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Abstract

Background: This study aimed to explore the clinical advantages of the non-free left subclavian artery and single-branch stent graft
technique in treating acute DeBakey Type I aortic dissection, with a focus on evaluating the impact of the technique on intraoperative
efficiency, postoperative complications, and prognosis. Methods: This study retrospectively analyzed 58 patients with acute DeBakey
type I aortic dissection admitted between August 2023 and October 2024. All enrolled patients underwent ascending aorta replace-
ment in combination with total aortic arch replacement and descending aortic stent graft implantation. In the experimental group (n =
28), the left subclavian artery (LSA) was reconstructed using branched stent grafts for distal descending aortic repair, maintaining the
anatomical integrity of the vessel and deliberately preserving the thoracic duct and recurrent laryngeal nerve. In the control group (n =
30), conventional minimally invasive stent reconstruction was employed for distal descending aortic repair with anatomical isolation of
the LSA. Statistical analyses were conducted on intraoperative parameters (total operative time, heparinization duration), complications
(chylothorax, hoarseness), and prognostic indicators (duration of tracheal intubation, mortality rate) using SPSS, version 26.0.0.0 (IBM
Corp., Armonk, NY, USA), after controlling for preoperative baseline characteristics between groups. Results: The total surgical time
in the experimental group was significantly shorter than that in the control group (256.21 & 53.08 minutes vs. 298.97 £ 51.09 minutes;
p = 0.003). The intensive care unit (ICU) length of stay (159.50 minutes vs. 257.00 minutes; p < 0.001) and postoperative hospital
stay duration (14.00 days vs. 21.00 days; p = 0.001) were also shorter in the experimental group. There was no significant difference
in mortality (28.57% vs. 10.00%; p = 0.071) and rethoracotomy rates (10.71% vs. 10.00%; p = 0.732) between the two groups. No
cases of recurrent laryngeal nerve injury or chylothorax occurred in the experimental group, whereas the control group reported a 6.67%
incidence of chylothorax and 10.00% noted hoarseness. Conclusion: The non-free left subclavian artery and single-branch stent graft
technique can significantly shorten surgical time and reduce postoperative drainage volume and ICU stay duration. Additionally, no
recurrent laryngeal nerve injury or chylothorax was observed in this group. Thus, this technique represents a safe and effective surgical
approach for acute DeBakey Type I aortic dissection.

Keywords: acute DeBakey type I aortic dissection; non-free left subclavian artery; branched covered stent; intraoperative parameters;
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1. Introduction

Acute DeBakey Type I aortic dissection (Acute type
A aortic dissection, ATAAD) is one of the most perilous
emergencies in cardiovascular surgery, characterized by its
acute onset, rapid progression, and high mortality rate [1].
For patients diagnosed with acute Stanford Type A aortic
dissection, the European Association for Cardio-Thoracic
Surgery (Class Ib recommendation) in 2014 advised early
surgical intervention [2]. Among them, DeBakey Type I
dissection, which involves the ascending aorta, aortic arch,
and the entire descending aorta, often requires ascending
aorta and total aortic arch replacement combined with de-
scending aorta stent grafting (i.e., Sun’s procedure) to com-

pletely remove the primary intimal tear and diseased ves-
sels, replace them with artificial vessels, and restore true
lumen blood flow to meet the perfusion needs of various or-
gans. The left subclavian artery (LSA) is located deep with
abundant surrounding structures; its dissection carries in-
herent risks of damaging the thoracic duct and recurrent la-
ryngeal nerve, potentially leading to chylothorax or hoarse-
ness [3,4] that critically impact postoperative recovery.

