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Abstract

Objective: This study aimed to compare the efficacy of
three antegrade cerebral perfusion (ACP) strategies in the
surgical management of acute DeBakey type I aortic dis-
section. Methods: This retrospective comparative study
included 207 patients with DeBakey type I aortic dissec-
tion who underwent surgical treatment at the Department of
Cardiothoracic and Vascular Surgery, The First Affiliated
Hospital of Hengyang Medical School, University of South
China, between January 2020 and December 2024. Based
on the ACP strategies utilized during surgery and the time
periods of implementation, patients were divided into three
groups: the unilateral antegrade cerebral perfusion (uACP)
group (n = 28), the bilateral antegrade cerebral perfusion
(bACP) group (n = 87), and the total antegrade cerebral per-
fusion (tACP) group (n = 92). Preoperative, intraoperative,
and postoperative data were collected and analyzed to iden-
tify differences among the three groups. Results: There
were no statistically significant differences in baseline clin-
ical characteristics among the three groups, indicating good
comparability. The tACP group demonstrated significantly
shorter cardiopulmonary bypass times, postoperative awak-
ening times, durations of tracheal intubation, and intensive
care unit (ICU) stays compared to the other two groups (p
< 0.05). Additionally, the tACP group exhibited a higher
minimum nasopharyngeal temperature (approximately 24.8
°C, p < 0.05). The incidence of transient neurological dys-
function (TND) was highest in the uACP group (37.5%),
intermediate in the bACP group (18.2%), and lowest in the
tACP group (10.6%, p < 0.05). While the bACP group
showed an advantage in lower body circulatory arrest time
(approximately 28 minutes), the tACP group, despite re-
quiring more meticulous cannulation techniques, provided
superior overall neuroprotection. No statistically signifi-
cant differences were observed among the three groups re-
garding other postoperative complications (p> 0.05). Con-
clusion: The tACP strategy demonstrated superior applica-
bility during complex aortic arch reconstruction surgeries,
significantly reducing the incidence of TND and accelerat-
ing postoperative recovery.
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Introduction

DeBakey type I aortic dissection is a severe and highly
fatal cardiovascular emergency primarily involving the as-
cending aorta, aortic arch, and descending aorta. Surgical
intervention remains the gold standard for reducing acute-
phase mortality, decreasing the hourly mortality rate from
0.5% to 0.09% within the first 48 hours post-treatment [1].
However, perioperative in-hospital mortality remains as
high as 15.2% [2], with neurological complications being a
significant contributing factor [3,4]. Against this backdrop,
the choice of intraoperative cerebral protection strategies is
critical. Current methods include deep hypothermic circu-
latory arrest (DHCA) and various cerebral perfusion strate-
gies, classified as antegrade cerebral perfusion (ACP) and
retrograde cerebral perfusion (RCP). Among these, ACP is
widely adopted due to its closer alignment with physiolog-
ical demands [5,6]. Common ACP strategies include uni-
lateral antegrade cerebral perfusion (uACP) via the axillary
artery, bilateral antegrade cerebral perfusion (bACP) via the
brachiocephalic trunk and left common carotid artery, and
total antegrade cerebral perfusion (tACP) through all three
arch branches. uACP, a classical approach, necessitates an
additional incision, while bACP is recommended for pro-
longed surgeries due to its comprehensive cerebral protec-
tion. The emerging tACP strategy aims to achieve superior
intraoperative neuroprotection through global brain perfu-
sion. Although previous studies have compared the safety
and efficacy of these strategies, the optimal approach re-
mains controversial [7–9]. This study retrospectively ana-
lyzes the three ACP strategies to provide clinical guidance
for cerebral protection during aortic dissection surgery.
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Materials and Methods

This retrospective cohort study included patients diag-
nosed with DeBakey type I aortic dissection via computed
tomography angiography (CTA) and treated surgically at
the Department of Cardiothoracic and Vascular Surgery,
The First Affiliated Hospital of Hengyang Medical School,
University of South China, between January 2020 and De-
cember 2024. All surgeries were performed by the same
experienced cardiovascular surgical team to ensure proce-
dural consistency.

