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Abstract 

Background: To explore the feasibility and safety of modified subxiphoid 

thoracoscopic thymectomy for patients with locally invasive thymomas. 

Methods: Subxiphoid thoracoscopic thymectomy was performed on select patients 

with locally invasive thymomas (Masaoka stage III) using an auxiliary sternal 

retractor to create a larger operative field. 

Results: From June 2015 to March 2019, we performed modified subxiphoid 

thoracoscopic thymectomy on 48 patients with locally invasive thymomas: 39 patients 

had pericardium and/or lung infiltration and received a combination of a partial 

pericardium and/or lung wedge resection, and 9 patients had left innominate vein 

infiltration and underwent combined resection of the left innominate vein. 

Thoracoscopic thymectomy was performed from the subxiphoid pathway with an 

auxiliary sternal retractor in all 48 patients, and there were no conversions to median 

sternotomy. The median tumor size was 5.0 cm, and the maximal tumor size was 12 

cm. The median blood loss was 50 ml. The median duration of chest tube placement 

was 3.0 days, and the median hospital stay was 4.5 days after surgery. All patients 

achieved a good recovery after surgery, and none had serious complications during the 

perioperative period. All patients underwent postoperative adjuvant radiotherapy and 

presented no local recurrence or distant metastasis until now. 

Conclusions: Modified subxiphoid thoracoscopic thymectomy with an auxiliary 

sternal retractor makes minimally invasive thymectomy easier and safer to perform 

and is an alternative approach for some patients with locally invasive thymomas. 
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Thymoma is the most common tumor of the anterior mediastinum. Most patients with 

thymoma are asymptomatic and diagnosed unintentionally, while some present with 

chest pain, cough or dyspnea 1. Approximately 30% to 50% of patients with 

thymomas have myasthenia gravis and are diagnosed when examining the myasthenia 

gravis condition 2. Thymomas should be removed surgically once diagnosed. 

Completeness of resection is the most important treatment for all resectable 

thymomas for patients who can tolerate the surgery 3. 

Although thymomas can invade local surrounding tissues such as the pleura, lung, 

and pericardium, they rarely spread to regional lymph nodes or sites outside the chest. 

For locally invasive thymomas, complete resection of thymomas and any invaded 

surrounding tissues is commonly performed using median sternotomy because 

minimally invasive thymectomy is considered unsuitable for these patients. Recently, 

subxiphoid thoracoscopic thymectomy for early-stage thymoma patients has been 

shown to lead to a less invasive operation and obtain a similar completeness of 

resection, while being beneficial to patients by reducing surgical trauma, improving 

postoperative recovery, and relieving incisional pain 4, 5. Subject to the narrow 

operating space behind the sternum, subxiphoid thoracoscopic thymectomy has not 

been commonly applied in patients with locally invasive thymomas. 

In this study, we introduce an approach of modified subxiphoid thoracoscopic 

thymectomy for selective patients with locally invasive thymomas with an auxiliary 

sternal retractor to obtain a larger operative field and make thymectomy easier to 

perform. 

 

Material and Methods 

Patient Information 

From June 2015 to March 2019, 216 patients with thymic tumors underwent modified 

subxiphoid thoracoscopic thymectomy in the Thoracic Surgery Department of 

Zhongshan Hospital at Fudan University (Shanghai, China). Forty-eight of these 

patients presented with local invasion (Masaoka stage III). Patient information is 

Jo
urn

al 
Pre-

pro
of



5 

 

detailed in Table 1. Written informed consent was obtained from each patient, and 

ethical approval was obtained from the Zhongshan Hospital Research Ethics 

Committee. 

 

Surgical Technique 

The approach of modified subxiphoid thoracoscopic thymectomy is shown in Figure 

1. Briefly, a 2.0-2.5 cm transverse skin thoracoscopic port was made 1.0-2.0 cm 

below the lower edge of the xiphoid. A space under the sternum and the bilateral 

costal arch was freed manually using fingers. Two small incisions were made at the 

bilateral costal arch 5.0-10.0 cm from the port of the xiphoid to insert surgical 

instruments (Figure 1A, D). A 0.5-1.0 cm incision was made at the third intercostal 

parasternal position to insert a sternal retractor to elevate the sternum (Figure 1B, C). 

Carbon dioxide was insufflated to lower the lungs. Thymectomy was performed to 

remove the complete thymus including all adipose tissue between the two phrenic 

nerves, and the upper poles and lower poles of the thymus. The resected specimens 

were removed through the subxiphoid port, which was enlarged in accordance with 

the specimen size. If the specimen was large, we would use a strong specimen bag, 

from the right cardiophrenic angle, along the posterior sternal space, and then quickly 

take the specimen out of the extended xiphoid incision. 

