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Comparison of three-dimensional vs.
two-dimensional assisted thoracoscopy

for recurrent laryngeal nerve lymph nodes
dissection in esophagectomy: a retrospective
study

QiWang', Jintong Ge', Hua Wu', Qingquan Wu' and Sheng Zhong'”

Abstract

Background This study aimed to explore the clinical value of 3D video-assisted thoracoscopic surgery in dissecting
recurrent laryngeal nerve lymph nodes in patients undergoing minimally invasive esophagectomy.

Methods A retrospective cohort study was conducted on 205 patients, including 120 males, who underwent
esophagectomy from May 2018 to May 2020 in the Department of Thoracic Surgery at the Affiliated Huai'an No.1
People’s Hospital of Nanjing Medical University. Perioperative parameters, including intraoperative blood loss,
operation time, the number of dissected recurrent laryngeal nerve lymph nodes, the incidence and degree of
postoperative recurrent laryngeal nerve injury, the volume of postoperative thoracic drainage, and postoperative
complications, were compared between the 3D and 2D groups.

Results There were no significant differences in the preoperative baseline data between these two groups (P> 0.05).
The number of dissected recurrent laryngeal nerve lymph nodes in the 3D group was significantly higher than in the

2D group (P<0.05). The operation times were significantly shorter in the 3D group than in the 2D group (P<0.05). The
volume of thoracic drainage in the first 2 days was significantly less in the 3D group than in the 2D group (P <0.05).

Conclusions Compared to the 2D system, the application of 3D video-assisted thoracoscopic surgery in minimally
invasive esophagectomy can increase the number of dissected recurrent laryngeal nerve lymph nodes and ensure
safety. Additionally, it can reduce the duration of the operation, decrease early postoperative thoracic drainage
volume, and promote patient recovery.
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Background

Esophageal squamous cell carcinoma (ESCC) is a preva-
lent digestive tract tumor in China, with the number of
new cases and deaths each year constituting more than
half of the global [1]. Currently, Treatment for ESCC
includes surgical resection, radiotherapy, chemotherapy,
or immunotherapy, and surgical resection remains the
primary treatment modality for ESCC. Traditional open
esophagectomy is associated with substantial trauma and
a higher incidence of postoperative complications. With
the advancement of endoscopic techniques, minimally
invasive esophagectomy (MIE) is being increasingly
adopted by thoracic surgeons [2, 3]. Common endo-
scopic esophagectomy include the McKeown procedure
and minimally invasive Ivor-Lewis procedure [4]. While
lymphatic metastasis of ESCC often occurs in a skip pat-
tern, the bilateral recurrent laryngeal nerve (RLN) lymph
nodes remain the primary metastatic site of ESCC [5].
The RLNs are located in the relatively narrow space of
the superior mediastinum, which makes them susceptible
to injury during dissection. Additionally, right thoracic
approach in MIE further complicates the left RLN lymph
node dissection. Damage to the RLN remains a common
complication during MIE, manifesting as postoperative
hoarseness, coughing or choking while drinking, swal-
lowing dysfunction, and even asphyxia [6, 7]. Therefore,
both achieving bilateral recurrent laryngeal nerve lymph
nodes dissection and avoiding recurrent laryngeal nerve
injury remain unresolved issues in current esophageal
surgery. Three-dimensional (3D) thoracoscopy offers
superior depth perception compared to two-dimen-
sional (2D) thoracoscopy, providing specific advantages
in esophageal cancer surgery [8]. Therefore, this study
compared the clinical data of patients who underwent
MIE with 3D thoracoscopy and 2D thoracoscopy in our
hospital from May 2018 to May 2020. The aim of this
study was to evaluate the advantages and disadvantages
of 3D thoracoscopy in bilateral recurrent laryngeal nerve
(RLN) lymph node dissection in MIE, and provide practi-
cal guidance for clinical application.