We included 207 patients grouped according to the
ACP strategy employed during surgery, illustrating the evo-
lution of clinical practice over time: from January 2020 to
December 2020, uACP (n = 28); from January 2021 to De-
cember 2022, bACP (n = 87); and from January 2023 to
December 2024, tACP (n = 92). Male patients predomi-
nated in all groups, with mean ages of 49.96 ± 9.22, 53.41
± 9.82, and 51.08 ± 11.47 years, respectively, reflecting a
relatively young onset (Table 1).

Inclusion criteria: acute admission and a confirmed
diagnosis of DeBakey type I aortic dissection. Completion
of total aortic arch replacement with stented elephant trunk
procedure. Age ≥18 years. Symptom onset to hospital ad-
mission ≤14 days.

Exclusion criteria: history of prior open cardiac
surgery. Incomplete clinical data. Traumatic aortic dis-
section. Preoperative cerebral infarction or cerebral hem-
orrhage.

Patient data were extracted from the hospital’s elec-
tronic medical record system, including demographic de-
tails (age, sex, smoking history, comorbidities such as hy-
pertension, diabetes, coronary artery disease, pericardial
tamponade, renal failure), intraoperative parameters (time
to surgery, cardiopulmonary bypass time, aortic cross-
clamp time, lower-body circulatory arrest time, selective
cerebral perfusion time, minimum nasopharyngeal temper-
ature), and postoperative outcomes (awakening time, intu-
bation time, intensive care unit (ICU) stay, hospital stay,
neurological deficits [permanent neurological dysfunction
(PND), transient neurological dysfunction (TND)], paraple-
gia, re-thoracotomy, renal failure, wound infection, mortal-
ity). To ensure data accuracy, all information was indepen-
dently verified by two radiologists and one senior cardio-
vascular surgeon.

In this study, the following definitions were applied:
PND was defined as any persistent and irreversible neuro-
logical deficit, confirmed by clinical evaluation or imaging
findings [10]. TND was characterized by newly developed
neurological symptoms that were imaging-negative and re-
solved completely before discharge [11]. Paraplegia was
defined as complete or severe loss of motor function in both
lower extremities. Re-thoracotomy referred to a surgical
intervention involving re-opening of the chest to control

bleeding or manage other severe complications. Renal fail-
ure was diagnosed based on an increase in serum creatinine
exceeding 0.3 mg/dL within 48 hours, a rise of ≥1.5 times
the baseline, a urine output ≤0.5 mL/kg/h for ≥6 hours,
or the need for renal replacement therapy [12]. Wound in-
fection included superficial or deep surgical site infections,
characterized by local redness, exudation, pain, or positive
bacterial cultures. Mortality was defined as any death oc-
curring within 30 days of surgery or during the same hospi-
tal stay, regardless of cause.

The study protocol was approved by the Ethics Com-
mittee of The First Affiliated Hospital of Hengyang Med-
ical School, University of South China (Ethical Approval
Code: 2024LL1226001). Written informed consent was
obtained from all patients preoperatively. Patient data were
anonymized to ensure confidentiality and protect privacy.

