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Abstract

Background: To evaluate the neuroprotective efficacy of combining unilateral antegrade selective cerebral perfusion with percentage-
controlled flow regulation during aortic arch reconstruction surgery for aortic dissection. Methods: A retrospective analysis was con-
ducted using clinical data from 226 consecutive patients who underwent surgery for acute aortic dissection with arch reconstruction at
our hospital between January 2020 and January 2021. Based on the cerebral protection strategy used, patients were divided into two
groups: the percentage-flow cerebral perfusion group (n = 89) and the control group (n = 137). The severity of neurological impair-
ment was rigorously evaluated using standardized biomarker assessments, including serial measurements of serum S10083 protein and
neuron-specific enolase (NSE) levels. These biomarkers were systematically analyzed and compared between the two groups at two
critical time points: preoperatively (baseline) and postoperatively during follow-up. Multivariate analysis was subsequently performed
to identify independent risk factors associated with postoperative neurological dysfunction following surgical repair. Results: No sta-
tistically significant differences were observed in baseline characteristics or intraoperative parameters between the two groups (all p >
0.05). Postoperative mortality was comparable (4.5% vs. 4.4%, p = 0.915). However, the percentage-flow cerebral perfusion group
showed a significantly lower incidence of neurological dysfunction—including both temporary and permanent deficits—compared to
the conventional control group (8.98% vs. 18.98%, p = 0.031). Additionally, these patients demonstrated significantly shorter times to
wakefulness and extubation (both p < 0.05). Serum biomarker analysis further indicated markedly elevated levels of S1003 and NSE in
the control group relative to the percentage-flow group (both p < 0.05). Univariate and multivariate regression analyses identified age,
unilateral cerebral perfusion time, and cardiopulmonary bypass (CPB) time as independent risk factors for postoperative neurological
injury. A predictive model incorporating these variables exhibited strong discriminative power (area under the curve, AUC = 0.838) and
good stability (p =0.256). Conclusion: Optimized cerebral perfusion flow significantly shortens the time to awakening and extubation
in patients undergoing acute aortic dissection repair, while reducing neurological injury, as supported by decreased serum levels of the
biomarkers S1008 and NSE. These results indicate a considerable neuroprotective benefit. Moreover, multivariate analysis confirmed
that age, unilateral cerebral perfusion duration, and cardiopulmonary bypass (CPB) time are independent risk factors for postoperative
neurological impairment. A predictive model integrating these factors exhibited strong clinical applicability.
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1. Introduction dure requires reconstruction of the cerebral vascular sup-
ply, postoperative neurological complications such as anx-

Acute aortic dissection (AAD) is among the most life- iety, stroke, and delirium continue to pose significant chal-

threatening emergencies in cardiovascular medicine, with
the highest mortality rate of all cardiac surgical conditions
[1]. Without immediate surgical intervention, mortality
can exceed 90% [2]. Sun’s procedure—which entails re-
placement of the ascending aorta, total arch reconstruction,
and distal stent-graft implantation—has become the pre-
ferred surgical approach for AAD owing to its favorable
clinical outcomes [3,4]. Nevertheless, because the proce-

lenges [5]. Therefore, optimizing cerebral protection strate-
gies has become a crucial research priority for improving
perioperative organ preservation in aortic dissection repair.
Current clinical practice utilizes various cerebral protection
strategies, such as deep hypothermic circulatory arrest, ret-
rograde cerebral perfusion via the superior vena cava, uni-
lateral antegrade selective cerebral perfusion (uSACP), and
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bilateral antegrade selective cerebral perfusion (bSACP)
[6]. Although our previous studies have confirmed the neu-
roprotective benefits of uSACP combined with moderate
hypothermia in acute aortic dissection surgery, no stan-
dardized perfusion protocol has been widely established.
Notably, significant inter-institutional variation remains in
flow management strategies—with rates typically ranging
from 5 to 15 mL/kg—and the assumed linear relationship
between cerebral blood flow and patient body weight be-
comes unreliable beyond certain physiological thresholds.
These observations highlight the importance of implement-
ing goal-directed perfusion management to refine cerebral
protection strategies [7,8].

In aortic dissection surgery, cerebral oxygen satu-
ration serves as an indicator of cerebral metabolic sta-
tus. However, its clinical utility for guiding cerebral per-
fusion is limited by significant measurement variability,
which hinders accurate quantification of optimal perfusion
flow. Similarly, pressure-based flow selection strategies
are constrained by the inherent inaccuracies of current pres-
sure monitoring technologies, compromising their reliabil-
ity in ensuring adequate neurological perfusion. In contrast,
percentage-based flow management enables personalized
perfusion strategies that may offer superior neuroprotec-
tion. Building upon this theoretical framework, the present
study investigates percentage-flow guided unilateral ante-
grade selective cerebral perfusion (uUSACP) in acute aortic
dissection surgery, with the objective of establishing op-
timized parameters for neurological protection and func-
tional outcomes.

