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Abstract
Background  Both video-assisted thoracoscopic surgery (VATS) thymectomy and robot-assisted thoracoscopic 
surgery (RATS) thymectomy have been suggested as technically sound approaches for early-stage thymic epithelial 
tumors. However, the choice of VATS or RATS thymectomy for large and advanced thymic epithelial tumors remains 
controversial. In this study, the perioperative outcomes of VATS and RATS thymectomy were compared in patients 
with large thymic epithelial tumors (size ≥5.0 cm).

Methods  A total of 113 patients with large thymic epithelial tumors who underwent minimally invasive surgery 
were included. Sixty-three patients underwent RATS, and 50 patients underwent VATS. Patient characteristics and 
perioperative variables were compared.

Results  Compared with the VATS group, the RATS group experienced a shorter operation time (median: 110 min 
vs.130 min; P < 0.001) and less blood loss (30.00 ml vs. 100.00 ml, P < 0.001). No patients in the RATS group needed 
conversion to open surgery, but in the VATS series, five patients required conversion to open procedures (0% vs. 
14.29%, P = 0.054). The rate of concomitant resection in the RATS group was similar to that in the VATS group (11.43% 
vs. 5.71%; P = 0.673). There was no significant difference between the two groups in the duration of chest tube 
(P = 0.587), postoperative complications (P = 1.000), and the duration of postoperative hospital stay (P = 0.141).

Conclusion  For large thymic epithelial tumors, RATS thymectomy can be performed safely and effectively in a radical 
fashion. Due to the advanced optics and precise instrument control, concomitant resections can be easily achieved in 
larger thymic epithelial tumors using the robotic approach.
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thoracoscopic Surgery, Perioperative outcomes, Propensity score match

Robot versus video-assisted thoracoscopic 
thymectomy for large thymic epithelial 
tumors: a propensity-matched analysis
Long-fei Zhu1, Ling-min Zhang1, Chun-jian Zuo1, Tian-yu Sun1 and Bin Jiang1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-023-02228-8&domain=pdf&date_stamp=2023-10-25


Page 2 of 9Zhu et al. BMC Surgery          (2023) 23:330 

Background
Despite being a relatively rare neoplasm, thymoma which 
originates from the epithelial cells of the thymus is the 
most common tumor of the anterior mediastinum in 
the adult population [1, 2]. Currently, the treatment of 
thymoma and thymic carcinoma mainly involves surgi-
cal resection, chemoradiotherapy, immunotherapy, and 
tyrosine kinase inhibitors. In terms of resectable tumors, 
thymectomy which is traditionally performed through a 
median sternotomy is the primary treatment [3, 4]. With 
the evolution of surgical technology and instruments, 
video-assisted thoracoscopic surgery (VATS) thymec-
tomy is becoming the preferred surgical approach for 
early-stage thymic epithelial tumors because of less intra-
operative bleeding and accelerated recovery compared to 
the classical transsternal approach [5]. However, VATS 
is also limited by its 2-dimensional view and the feasibil-
ity of complete dissection, especially for advanced thy-
mic epithelial tumors. Robot-assisted surgical systems 
provide surgeons with 3D-magnified imaging, increased 
precision and instrument motion dexterity. Due to the 
potential great advantages, particularly in patients with 
large thymic epithelial tumors who require more precise 
dissection in a narrow anterior mediastinal space, robot–
assisted thoracoscopic surgery (RATS) thymectomy has 
gradually emerged as an alternative approach over the 
last few years [6].

In existing articles, some investigators have shown 
that both RATS and VATS thymectomy appear feasible 
and safe for the resection of early-stage thymic epithe-
lial tumors with comparable surgical outcomes [7, 8]. 
However, the literature pertaining to complete resec-
tion of large thymic epithelial tumors (maximal diam-
eter ≥5.0 cm) through VATS or RATS is very limited, and 
few studies have compared the perioperative outcomes 
achieved with RATS to those achieved with VATS in 
patients with large tumors.

In the current retrospective study, we evaluated the 
safety and feasibility of RATS thymectomy in comparison 
with VATS thymectomy to explore the more appropri-
ate approach for the treatment of large thymic epithelial 
tumors.