Surgical Technique

CTA was reviewed preoperatively to confirm aor-
tic dissection details (Fig. 1A). Patients were positioned
supine, and general anesthesia with endotracheal intuba-
tion was induced. After standard sterilization, a median
sternotomy was performed (with axillary artery dissection
for uACP cases). The pericardium was opened, and the
brachiocephalic trunk, left common carotid artery, and left
subclavian artery were dissected. Heparin sodium injec-
tion (Wangbang Biopharmaceutical, Jiangsu, China) was
administered systemically at a dose of 3 mg/kg to achieve
heparinization. Notably, a uniform perfusion circuit (can-
nulae and tubing) was used for all patients, with identical
brands and specifications across the three strategies; the
only differences were in cannulation sites and the num-
ber of cannulae, according to the ACP strategy. For car-
diopulmonary bypass (CPB): uACP group: cannulation of
the right axillary artery and right atrium (Fig. 1B). bACP
group: cannulation of the brachiocephalic trunk (via end-
to-end anastomosis with a vascular graft) and right atrium
(Fig. 1C). tACP group: cannulation of the ascending aorta
and right atrium (Fig. 1D). A left heart drainage tube was in-
serted via the right superior pulmonary vein. After inducing
ventricular fibrillation and clamping the distal ascending
aorta, the ascending aorta was incised longitudinally. Car-
dioplegia was administered through the coronary ostia, and
the ascending aorta was resected. Depending on findings,
Bentall/David procedures or proximal aortic repairs with
graft anastomosis were performed. Once nasopharyngeal
temperature reached 25 °C, the supra-aortic vessels were
clamped: uACP: unilateral ACP through the right axillary
artery. bACP: bilateral ACP via an additional cannula in the
left common carotid artery. tACP: total ACP via additional
cannulae in both the left common carotid and left subcla-
vian arteries. Lower-body circulation was arrested, and the
aortic arch was excised. A stented elephant trunk prosthe-
sis (MicroPort CRONUS, Shanghai, China) was deployed
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proximally in the descending aorta, followed by distal anas-
tomosis with a four-branch graft (W. L. Gore & Associates,
Newark, DE, USA). Lower-body perfusion was restored,
and proximal anastomosis was completed. After thorough
de-airing, CPB was gradually weaned as rewarming con-
tinued to 36 °C. Sequential anastomoses of the left subcla-
vian artery, left common carotid artery, and brachiocephalic
trunk were performed (Fig. 1E). Hemostasis was achieved,
drainage tubes were placed, and the chest was closed.

Statistical Analysis

All statistical analyses were performed using SPSS
version 27.0 (IBM Corp., Armonk, NY, USA). Continu-
ous variables were tested for normality and homogeneity of
variance. Normally distributed data were compared using
one-way analysis of variance (ANOVA), with Welch’s cor-
rection applied when variance was unequal. Non-normally
distributed data were expressed as a median (interquartile
range) and analyzed using the Kruskal–Wallis rank-sum
test. For variables showing significant differences among
the three groups (p < 0.05), pairwise comparisons were
performed using the Mann–Whitney U test with Bonferroni
correction. Categorical variables were compared using the
chi-square test or Fisher’s exact test as appropriate. In case
of significant overall group differences, post hoc pairwise
comparisons were also adjusted using the Bonferroni cor-
rection. A two-tailed p-value< 0.05 was considered statis-
tically significant.

Results

Preoperative Baseline Characteristics

No statistically significant differences were observed
among the three groups in terms of sex, age, smoking his-
tory, hypertension, diabetes mellitus, coronary artery dis-
ease, pericardial tamponade, or renal failure (p > 0.05),
suggesting that the baseline characteristics were well-
matched across groups (Table 1).

Intraoperative Data

In this study, significant differences were observed
among the three cerebral perfusion strategies for surgery-
related time intervals (Table 2). Specifically, the car-
diopulmonary bypass time in the tACP group—224 (201–
251) minutes—was significantly shorter than that in the
bACP group—240 (220–275) minutes (χ2 = 11.408, p
= 0.003). Lower-body circulatory arrest time was sig-
nificantly shorter in the bACP group [28 (21–31.5) min-
utes] compared to the uACP [30.5 (27.5–33.5) minutes]
and tACP [31 (27–34) minutes] groups (χ2 = 11.937, p =
0.003). Selective cerebral perfusion time was also signifi-
cantly shorter in the bACP group—30 (23–33.5) minutes—

than in the uACP [32.5 (29.5–35.5) minutes] or tACP [36
(31–38) minutes] groups (χ2 = 24.593, p < 0.001). In ad-
dition, the lowest nasopharyngeal temperature was signifi-
cantly higher in the tACP group [24.8 (24.3–25.4) °C] than
in the other two groups [uACP: 23.7 (23.4–24) °C, bACP:
24.05 (23.5–24.6) °C; χ2 = 65.913, p < 0.001]. No statis-
tically significant differences were found among the three
groups with respect to the surgical procedure (χ2 = 0.657,
p = 0.982) or the time from symptom onset to surgery (χ2

= 4.203, p = 0.122).