2. General Information and Methods
2.1 General Information

A retrospective analysis was conducted on the clini-
cal data of 226 patients who underwent acute aortic dissec-
tion and concomitant arch reconstruction surgery in our car-
diovascular surgery department from January 2020 to Jan-
uary 2021. Based on the cerebral protection strategies used,
the patients were divided into a flow percentage cerebral
perfusion group and a traditional group. Inclusion criteria:
@ diagnosis of acute aortic dissection confirmed by arte-
rial Coronary Computed Tomography Angiography(CTA);
@ absence of involvement of the innominate artery, coro-
nary arteries, valvular heart disease, or left common carotid
artery; @ age over 20 years; and @ performance of arch
reconstruction during surgery. Exclusion criteria: @ mor-
tality within 24 hours post-surgery; @ preexisting hepatic
or renal dysfunction; ® preoperative neurological impair-
ment; and @ history of neurological disorders. All patients
were informed and consented to this study, which was ap-
proved by Nanjing First Hospital’s ethics committee (Ethics
Approval No. KY20220805).

2.2 Methods
2.2.1 Surgical Method

All surgical procedures were performed by a dedicated
vascular surgery team at our center following standardized
protocols. Upon arrival in the operating room, patients re-
ceived routine intravenous access along with simultaneous
arterial pressure monitoring via cannulation of the left radial
and dorsalis pedis arteries. Cardiopulmonary bypass (CPB)
was established using a Sorin S5 heart-lung machine (Sorin
Group Deutschland GmbH, Germany), an adult membrane
oxygenator (Sorin Group, Saluggia, Italy), myocardial pro-
tection perfusion tubing (Weigao, Shandong, China), and
extracorporeal circulation tubing (Tianjin Plastic Research
Institute, Tianjin, China). The circuit was primed with a so-
lution consisting of 1000 mL succinylated gelatin injection
(Nanjing Chia Tai Tianqing Pharmaceutical Co., Ltd., Nan-
jing, China), 500 mL Ringer’s acetate (Shijiazhuang Fourth
Pharmaceutical Co., Ltd., Shijiazhuang, China), 150g of
20% human albumin (Wuhan Zhongyuan Ruide Biolog-
ical Products Co., Ltd., HuBei, China), 500 mg methyl-
prednisolone (Pfizer Inc, Liaoning, China), and 10 mg
torasemide (Yangtze River Pharmaceutical Group, Jiangsu,
China). Surgical cannulation was performed via the right
axillary artery, with two-stage venous drainage through
the right atrium. Myocardial protection was achieved us-
ing Del Nido crystalloid cardioplegia administered at a 4:1
crystalloid-to-blood ratio. The dosage was 20 mL/kg for
patients weighing less than 50 kg and 1000 mL for those
weighing 50 kg or more, supplemented by 500 mL of root
perfusion. Arch reconstruction was initiated when the na-
sopharyngeal temperature reached 25 °C and bladder tem-
perature approximated 28 °C.

After the repair, rewarming was commenced at a rate
not exceeding 0.5 °C/min, with a water—nasopharyngeal
temperature gradient maintained below 6 °C. This process
began only after achieving mixed venous oxygen saturation
(SvO2) above 70%, completing the left common carotid
artery anastomosis, and repaying the oxygen debt. Dur-
ing rewarming, 500 mg of methylprednisolone was admin-
istered, and 250 mL of 20% mannitol was infused when the
patient’s temperature reached 32 °C.

Subsequent vascular reconstructions included proxi-
mal anastomosis of the ascending aorta, followed by re-
pair of the left subclavian and innominate arteries. Car-
diopulmonary bypass was discontinued after the core tem-
perature exceeded 35 °C and adequate cardiac function was
confirmed by transesophageal echocardiography. Through-
out the procedure, mean arterial pressure was maintained
between 60-80 mmHg. Blood gas management followed
alpha-stat principles, switching to pH-stat during deep hy-
pothermic circulatory arrest, and then returning to alpha-
stat after rewarming, with PaCO5 maintained between 35—
45 mmHg.
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2.2.2 Cerebral Perfusion Protection Method

In this study cohort, all patients received intraop-
erative oxygen delivery (DO2) management according to
the following protocol: moderate hypothermia combined
with unilateral selective cerebral perfusion was utilized.
Throughout the cooling and rewarming phases, DO2 was
maintained above 280 mL/(m?-min). DO, was calculated
using the formula: DOs = [Hb (g/L) x 0.134 x SaO, +
PaO, (mmHg) x 0.0031] x flow rate [L/(m?-min)] x 10.

For the percentage-flow cerebral perfusion group, the
initial unilateral perfusion flow was set at 15% of the pre-
deep hypothermic circulatory arrest (DHCA) average flow
rate. The pre-DHCA average flow was calculated by mul-
tiplying each recorded flow value during the cardiopul-
monary bypass (CPB) period prior to DHCA by its corre-
sponding time interval, summing these products, and divid-
ing by the total duration. This 15% threshold was selected
based on the physiological assumption that cerebral blood
flow comprises approximately 15-20% of total cardiac out-
put.

In the conventional group, perfusion was managed ac-
cording to body surface area—based flow targets (1.8-2.8
L/m2-min), with unilateral cerebral perfusion fixed at 5
mL/(kg-min). In both groups, near-infrared spectroscopy
(NIRS) was employed to guide dynamic adjustment of per-
fusion flow, maintaining NIRS values at or above 80% of
the preoperative baseline. Additionally, the maximum al-
lowable perfusion flow did not exceed 20% of the real-time
flow rate measured immediately before DHCA.