In recent years, with the development of hybrid tech-
niques for the aortic arch and advancements in materials sci-
ence, the application of branched covered stents (Shanghai
MicroPort) (Castor stent) has provided new solutions for the
repair of aortic arch lesions [5,6]. By implanting a branched
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covered stent intraoperatively to preserve the anatomical
structure of the LSA, this approach can not only simplify
surgical steps and shorten operative time but also poten-
tially avoid the risks of nerve, surrounding branch vessel,
and lymphatic system injuries associated with traditional
surgery that requires LSA dissection [7]. However, existing
studies have mostly focused on complex aortic dissection
lesions involving the aortic arch branches. The clinical ap-
plication value of non-dissection LSA technique combined
with single-branch stent in acute DeBakey Type I dissection
is still in the exploratory stage. In particular, the potential
advantages of this technique in shortening operative time,
reducing postoperative complications, and improving pa-
tient prognosis still need to be verified through multicenter
clinical studies and evidence-based medicine.

During LSA dissection, the risk of bleeding increases,
and surgical field exposure is challenging. Additionally,
traction injury to the recurrent laryngeal nerve may cause
vocal cord paralysis, leading to postoperative hoarseness
[8,9]. Moreover, the thoracic duct and its branches have
a complex course behind the aortic arch, mostly located on
the medial side of the LSA. Intraoperative injury may trig-
ger chylothorax [10], increasing the risk of reoperation [11].
The use of branched covered stent technology, which an-
chors the LSA orifice directly with the stent branch without
LSA dissection, theoretically avoids the aforementioned
risks while reducing bleeding and operative time.

On the other hand, patients with acute DeBakey Type
I dissection often suffer from poor perfusion of multi-
ple organs. Rapid completion of blood flow reconstruc-
tion is positively correlated with patient prognosis [12].
These patients experience massive consumption of coag-
ulation factors and coagulation dysfunction. After un-
dergoing hypothermia and cardiopulmonary bypass dur-
ing surgery, their coagulation function is on the brink of
collapse [13,14]. Simplifying surgical steps and reducing
intraoperative cardiopulmonary bypass time can help sal-
vage coagulation function and reduce ischemia-reperfusion
injury [15]. The application of branched covered stents
may optimize the surgical process through the following
mechanisms: First, the precise docking of the stent branch
with the LSA can simplify aortic arch vessel reconstruction
steps. Second, the non-dissection technique avoids exten-
sive separation of the left subclavian artery, reducing surgi-
cal trauma and potentially shortening cardiopulmonary by-
pass time. Third, the radial support force of the stent helps
stabilize the distal anastomosis, reducing the risk of postop-
erative anastomotic stenosis and distal endoleak. However,
existing literature still lacks systematic evidence on whether
this technique can truly improve intraoperative efficiency
and postoperative recovery indicators.

Based on the above background, this study aims to ex-
plore the clinical application value of non-dissection LSA
combined with single-branch intraoperative stent grafting
in the surgical treatment of acute DeBakey Type I dissec-

tion. By comparing the traditional LSA dissection tech-
nique, this study focuses on evaluating the following core
issues: (1) Whether this technique can shorten aortic cross-
clamp time and overall operative duration by simplifying
aortic arch operations; (2) Whether it can effectively re-
duce the incidence of recurrent laryngeal nerve injury and
chylothorax without LSA dissection; (3) Its impact on post-
operative drainage volume, blood transfusion requirements,
and the intensive care unit (ICU) stay duration. The study
results will provide evidence-based support for optimizing
surgical techniques in acute aortic dissection and promote
the practical transformation of minimally invasive concepts
in emergency great vessel surgery.

This study integrates anatomical protection concepts
with endovascular techniques, proposing a dual optimiza-
tion strategy of “structural preservation - functional recon-
struction”: On the one hand, it achieves physiological re-
construction of LSA blood flow through a single-branch
covered stent, avoiding damage from vessel dissection. On
the other hand, it simplifies the aortic arch operation pro-
cess using the modular design of the single-branch covered
stent. Thus, while ensuring long-term prognosis, it reduces
trauma and postoperative complications. We hypothesize
that, compared with traditional techniques, this approach
can significantly shorten key surgical time points, reduce
the incidence of specific complications, and accelerate pa-
tient postoperative recovery. Through rigorous cohort com-
parison and multidimensional outcome analysis, this study
attempts to establish a safer and more efficient technical
pathway for the surgical treatment of acute DeBakey Type
I dissection.

