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INTRODUCTION

Complete surgical resection is a standard and effective treat-
ment for anterior mediastinal tumors (AMTs).! The classic
surgical approaches are sternotomy, and anterolateral or pos-
terolateral thoracotomy.” Both sternotomy and thoracotomy
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Abstract

Background: The aim of this study was to evaluate the safety and effectiveness of
robot-assisted thymectomy (RAT) in large anterior mediastinal tumors (AMTs) (size
26 cm) compared with video-assisted thymectomy (VAT) and open surgery.
Methods: A total of 132 patients with large AMTs who underwent surgical re-
section from January 2016 to June 2022 were included in this study. A total of 61
patients underwent RAT, 36 patients underwent VAT and 35 patients underwent
open surgery. Perioperative outcomes were compared.

Results: There were no significant differences in tumor size (p = 0.141), or pathologi-
cal types (p = 0.903). Compared with the open group, the RAT and VAT groups were
associated with a shorter operation time (115.00 vs. 160.00, p = 0.012; 122.50 vs. 160.00,
p = 0.071), and less blood loss (50.00 vs. 200.00, p < 0.001; 50.00 vs. 200.00, p < 0.001),
respectively. The rate of conversion in the RAT group was similar to that in the VAT
group (6.56% vs. 13.89%, p = 0.229). Concomitant resection was less frequently per-
formed in the VAT group than in the RAT and open groups (5.56% vs. 31.15%,
p = 0.040; 5.56% vs. 31.43%, p = 0.006). VAT patients had a lower drainage volume
(365.00 vs. 700.00 and 910.00 mL, p < 0.001), shorter duration of chest tube (2.00
vs. 3.00 and 4.00, p < 0.001), and shorter hospital stay (5.00 vs. 6.00 and 7.00, p < 0.001)
than the RAT and open groups. There was no 30-day mortality in any group. No differ-
ence was seen in RO resection rates (p = 0.846). The postoperative complication rates
were similar among the three groups (p = 0.309). Total in-hospital costs (66493.90
vs. 33581.05 and 42876.40, p < 0.001) were significantly higher in the RAT group.
Conclusions: RAT is safe and effective for the resection of large AMTs compared to
VAT and open surgery. Vascular resection in RAT is technically feasible. A long-term
follow-up is required.
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can provide excellent surgical visualization and satisfying
manipulation space. However, open surgery has consider-
able morbidity, such as postoperative pain, blood loss, and
incisional wound infection.” Over the past few decades,
video-assisted thymectomy (VAT) has become the prefera-
ble approach for AMTs because of its better perioperative
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outcomes and oncological results versus open surgery.!
Robot-assisted thymectomy (RAT) has also been an alterna-
tive approach for AMT because of the advantages of
3D-magnified visualization and highly stable and mobile oper-
ating arms, which provide comparable surgical outcomes.”

A large AMT may narrow the retrosternal space and
invade adjacent structures such as the lung, pericardium,
phrenic nerve, and vessels. It requires the surgeon to be very
experienced and have superb skills to avoid incomplete
resection and tumor rupture. In the published literature, mini-
invasive approaches including RAT and VAT used for the
resection of large AMTs are rare. Very few studies have com-
pared the perioperative outcomes among RAT, VAT, and
open surgery.® In this study, we aimed to identify the safety
and effectiveness of RAT for the resection of large AMTs
(tumor size 26 cm) in comparison to VAT and open surgery.

METHODS
Patients

A total of 132 patients with AMTs 6 cm or larger that under-
went surgical resection at Daping Hospital from January 2016
to June 2022 were reviewed. A total of 61 patients underwent
robot-assisted thymectomy (RAT group), 36 patients underwent
video-assisted thymectomy (VAT group), and 35 patients
underwent open surgery (open group). Enhanced chest com-
puted tomography was used to assess tumor size, location, and
potential invasion of adjacent structures. Patients with myasthe-
nia gravis (MG) were assessed for symptoms. This retrospective
study was approved by the Ethics Committee of Army Medical
Center of PLA (Daping Hospital, Chongging City, China) on
August 24, 2022 (IRB: 2022 to 256).

