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Background: This aim of this study was to compare three approaches of extended thymectomy for the 
treatment of early-stage thymomas, which included robot-assisted thoracic surgery (RATS), video-assisted 
thoracic surgery (VATS), and median sternotomy (MS) perioperative parameters.
Methods: A retrospective study was conducted on 123 patients with early stage thymomas at Shanghai 
Chest Hospital who underwent extended thymectomy between February 2009 and August 2014. Among 
them, MS was performed on 37 patients, VATS was performed on 35 patients, and RATS was performed 
on 51 patients. A series of outcome measures were compared between these three approaches, including 
operative time, intra-operative blood loss volume, occurrence of intra-operative complications, post-
operative pleural drainage duration, post-operative pleural drainage volume, duration of hospital stay, and 
the incidence of post-operative complications.
Results: A series of intra- and post-operative parameters showed significant differences in intra-operative 
blood loss volume, mean post-operative pleural drainage duration, pleural drainage volume and mean 
duration of hospital stay. For these parameters, during further analysis, significant differences were also 
demonstrated for comparisons between any two groups. RATS reduces the post-operative drainage duration 
and volume (2.88 vs. 3.77 and 4.41 days, P<0.05; 352.2 vs. 613.9 and 980 mL, P<0.05) and the hospital 
stay versus the MS and VATS groups (4.3 vs. 5.5 and 6.6 days). Three patients experienced post-operative 
complications in the MS group, and no post-operative complications occurred in the RATS or VATS group.
Conclusions: RATS and VATS both appear feasible and safe for the resection of early-stage thymomas as 
compared to MS. RATS is less invasive than VATS with a shorter post-operative pleural drainage duration 
time, a reduced drainage volume, and a shorter hospital stay.
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Introduction

Thymomas originate in the thymus tissue, mainly located 
in the anterior mediastinum, comprising 20–30% of 
mediastinal masses in adults (1). The growth is mainly 
local and might be associated with metastases to the 
pleura, pericardium, or diaphragm. Distant metastases 
are rare (2). Extended thymectomy has been used as the  
standard surgical treatment for thymomas, which involves 
en bloc resection of the thymus and anterior mediastinal fat 
tissue. Thymectomy can be achieved by median sternotomy 
or video-assisted thoracic surgery (VATS) (3,4). However, 
there have been controversies in regards to the feasibility of 
complete dissection and possibility for future tumor seeding 
with VATS (5). Over the last few decades, the da Vinci 
surgical system has been extensively used in the surgical 
field, including, but not limited to cardiac and general 
surgeries (6,7). However, the literature pertaining to 
extended thymectomy with this robot-assisted technology 
(RATS) is limited, and very few studies have compared the 
outcomes achieved with VATS or RATS to those achieved 
with traditional MS.

Here, we retrospectively reviewed patients with early-
stage thymomas who had undergone MS, VATS, or RATS 
in our hospital, comparing perioperative parameters (e.g., 
operative time, blood loss, and pleural drainage duration) 
and patient prognosis during follow-up to explore the 
most appropriate approach for the treatment of early-stage 
thymomas.

Methods

Patients

In this retrospective study, we reviewed 123 patients with 
Masaoka stage I and II thymomas (39 stage I, 84 stage II) 
who had undergone extended thymectomy at the Shanghai 
Chest Hospital between February 2009 and August 2014. 
RATS was performed on 51 patients, VATS was performed 
on 35 patients, and MS was performed on 37 patients. The 
type of procedure each patient underwent was selected 
by the patient. Cardio-respiratory function tests were 
performed for all patients, indicating that all were eligible 
for surgery. In addition, there were no distant metastases 
in any patient. Patients who underwent palliative surgery 
or did not undergo resection of the fat tissue were not 
included.

The demographic data, the presence of MG, tumor size, 

tumor staging, surgical approach, and adjuvant treatment 
were recorded. Tumor staging was set according to the 
Masaoka staging system (8); only patients with stages I and 
II tumors were included. In addition, the RATS, VATS, and 
MS groups were compared in terms of operative time, intra-
operative blood loss volume, intra-operative complications, 
post-operative pleural drainage duration, post-operative 
pleural drainage volume, duration of hospital stay, and post-
operative complications. Moreover, docking time (time 
period required for surgical cart placement and robotic arm 
positioning), and mortality were recorded.

