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Abstract
Background  With the continuous development of minimally invasive thoracic surgery, thoracoscopic thymectomy 
has become a routine operation. This method, now widely recognized, better protects lung function, reduces 
intraoperative blood loss and pain, and shortens postoperative hospital stay. We now introduce a standardized right 
thoracic incision for thoracoscopic thymic tumor resection, which has achieved favorable clinical outcomes.

Methods  This retrospective study involves 63 patients who underwent standardized right thoracic incision for 
thoracoscopic thymic tumor resection from October 2022 to January 2024. We analyzed the relevant clinical data, 
including postoperative pathological diagnosis, operation time, intraoperative blood loss, chest tube drainage 
duration, postoperative hospital stay, and follow-up data.

Results  All 63 patients underwent thoracoscopic surgery. Thoracoscopic surgery excised thymic tumors and 
mediastinal fat in 62 cases, while 1 case of thymic carcinoma underwent thoracoscopic biopsy due to invasion of 
the superior vena cava and innominate vein. Postoperative pathological diagnosis revealed thymoma in 35 cases (33 
cases of thymoma and 2 cases of thymic adenocarcinoma). R0 resection was achieved in 33 cases and R1 resection 
in 1 case. Additionally, 2 patients diagnosed with thymic adenocarcinoma were advised to undergo postoperative 
radiotherapy. Postoperative pathological diagnosis of the other 28 cases showed thymus hyperplasia in 13 cases 
and thymus cysts in 15 cases. The mean operation time was 57.3 ± 14.2 min, and intraoperative blood loss was 
22.5 ± 14.7 ml. The mean chest tube drainage duration was 2.7 ± 1.3 days, and the postoperative hospital stay was 
3.7 ± 1.4 days. No secondary operations were required, and no severe complications or mortality were observed 
during the perioperative period. All patients were discharged smoothly after surgery. Ten patients were not followed 
up due to recent surgery. The remaining 53 patients were followed up for 6 to 12 months, with no recurrence or 
distant metastasis observed.

Conclusion  The standardized right thoracic incision for thoracoscopic thymic tumor resection simplifies the 
procedure of thymectomy. The operation’s risk points are relatively fixed, making it safe and feasible. It is easy for 
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Background
Over the past few decades, traditional surgical methods 
for thymic tumors have included median sternal incision, 
posterolateral incision, and anterolateral incision. These 
approaches are particularly challenging due to the thymic 
tumor’s typical location in front of the aorta and heart, 
which significantly increases the operation’s risk. Sur-
geons often face poor exposure during these procedures, 
resulting in large wounds, slow postoperative recovery, 
and significant incision pain, among other complications 
[1–4].

In recent years, the continuous advancement of mini-
mally invasive thoracic surgery has led to the widespread 
adoption of thoracoscopic thymectomy as a routine pro-
cedure. Minimally invasive surgery is now widely rec-
ognized for its ability to better preserve lung function, 
reduce intraoperative blood loss and pain, and shorten 
postoperative hospital stays [2–4]. Thymic tumors are 
classified according to the recommendations of the 
World Health Organization (WHO) into thymomas, 
which are further divided into low-grade (A, AB) and 
high-grade (B1, B2, B3) thymic tumors with neuroendo-
crine features (MNT), and thymic carcinomas (TC) [2, 
5].

Currently, there are multiple incision options for tho-
racoscopic resection of thymic tumors, each with its own 
advantages and disadvantages. We have adopted a stan-
dardized right thoracic incision for thoracoscopic thymic 
tumor resection, which has proven to be simple, effec-
tive, and practical. From October 2022 to January 2024, 
we performed thoracoscopic resection of thymic tumors 
using the standardized right thoracic approach in 63 
cases, achieving excellent results.

Clinical data and methods
General data
There were 63 cases in this group, including 33 males and 
30 females. The age ranged from 23 to 74 years old, with 
a mean of 45.8 ± 9.0 years. Forty-five cases had no obvi-
ous symptoms and were found during physical examina-
tion, 15 cases were occasionally accompanied by chest 
tightness and other discomfort, and 3 cases had ocular 
myasthenia gravis. According to preoperative CT or MRI 
examination, the diameter of thymic tumors was less 
than 20 mm in 27 cases and 20–50 mm in 36 cases. There 
was no definite diagnosis before operation, no history 
of radiotherapy and chemotherapy, no obvious abnor-
malities in preoperative examination, and no obvious 

contraindications before operation. The patients’ charac-
teristics are listed in Table 1.