Methods

Patients

This study is a retrospective study. The inclusive criteria
were: (1) preoperative confirmation of ESCC by gastros-
copy and pathology, with clinically evaluated as resect-
able ESCC (staging as T1b-T3, NO-N1, MO0, according to
the 8th edition of the UICC/AJCC); (2) underwent tho-
racoscopic combined with laparoscopic esophagectomy
(McKeown procedure), gastroesophageal anastomo-
sis was at the left neck; (3) no prior neoadjuvant treat-
ment. Exclusion criteria were: (1) patients with a history
of pulmonary tuberculosis, tuberculous pleurisy, pneu-
monia, or prior thoracic surgery; (2) conversion to open
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esophagectomy during operation; (3) incomplete case
data; (4) presence of severe cardiac or pulmonary dys-
function, or history of malignancy in other organs. Based
on above criteria, a total of 205 patients were included
in this study. According to the different thoracoscopic
equipment, patients were divided into two groups: 2D
thoracoscopy group (112 patients with 69 males) and
3D thoracoscopy group (93 patients with 51 males).
Study protocols were approved by the Ethics Commit-
tee of the Affiliated Huai'an No.1 People’s Hospital of
Nanjing Medical University and conducted according to
the principles expressed in the Declaration of Helsinki
(World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human
subjects 2013). All patients and their caregivers provided
informed consent. A flow chart summarizing the selec-
tion of patients is shown in Fig. 1.

Surgical procedure
Patients were given general anesthesia and underwent
single-lumen endotracheal intubation. Lay in the left
lateral position with a 30° anterior tilt. Thoracic part of
MIE needed to establish artificial pneumothorax of right
thoracic cavity to get the surgical field. Observation port
was established at the seventh intercostal space along
the anterior axillary line. The primary operating port
was positioned at the fourth intercostal space along the
anterior axillary line, while auxiliary operating ports were
established at the sixth and tenth intercostal spaces along
the mid-axillary line.

3D Group: The German Storz 3D thoracoscope system
was utilized. Both the surgeon and assistants wore 3D
glasses. Dissection of the esophagus commenced from
the superior margin of the azygos vein arch within the
mediastinal pleura. The right RLN lymph nodes were dis-
sected, followed by the ligature and division of the azy-
gos vein arch. The esophagus was mobilized downstream
along the azygos vein arch to the esophageal hiatus.
Lymph nodes were dissected para-esophageal, subcari-
nal area, under trachea, and bronchus. Finally, the left
RLN lymph nodes were dissected. Following comple-
tion of thoracic procedures, the patient was repositioned
into a supine position. Under laparoscopy, the stomach
was dissociated and intra-abdominal lymph nodes were
dissected. Following that, a cervical incision was made,
and the cervical esophagus was dissociated and lymph
nodes were dissected. Next, the separated stomach was
extracted through a small incision in the upper abdomen
to create a tube-shaped stomach. Then the tube-shaped
stomach was elevated to the neck through the esophageal
bed pathway for end-to-side esophagogastrostomy using
a side-to-side stapler. Subsequently, one duodenal feed-
ing tube and one gastric decompression tube were nasally
inserted. After the conclusion of operation, patient
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Assessed (n=313):

(1) With esophageal squamous cell carcinoma
cancer (T1b-T3, NO-N1, MO0).

(2) Underwent Laparoscopic esophagectomy
(2018.05-2020.05).

(3) Without prior neoadjuvant treatment.
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Excluded (n=108):
(1) With pulmonary tuberculosis, tuberculous pleurisy,

pneumonia, or prior thoracic surgery.

A 4

Included (n=205)

| |

(2) Conversion to open esophagectomy.
(3) Incomplete data.
(4) Presence of severe cardiac or pulmonary

dysfunction, or history of malignancy in other organs.

3D group (n=93):
Underwent 3D laparoscopic
esophagectomy

2D group (n=112):
Underwent 2D laparoscopic
esophagectomy

Fig. 1 The study flowchart

was transferred to the recovery room for observation.
Upon awakening with stable vital signs, the patient was
returned to the ward and received standard clinical path-
way interventions including infection prevention, hemo-
stasis, and nutritional support.

2D group: The Japanese Olympus 2D thoracoscope sys-
tem was utilized. Surgeon and assistants did not need to
wear 3D glasses. The operation procedure was the same
as the 3D group.

