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Abstract: Objective: Our study aims to explore the efficacy and safety of video-assisted thoracic surgery (VATS) and
median sternotomy in the treatment of thymoma-associated myasthenia gravis (MG). Methods: The clinical data
of 73 patients with thymoma-associated MG from January 2004 to January 2010 in our hospital were analyzed
retrospectively. The clinical curative effect, postoperative MG crisis and quality of life of patients with thymoma-
associated MG after treated by VATS and median sternotomy were compared. Results: Patients with thymoma-
associated MG after treated by VATS and median sternotomy both obtained well curative effects. The intraoperative
bleeding volume, postoperative thoracic drainage time, postoperative hospitalization time and intensive care unit
(ICU) monitoring time in the VAST group were shorter than that in the median sternotomy group (all P<0.05). The
quantitive myasthenia gravis (QMG) score and 15-item myasthenia gravis quality of life scale (MG-QOL15) score of
the two groups were significantly improved compared with that before operation (all P<0.05). With the growth of
postoperative time, AQMG score and AMG-QOL15 score were first increased and then decreased in two groups.
One year after operation in the VATS group, AQMG score and AMG-QOL15 score were significantly higher than that
in the median sternotomy group (all P<0.05). The occurrence rate of complications especially postoperative MG
crisis were significantly higher (P<0.05) while the 5-year mortality rate was slightly higher (P>0.05) in the median
sternotomy when compared to that in the VATS group. Conclusion: VATS is more secure than the median sternotomy
in patients with thymoma-associated MG; it can also reduce the occurrence of postoperative MG crisis.

Keywords: Thymoma, myasthenia gravis, thymoma-associated myasthenia gravis, video-assisted thoracic surgery,
median sternotomy, quantitive myasthenia gravis, 15-item myasthenia gravis quality of life scale, curative effect

Introduction

Thymomas are defined as rare tumors which
arising from thymic epithelial cells, with an inci-
dence of 0.15 cases for 100,000 persons
annually [1]. Thymomas consist of World Health
Organization (WHO) type A, AB, B1, B2, B3, as
well as rare other histological subtypes [2].
Thymomas are rare with the age of less than 25
years old but show a wide age distribution (<10
to >80 years old) with no major sex predilection
[3]. The most commonly seen anatomic site is
in the anterior mediastinum, while in some rare
instances, thymomas might also arise in the
neck, lung, and pleura [4]. It was estimated that
approximately 30%~50% of thymomas patients

would also have myasthenia gravis (MG), an
autoimmune disease with the characteristics of
dysfunctional neuromuscular junctions which
were targeted by pathogenic autoantibodies to
acetylcholine receptor (AChR) [5]. MG is by far
the most common of all the disorders in thymo-
mas, as 24.5%~40% of thymoma patients
develop MG, while 15%~20% of MG patients
have a thymoma [6, 7]. Differs from those of
non-thymomatous MG, the clinical features of
thymoma-associated MG include a more severe
involvement of MG, the expansion of other
autoimmune diseases, and MG relapse attach-
ing to thymoma recurrence [8]. The preferred
treatment for thymoma-associated MG remains
controversial, and the recognized options for
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surgical intervention are median sternotomy
together with video-assisted thoracic surgery
(VATS) [9].

Median sternotomy, also known as trans-ster-
nal (TS) thymectomy, is considered to be the
“gold standard” method to thymoma for
decades, based on the reason that median
sternotomy can identify and manage large
tumors and local invasion intraoperatively [10].
Generally, median sternotomy is capable of
completely resect the thymus, tumor, thymic
cervical extensions, as well as the surrounding
perithymic fat [11]. Increasingly, minimally VATS
has replaced median sternotomy, and gain
much acceptance as an effective and techni-
cally sound treatment for the early stage thy-
moma [12]. It was demonstrated that VATS
showed superior perioperative outcomes,
including decreased incidence of pneumonia,
arrhythmias, pain and lower levels of inflamma-
tory markers when compared with conventional
thoracotomy [13]. Studies have found that
these two approaches (median sternotomy and
VATS) result in similar remission rates, as
assessed by pharmacological remission, rates
of complete stable remission, or minimal mani-
festations [14, 15]. Other studies were, in con-
trary, restricted by the short time of follow-up,
sole inclusion of early stage tumors, as well as
failure to compare the median sternotomy and
VATS [16, 17]. Indeed, a recent study stressed
that VATS thymectomy for thymoma-associated
MG was a safe method technically, but the
effectiveness of VATS was hard to determine
for the lack of sufficient data, especially in the
long run [18]. Therefore, it remains uncertainty
whether VATS would be preferable than median
sternotomy in patients with thymoma-associat-
ed MG. Consequently, the present feasibility
study aims to compare the efficacy and safety
of median sternotomy and VATS for the treat-
ment of thymoma-associated MG.