Patient demographics, presence of MG, tumor size, his-
tology, adjuvant treatment, and the intraoperative (opera-
tion time, estimated blood loss, conversion, RO resection,
concomitant resection, and laterality), and postoperative
outcomes (total drainage volume, duration of chest tube,
hospital stay, complications, total in-hospital costs, and
30 days mortality were collected and analyzed).

Surgical technique

Mini-invasive surgery was performed under general anesthe-
sia with single-lumen bronchial intubation, whereas open sur-
gery was performed with double-lumen bronchial intubation.

Patients with MG underwent extended thymectomy with
tumor included, and patients without MG underwent classi-
cal thymectomy with tumor included.

Robot-assisted surgery

The Da Vanci Si system with four arms (Intuitive Surgical)
was used for the operation.

In the transthoracic approach patients were placed in
the 30° lateral position, the 3-port method was commonly
used and one assistant port wound was made if necessary. A
12 mm camera port was placed at the mid-axillary line in
the 5th intercostal space, and carbon dioxide (CO,) was
insufflated into the pleural cavity at a pressure of 8-10 mm
Hg. Two 8-mm working ports were placed in the 3rd and
4th intercostal spaces at the anterior axillary and mid-
clavicular lines. The assistant port was usually placed in the
4th intercostal space at the mid-axillary line. Electrocautery
and bipolar forceps (Maryland) were commonly used.

In the sub-xiphoid approach patients were placed in the
dorsal elevated position, the 3-port method was commonly
used and one assistant port wound was made if necessary. A
12-mm camera port was placed below the xiphoid process,
by using finger and sponge forceps from the port, the retro-
sternal space was enlarged blindly. CO, was insufflated into
the retrosternal space at a pressure of 8-10 mm Hg, and two
8-mm working ports were placed below the bilateral costal
arches at the mid-clavicular line. The assistant port was usu-
ally placed in the 4th intercostal space at the mid-axillary
line (right or left). Electrocautery and bipolar forceps
(Maryland) were also used. To enlarge the manipulation
space, bilateral mediastinal pleura were usually dissected,
and the lower part of sternum could be slightly elevated by
the camera arm. The procedure consisted of a complete
tumor resection including the whole thymus, mediastinal fat
and adjacent structures that had been invaded, following a
non-squeeze concept to avoid tumor rupture. An endo-
scopic stapler was used in concomitant resection of the
invaded lung, innominate vein and superior vena cava
(SVC) through the assistant port. The specimen was
removed in an endobag through a working port, and the
incision was enlarged if necessary. (Figure 1).

Video-assisted surgery

In VAT, the patient’s position and incision design were sim-
ilar to those in RAT. A harmonic scalpel replaced the bipo-
lar forceps and electrocautery and aspirator were used.

Open surgery

The operation was performed using thoracotomy (3rd or
4th intercostal incision), sternotomy or a hemi-Clamshell
incision. The non-squeeze policy was followed in tumor
resection.

Statistical analysis

Statistical analysis was performed using SPSS version 25.0.
The continuous data are described as the median and inter-
quartile range (IQR) or the mean with standard deviation
(SD). A Kruskal-Wallis test or ANOVA was performed for
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FIGURE 1 Robot-assisted thymectomy
via sub-xiphoid approach for a large and
advanced tumor combined resection of the
innominate vein, partial superior vena cava
(SVC) and lung. (a) The distal end of the
innominate vein was exposed. (b) The distal
end of the innominate vein was cut off with
an endoscopic stapler. (c) Partial resection of
the SVC with a stapler. (d) Sufficient
diameter of the SVC. (¢) Removal of the
invaded lung. (f) Surgical field after complete
resection of the tumor and invaded vital
structures.

comparisons among the three groups. The Wilcoxon
rank-sum test or LSD test (homogeneity of variance) was
performed for comparisons between any two groups. Cate-
gorical variables are displayed as patient counts and percent-
ages, and were compared using the x> or Fisher’s exact test.
Statistical significance was defined as a p value <0.05.

RESULTS
Patient and tumor characteristics

A total of 132 patients were included in this study. There
were no significant differences among the three groups in
age, sex, BMI, tumor size, presence of MG, pathological
type, or adjuvant treatment. Patient and tumor characteris-
tics are summarized in Table 1.