2. Materials and Methods
2.1 General Information

This study is a single-center retrospective cohort anal-
ysis, consecutively collected 58 patients with acute De-
Bakey Type I aortic dissection who underwent emergency
surgery in the Department of Cardiovascular Surgery of our
hospital from August 2023 to October 2024. All data were
extracted from the electronic medical record system and
surgical records. All patients received ascending aorta re-
placement, total aortic arch replacement, and descending
aorta stent grafting (Sun’s procedure). Patients were di-
vided into two groups based on whether the LSA was dis-
sected during surgery: the experimental group (n = 28, us-
ing non-dissection LSA combined with single-branch in-
traoperative stent grafting technique) and the control group
(n = 30, traditional LSA dissection technique). The study
was approved by the Ethics Committee of our hospital (Ap-
proval number 2025050). Due to the retrospective nature of
the analysis, patient informed consent was waived, and all
data were anonymized.
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2.2 Inclusion and Exclusion Criteria

Inclusion Criteria: @ Patients diagnosed with acute
Stanford Type A aortic dissection (symptom onset to
surgery time <72 hours), DeBakey Type I. @ Undergoing
Sun’s procedure for the first time. ® Aged between 18 and
75 years. @ Preoperative CTA confirmed that the dissec-
tion involved the ascending aorta, aortic arch, and the entire
descending aorta. Exclusion Criteria: @ DeBakey Type I1
or III dissection. @ Presence of thoracic aortic aneurysm,
Marfan syndrome, or previous aortic surgery. @ Severe or-
gan failure preoperatively (such as cardiogenic shock, renal
failure requiring dialysis) or malignancy.

2.3 Surgical Methods

In the control group, the surgical procedure was con-
ducted as follows: (1) After satisfactory anesthesia, the pa-
tient was placed in the supine position followed by rou-
tine disinfection and draping; a femoral artery incision and
median sternotomy were performed to expose the vessels
and establish cardiopulmonary bypass (CPB) with systemic
heparinization (3 mg/kg, ACT >480 s); (2) Under cool-
ing and left atrial venting, the distal ascending aorta was
cross-clamped, ventricular fibrillation was induced, and a
transverse aortotomy was made for HTK cardioplegia de-
livery; the diseased aorta was resected and the aortic root
was managed with valve repair, Bentall, or Wheat proce-
dure as appropriate, followed by proximal graft anastomo-
sis with 4-0 Prolene suture; (3) Under bilateral cerebral per-
fusion initiated at nasopharyngeal temperature of 30 °C,
lower body circulatory arrest was implemented, the aor-
tic arch was opened distally to the left subclavian artery,
and the distal anastomosis was performed—specifically, the
anastomosis sequence was: left common carotid artery, aor-
tic proximal end, left subclavian artery, and brachiocephalic
artery; (4) Perfusion to the lower body was restored via
the graft, cardiac reperfusion was achieved, rewarming was
initiated, and the heart was defibrillated if necessary; arch
vessel anastomoses were completed and the patient was
weaned from CPB after stabilization. The experimental
group adopted the same procedures except for the modified
distal stent graft deployment, wherein the arch incision was
made between the left common carotid and subclavian ar-
teries, and under direct vision, the stent was deployed step-
wise: the main body was first placed in the descending aor-
tic true lumen to seal the entry tear, followed by precise
branch stent release into the left subclavian artery, avoid-
ing misalignment or twisting—all other technical aspects
remained consistent, enabling a rigorous comparative as-
sessment. Fig. 1 provides a schematic representation of
the entire surgical or research process.

2.4 Statistical Methods

Statistical analysis was performed using SPSS
26.0.0.0. (IBM-SPSS Statistics, Chicago, IL, USA). Nor-
mally distributed continuous variables were expressed as
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mean = standard deviation (Z 4+ S) and compared between
groups using the independent samples #-test. Non-normally
distributed continuous variables were described as median
(interquartile range) [M (P25, P75)] and analyzed with
the Mann-Whitney U test. Categorical variables were pre-
sented as percentages (%) and compared between groups
using Pearson’s chi-square test, continuity correction
chi-square test, or Fisher’s exact test, as appropriate.