Case selection criteria [2, 6]: CT or MRI revealed 
anterior mediastinal thymic lesions, clinical diagno-
sis of thymic tumors; chest CT or MRI revealed solid 
tumors ≤ 5 cm in diameter, smooth edges, clear boundar-
ies, and no infiltration or adhesion with surrounding tis-
sues and organs; CT or MRI suggested cystic lesions.

Methods
Three patients with thymic tumors complicated with 
myasthenia gravis needed to take an appropriate amount 
of brompistimine before the operation [3]. After the 
symptoms were relieved, the other 60 patients with no 
obvious surgical contraindications were treated with rou-
tine operations. Double-lumen endotracheal intubation, 
general anesthesia, right chest elevated 30°, right upper 
limb fixed to the anesthesia frame (Fig.  1A), and right 
lung collapse were performed. The thoracoscopic dis-
play was positioned on the left side of the patient, with 
the operator and assistant positioned on the right side 
(Fig.  1B). A 1  cm observation incision was made at the 
sixth intercostal space of the anterior axillary line, and a 
trocar and 30° video-assisted thoracoscopy were placed. 
Under direct vision, a 2 cm operating incision was made 
between the third intercostal space of the anterior axil-
lary line (for females, the breast should be pushed to 
prevent damage), and the incision protective cover was 
placed (Fig.  1A). Electric hook, harmonic ACE, sepa-
ration forceps, attractor, and other instruments were 
used to complete total thymectomy and mediastinal fat 
resection.

Before the operation, the surgical field was divided 
into three lines (Fig. 2A), and the procedure was carried 
out sequentially. The first step is to use an electric hook 
and harmonic ACE to separate the space between the 
sternum and the thymic tumor and fat, expose the left 
internal mammary vein, and separate to the contralateral 
pleura to maintain the integrity of the left pleura. The 
second step is to separate the thymic tumor and fat from 
the space outside the pericardium and excise the adipose 
tissue adjacent to the right phrenic nerve. The third step 
is to lift the thymic tissue to separate the thymus along 
the innominate vein. The thymus vein can be cut off 
with a harmonic ACE after clamping with titanium or 
vascular clips. Continue until the upper pole of the thy-
mus; the tumor is completely removed, the mediastinal 
fat is cleared, and the bleeding is completely stopped. 
Hemostatic gauze packing can be used to manage a small 

the operator to master, and the thymic tumor resection rate is high. It possesses characteristics of being minimally 
invasive, enabling rapid recovery, having fewer complications, and requiring simple perioperative management.
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amount of bleeding, and the closed thoracic drainage 
tube is routinely retained at the end of the operation, 

completing the standardized procedure. After the opera-
tion, the thymus and mediastinal fat were completely 
resected, and the anatomical structure of the anterior 
mediastinum could be clearly seen (Fig. 2B).

Observation indicators
We observed the postoperative pathological diagno-
sis, operation time, intraoperative blood loss, chest tube 
drainage duration, postoperative hospital stay, and fol-
low-up data to evaluate the safety and feasibility of this 
method.

Table 1  Patients’ characteristics (N = 63)
Variables
Age (years)
Sex (M/F)

45.8 ± 9.0
33/30

Tumor sizes, n
  <20 mm
  20 ~ 50 mm
No obvious symptoms
Chest tightness and other discomfort
Ocular myasthenia gravis

27
36
45
15
3

Fig. 2  Imaging of preoperative and postoperative operation area. A The space between retrosternal and thymic tumor and fat (Line 1), the space be-
tween the thymic tumor and fat outside the pericardium (Line 2), and lift the thymus tissue to separate the thymus along the direction of the innominate 
vein (Line 3). B Angle of view after parasternal thymic tumor and fat resection (Line 1), angle of view after resection of the thymic tumor and fat outside 
the pericardium (Line 2), and angle of view after resection of the thymic tumor and fat near the innominate vein (Line 3)