Postoperative Data

Owing to the exclusion of patients who died intraop-
eratively or shortly after surgery, the number of patients
included in the postoperative complication analysis was
slightly lower than the total number in each group (Table 3).
The postoperative awakening time was significantly shorter
in the tACP group—185 (120–295) minutes—than in the
uACP [380 (305–472.5) minutes] and bACP [257.5 (170–
417.5) minutes] groups (χ2 = 24.044, p< 0.001). Tracheal
intubation time was also significantly shorter in the tACP
group—18 (14.7–42.5) minutes—than in the uACP [37.65
(24.25–58.9) minutes] or bACP [26.45 (19.45–52.6) min-
utes] groups (χ2 = 19.168, p < 0.001). The tACP group
similarly showed a significantly shorter ICU stay [4.7 (3.8–
6) days] compared to the uACP [7.10 (5.7–8) days] and
bACP [6.30 (4.85–7.55) days] groups (χ2 = 29.967, p <

0.001). No significant difference was found among the
three groups in overall postoperative hospitalization time
(χ2 = 5.375, p = 0.068). Regarding neurological outcomes,
the incidence of TND was highest in the uACP group
[37.5% (9/24)], intermediate in the bACP group [18.2%
(14/77)], and lowest in the tACP group [10.6% (9/85)], with
a statistically significant difference among groups (χ2 =
8.588, p = 0.014). Further analysis revealed that the TND
rate in the uACP group was significantly higher than in
the other two groups. The incidence of permanent neuro-
logical dysfunction (PND) showed no statistically signif-
icant difference among the groups [uACP 12.5% (3/24);
bACP 28.6% (22/77); tACP 17.7% (15/85); χ2 = 4.180,
p = 0.124]. Additionally, there were no significant inter-
group differences in paraplegia [uACP 12.5% (3/24); bACP
1.3% (1/77); tACP 4.7% (4/85), χ2 = 5.157, p = 0.076], re-
thoracotomy [uACP 4.2% (1/24); bACP 3.9% (3/77); tACP
4.7% (4/85), χ2 = 0.066, p = 0.968], renal failure [uACP
20.8% (5/24); bACP 5.2% (4/77); tACP 7.1% (6/85), χ2 =
4.898, p = 0.086], or wound infection [uACP 4.2% (1/24);
bACP 10.4% (8/77); tACP 5.9% (5/85), χ2 = 1.632, p =
0.442]. The mortality rates among groups were also com-
parable [uACP 14.3% (4/28); bACP 11.5% (10/87); tACP
7.6% (7/92), χ2 = 1.345, p = 0.510].
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Fig. 1. Schematic diagram of the surgical procedure. (A) Acute DeBakey type I aortic dissection. (B) uACP: cerebral perfusion and
arch reconstruction via the axillary artery alone. (C) bACP: cannulation of the brachiocephalic trunk and left common carotid artery to
maintain bilateral cerebral perfusion and perform arch reconstruction. (D) tACP: cannulation of the brachiocephalic trunk, left common
carotid artery, and left subclavian artery for cerebral perfusion and arch reconstruction. (E) Completion of ascending aorta replacement,
total arch replacement, and stented graft implantation. uACP, unilateral antegrade cerebral perfusion; bACP, bilateral antegrade cerebral
perfusion; tACP, total antegrade cerebral perfusion.
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Table 1. Preoperative baseline characteristics.
Variable Category uACP Group (n = 28) bACP Group (n = 87) tACP Group (n = 92) χ2/F p

