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Introduction

Thymoma is a rare tumor accounting for approximately 
0.15 new cases per 100,000 persons/year. Its peak incidence 
is in the 4th–6th decade of life. Sixty-five percent of the cases 
are asymptomatic and come to medical attention for other 
reasons (1-3).

Thymoma is most often a biologically slow-growing 
tumor with a high probability of cure after surgery. Disease-
free 10-year survival is 80–90% for stage I disease and goes 
down to less than 50% for stage IV. Overall 10-year survival 
is 60–90% according to stage. A spectrum of aggressiveness 
can be seen from WHO histological type A and AB to type 
B2–B3 to type C, i.e., thymic carcinoma for which 5-year 
survival is only 20–25%. Masaoka stage, WHO histological 
subtype and complete surgical resection influence the 

clinical outcome independently (3-5).
The surgical approach to the thymus varies considerably 

across the world. In Europe and North America, the 
most widely recommended approach rests on trans-
sternal thymectomy, that allows easy access to the anterior 
mediastinum and good control of major vascular structures 
(roughly 75% of the procedures). Alternatively, a lateral 
thoracotomy is commonly used, while less than 10% of 
thymus gland resections are carried out by minimally 
invasive techniques. In Asia instead approximately 35% 
of the procedures are currently carried out by minimally 
invasive surgery (VATS or robotic) (6).

Arguments in favor of routine trans-sternal thymectomy 
even for early-stage thymoma are based on the necessity 
of obtaining wide resection margins, of removing as much 
ectopic thymus tissue as possible in myasthenia gravis (MG) 
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patients, and on the hypothetical risk that a second primary 
thymoma may develop in the residual thymus gland (4,7). 
However, an increasing number of reports over the recent 
years have shown that thymectomy can be accomplished 
safely and effectively by VATS both for early-stage 
thymoma and for MG (8-14).

A recently published propensity-matched study on 
patients undergoing either trans-sternal or minimally 
invasive thymectomy for stage I–II thymoma showed overall 
postoperative complications rates to be lower with VATS 
thymectomy, and suggested that in fact, the majority of 
complications in the open group were due the complications 
of median sternotomy (15).

There are no randomized trials that compare minimally 
invasive and open thymectomy, but VATS thymectomy 
was compared to the traditional open approach in two 
recent large meta-analyses (16,17). Both such studies 
showed significantly reduced postoperative blood loss and 
blood products requirements, reduced postoperative pain 
scores, reduced overall complications rates and reduced 
postoperative hospital stay with VATS thymectomy 
compared with open thymectomy. Operating-room time 
was not significantly different between the two techniques.

Most importantly,  the probabil ity of achieving 
microscopically complete resection (i.e., tumor free margins 
at pathologic examination) and loco-regional recurrence 
rates were similar with either approach.

Over 50% of thymoma patients may suffer from a variety 
of autoimmune diseases, the most common of which are 
MG, erythroid aplasia and hypogammaglobinemia. Up to 
25% of thymoma patients will have clinically overt MG 
and an additional 25% of clinically asymptomatic thymoma 
patients will have circulating anti-acetylcholinesterase 
receptor (anti-Ach-R) autoantibodies. Conversely, in 5–15% 
of the patients with MG, preoperative work up eventually 
demonstrates an unsuspected thymoma (18,19).

Thymectomy in MG patients may lead to long-term 
complete long-term remission (35–40% of patients), or to 
clinical improvement, i.e., discontinuation of steroids, less 
need for resorting to immunosuppressive therapy, lower 
incidence of myasthenic crisis or symptom improvement 
in another 30–45% (12,19). Complete removal of the 
thymus gland and anterior mediastinal fat from neck to 
diaphragm and phrenic-to-phrenic nerve (so called maximal 
thymectomy) is required, as microscopic islets of functional 
thymic tissue can be found throughout the anterior 
mediastinal fat in over 20% of the patients. The benefits of 

maximal thymectomy for MG patients have been recently 
confirmed in a randomized trial (20).

