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Various types of minimally invasive procedures have been 
developed for performing a thymectomy and resection of an 
anterior mediastinal tumor in order to avoid a sternotomy. 
Those are usually performed with either thoracic or 
infrasternal (subxiphoid) access. Recently, surgeons have 
been attempting to reduce the number and size of the 
access ports with the goal of less injury to the chest wall. A 
uniportal (single-port) approach is the final state of such so-
called reduced port surgery.

Another recent topic of discussion in regard to minimally 
invasive thoracic surgery is non-intubated awake anesthesia. 
Non-intubated thoracic surgery (NITS) can be achieved 
through a local, usually epidural, anesthesia method in 
mildly sedated and spontaneously ventilating patients. One 
advantage is avoidance of traumatic side-effects caused by 
intubation under general anesthesia, thus making recovery 
easier and optimizing the clinical outcome.

Pompeo E, Mineo TC and colleagues began to apply 
thoracic epidural anesthesia (TEA) for NITS in the early 
era of thoracoscopic surgery and have reported several 
important findings thus far (1). Based on their results, they 
have evolutionally combined those two methods for patients 
with a thymoma associated with myasthenia gravis (MG) 
to successfully achieve ultra-minimally invasive thoracic 
surgery (2). I read with interest their study and comment 
here with deep respect for their work.

NITS for MG

Although general anesthesia provides surgeons a stable 
operative situation, intubation and use of paralytic agents 

can induce some adverse effects, such as airway trauma and 
arousal delay. Particularly in myasthenic patients, special 
attention in regard to the type of anesthesia and use of 
muscle relaxants is required (1). Tsunezuka et al. reported 
performance of an awake transsternal extended thymectomy 
in three low-risk MG patients under maintenance with 
TEA, which was employed to resolve the disadvantages of 
general anesthesia (3). They concluded that TEA without 
intubation is apparently favorable, in that muscle relaxants 
are not necessary, and laryngeal injury and potential 
postoperative respiratory failure can be avoided. Pompeo 
E and colleagues have also performed their uniportal 
thymectomy procedure with a similar anesthesia strategy 
and shown the advantages of TEA (2).

However, some grave problems can develop in such 
cases. First, if positive pressure ventilation is required 
because of an unexpected critical event, I wonder whether a 
laryngeal mask can maintain stable single-lung ventilation. 
Although they noted that opening of the left (contralateral) 
mediastinal pleura was not intentionally performed, both 
sides of the pleura can be easily injured during an extended 
thymectomy, for which wide dissection in the anterior 
mediastinum is required. Thus, the merits of an awake 
endoscopic thymectomy with TEA may reside more in 
relation to the infrasternal approach, in which opening of 
the pleura is not generally needed (4).

Second, easy recovery from TEA is surely helpful 
to avoid a postoperative myasthenic crisis leading to 
reintubation and mechanical ventilation. On the other hand, 
crisis occurrence depends also on the degree of preoperative 
myasthenic symptoms. Awake surgery can be volatile, 
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particularly in patients with severe respiratory distress or 
bulbar palsy prior to the operation.

Since non-intubated surgery cannot be maintained under 
a completely ‘awake’ condition, some sedative agents are 
typically used. They induced sedation by propofol, which 
seems safe for myasthenic patients. Nevertheless, it remains 
controversial which agents have neurologically fewer 
adverse effects in these patients.

Thymus, thymoma, and MG

Weakness accompanying MG is mediated by autoantibodies 
that deplete nicotinic acetylcholine receptors (AChRs) 
from voluntary muscles so that they cannot be optimally 
triggered (5). A very puzzling but interesting characteristic 
of MG is that many affected patients have an abnormality, 
a hyperplastic thymus, as well as a thymoma. Studies show 
that 16.3% of thymoma patients have clinical diagnosis 
of MG, and all of them have the anti-AChR antibody in 
serum. Furthermore, 26% of patients with a thymoma and 
without muscle weakness were also anti-AChR positive (6). 
Thus, the very high rate of association of thymoma with 
the anti-AChR antibody strongly suggests that they have a 
cause—effect relationship (7).

Younger-onset MG patients without a thymoma usually 
have a hyperplastic thymus with numerous germinal centers 
(GCs) in the medulla and the appearance of a lymph node (5).  