2.3 Outcome Measures
2.3.1 Primary outcomes
The incidence of neurological injury was compared

between the groups and classified as either temporary or
permanent dysfunction. Temporary neurological dysfunc-

tion (TND) included delayed awakening, anxiety, agita-
tion, and delirium. Delirium was assessed at least twice
daily using the Confusion Assessment Method for the ICU
(CAM-ICU). Anxiety and irritability were evaluated with
the Hospital Anxiety and Depression Scale (HADS) and the
Richmond Agitation-Sedation Scale (RASS), respectively.
Permanent neurological dysfunction (PND) encompassed
stroke, coma, and epilepsy. The diagnosis of epilepsy ad-
hered to the International League Against Epilepsy (ILAE)
criteria and was confirmed in all cases by routine elec-
troencephalography (EEG), with independent review by
two neurologists. The incidence rate of neurological dys-
function was calculated as: (number of cases with neuro-
logical dysfunction / total number of cases) x 100%.

2.3.2 Secondary outcomes

Serum levels of neurological injury biomarkers—
S1008 and neuron-specific enolase (NSE)—were com-
pared between the groups. Peripheral venous blood sam-
ples (3—5 mL) were collected preoperatively and one week
postoperatively. Following centrifugation, serum concen-
trations of S1005 and NSE were quantified using enzyme-
linked immunosorbent assay (ELISA) in accordance with
the manufacturer’s instructions.

2.4 Data Statistics

Statistical analyses were conducted using SPSS ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). Continuous
variables are expressed as mean + standard deviation and
were compared using independent Student’s #-tests. Cate-
gorical variables are presented as frequencies (n) and per-
centages (%), and group differences were assessed with
Pearson’s chi-square test. Multicollinearity among vari-
ables was evaluated using the variance inflation factor
(VIF). A two-tailed p-value of less than 0.05 was consid-
ered statistically significant.

Table 1. Comparative analysis of perioperative baseline characteristics between two groups.

Flow percentage cerebral

Control group

Variables ) x2/tvalue  p value
perfusion group (n = 89) (n=137)
Gender Male/Female (n) 67/22 93/44 1.093 0.296
Age (years) 59.8+£5.9 61.3+6.2 1.811 0.071
BMI (kg/m?) 26.8 +1.8 273+1.9 1.973 0.051
Hypertension (n) 78 121 0.141 0.707
Diabetes (n) 6 11 0.010 0.920
Hyperlipidemia (n) 26 51 1.206 0.272
Left ventricular ejection fraction (%) 56.7+5.4 57.0 +£4.9 0.432 0.666
Death (n) 4 6 0.011 0.915
Length of stay in ICU (d) 1.2+£0.6 1.3+£05 1.356 0.176
Acute renal failure (n) 7 13 0.032 0.857
Number of CRRT cases beside the bed (n) 2 4 0.014 0.908
Number of re-thoracotomies (n) 1 2 0.144 0.705
Mechanical assisted cardiac function (IABP/ECMO) (n) 3 5 0.066 0.797

BMI, Body Mass Index; Mechanical support includes intra-aortic balloon pumping (IABP) and extracorporeal membrane oxy-

genation (ECMO).
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Table 2. Intraoperative characteristics comparison between two groups.

Flow percentage cerebral

Control group

Variables . tvalue p value
perfusion group (n = 89) (n=137)

Cerebral perfusion minimum temperature

Minimum Nasopharyngeal temperature (°C) 24.6 + 0.6 24.8 +0.9 1.846 0.066
Minimum Bladder temperature (°C) 27.6 £ 0.5 27.7+0.5 1.469 0.143
Cerebral perfusion flow (L/min) 0.62£0.2 0.56 £0.3 1.661 0.098
Unilateral brain perfusion time (min) 22.5+48 229+5.1 0.589 0.556
Minimum intraoperative Hb (g/L) 88.1 £13.2 86.9 £12.9 0.677 0.499
Minimum intraoperative DO (L/m?-min) 289.8 £10.8 287.3+9.4 1.571 0.071
CPB time 156.7 +23.4 1584 4+24.0  0.525 0.600
Aortic cross-clamp time 89.6 + 11.5 88.4 +12.0 0.747 0.456

Hb, Hemoglobin; DO», Oxygen transport index; CPB, cardiopulmonary bypass.

3. Results

3.1 Comparison of Baseline Data Between Two Groups of
Patients

The two groups exhibited similar baseline character-
istics, with no statistically significant differences in preop-
erative demographics, intraoperative parameters—such as
perfusion time, aortic cross-clamp time, and cerebral per-
fusion duration—or the incidence of perioperative compli-
cations (all p > 0.05). A detailed comparison is provided
in Table 1.

3.2 Comparison of Cerebral Perfusion Parameters
Between Groups

No statistically significant differences (all p > 0.05)
were observed between the two groups in key cerebral
perfusion parameters, including minimum perfusion tem-
perature, flow rate, cerebral perfusion duration, cardiopul-
monary bypass (CPB) time, aortic cross-clamp time, intra-
operative minimum hemoglobin levels, or oxygen delivery
(DOy), as summarized in Table 2.

