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The clinical effect of endoscopic and open surgery in the 
treatment of thyroid cancer and their effect on the blood 
coagulation state: a comparative study
Qiyin Xu, Li Zhu, Weiping Chen, Weibin Peng
Department of Gastrointestinal Surgery, The First People’s Hospital of Yibin, Yibin, China 

INTRODUCTION
Thyroid cancer is the most common malignancy of the 

head and neck. Between 1990 and 2013, the age-standardized 
incidence of thyroid cancer increased by 20% globally, with 
the relative increase in low-income countries (33%) being 
significantly higher than that in high-income countries (19%) 
[1,2]. In 2022, the National Cancer Center of China reported 
thyroid cancer with 466,100 new cases, ranking it as the most 
common cancer in third place [3]. Surgical treatment is the 

preferred choice due to its capability to remove thyroid lesions 
and lymph nodes [4]. Surgical treatment mainly includes 
traditional open surgery and endoscopic radical thyroidectomy 
[5-8]. Traditional thyroid surgery is safe and effective but 
results in relatively large trauma and leaves surgical scars on 
the neck. With the improvement of cosmetic requirements, 
minimally invasive thyroid surgery aiming for smaller and 
hidden incisions is also followed. However, minimally invasive 
endoscopic thyroid surgery is a relatively new field for surgeons, 
and establishing the appropriate surgical space is challenging. 
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Purpose: This study was performed to compare the therapeutic efficacy of endoscopic surgery and open surgery and their 
effects on postoperative blood coagulation state in patients with thyroid cancer, and to provide evidence for the prevention 
measurement of thrombosis in the perioperative period. 
Methods: One hundred patients with thyroid cancer who received treatment in our hospital from January 2021 to 
December 2021, were randomly divided into an endoscopic group and an open surgery group, with 50 patients in each 
group. The patients in the open surgery group were treated by traditional open surgery, while patients in the endoscopic 
group accepted endoscopic surgery. The clinically therapeutic effect and blood coagulation of the 2 groups were compared. 
Results: Intraoperative blood loss and length of hospital stay were lower, and operative time was longer in the endoscopic 
group than in the open surgery group (P < 0.05). The 24-hour postoperative fibrinogen and D-dimer levels were higher 
in both groups than in the preoperative period, while PT was shorter (P < 0.05). There were no significant differences 
in postoperative complications and follow-up between the 2 groups (P > 0.05), but the incidence of complications, 
postoperative metastases, and thrombosis was relatively low in the endoscopic group.
Conclusion: In the treatment of patients with thyroid cancer, endoscopic surgery has the advantages of less blood loss, 
fewer complications, and so on. Endoscopic and open surgery can lead to a hypercoagulable state, but the effect of 
endoscopic surgery is better than that of open surgery.
[Ann Surg Treat Res 2024;107(3):127-135]
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Venous thromboembolism (VTE) includes deep venous 
thrombosis (DVT) and pulmonary embolism (PE) [9]. DVT 
is defined as the formation of blood clots in the deep veins, 
most commonly occurring in the lower extremities [10]. Risk 
factors for DVT include obesity, clotting disorders, the presence 
of central venous lines, smoking, inactivity, congestive heart 
failure, major trauma, noninfectious inflammation, estrogen 
use, and pregnancy [11,12]. Several clinical trials have also 
revealed an increased incidence of DVT in patients following 
surgery [13,14]. Tian and Li [15] have found that the occurrence 
rate of DVT in patients undergoing gynecologic laparoscopic 
surgery is 11.55%. Furthermore, malignant tumors have been 
reported as significant risk factors for thrombosis in adults, 
with cancer patients having a relative risk of DVT 4.1–6.7 
times higher than the general population [16,17]. In a group of 
gastric or colorectal cancer patients in Japan, the incidence of 
DVT was 14% after a median observation period of 22 months 
[18]. DVT can adversely affect patients’ limb mobility, thereby 
impacting their ability to perform daily activities and reducing 
their quality of life [19]. Once a blood clot from DVT dislodges 
and enters the pulmonary circulation, it can cause PE and even 
death [20-22]. Therefore, the prevention and treatment of DVT 
are currently a top research agenda.