Methods
Patient collection
All the patients included in this research fit the following 
criteria: (1) pathologically confirmed thymoma or thymic 
carcinoma with maximal diameter ≥5.0  cm; (2) treated 
with VATS or RATS thymectomy, including conversion 
during mini-invasive surgery; and (3) complete medical 
records. Distant metastasis detected prior to surgery was 
considered the exclusion criterion. Finally, 113 consecu-
tive patients undergoing VATS or RATS thymectomy at 
Daping Hospital between January 2016 and June 2022 

were included (Fig. 1). Whether the VATS or RATS thy-
mectomy was performed was mainly determined by 
patients’ decisions after being informed the advantages 
and disadvantages of these two approaches. Patients were 
grouped according to the surgical approach, RATS and 
VATS groups. The operations in this cohort were per-
formed by four different surgeons with a high level of 
homogeneity, each of them has more than 20 years clini-
cal experience. All the patients signed a written consent 
for RATS or VATS surgery. This study was approved by 
the Ethics Committee of Daping Hospital (Ratification 
No. 2023(101)). The need for patient consent was waived 
because of the retrospective nature of the study.

All patients underwent enhanced chest computed 
tomography (CT) to evaluate the tumor size, location and 
potential invasion of adjacent structures. Cardiac and 
pulmonary functions and the symptoms of myasthenia 
gravis (MG) were fully evaluated before the operation, 
and the results indicated that all patients were eligible 
for surgery. Patients included in the study were staged 
according to the Masaoka staging system and histo-
logic characteristics were confirmed based on the World 
Health Organization (WHO) classification.

Surgical procedures
For transthoracic operations were performed under gen-
eral anesthesia with double-lumen intubation, whereas 
subxiphoid approach was performed with single-lumen 
intubation. Asymptomatic thymomas were treated with 
thymectomy, aiming to completely remove the thymus 
and thymoma, while thymomas complicated with MG 
received extended thymectomy, including resection of 
the whole thymus, thymoma, anterior mediastinal fat and 
invaded adjacent structures. The principle of tumor-free 
manipulation was followed during all surgeries. Insuf-
flation with carbon dioxide ranging from 8 to 10 mmHg 
was performed to create an optimal operative view and 
more operating space during the surgical procedures.

The Da Vinci Si system (Intuitive Surgical, Inc., USA) 
was used to perform the robot-assisted thymectomies. 
For the transthoracic approach, patients were positioned 
in the 30° lateral position with a cushion placed under 
the torso. The RATS were approached from either the 
left or right chest based on the predominant laterality of 
the tumor through three-port method with one assistant 
port if necessary. The robotic endoscope was inserted in 
the mid-axillary line in the 5th intercostal space, and two 
8 mm working ports were placed at the 3rd and 4th inter-
costal spaces at the anterior axillary and mid-clavicular 
lines respectively. The assistant port was usually placed in 
the fourth intercostal space at the mid-axillary line. Most 
dissections during the RATS were performed with elec-
trocautery and bipolar forceps (Fig.  2). For subxiphoid 
approach, patients were supine on the operating table 
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with the dorsal elevated. A 3-port approach was com-
monly used with one potential assistant-port if necessary. 
A 1.5  cm vertical incision was made below the xiphoid 
to set the robotic endoscope. After dividing the rectus 
abdominis muscle, the retrosternal space was created by 
blunt finger dissection as previously described [9, 10]. 
Under the guidance of the finger, two additional robotic 
ports were placed below the bilateral costal arches at the 
mid-clavicular line. The potential assistant-port was usu-
ally placed in the 4th intercostal space at the mid-axillary 
line. Bilateral mediastinal pleura were opened during the 
operation, and the lower part of the sternum was slightly 
elevated by the camera arm as needed to widen the 
manipulation space. Electrocautery and bipolar forceps 
(Maryland) were also used.

The selection of surgical approach (transthoracic or 
subxiphoid approach) was based on the extent of tumor 
invasion of surrounding organs according to preoperative 
imaging examination, and the surgeons’ preferences.

For VATS thymectomy, the position during surgery, 
incision design and dissection were generally similar 
to those mentioned above in RATS. Notably, instead of 
bipolar forceps, ultrasonic dissector and electrocautery 
were used for resection.