 

Results 

Clinical Data for Locally Invasive Thymomas 

The clinicopathological data of 48 patients with locally invasive thymomas are listed 

in Table 1. There were 25 males and 23 females, with a median age of 59.5 years 

(range from 31 to 77 years). Pathological diagnoses included thymoma (n = 36) and 

thymic carcinoma (n = 12). One patient underwent neoadjuvant radiotherapy before 

surgery, and 2 patients underwent neoadjuvant chemotherapy before surgery. In 

patients with thymoma, 6 also had myasthenia gravis. Thirty-nine patients with 

pericardium and/or lung infiltration underwent a combined partial 
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pericardium and/or lung wedge resection, and 9 patients with left innominate vein 

infiltration underwent a combined resection of the left innominate vein. The 

procedure was performed from the subxiphoid pathway with an auxiliary sternal 

retractor in all 48 patients, and there were no conversions to median sternotomy. The 

median tumor size was 5.0 cm, and the maximal tumor size was 12 cm (range from 

2.5 to 12 cm). The median operation time was 104.5 minutes (range from 59 to 295 

minutes). The median blood loss was 50 ml. The median duration of chest tube 

placement was 3.0 days (range from 2 to 6 days), and the median hospital stay was 

4.5 days (range from 2 to 15 days) after surgery (Table 2). 

The perioperative complication rate was 14.6% (7/48) and had no perioperative 

mortality. Six patients with myasthenia gravis did not develop myasthenic crisis after 

surgery. A patient developed hypoxemia and a patient developed arrhythmia. Five 

patients who received resection of the left innominate vein developed swelling of the 

left upper extremity and engorgement of the left internal jugular vein, which 

recovered 2-3 weeks after surgery. All patients underwent postoperative adjuvant 

radiotherapy, and none have presented local recurrence or distant metastasis until now. 

 

Representative Cases of Modified Subxiphoid Thoracoscopic Thymectomy 

Figure 2 and Figure 3 show representative patients who underwent subxiphoid 

thoracoscopic thymectomy with the aid of a sternal retractor. We can see that the 

posterior sternal space is enlarged after using a sternal retractor (Figure 2A). A better 

view of the surgery is presented, especially the phrenic nerves on both sides, which 

are clearly visible to avoid accidental injury of the phrenic nerve (Figure 2B). With 

the larger space under the sternum, the left innominate vein was easier to expose and 

mobilize from the surrounding tissues (Figure 2B). For patients with pericardium 

infiltration, thymectomy combined with partial pericardium resection was performed 

using electrosurgery or an ultrasonic scalpel (Figure 3A). For patients with lung or 

left innominate vein infiltration, thymectomy combined with lung wedge resection or 

left innominate vein resection was performed simultaneously using an endoscopic 
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linear cutting stapler (Figure 3B, C). 

 

Comment 

This study introduces a new approach to minimally invasive thymectomy on 48 

patients with resectable locally invasive thymoma (Masaoka stage III) via the 

subxiphoid approach with the aid of a sternal retractor. We call this new surgical 

approach a “modified subxiphoid thoracoscopic thymectomy”. In general, this 

technique has 3 distinct advantages: (1) obtaining a larger operative field to make 

minimally invasive thymectomy easier and safer; (2) clearly revealing the phrenic 

nerves on both sides to avoid accidental injury to the phrenic nerves; (3) obtaining a 

better view of the superior mediastinum, especially of the left innominate vein, to 

reduce the probability of bleeding from the left innominate vein. These advantages 

allow minimally invasive thymectomy combined with partial pericardium resection, 

lung wedge resection or left innominate vein resection to be performed easily and 

safely. Thus, this technique makes minimally invasive thymectomy suitable for not 

only early-stage thymomas but some resectable locally invasive thymomas, extending 

the indication of minimally invasive thymectomy for locally invasive thymic tumors. 

Our work is based on the excellent work of our predecessors. Compared with the 

previous technique to elevate sternum, our technique has some additional benefits. 

Compared with the subxiphoid double elevation of the sternum using hooks by 

Zielinski 6, 7, our modified retractor is a very small hook which just needs a 0.5-1.0 cm 

incision at the third intercostal parasternal position and therefore has less trauma and 

less postoperative pain. Compared with a unilateral or bilateral approach 8, 9, our 

technique leads to a better vision of the phrenic nerves on both sides, a less invasive 

operation, and better postoperative pain relief 10. Compared with robotic assisted 

thymectomy for locally invasive thymoma 11, 12, our technique is simpler and easier to 

implement and needs a shorter learning curve. However, as an alternative approach 

for locally invasive thymoma, our surgical technique has its limitations and is suitable 

for those patients whose local invasions are easily resectable. This technique was not 
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recommended for patients with: (1) tumor invading superior vena cava or right 

innominate vein; (2) tumor locating in the left or right hilar; (3) tumor locating at the 

inlet of thorax. Most importantly, modified subxiphoid thoracoscopic thymectomy 

should be immediately converted to median sternotomy if massive hemorrhage occurs 

or local invasions are difficult to remove during the operation. 