For patients with thyroid cancer, the current clinical options 
include traditional thyroidectomy, as well as endoscopic 
minimally invasive thyroidectomy and lymph node dissection 
[23]. However, in clinical practice, we have found that both 
surgical treatment and postoperative chemotherapy can lead 
to the formation of DVT in the lower extremities, which can 
have varying degrees of impact on patients’ lives [24]. Therefore, 
this study involved 100 patients with thyroid cancer. Through 
the study of the efficacy of endoscopic and open surgery 
for thyroid cancer patients and the influence on their blood 
coagulation status, this study provided a basis for the selection 
of perioperative measures to prevent thrombosis.

METHODS 

Ethics statements
The study was approved by the Ethics Committee of The 

First People’s Hospital of Yibin with a approval number of 2023 
(30), and all patients signed consent forms. The methods were 
carried out in accordance with the approved guidelines. 

Clinical data
One hundred patients with thyroid cancer who were 

admitted to the Department of General Surgery of our hospital 
from January 2021 to December 2021 were collected. Patients 
were randomly divided into an endoscopic group and an open 
surgery group by random number table method, with 50 cases 
in each group. The patients in the open surgery group were 

treated with traditional open surgery, and the patients in the 
endoscopic group were treated with endoscopic surgery. 

Inclusion criteria and exclusion criteria
The inclusion criteria were as follows: confirmation of 

pathological findings of papillary thyroid carcinoma; age 
less than 55 years old; body mass index <30 kg/m2; no neck 
surgery within the past 3 months; no history of pulmonary 
embolism or deep vein thrombosis; female patients who had 
not taken estrogen drugs within the past 6 months; absence of 
anticoagulant or procoagulant medication use; no bleeding or 
coagulation disorders; and all patients able to undergo surgery 
according to surgical indications.

The exclusion criteria included abnormal coagulation 
function, myocardial ejection fraction <55%, complications 
with diabetes, liver disease, or severe infection, incomplete 
clinical data, and patient refusal.

Operation
All the patients had complete preoperative preparation, and 

the anesthesia method was tracheal intubation and general 
anesthesia. The head was extended slightly back in the 
supine position, the shoulder pad was high, and the routine 
disinfection towel was laid.

Surgical methods of the endoscopic group 
The required endoscopic equipment was prepared, and 

the 3-hole method was adopted: small incisions of 0.5 cm 
were made along the bilateral areola, and a 0.5 cm trocar was 
inserted. A 1 cm incision was made to the right of the median 
of the front sternal bone, reaching to the deep fascia, and a 50 
mL syringe was used to inject “dilatative fluid” into the incision 
(epinephrine:normal saline = 1:500), 100–200 mL was used 
to enter the subcutaneous layer of the incision with a special 
nondestructive stripper rod, and the subcutaneous tunnel and 
surgical space were established in a “fan-shaped” way toward 
the neck. After the “dilatant fluid” was extruded as much as 
possible, a trocar and 30° endoscope were implanted, and CO2 
gas (pressure was about 6 mmHg) was injected. The cervical 
alba line and thyroid pseudocapsule were opened layer by 
layer by ultrasound knife to expose the whole thyroid gland, 
paying attention to protecting the recurrent laryngeal nerve 
and parathyroid gland, exposing the common carotid artery 
and internal jugular vein, and complete removal of the tumor. 
During cervical lymph node dissection, the head was turned to 
the healthy side, and a small incision was made about 1.0 cm 
above the clavicle on the affected side. Under the monitoring 
of the endoscopic display, after establishing a stable operating 
field of vision, the subcutaneous tissue was separated layer 
by layer by an ultrasonic knife. The submandibular gland was 
reached in the upper part of the neck, the lateral margin of the 
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sternocleidomastoid muscle was reached on both sides, and 
the whole process of the internal jugular vein was exposed. 
The vagus nerve, accessory nerve, and common carotid artery 
were protected. Lymph nodes and adipose tissue in areas IIa, 
III, and IV were cleaned, and the operation field was rinsed to 
stop bleeding thoroughly. The drainage tube was drawn out 
of the body and the incision was sutured layer by layer with 
absorbable lines.

Surgical methods of the control group 
Conventional open surgery was performed, and a curved 

surgical incision of 4–10 cm at the 2 transverse fingers on 
the superior sternal notch was made. The subcutaneous fat 
was removed layer by layer, the platysma muscle was cut off, 
the false capsule was separated, and the tumor was removed 
completely after the glands were exposed. During the cervical 
lymph node dissection, the incision was extended along the 
affected side to the submandibular gland region, and the 
cervical lymph node dissection was performed. Postoperative 
hemostasis, drainage, and suture were performed [25].