Hollow-out method of RLN lymph nodes dissection: In
this study, RLN lymph nodes dissection was performed
using the “hollow-out method” [9]. After opening the
mediastinal pleura and tracing along the right vagus
nerve trunk, the right RLN was located below the lower
edge of the right subclavian artery. Under thoracoscopy;,
tissue separation forceps were used to pull and separate
tissues bluntly, hollowing out the lymph nodes and adi-
pose tissue beside the right RLN. Sharp dissection with
thoracoscopic scissors was performed to completely
remove the lymph nodes and adipose tissue beside the
right RLN. When dissecting the left RLN lymph nodes,
the esophagus was lifted by pulling the esophageal sus-
pension band, and the left RLN was located behind the
left side of the trachea. Tissue separation forceps were
used to pull and separate tissues bluntly, hollowing out
lymph nodes and adipose tissue beside the left RLN.
Sharp dissection with thoracoscopic scissors was per-
formed to remove the lymph nodes and adipose tissue
beside the left RLN. If minor bleeding from small blood

vessels interferes with visualization, hemostasis can be
achieved by gently pressing with a small gauze strip.

Observation parameters and assessment standards
Preoperative data for two patient groups were compared,
including age, gender, smoking history, comorbidities,
tumor location and pathological stage. Then a com-
parison of intraoperative parameters of two groups was
conducted, including intraoperative blood loss, opera-
tion time, postoperative thoracic drainage volume, and
the number of dissected RLN lymph nodes (accord-
ing to postoperative pathology). Additionally, statistical
comparison was performed for the incidence of postop-
erative complications (including severe lung infection,
arrhythmia, anastomotic leakage and postoperative RLN
injury). The severity of RLN injury was graded accord-
ing to previous study [10, 11]: mild cases exhibited tran-
sient hoarseness due to temporary nerve paralysis, with
symptoms typically recovered within 3 to 7 days; moder-
ate cases were characterized by coughing and impaired
production of high-pitched sounds during eating, with
symptoms persisting; severe cases featured symptoms
such as breathing difficulties and loss of voice, which did
not alleviate spontaneously.

Follow-up

The main follow-up methods included outpatient vis-
its and telephone calls. Patients were followed up with
one telephone call at the first week and one month after
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Table 1 Patient characteristics (N=205)
Characteristics 3D group 2D group Statistical value P
(n=93) (n=112) value
Age(years) 62.2+9.1 634+96 t=0914 0.362
Gender Male 51 69 X 2-0958 0382
Female 42 43
Smoking history 46 60 X 2-0344 0.558
Comorbidities Diabetes 10 12 X 2-0 0.993
Hypertension 19 24 X 20031 0.861
Coronary heart disease 5 7 X 2-0071 0.79
Tumor location Upper Thoracic 18 28 X 2_0.945 0623
Middle Thoracic 54 61
Lower Thoracic 21 23
Pathological stage IA 8 11 7=0.562 0.574
(TNM stage) 1B 15 12
IIA 23 38
1B 20 27
A 17 14
1B 10 10
discharge, and subsequently every three months for out-  Taple 2 Operative characteristics of patients (N=205)
patient visits. Variables 3Dgroup 2Dgroup  Statis- P
(n=93) (n=112) tical value
Statistical analysis value
Statistical analysis of the data in this study was performed ~ Number of Right ~ 3.7+16 3115 t=2828 <001
with SPSS 27.0 software (IBM Corporation, Armonk, NY, ~ dissected RN eft 42£19 34%18  1=3065 <001
USA). Continuous data were presented as meanztstan- MPNNodes  Toral  79:23  65:24 14280 < 001’
dard deviation (3 +s ). The comparison of continuous Operation time (min) 19884214 20574239 t=2154 0032
data was conducted with Student’s t-test, while analysis Blood loss (mL) 976425 1048£481 t=1123 0263 )
of variance (ANOVA) was employed for comparisons Postoperative D1 1704+504 2003+578 t=3.904 <0.01*
among multiple groups. Non-parametric tests were uti- thoracictube 3 15024386 16274472 =2052 0041
. ) . . drainage (M) 3 16054449 1579+466 t=0409 0683
lized while variances among populations were unequal.
For categorical data, comparisons of rates were per- D4 110938 1068x425 1=0709 0479
D5 87.1£336 93+449 t=1.038 0301

formed with the Pearson chi-square test, and rank-sum
tests were used for ordinal data. A probability (P) value of
<0.05 was considered statistically significant.