Follow-up was made every 3 months for the first  
6 months using chest CT (a total of twice). Afterwards, 
chest CT was performed every 6 months for a year (a total 
of twice), and then followed by the frequency of a CT once 
a year. The study was approved by Shanghai Chest Hospital 
Affiliated Shanghai Jiao tong University ethics committee 
[No. KS(P)1708].

Surgical technique

For all three groups, patients underwent an extended 
thymectomy, as described by Masaoka (9), under general 
anesthesia with double lumen intubation; an en bloc 
resection of the anterior mediastinal fat tissue, including 
the thymus, was performed. Dissection was performed 
bluntly from the pericardium and pleura. The adipose 
tissues around the upper poles of the thymus, around 
both brachiocephalic veins, and on the pericardium, were 
resected meticulously. If necessary, the pleural cavity was 
entered. The borders of resection were the diaphragm, 
caudally, the thyroid gland, cranially, and the phrenic 
nerves, laterally.

For MS (the traditional approach), the patient was placed 
in a supine position. After cutting the skin and subcutane-
ous tissue, the sternum was split.

For VATS, the patient was propped at 30–45 degrees in 
a semi-supine position. Generally, a right-sided approach 
was adopted. In the case of a left-sided thymoma, a left-sid-
ed approach can be adopted. A 3-port approach was used, 
with one observation port and two main operation ports. 
An observation port of 0.5–1 cm was made typically in the 
6th intercostal space, at the anterior axillary line. This port 
was primarily used for placing the trocar lens of the thora-
coscope into the thoracic cavity, and reserved for the place-
ment of the upper chest tube. Two main operation ports 
were placed in the 5th intercostal space, at the midclavicular 
line, and in the 3rd intercostal space, at the anterior axillary 
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line. An ultra-sonic dissector was used for resection.
For RATS, the Da Vinci® Surgical System was used 

to perform the extended thymectomy, which consists 
of several key components, including the following: an  
ergonomically designed console where the surgeon sits 
while operating, a patient-side cart where the patient lays 
during surgery, four interactive robotic arms, a high-definition 
3D vision system, and proprietary EndoWrist® instruments. 
Da Vinci is powered by state-of-the-art robotic technology 
that allows the surgeon’s hand movements to be scaled, 
filtered, and translated into precise movements of the 
EndoWrist instruments working inside the patient’s  
body (Table 1).

The robot was docked first. The incision sites were the 
same as those used for VATS. The robotic endoscope was 
inserted in the 6th intercostal space, at an anterior axillary 
line for observation, and two robotic instrument arms were 
placed at the midclavicular line in the 5th intercostal space 
and at an anterior axillary line in the 3rd intercostal space. 
Cadiere forceps (EndoWrist®; Intuitive Surgical, USA) and 
a harmonic scalpel (HARMONIC® Ultra-Sonic Curved 
Shears and Blades; Ethicon Endo-Surgery, Inc., USA) were 
attached to the two instrument arms.

For VATS and RATS, the specimen was removed safely 
in a plastic retrieval bag, and then pulled out of the thoracic 
cavity. The surgical area was flushed with sterile distilled 
water repeatedly. For all three approaches, one chest tube 
(F32) was placed at the end of the operation. For patients 
with MG, treatment with pyridostigmine bromide and  
hormones was required to control symptoms. We measured 
operative time, intra-operative blood loss, post-operative 
pleura drainage duration and volume, and the length of 
the hospital stay; all the measurements were compared  
statistically.

Statistical analysis

Statistical analysis was performed using SAS version 9.2. 
For continuous variables, if a normal distribution and 
homogeneity of variance were assumed, analysis of variance 
(ANOVA) was performed. If not, a Kruskal Wallis test 
was performed for comparisons among the three groups. 
For comparisons between any two groups, the LSD test 
(homogeneity of variance) and Wilcoxon rank-sum test 
was performed. For categorical variables, Fisher’s exact test 
was used. P<0.05 was considered statistically significant. 
Comparisons were made for the three approaches in terms 
of patient characteristics and a series of intra- and post-

operative parameters.