Material and methods
Ethnic statements

The study was approved by the Institutional
Review Boards of, the First Affiliated Hospital of
Wenzhou Medical University. Written informed
consent was obtained from each eligible par-
ticipant and the study was performed in accor-
dance with the Declaration of Helsinki [19].
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Subjects

The clinical data of 73 patients with thymoma-
associated MG from January 2004 to January
2010 in our hospital were analyzed retrospec-
tively, including 39 patients with VATS and 34
patients undergoing median sternotomy. In the
VAST group, there were 39 patients (27 males
and 12 females) who aged from 17~54 years
old with mean age of (36.5+7.9) years old and
the disease course of 15 day to 5 year. The
clinical manifestations according to Myasthenia
Gravis Foundation of America (MGFA) classifi-
cation were divided intotype | (n = 8), type lla (n
= 12), type lIb (n = 5), type llla (n = 7), type llib
(n = 4), type IVa (n = 2), and type IV b (n = 1).
Computed tomography (CT) examination was
performed in all patients before operation, and
the mass size in anterior and superior medias-
tinum was 1.2 cmx1.6 cm~4.2 cmx5.7 cm, and
the body of mass located on the left side in 4
cases, on the right or middle in 35 cases. In the
median sternotomy group, there were 34
patients (19 males and 15 females) who aged
from 18~57 years old with mean age of
(38.3+7.8) years old and the disease course of
22 day to 5 year. The MGFA typing was listed as
follows: type I (n = 5), type lla (n = 13), type lIb
(n =7), type llla (n = 3), type llib (n = 4), and
type IVa (n = 2). CT examination in all patients
before operation showed that the mass size in
anterior and superior mediastinum was 1.6
cmx2.4 cm~4.2 cmx10.5 cm. Generally, the
maximum diameter of the mass >6 cm or the
mass infiltrated into the surrounding organs or
blood vessels in imaging, TS extended thymec-
tomy were adopted. Two groups of patients
before operation took prednisone orally (10~30
mg/d). The inclusion criteria: (1) two groups of
patients before operation had chest radiograph
and chest CT or MRI, which prompted an ante-
rior mediastinal mass, with the clinical mani-
festations of diplopia, ptosis, ocular muscle
weakness, limb weakness, chewing weakness,
difficulty swallowing, etc.; (2) there were no pre-
operative MG crisis; (3) the monitoring data of
medical history, physical examination, surgical
procedure and before and after operation of all
patients and follow-up data were complete. The
corresponding exclusion criteria: (1) patients
who refused to be followed-up; (2) in the first 3
months of treatment, patients who had used
the hormones or immunosuppressive agents,
or suffered from other autoimmune diseases;
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(3) the diagnosis of clinical MG was not clear,
and they could not rule out the Lambert-Eaton
syndrome, botulinum toxin, muscular dystrophy
and other diseases.