Sex (n, %)
Female 4 (14.3%) 17 (19.5%) 13 (14.1%)

1.051 0.575
Male 24 (85.7%) 70 (80.5%) 79 (85.9%)

Age (x̄ ± S) - 49.96 ± 9.22 53.41 ± 9.82 51.08 ± 11.47 1.657 0.193

Smoking (n, %)
No 17 (60.7%) 66 (75.9%) 60 (65.2%)

3.434 0.180
Yes 11 (39.2%) 21 (24.1%) 32 (34.8%)

Hypertension (n, %)
No 3 (10.7%) 19 (21.8%) 21 (22.8%)

2.017 0.365
Yes 25 (89.3%) 68 (78.2%) 71 (77.2%)

Diabetes (n, %)
No 25 (89.3%) 85 (97.7%) 89 (96.7%)

3.186 0.203
Yes 3 (10.7%) 2 (2.3%) 3 (3.3%)

Coronary artery disease (n, %)
No 27 (96.4%) 79 (90.8%) 79 (85.9%)

3.208 0.201
Yes 1 (3.6%) 8 (9.2%) 13 (14.1%)

Pericardial tamponade (n, %)
No 24 (85.7%) 79 (90.8%) 75 (81.5%)

3.280 0.194
Yes 4 (14.3%) 8 (9.2%) 17 (18.5%)

Renal failure (n, %)
No 27 (96.4%) 86 (98.9%) 86 (93.5%)

3.830 0.147
Yes 1 (3.6%) 1 (1.2%) 6 (6.5%)

Table 2. Intraoperative data.
Variable Category uACP Group bACP Group tACP Group χ2/H p

Surgical approach (n, %)
Ascending Aorta + Sun’s 22 (78.6%) 69 (79.3%) 70 (76.1%)

0.657 0.982Bentall + Sun’s 5 (17.9%) 15 (17.2%) 19 (20.7%)
David + Sun’s 1 (3.6%) 3 (3.5%) 3 (3.3%)

Symptom onset to
surgery (h)

- 37.50 (28–70.5) 32.50 (21–53) 28.00 (19–45) 4.203 0.122

CPB time (min) - 230.00 (212.5–264) 240.00 (220–275) 224.00 (201–251) 11.408 0.003*
Aortic cross-clamp time
(min)

- 145.00 (119.5–168.5) 142.50 (123.5–162) 142.00 (123–157) 0.749 0.688

Lower-body arrest time
(min)

- 30.50 (27.5–33.5) 28.00 (21–31.5) 31.00 (27–34) 11.937 0.003*

Selective cerebral perfu-
sion time (min)

- 32.50 (29.5–35.5) 30.00 (23–33.5) 36.00 (31–38) 24.593 <0.001*

Lowest nasopharyngeal
temperature (◦C)

- 23.70 (23.4–24) 24.05 (23.5–24.6) 24.80 (24.3–25.4) 65.913 <0.001*

Notes: The symbol (*) denotes statistical significance at the level of p < 0.05. CPB, cardiopulmonary bypass.

Pairwise Comparisons

Table 4 presents the results of post hoc pairwise com-
parisons among the three ACP groups for variables with
significant overall differences. Compared with the bACP
group, the tACP group was associated with a significantly
shorter CPB time (p = 0.002) and lower-body circulatory ar-
rest time (p = 0.005). The selective cerebral perfusion time
was significantly shorter in the tACP group compared to
the bACP group (p < 0.001). The tACP group also exhib-
ited a significantly higher lowest nasopharyngeal tempera-
ture than both the uACP and bACP groups (p < 0.001 for
both comparisons). Postoperative awakening time was sig-
nificantly shorter in the tACP group compared to both the
uACP (p< 0.001) and bACP (p = 0.006) groups. Similarly,
the tACP group had a shorter tracheal intubation time and
ICU stay than the bACP group (p< 0.001 for both compar-
isons). In terms of neurological outcomes, the incidence of

TND was significantly lower in the tACP group compared
to the uACP group (p = 0.012), while no significant differ-
ence was observed between the uACP and bACP groups (p
= 0.171).