Evaluation index
Operation and postoperative indexes of the patients in 

the 2 groups were recorded in detail, including operation 
time, intraoperative blood loss, and length of hospital stay. 
Postoperative aesthetic satisfaction and complications of the 
patients in the 2 groups were also analyzed in detail, including 
postoperative incision infection, postoperative bleeding, 
superior laryngeal or recurrent laryngeal nerve injury, and 
parathyroid injury. Before surgery and 24 hours after surgery, 
5 mL fasting venous blood was extracted from patients, 
centrifugation was performed for 10 minutes (1,500 revolutions/
min, radius = 15 cm), and serum was separated and stored 
at –80 °C for use. The levels of aPTT, PT, and fibrinogen (FIB) 
were measured by the coagulation method and converted into 
international standard values according to the international 
normalized ratio (INR). Plasma D-dimer level was determined 
by enzyme-linked immunosorbent assay. All operations are 
carried out in strict accordance with the process.

Follow-up
Postoperative follow-up was conducted by telephone, return 

visit, and other methods. The follow-up included metastasis, 
recurrence, and thrombosis. The follow-up date was December 
30, 2022.

Statistics
After collecting and sorting out the relevant index data, 

statistical methods were used to analyze the results and 
research conclusions: IBM SPSS Statistics ver. 20.0 (IBM 
Corp.) was used for the statistical analysis of the data. The 

measurement data in this group were all subject to the normal 
distribution, expressed by mean ± standard deviation. Group 
t-test was used for comparison between groups, and paired 
t-test was used for comparison of indicators before and after 
surgery within the same group. The statistical data were 
expressed by number (%), and the comparison between the 2 
groups was performed by the group chi-square test (test level, α 
= 0.05).

RESULTS

Patient baseline characteristics
The average age of patients in the endoscopic group was 41.50 

± 8.18 years, with females accounting for 94% of the group. 
Twenty percent of the patients had a history of smoking, and 
98% of the patients were classified as stage I or II. There were 
no statistically significant differences between the 2 groups in 
terms of age, sex, family history of tumors, smoking history, 
comorbidities of cerebrovascular diseases, cardiac diseases, 
other malignancies, or staging (P > 0.05, Table 1).

Comparison of perioperative indicators between 
the 2 groups
Compared to the open surgery group, the endoscopic group 

had significantly longer operation time (125.90 ± 9.78 minutes 
vs. 99.30 ± 7.22 minutes, P < 0.0001), while intraoperative 
blood loss (8.28 ± 3.48 mL vs. 47.50 ± 8.85 mL) and hospital 
stay (3.30 ± 1.09 days vs. 8.50 ± 2.17 days) were significantly 
reduced in the endoscopic group (P < 0.0001) (Table 2).

Comparison of coagulation and fibrinolysis 
indicators before and after surgery in the 2 
groups
Compared to preoperative levels, FIB and D-dimer levels were 

significantly elevated in both the endoscopic and open surgery 
groups 24 hours after surgery (Fig. 1A, B). PT was significantly 
shortened (P < 0.0001) (Fig. 1C), while aPTT and INR showed 
no statistically significant differences (P > 0.05) (Fig. 1D, E). 
The comparison between the 2 groups at 24 hours after surgery 
showed that FIB and D-dimer levels were significantly higher 
in the endoscopic group than in the open surgery group (P 
< 0.0001), while PT, aPTT, and INR showed no statistically 
significant differences (P > 0.05) (Fig. 1).

Comparison of complications between the 2 
groups
The average follow-up time for both groups was 18.61 ± 

2.40 months. In the endoscopic group, there was 1 case of 
postoperative bleeding and 1 case of parathyroid injury. In the 
open surgery group, there was 1 case of postoperative wound 
infection, 1 case of postoperative bleeding, 2 cases of recurrent 
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laryngeal nerve injury, and 3 cases of parathyroid injury. 
Although there were no statistically significant differences in 
complications between the 2 groups (P > 0.05), the endoscopic 
group had a lower incidence of complications (Table 3).

