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Background: To investigate the feasibility and indications of video-assisted thoracic surgery (VATS) in
thymoma resection.

Methods: The clinical data of 103 patients undergoing thymoma resection via different approaches [including
conventional lateral thoracotomy approach (LTA) in 41 cases, median sternotomy approach (MSA) in 40 cases,
and right-sided VAT'S in 22 cases] were analyzed. Among them, 59, 13, 25, and 6 patients were in Masaoka stage I,
II, TII, and IV, respectively. Myasthenia gravis (MG) was also found in 54 cases. The patients were followed up for
postoperative survival and the improvement in MG. The prognostic indicators of patients undergoing thymoma
resection via different surgical approaches (i.e., L'TA, MSA, and VATS) were statistically analyzed.

Results: Eight of 103 patients died. Six patients underwent unilateral sacral nerve resection, among whom
4 patients developed respiratory dysfunction, and 3 died. Two patients died of MG after surgery, 1 patient
died of tumor recurrence and metastasis, 1 patient died of heart disease, and the cause of death was unknown
in the remaining patient. The drainage time was shorter in VATS group than in open groups, along with
smaller tumor size. The VATS group also had shorter hospital stay in the whole series and the subgroup
without accompanying MG. The improvement in MG showed no significant difference among the three
surgical groups. Both 5- and 10-year survival rates were 91% in the entire cohort.

Conclusions: VATS is like a conventional surgeries for improving MG in thymoma patients with
accompanying MG. VATS resection can still be considered for thymoma that only invades the mediastinal
pleura. For thymomas that have intact capsules and have not invaded mediastinal pleura, MSA surgery shall
be performed to ensure patient safety if the anteroposterior diameters of the tumors are large and the masses
have produced severe compression of the innominate vein, even if the tumors are still in the Masaoka stage
II. For thymomas with large left-to-right diameters and with most parts of the tumors located in the left
thoracic cavity, a left-sided approach (either VATS or an open approach) may be used in the absence of MG;
if MG accompanies the condition, an MT approach or a bilateral VATS may be considered. In patients with
unilateral pericardial phrenic nerve and/or local pericardial involvement, right-sided VATS thymectomy
may be considered for thymomas located at the right side and bilateral VAT surgery can be performed for
tumors located at the left side. In summary, VATS is feasible for the treatment of thymoma complicated by
MG. VATS can be performed in patients with Masaoka stage I, IT and (a certain portion of) III thymoma; for
some patients with Masaoka stage I thymoma, especially those with compression of the innominate vein, the

use of VAT'S should be cautious.
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Introduction

Thymoma is the most common mediastinal tumor and
accounts for nearly 20% to 40% of all types of mediastinal
tumors in adults. According to the data released by the US
National Cancer Institute, the overall population incidence
rate is about 1.5/1 million (1). The surgical resection
rate is 100% for Masaoka stage I and II thymomas. For
stage III tumors that invade the mediastinal pleura and
adjacent organs, most of them can be cured by extended
thymectomy, with a survival rate similar to those of patients
with stage I and II thymomas. Therefore, surgery is the
treatment of choice for all resectable thymomas (including
those can be treated with extended resection). For most
stage I and II thymomas and some of stage III thymomas
that have invaded the mediastinal pleura and for patients
with accompanying myasthenia gravis (MG), is routine
thoracotomy along with extended anterior mediastinal
fat dissection still required? With the wide application
of video-assisted thoracoscopic surgery (VATS), it is also
questionable whether it differs from the traditional surgery
in terms of thymectomy indicators and prognosis. In this
study, we summarized our recent experience in VATS
thymectomy and traditional open approaches, with an
attempt to find a more solution.

Methods
General data

The clinical data of 103 patients undergoing thymoma
resection via different approaches in our center from
January 2007 to June 2015 were retrospectively analyzed.
All the thymomas were pathologically confirmed after
surgery. The patients included 61 males and 42 females aged
18-77 years [(52.10+12.005) years]. The co-morbidities
included MG in 54 cases, anemia in 5 cases, and
hypoproteinemia in 1 case. According to the Masaoka
criteria, there were 59 patients in stage I, 13 in stage II, 25
in stage 111, and 6 in stage IV. Eight patients died during the
observation period, including 3 perioperative deaths and
4 deaths noted three months after surgery.

Preoperative preparations

All patients underwent contrast-enhanced chest CT before
surgery to locate the tumor and identify its relationships
with surrounding tissues.