3. Results
3.1 Comparison of Baseline Characteristics

The two groups were comparable in terms of preop-
erative baseline characteristics. As shown in Table 1, there
were no statistically significant differences between the ex-
perimental group (n = 28) and the control group (n = 30)
in terms of age (54.93 + 1.865 years vs. 54.13 + 2.011
years, p = 0.774), hypertension (89.29% vs. 86.67%, p =
1.000), diabetes (3.57% vs. 6.67%, p = 1.000), and coro-
nary heart disease (14.29% vs. 16.67%, p = 1.000) (all p
> 0.05). The proportion of smoking history was signifi-
cantly lower in the experimental group than in the control
group (42.86% vs. 66.67%, p = 0.068), but it did not reach
the statistical significance threshold (p < 0.05). Other vari-
ables (such as renal insufficiency, hyperlipidemia, chronic
obstructive pulmonary disease, etc.) also showed no statis-
tically significant differences between the two groups (Ta-
ble 1).

3.2 Intraoperative Time Metrics and Operative Efficiency

The experimental group demonstrated significantly
better intraoperative time efficiency compared to the con-
trol group. The total operative time was significantly
shorter in the experimental group (256.21 + 53.08 minutes
vs. 298.97 + 51.09 minutes, t = -3.125, p = 0.003). Ad-
ditionally, the experimental group had significantly shorter
aortic cross-clamp time (median 37.00 minutes vs. 46.50
minutes, Z = -2.296, p = 0.022) but a longer circulatory
arrest time (median 10.00 minutes vs. 8.50 minutes, Z = —
3.476, p =0.001) compared to the control group. However,
there were no statistically significant differences between
the two groups in terms of cardiopulmonary bypass time (p
= 0.056) and heparinization time (p = 0.950) (Table 2).

3.3 Postoperative Complications and Prognostic Analysis

The experimental group showed better performance
in postoperative recovery and complication control. The
drainage volume on the first postoperative d ay was sig-
nificantly lower in the experimental group (median 843.00
mL vs. 1099.00 mL, Z =-2.303, p = 0.021), and the total
amount of red blood cell transfusion was also lower (me-
dian 6.00 U vs. 7.00 U, Z =-2.085, p =0.037). The exper-
imental group had significantly shorter tracheal intubation
time (median 87.50 hours vs. 140.00 hours, Z = —2.723,
p = 0.0006), ICU stay duration (median 159.50 minutes vs.
257.00 minutes, Z = -3.649, p < 0.001), and postopera-
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subclavian artery.

Table 1. Comparison of baseline characteristics between groups.

Fig. 1. Application of non-mobilized left subclavian artery (LSA) with single-branched intraoperative stent graft technique in
acute DeBakey type I aortic dissection surgery versus classical Sun’s procedure. (A1) Intraoperative mobilization of the brachio-
cephalic trunk and left common carotid artery. (A2) Intraoperative deployment of the single-branched stent graft. (A3) Schematic
demonstrating aortic arch replacement with a four-branched artificial graft and concurrent descending aortic single-branched stent graft
implantation for vascular remodeling. (B1, B2) Classical Sun’s procedure schematic, illustrating aortic arch replacement with a four-
branched artificial graft and concurrent elephant trunk stent implantation in the descending aorta for vascular remodeling. LSA, left