Discussion

With the continual advancement of surgical tech-
niques, the mortality rate associated with acute DeBakey
type I aortic dissection has been effectively controlled.
Nonetheless, the overall incidence of perioperative com-
plications remains high [13,14], particularly neurological
complications, which markedly affect patients’ quality of
life [15]. Notably, TND and PND are regarded as pivotal
metrics for assessing the efficacy of cerebral protection in
aortic surgery [10,16]. By comparing uACP, bACP, and
tACP in DeBakey I procedures, the present study demon-
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Table 3. Postoperative outcomes.
Variable Category uACP Group bACP Group tACP Group χ2/H p

Postoperative awakening time (min) - 380.00 (305–472.5) 257.50 (170–417.5) 185.00 (120–295) 24.044 <0.001*
Tracheal intubation time (min) - 37.65 (24.25–58.9) 26.45 (19.45–52.6) 18.00 (14.7–42.5) 19.168 <0.001*
ICU stay (days) - 7.10 (5.7–8) 6.30 (4.85–7.55) 4.70 (3.8–6) 29.967 <0.001*
Total hospital stay (days) - 26.65 (24.55–29) 26.20 (21.35–29.95) 22.60 (18.5–29.5) 5.375 0.068

PND (n, %)
No 21 (87.5%) 55 (71.4%) 70 (82.4%)

4.180 0.124
Yes 3 (12.5%) 22 (28.6%) 15 (17.7%)

TND (n, %)
No 15 (62.5%) 63 (81.8%) 76 (89.4%)

8.588 0.014*
Yes 9 (37.5%) 14 (18.2%) 9 (10.6%)

Paraplegia (n, %)
No 21 (87.5%) 79 (98.8%) 81 (95.3%)

5.157 0.076
Yes 3 (12.5%) 1 (1.3%) 4 (4.71%)

Re-thoracotomy (n, %)
No 23 (95.8%) 74 (96.1%) 81 (95.3%)

0.066 0.968
Yes 1 (4.2%) 3 (3.9%) 4 (4.7%)

Renal failure (n, %)
No 19 (79.2%) 73 (94.8%) 79 (92.9%)

4.898 0.086
Yes 5 (20.8%) 4 (5.2%) 6 (7.1%)

Wound infection (n, %)
No 23 (95.8%) 69 (89.6%) 80 (94.1%)

1.632 0.442
Yes 1 (4.17%) 8 (10.4%) 5 (5.9%)

Mortality (n, %)
No 24 (85.7%) 77 (88.5%) 85 (92.4%)

1.345 0.510
Yes 4 (14.3%) 10 (11.5%) 7 (7.6%)

Notes: The symbol (*) denotes statistical significance at the level of p < 0.05. ICU, intensive care unit; PND, permanent neurological
dysfunction; TND, transient neurological dysfunction.

Table 4. Post hoc Pairwise Comparisons between ACP Groups.
Variable uACP vs bACP uACP vs tACP bACP vs tACP

CPB time (min) 1.000 0.471 0.002*
Lower-body arrest time (min) 0.051 1.000 0.005*
Selective cerebral perfusion time (min) 0.051 0.538 <0.001*
Lowest nasopharyngeal temperature (◦C) 0.043* <0.001* <0.001*
Postoperative awakening time (min) 0.042* <0.001* 0.006*
Tracheal intubation time (hours) 0.737 0.005* <0.001*
ICU stay (days) 0.180 <0.001* <0.001*
TND 0.171 0.012* 0.550
Notes: * indicates a significant difference between the two groups. ACP, antegrade cerebral perfusion.

stratedmarked differences in intraoperative cerebral protec-
tion and perioperative complications. In particular, tACP
achieved superior outcomes in terms of neuroprotection,
awakening time, tracheal intubation duration, and ICU stay.
Meanwhile, bACP showed intermediate performance re-
garding lower-body circulatory arrest time, TND incidence,
and ICU stay; the TND rate in uACP exceeded that of the
other two strategies. The following discussion interprets
these findings from multiple perspectives.

