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Introduction

Mediastinal masses account for approximately 3% of 
thoracic lesions (1). They are a heterogeneous group of 
lesions, which includes thymomas, bronchogenic cysts, 
neurogenic tumors, and thyroid tumors. Mediastinal tumors 
are derived from different germ layers, located in various 
positions of the thoracic cavity (2,3). For decades, median 

sternotomy, posterolateral thoracotomy, and hemi-clamshell 
sternotomy have been the preferred surgical approaches 
for resection of mediastinal masses (4); however, substantial 
surgical trauma and morbidity are associated with these 
open procedures.

With the recent widespread use of minimally invasive 
techniques, such as video-assisted thoracic surgery (VATS) 
and robot-assisted thoracic surgery (RATS), there has 
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been a progressive increase in the use of these techniques 
for excising mediastinal masses. VATS has been widely 
used for mediastinum tumor resection. VATS has been 
associated with shorter operation times, less intraoperative 
blood loss, less chest tube drainage, and shorter hospital 
stays than open procedures (5,6). These benefits have been 
reported for both conventional and single-port VATS 
(7-10). Despite the advantages of VATS, the technique 
is limited by suboptimal visualization and inflexible 
instruments.

In the past decade, robotic surgery has become 
increasingly used in the field of surgery. In 2001, Yoshino 
et al. reported the first successful application of the da 
Vinci robotic system for thymectomy (11). The three-
dimensional, high-definition view with up to 10 times image 
magnification, 7 degrees of freedom of surgical instruments, 
and filtration of physiologic hand tremors (12) with robotic 
systems are ideal for removing mediastinal tumors in a 
small space. A few studies have described the advantages of 
robotic technology for mediastinal tumors. Robotic systems 
provide easy access to the small mediastinal space and 
allow safe removal of mediastinal tumors, with less trauma, 
fewer complications, shorter postoperative stays, and faster 
recovery than open surgery (13,14).

Because of the diversity of mediastinal tumor locations, 
every treatment center has different perspectives regarding 
RATS for mediastinal masses, and no consensus has been 
reached. Many surgical methods and approaches have 
been described, including lateral decubitus, semi-lateral 
decubitus, and reverse Trendelenburg approaches (15-17).

Mediastinal mass resection with RATS has been 
performed in our institution since June 2015. In this report, 
we discuss our surgical plan and approach, which depend 
on the pathology and location of the mediastinal mass. We 
also present the short-term clinical outcomes of patients 
undergoing surgical resection of mediastinal tumors with 
the da Vinci robotic system at our institution.

Methods

We retrospectively analyzed data from 84 patients who 
underwent mediastinal mass resection with the robotic 
system in our hospital from June 2015 to April 2019. The 
main objective was to evaluate the feasibility and safety 
of RATS for mediastinal mass resection. The secondary 
objective was to describe the surgical approach for resection 
of mediastinal masses in different sites using the da Vinci 
system.

Preoperative evaluation

Before surgery, the location and size of the mass, as 
well as the extent of invasion into surrounding organs, 
were assessed by enhanced chest computed tomography 
(CT) to determine the surgical method and approach. 
Cardiopulmonary, liver, kidney, and coagulation function 
were also evaluated. Patients with thymoma were assessed 
for symptoms of myasthenia gravis; when present, medical 
therapy was optimized before surgery.

Surgical technique

All surgical procedures were performed by the same 
surgical team using the da Vinci S system (Surgical 
Intuitive, Mountain View, CA, USA) with three arms. The 
patients received combined intravenous and inhalational 
general anesthesia and were intubated with a single-lumen 
endotracheal tube. During all procedures, carbon dioxide gas 
was insufflated into the thoracic cavity through the camera 
trocar at a flow rate of 8 L/min and pressure of 8 mmHg.

The choice of surgical approach was determined by the 
location of the lesion and the planned extent of surgical 
resection. Patients with a mass in the posterior or superior 
mediastinum were positioned to elevate the operative side 
by 90 degrees (lateral decubitus position). If tumors in the 
anterior mediastinum had an intact capsule on CT scan, 
the intercostal approach with elevating the affected side by 
45 degrees (semi-lateral decubitus position) was selected. If 
an anterior mediastinal mass exhibited no obvious capsule 
on CT, or if a thymoma required bilateral thymic tissue 
dissection, the subxiphoid approach (reverse Trendelenburg 
position) was preferred.