For patients with locally invasive thymomas, with the aid of a sternal retractor, 

we can easily complete the thymectomy combined with partial pericardiectomy using 

an ultrasonic scalpel or lung wedge resection and left innominate vein resection using 

an endoscopic linear cutting stapler. For patients with thymoma potentially infiltrating 

the left innominate vein, we always keep in mind that procedure safety and complete 

en bloc resection are the priority for thymic tumor. Smooth border on the imaging 

film and clear anatomical hierarchy during exploration can help us to decide to keep 

the left innominate vein. If not, we will sacrifice the left innominate vein without 

hesitate. Resection of the left innominate vein had different effects on the patients 

according to the extent of tumor infiltration into the left innominate vein 13. Some 

patients developed swelling of the left upper extremity and engorgement of the left 

internal jugular vein, which returned to normal approximately 2-3 weeks after surgery. 

These successful attempts demonstrate that modified subxiphoid thoracoscopic 

thymectomy is feasible and safe for patients with locally invasive thymomas. 

However, the follow-up time of these patients was too short and the long-term clinical 

outcome needs further evaluation.  

To date, we have performed modified subxiphoid thoracoscopic thymectomy on 

patients with various types of anterior mediastinal tumors, including thymoma, thymic 

cysts, thymic carcinoma, and teratoma. For some patients with a large space behind 

the sternum, subxiphoid thoracoscopic thymectomy without the aid of a sternal 

retractor can be performed well. However, for most patients, the space behind the 

sternum is relatively small and often needs assistance from sternal retractors. In 

addition, the size and location of the tumor are also factors that must be considered 

when using a sternal retractor. When bleeding occurred during surgery, we would first 
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use manual compression (the gauze or surrounding tissues) to stop bleeding. If the 

amount of bleeding was small, it was often possible to stop the bleeding by 

compression according to our experience. But if the amount of bleeding was large, or 

the manual compression to stop bleeding did not work, we would quickly convert to 

the median sternotomy. 

For patients with myasthenia gravis, protection of the phrenic nerves is 

especially important. With the help of a sternal retractor, the upper thymus and the 

cardiophrenic angle tissues can also be completely removed. For some patients in 

whom surgeons experience difficulty in clearing the left cardiophrenic angle tissue, an 

additional port can be placed in the left chest to assist in the operation. 

There are some limitations of our study. First of all, this study just introduces an 

alternative surgical technique for some resectable locally invasive thymomas, but 

lacks the data to compare this approach with other approaches of minimally invasive 

thymectomy such as unilateral, robotic, and transcervical approaches. Secondly, the 

postoperative follow-up time is very short for patients with thymoma. The long-term 

effects of this approach remain unknown and need to be further evaluated in the 

future. 

In conclusion, modified subxiphoid thoracoscopic thymectomy with an auxiliary 

sternal retractor makes minimally invasive thymectomy easier and safer to perform 

and is an alternative approach for some patients with locally invasive thymomas. 
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Table 1: Patient information 
Factors No. of patients Percent (%) 

Age, years 
Median 59.5  

IQR* 67.8  
Sex 

Male 25 52.1 
Female 23 47.9 

WHO classification 
A 0 0 

AB 0 0 
B1 5 10.4 
B2 19 39.6 
B3 12 25 

C (thymic carcinoma**) 12 25 
Masaoka stage 

IIIA  39 81.3 
IIIB  9 18.7 

Myasthenia gravis in thymoma patients 
Yes 6 12.5 
No 42 87.5 

Status of resection   
R0 48 100 
R1 0 0 
R2 0 0 

*IQR, InterQuartile Range; **including 11 thymic squamous cell carcinoma and 1 

thymic neuroendocrine carcinoma. 
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Table 2: Clinical data of all 48 patients with locally invasive thymomas 

*IQR, InterQuartile Range 
  

Characteristic Median IQR* 

Tumor size, cm 5.0 7.0 

Operative time, minutes 104.5 150.0 

Blood loss, mL 50.0 50.0 

Duration of chest tube, days 3.0 3.0 

Hospital stay after surgery, days 4.5 6.0 

Jo
urn

al 
Pre-

pro
of



14 

 

Figure Legends 

 

Figure 1: The approach of modified subxiphoid thoracoscopic thymectomy. (A) 

The position of thoracoscopic port (below the lower edge of the xiphoid), surgical 

instrument ports (at the bilateral costal arch 5.0-10.0 cm from the port of the xiphoid) 

and the retractor port (at the third intercostal parasternal position). (B) The schematic 

diagram of the sternal retractor. (C) The retractor device. (D) A representative picture 

of a patient undergoing modified subxiphoid thoracoscopic thymectomy. 

 

Figure 2: A better view of the surgery after using a sternal retractor. (A) The 

posterior sternal space is enlarged with the aid of the sternal retractor (the yellow 

arrow shows the retractor). (B) The phrenic nerves on both sides and the left 

innominate vein are easy to expose (the yellow arrow shows phrenic nerves and left 

innominate vein). 

 

Figure 3: Representative patients with locally invasive thymoma undergoing 

modified subxiphoid thoracoscopic thymectomy with the aid of the sternal 

retractor. (A) Thymectomy combined with partial pericardium resection using an 

ultrasonic scalpel. (B) Thymectomy combined with right upper lung wedge resection 

using an endoscopic linear cutting stapler. (C) Thymectomy combined with the left 

innominate vein resection using an endoscopic linear cutting stapler, which is suitable 

for some cases in which the tumor infiltrates part of the left innominate vein. 
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