3.3 Comparison of Intraoperative Cerebral Oxygen
Saturation Between Two Groups of Patients

The results indicated no statistically significant dif-
ferences in regional cerebral oxygen saturation (rSO-) be-
tween the two groups either preoperatively or at 5 minutes
after the initiation of deep hypothermic circulatory arrest
(all p > 0.05). However, significant intergroup differences
emerged during rewarming to 36 °C, with the percentage-
flow cerebral perfusion group showing significantly higher
rSO5 values than the conventional perfusion group (p <
0.05). These outcomes are illustrated in Fig. 1.

3.4 Comparison of the Incidence of Neurological
Dysfunction Between the Two Groups

The percentage-flow cerebral perfusion group showed
superior clinical outcomes relative to the conventional man-
agement group, with statistically significant reductions in
the incidence of both temporary and permanent neurolog-
ical dysfunction, as well as shorter median wake-up times

and expedited extubation durations (all p < 0.05). Detailed
results are presented in Table 3.

3.5 Comparison of Peripheral Serum S1005 and NSE
Expression Levels Before and After Surgery in Two Groups
of Patients

Preoperative serum levels of S1005 and NSE showed
no significant differences between the two groups (both p >
0.05). At one week after surgery, both biomarkers were sig-
nificantly elevated in all patients compared to preoperative
levels (p < 0.05). Notably, the conventional control group
exhibited markedly higher concentrations of both S1003
and NSE than the percentage-flow cerebral perfusion group
(all p < 0.05). Detailed results are shown in Fig. 2.

3.6 Univariate and Multivariate Analysis of Neurological
Dysfunction After Acute Aortic Dissection Surgery

Our analysis identified several significant predictors
of postoperative neurological dysfunction after acute aortic
dissection surgery. Univariate analysis indicated that pa-
tients who developed neurological complications were sig-
nificantly older, had a higher prevalence of diabetes, and
exhibited longer cardiopulmonary bypass (CPB) times, aor-
tic cross-clamp durations, and unilateral antegrade cerebral
perfusion periods compared to those without neurological
impairment (all p < 0.05). Multivariate regression analy-
sis confirmed four independent risk factors: advanced age,
prolonged unilateral cerebral perfusion time, cerebral per-
fusion strategy, and total CPB duration. The resulting pre-
dictive model showed strong discriminative ability, with
an area under the curve (AUC) of 0.838 (95% CI: 0.817—
0.938), and good calibration (Hosmer-Lemeshow x? =
9.574, p = 0.256), supporting its potential clinical utility
for risk stratification. Detailed results are presented in Ta-
bles 4,5 and Fig. 3.

4. Discussion

Preserving neurological function is a critical prior-
ity in aortic arch reconstruction for acute dissection repair
[9]. This complex surgical procedure differs fundamen-
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Fig. 1. Comparison of regional cerebral oxygen saturation (rSO-) levels at different time points during the surgery between the

two groups of patients. *: p < 0.05.

Table 3. Comparison of the incidence of neurological dysfunction between the two groups of patients.

. . . TND components PND components
Group Awake time (h) Extubation time (h) Total
Awakeni
wakening Anxiety Irritable Delirium Stroke Coma Epilepsy
Delay
Fl t; 1
ow percentage cerebral ¢ ;) 5 126 +2.8 2 2 2 2 0 1 1 10
perfusion group (n = 89)
Control group (n=137) 9.89 + 1.9 149 +3.0 4 8 7 7 1 1 2 30
X2/t value 4.510 5.780 4.210 4.210
p value <0.001 <0.001 0.040 0.040

TND, Temporary nervous dysfunction; PND, Permanent nervous dysfunction.
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Fig. 2. Markers of neurological injury in both groups of patients. (A) The expression levels of serum S100f in the two groups of

patients. (B) The expression levels of serum NSE in the two groups of patients. *: p < 0.05.

tally from routine cardiac operations due to its requirements ~ temporary cerebral protection strategies during arch recon-

for prolonged cardiopulmonary bypass, systemic hypother- struction have yielded satisfactory clinical outcomes. Ad-
mia, deep hypothermic circulatory arrest of the lower body, vances in understanding cerebral injury mechanisms and
and intricate arch reconstruction—all of which substan- continuous refinement of surgical techniques have led to
tially disrupt cerebral metabolic homeostasis [10]. Con-  a consensus favoring progressively higher circulatory ar-
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Table 4. Univariate analysis of neurological dysfunction after acute aortic dissection surgery.