Analysis of follow-up results in the 2 groups of 
patients
Out of 11 patients with metastasis, 5 were in the endoscopic 

group, all of which were lymph node metastasis. One patient 
underwent central lymph node dissection, and 2 patients 
received postoperative [131I] treatment. In the open surgery 
group, 6 patients had metastasis, with 4 cases of lymph node 
metastasis and 2 cases of lung metastasis. Three patients 
underwent central lymph node dissection, and 5 patients 
received postoperative [131I] treatment (Supplementary Table 1).

Eight patients experienced recurrence, which was confirmed 

through neck ultrasound and thyroglobulin antibody levels. 
Among them, 4 cases were in the endoscopic group, all 
of which did not undergo central lymph node dissection 
and did not receive postoperative [131I] treatment. In the 
open surgery group, 4 patients had recurrence, with 2 cases 
undergoing central lymph node dissection and 3 cases receiving 
postoperative [131I] treatment (Supplementary Table 2).

Six patients experienced thrombosis, all of which were 
DVTs. In the endoscopic group, 2 cases had thrombus in the 
intermuscular veins of the calf and did not undergo central 
lymph node dissection or receive postoperative [131I] treatment. 
In the open surgery group, there were 4 cases of thrombosis, 
including 2 cases in the intermuscular veins of the calf, 1 case 
in the peroneal veins, and 1 case in the posterior tibial veins. 
Two cases underwent central lymph node dissection, and 2 
cases received postoperative [131I] treatment. The open surgery 

Table 1. Comparison of clinicopathological features between the 2 groups

Clinicopathological features Endoscopic surgery group Open surgery group P-value

No. of patients 50 50
Age (yr) 41.50 ± 8.18 44.36 ± 8.12 0.082
Sex 0.646
    Male 3 (6.0) 2 (4.0)
    Female 47 (94.0) 48 (96.0)
Family history of tumor 0.558
    Yes 1 (2.0) 2 (4.0)
    No 49 (98.0) 48 (96.0)
Smoking history 0.806
    Yes 10 (20.0) 11 (22.0)
    No 40 (80.0) 39 (78.0)
Complicated cerebrovascular disease 0.617
    Yes 9 (18.0) 11 (22.0)
    No 41 (82.0) 39 (78.0)
Complicated with heart disease 0.677
    Yes 19 (38.0) 17 (34.0)
    No 31 (62.0) 33 (66.0)
Complicated with other malignant tumors >0.999
    Yes 2 (4.0) 2 (4.0)
    No 48 (96.0) 48 (96.0)
Staging 0.908
    I 35 (70.0) 33 (66.0)
    II 14 (28.0) 16 (32.0)
    III 1 (2.0) 1 (2.0)

Values are presented as number only, mean ± standard deviation, or number (%). 

Table 2. Comparison of perioperative period indexes

Index Endoscopic group (n = 50) Open surgery group (n = 50) P-value

Operative time (min) 125.90 ± 9.78 99.30 ± 7.22 <0.0001
Intraoperative blood loss (mL)     8.28 ± 3.48 47.50 ± 8.85 <0.0001
Length of hospital stay (day)     3.30 ± 1.09   8.50 ± 2.17 <0.0001

Values are presented as mean ± standard deviation. 
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group had a higher incidence of thrombosis compared to the 
endoscopic group (Supplementary Table 3).

DISCUSSION
In the past decade, the incidence of thyroid cancer in the 

female population has been increasing by over 20% annually 
[26]. Thyroidectomy combined with lymph node dissection 
is an effective approach to inhibit the progression of the 
disease and prolong disease-free survival in patients. This 
study investigated perioperative indicators, fibrinolysis and 

coagulation markers before and after surgery, complications, 
and follow-up outcomes in the endoscopic group and the open 
surgery group. The results showed that the endoscopic group 
had significantly longer operation time compared to the open 
surgery group, while intraoperative blood loss and hospital stay 
were significantly lower in the endoscopic group. Both groups 
showed a significant increase in FIB and D-dimer levels and a 
significant reduction in PT at 24 hours after surgery compared 
to preoperative levels. FIB and D-dimer levels were significantly 
higher after surgery in the endoscopic group than in the open 
surgery group. Additionally, the endoscopic group had a lower 

Table 3. Comparison of postoperative complications  

Follow-up result Endoscopic group (n = 50) Open surgery group (n = 50) P-value

Total 2 (4.0) 7 (14.0) 0.081
Postoperative incision infection 0 (0) 1 (2.0)
Postoperative bleeding 1 (2.0) 1 (2.0)
Recurrent laryngeal nerve injury 0 (0) 2 (4.0)
Parathyroid injury 1 (2.0) 3 (6.0)
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incidence of complications compared to the open surgery group. 
Among the patients, 11 cases experienced metastasis, 8 cases 
experienced recurrence, and 6 cases experienced thrombosis.