Results
A total of 205 patients (120 females and 85 males) with
ESCC were enrolled in this study. The average age of the
patients was (62.8+9.4) years. 112 patients were enrolled
in the 2D group, while 93 patients were enrolled in the
3D group. There was no significant difference in the
baseline data of these two groups, including age, gender,
tumor location, pathological stage, and comorbidities
(P>0.05). Detailed information was shown in Table 1.
The number of dissected RLN lymph nodes was sig-
nificantly higher in the 3D group (left: 4.19+1.85,
right: 3.74+1.62) compared to the 2D group (left:
3.40%+1.78, right: 3.12+1.54; all P<0.05). Addition-
ally, the surgical duration was shorter in the 3D group
compared to the 2D group (3D 198.8+£21.4 min vs. 2D
205.7+23.9 min, P=0.036). In early postoperative period
(days 1-2), patients in the 3D group (d1: 170.41+50.4 ml,

RLN: recurrent laryngeal nerve

d2: 150.2+38.6 ml) had significantly less thoracic
tube drainage compared to those in the 2D group (d1:
200.3+57.8 ml, d2: 162.7+47.2 ml, P<0.05). There was
no significant difference in intraoperative blood loss
between these two groups (P>0.05). Detailed operative
characteristics are listed in Table 2.

Then a comparison of postoperative complications
of these two groups was performed, as listed in Table 3.
The incidence and severity of RLN injury in the 3D group
were both lower than those in the 2D group, but there
was not significant difference (P>0.05). Severe RLN inju-
ries did not occur in either group. Symptoms such as
hoarseness and coughing in patients with mild injuries
spontaneously resolved within 10 days postoperatively.
Patients with moderate injuries gradually recovered nor-
mal voice through voice training within 1-2 months after
operation. There was no significant difference in the inci-
dence of postoperative pulmonary infection, arrhythmia,
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Table 3 RLN injuries and complications of patients (N=205)

Variables 3Dgroup 2Dgroup Statisti- P
(n=93) (n=112) calvalue value

RLN injuries  None 88(94.62) 101(90.18) Z=1.188 0.235
(%) Mild 4(4.30) 8(7.14)

Moderate  1(1.08) 3(2.68)

Total 5(5.38) 11(9.82) 1.395 0.238
Pulmonary infection (%)  4(4.30) 8(7.14) 0318 0573
Arrhythmia (%) 3(3.23) 6(5.36) 0.159 0.69
Gastroesophageal anasto- 3(3.23) 4(3.57) 0.018 0.892

motic fistula (%)

RLN: recurrent laryngeal nerve

or gastroesophageal anastomotic fistula between the two
groups (P>0.05). Please refer to Table 3 for details.

Discussion, and conclusions

The anatomical structure of the esophagus possesses its
own peculiarities. The presence of horizontal and verti-
cal lymphatic vessels within the submucosal and mus-
cular layers of esophagus forms a unique lymphatic
network, leading to the unpredictable and irregular
pattern of lymph node metastasis in ESCC [12]. How-
ever, due to the high rate of lymph node metastasis in
the bilateral RLN lymph nodes in thoracic ESCC, bilat-
eral RLN lymph node dissection is an indispensable step
in esophagectomy [13]. Given the proximity of RLNs
to the esophagus, it is highly susceptible to be injured
while dissociating esophagus and dissecting RLN lymph
nodes. Once injured, vocal cord function may be com-
promised, leading to postoperative hoarseness and affect-
ing the patient’s ability to cough and clear phlegm, which
can subsequently result in respiratory complications
such as pulmonary infection, aspiration pneumonia,
and asphyxia [11]. Therefore, enhancing the efficiency
and safety of RLNs lymph node dissection is crucial for
patients undergoing esophagectomy.

Currently, thoracoscopic MIE (McKeown proce-
dure) has become the mainstream surgical approach in
the treatment of ESCC and is widely practiced world-
wide [14]. The advantages of thoracoscopic esophagec-
tomy include minimal intraoperative bleeding, reduced
trauma, decreased postoperative drainage, alleviated
pain, and faster recovery. However, 2D laparoscopy lacks
depth perception and spatial awareness, making it rela-
tively prone to inadvertent injury to the RLNs. In con-
trast, 3D thoracoscopy provides a three-dimensional
view and high-definition stereoscopic imaging, offering
greater magnification and visual clarity compared to 2D
laparoscopy. Several studies have compared the appli-
cation of 3D and 2D laparoscopy in esophagectomy in
patients with ESCC [15-18]. The results indicate that
3D laparoscopic esophagectomy offers advantages over
2D laparoscopy in terms of surgical duration, intraop-
erative bleeding, and other indicators. Nevertheless,