Cerebral Perfusion Strategies and Neurological Protec-
tion

In the tACP group, the TND rate was 10.6%, which
is significantly lower than the 37.5% observed with uACP
(p < 0.05). This indicates that perfusing the entire brain
can provide a more stable blood supply, thereby reduc-
ing transient cerebral ischemia caused by uneven perfu-
sion or insufficient collateral circulation. In addition, the

tACP group’s higher minimum nasopharyngeal tempera-
ture (24.8 [24.3–25.4] °C) suggests that this strategy can
maintain cerebral metabolic rates closer to physiological
levels. By ensuring adequate blood flow to both hemi-
spheres and the posterior circulation, tACP shortens the
duration of deep hypothermic circulatory arrest [17], de-
livers more balanced cerebral perfusion, and reduces the
risk of embolism and vasospasm, thus lowering postoper-
ative complications. In contrast, the notably higher TND
incidence in the uACP group underscores the limitations of
unilateral perfusion when dealing with extensive arch dis-
ease that demands bilateral hemispheric and posterior cir-
culation support. Contributing factors may include: (1) un-
even blood-flow distribution—particularly in cases involv-
ing a broad surgical field, prolonged circulatory arrest, or
congenital cerebrovascular abnormalities (e.g., incomplete
Willis circle, insufficient vertebral artery flow) [18]; (2)
high procedural complexity with heavy reliance on collat-
eral circulation—because uACP typically involves cannu-
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lation via the right axillary artery, inadvertent cannula mal-
position or luminal stenosis can rapidly exacerbate local is-
chemia; (3) an inability to match metabolic demand with
blood supply if the uACP flow is not promptly adjusted
when operating times are extended. Accordingly, for pa-
tients with more extensive lesions or more complex proce-
dures, unilateral perfusion may be less optimal for cerebral
protection.

Operative Time and Circulatory Arrest Considerations

The bACP group had a shorter lower-body arrest time
than the other two groups (p < 0.05), a finding that likely
reflects variations in distal anastomosis difficulty or team
coordination rather than a standardized difference in sur-
gical protocol. Although tACP requires separate cannu-
lation of the brachiocephalic trunk, left common carotid
artery, and left subclavian artery—rendering it more com-
plex than uACP or bACP—tACP still yielded superior re-
sults in awakening time, ICU stay, and TND incidence.
This suggests that simultaneously prioritizing both cere-
bral and systemic circulation via three-vessel arch cannu-
lation may confer more physiologically beneficial blood
flow, which likely contributes to improved postoperative
recovery. Moreover, tACP was associated with a relatively
shorter cardiopulmonary bypass time, perhaps reflecting
the team’s increasing technical proficiency and enhanced
collaboration. Overall, bACP and tACP each showed cer-
tain advantages in lower-body arrest duration, neurologi-
cal protection, and complication rates; however, tACP ap-
pears promising for comprehensive neuroprotection and ex-
pedited recovery.

Impact of Perfusion Strategies on Complications

No significant differences emerged among the three
groups in terms of PND, paraplegia, renal failure, re-
thoracotomy, wound infection, or mortality. Nonetheless,
the uACP group exhibited rising trends in TND (37.5%)
and renal failure (20.8%), possibly reflecting an incomplete
Willis circle or less experienced teamwork. Of particular
note, the tACP group achieved overall superior surgical out-
comes, especially concerning neurological parameters, fur-
ther corroborating the benefits of three-vessel perfusion in
aligning with normal physiology [19]. Some studies re-
port no clear differences between uACP and bACP in re-
ducing perioperative complications [20], but when the arch
lesion is extensive and severely involves supra-aortic ves-
sels, even bilateral perfusion may be insufficient to meet
perfusion demands for all cerebral regions. In such high-
risk or prolonged circulatory arrest scenarios, tACP’s com-
prehensive coverage offers a distinct advantage and is often
recommended in clinical practice.