Results

Patient characteristics

In the present patient cohort, 51 patients underwent RATS, 
35 underwent VATS, and 37 underwent MS. The mean 
age was 48.76 years old (range, 20–77 years) for RATS,  
50.29 years old (range, 22–76 years) for VATS, and  
46.76 years old (range, 14–67 years) for MS. There were 
no statistically significant differences among the three 
groups as far as patient characteristics, including tumor 
stage distribution, mean age, gender distribution, presence 
of MG, mean tumor size, and histological classification. No 
patients received adjuvant radiotherapy in any of the three 
groups. This detailed information is summarized in Table 1.

Comparisons of intra- and post-operative parameters

There were no deaths in any of the three groups, and no 
conversion to MS occurred in the RATS or VATS groups. 
The difference in mean operative time was not significantly 
different between the RATS, VATS, and MS groups. Under 
further analysis, operative time (not including the robot 
set-up time) was shorter for RATS compared to MS (71.2 
vs. 88.5, P=0.044; not including the set-up time of RATS). 
All other parameters showed significant differences, which 
included intra-operative blood loss volume (77.5, 127.14, 
and 246.0 mL for RATS, VATS, and MS respectively, 
P<0.001), mean post-operative pleural drainage duration 
(2.9, 3.8, and 4.4 days, respectively, P<0.001), pleural 
drainage volume (352.2, 613.9, and 980.0 mL, respectively, 
P<0.001) and mean duration of hospital stay (4.3, 5.5, and 
6.6 days, respectively, P<0.001) (Table 2). For parameters 
with significant differences among the three groups, some 
significance was also demonstrated when comparing two 
groups for parameters, such as operation time (RATS vs. 
MS, P=0.044), intra-operative blood loss volume (RATS 
vs. MS, P=0.008), post-operative pleural drainage duration 
(RATS vs. VATS, P<0.003; RATS vs. MS, P<0.001; VATS 
vs. MS, P=0.010), pleural drainage volume (RATS vs. 
VATS, P<0.001; RATS vs. MS, P<0.001; VATS vs. MS, 
P=0.008) and duration of hospital stay (RATS vs. VATS, 
P<0.001; RATS vs. MS, P<0.001; VATS vs. MS, P<0.001). 
According to these results, we can see that these parameters 
indicated that the outcomes of RATS were more favorable 
compared to VATS and MS, while outcomes for VATS were  
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favorable to MS.
The percentages of patients with intra-operative 

complications were 3.9%, 5.4%, and 5.7% for RATS, 
MS, and VATS, respectively, including hemorrhage due 
to pleural adhesions in two patients in the RATS group, 
hemorrhage during operation in two patients in the MS 
and one patient in VATS group. Three patients (8.1%) had 
post-operative complications in the MS group, one with 

arrhythmia (atrial fibrillation), one with post-operative 
bleeding, and one with a pulmonary infection. The patient 
with arrhythmia returned to normal with amiodarone 
treatment. We provided nutrition support to the patient 
with bleeding, and the pleura drainage became normal in 
the second day. No blood transfusion was performed. The 
patient with pneumonia was cured after 1 week of antibiotic 
treatment. No post-operative complications occurred 

Table 1 Patient characteristics

Parameters RATS (N=51) VATS (N=35) MS (N=37) Total (N=123) P

Age (years)

Mean (SD) 48.8 (13.3) 50.3 (13.1) 46.8 (13.7) 48.6 (13.3) 0.533*

Median 49.0 51.0 48.0 49.0

Min, Max 20, 77 22, 76 14, 67 14, 77

Gender, n (%)

Female 30 (58.8) 16 (45.7) 22 (59.5) 68 (55.3) 0.438+

Male 21 (41.2) 19 (54.3) 15 (40.5) 55 (44.7)

Myasthenia gravis, n (%)

Yes 4 (7.8) 1 (2.9) 5 (13.5) 10 (8.1) 0.263++

No 47 (92.2) 34 (97.1) 32 (86.5) 113 (91.9)