Diagnostic criteria

The diagnostic criteria of patients with thymo-
ma-associated MG [20]: (1) typical symptoms
of MG: muscle fatigue test was positive; serum
anti-acetylcholine receptor antibody titer was
increased; and anticholinesterase agents test
was positive. (2) The chest radiograph and
chest CT or MRI prompted an anterior mediasti-
nal mass. MGFA clinical classification: type I:
any ocular muscle weakness, may be accompa-
nied by weakness of eye closure, all other mus-
cle strength is normal; type lla: mainly affecting
limb or/and axial muscles, may also have lesser
or equal involvement of oropharyngeal mus-
cles; type llb: mainly affecting oropharyngeal
or/and respiratory muscles, may also have
lesser or equal involvement of limb or/and axial
muscles; type llla: mainly affecting limb or/and
axial muscles, may also have lesser or equal
involvement of oropharyngeal muscles; type
Illb: mainly affecting oropharyngeal or/and
respiratorymuscles, may also have lesser or
equal involvement of limb or/and axial muscles;
type IVa: mainly affecting limb and/or axial
muscles, may also have lesser or equal involve-
ment of oropharyngeal muscles and type IV b:
mainly affecting oropharyngeal or/and respira-
tory muscles, may also have lesser or equal
involvement of limb or/and axial muscles; type
V: trachea cannula with or without mechanical-
ventilation (except for postoperative routine
use). Patient used a feeding tube without intu-
bation made him in type IVb. Masaoka staging
was used for thymoma pathology staging [21]:
Stage I: macroscopically completely encapsu-
lated and microscopically no capsular invasion;
stage II: macroscopic invasion into surrounding
fatty tissue or mediastinal pleura, or micro-
scopic invasion into capsule; stage Ill: macro-
scopic invasion into neighboring organ, i.e.,
great vessels, pericardium, or lung; stage IV:
pleural or pericardial dissemination or lymph.
VAST group before operation: 15 cases in stage
I, 13 cases in stage Il, 7 cases in stage llland 4
cases in stage IV; median sternotomy group
before operation: 5 cases in stage |, 9 cases in
stage Il, 12 cases in stage lll and 8 cases in
stage IV.
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Imaging examination for thymus gland

Conventional X-ray examination: all patients
underwent thymus anteroposterior and lateral
X-ray film examination by High kilovoltage (KV)
radiography technique (120~125 kVP) and
bucky stand (Suzhou AnmaiMedical Instrument
Co., Ltd.).

Chest CT scan: The Phillips MX8000 double
row helical CT was used for scanning; patients
were asked to lay supine with continuous chest
scan and stop breathing after inhalation, with-
out contrast enhanced scanning, with the volt-
age of 120 kv, current of 100 mAs, depth of
stratum 10 mm, interval of stratum 10 mm,
field of vision (FOV) 350 mm.

Mediastinum MRI inspection: Sigmal.5T super-
conducting MR machine (American GE compa-
ny) was used, with routine use of conventional
spin echo (SE) and fast spin echo (FSE)
sequences.

Surgical treatment

VAST group: patients had general anesthesia
with double-lumen endotracheal intubation,
and kept 30° left lateral position. Only 2
patients, whose mediastinal mass located at
the left side, underwent left thoracic surgery,
the rest were all had right thoracic surgery. The
observation hole of thoracoscope was located
at the fifth intercostal space of midaxillary line,
the main operating hole were 3 cm incision at
the third or fourth intercostal space of anterior
line axilary and the auxiliary operation hole
were 1.5 cm incision at the sixth intercostal
space of anterior line axilary. The observation
hole was placed into the thoracic cavity for
probing. The electric coagulation hook started
to ionize from the lower pole of the thymus
gland in front of the nervusphrenicus, and ion-
ized the thymus and the anterior mediastinal
fat tissues to the upper, lower and the opposite
side along the pericardial surface. When ion-
ized to the upper pole of the thymus gland,
strengthened the protection on the position of
internal thoracic vein importing to the superior
vena cava. Pulled the thymus, and made sure
to expose the left and right brachiocephalic
veins on the back of upper pole of the thymus
gland. The venae thymicae of the brachioce-
phalic veins were imported and then were cut
by ultrasonic knife. For the short length of
venae thymicae and the adhesions between
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Table 1. Clinical data in thymoma-associated MG patients between

VATS group and median sternotomy group

saturation and weak breath-
ing after operation, the use

VATS group Median sternotomy

of ventilator can be extend-

t/x° P ed for several hours or even

Clinical data (n = 39) group (n = 34)
Age (years old) 36.5+7.9 38.317.8
Gender

Male 27 19

Female 12 15
Course of disease (month) 18 (4~28) 12 (4~24)
MGFA classification

| 8 5

lla 12 13

Ilb 5 7

Illa 7 3

b 4 4

IVa 2 2

IVb 1 0
Masaoka staging

| 15 5

Il 13 9

1 7 12

v 4 8

several days. Acetylcholine-
sterase inhibitors and hor-
mones were generally used
for preoperative dosage.
After the operation, 4-quino-
lones antibiotics should be
cautiously used, aminogly-
coside and antipyretic anal-
gesics were forbidden to
use in order to avoid induced
crisis. Patients who abruptly
had severe respiratory mus-
cle weakness that cannot
maintain the normal ventila-
tion function, with the de-
gree of blood oxygen satura-
tion <90%, arterial blood
gas PO,<60 mmHg and
PaC0,>50 mmHg were diag-
nosed with crisis. At the