For both VATS and RATS thymectomy, concomitant 
resection could be performed using endoscopic staplers 
when tumors invaded the lung, innominate vein, and 
even the superior vena cava. All specimens, including the 
thymus, thymoma and the surrounding adipose tissue, 
were removed using a retrieval bag through the assis-
tant port to minimize the risk of the tumor cell spread 
and seeding. For larger tumors, the incision was enlarged 
avoiding excessive squeezing during retrieval processes. 
After adequate hemostasis, one drainage tube (24Fr) was 
inserted into the mediastinum in most patients, espe-
cially in patients who underwent concomitant resec-
tion. Chest tubes were not placed after surgeries in some 
patients from both groups based on the enhanced recov-
ery after surgery (ERAS) protocol [11].

Postoperative management
Chest radiography was performed for the evaluation 
on the same day as surgery. Nonsteroidal anti-inflam-
matory drugs (NSAIDs), mainly flurbiprofen axetil and 
parecoxib, were commonly given after surgery to relieve 
perioperative pain and reduce the stress response. Post-
operative complications, including pulmonary inflam-
mation, pneumothorax, hemothorax, chylothorax and 

Fig. 1  Flowchart demonstrating patient inclusion and exclusion. RATS, Robot-assisted thoracoscopic surgery; VATS, Video-assisted thoracoscopic surgery
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myasthenia crises, were treated promptly and recorded 
in detail. The chest tube was removed from all patients 
when no air leak was observed and the production of 
pleural fluid was less than 200 mL per day.

Statistical analysis
All statistical tests were performed using SPSS software, 
version 22.0 (IBM, Chicago, IL, USA). The continuous 
data are described as medians and interquartile ranges 
(IQRs) or means with standard deviations (SD). The Wil-
coxon rank-sum test or LSD test (homogeneity of vari-
ance) was performed for comparisons between the two 
groups. Categorical variables are reported as counts and 
percentages of patients and were compared with the χ2 or 

Fisher’s exact test. The heterogeneity in baseline charac-
teristics between the two groups (RATS group vs. VATS 
group) was balanced by performing 1:1 propensity score 
matching with a caliper width of 0.05. Propensity scores 
were based on age, sex, the tumor size, WHO classifica-
tion, and Masaoka stage. P < 0.05 was considered statisti-
cally significant.

Results
Patient characteristics
The preoperative characteristics of the two groups of 
patients are shown in Table  1. Among the included 
patients, 63 underwent RATS, and 50 underwent VATS. 
The comorbidities of these patients mainly included 

Fig. 2  Robot-assisted thymectomy via right-side thoracic approach for a patient with large thymoma. (A) and (B) Preoperative computed tomographic 
scan of a 37-year old woman with a suspected thymoma (tumor size 4.1 × 5.3 × 6.5 cm). (C) The left innominate vein (red arrow) and superior vena cava 
were exposed clearly. (D) Intraoperative right thoracoscopic view of the left phrenic nerve (red arrow). (E) The thymoma was removed using a retrieval 
bag. (F) Surgical field after complete resection of the tumor
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hypertension, diabetes, coronary heart disease, chronic 
obstructive pulmonary disease and other conditions. 
The RATS group consisted of 44 men (69.84%), with a 
mean age of 49.48 ± 12.80 (range: 22 to 73) years, whereas 
the VATS group included more female patients (n = 29, 
58.00%, P = 0.003), and the mean age was 51.42 ± 10.48 
(range: 27 to 74, P = 0.388) years. Patients receiving RATS 
had a relatively larger tumor size than those in the VATS 
group (median 7.0 vs. 6.0 cm, P = 0.012). The distribution 
of the Masaoka stage between the two groups differed 
significantly (P = 0.048). No statistically significant dif-
ferences in body mass index, underlying diseases, anes-
thesiologists physical status classification (ASA class), 
the presence of MG, and histological classification were 
observed between the two groups. Furthermore, two 

patients (3.17%) in the RATS group and one patient 
(2.00%, P = 1.000) in the VATS group received preopera-
tive radiotherapy.