At the start of the operation, the position of the assistant’s 
hole was marked, but usually the hole was not created unless 
the surgeon found it difficult to complete the surgery alone. 
After completing the resection, all specimens were removed 
with an Endoscopic bag (Maslech Medical Technology Co. 
Ltd., Jiangsu, China) through the camera trocar incision 
and sent for pathological examination. A single 20 Fr chest 
drainage tube was inserted in the thoracic cavity on the side 
of the surgical approach.

Intercostal approach

Anterior mediastinal lesions
Patients were placed in the semi-lateral position with 45 
degrees elevation of the side to be approached, with a 
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pad positioned beneath the chest. The ipsilateral arm was 
adducted and extended at the shoulder joint, moving the 
arm away from the surgical field. The robot (surgical cart) 
was docked from the ventral side (Figure 1). The camera 
trocar was first introduced in the fifth intercostal space on 
the midaxillary line. A zero-degree high-definition camera 
was used to visualize whether chest adhesions were present. 
One secondary trocar was inserted in the third intercostal 
space, and another trocar was placed in the fifth intercostal 

space on the anterior axillary line. A 12 mm trocar was 
placed as an auxiliary hole in the seventh intercostal space 
on the midaxillary line, when necessary. Careful dissection 
was accomplished using bipolar forceps (Surgical Intuitive, 
Mountain View, CA, USA) with the left arm and a cautery 
hook (Surgical Intuitive, Mountain View, CA, USA) with 
the right arm.

Superior and posterior mediastinal lesions
The patient was placed in a standard lateral decubitus position 
with 90 degrees elevation of the side to be approached. 
The robot was docked from the head side (Figure 2).  
The camera trocar was introduced at the ninth intercostal 
space on the midaxillary line. Two additional trocars were 
inserted, one in the sixth intercostal space on the anterior 
axillary region and another in the ninth intercostal space on 
the posterior axillary line. A 12 mm trocar was placed as an 
auxiliary hole in the eighth intercostal space on the anterior 
axillary line, when necessary. If the mass was located in the 
superior mediastinum, all trocars were positioned three 
intercostal spaces closer to the head. Grasping the specimen 
was usually performed using bipolar forceps with the left 
arm, and dissection and coagulation were performed using a 
cautery hook with the right arm.

Subxiphoid approach

Patients were placed in the reverse Trendelenburg position 
with 30 degrees of head elevation. The robot was docked 
from the head side (Figure 3). First, a 3 cm transverse 
incision was made below the xiphoid process, and the rectus 
abdominis was dissected from its attachment to the xiphoid 
process. The posterior aspect of the sternum was blindly 
detached using the finger. The camera port was inserted 
subxiphoid. Two additional trocars were inserted bilaterally 
below the costal arch. A cautery hook was used with the 
right arm, and bipolar forceps were used with the left arm. 
A chest tube was placed in the mediastinum through the 
lower hole of the xiphoid. If the mediastinal pleural was 
broken, the chest tube would be placed into the chest cavity 
through the hole under the rib arch.

Follow-up

Safety assessments included the identification of treatment-
related complications within 30 days of surgery. The 
complications were categorized according to the Clavien-
Dindo classification system (18).

Figure 1 Placement of trocars for surgery in the semi-lateral 
decubitus position. C, camera port; L, left arm port; R, right arm port.

Figure 2 Placement of trocars for surgery in the lateral decubitus 
position. C, camera port; L, left arm port; R, right arm port.
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Statistical analysis

Baseline and outcome data (patient age, sex, and comorbidities; 
operation time; conversion rate; intraoperative blood 
loss; chest tube drainage volume and duration of use; 
complications; hospital length of stay; and mortality) were 
collected and analyzed using descriptive statistics. The 
results were expressed as frequency, mean, and standard 
deviation. Statistical analysis was performed using SSPSS 
24.0 (IBM, Armonk, NY, USA).