0.977 0.332
1.389 0.239

0.820 0.415
3.339 0.765

8.072 0.045

VATS, video-assisted thoracic surgery; MGFA, Myasthenia Gravis Foundation of

America.

the venae thymicae and brachiocephalic veins,
particular careful attention should be paid to
avoid damage to the brachiocephalic veins,
which might resulting in an emergent thoracot-
omy. Finally, dragged downward to pull out the
upper pole of the thymus gland with blunt sepa-
ration method, and completely resected the
thymus and the anterior mediastinal fat
tissues.

Median sternotomy group: patients had gener-
al anesthesia with single-lumen endotracheal
intubation and kept dorsal decubitus. The thy-
mus gland was completely resected through
the median incision of sternum. The thymus
together with the part of the fat tissues of the
mediastinum was removed, and the anterior
mediastinal fat tissues between the two sides
of the nervusphrenicus were cleared. Stopped
bleeding for the patients, kept the closed tho-
racic drainage tube, fixed the sternum with
steel wire of size 7, and finally sew up the
incision.

Postoperative management

In general, trachea cannula can be removed
after anesthesia. If there appeared low oxygen
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onset of crisis, patients we-
re immediately used trachea
cannula through the nasal/
mouth, or tracheotomy and
ventilator assisted breathing. MG crisis, cholin-
ergic crisis or stubborn crisis can be judged
from the following points: (1) the use of cholin-
esterase inhibitor; (2) pupil size; (3) bowel
sound; (4) the respiratory and oral secretions;
(5) heart rate and (6) Tensilon test. Further
treatment was in accordance with the judg-
ment results. For the circumstances that diffi-
cult to judge the type of crisis, patients were
treated with dry therapy for 3~5 days, and were
started to use cholinesterase inhibitor with a
small dose until the condition improved.

Observation indexes

The operative time, postoperative thoracic
drainage and intraoperative bleeding volume,
occurrence rate of postoperative MG crisis,
postoperative hospitalization time and other
clinical indicators of patients in two groups
were recorded; the preoperative and postoper-
ative quality of life scores and the changes of
scores in each time period were also recorded.

Quantitive myasthenia gravis (OMG) score

QMG was applied for objective evaluation of the
severity of MG of affected muscle groups [22],
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Table 2. Operation indicators during the perioperative period in VATS group and median sternotomy
group (X+s)

Groups Qperatiye Int_raoperative Posto;_)erativc_a thoracic I?osltopfarati_ve ICU monitoring
time (min) bleeding volume (ml) drainage time (d) hospitalization time (d) time (h)

VATS group (n = 39) 149.7+42.3 82.2+40.5 2.7+1.2 74+2.3 11.5+4.7

Median sternotomy group (n = 34) 137.4+36.7 156.5+38.8 3.5%£1.6 8.7£2.6 25.74£9.7

t 1.317 7973 2.435 2.267 8.12

P 0.192 <0.001 0.017 0.026 <0.001

VATS, video-assisted thoracic surgery; ICU, intensive care unit.

Table 3. The difference in efficacy between VATS and median sternotomy group [n (%)]

Complete Partial Stable Progressive Effective
Groups o L ; h

remission remission disease disease rate
VATS group (n = 39) 19 (48.7) 13 (33.3) 4 (10.3) 3(7.7) 32 (82.0)
Median sternotomy group (n = 34) 14 (41.2) 12 (35.3) 3(8.8) 5 (14.7) 26 (76.5)

VATS, video-assisted thoracic surgery.