After PSM, the cohorts were narrowed to 35 patients in 
each group. All the baseline data, such as sex (P = 1.000), 
tumor size (P = 0.746), and the Masaoka stage (P = 0.439), 
were comparable between the two groups (Table  1). 
All further statistical analyses were performed on this 
population.

Comparisons of intra- and postoperative parameters
When analyzing the operative outcomes in the propen-
sity score-adjusted cohorts, we observed a statistically 
significant reduction in the operative time in RATS 
group (median: RATS, 110 vs. VATS, 130 min; P < 0.001). 

Table 1  Demographic characters of patients in the RATS and VATS group before and after 1:1 propensity score matching
Characteristics Before propensity score matching After propensity score matching

RATS group
(n = 63)

VATS group
(n = 50)

P Value RATS group 
(n = 35)

VATS group 
(n = 35)

P 
Value

Age (years) 49.48 ± 12.80 51.42 ± 10.48 0.388 50.97 ± 11.98 49.20 ± 9.62 0.497

Gender 0.003 1.000

Male 44 (69.84) 21 (42.00) 18 (51.43) 18 (51.43)

Female 19 (30.16) 29 (58.00) 17 (48.57) 17 (48.57)

BMI (Kg/m2) 23.43 ± 2.94 23.84 ± 3.05 0.474 23.23 ± 2.94 24.11 ± 3.22 0.238

Comorbidity (%) 0.943 0.962

Hypertension 7 (11.11) 8 (16.00) 6 (17.14) 4 (11.43)

Diabetes 2 (3.17) 2 (4.00) 2 (5.71) 1 (2.86)

Coronary heart disease 3 (4.76) 1 (2.00) 0 0

COPD 1 (1.59) 1 (2.00) 1 (2.86) 1 (2.86)

Others 4 (6.35) 4 (8.00) 3 (8.57) 3 (8.57)

ASA status class 0.455 1.000

I 32 (50.79) 29 (58.00) 19 (54.29) 20 (57.14)

II 31 (49.21) 21 (42.00) 16 (45.71) 15 (42.86)

III 0 0 0 0

Tumor size (cm), median (IQR) 7.0 (6.0, 9.0) 6.0 (5.5, 7.0) 0.012 7.0 (6.0, 7.5) 6.5 (5.6, 7.6) 0.746

Myasthenia Gravis, n (%) 13 (20.63) 8 (16.00) 0.529 4 (11.43) 7 (20.00) 0.513

WHO Classification, n (%) 0.235 0.428

A 10 (15.87) 5 (10.00) 7 (20.00) 3 (8.57)

AB 17 (26.98) 20 (40.00) 10 (28.57) 15(42.86)

B1 7 (11.11) 11 (22.00) 6 (17.14) 7 (20.00)

B2 20 (31.75) 11 (22.00) 11 (31.43) 7 (20.00)

B3 5 (7.94) 2 (4.00) 1 (2.86) 2 (5.71)

Thymic carcinoma 4 (6.35) 1 (2.00) 0 (0) 1 (2.86)

Masaoka Stage, n (%) 0.048 0.439

I 36 (57.14) 40 (80.00) 25 (71.43) 28 (80.00)

IIa 17 (26.98) 6 (12.00) 9 (25.71) 5 (14.29)

IIb 4 (6.35) 3 (6.00) 1 (2.86) 2 (5.71)

III 6 (9.53) 1 (2.00) 0 (0) 0 (0)

IV 0 (0) 0 (0) 0 (0) 0 (0)

Pre-operative treatment, n (%) 1.000 1.000

Yes 2 (3.17) 1 (2.00) 1 (2.86) 1 (2.86)

No 61 (96.83) 49 (98.00) 34 (97.14) 34 (97.14)
Abbreviations: BMI Body mass index, COPD Chronic obstructive pulmonary disease, ASA American Society of Anesthesiology, IQR interquartile range, RATS Robot-
assisted thoracoscopic surgery, VATS Video-assisted thoracoscopic surgery
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As shown in Table  2, the median operative blood loss 
during the RATS was 30.00 mL, compared to 100.00 mL 
during the VATS (P < 0.001). The mini-invasive lateral-
ity (P = 1.000) and complete resection rates (100.00% vs. 
100.00%; P = 1.000) were statistically similar between the 
RATS and VATS groups.

