 7.8 ± 1.2 7 ± 0.8 0.005

CPB time, min 200 ± 41.2 218 ± 39 174 ± 29.1 < 
0.001

Cross-clamp time, min 115.7 ± 29 129.3 ± 26.4 96.2 ± 20.4 < 
0.001

Lower body circulatory arrest
time, min

20.1 ± 5.6 22.8 ± 4.9 16 ± 4 < 
0.001

Core temperature, ℃ 26.4 ± 2.3 24.6 ± 0.9 29 ± 0.8 < 
0.001

Pump pressure, mmHg 64 ± 12.6 63 ± 14.2 65.4 ± 9.8 0.430

Cerebral perfusion �ow

ml/min

576.2 ± 
143.5

579.4 ± 166 571 ± 104.3 0.831

ml/kg·min 7.6 ± 1.7 7.4 ± 2.0 7.8 ± 1.2 0.245

uSACP time, min   40 ± 7.7    

bSACP time, min     16 ± 4  

Aortic sinus repair 20 (32.8%) 11 (30.6%) 9 (36%) 0.656

Ascending aorta replacement 42 (68.9%) 25 (69.4%) 17 (68%) 0.905

Bentall 19 (31.1%) 11 (30.6%) 8 (32%) 0.905

Extra-anatomic bypass 2 (3.3%) 2 (5.6%) 0 0.508

CABG※ 3 (4.9%) 2 (5.6%) 1 (4.0%) 1.000

Data presented as mean ± SD, or percentages as appropriate.

※CABG: coronary artery bypass grafting.

The rates of early mortality and morbidity are presented in Table 3. Compared with the control group, the
rate of MAE in the modi�ed group was lower [30.6% (11/36) vs. 4% (1/25), P = 0.019]. There was no
signi�cant difference in the proportions of in-hospital mortality between the groups, with the deaths of
three patients (8.3%) recorded in the control group and no deaths in the modi�ed group (P = 0.262).
Reasons for mortality were bilateral cerebral infarction, sudden cardiac arrest and septic shock (one
patient for each).
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Table 3
Postoperative results

Variable Total

(n = 61)

Control group

(n = 36)

Modi�ed group (n = 
25)

P
value

MAEs※ 12 (19.7%) 11 (30.6%) 1 (4.0%) 0.019

In-hospital mortality 3 (4.9%) 3 (8.3%) 0 0.262

PND 3 (4.9%) 3 (8.3%) 0 0.262

TND 7 (11.5%) 5 (13.9%) 2 (8.0%) 0.689

New renal failure with CRRT 5 (8.2%) 5 (13.9%) 0 0.072

Paraplegia 3 (4.9%) 2 (5.6%) 1 (4.0%) 1.000

Re-exploration for bleeding 2 (3.3%) 2 (5.6%) 0 0.508

Tracheotomy 3 (4.9%) 2 (5.6%) 1 (4.0%) 1.000

Ventilation time, h 20 (14, 54) 29.8 (13.8, 66.4) 16 (12, 25) 0.038

ICU stay time, h 40 (18.5,
116)

58.8 (21.6,
148.4)

34 (18.5, 50) 0.046

Chest tube drainage,
ml/48 h

926 ± 324.6 1020.6 ± 374 797.2 ± 180.1 0.004

RBC transfusion, unit※ 4 (0, 8) 5.5 (0.5, 10) 2 (0, 6.5) 0.045

without RBC transfusion 21 (34.4%) 9 (25%) 12 (48%) 0.063

Data presented as mean ± SD, range interquartile or percentages as appropriate.

※ MAEs: in-hospital mortality, PND, paraplegia, and new renal failure needing CRRT;

RBC: red blood cell.

Cerebral infarction occurred in three patients (8.3%) in the control group, while there were no cases of
cerebral infarction in the modi�ed group (P = 0.262). In addition to one death caused by bilateral massive
cerebral infarction, two other patients suffered from this complication. The �rst patient, a 55-years-old
male, experienced left hemiplegia due to right parietal lobe infarction one day after surgery. After
rehabilitation therapy, his myodynamia of left side limbs was well recovered at six months follow-up.
Apathy and left hemiplegia were noted in another 52-years-old male two hours after surgery. The tracheal
intubation was removed 27 hours after the operation, and right hemisphere infarction was con�rmed by
subsequent CT scanning. He was transferred to a local rehabilitation center for functional recovery. At the
three-month follow-up, he was able to walk with the assistance of relatives.
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TND was observed in �ve patients (13.9%) in the control group and two patients (8.0%) in the modi�ed
group (P = 0.689).