Table 4. QMG score and MG-QOL15 score before and after operation in VATS group and median ster-
notomy group [X£s (n)]

Assessment item QMG score MG-QOL15 score

Groups VATS group Median sternotomy group VATS group Median sternotomy group
Before operation 13.1+£7.1 (39) 12.3+7.2 (34) 15.6+5.1 (39) 14.345.6 (34)

After operation 11.7+6.9 (39)" 11.4+7.3 (34)" 20.4+5.9 (39)" 18.2+6.5 (34)"

6 months after operation 8.5+6.8 (39)" 8.7+7.6 (34)" 28.2+6.3 (39)" 25.0+£6.5 (34)"
lyear after operation 5.74+6.0 (39)" 6.4+7.1 (32)" 38.4+6.0 (39)" 33.7+£7.5 (32)"

3 years after operation 3.5+4.6 (35* 3.6+5.2 (29)" 45.1+4.9 (35)" 41.5+7.1 (29)"

5 years after operation 1.44£2.3 (29)" 1.843.2 (25)" 48.4+3.1 (29)" 46.8+5.1 (25)"

Note: “refers to P<0.05 when compared with before operation. VATS, video-assisted thoracic surgery, OMG, Quantitive Myasthe-
nia Gravis; MG-QOL15, 15-item myasthenia gravis quality of life scale.

AMG-QOL15
AQMG .5
61 - VAST group -e- VAST group
-= median sternotomy group -# median sternotomy group
4+ 10+
e

g g
o 24 I
@ 5-

| a1 a2 a3 ae A

3 T T T T T
-2 A1 A2 A3 A4 AS

Figure 1. AQMG score and AMG-QOL15 score before and after operation in VATS and median sternotomy group (A1
refers to the absolute value of the difference after operation and before operation; A2 refers to the absolute value
of the difference 6 months after operation and after operation; A3 refers to the absolute value of the difference 1
year after operation and 6 months after operation; A4 refers to the absolute value of the difference 3 years after
operation and 1 year after operation; A5 refers to the absolute value of the difference 5 years after operation and
3 years after operation).

and QMG score formulated by MGFA was used bs, head and neck muscles, and respiratory
for quantitative test of muscle strength of muscle. Four points system was utilized: O
major affected muscles, such as extraocular points represents normal, 1~3 points represent
muscles, facial muscles, bulbar muscles, lim- the light, medium and heavy of MG, respective-
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Table 5. Postoperative complications in VATS group and median

sternotomy group

Evaluation criteria of follow-up
and clinical effect

VATS  Median sternotomy

Groups
group group

2

P Every 6 months, patients were

MG crisis 0 6
Pulmonary infection 2 4
Upper limb disorders 0 2
Total 2 12

7.499
1.061
2.359
10.66

followed-up for one time or had
regular return visits, and the
data collection was ended in
January 31, 2015. The evalua-
tion standards after the treat-

0.006
0.303
0.125
0.001

VATS, video-assisted thoracic surgery.

Survival Functions

+ = + - + o+ o+ o+

0.8

0.6

Cum Survival

0.4

0.2
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T T T T T T T
20 30

month

Figure 2. Five-year survival curves of the two groups (The 5-year survival
rates of VATS group and median sternotomy group were 100% and 91.2%,
respectively, and the survival rate of VATS group was slightly higher than

that in median sternotomy group).

ly. The cumulative score of the muscles were
regarded as QMG score of a patient, which
ranged from 0~39 points.

15-item myasthenia gravis quality of life scale
(MG-QOL15)

The items in the MG-QOL15 were selected from
the MG-QOL [23]. Burns et al. carried out the
steps of factor analysis and the aggregation
validity analysis on MG-QOL, and finally select-
ed15 items, namely, MG-QOL15. It involved
three areas: physical, social, and psychological,
the 15 items was originated from the 4 areas of
activity (9), symptoms (3), general content (1),
and psychological (2) in the MG-QOL scale. The
answer options were divided into 5 levels,
which ranged from O points (little)~4 points
(complete).
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|—"median sternotomy group
~ITIVAST group
median sternotomy group-
censored
-+~ VAST group-censored

ment of MGFA [22]: complete
remission (CR): immunosup-
pressive drugs and cholinester-
ase inhibitors were gradually
disused after operation, the
symptoms of MG were com-
pletely disappeared with no
aggravation and recurrence dur-
ing the follow-up period; partial
remission (PR): the dosage
decreased, the symptoms of
MG significantly reduced com-
pared with that before operation
and the condition was stable;
stable disease (SD): the symp-
toms were similar to that before
operation, the doses of anticho-
linesterase drugs were less
than that before operation or
without any changes; progres-
sive disease (PD): aggravated
symptoms compared to that
before operation regardless of
their medication, or similar
symptoms but with higher doses
of anticholinesterase drugs co-
mpared to that before opera-
tion. Effective rate (%) was calculated as fol-
lows: CR (%) + PR (%). The condition of the last
follow-up before and after the operation was
compared to clarify the effect of operation and
further determine the CR and effective rate on
the basis of the above information.