Neurological dysfunction(+)  Neurological dysfunction(-)

Variable x2/tvalue  p value
(n = 40) (n=186)
Gender Male/Female (n) 29/11 131/55 1.093 0.296
Age (years) 69.8 +5.2 703 +5.8 0.503 0.615
BMI (kg/m?) 271417 27.8+2.0 1.973 0.051
Hypertension (n) 31 168 0.141 0.707
Diabetes (n) 6 11 3.907 0.048
Hyperlipidemia (n) 17 60 1.206 0.272
Left ventricular ejection fraction (%) 56.8 +5.2 573 +5.1 0.432 0.666
Cerebral perfusion flow (L/min) 0.54 +0.2 0.63 +0.2 2.504 0.013
Flow percentage method 10 77
. L . 4.210 0.040
Weight Estimation Algorithm 30 109
Unilateral cerebral perfusion time (min) 255+ 4.8 220+£5.1 3.977 <0.001
Minimum intraoperative Hb (g/L) 85.1+£82 86.9+7.6 1.340 0.182
Minimum intraoperative DOg (L/m?-min) 290.8 £5.8 28903 £ 6.4 1.366 0.133
CPB Time 166.7 £ 13.2 156.4 + 12.8 4.5892 <0.001
Table 5. Multivariate logistic analysis of neurological dysfunction after acute aortic surgery.
Variable p OR 95% CI
Per 1-year increase for age 0.013  2.685 1.104~4.053
Per 10-minute increase for uSACP time  0.001  4.765 2.474~8.718
Per 10-minute increase CPB time 0.027  3.087 1.604~7.393
Cerebral perfusion flow method 0.039 2.014 1.336~3.550
uSACP, unilateral antegrade selective cerebral perfusion.
"o ROC Our data show that cardiopulmonary bypass (CPB) times in
— both cohorts were only slightly longer than those observed
N = in complex valve procedures, with an overall periopera-
o5 ‘,J4 tive mortality rate of 4.6% —consistent with contemporary
‘ published outcomes [12]. These results affirm that techni-
cal advancements and optimized thermal management can
ot effectively shorten CPB duration without compromising
£ procedural safety. Nevertheless, current evidence remains
E largely based on single-center experiences, and the lack of
* o standardized cerebral perfusion protocols continues to raise
concerns regarding both safety and therapeutic efficacy.

o In this study, we implemented goal-directed perfusion
management to optimize tissue oxygenation during surgical
intervention. Current evidence indicates that this perfusion

- strategy enhances neuroprotection in aortic dissection re-

= = o4 . 08 o pair [13]. Nevertheless, significant controversy remains re-
1 - specificity garding optimal cerebral perfusion protocols. Conventional

Fig. 3. Area under the curve (AUC) curve of the model for

neurological function impairment in acute aortic surgery.

rest temperatures, marking a transition from deep to mod-
erate hypothermia. Substantial evidence indicates that uni-
lateral selective cerebral perfusion combined with moder-
ate hypothermia (24-28 °C) not only improves overall sur-
gical efficacy but also reduces the incidence of stroke [11].

flow rate determination typically relies on patient weight
and perfusion pressure parameters, supplemented by intra-
operative cerebral oxygen saturation monitoring. This ap-
proach has several limitations: (1) cerebral oximetry read-
ings exhibit considerable variability due to anesthetic depth,
hypothermic conditions, and individual physiological dif-
ferences; (2) the inherent latency of saturation monitor-
ing impedes real-time flow precision; and (3) these limi-
tations collectively increase the risk of both cerebral hy-
perperfusion and hypoperfusion, potentially exacerbating
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neurological injury.Physiological studies suggest that cere-
bral blood flow normally accounts for 15-20% of total car-
diac output [14]. When normalized to brain tissue mass—
approximately 2% of total body weight—percentage-based
flow calculation may better reflect actual cerebral perfusion
demands. Therefore, our study aimed to evaluate the neu-
roprotective efficacy of precision-adjusted percentage-flow
cerebral perfusion, with the ultimate goal of establishing an
optimized brain protection protocol for aortic arch surgery
[15].

Guided by existing evidence on goal-directed perfu-
sion in cardiac surgery, we maintained an intraoperative
oxygen delivery (DO5) target of 280 mL/m?-min. Cerebral
perfusion was initiated at 15% of the mean pre-deep hy-
pothermic circulatory arrest (DHCA) flow rate and dynam-
ically adjusted using near-infrared spectroscopy (NIRS)
monitoring [16]. Although both groups showed compara-
ble rates of major neurological complications such as stroke
and seizures, the percentage-flow perfusion group demon-
strated superior outcomes in several key areas: (1) a sig-
nificantly lower incidence of transient neurological dys-
function; (2) improved cerebral oxygenation, reflected by
higher NIRS values; and (3) reduced times to wakefulness
and extubation. These results indicate that percentage-flow
adjusted cerebral perfusion enables a more physiological
flow distribution, leading to enhanced oxygen delivery, im-
proved metabolic regulation, and optimized perfusion dy-
namics. Consequently, this approach offers strengthened
neuroprotection—a conclusion that supports and extends
previous research findings [17,18].

This study further evaluated the expression levels of
brain injury biomarkers under different perfusion strate-
gies. The results demonstrated that postoperative serum
levels of S1003 and NSE were significantly lower in the
percentage-flow perfusion group compared to the conven-
tional control group. These findings support the view
that percentage-flow perfusion improves perfusion effi-
ciency, helps maintain an optimal flow rate, enhances cere-
bral metabolic conditions, and reduces brain injury-related
factors—consistent with conclusions from previous studies
[19-21].