Compared with the control group, the duration of mechanical ventilation was signi�cantly shorter in the
modi�ed group [29.8 (13.8, 66.4) vs. 16 (12, 25), P = 0.038], as was the duration of the ICU stay [58.8
(21.6, 148.4) vs. 34 (18.5, 50), P = 0.046]. Compared with the control group, there were less volume of
chest tube drainage within the �rst 48 h and red blood cell transfusion in the modi�ed group [(1020.6 ± 
374) vs. (797.2 ± 180.1), P = 0.004] and [5.5 (0.5, 10) vs. 2 (0, 6.5), P = 0.045], respectively. There were no
signi�cant differences in the incidence of new acute renal failure requiring CRRT, paraplegia, re-
exploration for bleeding, and tracheotomy between the two groups.

Discussion
Arch surgery may be mandatory to improve the prognosis of patients with aTAAD with arch involvement.
This procedure was �rst performed successfully under deep hypothermic circulatory arrest (DHCA) in
1975 by Griepp et al. [3]. However, some drawbacks of this approach were been reported, including
prolonged CPB time, higher incidence of neurologic dysfunction, limited safe time of distal circulatory
arrest, and clotting disturbances [4]. To alleviate the side-effects of DHCA, a composite strategy
incorporating the hypothermic circulatory arrest and selective cerebral perfusion was been proposed. This
led to an apparent consensus that different levels of MHCA assisted by continuous selective cerebral
perfusion was the key protocol for open arch repair [5–7].

In fact, the core temperature during arch surgery increased gradually with an acceptable postoperative
mortality and morbidity [2, 8–10]. However, the optimal hypothermic level in TAR with SET implantation
remained a controversial topic.

Since July 2019, we have attempted a warmer temperature in TAR with SET implantation for aTAAD in
indicated patients. We found that there were no signi�cant differences between the control and modi�ed
groups in terms of operative mortality, postoperative neurologic de�cit, and visceral injury, and no deaths,
PND or new renal failure needing CRRT occurred in the modi�ed group.

The in-hospital mortality in the entire cohort was 4.9% (3/61), and all deaths occurred in the control
group. This result was comparable with our previous reports [1, 2, 11, 12]. We believed the modi�ed
surgical techniques and evolving perfusion and cerebral protection strategies accounted for this.
However, it should be noted that the characteristics of patients in this study may have contributed to the
acceptable results. First, the mean age in all patients was 50.1 ± 11.3 years, which was almost 10 years
younger than the European series of aTAAD treated by frozen elephant trunk [13, 14]. Second, the rates of
preoperative comorbidities were low. Third, natural selection was inevitable. Many patients were
transferred from hundreds of miles away, and may die on the way to hospital.

Neurologic de�cit was one of the main parameters used to evaluate arch surgery. The TND rate was 8.0%
(2/25) in the modi�ed group, and 13.9% (5/36) in the control group, although this difference did not reach
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the level of statistical signi�cance.

The incidence of PND was 4.9% (3/61), and all three cases occurred in the control group (8.3% vs. 0, P = 
0.262). This result was comparable with other published series focusing on patients who underwent
frozen elephant trunk, in which the rate of PND ranged from 8.8–13% [15, 16].

In a study of the application of uSACP and bSACP for varying extents of arch replacement in 307 aTAAD
patients performed by Norton et al. [17], in which risk factors for postoperative stroke were analyzed. It
was observed that the type of SACP, HCA time, the extent of arch replacement were not signi�cantly
associated with new-onset postoperative stroke. Several factors may be related this and the mechanisms
of PND require further investigation.

The right axillary artery was routinely used for CPB and SACP, which rarely involved dissection and
atherosclerosis, and was associated with lower embolic stroke rates [18]. The blood �ow was retrograde
from the cannulating site to the arch, which may protect against embolic events in the right hemisphere
during proximal aortic manipulations. In addition, the atherosclerotic plaques were always located at the
base of the supra-arch vessels, which became the source of the embolus during arch manipulations. We
performed isolated anastomosis of supra-aortic vessels with respective graft branches after clamping the
vessels, and the arch roof with potential atheromasia was excised totally.

The relative bene�ts of uSACP compared with bSACP as cerebral perfusion strategies remained
undetermined. In a comparative cerebral protection study from the German Registry for aTAAD [19],
including 1,081 patients from 44 cardiac centers, it was found that the early neurologic outcomes with
uSACP and bSACP were equivalent. A meta-analysis performed by Malvindi et al., consisting of 17
studies with 2,949 bSACPs and 599 uSACPs, concluded that bSACP allowed for longer SACP time, with
increasing safety once the SACP time exceeded 40 to 50 minutes [20]. In a study by Tong et al. focusing
on the clinical effect of bSACP and uSACP in TAR [21], no signi�cant difference was identi�ed with regard
to 30-day mortality and postoperative PND. The four-branched graft anastomosed to the left carotid
artery was used for left hemisphere perfusion, and they concluded that this approach avoided the risk of
embolic injury by cannulating the left carotid artery.