Notably, five patients in the VATS thymectomy group 
required conversion to open approaches, whereas none 
in the robotic group needed conversion, however, the dif-
ference was not statistically significant (0% vs. 14.29%, 
P = 0.054). Specifically, in one case, tumor invasion in the 
left pulmonary artery could not be excluded with tho-
racoscopy during surgery, and invasion of the phrenic 
nerve, pericardium, and left lung was also observed. 
After conversion to a sternotomy, the tumor was com-
pletely removed by resection with a segment of the left 
lung, part of the pericardium and the phrenic nerve. In 
two patients with suspected left innominate vein inva-
sion, we tried to dissect the plane between the tumor 
and the innominate vein under thoracoscopy but failed. 
Hence, sternotomies were performed to avoid unex-
pected major bleeding. Due to the large diameter of the 
tumors that interfered with safe dissection, the other two 
patients were converted to open procedures.

The concomitant en bloc resection of adjacent struc-
tures with the thymus in the matched population with 

thymic neoplasms was comparable in both groups 
(11.43% vs. 5.71%; P = 0.673). Four patients required con-
comitant resection in the robotic group, including one 
patient with pulmonary wedge resection, two patients 
in whom the left innominate vein and partial pericar-
dium were successfully resected and another patient 
with phrenic nerve, right lung and pericardium involve-
ment who underwent complete resection through RATS 
as well. Two patients needed concomitant resection 
in the VATS group: one patient with pulmonary wedge 
resection and another patient with pericardium, lung 
and phrenic nerve involvement who required elective 
conversion. Additionally, no significant difference in the 
percentages of chest tube placements between the two 
groups was observed (97.14% vs. 91.43%; P = 0.614).

No myasthenia crises or 30-day mortality occurred 
after surgery in either group. No significant differences 
were identified in the duration of chest tube use (median: 
3.00 vs. 3.00 days; P = 0.587), postoperative complica-
tions (2.86% vs. 5.71%; P = 1.000), or the duration of the 
postoperative hospital stay (median: 5.00 vs. 5.00 days; 
P = 0.141) between the two groups. However, compared 
with the VATS thymectomy group, patients in the RATS 
group had a larger pleural drainage volume after the 
operation (median: 575.00 vs. 400.00 ml; P = 0.013).

Table 2  Operative and post-operative outcomes of the matched RATS and VATS groups
Variables RATS group VATS group P-value

(n = 35) (n = 35)
Mini-invasive laterality, n (%) 1.000

Right side 18 (51.43) 17 (48.57)

Left side 13 (37.14) 13 (37.14)

Sub-xyphoid 4 (11.43) 5 (14.29)

Operative time (min), median (IQR) 110.00 (80.00, 125.00) 130.00 (100.00, 170.00) < 0.001

Intraoperative blood loss (ml), median (IQR) 30.00 (20.00, 50.00) 100.00 (30.00, 200.00) < 0.001

Conversion, n (%) 0 (0) 5 (14.29) 0.054

R0 resection, n (%) 35 (100.00) 35 (100.00) 1.000

Concomitant resection, n (%) 4 (11.43) 2 (5.71) 0.673

Lung 2 (5.71) 2 (5.71)

Pericardium 3 (8.57) 1 (2.86)

Innominate vein 2 (5.71) 0 (0)

Phrenic nerve 1 (2.86) 1 (2.86)

Without chest tube, n (%) 1 (2.86) 3 (8.57) 0.614

Duration of chest tube (days), median (IQR) 3.00 (2.00, 4.00) 3.00 (2.00, 4.00) 0.587

Total drainage volume (ml), median (IQR) 575.00 (400.00, 800.00) 400.00 (240.00, 630.00) 0.013

Post-operative complications, n (%) 1 (2.86) 2 (5.71) 1.000

Myasthenia crisis 0 (0) 0 (0)

Pneumonia 0 (0) 1 (2.86)

Pneumothorax 1 (2.86) 0 (0)

Hemothorax 0 (0) 1 (2.86)

Chylothorax 0 (0) 0 (0)