Page 5 of 7

there is currently a lack of research specifically investi-
gating the effectiveness of RLN lymph node dissection
by 3D laparoscopy. Due to the distinct pattern of lymph
node metastasis in ESCC, lymph node dissection is piv-
otal in esophagectomy and is directly linked to postop-
erative prognosis. Numerous studies have shown that an
increased number of dissected lymph nodes favorably
influences survival [19, 20], underscoring the importance
of standardized lymph node dissection in esophagectomy
[21]. As lymph node dissection becomes more common
in esophagectomy, researchers have noted that esopha-
geal cancer can metastasize to the RLNs lymph nodes
even at early stages, and early dissection of these nodes
may help reduce the risk of recurrence and enhance the
accuracy of nodal staging in early-stage ESCC [22]. And
a real-world study in ESCC patients identified Adequacy
of RLNs lymph node dissection is an important prognos-
ticator for improved overall survival and recurrence-free
survival in ESCC patients [23]. Another study involving
406 patients also demonstrated that the number of dis-
sected upper mediastinal lymph nodes in esophagec-
tomy, including RLNs lymph nodes, is directly associated
with improved long-term prognosis [24]. The results
of our study demonstrate a significant advantage of 3D
laparoscopy over 2D laparoscopy in the dissection of
RLN lymph nodes. Specifically, the 3D group exhibited a
higher number of dissected RLN lymph nodes, including
those around both left and right RLN, as well as a greater
total number of dissected RLN lymph nodes compared
to the 2D group (P<0.05). This notable advantage may
be attributed to the specific technique of RLN lymph
node dissection employed in this study. In this study, the
approach used for dissecting RLN lymph nodes is the "
hollow-out” method [9]. During the lymph node dissec-
tion process, dissecting forceps are utilized to hollow out
the tissue surrounding the nerve into block-like struc-
tures, followed by sharp dissection of the lymph nodes
by laparoscopic scissors or other “cold” instruments.
The improved 3D visualization and depth perception
provided by 3D laparoscopy result in clearer anatomical
layering of the hollowed-out tissue, nerves, and blood
vessels. This allows the surgeon to conduct lymph nodes
dissection more swiftly and thoroughly. In this study, the
3D group exhibited a significantly reduced operation
time compared to the 2D group (3D 198.8+21.4 min vs.
2D 205.7£23.9 min, P<0.05). Moreover, our practical
experience suggests that the reduction in operation time
mainly occurred during thoracic operation. However, due
to the limitations of retrospective study, a more detailed
comparison was not feasible in this study.

Furthermore, results of this study indicate that there
was no significant difference in intraoperative blood loss
between these two groups. And postoperative thoracic
tube drainage of the first and the second day were both
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significantly reduced compared to the 2D group (p <0.05).
Additionally, postoperative RLN injury in the 3D group
was comparable to the 2D group. This may be attributed
to the more detailed anatomical visualization provided by
the 3D mode. The high-definition view offered by 3D lap-
aroscopy enables effective differentiation of nerves, blood
vessels, and surrounding tissues, thus reducing the risk
of injury and bleeding during sharp dissection of lymph
nodes and nerves, and lowering the risk of microvascular
bleeding. Moreover, there was no significant difference
in the incidence of postoperative complications, includ-
ing pulmonary infection, arrhythmia, and gastroesopha-
geal anastomotic fistula, between the 3D and 2D groups.
Therefore, these results indicate that 3D laparoscopy is
sufficiently safe.

Although this study highlights the significant advan-
tages of 3D thoracoscopic surgery in dissecting RLNs
lymph nodes during MIE, practical experience has also
identified some drawbacks associated with 3D laparos-
copy. Firstly, all surgeons are required to wear 3D glasses,
and there is a period of adaptation necessary for visual
adjustment. Some surgeons may face challenges in adapt-
ing to the 3D stereoscopic view and may require an adap-
tation period, with some even experiencing continued
difficulty in acclimating to the 3D view, thereby hinder-
ing the performance of 3D laparoscopic surgery. Addi-
tionally, 3D surgery imposes higher demands on the
placement of the display screen and the brightness of the
operating room, necessitating specialized surgical equip-
ment, operating rooms, and surgical teams, which may
impede rapid widespread adoption. However, glass-free
3D technology holds promise in addressing these issues
[25]. Moreover, this study has limitations. Although the
sample size included in this study was relatively large, the
study’s limitations, including its single-center, retrospec-
tive, non-randomized design, and the relatively homo-
geneous patient population, precluded more detailed
subgroup comparisons for many indicators. Many
questions still require answers from future prospective
studies.

