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Background: With advances in thoracoscopic surgical instruments and techniques, subxiphoid video-
assisted thoracic surgery (S-VATS) has become the main approach for anterior mediastinal tumor resection 
under thoracoscopy. However, the drawbacks of S-VATS, including it being a relatively unfixed surgical 
procedure, make it complicated and difficult for unexperienced surgeons to master. 
Methods: This study retrospectively reviewed and analyzed consecutive patients with anterior mediastinal 
tumor or myasthenia gravis (MG) who underwent S-VATS at the Fujian Medical University Union Hospital, 
China, between March 2015 and April 2019.Patients were divided into the conventional group and the 
“four-zone one-way” group. Intraoperative and postoperative variables were compared between the groups. 
Cumulative sum (CUSUM) analysis was applied to determine the operation time (OT)-learning curve of the 
S-VATS “four-zone one-way” method.
Results: A total of 82 patients were included in this analysis, of which, 40 patients underwent the 
conventional method of S-VATS and 42 patients underwent the “four-zone one-way” method. Patients in 
the “four-zone one-way” group had significantly shorter OT (138.50±29.43 and 118.00±28.18 minutes, 
respectively; P=0.002) and significantly less blood loss (36.00±20.16 and 23.92±14.96 mL, respectively; 
P=0.003) compared with patients in the conventional group. Our data indicated that there was no difference 
of the efficacy of MG treatment between the 2 groups. The difference in the preoperative and postoperative 
quantitative MG scoring system score (QMG-score) and the dose reduction of cholinesterase inhibitors 
was comparable between patients in the 2 groups. According to the CUSUM analysis curve, after a steady 
improvement over phase I (cases 1–12 for the traditional method and cases 1–5 for the “four-zone one-way” 
method), the surgical procedure could be mastered. Phase III occurred after case 26 in the traditional group 
and case 28 in the “four-zone one-way” group, and is characterized by rapid improvements.
Conclusions: Compared with the conventional method of S-VATS, the “four-zone one-way” method 
significantly decreased OT and estimated blood loss. These results demonstrated the feasibility and safety of 
the “four-zone one-way” method of S-VATS.

Keywords: Subxiphoid approach; thymectomy; thoracic surgery

Submitted Jun 25, 2021. Accepted for publication Aug 20, 2021.

doi: 10.21037/atm-21-4070

View this article at: https://dx.doi.org/10.21037/atm-21-4070

1339

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-4070


Gao et al. “Four-zone one-way” method for thymectomy

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1339 | https://dx.doi.org/10.21037/atm-21-4070

Page 2 of 11

Introduction

Complete resection for malignant mediastinal tumors is 
important for achieving satisfactory long-term survival. 
Median sternotomy is an effective approach (1), however, 
the associated significant trauma means that patients suffer 
many postoperative complications and recovery is slow. With 
advances in thoracoscopic surgical instruments and techniques, 
the use of video-assisted thoracic surgery (VATS) has been 
shown to be safe and capable of achieving oncological results 
similar to those of open surgery (2,3). Apart from the intercostal 
thoracic approach, there are several minimally invasive 
approaches including the subxiphoid approach and robotic 
techniques (4,5). Since it was firstly proposed in 1999 by Kido 
et al. (4), subxiphoid video-assisted thoracic surgery (S-VATS) 
has become the main approach for anterior mediastinal tumor 
resection under thoracoscopic surgery. Compared with the 
intercostal thoracic approach, S-VATS provides a better 
operative view (6) and reduces the operative time, blood loss, 
postoperative hospital stay, and postoperative pain (7,8). 