Hospital stay (days), median (IQR) 5.00 (4.00, 7.00) 5.00 (3.00, 6.00) 0.141

30-day mortality 0 (0) 0 (0)
Abbreviations: IQR interquartile range, RATS Robot-assisted thoracoscopic surgery, VATS Video-assisted thoracoscopic surgery
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Discussion
Although median sternotomy is still accepted as the 
standard treatment for thymic epithelial tumors, mini-
mally invasive resections, mainly including VATS and 
RATS thymectomy, are becoming increasingly popular 
in clinical practice due to their great advantages in terms 
of a significantly reduced blood loss, less postoperative 
pain and rapid recovery. Larger thymic epithelial tumors 
(≥5.0  cm) or tumors involving major vascular infiltra-
tion with a substantially increased operative risk were 
once considered an absolute limiting factor for mini-
mally invasive approaches [12, 13]. However, with the 
widespread adoption of the minimally invasive approach, 
several studies have reported that both VATS and RATS 
thymectomy are safe and effective approaches for large 
thymic epithelial tumors with comparable surgical and 
oncological results to open surgery [14, 15]. Furthermore, 
robotic surgery, which not only offers similar advantages 
but also overcomes the technical limitations of VATS 
thymectomy, has been regarded as a preferred approach 
in some studies [16]. However, due to the lack of com-
parison between the two approaches in the treatment 
of large thymic epithelial tumors, the choices of surgi-
cal approach have usually been based on the experience 
and preference of the surgeon and the patient’s willing-
ness thus far. Therefore, we designed the present study to 
explore the more appropriate approach for larger thymic 
epithelial tumors. To our knowledge, this study is the 
first to compare the perioperative outcomes of VATS and 
RATS thymectomy for the treatment of large thymic epi-
thelial tumors based on a propensity-matched analysis.

In the current study, we show that robotic thymectomy 
can achieve a similar complete surgical resection with 
free margins compared with a video-assisted procedure 
with comparable low postoperative complications and 
zero mortality. Although the robot set-up and docking 
time were included, a definite trend toward a reduction in 
the operative time was still easily observed in the robotic 
thymectomy group. Moreover, intra-operative blood loss 
volume shows more favorable result in the RATS group 
as well.

Consistent with previous studies, we defined a large 
thymic epithelial tumor as a tumor ≥ 5.0 cm in the current 
study [12, 14, 17]. The indicators of minimally invasive 
thymectomy (MIT) for a relatively large thymic epithe-
lial tumor remain controversial. Most of studies indicate 
that tumors with a diameter < 5.0  cm are oncologically 
safe and MIT is technically feasible [18]. Nonetheless, 
several investigators have performed MIT to treat large 
thymomas and documented that radical resection can be 
performed safely and effectively [15, 19]. In the present 
study, radical resection was performed on all patients, 
and intraoperative injury and perioperative mortal-
ity were not observed. Therefore, from our perspective, 

tumor size is not an absolute contraindication for MIT. In 
contrast, MIT, particularly the RATS thymectomy, may 
provide excellent visualization for exposing the bound-
ary between the tumor and healthy tissue, which is con-
venient for the resection of the invaded structures, even 
the great vessels. This result is similar to the study by 
Weng et al. which indicated that conversion to an open 
approach seems to mainly depend on tumor invasion to 
the great vessels regardless of the tumor size [14], and is 
consistent with our earlier study as well [20].

Although several studies have demonstrated that the 
VATS approach can achieve complete resection of large 
and advanced thymic epithelial tumors without conver-
sion, the comparatively higher conversion rates in the 
current study might indicate that some technical limits 
of conventional thoracoscopy exist during the dissec-
tion of larger anterior mediastinal tumors. In the two-
dimensional view of the operative field and under the 
physiologic hand tremor, the upper mediastinum with 
vulnerable large vessels and nerves becomes a delicate 
and difficult-to-dissect area [21]. Despite relatively pro-
ficient operation experience in thoracoscopic thymoma 
resection, surgeons can scarcely produce a fundamental 
change in these inherent limitations. By providing mag-
nified 3D vision, flexible and finer instrument control 
and a stable operating system, the robotic surgical system 
overcomes several technical limitations of conventional 
thoracoscopy and is advantageous in dissection of larger 
thymic epithelial tumors requiring combined resection 
of adjacent structures. In fact, these advantages, which 
enable a better evaluation of the boundary between the 
tumor and healthy tissue and facilitate a more precise 
and low-risk dissection, have significantly increased the 
safety and expanded the indications of thymectomy for 
thymoma. Importantly, we preferred attempting RATS 
thymectomy first for almost every patient with large thy-
mic epithelial tumors; however, an open approach would 
be decisively performed if complete resection could not 
be achieved during the operation, especially for patients 
with invasion of the aorta, pulmonary artery trunk, and 
atrium. Certainly, the initial robotic approach which 
helps surgeons dissect the thymoma and visualize areas 
of tumor invasion to facilitate subsequent open surgery 
should not be considered useless.