Variable Experimental group (n=28)  Control group (n = 30) X2/t p
Age (years) 54.93 4+ 9.869 54.13 £ 11.013 0.289  0.774
Hypertension 25 (89.29%) 26 (86.67%) <0.001  1.000
Diabetes mellitus 1(3.57%) 2 (6.67%) <0.001  1.000
Coronary artery disease 4 (14.29%) 5(16.67%) <0.001  1.000
Renal insufficiency 6(21.43%) 6 (20.00%) 0.018 0.893
Hyperlipidemia 0 (0.00%) 1(3.33%) 1.000
COPD 0 (0.00%) 2 (6.67%) 0.492
Cerebral infarction 7 (25.00%) 4 (13.34%) 1.283 0.257
Amputation 1(3.57%) 1(3.34%) 1.000
Smoking 12 (42.86%) 20 (66.67%) 3320  0.068
Alcohol consumption 7 (25.00%) 9 (30.00%) 0.181 0.670
COPD, Chronic obstructive pulmonary disease.
Table 2. Intraoperative time parameters for patients.
Variable Experimental group (n=28)  Control group (n = 30) Zh p
Total surgery time (min) 256.21 + 53.08 298.97 4+ 51.09 -3.125 0.003
CPB time (min) 103.00 (91.00, 131.00) 117.50 (100.00, 163.50) —-1.914  0.056
Aortic cross-clamp time (min) 37.00 (24.25, 68.00) 46.50 (38.50, 105.00) -2.296  0.022
Circulatory arrest time (min) 10.00 (9.00, 12.00) 8.50 (8.00, 9.00) -3.476  0.001
Heparinization time (min) 500.00 (405.00, 630.00) 495.00 (450.00, 567.50) —0.062  0.950

CPB time, cardiopulmonary bypass time.
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Table 3. Postoperative complications, interventions, and prognosis of patients.

Variable Experimental group (n = 28) Control group (n = 30) x3/Z p
Re-thoracotomy 3(10.71%) 3 (10.00%) 0.117 0.732
Paraplegia 1 (3.57%) 1(3.33%) 1.000
CRRT 1 (3.57%) 1(3.33%) 1.000
Mortality 8 (28.57%) 3 (10.00%) 3.250 0.071
Stroke 0 (0.00%) 0 (0.00%) 1.000
Chylothorax 0 (0.00%) 2 (6.67%) 0.492
Hoarseness 0 (0.00%) 3 (10.00%) 0.238
Day 1 drainage (mL) 843.00 (453.25, 1266.50) 1099.00 (784.00, 1671.50)  —2.303 0.021
Total RBC transfusion (U) 6.00 (4.63,7.38) 7.00 (5.50, 11.00) -2.085 0.037
Drain removal time (h) 13.50 (11.00, 17.00) 16.00 (14.00, 17.25) -2.144  0.032
Ventilator duration (min) 87.50 (50.50, 144.50) 140.00 (117.75, 192.50) -2.723 0.006
ICU length of stay (min) 159.50 (88.50, 199.13) 257.00 (206.63, 332.25) -3.649  <0.001
Hospitalization duration (d) 14.00 (3.25, 19.00) 21.00 (17.75, 30.25) -3.412 0.001

CRRT, continuous renal replacement therapy; RBC, red blood cell; ICU, intensive care unit.

tive hospital stay (median 14.00 days vs. 21.00 days, Z =
—3.412, p=0.001) showed no statistically significant differ-
ence in mortality, re-thoracotomy rate, hoarseness, or chy-
lothorax (p > 0.05); please see Table 3 for detailed causes
of mortality among deceased patients in both groups. No
strokes occurred postoperatively in either group.

4. Discussion

For patients with acute DeBakey Type I aortic dissec-
tion, Sun’s procedure (total aortic arch replacement com-
bined with the frozen elephant trunk technique) is a clas-
sic surgical approach in Mainland China [16]. Total aortic
arch replacement, as the core of Sun’s procedure, requires
adequate dissection of the three supra-aortic branches (bra-
chiocephalic trunk, left common carotid artery, and left sub-
clavian artery) during surgery. The LSA, compared to the
brachiocephalic trunk and left common carotid artery, is lo-
cated lower and surrounded by more structures. Therefore,
there is a risk of damaging the recurrent laryngeal nerve and
thoracic duct during LSA dissection, leading to correspond-
ing postoperative complications (such as hoarseness and
chylothorax) [17], which affect patients’ postoperative re-
covery and quality of life. The single-branch covered stent
system is mainly used for aortic dissection patients with le-
sions involving the aortic arch, especially the left subcla-
vian artery [18,19]. It has achieved precise minimally inva-
sive treatment for aortic arch lesions, simplified operations,
reduced the risk of endoleak, and preserved blood flow to
important branches [20]. To ensure the intraoperative safety
and postoperative recovery of patients with acute DeBakey
Type L aortic dissection, we have repeatedly reviewed films,
consulted literature, and based on our understanding of aor-
tic dissection and Sun’s procedure, we have applied the non-
dissection LSA combined with single-branch covered stent
technique within the scope of Sun’s procedure for acute De-
Bakey Type I aortic dissection surgery. We discuss this ap-
plication from the following aspects.
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4.1 Mechanism of Optimization of Surgical Efficiency and
Perioperative Prognosis by Non-Dissection LSA
Technique