He et al. [27] found that the surgical duration for the study 
group (endoscopic treatment) was longer than the control group 
(open surgery treatment). However, the amount of blood loss, 
24-hour drainage through catheters, and length of hospital 
stay were significantly lower in the study group compared 
to the control group, which is consistent with our research 
findings. This study compared the effectiveness of endoscopic 
surgery and open surgery in treating thyroid cancer. The results 
revealed that patients in the endoscopic group had significantly 
lower intraoperative blood loss and shorter hospital stays than 
those in the open surgery group, which may be attributed to 
factors such as smaller incisions, less tissue dissection, and 
reduced tissue adhesion associated with endoscopic surgery 
[28,29]. However, the surgical duration in the endoscopic group 
was longer than in the open surgery group, which we speculate 
is due to the increased difficulty of endoscopic procedures, 
inevitably resulting in longer operation times [30]. This 
necessitates surgeons to perform operations under laparoscopy 
to enhance proficiency, reduce surgical duration, and minimize 
risks. Additionally, the lower incidence of complications in the 
endoscopic group indicates that endoscopic surgery is safer and 
more reliable. This may be attributed to the high-definition 
display and larger field of view provided by endoscopic 
surgery, resulting in clearer visualization of thyroid anatomical 
structures and more precise thyroidectomy, thereby reducing 
the occurrence of inadvertent complications such as parathyroid 
missection, injury to major blood vessels, trachea, and nerves 
during the procedure [31].

Open surgery and endoscopic surgery are both invasive 
operations. Research has shown that this type of procedure 
can lead to postoperative DVT. However, there have been 
limited reports on the impact of these procedures on patients’ 
coagulation function [30,32]. The coagulation process is a 
complex chain reaction involving a series of coagulation factors. 
D-dimer, FIB, PT, aPTT, and INR are common coagulation 
function evaluation indexes, which can reflect the level of 
coagulation factors and coagulation function by monitoring the 
coagulation indexes. D-dimer is the product of fibrin hydrolyzed 
by plasmin and can be used as an indicator to evaluate the 
fibrinolytic system of patients [33-35]. The increase in D-dimer 
level indicates the active production and degradation of fibrin, 
and the body is in a hypercoagulable state [36]. In the final stage 
of coagulation, soluble FIB is transformed into insoluble FIB, 
thus causing blood coagulation, and FIB can reflect the state of 
coagulation function [37,38]. PT is the time when prothrombin 
is converted into thrombin and plasma coagulates, which 
reflects the condition of the organism’s exogenous coagulation 
system [39]. In this study, PT and D-dimer levels of patients in 

the endoscopic and open surgery groups changed significantly 
before and after surgery, and the degree of change in the 
endoscopic group was higher than that in the open group. 
Compared to preoperative levels, both the endoscopic group 
and the open surgery group showed significant increases in FIB 
and D-dimer levels, as well as significant shortening of PT at 24 
hours after the surgery. These findings suggest that both types 
of surgery can induce hypercoagulability and potentially lead 
to DVT. The hypercoagulable state in patients undergoing open 
surgery may be related to the anesthetic drugs or body position 
of surgical trauma, which could activate plasmin and thrombin 
in the body, thus affecting the blood status. After endoscopic 
surgery, patients exhibit a more pronounced hypercoagulable 
state, which may be attributed to the difficulties in lymph node 
dissection and prolonged surgical duration, both of which can 
stimulate vascular endothelial cells, activate the coagulation 
system, induce platelet activation and adhesion, resulting in a 
hypercoagulable state [40], this may also be associated with CO2 
insufflation. In addition, the results of this study also showed 
that the FIB and D-dimer levels of the endoscopic group were 
higher than those of the open surgery group 24 hours after 
surgery, suggesting that the hypercoagulable state of blood was 
more obvious in endoscopic surgery, which may be related to 
the establishment of CO2 insufflation during the operation. The 
purpose of insufflation is to establish operable space for surgery 
and enlarge the operating field. However, CO2 insufflation 
can lead to complications such as hypercapnia and increased 
intracranial pressure [41]. In addition, during endoscopic 
surgery, carbon dioxide pressure can lead to significantly 
increased venous pressure, which restricts the return of 
venous blood, while slow venous blood flow and damage to 
vascular endothelial cells can activate the body’s coagulation 
system, leading to the imbalance between coagulation 
and anticoagulation, and contributing to the occurrence of 
hypercoagulation in patients [42]. 