Intraoperative outcomes

The median operation time in the open group was signifi-
cantly longer than that in the RAT group (160.00 vs. 115.00,
p = 0.012), but similar to that in the VAT group (160.00
vs. 122.50, p = 0.071); however, there was no significant dif-
ference between the RAT group and the VAT group
(p = 1.000). The median estimated blood loss in both the

RAT group (50.00, p < 0.001) and the VAT group (50.00,
p < 0.001) was significantly less than that in the open group
(200.00), and there was no significant difference between the
RAT group and the VAT group (p = 0.881). The concomi-
tant resection rates in both the RAT group (31.15%,
p = 0.040) and the open group (31.43%, p = 0.006) were
significantly higher than those in the VAT group (5.56%),
but there was no significant difference between the RAT
group and the open group (p = 0.977). There were no sig-
nificant differences among the three groups in the RO re-
section rate (p = 0.846). The conversion rate (p = 0.229)
and mini-invasive laterality (p = 0.742) in the RAT group
were similar to those in the VAT group (Table 2).

Postoperative outcomes

There was no 30-day mortality. There were no significant
differences in postoperative complications among the three
groups. The median drainage volume in the VAT group was
significantly less than that in the RAT group (365.00
vs. 700.00, p = 0.003) and open group (365.00 vs. 910.00,
p <0.001); however, there was no significant difference
between the RAT group and open group (p = 0.726). The
duration of chest tube in both the RAT group (3.00,
p = 0.004) and the open group (4.00, p < 0.001) was signifi-
cantly longer than that in the VAT group (2.00), and there
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TABLE 1 Clinical pathological characteristics of the 132 patients with anterior mediastinal tumor
RAT group (n = 61) VAT group (n = 36) Open group (n = 35) p-value
Age (years), mean & SD 46.10 £ 14.10 47.60 £ 14.60 47.70 £ 16.30 0.468
Gender, no. (%) 0.447
Male 40 (65.57) 19 (52.78) 22 (62.86)
Female 21 (34.43) 17 (47.22) 13 (37.14)
BMI (kg/mz), mean + SD 23.01 £ 2.92 22.98 + 3.35 22.79 £ 4.18 0.384
Tumor size (cm), median (IQR) 8.00 (7.00, 9.90) 7.35 (6.58, 8.50) 8.00 (6.80, 10.50) 0.141
Myasthenia gravis, no. (%) 0.366
Yes 5 (8.20) 2 (5.56) 5 (14.29)
No 56 (91.80) 34 (94.44) 30 (85.71)
Pathological types, no. (%) 0.903
Thymic epithelial tumor 45 (73.77) 24 (66.67) 27 (77.14)
A 3 4 1
AB 14 7 8
Bl 5 6 5
B2 14 6 4
B3 4 1 5
C 5 0 4
Mature teratoma 8 (13.11) 6 (16.66) 4(11.43)
Other types 8 (13.11) 6 (16.66) 4(11.43)
Adjuvant treatment, no. (%) 0.245
Yes 1 (1.64) 0 (0) 2 (5.71)
No 60 (98.36) 36 (100) 33 (94.29)

Abbreviations: BMI, body mass index; IQR, interquartile range; RAT, robot-assisted thymectomy; VAT, video-assisted thymectomy.

was no significant difference between the RAT group and
the open group (p = 0.651). The hospital stay in the open
group was significantly longer than that in the VAT group
(7.00 vs. 5.00, p = 0.002), but similar to that in the RAT
group (7.00 vs. 6.00, p = 0.187). However, there was no sig-
nificant difference between the RAT group and the VAT
group (p = 0.157). The total in-hospital costs in the RAT
group were significantly higher than those in the VAT group
(66,493.90 vs. 33,581.05, p<0.001) and open group
(66,493.90 vs. 42,876.40, p < 0.001), whereas there was no
significant difference between the VAT group and open
group (p = 0.414) (Table 3).