Results

Patient characteristics 

Of the 84 patients who underwent RATS, 44 were 
male and 40 were female (Table 1). Their mean age was 
48.0±13.2 years, and their comorbidities were as follows: 
hypertension, 15 patients (18%); diabetes, 5 patients (6%), 
depression, 1 patient (1%); hyperlipidemia, 1 patient (1%); 
hyperthyroidism, 1 patient (1%); atrial fibrillation, 1 patient 
(1%); and previous malignant tumor, 5 patients (6%). The 
previous malignancies included breast cancer (2 patients; 
2%), thymoma (1 patient; 1%), cervical cancer (1 patient; 
1%), and melanoma (1 patient; 1%). The patient with a 
previous thymoma underwent RATS for recurrent tumor.

Perioperative outcomes

As shown in Table 2, no intraoperative complications 
occurred. In one patient, RATS was converted to open 
surgery because of a thymoma invading the surrounding 
organs (Masaoka-Koga stage 3a); it was difficult to 

completely remove the thymoma and thymic tissue with 
RATS in this case. Considering all patients, the mean 
tumor diameter was 5.03±2.46 cm, mean operating 
t ime was  91.86±56.42 min,  mean blood loss  was  
89.12±303.39 mL, mean total chest tube drainage was 
281.40±333.70 mL, mean duration of postoperative chest 
tube use was 1.83±0.93 days, and mean postoperative 
hospital stay was 3.62±7.52 days. 

No morta l i ty  occurred .  Morbid i ty  (grade  I I–
III complications according to the Clavien-Dindo 
classification) occurred in 3 patients (3%). A patient with 
hemangiolymphangioma developed a lymphatic fistula 

Figure 3 Placement of trocars for surgery in the reverse 
Trendelenburg position. C, camera port; L, left arm port; R, right 
arm port.

Table 1 Patient characteristics

Variables Value

Sex, male/female 44/40

Age, years 48.0±13.2

Height, cm 166.67±8.41

Weight, kg 66.83±11.23

BMI, kg/m2 23.93±2.74

Smoking/non-smoking 13/71

Pulmonary function

FEV1, L 3.02±0.78

MVV, L 93.97±27.64

DLCO, mL·kPa-1·s-1 6.94±1.70

Comorbidities

Hypertension 15 [18]

Diabetes 5 [6]

Depression 1 [1]

Hyperlipidemia 1 [1]

Hyperthyroidism 1 [1]

Atrial fibrillation 1 [1]

Previous malignancy 

Breast cancer 2 [2]

Thymoma 1 [1]

Cervical carcinoma 1 [1]

Melanoma 1 [1]

Data are number, number (percentage), or mean ± standard 
deviation. BMI, body mass index; DLCO, diffusing capacity for 
carbon monoxide; FEV1, forced expiratory volume in 1 sec; MVV, 
maximum voluntary ventilation.
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postoperatively, which was treated successfully with 
reoperation. This patient required hospitalization for 
73 days. Two additional patients, one with a pulmonary 
infection and one with atrial fibrillation, were treated 
successfully with medications.

Surgical position and approach

As mentioned in Methods, the surgical approach was 
determined by the location of the lesion and the planned 
extent of surgical resection in our institution. Of the 84 
operations, 29 were performed in the lateral decubitus 
position, 42 in the semi-lateral decubitus position, and 
13 in the reverse Trendelenburg position (Table 3). 

The mean operation time was shortest in the lateral 
position (86.03±70.23 min) and longest in the reverse 
Trendelenburg position (107.45±27.18 min). However, 
the differences among these groups were not statistically 
significant. Moreover, mean blood loss was highest in the 
lateral decubitus position (143.59±513.36 mL), while in 
the semi-lateral decubitus position it was similar to that 
in reverse Trendelenburg position. Mean total volume of 
chest tube drainage, duration of chest tube use, and length 
of postoperative hospital stay were similar in the three 
positions. Collectively, these perioperative outcomes were 
comparable among different surgical approaches.

Pathology data

On postoperative histological examination, the most 
common tumors were thymomas (17 patients; 20%), 
bronchogenic cysts (16 patients; 19%), and schwannomas 
(12 patients; 14%) (Table 4). Table 5 shows the World Health 
Organization (WHO) classes and Masaoka-Koga stages of 
the thymomas, as well as the associated comorbidities in 
patients with these tumors.