However, S-VATS is an unfixed and complicated surgical 
procedure (9). This, together with its other drawbacks, make it 
difficult for unexperienced surgeons to master this technique 
. With the experience and understanding of S-VATS in our 
department, the subxiphoid surgical method was improved and 
the “four-zone one-way” method was pioneered for anterior 
mediastinal tumor resections. The “four-zone one-way” 
method divides the intact thymus gland and its surrounding 
tissues into four zones by the anterior median line of the 
sternum and the lower pole of the left innominate vein and 
therefore optimizes the surgical procedure by dissecting 
each zone one by one in a single direction (clockwise or 
counterclockwise). Based on previous literature, no clinical 
studies have been found regarding this surgical approach. As a 
scoring system based on quantitative testing of sentinel muscle 
groups, the quantitative MG scoring system score (QMG-
score) was used to access the differences between preoperative 
and postoperative symptoms in our study. This report explored 
the feasibility and safety of the “four-zone one-way” method of 
S-VATS and compared it with the traditional method.  

We present the following article in accordance with the 
STROBE reporting (available at https://dx.doi.org/10.21037/
atm-21-4070).

Methods

Study design 

An open cohort design was implemented. This study 

retrospectively reviewed and analyzed consecutive patients 
with anterior mediastinal mass or myasthenia gravis (MG)  
who underwent S-VATS in our hospital between March 
2015 and April 2019. Between March 2015 and May 2017, 
patients underwent the conventional method of S-VATS 
and were assigned to the conventional group. From May 
2017, as the subxiphoid surgical methods were improved, 
the “four-zone one-way” method was implemented. 
Subsequently in June 2017, all patients who underwent 
the “four-zone one-way” method of S-VATS were 
assigned to the “four-zone one-way” group. All operations 
were performed by the same surgical team at the Union 
Hospital Affiliated to Fujian Medical University, China. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
institutional ethics board of Fujian Medical University 
[No.: 2021 Association Ethics Examination No. (030)] and 
informed consent was taken from all the patients.

Patients

Patients were enrolled in the study if the following inclusion 
criteria were satisfied: (I) imaging data showed anterior 
mediastinal tumor with a tendency of enlargement of 
anterior mediastinal tumor during follow-up, or discomfort 
such as chest tightness and shortness of breath; (II) chest 
computed tomography (CT) scan and enhancement 
indicated that the anterior mediastinal tumor had clear 
boundaries with the peripheral nerves and large vessels and 
organs, and there was no bilateral lung, mediastinal lymph 
node, or distant metastasis; (III) retrosternal goiter; (IV) in 
cases where the anterior mediastinal tumor was complicated 
with MG, the MG symptoms were well controlled; (V) 
not complicated with primary malignant tumors in other 
sites; (VI) preoperative electrocardiograph  (ECG), heart 
color ultrasound, lung function, and other examinations 
indicated good cardiopulmonary function and patients 
could tolerate surgical treatment; (VII) blood tests [including 
routine blood, coagulation function, liver and kidney 
function, eight surveys before blood transfusion, blood 
group identification and antibody screening, beta human 
chorionic gonadotropin (β-HCG), and alpha-fetoprotein 
(AFP)]  and routine stool tests (including routine stool and 
OB tests  and routine urine tests) showed no abnormalities; 
and (VIII) patients and their family members fully 
understood the surgical plan, were willing to participate 
in this study, and provided written informed consent. The 
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following exclusion criteria were applied: (I) chest CT scan 
and enhancement indicated anterior mediastinal tumor, 
adhesion with surrounding tissues, nerves, organs and 
large vessels, unclear boundary, or multiple metastasis in 
bilateral lungs and other sites; (II) patients with heart, lung, 
or other important organ dysfunction, and patients who 
were determined to be unsuitable for surgery during the 
anesthetic evaluation; (III) patients with a previous history 
of thymic tumor resection and consideration of recurrence 
and metastasis, or patients undergoing open-chest cardiac 
surgery; (IV) patients with MG who were receiving 
medical treatment, and who had been determined to be 
unsuitable for surgery after evaluation; (V) intraoperative 
endoscopic exploration suggested that the tumor could not 
be completely resected and turned to thoracotomy, or the 
pleural pericardium and other extensive metastatic patients 
only underwent thoracoscopic biopsy; (VI) a history of 
other malignant tumors, and the possibility of anterior 
mediastinal metastasis was considered; and (VII) patients 
with serious mental illness. 