Furthermore, studies have demonstrated that the internal 
jugular vein pressure and central venous pressure (CVP) 
increased significantly after aeration, and gradually decreased 
after aeration, indicating that CO2 pneumoperitoneum pressure 
in thoracoscopic thyroid surgery would indeed lead to a 
significant increase in internal jugular vein pressure and CVP 
[43]. The reason for the significant increase in internal jugular 
vein pressure may be that CO2 in the neck compresses the 
internal jugular vein, which leads to blocked blood flow back 
into most of the head and neck, resulting in increased pressure, 
blood stasis, and slow blood flow rate, thus increasing the 
possibility of thrombosis.

In our follow-up results, 11 patients experienced metastasis, 
and 8 patients experienced recurrence, which was unexpected. 
Possible reasons for this include incomplete surgical resection, 
lack of central compartment lymph node dissection, or absence 



 Annals of Surgical Treatment and Research 133

of [131I] therapy, which may have resulted in incomplete 
removal of the lesions or incomplete inactivation of residual 
thyroid tissue, thereby increasing the risk of metastasis or 
recurrence. Additionally, 6 patients developed thrombosis, and 
we speculated that besides the impact of surgery on patients’ 
coagulation function, [131I] radiotherapy may also have an 
influence. There are reports suggesting that ionizing radiation 
affects the protein C pathway and its interaction with platelet 
regulatory proteins [44]. Following radiotherapy, procoagulant 
factors, activated factor VIII, proinflammatory nuclear factor κB, 
and D-dimer increase, and prothrombin fragments can promote 
procoagulant reactions [45]. Radiotherapy can also induce 
endothelial dysfunction and thrombus formation through 
the activation of Von Willebrand factor and the induction of 
primary hemostasis [46]. Moreover, in vitro studies have shown 
that tumor irradiation activates integrin αvβ3 in cancer cells [47], 
which plays a crucial role in cancer-related thrombosis.

Hence, it is necessary to take active measures to prevent 
the occurrence of postoperative DVT. Numerous studies have 
shown that the incidence of VTE can be reduced by 40% to 
60% with the use of drug prophylaxis [48,49]. At present, it 
is clinically recommended that patients should be treated 
with low molecular weight heparin, unsegmented heparin 
or pentaparin for preventive treatment according to the risk 
factors of VTE [50]. For patients with potential bleeding risk or 
severe bleeding, mechanical prophylaxis, gradient compression 
stockings, or intermittent inflatable compression may be 
given [51]. Research has also shown that postoperative patient 
immobility can lead to venous stasis and excessive expression 
of procoagulant factors in cancer, causing direct damage to 
the vascular endothelium [52]. Therefore, it is important to 
be aware of the risk of postoperative DVT in clinical practice. 
Measures can be taken to prevent this, such as reducing the 
duration of surgery and minimizing postoperative bed rest, 
particularly by promoting functional activity of the patient’s 
limbs. These measures aim to effectively prevent postoperative 
DVT and improve overall postoperative recovery. 

This study has some limitations. The sample size of selected 
cases in this study is small, and this study is a single-center 

study. Therefore, further research with larger sample sizes and 
multi-center studies is needed to explore the risk factors of 
DVT in patients undergoing endoscopic thyroid surgery, so as 
to provide reliable evidence for the prevention of postoperative 
DVT. To sum up, while endoscopic surgery for thyroid cancer 
has benefits such as less intraoperative blood loss and faster 
recovery, its potential for hypercoagulability after endoscopic 
surgery is higher than traditional open surgery. Clinically, 
reasonable surgical methods should be selected based on the 
actual situation of patients, so as to give full play to the surgical 
effect and improve the quality of life of patients.

SUPPLEMENTARY MATERIALS
Supplementary Tables 1–3 can be found via https://doi.

org/10.4174/astr.2024.107.3.127.
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