Discussion

With its advantages of high-definition, three-dimensional 
views, articulating endo-wristed instruments, and tremor-
filtering capabilities (19), robotic-assisted surgery has 
become popular. Since mediastinal mass resection via 
RATS was first reported (11,20), the technique has been 
increasingly used worldwide for a number of different types 
of mediastinal masses (21-24).

Table 2 Perioperative outcomes

Variables Value

Tumor diameter, cm 5.03±2.46

Total operation time, min 91.86±56.42

Intraoperative blood loss, mL 89.12±303.39

Volume of chest tube drainage, mL 281.40±333.70

Duration of chest tube use, days 1.83±0.93

Postoperative complications

Chylous fistula 1 [1]

Pulmonary infection 1 [1]

Atrial fibrillation 1 [1]

Duration of postoperative hospital stay, 
days

3.62±7.52

Data are number (percentage) or mean ± standard deviation.

Table 3 Outcomes according to operative position

Variables Lateral decubitus Semi-lateral decubitus  Reverse trendelenburg 

Number 29 (34.52) 42 (50.00) 13 (15.48)

Tumor diameter, cm 4.39±2.32 5.22±2.25 5.88±3.16

Total operation time, min 86.03±70.23 91.07±52.52 107.45±27.18

Intraoperative blood loss, mL 143.59±513.36 61.86±53.27 55.70±32.05

Volume of chest tube drainage, mL 257.54±233.73 307.81±417.39 249.34±206.31

Duration of chest tube use, days 1.74±0.98 1.96±1.00 1.60±0.49

Duration of postoperative hospital 
stay, days

2.72±1.03 4.50±10.58 2.76±0.92

Data are number (percentage) or mean ± standard deviation.
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Table 4 Surgical pathology results

Tumor Location Number of patients Percentage

Thymoma ANT 17 20

Bronchogenic cyst ANT-MID-POST 16 19

Schwannomas POST 12 14

Thymic cyst ANT 11 13

Thymic hyperplasia ANT 7 8

Struma aberranta SUP 4 5

Castleman disease POST 2 2

Thymic squamous cell carcinoma ANT 2 2

Mature teratoma MID 1 1

Poorly differentiated cancer (lung source) MID 1 1

Rosai-Dorfman disease ANT 1 1

Thyroid carcinoma ANT 1 1

Solitary fibroma POST 1 1

Myoepithelial carcinoma POST 1 1

Lymphatic cyst POST 1 1

Hodgkin lymphoma ANT 1 1

Ganglioneuroma POST 1 1

Neurofibroma POST 1 1

Mesothelial cyst SUP 1 1

Vascular tumor POST 1 1

Hemangiolymphangioma MID 1 1

Total – 84 100

ANT, anterior mediastinum; MID, middle mediastinum; POST, posterior mediastinum; SUP, superior mediastinum.

Our experience with 84 patients shows that robotic 
resection of mediastinal tumors is safe and feasible. 
RATS was successfully completed in all except one 
patient, who had a Masaoka-Koga stage 3a (and WHO 
class B3) thymoma. Conversion to open surgery because 
of intraoperative complications was not required in 
any patient. We achieved relatively good results for all 
outcomes, including intraoperative blood loss, operation 
time, postoperative complications, chest tube drainage and 
duration of use, and length of hospital stay. Savitt et al. (25) 
and Toker et al. (21) previously demonstrated the safety and 
effectiveness of robotic-assisted surgery of the mediastinum. 
Seong et al. reported that RATS resulted in excellent 
early clinical outcomes in patients with relatively small 
mediastinal masses, when compared with a matched group 

of patients undergoing open surgery (26).
Preoperative evaluation to determine the robotic 

approach is very important for successful surgery (27). In 
our experience, RATS is the most efficient and effective 
when the surgical approach is based on the anatomical 
location of the mediastinal tumor. The most common 
method of mediastinal anatomical division is the four-
compartment model, which divides the mediastinum into 
superior, anterior, middle, and posterior compartments (28). 
In our study, 21 different pathologic types of mediastinal 
masses were located in various mediastinal compartments, 
and we chose the appropriate approach based on location. 