We concluded that the bSACP represented a more physiologic perfusion, and contributed to a reduced
risk of left hemisphere hypoperfusion in cases with an incomplete Willis circle. A �exible arterial cannula,
designed for aortic cannulation in children with a diameter of 16-18F, was used to cannulate the left
carotid artery. Great attention must be paid to identify the true lumen. The intima was always edematous
and fragile, requiring cannulation with extreme caution. The absence of PND in the modi�ed group
con�rmed that no embolic event related to cannulation in left carotid artery occurred in these patients.

The damaging effects of hypothermia on cerebrovascular autoregulation should not be ignored. Several
animal studies have shown that cold cerebral perfusion can lead to neurologic injury due to its negative
effects on cerebral autoregulation [22, 23], whereas mild systemic hypothermia preserved cerebral
autoregulation and favored equal distribution of �ow in the brain [24].
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The occurrence of visceral injury in the setting of a higher core temperature was not noted. In the
modi�ed group, neither new renal failure needing CRRT nor hepatic and gastrointestinal injury were
reported. One patient developed delayed paraplegia 3 days after surgery, and he recovered well 7 days
later after cerebrospinal �uid drainage. The critical intercostal artery originated from the false lumen, and
complete thrombus formation was observed in postoperative CTA performed 4 days after surgery. We
considered the cause of delayed paraplegia may be related to rapid thrombus formation in the false
lumen and inadequate collateral circulation in the acute phase, rather than the thermal strategy or distal
open anastomosis.

Furthermore, the satisfactory visceral protection may be partially explained by the shorter lower body
circulatory arrest time. In a study of open arch repair with moderate-to-mild (≥ 28℃) systemic
hypothermia performed by Ahmad et al. [6], an acceptable organ protection effect was achieved with a
mean lower body circulatory arrest time of 46 ± 8 min in a cohort of patients with a mean age of 68 ± 
16 years. In our study, the mean time of open distal arch anastomosis was 16 ± 4 min in the modi�ed
group. The distal dissected arch was sandwiched by the four-branched graft and the unstented part of
the SET, and additional reinforced sutures were not usually needed. Therefore, distal reperfusion with
approximate �ow and pressure can be initiated once the distal anastomosis is completed.

In our previous study of 456 aTAAD patients treated by the same procedure with MHCA (25℃) and
uSACP, the mortality, incidence of PND, renal failure, and spinal cord injury were 8.1%, 4.8%, 4.4%, and
2.4%, respectively [11]. The early postoperative outcomes were comparable to the results obtained in this
study. We speculated that the effect of visceral protection using a higher core temperature was not
inferior to that achieved by traditional thermal management strategy in the setting of TAR and SET
implantation for aTAAD.

In this series, the duration of the operation, CPB, ventilation, and ICU stay were signi�cantly lower in the
modi�ed group compared with that of the control group. We regarded cannulation of the left carotid
artery as a convenient manipulation that costed only a small amount of time. The differences observed
with respect to the duration of the operation, CPB, ventilation, and ICU stay may be explained to a large
extent by the difference in hypothermia level. The clotting disorders related to prolonged CPB and low
level MHCA were alleviated, which was con�rmed by the signi�cantly reduced volume of chest tube
drainage in the �rst 48 h and RBC transfusion in the modi�ed group.

Study Limitations
Certain limitations of this study should be noted. Although the comparable baseline characteristics in
both groups, the existence of selection bias cannot be excluded. In the modi�ed group, all the procedures
were performed by two experienced surgeons in their respective center, and the results may not be
translatable to all centers. Due to its small sample and retrospective nature, the statistical signi�cance of
our results require further con�rmation in well-designed trials with larger sample sizes.
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Conclusions
In this study, the strategy of MHCA with a higher core temperature and bSACP was used for TAR and SET
implantation in 25 indicated aTAAD patients at two centers, and satisfactory cerebral and visceral
protection were achieved. There were not signi�cant differences between the two groups in terms of in-
hospital mortality and incidence of PND, with no deaths or cases of PND in the modi�ed group. The
higher core temperature may explain, in part, the shorter ventilation and ICU stay time in addition to a
reduced volume of chest tube drainage during the �rst 48 h and RBC transfusion.

Abbreviations
aTAAD: Acute type A aortic dissection; DHCA: Deep hypothermic circulatory arrest; MHCA: Moderate
hypothermic circulatory arrest; TAR: Total arch replacement; SET: Stented elephant trunk; uSACP:
Unilateral selective antegrade cerebral perfusion; bSACP: Bilateral selective antegrade cerebral perfusion;
CPB: Cardiopulmonary bypass; PND: Permanent neurologic de�cit; TND: Temporary neurological de�cit;
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