Numerous technical variations to VATS thymectomy 
have been described, including bilateral or single-sided 
approaches from either the left or right hemi-thorax, 
subxiphoid and trans-cervical approaches (21-23). The 
choice will vary according to individual surgeon’s expertise 
and preferences.

In this paper, the technical aspects of minimally invasive 
maximal thymectomy as performed in our department are 
clearly illustrated in hope that other surgeons wishing to 
endeavor in such an effort will be facilitated.

Patient selection and workup

Contrast-enhanced CT scan and FDG-PET are routinely 
used to evaluate anterior mediastinal tumors in our 
department. Radiological studies have shown a good 
correlation between CT scan results and intraoperative 
findings, and particularly for stage I–II disease there is a 
high accuracy in determining whether the tumor will be 
resectable without the need for major vascular resection (24). 
More advanced cases are often evaluated by MRI.

All patients with suspected thymomas should be 
evaluated in a multidisciplinary setting with a neurologist 
in order to exclude MG, and the anesthesiologist should 
be involved in the preoperative planning. Patents who are 
not affected by MG do not pose particular management 
problems and do not need any special preparation.

However, MG patients should be adequately prepared 
by appropriate pharmacological intervention to improve 
symptom control as much as possible prior to the operation, 
in order to reduce the risk of postoperative myasthenic crisis.

Table of equipment preference card

(I)	 CO2 insufflation equipment; 
(II)	 A 30-degree, 5-mm scope (allows changing the 

camera port if necessary without enlarging the 
incisions and trocars); 

(III)	 Two 5-mm laparoscopic trocars; 
(IV)	 One 10-mm laparoscopic trocar; 
(V)	 Laparoscopic graspers; 
(VI)	 A laparoscopic energy device for tissue grasping and 

sealing; 
(VII)	 Laparoscopic suction-irrigation cannula; 
(VIII)	 Laparoscopic specimen bag.
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Patient positioning

For non-MG thymoma patients

our preferred approach is through the left hemi-thorax, 
provided that the tumor is within reach (i.e., on the left-
side or midline), as there is better control of the innominate 
vein along its entire course, and easier access to the cervical 
horns without interference from the right mammary vein.

The patient is placed in a semi-supine position, closer to 
the left border of the table, with the left hemithorax lifted 
by a soft gel shoulder roll. The left arm is gently flexed 
posteriorly and rests on the table plane in order to fully 
expose the hemithorax (Figure 1).

Tumors that are frankly located in the right hemithorax 
are approached from the right side and the positioning is 
specular.

For MG patients

The patient will again lie closer to the left border of the 
table as most dissection maneuvers will be carried out 
through the left side. However, in this case the entire chest 
of the patient will be lifted from the table plane by placing 
2 gel rolls or similar aide longitudinally underneath the 
dorsum, the right arm being simply widely abducted to 
allow the anesthesiologist to access the venous lines and 
pressure cuff as needed. Such positioning allows the surgeon 
to perform the first step of the dissection on the right side 
without the need for subsequent patient re-positioning and 
re-draping (Figure 2). The patent’s hips must be secured to 
allow tilting of the table as necessary.

Nurse and assistant positioning

The scrub nurse stands on opposite side with respect to the 
operating surgeon, i.e., on the right side for all the duration 
of the operation if the thymectomy is carried out through 
the left hemi-thorax, or vice versa. The assistant will be 
standing beside the operating surgeon all the time.

Procedure

It is by no means possible to reach the opposite cardiophrenic 
angle and remove all of the anterior mediastinal fat as with 
the trans-sternal thymectomy by a one-sided VATS approach. 
Therefore, a bilateral VATS approach is routinely planned 
for MG patients in our department.

First step: right side

A single 2-cm incision is made in the 5th intercostal space on 
the mid-axillary line (Figure 2). The cardiophrenic angle is 
viewed directly and the mediastinal fat anterior to the right 
phrenic nerve at that level can be grasped and dissected free 
from the phrenic nerve (Figure 3).