Surgical techniques

The conventional S-VATS method
After general anesthesia, the patient was placed in the 
supine position with legs spread apart. The surgeon was 
located between the legs of the patient, with one assistant 
located on the left side of the patient, and the other assistant 
located on the right side of the patient.

A 2 cm transverse incision was made at two transverse 
fingers below the xiphoid process, and a blunt separation 
was made with the index finger to the posterior sternum to 
establish a tunnel to the anterior mediastinum. A Trocar 
with a diameter of 10 mm was placed and connected 
to a pneumoperitoneum tube to establish artificial 
pneumothorax. The pressure of the CO2 gas was adjusted 
to 6–8 kPa, and the anterior mediastinum was fully exposed. 
The posterior sternal space was confirmed by thoracoscopy. 
A 1 cm longitudinal incision was then made at 1 cm below 
the intersection of the midclavicular line and costal arch 
on both sides as an auxiliary operation hole, and a 10 mm 
Trocar was placed under endoscopic vision (Figure 1A). 

To expose the posterior sternum (Figure 1B), an 
ultrasonic knife was used to gradually separate the posterior 
sternum space from bottom to top. During the anterior 
mediastinal exploration, the location, size, boundary, 
capsule integrity of the anterior mediastinal tumor and its 
relationship with the left innominate vein and superior vena 

cava were determined. 
To separate the tumor, the anterior boundary of the 

mediastinal tumor was gradually separated from bottom to 
top along the posterior sternum with an ultrasonic knife to 
the thoracic entrance. The lower boundary of the tumor 
was carefully dissected and separated along the lower edge 
of the mediastinal tumor with an ultrasonic knife. The 
left and right mediastinal pleura were opened with an 
ultrasound knife along the phrenic nerve, and important 
vessels such as the left sub clavicular artery, the left common 
carotid artery, the left innominate vein, superior vena cava, 
right innominate vein, and front edge of brachiocephalic 
vein were dissected carefully, so as to completely dissociate 
the left and left posterior bounds  of the mediastinal 
tumor. The scope of dissection of the peri thymus adipose 
tissue included the bilateral anterior mediastinum, the 
diaphragmatic angle, and the peri thymus adipose tissue. 
The fat was removed completely, together with the anterior 
mediastinal tumor, and the specimens were placed into the 
specimen extractor through the operating hole and dragged 
out. After complete hemostasis, the wound was covered 
with hemostasis material and sprayed with biological glue 
preparation. One posterior sternal drainage tube was 
indwelling. After gauze and instruments were counted, the 
incision was sutured layer by layer.

The “four-zone one-way” S-VATS method 
Following the procedures described above for the S-VATS 
traditional method, the patient was anesthetized and 
incisions were made to allow for anterior mediastinal 
exploration.  