Building upon previous studies examining risk fac-
tors for neurological impairment after acute aortic dissec-
tion surgery, we analyzed data from the present patient co-
hort. The analysis identified age, unilateral cerebral per-
fusion time, and cardiopulmonary bypass (CPB) duration
as significant contributors to postoperative neurological in-
jury. Advanced age is associated with a progressive de-
cline in physiological reserve, particularly affecting the car-
diovascular and nervous systems. In elderly patients, pre-
existing cerebral arteriosclerosis may reduce baseline cere-
bral blood flow, increasing susceptibility to ischemic injury
during surgery. Furthermore, the aging brain exhibits re-
duced tolerance to ischemia, rendering it more vulnerable
to irreversible neuronal damage under conditions of inade-
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quate perfusion. Unilateral cerebral perfusion—while use-
ful for reducing overall cerebral perfusion pressure in se-
lected scenarios—carries an inherent risk of hypoperfusion
in the non-perfused hemisphere. Prolonged unilateral per-
fusion may exacerbate oxygen and nutrient deficiency in
contralateral brain regions, potentially leading to neurolog-
ical complications. Additionally, extended CPB time repre-
sents a major risk factor for neurological injury. Prolonged
bypass can induce systemic hypothermia, acid-base imbal-
ance, and coagulation disorders, all of which may adversely
affect nervous system integrity. These findings align with
previously published reports [22-24].

Limitations

This study has several limitations. As a single-center,
retrospective, nested case-control investigation, it is inher-
ently susceptible to certain biases. Moreover, in patients
with higher baseline hemoglobin levels, conventional per-
fusion management may already provide adequate oxygen
delivery, potentially diminishing the demonstrated superi-
ority of percentage-flow cerebral perfusion. Variability in
blood product transfusion protocols across centers may also
affect the comparative outcomes between perfusion strate-
gies. Other potential confounding factors include differ-
ences in surgical team experience, anesthesia management,
and postoperative care, all of which could influence neuro-
logical and operational outcomes. Additionally, the use of
near-infrared spectroscopy (NIRS) for perfusion guidance
has inherent limitations, such as inter-individual variability
and susceptibility to interference from extracranial tissues,
which may affect the accuracy of cerebral oxygenation as-
sessment. Extending the follow-up period to validate the
long-term neurological outcomes and further corroborate
the conclusions of this study remains an important objec-
tive for future research.

In summary, the percentage-flow cerebral perfusion
strategy in acute aortic dissection surgery enhances intra-
operative neuroprotection, reduces the incidence of neu-
rological injury, and shortens both mechanical ventilation
duration and time to postoperative awakening. This ap-
proach can be recommended for clinical application. Fur-
thermore, this study identified age, unilateral cerebral per-
fusion time, and cardiopulmonary bypass duration as sig-
nificant influencing factors for postoperative neurological
injury. The predictive model incorporating these variables
demonstrated favourable efficacy, supporting its potential
utility in risk stratification and perioperative management.

5. Conclusion

The implementation of percentage-flow-based cere-
bral perfusion management in acute aortic dissection
surgery significantly enhances intraoperative cerebral pro-
tection. This strategy not only shortens the duration of post-
operative mechanical ventilation and facilitates faster re-
covery from anesthesia but also effectively reduces the in-
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cidence of neurological complications. Furthermore, our
results indicate that neurological injury is associated with
patient age and the duration of cerebral perfusion dur-
ing cardiopulmonary bypass. The developed predictive
model demonstrates strong clinical utility, providing valu-
able guidance for optimizing cerebral perfusion strategies
in this high-risk surgical population.

Availability of Data and Materials

The data that support the findings of this study are
available from the corresponding author, Wan, upon rea-
sonable request.

Author Contributions

YHY: Conceptualization, Methodology, Formal anal-
ysis, Investigation, Writing — original draft, Writing — re-
view & editing. JCS: Data curation, Software, Validation,
Visualization, Writing — review & editing. LW: Concep-
tion, Design, Resources, Supervision, Project administra-
tion, Funding acquisition. ZHW: Acquiring the patient
data, Interpreting the imaging results. LLW: Investigation,
Resources, Data curation, Writing — original draft. All au-
thors contributed to editorial changes in the manuscript. All
authors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate

This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by
Nanjing First Hospital’s ethics committee (Ethics Approval
No. KY20220805). All patients/participants or their fami-
lies/legal guardians gave their written informed consent be-
fore they participated in the study.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Rylski B, Schilling O, Czerny M. Acute aortic dissection: evi-
dence, uncertainties, and future therapies. European Heart Jour-
nal. 2023; 44: 813-821. https://doi.org/10.1093/eurheartj/ehac
757.

[2] Sayed A, Munir M, Bahbah EI. Aortic Dissection: A Review of
the Pathophysiology, Management and Prospective Advances.
Current Cardiology Reviews. 2021; 17: €230421186875. https:
//doi.org/10.2174/1573403X16666201014142930.

[3] Zheng J, Liu T, Gao HQ, Zhang YC, Li JR, Pan XD, et
al. Branch-first Sun’s procedure: early experience in patients

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

with aortic dissection and aortic aneurysm. Chinese Medical
Journal. 2020; 133: 1361-1363. https://doi.org/10.1097/CM9.
0000000000000564.