The diagnosis of MG was based on the following three
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criteria: (I) disorder of the postsynaptic membrane at the
neuromuscular junction, as confirmed by repetitive nerve
stimulation; (IT) with clinical symptoms of muscle weakness,
including drooping eyelids, diplopia, decreased forces in
limb muscles, and difficulty in swallowing and breathing;
and (III) responsive to acetylcholinesterase inhibitors (e.g.,
pyridostigmine bromide). The typing of all myasthenia
cases was based on the Myasthenia Gravis Foundation of
America (MGFA) criteria.

All MG patients, naive to pyridostigmine bromide
or not, were orally administered with prednisolone
60-80 mg/d one week before surgery. Oral prednisolone
at the same dose continued on the operative day surgery
and after surgery. The symptoms disappeared after three
months, and the dose of prednisolone was gradually tapered
down by 5 mg a month until it was completely withdrawn.
For patients whose symptoms could not be controlled
or even aggravated, azathioprine or cyclophosphamide
(50 mg/d) was added and prednisone (5 mg/m) was tapered.

Surgical methods

Based on the results of medical imaging, an agreement was
reached on the surgical method for each patient among
the department members. For tumors that might have
invaded blood vessels and surrounding tissues, median
sternotomy approach (MSA) was applied; for large tumors
that had compressed the adjacent tissues or inpatient whose
specimens were difficult to remove via endoscope, MSA
or lateral thoracotomy approach (LTA) was used. Other
patients were treated with a randomly selected approach.
Finally, there were 40 patients in the MSA group, 41 in the
LTA group, and 22 in the VATS group. Other procedures
included partial resection of bilateral upper lungs (n=1),
partial resection of left upper lung (n=1), resection of left
innominate vein (n=3), resection of right innominate vein
(n=1), resection and reconstruction of left innominate
vein (n=1), and unilateral sacral nerve resection (n=6). All
patients in the MSA group received anterior mediastinal
fat dissection, during which adipose tissue was removed.
The bilateral sacral nerves were reached on both sides, and
the extent as follows: left and right sides: to the pericardial
sacral nerve level; lower border: to the adipose tissue at
the palpebral angle; and the upper border: to the inferior
thyroid plexus. All patients in the LTA group and VATS
group underwent unilateral fat dissection and partial
resection of adipose tissue, with the extent as follows: the
upper border: to the inferior thyroid plexus; the lower
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border: to the palpebral angle; and the lateral side: to the
sacral nerve.

Postoperative adjuvant therapy

For patients with type B2, B3, or C thymoma and in
Masaoka stage III or IV, radio chemotherapy was routinely
performed after surgery.

Follow-up

All patients were followed up by telephone and outpatient
visits for 14-115 months. The deadline for the follow-up
was August 2016. The examinations during the follow-up
included: (I) did MG occur in patients without MG before
operation; (II) in MG patients, the outcome was evaluated
according to drug administration before and after surgery
and the MGFA clinical classification as complete remission
(CR), partial remission (PR), stable disease (S), and
aggravation (A); and (III) in patients with chest discomfort,
chest CT scan was performed to determine whether the
tumor had recurred.

Statistical analysis

The statistical analysis was performed using the SPSS
17.0 software package. The clinicopathological factors
and survival status were compared by using the chi-square
test, 7-test, and analysis of variance (ANOVA) as well as
life-table method. A value of P<0.05 was considered
statistically significant.

Results

Eight of 103 patients died. Six patients underwent unilateral
sacral nerve resection, among whom 4 patients developed
respiratory dysfunction, and 3 died. Two patients died of
MG after surgery, 1 patient died of tumor recurrence and
metastasis, 1 patient died of heart disease, and the cause of
death was unknown in the remaining patient.

CT scans during the follow-up revealed tumor
recurrence in 5 patients, among whom 2 patients underwent
reoperation and 3 continued to receive radiotherapy. Since
the other patients failed to receive regular CT scans during
the follow-up, it was not possible to identify asymptomatic
patients with local recurrence.

The relationships between surgical approaches and
clinicopathological factors in the whole series and patients
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with or without MG are shown in Tables 1-3.

As shown in these tables, the drainage time was shorter
in the VAT group than in open groups, along with smaller
tumor size. The VATS group also had shorter hospital stay
in the whole series and the subgroup without accompanying
MG. In subgroup with accompanying MG, control of
MG was one of the main therapeutic targets, and thus the
hospital stays showed no significant difference.

In the thymoma subgroup with accompanying MG
(n=54), the improvement in MG and its relationships with
all clinicopathological factors are summarized in 7Zible 4.