To separate the tumor, the “four-zone one-way” 
method was used instead of the conventional method. The 
anterior boundary of the mediastinal tumor was gradually 
separated from bottom to top along the posterior sternum 
with an ultrasonic knife to the thoracic entrance. The 
lower boundary of the tumor was carefully dissected and 
separated along the lower edge of the mediastinal tumor 
with an ultrasonic knife. The intact thymus gland and its 
surrounding tissues was divided into four zones (lower 
right, upper right, upper left, and lower left) by the anterior 
median line of the sternum and the lower pole of the left 
innominate vein (Figure 1C). The lower edge of the tumor 
was first separated. Starting from the right lower pole of the 
tumor, the right mediastinal pleura was opened from bottom 
to top to the suprasternal notch to separate the superior 
vena cava, the right innominate vein, and other important 
vessels. The left mediastinal pleura was also opened from the 
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Figure 1 Schematic diagram of the surgical procedures. (A) Incision; (B) posterior sternum interface; (C) schematic diagram of the “four-zone 
one-way” method; (D) right phrenic nerve surface; (E) left phrenic nerve surface; (F) tumor removal; (G) postoperative incision display. 
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left upper pole of the tumor to separate the left innominate 
vein, left common carotid artery, and left subclavian artery, 
successively. During the operation, attention was focused 
on protecting the bilateral phrenic nerve (the left and right 
boundary of the tumor) (Figure 1D,1E), and finally the 
upper pole of the thymus tumor was separated. Similar 
to the traditional method, the scope of dissection of the 
peri thymus adipose tissue included the bilateral anterior 
mediastinum, the diaphragmatic angle, and the peri 
thymus adipose tissue (Figure 1F). The fat was removed 
completely, together with the anterior mediastinal tumor, 
and the specimens were placed into the specimen extractor 
through the operating hole and dragged out. After complete 
hemostasis, the wound was covered with hemostasis material 
and sprayed with biological glue preparation. One posterior 
sternal drainage tube was indwelling. After gauze and 
instruments were counted, the incision was sutured layer by 
layer (Figure 1G).

Assessment of outcomes 

The operative time, intraoperative blood loss, postoperative 
complications, postoperative hospitalization days, 
postoperative thoracic drainage volume, days of intrathoracic 
drainage tube retention, and duration of painkiller use 
were observed and compared between the two groups. 
To assess the postoperative effects on MG, the difference 
in the preoperative and postoperative quantitative MG 
scoring system score (QMG-score) and the dose reduction 
of cholinesterase inhibitors were examined. In particular, 
QMG-score is a scoring system based on quantitative testing 
of sentinel muscle groups (Table 1) (10). Cumulative sum 
analysis (CUSUM) (11) was applied to find the operation 
time (OT)-learning curve of the S-VATS “four-zone one-
way” method. CUSUM analysis detects the deviation 
between the raw data of each individual case and the mean 
value of the cohort, followed by the accumulation of each 
deviation in a sequential manner. All cases with abnormal 
values were removed. 

Data collection and statistical analysis

Data are presented as mean value ± standard deviation 
for continuous variables, and percentages for categorical 
variables. Student’s t-test or Mann-Whitney U-test was 
used to analyze continuous variables, and the Pearson’s  
χ2 test or Fisher’s exact test was used to analyze categorical 
variables using SPSS 21 software . 

Results

Clinical characteristics of the patients 

The clinical characteristics of the included patients are 
shown in Table 2. Between March 2015 and April 2019, a 
total of 82 patients were included in this analysis. From 
March 2015 to October 2015, 40 patients underwent the 
conventional method of S-VATS. From November 2015, due 
to improvements in surgical methods, 42 patients underwent 
the “four-zone  one-way” method of S-VATS. There were no 
statistical differences in age, gender, body mass index (BMI), 
comorbidities, preoperative MG, or pathologic diagnosis 
between the two groups (P>0.05; Table 2).

Intra- and postoperative outcomes

As shown in Table 3, patients in the “four-zone one-way” 
group experienced significantly reduced OTs (138.50±29.43 
and 118.00±28.18 minutes, respectively; P=0.002) and 
intraoperative blood loss (36.00±20.16 mL and 23.92± 
14.96 mL, respectively; P=0.003) compared with patients 
in the conventional group. This demonstrated that the 
“four-zone one-way” method of S-VATS is advantageous in 
reducing OT and blood loss. 

Postoperative outcomes in the “four-zone one-way” 
group were similar to the conventional group. There 
were no significant differences in duration of chest tube, 
postoperative hospital stays, postoperative thoracic drainage 
volume, number of days of analgesic use after surgery, 
postoperative pain score, nor the rate of postoperative 
complicat ions (Table  3 ) .  This  suggested that  the 
postoperative safety of “four-zone one-way” method was 
comparable to the conventional method. 