In conclusion, under proficient mastery of thoraco-
scopic surgical techniques, the application of 3D thora-
coscopic surgery system in MIE can significantly enhance
the efficiency of RLN lymph nodes dissection while
ensuring safety. Additionally, it can reduce the volume
of postoperative thoracic tube drainage and accelerate
patient recovery. Therefore, 3D thoracoscopic surgery
system stands as a powerful tool for thoracic surgeons,
warranting further research and improvement.

Author contributions

QiWang and Sheng Zhong contributed to the conception of the study. Qi
Wang, Jintong Ge and Sheng Zhong wrote the main manuscript text. Qi
Wang, Jintong Ge, Hua Wu and Qingquan Wu performed the data analyses. Qi
Wang, Jintong Ge and Sheng Zhong contributed to the data collection. Sheng

Page 6 of 7

Zhong and Qinggquan Wu performed the surgery. All authors reviewed the
manuscript.

Funding
Funder Name: Jiangsu Provincial Medical Key Discipline Cultivation Unit. Grant
ID: JSDW202233.

Data availability
The datasets used and analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Approval and consent to participate Study protocols were approved by the
Ethics Committee of the Affiliated Huai'an No.1 People’s Hospital of Nanjing
Medical University and conducted according to the principles expressed in
the Declaration of Helsinki (Approval No. KY-2024-334-01) (World Medical
Association Declaration of Helsinki: ethical principles for medical research
involving human subjects 2013). This study is a retrospective study, and
each patient provided written informed consent to participate in relevant
retrospective research when signing the preoperative surgical consent form.
Clinical trial number: not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 March 2024 / Accepted: 18 September 2024
Published online: 01 October 2024

References

1. QiJ,LiM,Wang L, HuY, LiuW, Long Z, et al. National and subnational trends
in cancer burden in China, 2005-20: an analysis of national mortality surveil-
lance data. Lancet Public Health. 2023;8(12):2943-55.

2. Yoshida N, Yamamoto H, Baba H, Miyata H, Watanabe M, Toh Y, et al. Can
minimally invasive Esophagectomy Replace Open Esophagectomy for
Esophageal Cancer? Latest analysis of 24,233 esophagectomies from the
Japanese National Clinical Database. Ann Surg. 2020;272(1):118-24.

3. Yip HG, Shirakawa Y, Cheng CY, Huang CL, Chiu PWY. Recent advances in
minimally invasive esophagectomy for squamous esophageal cancer. Ann N
Y Acad Sci. 2020;1482(1):113-20.

4. Bograd AJ, Molena D. Minimally invasive esophagectomy. Curr Probl Surg.
2021;58(10):100984.

5. FuX,WangF, Su X, Luo G, Lin P, Rong T, et al. Endobronchial Ultrasound
improves evaluation of recurrent laryngeal nerve lymph nodes in esophageal
squamous cell carcinoma patients. Ann Surg Oncol. 2021;28(7):3930-8.

6. Borggreve AS, Kingma BF, Domrachev SA, Koshkin MA, Ruurda JP, van Hil-
legersberg R, et al. Surgical treatment of esophageal cancer in the era of
multimodality management. Ann N'Y Acad Sci. 2018;1434(1):192-209.

7. Chevallay M, Jung M, Chon SH, Takeda FR, Akiyama J, Monig S. Esophageal
cancer surgery: review of complications and their management. Ann N'Y
Acad Sci. 2020;1482(1):146-62.

8. KudoT, Oshikiri T, Takiguchi G, Urakawa N, Hasegawa H, Yamamoto M, et al.
Three-dimensional visualization system is one of the factors that improve
short-term outcomes after minimally invasive esophagectomy. Langenbecks
Arch Surg. 2021;406:631-9.

9. ChenWS, Zhu LH, Li WJ, Tu PJ, Huang JY, You PL, et al. Novel technique for
lymphadenectomy along left recurrent laryngeal nerve during thoracoscopic
esophagectomy. World J Gastroenterol. 2020;26(12):1340-51.

10.  Dionigi G, Wu CW, Kim HY, Rausei S, Boni L, Chiang FY. Severity of recurrent
laryngeal nerve injuries in thyroid surgery. World J Surg. 2016;40(6):1373-81.