DISCUSSION

Primary tumors of the anterior mediastinum account for
50% of all mediastinum masses, and the most frequent his-
tological types are thymoma, teratoma, lymphoma, and thy-
roid tumors,” which is consistent with the results shown in
our study. Standard treatment of AMTSs requires complete
surgical resection and necessary adjuvant therapy.*® The
limited retrosternal space and adjacent vital structures make
resection challenging for surgeons, especially for large
tumors. The traditional open approach for AMTs can pro-
vide excellent exposure of the surgical field, which is

convenient for combined resection and reconstruction of
invaded vital structures, satisfying safety and oncological
principles. In recent decades, VAT and RAT have been
adopted more often because of notable advantages, such as
shorter operation time,'®'" less estimated blood loss,'>"?
shorter duration of chest tube and hospital stay,'*'> lower
rate of postoperative complications, and comparable oncolog-
ical results.'®'” Tumor size has frequently been used to deter-
mine the surgical approach in patients with AMTs. Several
studies have demonstrated that RAT or VAT for large AMTs
can achieve comparable perioperative outcomes versus open
surgery. Kneuertz et al.° reported that RAT can be performed
safely and effectively in a radical fashion for large thymomas
(median size 6 cm). Weng et al."® demonstrated that VAT is
a safe and effective approach for large thymomas (=5 cm)
with comparable surgical outcomes and oncological results.
In our own center, tumor size is not the determining factor in
the choice of approach, and quite a few patients with larger
and more advanced AMT's underwent RAT.

To our knowledge, this is the first study to compare
these three approaches for the treatment of large AMTs
(26 cm). Our data showed a reduced operative time in RAT
versus open surgery (p = 0.012), which is comparable to
VAT (p = 0.071). Considering the robot setup and docking
time included in the calculation of operative time, RAT may
have the potential to be significantly faster than VAT. As
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RAT group (n = 61) VAT group (n = 36) Open group (n = 35) p-value

Operation time (min) 115.00 122.50 160.00 0.012
Median (IQR) (92.50, 145.00) (86.25, 170.00) 115.00, 190.00)

RAT vs. VAT 1.000

RAT vs. open 0.012

VAT vs. open 0.071
Estimated blood loss (ml) 50.00 50.00 200.00 0.000
Median (IQR) (25.00, 100.00) (30.00, 187.50) (100.00, 300.00)

RAT vs. VAT 0.881

RAT vs. open 0.000

VAT vs. open 0.000
Conversion, no. (%) 4 (6.56) 5(13.89) NA 0.229
RO resection, no. (%) 58 (95.08) 34 (94.44) 35 (100.00) 0.846
Concomitant resection, no. (%) 19 (31.15) 2 (5.56) 11 (31.43) 0.009

Lung 13 2 5

Pericardium 14 0 8

Innominate vein 8 0 1

Phrenic nerve 3 0 2

RAT vs. VAT 0.040

RAT vs. open 0.977

VAT vs. open 0.006
Open approach, no. (%)

Sternotomy NA NA 20 (57.14)

Thoracotomy NA NA 15 (42.86)
Mini-invasive laterality, no. (%) 0.742

Right side 34 (55.74) 18 (50.00) NA

Left side 20 (32.79) 12 (33.33) NA

Subxyphoid 7 (11.47) 6 (16.67) NA

Abbreviations: IQR, interquartile range; RAT, robot-assisted thymectomy; VAT, video-assisted thymectomy.

previous studies have demonstrated,'® we also confirmed
that open surgery is associated with much more blood loss
(p < 0.001). Complete resection is the gold standard for
solid tumors, and the RO resection rate has been known to
be a major surgical prognostic factor correlated with the
risk of tumor recurrence.”” In our study, the RO re-
section rates were equivalent between the three groups
and more than 90% in any group, which is comparable
with previous results in smaller AMT's based on published
data.”' In mini-invasive approaches, both the RAT group
and the VAT group had equivalent conversion rates and
similar surgical route selections. In our earlier study,*” we
confirmed that RAT can be performed using various
approaches. The sub-xiphoid approach is routinely
selected for centered and advanced large AMTSs in our
center, because it can provide excellent visualization for
exposing the proximal and distal ends of the innominate
vein, which is convenient for resection of the invaded
innominate vein, even for partial resection of the SVC.
Technically, the advantages of robotic operating systems
have expanded the indications for RAT. Because of its