As is showed in Table 4, there were no significant 
differences in the preoperative and postoperative QMG-
scores between the treatment groups. In addition, the 
difference between pre- and postoperative QMG-scores, 
and the rate of cholinesterase inhibitor dose reduction was 
comparable between the treatment groups. None of the 
patients in either treatment group experienced MG crisis. 
All patients showed improved or stable QMG-scores.  

Learning curve 

The OT-learning curves of the surgical team were plotted 
for the conventional group and the “four-zone one-way” 
group. According to the CUSUM curve, there were 3 
learning curve phases for the operative time (Figure 2). 
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An uphill slope, which is phase I, indicates the period of 
mastering a surgical method. Figure 2A shows that the 
conventional method can be mastered after 12 cases, while 
the “four-zone one-way” method can be mastered after 
only 5 cases (Figure 2B).  There was a ‘‘plateau’’ in phase 
II which occurred during cases 13– 26 in the conventional 
method and cases 6–28 in the “four-zone one-way” method.  
After case 26, the conventional method reached phase 
III, indicating a period of rapid improvements with mean 
operative times well below the overall means. In the “four-

zone one-way” method, phase III was reached after case 28. 

Discussion

Since the introduction of thoracoscopic surgery for anterior 
mediastinal tumor resection in 1993, thoracoscopic assisted 
minimally invasive surgery has become an alternative 
approach (12). Compared with transthoracic video-assisted 
thoracic surgery (T-VATS), S-VATS has been shown to 
not only reduce OT and estimated blood loss, but also 

Table 1 Q-MG score for disease severity

Test item None Mild Moderate Severe Score

Grade 0 1 2 3

Double vision on lateral gaze right  
or left (circle one), (seconds)

61 11–61 1–10 Spontaneous

Ptosis (upward gaze), (seconds) 61 11–61 1–10 Spontaneous

Facial muscles Normal lid 
closure

Complete, weak, some 
resistance

Complete, without 
resistance

Incomplete

Swallowing 4 oz water (1⁄2 cup) Normal Minimal coughing or 
throat clearing

Severe coughing/choking  
or nasal regurgitation

Cannot swallow  
(test not attempted)

Speech after counting aloud  
from 1 to 50 (onset of dysarthria)

None at 50 Dysarthria at 30–49 Dysarthria at 10–29 Dysarthria at 9

Right arm outstretched  
(90 degrees sitting), (seconds)

240 90–239 10–89 0–9

Left arm outstretched  
(90 degrees sitting), (seconds)

240 90–239 10–89 0–9

Vital capacity, (%) predicted ≥80 65–79 50–64 <50

Rt-hand grip, (kgW)

Men ≥45 15–44 5–14 0–4

Women ≥30 10–29 5–9 0–4

Rt-hand grip, (kgW)

Men ≥35 15–34 5–14 0–4

Women ≥25 10–24 5–9 0–4

Head lifted (45 degrees supine), 
(seconds)

120 30–119 1–29 0

Right leg outstretched  
(45 degrees supine), (seconds)

100 31–99 1–30 0

Left leg outstretched  
(45 degrees supine), (seconds)

100 31–99 1–30 0

Total QMG score Range, 0–39

From Barohn RJ, McIntire D, Herbelin L, et al. Reliability testing of the quantitative myasthenia gravis score. Ann N Y Acad Sci 
1998;841:769-72; with permission.
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Table 2 Perioperative clinical characteristics of the patients 

Variable Total, N (%) Conventional method, N (%) “Four-zone one-way” method, N (%) P value

Mean age (years) 47 [10–74] 49 [17–73] 44 [10–74] 0.146

Gender 0.246

Male 34 (41.5) 14 (35.0) 20 (47.6)

Female 48 (58.5) 26 (65.0) 22 (52.4)

BMI 0.507

≤25 63 (76.8) 32 (80.0) 31 (73.8)

>25 19 (23.2) 8 (20.0) 11 (26.2)

Preoperative complications 0.391

None 49 (59.8) 22 (55.0) 27 (64.3)

Hypertension 17 (20.7) 10 (25.0) 7 (16.7)

Diabetes 4 (4.9) 1 (2.5) 3 (7.1)

Coronary heart disease 1 (1.2) 1 (2.5) 0 (0.0)

Cases with MG 41 (50.0) 21 (52.5) 20 (47.6) 0.696

Pathology 0.900

Thymoma 20 (24.4) 10 (25.0) 10 (23.7)

No thymoma 62 (75.6) 30 (75.0) 32 (76.2)

BMI, body mass index; MG myasthenia gravis. 