 

Fig. 1  Imaging of surgical posture details and surgical incision selection. A Right chest pad 30°high, right upper limb fixed to anesthesia frame, the 
operating incision and the observation incision are located in the third intercostal space of the anterior and sixth intercostal space of the anterior axillary 
line, respectively. B The thoracoscopic display is positioned on the left side of the patient, and the operator and an assistant are positioned on the right 
side of the patient
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Statistical analysis
All statistical analyses were carried out with SPSS 19.0 
software. The parameters of each sample were tested for 
normality, and the results showed that they conformed to 
a normal distribution and are described as x̄ ± s.

Results
All 63 patients underwent thoracoscopic surgery. Among 
them, thoracoscopic surgery excised thymic tumors and 
mediastinal fat in 62 cases, while 1 case of thymic carci-
noma underwent thoracoscopic biopsy due to invasion of 
the superior vena cava and innominate vein.

The mean operation time was 57.3 ± 14.2 min, and intra-
operative blood loss was 22.5 ± 14.7 ml. The mean chest 
tube drainage duration was 2.7 ± 1.3 days, and the post-
operative hospital stay was 3.7 ± 1.4 days. No secondary 
operations were required, and no severe complications or 
mortality were observed during the perioperative period. 
All patients were discharged smoothly after surgery.

Postoperative pathological diagnosis included thy-
moma in 33 cases: 12 cases of type A, 7 cases of type 
AB, 3 cases of type B1, 6 cases of type B2, and 5 cases 
of type B3. Thymic hyperplasia was observed in 13 cases 
and thymic cysts in 15 cases. Among the thymoma cases 
(33 cases) and thymic adenocarcinoma cases (2 cases), 
R0 resection was performed in 33 thymoma cases and 

R1 resection in 1 thymoma case. Two patients diagnosed 
with thymic adenocarcinoma were advised to undergo 
postoperative radiotherapy.

Ten patients were not followed up due to recent sur-
gery. The remaining 53 patients were followed up for 6 
to 12 months, with no recurrence or distant metastasis 
observed. The 53 patients were followed up for 6–12 
months by hospital visits (45 cases, 84.9%) and telephone 
(8 cases, 15.1%). The mean duration of follow-up was 
8.9 ± 1.8 months. There were no recurrences, metastases, 
or deaths during the follow-up period. The clinical char-
acteristics of the 63 patients are shown in Table 2.

Discussion
Thymomas and thymic adenocarcinoma are the most 
common primary anterior mediastinal masses, while 
thymic adenocarcinoma is far rarer but much more 
likely to spread [7]. Patients with early thymic tumors 
often have no obvious clinical symptoms. With the con-
tinuous growth of thymic tumors, patients may develop 
symptoms such as chest tightness, chest pain, and even 
superior vena cava syndrome. These symptoms are gen-
erally caused by tumor infiltration or compression, mak-
ing it difficult to operate at this stage and challenging to 
achieve complete removal [2, 8]. With the development 
of the economy and society, more and more healthcare 
facilities have included low-dose spiral CT in routine 
physical examinations. Many patients with early thymic 
tumors have been identified for the first time during 
these examinations [9], indicating that chest CT plays 
an irreplaceable role in screening and diagnosis [10, 11]. 
When a thymic tumor is first detected, we suggest per-
forming an enhanced CT to evaluate its relationship with 
the innominate vein, pericardium, aorta, and branches, 
and to assess the feasibility of tumor resection. When 
the diagnosis is difficult, enhanced MRI [11, 12] can be 
performed to distinguish solid tumors or cysts. Thymic 
tumors are the most common mediastinal tumors. They 
are often located in the anterior superior mediastinum, 
with the sternum in front, innominate veins, pericar-
dium, aorta, and branch vessels behind, and bilateral 
pleura and lung tissue on both sides [8]. Because of its 
special anatomical location, thymic tumor resection is 
often considered high-risk surgery [8]. Since Landreneau 
[13] et al. first reported video-assisted thoracoscopic 
resection of mediastinal tumors in 1992, video-assisted 
thoracoscopy has played an important role in the diagno-
sis and treatment of thymic tumors [3, 14, 15]. However, 
there is no article that uses a standardized approach to 
surgery as we do, so there is an urgent need for a stan-
dardized surgical method to simplify the operation.