The dissection is pushed along the anterior aspect of the 
pericardial sac as medially and as cranially as possible, and 
subsequently continued cephalad along the right phrenic 
nerve so that the right lobe of the thymus and surrounding 
fat are freed up to the point where the left innominate vein 
joins the superior vena cava. At this stage the origin of the 
right mammary vein may be dissected free (Figure 4). The 

Figure 1 Patient positioning for left-sided VATS approach.

Figure 2 Right-sided uniportal phase in a myasthenia gravis 
patient.
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single port is closed and the surgeon and assistant move to 
the left side, while the scrub nurse remains on the right side 
of the patient. The table will be tiled towards the right side.

Second step: left side

A 10 mm trocar is placed in the 5th intercostal space on the 
mid-axillary line, a second 5-mm port is placed anteriorly 
in the inframammary fold, and the last port is placed in 
the 3rd intercostal space on the mid-axillary line (Figure 5). 
Occasionally, with larger tumors, the maneuvers may be 
facilitated by inserting a suction-irrigation tube operated 
by the assistant through a supplementary 5-mm port in the 
7th or 8th intercostal space on the mid-axillary line. From 
this moment on, CO2 insufflation will be used throughout 
the procedure to enlarge the intrapleural space. Insufflation 
pressure is usually maintained at 8 mmHg.

Once again, the dissection starts by grasping and 
dissecting the fat pad in the cardiophrenic angle anterior to 
the left phrenic nerve. The fat pad is dissected free from the 
pericardial sac medially, and from the posterior aspect of 
the sternum until the previous dissection is reached and the 
retrosternal space is widely opened.

The dissection is then continued along the left phrenic 
nerve (Figure 6), by opening the mediastinal pleura up to the 
thoracic inlet in the proximity of the origin of the mammary 
vessels. The division of the mediastinal pleura is continued 
retrosternal towards the right side and then caudally in 
order to join the previous opening in the retrosternal space.

The upper mediastinum is carefully dissected until the 
left innominate vein can be seen and freed. Above it, the left 
cervical horn can be grasped and progressively freed from 
the innominate vein and from fibrous adhesions in the neck 

Figure 5 Left-sided approach for non-MG thymoma. Port 
positioning. MG, myasthenia gravis.

Figure 6 View of the left lobe of the thymus and phrenic nerve. 
The thymoma was adherent to but not infiltrating the nerve.

Figure 3 Dissection of the right cardiophrenic fat pad away from 
right phrenic nerve.

Figure 4 Complete dissection of the right lobe of the thymus. The 
right mammary vein can be seen joining the right innominate vein 
at the upper limit of the dissection.
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until it can be mobilized and pulled down into the chest 
(Figure 7).

The right horn can be now identified and mobilized in a 
similar manner. There is no risk of recurrent nerve injury in 
this phase as the dissection is anterior to the trachea (Figure 8), 
however, in patients who have previously undergone thyroid 
surgery adhesions in the neck may be found (Figure 9).

It may be advantageous to free the thymus gland from 
the pericardial sac and the neck alternatively in order to 
progressively expose the innominate vein along its course 
from left to right, identify the thymic veins along its lower 
border, divide them with the energy device (Figure 10)  
and proceed towards the right side until the right 
innominate vein is seen joining the superior vena cava. 
Normally, the previous dissection from the right side will 
make this final part relatively easy.

The thymus is finally freed from the remaining anterior 
pericardial adhesions and the whole gland including the 
right lobe and mediastinal fat is pulled into the left cavity 
and placed in an endo-bag. It is advantageous to move the 
camera to the lower port, and enlarge the 10-mm trocar 
port to extract the specimen.

After a non-complicated VATS thymectomy without 
associated lung resections, a 16 F drain is placed in the 
lowest left-side port to remove fluids that will accumulate 
in the posterior costophrenic sinus. Normal time for this 
complete procedure is 2 hours.