group

Statistical analysis

SPSS21.0 statistical software package (SPSS
Inc, Chicago, IL) were used for statistical analy-
sis. Measurement data was expressed by mean
+ standard deviation (SD) (x£s) or the median
(range interquartile), the two groups were com-
pared using the t test, and the three groups
were compared using analysis of variance
(ANOVA). Count data was expressed by n using
x2 test. Fisher’s exact test was utilized if n<40
or T<b5. The Kaplan-Meier method was applied

Int J Clin Exp Med 2016;9(11):21922-21931
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for the comparisons of postoperative survival
rate between two groups. P<0.05 showed sig-
nificant difference.

Results
Comparison of clinical characteristics

As shown in Table 1, there was no significant
difference of age, gender, course of disease
and MGFA classification (all P>0.05), while
Masaoka staging between the two groups
showed significant difference (P<0.05).

Operation indicators during the perioperative
period

The intraoperative bleeding volume, postopera-
tive thoracic drainage time, postoperative hos-
pitalization time and intensive care unit (ICU)
monitoring time in the VAST group were shorter
than that in the median sternotomy group (all
P<0.05). However, the operative time showed
no significant difference between patients in
two groups (P>0.05) (Table 2).

The difference in efficacy between VATS and
median sternotomy

According to the evaluation standards after the
treatment of MGFA, the effective rate of VATS
group was 82.0% and the median sternotomy
group was 76.5% at the sixth month of follow-
up after operation for patients between two
groups, and there showed no statistical signifi-
cance between two groups (P>0.05) (Table 3).

OMG score and MG-QOL15 score before and
after operation

All patients were followed up, 73 cases were
followed up for more than 6 months, 71 cases
for more than 1 years, 64 cases for more than
3 years and 54 cases for more than 5 years;
the 5-year follow-up rate was 74.0%. The QMG
score and MG-QOL15 score of the followed-up
patients were shown in Table 4. The QMG score
after operation was significantly lower than that
before operation, and it decreased with the
extension of time (P<0.05); MG-QOL15 score
after operation was markedly higher than that
before operation, and it increased with the
extension of time (P<0.05). As shown in Figure
1, with the growth of postoperative time, AQMG
score and AMG-QOL15 score were first
increased and then decreased in two groups.
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One year after operation in the VATS group,
AQMG score and AMG-QOL15 score were sig-
nificantly higher than that in the median ster-
notomy group (both P<0.05). One year later, the
QMG score and MG-QOL15 score in the median
sternotomy group were significantly improved.

Postoperative complications

When patients’ condition suddenly worsened or
improperly treated, the appearance of severe
breathing difficulties caused by respiratory
muscle weakness or paralysis called MG crisis
[24]. In this study, there was no MG crisis in the
VATS group while the rate in the median ster-
notomy group was 17.6% (6/34), and the differ-
ence between the two groups was extremely
significant (P = 0.006<0.01). The postoperative
complication rate was 5.13% in the VATS group,
which was obviously lower than that in the
median sternotomy group with the rate of
35.29% (P = 0.001<0.01) (Table 5).

Survival analysis

Seventy-three patients with thymoma-associat-
ed MG were followed up for 6~60 months after
operation, and the 5-year follow-up rate was
74.0%. In the VATS group, there was no death,
10 cases lost to follow-up within 5 years; in the
median sternotomy group, totally 3 cases died
(2 cases died of MG attack, 1 case died of
recurrence of thymoma) and 6 cases lost to
follow-up within 5 years. Survival rates were
calculated by Kaplan-Meier method, and 5-year
survival rates in the VATS group and median
sternotomy group were 100% and 91.2%,
respectively, suggesting that the survival rate
of VATS group was slightly higher than that in
the median sternotomy group, and there
showed no significant difference between two
groups (P = 0.054). The survival curves of the
two groups are shown in Figure 2.