Clinical Applications and Strategy Selection

uACP remains a classic antegrade perfusion strategy
when the three supra-aortic branches are relatively unaf-
fected. By contrast, bACP expands the perfusion field
and is thus more appropriate for scenarios involving pro-
longed circulatory arrest, extensive arch lesions, or cere-
brovascular anomalies (e.g., an incomplete circle ofWillis),
thereby reducing the risk of localized ischemia to some ex-
tent. tACP requires separate cannulation of the brachio-
cephalic trunk, left common carotid artery, and left subcla-
vian artery, delivering blood flow to the entire brain and
covering posterior circulation and bilateral “blind spots”.
In this study, all three groups shared a target nasopha-
ryngeal temperature of approximately 24 °C, and no de-
liberate temperature differentiation was applied across the
various strategies. The slightly higher minimum tem-
perature observed in the tACP group (24.8 °C) primarily
resulted from minor fluctuations in cardiopulmonary by-
pass management—such as perfusion flow rate, rewarm-
ing speed, and monitoring location. The tACP group suc-
cessfully underwent surgery at a relatively higher minimum
nasopharyngeal temperature (24.8 [24.3–25.4] °C). Several
investigations have explored the feasibility of continuous
cerebral perfusion at higher temperatures [21–23], which
may better reconcile neuroprotection with systemic organ
perfusion and mitigate the inflammatory response, coagu-
lopathy, and metabolic dysregulation associated with deep
hypothermia. Overall, tACP affords more pronounced ad-
vantages in neuroprotection, perioperative recovery, and
control of postoperative complications, but imposes higher
demands on surgical expertise and intraoperative monitor-
ing (including precise cannula placement, flow regulation,
and cerebral oxygenation assessment). For high-risk pa-
tients, complex arch reconstructions, or anticipated pro-
longed circulatory arrest, tACP is indisputably more valu-
able and clinically applicable.

Limitations and Future Directions

This single-center retrospective analysis involved a
relatively limited sample size, particularly in the uACP
group (n = 28), which may introduce selection bias and af-
fect the precision of estimated differences (potentially over-
estimating the observed TND disparity). Additionally, be-
cause each perfusion strategy was implemented in a dif-
ferent time period, there is an inherent risk of “time bias”,
as surgical technique and perioperative management could
improve over the years. We mitigated this by using the
same surgical team and standardized protocols throughout
the study period, and by confirming that baseline charac-
teristics were balanced; however, subtle temporal improve-
ments cannot be entirely excluded. Further multicenter,
large-scale prospective randomized trials are warranted to
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validate tACP’s advantages and identify optimal patient
candidates. Moreover, this study focused on periopera-
tive outcomes and did not include long-term follow-up data
on neurological function, survival, or quality of life—an
important limitation. We have established a postoperative
follow-up database and are actively collecting these long-
term data, whichwill be reported in future studies to provide
a more comprehensive evaluation of each ACP strategy’s
clinical value. Finally, we did not perform a multivariable
analysis adjusting for confounders (such as year of surgery
or patient risk factors) since perfusion strategy was the pri-
mary grouping factor and baseline data were comparable.
Future research with larger cohorts should consider incor-
porating such analyses (for example, including the surgical
era as a covariate or using propensity score matching) to
confirm that the observed benefits of tACP are independent
of other variables.

Conclusion

In conclusion, tACP yielded more prominent neuro-
protective effects compared with other antegrade cerebral
perfusion strategies in acute DeBakey type I aortic dissec-
tion. It not only reduced the incidence of TND but also
shortened awakening and extubation times, as well as ICU
stays. When the arch lesion is extensive or the procedure is
more technically demanding, tACP appears to offer greater
cerebral protection.
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