Table 3 A comparison of intra- and postoperative outcomes

Variable Conventional method, x±s “Four-zone one-way” method, x±s P value

Operation time (min) 138.50±29.43 118.00±28.18 0.002*

Estimated blood loss (mL) 36.00±20.16 23.92±14.96 0.003*

Postoperative drain duration (d) 2.62±0.98 2.20±1.02 0.062

Postoperative hospital stay (d) 3.47±1.08 3.31±1.19 0.515

Postoperative drain volume (mL) 251.73±150.14 252.05±174.20 0.993

Postoperative pain score 1.70±1.02 1.73±1.01 0.866

Postoperative complications (n/N) 0.700

Pneumonia 4/40 4/42

Arrhythmia 1/40 0/42

Abnormal liver function 3/40 2/42

Electrolyte disturbance 3/40 3/42

Phrenic nerve injury 0/40 0/42

*, P<0.05.
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postoperative pain due to the avoidance of intercostal 
nerve injury (13). S-VATS provides a good surgical view 
of the upper pole of the thymus, the adipose tissue in the 
diaphragmatic angle, and the bilateral phrenic nerves (14). 

Approximately 30% of thymoma patients present with MG, 
but only 21% of myasthenia patients have thymoma (15). 
The difficulty of surgical treatment in MG patients lies in the 
removal of the adipose tissue at the diaphragmatic angle on 

Table 4 A comparison of the postoperative effects on myasthenia gravis 

Variable Conventional method, x±s “Four-zone one-way” method, x±s P value

Preoperative QMG-score 4.24±2.61 4.15±2.46 0.912

Postoperative QMG-score 2.48±1.83 2.55±1.93 0.901

Change in pre- and postoperative QMG-scores 1.76±1.45 1.60±1.10 0.689

Improved or stable QMG-score 21 (100%) 20 (100%) –

The rate of dose reduction 76.2% 80% 0.768

MG crisis 0 0 –

QMG, quantitative MG; MG, myasthenia gravis.

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
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Figure 2 Cumulative sum (CUSUM) analysis of the operation time (OT) of the conventional group and the “four-zone one-way” group. 
The X axis indicates consecutive cases, and the Y axis indicates the cumulative sum of the operative time of each operation and the mean of 
the operations in the group. The vertical lines at the turning points of the curvature represent the transition from one phase to another. 
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both sides, and thus, the postoperative effect depends on the 
thorough removal of the thymus tissue and the surrounding 
adipose tissue during the operation (16). Therefore, S-VATS 
is beneficial for the thorough removal of the thymus gland 
and its surrounding tissues in patients with MG. However, 
S-VATS also has the following disadvantages: (I) the small 
operating space (17) limits the flexibility of the instrument 
and makes it difficult to operate, and thus requires the 
operator to have rich experience in endoscopic surgery, and 
the operation should be gentle and flexible; and (II) for large 
mediastinal tumors or tumor accumulation of surrounding 
vital organs, median sternal cleavage is more advantageous 
than subxiphoid cleavage.