Yang S, Xue Y, Zhang YC, Gao HQ, Jiang WJ, LiJR, et al. Sun’s
total arch replacement and stent elephant trunk with modified
branch-first technique for patients with Stanford type A aortic
dissection. Annals of Translational Medicine. 2020; 8: 755. http
s://doi.org/10.21037/atm-20-3791.

Ji D, Wu Z, Dai H, Yang J, Zhang X, Jin J, et al. Periopera-
tive Complications and Postoperative Mortality in Patients of
Acute Stanford Type a Aortic Dissection with Cardiac Tam-
ponade. Journal of Investigative Surgery: the Official Journal
of the Academy of Surgical Research. 2022; 35: 1536-1543.
https://doi.org/10.1080/08941939.2022.2078022.

Sun S, Chien CY, Fan YF, Wu SJ, Li JY, Tan YH, et al. Ret-
rograde cerebral perfusion for surgery of type A aortic dissec-
tion. Asian Journal of Surgery. 2021; 44: 1529-1534. https:
//doi.org/10.1016/j.asjsur.2021.03.047.

Song SJ, Kim WK, Kim TH, Song SW. Unilateral versus bilat-
eral antegrade cerebral perfusion during surgical repair for pa-
tients with acute type A aortic dissection. JTCVS Open. 2022;
11: 37-48. https://doi.org/10.1016/j.xjon.2022.05.006.
Lukaszewski M. Dilemmas of Adopting Goal-Directed Perfu-
sion in Extracorporeal Circulation: A Narrative Review. Inno-
vations (Philadelphia, Pa.). 2023; 18: 535-539. https://doi.org/
10.1177/15569845231211904.

Kong X, Ruan P, Yu J, Jiang H, Chu T, Ge J. Innominate
artery direct cannulation provides brain protection during total
arch replacement for acute type A aortic dissection. Journal of
Cardiothoracic Surgery. 2022; 17: 165. https://doi.org/10.1186/
s13019-022-01919-2.

Rajaram A, Milej D, Suwalski M, Yip LCM, Guo LR, Chu
MWA, et al. Optical monitoring of cerebral perfusion and
metabolism in adults during cardiac surgery with cardiopul-
monary bypass. Biomedical Optics Express. 2020; 11: 5967—
5981. https://doi.org/10.1364/BOE.404101.

Xie L, Xu Y, Huang G, Ye M, Hu X, Shu S, er a/. MHCA
with SACP versus DHCA in Pediatric Aortic Arch Surgery: A
Comparative Study. Scientific Reports. 2020; 10: 4439. https:
//doi.org/10.1038/s41598-020-61428-x.

Yost G, Yang B. Malperfusion, Malperfusion Syndrome, and
Mesenteric Ischemia in Aortic Dissection. Seminars in Tho-
racic and Cardiovascular Surgery. 2025; 37: 132-135. https:
//doi.org/10.1053/j.semtcvs.2024.11.005.

Jiménez Rivera JJ, Llanos Jorge C, Lopez Gude MJ, Pérez Vela
JL, en representacion del GTCICYRCP. Perioperative manage-
ment in cardiovascular surgery. Medicina Intensiva. 2021; 45:
175-183. https://doi.org/10.1016/j.medin.2020.10.006.
Cesnjevar RA, Purbojo A, Muench F, Juengert J, Rueffer A.
Goal-directed-perfusion in neonatal aortic arch surgery. Trans-
lational Pediatrics. 2016; 5: 134—141. https://doi.org/10.21037/
tp.2016.07.03.

van der Plas MCE, Schmid S, Versluis MJ, Okell TW, van Osch
MJP. Time-encoded golden angle radial arterial spin labeling:
Simultaneous acquisition of angiography and perfusion data.
NMR in Biomedicine. 2021; 34: e4519. https://doi.org/10.1002/
nbm.4519.

Srey R, Rance G, Shapeton AD, Leissner KB, Zenati MA. A
Quick Reference Tool for Goal-Directed Perfusion in Cardiac
Surgery. The Journal of Extra-corporeal Technology. 2019; 51:
172-174.

Tang J, Zhen Y, Yu L, Lv C, Zheng J, Liang H. Analyzing the
neuropsychological characteristics and changes in serum mark-
ers of patients with chronic cerebral circulation insufficiency.
Revista Da Associacao Medica Brasileira (1992). 2018; 64: 41—
46. https://doi.org/10.1590/1806-9282.64.01.41.

&% IMR Press


https://doi.org/10.1093/eurheartj/ehac757
https://doi.org/10.1093/eurheartj/ehac757
https://doi.org/10.2174/1573403X16666201014142930
https://doi.org/10.2174/1573403X16666201014142930
https://doi.org/10.1097/CM9.0000000000000564
https://doi.org/10.1097/CM9.0000000000000564
https://doi.org/10.21037/atm-20-3791
https://doi.org/10.21037/atm-20-3791
https://doi.org/10.1080/08941939.2022.2078022
https://doi.org/10.1016/j.asjsur.2021.03.047
https://doi.org/10.1016/j.asjsur.2021.03.047
https://doi.org/10.1016/j.xjon.2022.05.006
https://doi.org/10.1177/15569845231211904
https://doi.org/10.1177/15569845231211904
https://doi.org/10.1186/s13019-022-01919-2
https://doi.org/10.1186/s13019-022-01919-2
https://doi.org/10.1364/BOE.404101
https://doi.org/10.1038/s41598-020-61428-x
https://doi.org/10.1038/s41598-020-61428-x
https://doi.org/10.1053/j.semtcvs.2024.11.005
https://doi.org/10.1053/j.semtcvs.2024.11.005
https://doi.org/10.1016/j.medin.2020.10.006
https://doi.org/10.21037/tp.2016.07.03
https://doi.org/10.21037/tp.2016.07.03
https://doi.org/10.1002/nbm.4519
https://doi.org/10.1002/nbm.4519
https://doi.org/10.1590/1806-9282.64.01.41
https://www.imrpress.com