11. JeonYJ,Cho JH, Lee HK, Kim HK, Choi YS, Zo JI, et al. Management of patients
with bilateral recurrent laryngeal nerve paralysis following esophagectomy.
Thorac Cancer. 2021;12(12):1851-6.



Wang et al. BMC Surgery

(2024) 24:278

Matsuda S, Takeuchi M, Kawakubo H, Kitagawa Y. Lymph node metastatic
patterns and the development of multidisciplinary treatment for esophageal
cancer. Dis Esophagus. 2023;36(4).

Codipilly DC, Wang KK. Squamous cell carcinoma of the Esophagus. Gastro-
enterol Clin North Am. 2022;51(3):457-84.

de Groot EM, Goense L, Kingma BF, Haverkamp L, Ruurda JP, van Hillegers-
berg R. Trends in surgical techniques for the treatment of esophageal

and gastroesophageal junction cancer: the 2022 update. Dis Esophagus.
2023;36(7).

Li Z, Li JP Qin X, Xu BB, Han YD, Liu SD, et al. Three-dimensional vs two-
dimensional video assisted thoracoscopic esophagectomy for patients with
esophageal cancer. World J Gastroenterol. 2015;21(37):10675-82.

Abbassi O, Patel K, Jayanthi NV. Three-dimensional vs two-Dimensional
completely minimally invasive 2-Stage Esophagectomy with Intrathoracic
Hand-Sewn Anastomosis for Esophageal Cancer: comparison of intra-and
postoperative outcomes. Surg Innov. 2021;28(5):582-9.

Yamashita K, Mine S, Toihata T, Fukudome |, Okamura A, Yuda M, et al. The
usefulness of three-dimensional video-assisted thoracoscopic esophagec-
tomy in esophageal cancer patients. Esophagus. 2019;16(3):272-7.

Jiang J, Yu X, Geng G, Liu H. PSO1. 130: video-assisted thoracoscope 3D and
2D mode comparative analysis for esophageal chest surgery. Dis Esophagus.
2018,31(13).

Altorki NK, Zhou XK, Stiles B, Port JL, Paul S, Lee PC, et al. Total number of
resected lymph nodes predicts survival in esophageal cancer. Ann Surg.
2008,248(2):221-6.

20.

21.

22.

23.

24.

25.

Page 7 of 7

Li K, Leng X, He W, Du K, Li C, Liu K, et al. Resected lymph nodes and survival
of patients with esophageal squamous cell carcinoma: an observational
study. Int J Surg. 2023;109(7):2001-9.

Hagens ERC, van Berge Henegouwen MI, Cuesta MA, Gisbertz SS. The extent
of lymphadenectomy in esophageal resection for cancer should be standard-
ized. JThorac Dis. 2017,9(Suppl 8):5713-23.

Hong TH, Kim HK, Lee G, Shin S, Cho JH, Choi YS, et al. Role of recurrent
laryngeal nerve lymph node dissection in surgery of early-stage esophageal
squamous cell carcinoma. Ann Surg Oncol. 2022,29(1):627-39.

Xu'S, Chen D, Liu Z, Song P, Zheng Y, Xue X et al. Impact of the extent of
recurrent laryngeal nerve lymphadenectomy on thoracic esophageal squa-
mous cell carcinoma: a real-world multicentre study. Eur J Cardiothorac Surg.
2023;63(5).

Koterazawa Y, Goto H, Saiga H, Kato T, Sawada R, Harada H, et al. The number
of resected lymph nodes from the upper mediastinal area predicts long-term
outcomes of esophageal squamous cell carcinoma after minimally invasive
esophagectomy. Surg Endosc. 2024;38(7):3625-35.

Wei R, Ding X, Chen Z, Xin N, Liu C, Fang Y, et al. Clinical comparative study of
glasses-free 3D and 2D thoracoscopic surgery in minimally invasive esopha-
gectomy. Front Oncol. 2022;12:959484.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Comparison of three-dimensional vs. two-dimensional assisted thoracoscopy for recurrent laryngeal nerve lymph nodes dissection in esophagectomy: a retrospective study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients
	﻿Surgical procedure
	﻿Observation parameters and assessment standards
	﻿Follow-up
	﻿Statistical analysis

	﻿Results
	﻿Discussion, and conclusions
	﻿References