All 62 patients (98.4%) underwent standardization 
right thoracic incision for thoracoscopic thymic tumors 
and mediastinal fat resection. Only 1 patient (1.6%) 

Table 2  Clinical characteristics of patients (N = 63)
Variables
Surgical mode, n
  Total thymectomy and mediastinal fat dissection
  Thoracoscope biopsy
Operation time, mean ± SD (min)
Intraoperative blood loss, mean ± SD (ml) Chest tube 
drainage duration, mean ± SD (days)
Postoperative hospital stay, mean ± SD (days)
Secondary operation and severe complications, n

62
1
57.3 ± 14.2
22.5 ± 14.7
2.7 ± 1.3
3.7 ± 1.4
0

Postoperative pathological diagnosis, n
  Thymic hyperplasia
  Thymic cyst
  Thymic adenocarcinoma(type C)
  Thymoma(type A/type AB/type B1/type B2/type B3)

13
15
2
33(12/7/3/6/5)

Thymoma Masaoka clinical stages, n
  I
  IIa
  IIb
  IIIa
  IIIb

15
10
8
1
1

Resection method of thymoma, n
  R0 resection
  R1 resection
  Thoracoscopic biopsy
Postoperative radiotherapy cases, n
Follow-up cases, n
  Hospital visits
  Telephone
The mean duration of follow-up, (mths)

33
1
1
2
53
45 (84.9%)
8 (15.1%)
8.9 ± 1.8
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underwent thoracoscopic biopsy because of tumor infil-
tration into superior vena cava and innominate vein. 
There were no postoperative severe pulmonary infec-
tions, pulmonary embolism, or death; these results 
were satisfactory. A meta-analysis [14] showed that 
the operation time was 65–249.8  min, intraoperative 
blood loss was 92.3-137.5  ml, and postoperative hospi-
tal stay was 2.9–10.6 days for minimally invasive thymic 
operations. Our methods showed that the mean opera-
tion time was 57.3 ± 14.2  min, intraoperative blood loss 
was 22.5 ± 14.7  ml, and postoperative hospital stay was 
3.7 ± 1.4 days. No secondary operations were required, 
and no severe complications or mortality were observed 
during the perioperative period. We have better per-
formance in the above data, demonstrating that the 
standardized operation improves the efficiency of the 
procedure.

Fifty-three patients were followed up for 6 to 12 
months, with no recurrence, metastasis, or death dur-
ing the follow-up period. Two patients with thymic 
adenocarcinoma were advised to undergo postoperative 
radiotherapy, which is considered to have an ideal cura-
tive effect and survival rate [16, 17]. With the continuous 
progress of medical technology, new treatments for thy-
mic adenocarcinoma, such as targeted therapy [18–20] 
and immunotherapy [19, 21], may become important 
treatments in the future [20–22].

Thymectomy, the surgical removal of the thymus 
gland, can be performed using various techniques, each 
with distinct advantages and disadvantages. The pri-
mary methods include median sternotomy, transcervical 
approach, video-assisted thoracoscopic surgery (VATS), 
and robotic-assisted thoracic surgery (RATS). Median 
sternotomy offers excellent exposure of the anterior 
mediastinum, facilitating thorough resection crucial for 
advanced thymomas and thymic carcinomas [23]. How-
ever, it is highly invasive, associated with significant 
morbidity, prolonged recovery times, and increased post-
operative pain [23]. The transcervical approach, although 
minimally invasive and avoiding sternal complications, is 
limited by restricted exposure, making it less suitable for 
larger or invasive tumors and presenting a steep learning 
curve for surgeons [24]. VATS, on the other hand, is less 
invasive, with reduced postoperative pain, faster recovery, 
and better cosmetic outcomes [25]. Despite these ben-
efits, it has a limited field of vision compared to open sur-
gery and requires significant expertise, posing challenges 
for larger or more invasive tumors [25]. RATS enhances 
precision and dexterity with robotic instruments, provid-
ing superior visualization through 3D imaging, but it is 
costly, less widely available, and demands a steep learn-
ing curve with longer setup and operative times [26]. 
In addition to these methods, some recent studies have 
introduced hybrid techniques that combine the benefits 