Postoperative management

The patient is extubated in the OR and transferred to an 
intensive care unit for overnight observation. Under normal 
circumstances, the patient will be transferred back to the 

Figure 7 The left cervical horn of the thymus is being dissected in 
the neck above the left innominate vein and pulled down.

Figure 8 The right cervical horn of the thymus is being dissected 
in the neck above the left innominate vein (bottom of the picture) 
and is pulled down in a patient who had previously undergone 
thyroidectomy. A parathyroid gland is visible after severing of the 
uppermost fibrous adhesions.

Figure 9 VATS thymectomy for myasthenia gravis in a patient 
with previous thyroidectomy (25).
Available online: http://www.asvide.com/articles/1754

Figure 10 The thymic veins are dissected and can now be 
interrupted with the radiofrequency grasper.

Video 1. VATS thymectomy for myasthenia 
gravis in a patient with previous 

thyroidectomy
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regular ward on the subsequent morning. The drain is 
usually removed and the patient discharged on PO day 2.

Tips, tricks and pitfalls

Since stage I–II thymoma may be identified with reasonable 
accuracy preoperatively, VATS thymectomy is routinely 
planned in our department in these patients based on CT 
findings (Figure 11), and conversion to open surgery may be 
decided after the initial VATS exploration.

A single lumen tube may suffice for patients undergoing 
VATS-thymectomy for non-thymomatous MG, as CO2 
insufflation will keep the lungs away from the anterior 
mediastinum.

On the other hand, midline thymomas may infiltrate 
either lung, therefore placing a double lumen tube is 

advisable when performing VATS thymectomy for 
thymoma.

Correct positioning of the patient on the operating 
table and of the trocars is of utmost importance to facilitate 
surgical maneuvers and minimize operating time in all cases 
(figures).

A laparoscopic energy device for tissue handling and 
sealing is instrumental in all phases of the operation. Our 
preference goes to radiofrequency devices such as the 
Maryland laparoscopic grasp, as these cause less smoke in 
the operative field and are less prone to causing unwanted 
thermal injury in the proximity of the phrenic nerves.

Dissection of the left cardiophrenic fat may be 
cumbersome—due to the heart bulging towards the camera 
(Figure 12). Such initial maneuvers may be facilitated 
by temporarily increasing the intrapleural pressure to  
10–12 mmHg for short periods of time if tolerated.

Additional remarks

Bilateral removal of the whole mediastinal fat in non-MG 
patients with small thymomas may not be necessary, so that 
in such patients the right-side phase is skipped altogether, 
saving time and effort

Although the necessity of removing the entire thymus 
systematically for small thymomas is debated, MG 
gravis patients will always require maximal thymectomy, 
so surgeons should be trained in it. An increased local 
recurrence rate with thymectomy alone has been recently 
reported (16,27).

Although VATS thymectomy is a safe procedure in 
experienced hands, the surgeon must be prepared to convert 
to an open procedure when there is a substantial risk of 
vascular injury and be able to handle major bleeding if it 
occurs during the VATS procedure. Conversion rates in the 
literature and in our experience are around 6–8%. In our 
VATS-thymectomy series all conversions (5/61 patients) 
were due to oncological limits.

Conclusions

VATS thymectomy has been refined over time to become 
a time-sparing, effective and well tolerated procedure, with 
a low conversion rate, and few complications. It may be 
appropriate both in non-thymomatous MG and in early 
stage thymoma as adequate margins and mediastinal fat 
clearance can be reliably obtained without resorting to 
the traditional trans-sternal maximal thymectomy—with 

Figure 12 Left-sided VATS for thymoma in a patient without 
myasthenia gravis (26).
Available online: http://www.asvide.com/articles/1755

Figure 11 CT scan of the chest showing a 5-cm thymoma with 
good cleavage plane from the aortic arch that was successfully 
resected by VATS through the left hemithorax.

Video 2. Left-sided VATS for thymoma in a 
patient without myasthenia gravis 
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its accompanying burden of potential complications and 
unsightly scar.
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