[18]

[19]

[20]

(21]

Santos K, Velasco EM, Mawasi M, Ptonek T. Unilateral Versus
Bilateral Antegrade Cerebral Perfusion in Aortic Arch Surgery:
Systematic Review and Meta-Analysis of Randomised Con-
trolled Trials and Propensity-Matched Studies. Heart, Lung
& Circulation. 2025. https://doi.org/10.1016/j.hlc.2025.03.018.
(online ahead of print)

Hollinger A, Riist CA, Riegger H, Gysi B, Tran F, Briigger J,
et al. Ketamine vs. haloperidol for prevention of cognitive dys-
function and postoperative delirium: A phase IV multicentre
randomised placebo-controlled double-blind clinical trial. Jour-
nal of Clinical Anesthesia. 2021; 68: 110099. https://doi.org/10.
1016/j.jclinane.2020.110099.

Bhowmick S, D’Mello V, Caruso D, Wallerstein A, Muneer
PMA. Impairment of pericyte-endothelium crosstalk leads to
blood-brain barrier dysfunction following traumatic brain in-
jury. Experimental Neurology. 2019; 317: 260-270. https://doi.
org/10.1016/j.expneurol.2019.03.014.

Cao MC, Cawston EE, Chen G, Brooks C, Douwes J,
McLean D, et al. Serum biomarkers of neuroinflammation

&% IMR Press

[22]

(23]

[24]

and blood-brain barrier leakage in amyotrophic lateral sclero-
sis. BMC Neurology. 2022; 22: 216. https://doi.org/10.1186/
s12883-022-02730-1.

Giambuzzi I, Mastroiacovo G, Roberto M, Pirola S, Alamanni F,
Cavallotti L, et al. Preoperative neurological dysfunctions: what
is their meaning in patients presenting with acute type A aortic
dissection? Minerva Cardioangiologica. 2020; 68: 511-517. ht
tps://doi.org/10.23736/S0026-4725.20.05230-5.

Junnil P, Tangkijwanichakul T, Vuthivanich C, Kittayarak C.
Risk factors and outcome of aortic surgery patients with hy-
pothermic circulatory arrest: can urine NGAL predict acute kid-
ney injury? Kardiochirurgia i Torakochirurgia Polska = Pol-
ish Journal of Cardio-thoracic Surgery. 2024; 21: 71-78. https:
//doi.org/10.5114/kitp.2024.141141.

SiY, Duan W, Xie J, Duan C, Liu S, Wang Q, et al. Biomarkers
for prediction of neurological complications after acute Stanford
type A aortic dissection: A systematic review and meta-analysis.
PloS One. 2023; 18: €0281352. https://doi.org/10.1371/journal.
pone.0281352.


https://doi.org/10.1016/j.hlc.2025.03.018
https://doi.org/10.1016/j.jclinane.2020.110099
https://doi.org/10.1016/j.jclinane.2020.110099
https://doi.org/10.1016/j.expneurol.2019.03.014
https://doi.org/10.1016/j.expneurol.2019.03.014
https://doi.org/10.1186/s12883-022-02730-1
https://doi.org/10.1186/s12883-022-02730-1
https://doi.org/10.23736/S0026-4725.20.05230-5
https://doi.org/10.23736/S0026-4725.20.05230-5
https://doi.org/10.5114/kitp.2024.141141
https://doi.org/10.5114/kitp.2024.141141
https://doi.org/10.1371/journal.pone.0281352
https://doi.org/10.1371/journal.pone.0281352
https://www.imrpress.com

	1. Introduction
	2. General Information and Methods
	2.1 General Information 
	2.2 Methods 
	2.2.1 Surgical Method 
	2.2.2 Cerebral Perfusion Protection Method

	2.3 Outcome Measures
	2.3.1 Primary outcomes
	2.3.2 Secondary outcomes

	2.4 Data Statistics

	3. Results 
	3.1 Comparison of Baseline Data Between Two Groups of Patients 
	3.2 Comparison of Cerebral Perfusion Parameters Between Groups
	3.3 Comparison of Intraoperative Cerebral Oxygen Saturation Between Two Groups of Patients
	3.4 Comparison of the Incidence of Neurological Dysfunction Between the Two Groups 
	3.5 Comparison of Peripheral Serum S100 and NSE Expression Levels Before and After Surgery in Two Groups of Patients
	3.6 Univariate and Multivariate Analysis of Neurological Dysfunction After Acute Aortic Dissection Surgery 

	4. Discussion
	Limitations

	5. Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