As shown in Tible 4, the improvement in MG showed no
significant differences among three surgical groups.

The survival rate showed no significant difference during
the follow-up period. Because the patients did not receive a
regular chest CT scan, it was not possible to determine the
local recurrence in all patients.

Discussion

Complete thymectomy by open sternotomy is traditionally
the standard treatment for both benign and malignant
thymomas (2-4). In particular, for patients with thymic
masses without complete capsules accompanied by
myasthenia, median sternotomy may enable a more
complete and thorough thymectomy (5). Since median
sternotomy is associated with relatively large surgical
trauma, lateral thoracotomy for thymoma resection has
also been applied, along with the application of a variety of
minimally invasive surgical procedures such as transcervical
incision, VATS, and robotic surgery (11). However,
concerns on the thoroughness of surgery have limited
the use of minimally invasive thymectomy. Nevertheless,
the minimally invasive techniques have increasingly been
adopted as they can reduce the intraoperative complications
and deaths, decrease trauma, alleviate postoperative pain,
and shorten the length of hospital stay.

As a minimally invasive surgery, VAT is relatively easy
to be adopted. However, its role in thymoma resection
remains controversial. The use of VATS thymectomy
in patients without MG was described over two decades
ago (12). According to literature, VATS is safe and
feasible for the treatment of early and small thymomas
(2,13-15). Meanwhile, some studies have shown that VATS
can achieve good oncological prognosis in the treatment
of thymomas (16-18). However, these studies often have
certain limitations such as early disease stages and lack of
comparison with conventional thoracotomy. Odaka et 4l
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Table 1 Relationship between different surgical approaches and clinical pathological factors in 103 patients with thymoma

Surgical approach

Features P value
Latero-thoracotomy Median sternotomy Video-assisted thoracoscopic surgery
Sex 0.298
Male 24 21 16
Female 17 19 6
Myasthenia 0.174
Yes 17 23 14
No 24 17 8
Masaoka stage 0.267
| 27 17 15
Il 4 6 3
1] 7 14 4
\% 3 0
Pathological type A 0.047
A 11 2 4
AB 10 12 7
B1 11 6 4
B2 4 7 3
B3 2 2 3
C 3 11 1
Age 52.98+13.313 52.18+10.684 50.32+12.069 0.707
Drainage time 4.10+0.889 5.28+1.320 2.64+0.727 0.000
Hospital stay 20.78+7.876 24.30+8.774 16.55+7.945 0.002
Tumor size* 9.46+4.048 7.96+2.923 5.93+1.720 0.000

*, the longest diameter of the tumor.

suggests that while VATS is technically safe for thymoma
resection, there is still a lack of oncological data on long-
term effectiveness (19). The improvement of the co-existing
MG is an important indicator for prognosis. As shown in
our current series, there was no significant difference in
all clinicopathological factors except for the tumor size
between VATS group and open surgery groups. In clinical
settings, only a small proportion of patients have thymomas
that severely affect the surrounding tissues and organs.
Except for these patients, patients in the VATS group in
our current study were selected randomly, and the safety of
surgery in the VAT'S group could be guaranteed.
Furthermore, the VATS group had smaller extent of
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surgical resection than the MS group and showed certain
superiority over the LS group. While the improvement of
MG was similar between VATS group and conventional
thoracotomy groups, the drainage duration was significantly
shortened, and the wound pain was significantly alleviated in
the VAT group. It has been reported that the thoroughness
of the resection of the thymus and its surrounding adipose
tissue is related to the improvement of postoperative MG
symptoms (20), and some authors have even proposed that
an additional neck incision should be created to dissect the
adipose tissue at the root of the neck. In our current study,
however, the improvement in MG showed no significant
difference among three groups undergoing complete
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Table 2 Relationship between different surgical approaches and clinical pathological factors in 54 patients with thymoma complicated with
myasthenia gravis

Surgical approach

Features P value
Latero-thoracotomy Median sternotomy Video-assisted thoracoscopic surgery
Sex 0.621
Male 9 11 9
Female 8 12 5
Myasthenia type 0.07
| 4 8 1
lla 9 5 7
llb 4 6 6
1] 0 4 0
Masaoka stage 0.791
I 11 14 10
Il 1 2 2
1] 4 7 2
v 1 0 0
Pathological type 0.511
A 4 2 2
AB 5 8 5
B1 4 3 4
B2 2 5 1
B3 2 1 2
C 0 4 0
Changes of MG after surgery 0.995
S 3 5 4
PR 3 4 3
CR 6 8 4
A 5 6 3
Age 52.00+11.486 50.78+9.643 45.5+9.788 0.184
Diseased time 7.69+11.469 6.04+10.805 1.47+1.647 0.192
Drainage time 4.12+0.697 5.43+1.273 2.93+0.730 0.000
Hospital stay 19.82+5.615 24.00+7.58 20.57+7.208 0.136
Tumor size* 8.79+4.228 7.17+3.059 5.68+1.846 0.035