Tumour size$

Mean (SD) 3.8 (1.1) 3.9 (1.1) 4.2 (1.1) 3.9 (1.1) 0.172*

Median 4.00 4.00 4.00 4.00

Min, Max 2.0, 7.5 2.0, 6.0 2.0, 7.0 2.0, 7.5

Masaoka stage, n (%)

I 19 (37.3) 10 (28.6) 10 (27.0) 39 (31.7) 0.423+

IIa 21 (41.2) 14 (40.0) 12 (32.4) 47 (38.2)

IIb 11 (21.6) 11 (31.4) 15 (40.5) 37 (30.1)

**Histological classification

A 10 (19.6) 4 (11.4) 4 (13.0) 18 (14.6) 0.559++

AB 14 (27.5) 15 (42.9) 15 (40.5) 44 (35.8)

B 1 (2.0) 0 0 1 (0.8)

B1 12 (23.5) 7 (20.0) 8 (21.6) 27 (22.0)

B2 11 (21.6) 5 (14.3) 3 (8.1) 19 (15.4)

B3 2 (3.9) 3 (8.6) 5 (13.5) 10 (8.1)

C 1 (2.0) 1 (2.9) 2 (5.4) 4 (3.3)

P<0.05 is considered statistically significant. *, analysis of variance (ANOVA); +, Chi-square test; ++, Fisher’s exact test; $, maximal diameter 
was provided; **histological classification, histological typing of lung and pleural tumours set by WHO in 1999 (10). RATS, robot-assisted 
thoracic surgery; VATS, video-assisted thoracic surgery; MS, median sternotomy.
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Table 2 Intra- and post-operative parameters

Index
Datasets

P
RATS (N=51) VATS (N=35) MS (N=37) Total (N=123)

Operative time (min) 0.131+

Mean (SD) 71.2 (39.8) 79.1 (41.0) 88.5 (37.6) 78.7 (39.8)

Median 64.0 70.0 78.0 68.00

Min, Max 32, 300 41, 221 45, 242 32, 300

Comparison between 2 groups

RATS vs. VATS 0.361§

RATS vs. MS 0.044§

VATS vs. MS 0.316§

Total operative time (min) 0.223+

Mean (SD) 95.2 (45.2) 79.1 (41.0) 88.5 (37.6) 88.6 (42.0)

Median 84.0 70.0 78.0 78.00

Min, Max 49, 342 41, 221 45, 242 41, 342

Comparison between 2 groups

RATS vs. VATS 0.084§

RATS vs. MS 0.463§

VATS vs. MS 0.344§

Intra-operative blood loss amounts (mL) <0.001#

Mean (SD) 77.5 (69.5) 127.1 (115.2) 246.0 (316.5) 142.3 (200.8)

Median 50.0 100.0 200.0 100.0

Min, Max 50, 500 50, 600 100, 2,000 50, 2,000

Comparison between 2 groups 

RATS vs. VATS 0.068§

RATS vs. MS 0.008§

VATS vs. MS 0.093§

Post-operative pleural drainage duration 
(days)

<0.001#

Mean (SD) 2.9 (0.8) 3.8 (1.1) 4.4 (1.1) 3.6 (1.2)

Median 3.0 4.0 4.0 3.0

Min, Max 2, 6 2, 7 3, 8 2, 8

Comparison between 2 groups 

RATS vs. VATS <0.001§

RATS vs. MS <0.001§

VATS vs. MS 0.008§

Table 2 (continued)
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Table 2 (continued)

Index
Datasets

P
RATS (N=51) VATS (N=35) MS (N=37) Total (N=123)

Pleural drainage volume (mL) <0.001#

Mean (SD) 352.2 (193.4) 613.9 (402.9) 980.00 (612.5) 615.9 (490.2)

Median 300.0 490.0 680.0 470.0

Min, Max 65, 1,100 245, 1,880 325, 2,720 65, 2,720

Comparison between 2 groups 

RATS vs. VATS <0.003§

RATS vs. MS <0.001§

VATS vs. MS 0.010§

Duration of hospital stay (days) <0.001#

Mean (SD) 4.3 (1.1) 5.5 (1.2) 6.6 (1.4) 5.3 (1.6)