According to previous studies, the three main surgical 
approaches for thymoma include the unilateral thoracic 
cavity (left or right), bilateral thoracic cavity, and subxi-
phoid process. In the present study, the right-side tho-
racic approach was preferred in both groups, except for 
tumors located predominantly in the left mediastinum. 
Compared to the left-sided approach, the right-sided 
thoracic approach can be quite beneficial in avoid-
ing interference from the heart and the aortic arch, and 
the left innominate vein may be identified and followed 
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easily based on the visualization of the superior vena cava 
(SVC). Recently, several studies have documented the 
safety and feasibility of subxiphoid thymectomy for surgi-
cal resection of advanced thymic epithelial tumors, which 
allows the surgeon to visualize both phrenic nerves and 
reach high into the anterior mediastinum under direct 
vision [10, 22–24]. Since 2015, subxiphoid thymectomy 
has been gradually performed in our center, achieving 
comparable surgical and oncological results to transtho-
racic surgery. Sufficiently complete removal of the upper 
poles of the thymus in subxiphoid thymectomy has made 
it one of the routinely selected procedures for large thy-
mic epithelial tumors at present.

The potential merit of RATS thymectomy in terms of 
enhanced recovery after surgery has already been noted 
in patients with early-stage thymic epithelial tumors [25]. 
Ye et al. analyzed the perioperative outcomes of patients 
with Masaoka stage I thymoma and found that robotic 
thymectomy was associated with a significantly shorter 
duration of chest drainage; and a shorter length of hospi-
tal stay [26]. Similar results were reported by Qian et al. 
in their study comparing three approaches for the treat-
ment of early-stage thymomas [7]. However, our study 
showed that no difference in perioperative outcomes 
between patients who underwent RATS and those who 
underwent VATS. Even the total amount of postopera-
tive drainage in the VATS group was less than that in the 
RATS group. We speculated that the primary cause of 
the discrepancy was a consequence of the relatively high 
proportion of patients requiring concomitant resection 
in the RATS group in the current study, implicating a 
potential need for additional manipulations and intra-
operative dissections. In addition, omitting chest tube 
placement after surgery, which was more common in the 
VATS group, might be another contributing factor to this 
situation. Considering the higher rate of concomitant 
resection and relatively complex procedures performed 
in the RATS group, the similar postoperative parameters 
indicate that robotic thymectomy might have an advan-
tage over VATS in postoperative rehabilitation, although 
further research is needed to confirm that.

In the present study, the retrospective nature, limited 
number of patients and single institution constituted 
major limitations. Especially, the decisions to perform 
excision with the use of VATS or the robotic system 
were not random and might lead to the selection biases. 
Although PSM was performed to improve comparability 
between the two groups, the results might be affected by 
the smaller sample sizes and potential biases. In addition, 
the follow-up was confined to the perioperative period, 
it was still inadequate to allow a definitive conclusion 
on oncologic outcome. Therefore, multicenter and ran-
domized controlled studies comparing VATS and RATS 

thymectomy in patients with large thymic epithelial 
tumors are urgently warranted.

Conclusion
The present study revealed that robotic-assisted thymec-
tomy for large thymic epithelial tumors appears to be a 
safe and effective procedure. Due to advanced optics 
and precise instrument control, concomitant resections, 
particularly vascular resections can be easily achieved in 
patients with larger thymic epithelial tumors via a robotic 
approach, with equivalent perioperative results. Addi-
tional follow-up in future studies is required to evaluate 
the long-term oncological results of robotic thymectomy 
for thymic epithelial tumors.
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