*, the longest diameter of the tumor. MG, myasthenia gravis; S, stability; PR, partial remission; CR, complete remission; A, aggravation.
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Table 3 Relationship between different surgical approaches and clinicopathological factors in 49 patients with myasthenia thymus

Surgical approach

Features P value
Latero-thoracotomy Median sternotomy Video-assisted thoracoscopic surgery
Sex 0.404
Male 15 10 7
Female 9 7 1
Masaoka stage 0.053
| 16 3 5
Il 3 4 1
1l 3 7 2
\% 2 3 0
Pathological type 0.050
A 7 0 2
AB 5 4 2
B1 7 3 0
B2 2 2 2
B3 0 1 1
C 3 7 1
Age 53.67+14.831 54.06+11.992 58.75+11.461 0.638
Drainage time 4.08+1.018 5.06+1.391 2.13+0.354 0.000
Hospital stay 21.46+9.208 24.71+10.409 9.50+1.927 0.001
Tumor size* 9.92+3.938 9.03+2.420 6.38+1.482 0.031

*, the longest diameter of the tumor.

dissection of anterior mediastinal adipose tissue via different
incisions. This might be due to the small sample size and
needed to be further validated.

According to the International Thymic Malignancy
Interest Group (I'TMIG) guidelines, even early thymoma
patients without MG should undergo complete resection
(CT) (i.e., resection of thymoma and all the glandular
lobes). However, multicenter studies in Korea and Japan
(22,23) compared the outcomes of patients with stage I or II
thymoma treated with limited resection (LT) (i.e., resection
of thymoma and parts of the thymus or adipose tissue
around the tumor) were not significantly different from
those of stage I/I1 patients treated with CT. Other single-
center studies also did not find any significant difference
between LT and CT in terms of survival and recurrence
(24-27). In our current study, all thymoma patients in our
center during the study period were included, with an
attempt to further explore the prognostic impacts of L'T" and

© Journal of Thoracic Disease. All rights reserved.

CT in patients at different stages. The resection extent for
LT group and VATS group can be regarded as LT, whereas
that for MT group as CT. A total of 31 patients had
stage III or IV thymoma, among whom 13 also had MG
(1able 5). Among the patients with imaging data, 5 patients
(1 in LT group, 1 in VATS group, and 3 in MT group)
experienced recurrence. Eight patients died during the
observation period, including 3 perioperative deaths (2 in
MT group and 1 in LT group). The remaining two deaths
included patient with median chest surgery died of tumor
recurrence and metastasis after 13 months. Another case of
laparoscopic surgery patients died of heart disease. Among
the five dead patients, three had type C thymoma, 1 had
type B2 thymoma, and 1 had type B3 thymoma. According
to currently available literature, the prognosis is mainly
affected by pathological stage and histological type and has
little relationship with the procedure.

Eight of 103 patients died. Six patients underwent
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Table 4 Analysis of influencing factors of improvement of postoperative muscle weakness in 54 patients with thymoma complicated with

myasthenia gravis

Changes of MG after surgery

Features x P value
Effective (CR/PR) Ineffective (S/A)

Sex 0.321 0.571
Male 14 15
Female 14 11

Age 0.126 0.723
<45 11 9
>45 17 17

Myasthenia type 0.223 0.637
| 6 7
lla/1b/1l 22 19

Masaoka stage 0.026 0.872
171 21 19
/v 7 7

Pathological type 0.228 0.633
A/AB 12 14
B1 8 3
B2/B3/C 8 9

Surgical approach 0.026 0.872
Latero-thoracotomy/VATS 21 19
Median sternotomy 7 7

Diseased time 0.164 0.686
<3m 18 16
>3 m 7 8

Hospital stay 0.000 0.984
<20 13 12
>20 15 14

VATS, video-assisted thoracic surgery; MG, myasthenia gravis; S, stability; PR, partial remission; CR, complete remission; A, aggravation.