Discussion

Increasingly, surgical management of thymo-
ma-associated MG is recognized as an effec-
tive treatment option, while there is noconsen-
sus for which surgical method is first line.
Although median sternotomy has been the tra-
ditional approach for the treatment of thymo-
ma-associated MG, VATS thymectomy has
been in popularity in recent years. Our study
aims to compare the efficacy and safety of
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median sternotomy and VATS for thymoma-
associated MG, and found that VATS showed
superiority in most of the aspects when com-
pared with median sternotomy.

Our study found that patients with thymoma-
associated MG after treated by VATS and medi-
an sternotomy both obtained well curative
effects, while the intraoperative bleeding vol-
ume, postoperative thoracic drainage time,
postoperative hospitalization time and ICU
monitoring time in the VAST group were shorter
than that in the median sternotomy group, sug-
gesting VATS thymectomy has great advantag-
es over median sternotomy. Median sternoto-
my is the most common surgical method for
thymoma-associated MG, with the advantages
of full exposure, convenient operation and com-
plete movement of thymus gland and the ante-
rior mediastinal fat tissues [15]. However, it is
not applicable for these patients for the disad-
vantages of big wound and scar, poor appear-
ance, slow recovery, deformity of the sternum,
or other complications of respiratory and circu-
latory system dysfunction, pulmonary infection,
or arrhythmia [25]. Recently, MG patients with
or without thymoma who underwent VATS dem-
onstrating superior results in terms of shorter
postoperative hospital time, less blood loss,
smaller number of chest tubes, less quantity of
drainage, and shorter duration of drainage and
a shorter time to return to full activity [26]. Yuan
et al. in his study proposed that the heavy
wound would lead to more seriously postopera-
tive pain in the median sternotomy, the require-
ments for more postoperative care delayed
patients’ return to normal life and work in com-
passion with VATS group; additionally, less inci-
sions, more accurate dissection and clearer
visual field may lead to less blood loss during
VATS thymectomy, which could further contrib-
ute to less time to recovery [27]. Although VATS
had benefits in these patients, there still
remains uncertainty for its effectiveness due to
the longer operation times and higher opera-
tion fee of VATS, as well as other complications
including long-term air leakage, vascular injury,
diaphragm injury and chylothorax, nervus-
phrenicus damage happened during VATS pro-
cess [27].

Our study also found that AQMG score and
AMG-QOL15 score in the VATS group were sig-
nificantly higher than that in the median ster-
notomy group, the occurrence rate of complica-
tions especially postoperative MG crisis and
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the 5-year mortality rate in the median sternot-
omy were higher when compared to that in the
VATS group, the above results indicated that
the improvement rates of symptoms have grad-
ually increased after VATS. The improvement of
patients’ symptom in VATS group was associat-
ed with small interference to the release of
inflammatory mediators, less bleeding, less
amount of analgesic drugs, rapid recovery and
shorter hospital stay, etc. [28]. MG crisis is the
most common complications and the main
causes of death after GM, and in our study,
there were 2 cases of MG crisis in the median
sternotomy group and no case was found in the
VATS group. The occurrence of MG crisis may
be related to the following factors: (1) longer
length of incision and big areas of trauma
reduce the body’s stress response; (2) patients
had a history of MG crisis before operation; (3)
patients with respiratory dysfunction, especial-
ly ventilation dysfunction; (4) surgical trauma
and anesthesia influence; (5) improper control
of the dose of anticholinesterase agents, etc.
[29]. In general, intraoperative blood loss is an
important index to evaluate the surgical trau-
ma, and in this study, the blood loss in the VATS
group was significantly lower than that in the
median sternotomy group, suggesting that the
reduction of surgical trauma may be one of the
reasons for the low postoperative MG risk. In
addition, there is no need to split sternum in
VATS process, which maintains the integrity of
the thorax and sternum, and has small distur-
bance on respiratory function of patients, this
may be an important reason for the low rate of
postoperative MG crisis in VATS group [30].

In conclusion, the results of the current study
have suggested that VATS thymectomy is a
safe, feasible surgical method that is associat-
ed with reduced hospital stay as well as poten-
tially fewer major complications than median
sternotomy. Hence, VATS could be considered
in preference to the median sternotomy despite
its greater operative times. However, for the
small number of cases in our study, more data
are needed for further study.
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