Median 4.0 5.0 7.0 5.0

Min, Max 3, 8 4, 8 4, 10 3, 10

Comparison between 2 groups 

RATS vs. VATS <0.001§

RATS vs. MS <0.001§

VATS vs. MS <0.001§

P<0.05 is considered statistically significant. +, analysis of variance (ANOVA), #, Kruskal Wallis test; §, test between any two groups by LSD 
(homogeneity of variances) or Wilcoxon rank-sum test. RATS, robot-assisted thoracic surgery; VATS, video-assisted thoracic surgery; MS, 
median sternotomy.

in the VATS & RATS group. No statistically significant 
differences occurred between groups in terms of intra-
operative complications as determined by Fisher’s exact 
tests (P=1.00, P>0.05). All complications were Grade 2 in 
the Clavien-Dindo system.

For the RATS group, the operative and the robot set-
up time curve was presented (Figure 1). The abscissa axis 
represents 51 patients in the RATS group in chronological 
order. The longitudinal axis represents operative and 
docking time. As the number of patients increased, both 
robot set-up time and operative time declined. An operative 
time of 300 minutes occurred in a case with hemorrhage 
due to pleural adhesions. The mean follow-up periods for 
RATS, VATS and MS were 420.9±469.1, 701.3±381.95, and 
818.3±592.5 days, respectively. During these periods, all 
patients survived without recurrence.

Discussion

Thymoma is a rare epithelia neoplasm of the thymus gland, 

and it is the most common tumor of the anterior superior 
mediastinum, comprising 20–30% of mediastinal masses 
in adults (1). With the advantages of minimal invasiveness 
and rapid recovery, VATS has been adopted more often 
in recent years to treat early-stage thymomas. In the early 
1990s, Roviaro (11) reported on video-assisted thymectomy. 
Comparing VATS and MS for the treatment of MG, it has 
been shown that VATS is typically associated with reduced 
blood loss and a shorter operative time and hospital stay, 
while VATS may also lower the incidence rate of post-
operative complications by reducing tissue damage, post-
operative pain, and the risk of infection (12,13). When 
comparing RATS (the newest MG surgical therapy) and 
MS for the treatment of MG, it has been demonstrated 
that RATS has favorable outcomes in terms of surgical 
complications and hospital stay (14).

To date, most published studies have compared 
between MS and VATS or between MS and RATS without 
comparing among the three surgical techniques. In addition, 
MS is typically recommended for early-stage thymomas, 
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often instead of RATS. To our knowledge, this is the first 
study to compare these three approaches for the treatment 
of thymomas. Moreover, for the treatment of early-stage, 
especially stage II thymomas, robotic-assisted surgeries 
are performed much less frequently in Mainland China 
compared to Western countries. Our hospital performed 
the first robot-assisted thoracic surgery in Mainland China. 
The differences between three techniques were summarized 
in Table 3.

According to the results of this study, intra-operative 
blood loss volume, mean post-operative pleural drainage 
duration, pleural drainage volume, and the mean duration 
of hospital stay show more favorable results in the RATS 
group versus the VATS or MS group (all with P<0.05). 
Furthermore, outcomes were more favorable in the VATS 
compared to the MS group (all with P<0.05). These results 
are consistent with other studies. A recent comparative 
study (15) of robot-assisted thymectomy versus trans-
sternal thymectomy in patients undergoing extended 
thymectomy demonstrated that intra-operative blood loss 
was significantly higher in the trans-sternal group (151.4 vs.  
41.7 mL, P=0.01).  There were 20 post-operative 
complications and 1 post-operative death in the trans-
sternal group and 1 post-operative complication in the 
robot-assisted group (P=0.001). The duration of hospital 
stay was 4 days (range, 2–27 days) in the trans-sternal 
group and 1 day (range, 1–7 days) in the robot-assisted 
group (P=0.002). In our study, intra-operative blood loss 
and duration of hospital stay showed more favorable 