unilateral sacral nerve resection, among whom 4 patients
developed respiratory dysfunction, and 3 died. Two
patients died of MG after surgery, 1 patient died of tumor
recurrence and metastasis, 1 patient died of heart disease,
and the cause of death was unknown in the remaining
patient. The remaining patients survived CT scans during
the follow-up revealed tumor recurrence in 5 patients,
among whom 2 patients underwent reoperation and 3
continued to receive radiotherapy. Since the other patients
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failed to receive regular CT scans during the follow-up,
it was not possible to identify asymptomatic patients with
local recurrence and thus the tumor-free survival could not
be calculated. The overall accumulative survival is shown in
Figure 1, and both 5- and 10-year survival rates were 91%
in the entire cohort. The 5-year survival rate was slightly
lower than that reported in literature, while the 10-year
survival rate was comparable (28). Therefore, VATS do
not increase surgical risk and will not negatively affect the
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Table 5 Clinical data of 41 patients with stage III/IV thymoma

Surgical approach

Features Limited resection (latero-thoracotomy/VATS) Complete resection (median sternotomy)
Sex

Male 10 (6/4) 11

Female 4 (4/0) 6
Age 49.00+10.168 (49.30+11.235/48.25+8.261) 51.76+13.777
Myasthenia type

| 2 (2/0) 1

lla 4(2/2) 3

lb 1(1/0) 3

M 0 0
Masaoka stage

I 11 (7/4) 14

\Y 3 (3/0) 3
Pathological type

A 3(2/1) 1

AB 1(1/0) 2

B1 3 (21) 0

B2 2 (2/0) 2

B3 3@2/1) 2

C 2(11) 10
Changes of MG after surgery

S 1 (1/0) 1

PR 3 2/1) 2

CR 0 (0/0) 2

A 3(2/1) 3
Drainage time 3.71+1.267 (4.30+0.939/2.25+0.5) 5.53+1.281
Hospital stay 20.50+9.549 (23.60+8.984/12.75+6.397) 27.29+9.531
Tumor size* 8.61+3.318 (9.35+3.575/6.75+1.708) 8.71+3.047

*, the longest diameter of the tumor. VATS, video-assisted thoracic surgery; MG, myasthenia gravis; S, stability; PR, partial remission; CR,

complete remission; A, aggravation.

prognosis of patients.

According to our experience, the extent of thymectomy
with resection of the anterior mediastinal fat tissue is
generally as follows: left and right sides: to the pericardial
sacral nerve level; lower border: to the adipose tissue at
the palpebral angle; and the upper border: to the inferior
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thyroid plexus. The surgery within this extent can be easily
completed via the median sternotomy incision. In patients
undergoing conventional lateral thoracotomy, no median
sternotomy is required during the dissection of anterior
mediastinal fat tissue in the middle and lower sides of the
contralateral side because excessive squeezing of the heart
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Figure 1 Survival curve of 103 patients.

is forbidden during the resection. In contrast, for patients
undergoing VATS via a right-sized approach, the use of
instruments and the enlarged visual field often enable the
thorough dissection of anterior mediastinal fat tissue at
the left side via the anterior cardiac space. Similarly, it has
been proposed that unilateral or bilateral minimally invasive
surgery can achieve the same extent of resection as median
sternotomy (15,29).

According to the results of our current study and
our clinical experience, VATS is safe for thymomas that
have not invaded the structures and organs other than
the mediastinal pleura, have a longitudinal length of no
more than 7 cm, and have not severely compressed the
innominate vein and can achieve the goal of radical cure.
Therefore: (I) VATS surgery is similar to conventional
surgeries in improving MG in thymoma patients with MG.
(II) VATS resection can still be considered for thymoma
that only invades the mediastinal pleura. (III) For thymomas
that have intact capsules and have not invaded mediastinal
pleura, an MT surgery shall be performed to ensure safety
if their anteroposterior diameters are large and the masses
have produced severe compression of the innominate vein,
even if the tumors are still in the Masaoka stage II. For
thymomas with large left-to-right diameters and with most
parts of the tumors located in the left thoracic cavity, a left-
sided approach (either VAT or an open approach) may be
performed in the absence of MG; if MG complicates the
condition, an M'T approach or a bilateral VATS may be
considered. In patients with unilateral pericardial phrenic
nerve and/or local pericardial involvement, right-sided
VATS thymectomy may be considered for thymomas
located at the right side and bilateral VAT surgery can be
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performed for tumors located at the left side. In summary,
VATS is feasible for the treatment of thymoma complicated
by MG. VATS can be performed in patients with Masaoka
stage I, II and (a certain portion of) III thymoma; for some
patients with Masaoka stage II thymoma, especially those
with compression of the innominate vein, the use of VATS
should be cautious.
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