of different approaches to overcome individual limita-
tions. For example, combining VATS with robotic assis-
tance can leverage the minimally invasive nature of VATS 
while utilizing the precision and enhanced visualization 
of robotic systems [26]. This hybrid approach can poten-
tially address the challenges of limited field of vision 
and improve the resection of complex or larger tumors. 
Another emerging technique is single-port VATS, which 
aims to minimize trauma further by using a single inci-
sion, thereby enhancing cosmetic outcomes and reduc-
ing recovery time [27]. However, these newer techniques 
require extensive training and have their own set of chal-
lenges, including limited instrument maneuverability and 
increased technical difficulty.

Our standardized right thoracic incision for thoraco-
scopic thymic tumor resection presents several distinct 
advantages over traditional methods. The right thoracic 
approach offers superior exposure of the anterior medi-
astinum, facilitating thorough resection of thymic tumors 
and mediastinal fat by avoiding obstruction from the aor-
tic arch and its branches, thereby enhancing operative 
visibility and precision. This technique is less invasive 
than median sternotomy, resulting in reduced postopera-
tive pain, shorter hospital stays, and faster recovery with 
favorable cosmetic outcomes due to smaller incisions. 
The standardized approach simplifies the procedure, 
making it easier for surgeons to master. Our data demon-
strate that the mean operation time, intraoperative blood 
loss, and postoperative hospital stay are significantly 
reduced compared to traditional methods, underscoring 
the operational efficiency of this technique. Addition-
ally, this method allows for complete removal of thymic 
tumors and mediastinal fat, which is essential for pre-
venting recurrence and metastasis. The comprehensive 
nature of this resection is vital for long-term patient out-
comes, minimizing the risk of recurrence and ensuring 
thorough tumor removal. By combining the benefits of 
minimally invasive surgery with improved exposure and 
operational efficiency, this approach stands out as a supe-
rior alternative to traditional thymectomy techniques. 
Future studies and long-term follow-up will further vali-
date the efficacy and safety of this technique, potentially 
establishing it as the gold standard for thymic tumor 
resection.

To achieve the above results, we used the follow-
ing management strategies: (1) Consuming more than 
300  g of beef per day starting on the first day after the 
operation can provide a large number of nutrients to 
promote wound healing and help reduce wound exuda-
tion. (2) Patients were instructed to practice coughing 
and expectoration before the operation, and medical 
staff and family members helped patients to cough and 
expectorate after the operation to actively prevent pul-
monary complications. (3) Getting out of bed early after 
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the operation: some patients can move their lower limbs 
on their own in bed for 6 h after the operation, alternat-
ing the movement of both lower limbs and strengthening 
the exercise of getting out of bed on the second day after 
the operation. For the elderly, they can be accompanied 
by medical staff and family members. This method can 
better prevent thrombotic diseases [28]. According to 
the standardized method for the prevention of postop-
erative complications, satisfactory results were obtained. 
We summarized it as “eat well, cough well, exercise well, 
everyone is satisfied” and referred to it as “three well and 
one satisfaction” for minimally invasive thoracic surgery 
and non-esophageal surgery in the perioperative period. 
We adopted a standardized scheme for operation and 
perioperative management, optimized the operation 
process, shortened the operation time, chest tube extrac-
tion time, and postoperative hospital stay, and further 
improved postoperative rehabilitation training. Satisfac-
tory results were achieved.

Conclusions
The standardized right thoracic incision for thoraco-
scopic thymic tumor resection simplifies the procedure 
of thymectomy. The operation’s risk points are relatively 
fixed, making it safe and feasible. It is easy for the opera-
tor to master, and the thymic tumor resection rate is 
high. It possesses characteristics of being minimally inva-
sive, enabling rapid recovery, having fewer complications, 
and requiring simple perioperative management.
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