Since March 2015, our center has been performing 
the first resection of an anterior mediastinal tumor by the 
conventional S-VATS method. From May 2017, on the 
basis of the conventional S-VATS, the “four-zone one-way” 
method was pioneered. Compared with the conventional 
S-VATS, the “four-zone one-way” method has several 
advantages. First, the surgical area is clearly divided, with 
the thymus divided into four areas (lower left, upper left, 
upper right, and lower right) by the anterior median line 
of the sternum and the horizontal line of the lower pole of 
the left innominate vein (two lines) during the operation. 
The surgeon can thus clearly define which structures are to 
be excised and retained in each area. Second, the surgical 
method is clear, with the operation starting from the 
diaphragmatic angle, and the tumor resection performed 
in a single direction (clockwise or counterclockwise). 
The operation method is relatively fixed and gradual, 
from simple to complex, and the surgeons can follow the 
surgical steps and ensure the operation process is orderly. 
Meanwhile, injury of important blood vessels and nerves in 
the anterior mediastina and other tissues can be avoided. 
Third, this method allows for tacit cooperation between 
the surgeon and the assistant, thereby improving teamwork 
and reducing OT. In our study, there were no differences 
in the preoperative characteristics of age, gender, BMI, 
comorbidities, preoperative MG, or pathologic diagnosis 
between patients in the two groups. Patients in the “four-
zone one-way” group had significantly reduced OT 
(138.50±29.43 and 118.00±28.18 minutes, respectively; 
P=0.002) and blood loss (36.00±20.16 and 23.92±14.96 mL,  
respectively; P=0.003) compared to patients in the 
conventional group, suggesting that the “four-zone one-
way” method of S-VATS has advantages in reducing OT 
and blood loss. 

There were no significant differences in postoperative 

complications between the groups. The complication rate 
was 22.5% (9/40) in the conventional group and 19.0% 
(8/42) in the “four-zone one-way” group. Among all 
postoperative complications, pulmonary infections have 
been shown to be the most common, with an incidence 
of about 1.5%, while in chest surgery, the incidence of 
postoperative pulmonary infection is about 13–17.5% 
(18,19). In our study cohort, 5 patients in the conventional 
group experienced major complications, including 4 case 
of pneumonia and 1 cases of arrhythmia. In the “four-zone 
one-way” group, there were also 4 cases of pneumonia. 
The QMG scoring systems and the rate of dose reduction 
of cholinesterase inhibitors were used to assess patients 
with MG (9,20). As is showed in Table 4, there were no 
significant differences in preoperative QMG-scores, 
postoperative QMG-scores, the difference between 
preoperative and postoperative QMG-scores, nor the rate 
of the dose reduction of cholinesterase inhibitors between 
the 2 treatment groups. In the conventional group, 76.2% 
showed a dose reduction of cholinesterase inhibitors 
compared with 80.0% in the “four-zone one-way” group. 
All patients in both groups showed improved or stable 
QMG-score. There were no cases of crisis in our study 
cohort. This data indicated that there was no difference 
in the efficacy of treatment of MG between the 2 groups. 
Further studies are required to determine the long-term 
remission rate of MG.

OT-learning curves of the surgical team were plotted for 
the conventional method and “four-zone one-way” method. 
According to the CUSUM curve, there were 3 learning 
curve phases for the operative time (Figure 2). There was a 
steady improvement over phase I (cases 1–12 and cases 1–5 
for the conventional and “four-zone one-way” methods, 
respectively), which shows the initial proficiency. This was 
followed by a ‘‘plateau’’ in phase II (cases 13– 26 and cases 
6–28 for the conventional and “four-zone one-way” methods, 
respectively). Phase III was reached after case 26 in the 
conventional group and case 28 in the “four-zone one-way” 
group. In this latter phase, improvements were more rapid, 
with mean operative times well below the overall means.

This study was performed at a single institution with a 
small sample size and this may have led to potential bias. 
Thymoma is a type of anterior mediastinal tumor with 
low malignancy. After active treatment, satisfactory short-
term results have been obtained. As recommended by the 
guidelines, longer follow-up times are warranted in the 
future to further determine the efficacy of the subxiphoid 
approach. The feasibility and safety of the “four-zone 
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one-way” method of S-VATS was comparable to the 
conventional method of S-VATS. 
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