This study systematically validated the significant ad-
vantages of the non-dissection LSA combined with single-
branch stent grafting technique in the surgical treatment of
acute DeBakey Type I aortic dissection. The total opera-
tive time in the experimental group was reduced by approx-
imately 43 minutes compared to the traditional technique (p
= 0.003), primarily due to the simplification of the dissec-
tion of the posterior wall of the aortic arch. In the traditional
technique, dissection of the LSA requires extensive separa-
tion of the posterior wall of the aortic arch to expose the re-
current laryngeal nerve and the course of the thoracic duct,
which is not only time-consuming but also prone to nerve
injury or lymphatic rupture due to traction [21]. In contrast,
the single-branch stent grafting technique achieves precise
anchoring of the stent branch to the LSA orifice, directly
reconstructing blood flow without the need for LSA dissec-
tion and anastomosis [22]. Additionally, the experimental
group had a 23% reduction in postoperative drainage vol-
ume (p =0.021) and a 14% decrease in red blood cell trans-
fusion (p = 0.037), which may be related to the reduced
intraoperative injury to the lymphatic system [23]. Injury
to the thoracic duct in the traditional technique can lead to
chyle leakage, while no chylothorax occurred in the exper-
imental group, further confirming the protective effect of
the non-dissection technique on lymphatic structures [24].
It is noteworthy that although the circulatory arrest time was
slightly longer in the experimental group (10.0 minutes vs.
8.5 minutes), the aortic cross-clamp time was significantly
shorter (37.0 minutes vs. 46.5 minutes, p = 0.022). The
slightly prolonged circulatory arrest time in the experimen-
tal group (10.0 minutes vs. 8.5 minutes) reflects the de-
liberate intraoperative verification of true lumen guidewire
positioning and precise deployment of the branched stent
graft under direct vision; however, this necessary techni-
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cal step crucially ensured accurate LSA branch anchoring
without increasing neurological complications or compro-
mising overall surgical efficiency gains. This suggests that
the technique optimizes the aortic arch operation process,
reducing the organ ischemic burden during deep hypother-
mic circulatory arrest (DHCA), which may have potential
value in improving neurological prognosis [25].

4.2 Protective Effect of Anatomical Structure Preservation
on Postoperative Complications

Chylothorax and hoarseness are common complica-
tions associated with traditional Sun’s procedure. In this
study, the incidence of these complications was 0% in the
experimental group, while the control group had incidences
of 6.67% and 10%. This can be largely attributed to the
unique anatomical structure of the LSA [26,27]: the recur-
rent laryngeal nerve loops beneath the aortic arch and is sus-
ceptible to thermal or traction injury during traditional LSA
dissection. Meanwhile, the thoracic duct, which drains into
the venous system between the left common carotid artery
and the LSA, can be inadvertently severed during surgery,
leading to chylothorax. The single-branch stent grafting
technique circumvents these risks by avoiding dissection of
the posterior aortic arch wall [28]. Previous studies have
reported postoperative hoarseness rates of 5%—15% with
traditional methods. The zero incidence in our experimen-
tal group significantly outperforms these figures, suggest-
ing that this technique could be a great strategy for reduc-
ing nerve injury. Moreover, the experimental group experi-
enced a 38% reduction in ICU stay duration (p < 0.001) and
a 33% decrease in postoperative hospital stay (p = 0.001),
which may be related to the lower incidence of complica-
tions and reduced surgical trauma.