magnified 3D vision, flexible endo-wristed instruments, and
stable operating system, RAT can be performed safely for
large and advanced AMTs requiring combined resection of
vital structures, such as the lung, pericardium, phrenic nerve,
and innominate vein. In the RAT group, 19 cases (31.15%) of
concomitant resection were successfully performed, and the
concomitant resection rate in the RAT group was much
higher than that in the VAT group (5.56%), and similar to
that in the open group (31.43%). In particular, in the RAT
group, resection of the innominate vein was performed in
8 cases, including 1 case combined with partial resection of
the SVC. Several studies have shown promising perioperative
outcomes in RAT for large AMTSs requiring concomitant
resection. Kneuertz et al.° reported that 50% of patients who
underwent RAT for large thymomas had undergone concom-
itant resection of adjacent structures, but in their study, no
patient underwent major vascular dissection because of selec-
tion. In a report by Na et al.,”> 29 patients (17.3%) underwent
concomitant resection of adjacent organs, including innomi-
nate vein resection in six patients. If the proximal end of the
innominate vein is invaded by the tumor, partial resection of
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TABLE 3 Postoperative outcomes stratified by operative approach
RAT group (n = 61) VAT group (n = 36) Open group (n = 35) p-value

Total drainage volume 700.00 365.00 910.00 0.000
(mL), median (IQR) (405.00, 1250.00) (172.50, 705.00) (460.00, 1200.00)

RAT vs. VAT 0.003

RAT vs. open 0.726

VAT vs. open 0.000
Duration of chest tube 3.00 2.00 4.00 0.000
(Days), median (IQR) (3.00, 5.00) (2.00, 3.75) (3.00, 6.00)

RAT vs. VAT 0.004

RAT vs. open 0.651

VAT vs. open 0.000
Hospital stay 6.00 5.00 7.00 0.003
(Days), median (IQR) (5.00, 8.50) (4.00, 7.00) (6.00, 9.00)

RAT vs. VAT 0.157

RAT vs. open 0.187

VAT vs. open 0.002
Postoperative complication, no. (%) 7 (11.48) 3(8.33) 7 (20.00) 0.309

Pulmonary infection 2 1 4

Myasthenia gravis crisis 4 0 0

Pleural effusion 0 1 1

Air leak 1 1 0

Arrhythmia 0 0 1

Hydropneumothorax 0 0 1
Total in-hospital costs 66,493.90 33,581.05 42,876.40 0.000
Median (IQR) (57,488.65, 86,880.05) (26,202.05, 49,312.43) (32,531.20, 52,623.70)

RAT vs. VAT 0.000

RAT vs. open 0.000

VAT vs. open 0.414
30 days mortality, no. (%) 0 0 0

Abbreviations: IQR, interquartile range; RAT, robot-assisted thymectomy; VAT, video-assisted thymectomy.

the SVC seems technically feasible in RAT. However, a suffi-
cient vascular diameter must be ensured.

In the present study, compared to both RAT and open
surgery, VAT had a lower drainage volume and shorter
duration of chest tube, which we consider to be caused by a
lower rate of concomitant resection in the VAT group. The
RAT had a hospital stay comparable to that of open surgery,
whereas the VAT was slightly shorter than that of open sur-
gery. All three groups had equivalent rates of postoperative
complications, which was consistent with previous reports.>**
There was no 30-day mortality.

The much higher costs in RAT have been criticized for a
long time. The costs for the Da Vinci robot include the ini-
tial costs of the Da Vinci system and the extra costs related
to disposable materials. Our data showed that the costs in
the RAT group were nearly 40%~45% higher than those in
the other two groups. Some scholars believe that robot-
assisted surgery allows for a faster recovery, which can
potentially reduce the total costs.”* The costs of robot-
assisted surgery are still controversial.

Limitations

There are several limitations in this study. The first, it is
single-center cohort with a relatively small study size, which
limits the statistical power. In addition, the retrospective
nature of the study may lead to selection bias, because pro-
pensity score matching was not used because of the small
sample size in each group. Moreover, we have no record of
some important postoperative outcomes, such as pain scores
and quality of life. Our study also lacked long-term follow-
up data to demonstrate oncological efficacy.

CONCLUSION

In conclusion, RAT is safe and effective for the resection of
large AMTs compared to VAT and open surgery. RAT is
associated with a higher rate of concomitant resection versus
VAT, and vascular resection in RAT is technically feasible.
A long-term follow-up is required in the future.
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