outcomes in the RATS compared to the MS group (77.5 vs.  
246.0 mL, P<0.001 and 4.3 vs.  6.6 days, P<0.001, 
respectively). Moreover, three patients (8.1%) had post-
operative complications in the MS group compared to none 
(0.0%) in the RATS group. Another recent comparative 
study (16) of VATS versus RATS during the surgical 
treatment of Masaoka stage I thymomas showed that the 
post-operative hospital stay was significantly shorter in 
the RATS group (3.7 vs. 6.7 days; P<0.01), and the post-
operative pleural drainage volume in the RATS group was 
significantly less than in the VATS group. In our study, 
the duration of hospital stay and post-operative pleural 
drainage volume were also more favorable in the RATS 
versus the VATS group (4.3 vs. 5.5 days respectively, 
P<0.001; 352.2 vs. 613.9 mL respectively, P<0.003). The 
reason why post-operative pleura drainage was reduced in 
the RATS group may be due to the enhanced 3D vision; the 
console surgeon can see the detail more clearly than with 
2D VATS. Furthermore, the RATS incisions are smaller 
and less invasive than VATS. In a single arm retrospective 
study of 14 patients undergoing robotic thymectomy for the 
treatment of early-stage thymomas (17), the total operative 
time was 139 min, which is longer than the average of  
95.2 min in our study; no intra-operative complications 
or death occurred in this study, compared to 1 patient 
(4.3%) with the complication of hemorrhage due to pleural 
adhesions in our study. Minor complications occurred in 
two patients (14.2%) in this study due to pleural effusion 
compared to no post-operative complications in the RATS 
group from our study. The mean hospital stay in this study 
was 4.0 days compared to 4.3 days in our study. As for the 
comparisons between the VATS group and MS group, our 
data were also consistent with published studies (18-20).

In terms of operative time, the total time (95.2 min) in 
the RATS group was greater than the MS (88.5 min) and 
VATS (79.1 min) groups, although this was not statistically 
significant (P=0.223). However, there was a trend towards 
decreased set-up time and operative time as the number 
of patients increased. Since robotic surgery is a new 
approach, it requires time for gaining skills and experience. 
In addition, one patient in the RATS group had excessive 
bleeding during the operation due to a pre-existing pleural 
adhesion, resulting in a much longer operative time  
(300 min). This value increased the average operative 
time for the RATS group. Ultimately, patients in the 
RATS group recovered faster under a minimally invasive 
procedure in terms of intra- and post-operative parameters, 
which was more favorable than the outcomes in the VATS 
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and MS groups.
The controversies surrounding minimally invasive 

surgeries mainly focus on the oncological concerns (possible 
breach of tumor capsule, risk of tumor seeding) (21). It 
has been reported that for the treatment of stage I and 
II thymomas, there were no significant differences in the 
5-year survival, 5-year recurrence-free survival (19), or mean 
survival time (4) between the VATS group and open surgery 
group. In addition, robots have more technical advantages 
with three-dimensional vision systems and multi-articulated 
instruments, which allows an open-like intervention, 
while robotic extended thymectomy has been shown to be 
feasible and safe (22,23). In a recent comparative study, no 
early recurrences were observed during the postoperative 
follow-up period of 17.5 months (range, 6–48 months) in 
the RATS group and 25.2 months (range, 6–48 months) in 
the VATS group (16). In our study, during the follow-up 
period (420.9±469.1, 701.3±556.9, and 818.3±592.5 days for 
RATS, RATS and MS, respectively), all patients survived 
without any recurrences. Hence, the application of RATS 
may be promising for the future treatment of stage I and 
II thymomas. However, due to the unpredictable nature of 
thymomas, a longer follow-up period is required to evaluate 
oncological outcomes. The present study also has other 
limitations, such as the retrospective, non-randomized 
design, and relatively small sample size. Further studies will 
be needed with a longer duration of follow-up visits and an 
expanded sample size.

Conclusions

To our knowledge, this is one of a small number of studies 
comparing three surgical approaches (RATS, MS, VATS) 
for the treatment of early stage thymomas. RATS and VATS 
appeared feasible and safe for the resection of such tumors. 

A series of intra- and post-operative parameters showed 
more favorable outcomes for RATS compared to VATS and 
VATS compared to MS. Oncological outcomes appeared 
equal among the three groups, but a longer follow-up 
period is required.
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