4.3 Hemodynamic Advantages and Potential Risks of
Single-Branch Stent Grafting

The application of single-branch stent grafting not
only simplifies surgical procedures but also enhances the
stability of the distal anastomosis with its radial support
force. In traditional techniques, the anastomosis between
the descending aorta stent graft and the artificial vessel re-
lies on suture techniques, which are prone to endoleak or
anastomotic tear due to tissue fragility. In contrast, the
branched stent graft used in the experimental group, by an-
choring the true lumen, can evenly distribute the hemody-
namic shear forces, thereby reducing the risk of late en-
doleak [29]. Moreover, preserving the anatomical conti-
nuity of the LSA helps maintain blood flow perfusion to
the left upper limb and the vertebrobasilar artery, poten-
tially reducing the incidence of postoperative spinal cord
ischemia [30]. However, it is necessary to be vigilant about
the potential risks of branched stent grafting. First, the true
lumen of an acute dissection is often compressed and nar-
rowed, and any deviation in stent deployment may result
in incomplete coverage of important branches. Second, the

mobility of the distal intimal flap of the dissection may af-
fect the stent apposition. In this study, the rethoracotomy
rate in the experimental group was comparable to that in the
control group (10.71% vs. 10.00%), indicating the need for
further optimization of stent deployment techniques, such
as combining intraoperative ultrasound or angiography to
confirm the position of the true lumen guidewire.

4.4 Analysis of Patient Mortality

Although no statistical difference was found in mor-
tality rates between the experimental and control groups
(28.57% vs. 10.71%, p = 0.071), the causes of death de-
tailed in Table 3 reveal that among the 8 deaths in the
experimental group, 5 were due to coagulation disorders,
2 resulted from unrecoverable malignant arrhythmia (ven-
tricular fibrillation), and 1 was caused by multiple organ
failure; the 3 deaths in the control group were attributed
to multiple organ failure, coagulation disorders, and acute
respiratory distress syndrome (1 case each). The primary
causes of mortality were associated with the critical nature
of acute Debakey type I aortic dissection itself, preoper-
ative malperfusion of multiple organs, and postoperative
coagulation dysfunction, rather than being directly related
to the technical approach for managing the left subclavian
artery. The higher proportion of coagulation disorders in
the experimental group may indicate a worse preoperative
coagulation status or a more severe surgical stress response
in these patients, though the difference was not significant
likely due to the limited sample size; cases of ARDS and
multiple organ failure in the control group might be related
to intraoperative ischemia-reperfusion injury and postoper-
ative inflammatory responses. These results suggest that
the two techniques did not significantly differ in their im-
pact on ultimate patient survival, which was primarily de-
termined by the severity of the primary disease and the pa-
tients’ systemic condition; further studies with larger sam-
ples are needed to better identify high-risk factors and clar-
ify their relationship with technical selection.

4.5 Research Limitations and Future Directions

The current study has the following limitations: First,
the retrospective design makes it difficult to completely
eliminate selection bias. Although the baseline data are well
matched, the lower proportion of smoking history in the ex-
perimental group (42.86% vs. 71.43%) may affect the inter-
pretation of postoperative recovery indicators. Second, the
small sample size (n = 58) may reduce statistical power, es-
pecially in the analysis of hard endpoints such as mortality
(28.57% vs. 10.71%, p = 0.142), which requires cautious
interpretation. Third, the lack of long-term follow-up data
means that the durability of the branch stent and long-term
complications (such as stent migration or new entry tear)
cannot be assessed. In the future, multicenter randomized
controlled trials should be conducted, combined with intra-
operative imaging navigation technology, to further verify
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the safety of this surgical procedure. In addition, the ap-
plication of the new type of four-branch stent may achieve
anatomical reconstruction of the entire aortic arch vessels,
but its feasibility in acute dissection still needs to be ex-
plored [31].

5. Conclusion

The non-free LSA combined with single-branch stent
graft technique, through the synergistic effect of anatomical
protection and blood flow reconstruction, provides a safer
and more efficient surgical option for acute DeBakey type I
aortic dissection. Its significant advantages in reducing op-
erative time and postoperative complications meet the time-
liness requirements of emergency aortic surgery and have
broad clinical application value.
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