For tumors in the posterior or superior mediastinum, the 
patient is placed in the standard lateral decubitus position; 
this results in the mass being located in line with the camera 
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and surgical cart. We used this approach for 29 masses, 
including 12 neurogenic tumors, 2 Castleman disease masses, 
3 thyroid tumors, and 12 other tumors. RATS is effective 
and safe for well-exposed neurogenic tumors (29), which 
contributed to our finding that the mean operation time was 
shortest in the lateral decubitus position. Broussard et al. 
also found that RATS was effective for posterior mediastinal 
pathology, when ideal trocar placement was used (17).

For tumors in the anterior or middle mediastinum, the 
patient is placed on the semi-lateral decubitus with 45 
degrees elevation. Lateral decubitus positioning for these 
tumors would result in a poor field of vision and hindrance 
of right arm movements by the heart. Other surgeons have 
reported using a semi-lateral position with the affected 
side elevated at 30 degrees for anterior mediastinal masses 
and a lateral decubitus position for posterior mediastinal 
lesions (16,30). For patients with thymoma who require 
thymectomy, we choose the subxiphoid approach, while 
for those who have encapsulated intact thymoma or other 
anterior mediastinal masses, we prefer the intercostal 

approach.  As some studies have demonstrated that 
patients with stage I–II without myasthenia gravis can be 
treated with thymomectomy (thymic tumor resection), or 
thymomectomy plus partial thymectomy (31-34).

Thymectomy is a unique procedure, which involves the 
removal of bilateral thymic tissue and fat. The subxiphoid 
approach is advantageous in thymectomy. The bilateral 
thymus tissue could be visible more clearly, that would help 
surgeons to achieve a complete resection of the tumor and 
thymus. However, we need to establish a space under the 
xiphoid to allow the camera and instruments to operate, 
whereas the intercostal approach can use the natural space of 
the chest cavity. Robotic thymectomy has been reported to 
be feasible and safe (35,36). Our study included 10 patients 
with thymoma or thymic hyperplasia, two patients with a 
cyst mistaken for thymoma, and one patient with lymphoma 
in the thymic area. Although a needle biopsy was performed 
preoperatively, the lymphoma was misdiagnosed as thymoma 
because of the small tissue sample. Thymoma resection 
can be performed in either the semi-lateral decubitus or 

Table 5 WHO class and Masaoka-Koga stage of 17 thymomas and associated comorbidities

Variables Number of cases Percentage

WHO class

A 2 2

AB 6 7

B1 2 2

B2 3 4

B3 3 4

Metaplastic thymoma 1 1

Masaoka-Koga stage

1 8 10

2a 3 4

2b 5 6

3a 1 1

Comorbidities

Myasthenia gravis 1 1

Osserman I 1 1

Osserman IIa 1 1

Sjogren syndrome 1 1

Pyoderma gangrenosum 1 1

WHO, World Health Organization.
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reverse Trendelenburg position. In our center, we initially 
performed robotic thymectomy in the semi-lateral decubitus 
position. However, after one patient required conversion to 
open thoracotomy because of unsatisfactory tumor exposure, 
we changed to using the subxiphoid approach in the reverse 
Trendelenburg position. The subxiphoid approach has 
been used by others for thymectomy to provide better 
visualization (37-39). With clearer exposure of the bilateral 
thymus tissue, it is much easier to achieve a complete 
resection of the tumor and thymus. Furthermore, if a thymic 
tumor cannot be removed by RATS in this position, the 
operation can be easily converted to a median sternotomy. 
Radkani et al. reported that RATS is feasible for mediastinal 
tumors in various mediastinal compartments (15).

Our study had some limitations. As a retrospective study, 
it was susceptible to selection bias. In addition, the number 
of patients was relatively small. Furthermore, we did not 
compare different approaches for tumors located in the 
same region, so we were unable to definitively demonstrate 
the superiority of surgical approach selection based on 
mediastinal anatomy. Different surgical approaches will be 
compared in future studies.

In conclusion, experience at our center demonstrated that 
different surgical approaches of RATS are safe and feasible 
for mediastinal masses. We suggest that the appropriate 
surgical approach—lateral decubitus, semi-lateral decubitus, 
or reverse Trendelenburg—can be based on the anatomical 
location of the mass within the mediastinum.
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