The thymus is the only extra-muscular site where 
AChR is normally present and seems the likeliest site 
of autoimmunization in cases of MG. The GCs provide 
an environment where AChR-specific B cells undergo 
proliferation and increase the affinity of the antibody they 
produce to AChR via a process called affinity maturation (8).  
Isolated AChR subunits in some medullary thymic 
epithelial cells are believed to induce self-tolerance in 
developing T cells under normal conditions, but could 
instead autoimmunize them under abnormal conditions (9).  
Rare muscle-like myoid cells in the medulla express intact 
AChR and have been deeply implicated in formation of 
the characteristic GCs in ‘hyperplastic’ MG thymi, where 
autoantibody response diversifies to recognize the native 
AChR conformation (8,9) and continual generation of AChR 
antibody-producing plasma cells occurs (8,10) (Figure 1).  
The rationale of a thymectomy for non-thymomatous MG 
is to interrupt these processes and prevent dissemination of 
the response to the periphery (11).

Although thymomas are rare, they are the most frequent 
tumor occurring in the mediastinum and originate from 
thymic epithelial cells arising within the thymus. They 
are relatively benign, tend to grow slowly, and seldom 
metastasize. Interestingly, they behave like immunological 
functioning tumors. We have been trying to identify the 
missing link between the thymoma and MG.

Most thymomas (especially WHO type AB and B) 
are associated with a large number of T cells with an 
immature phenotype, which do not have malignant 
potential. These immature T cells in the thymoma express 
both CD4 and CD8 on their surfaces, thus are double-
positive T cells (12). This phenotype is also seen in T 
cells in the cortex of a normal thymus, though not in 
the periphery (peripheral blood, lymph node, spleen). 
Therefore, a thymoma has a capability to induce immature 
T cells, a function of cortical epithelial cells. In contrast, 
the function of medullary epithelial cells, which are the 
negative selection of developing T cells, shows a deficit 
in a thymoma. It is most likely that a thymoma is unable 
to fully perform negative selection on developing T cells 
and to delete autoreactive T cells such as anti-AChR 
antibodies (7). GCs have been seen in myasthenic patients 
with a thymoma, though they were identified in the 
adjacent thymus outside the thymoma rather than in the 
tumor itself (13). Remarkably, cells in the adjacent thymic 
remnants spontaneously produce anti-AChR antibodies, 
just as in hyperplastic thymi in younger-onset MG patients 
without a thymoma (14) (Figure 2).

Figure 1 Detecting AChR-specific cells in early onset MG thymic 
section after immuno-peroxidase staining for myoid cells (red-brown 
cells indicated by arrows) followed by autoradiography with 125I-α-
bungarotoxin-labeled human AChR (black dots). Note that the GCs 
seem oligoclonal: more heavily labeled plasma cells are located in the 
right GC, while completely negative in the left one (magnification, 
×100). Further detail about the methods was described before (8).  
AChR, acetylcholine receptor; MG, myasthenia gravis; GC, 
germinal center.
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Thus, the final goal of surgery for a thymoma patient 
with MG is to resect as much thymic tissue in the anterior 
mediastinum as possible, including the tumor.

Uniportal surgery for a thymectomy procedure

Results of the MGTX trial presented in 2016 showed the 
benefits of a thymectomy for generalized MG (15). The 
surgical procedure adopted was an ‘extended’ thymectomy 
via a sternotomy, which anatomically defined the extent 
of resection of the thymus and fatty tissue (16). When we 
initially introduced a thoracoscopic extended thymectomy 
procedure at our institution, a bilateral thoracoscopic 
approach, anterior chest wall lifting, and additional cervical 
incision for resection of the upper pole were combined in 
order to ensure the extent of resection and safety, while 
remaining compatible with the concept of less invasiveness (17).  
The prognosis of patients who underwent our video-assisted 
thoracoscopic extended thymectomy (VATET) was shown 
to be comparable to those who received a transsternal 
approach in a historical control study (18). We then 

carefully simplified our procedure based on accumulated 
experience (19). 

Surgeons should also take note of the oncological aspect 
of a thymoma, as the most frequent type of tumor relapse 
after a complete resection is pleural dissemination (20). 
We reported regarding the risk of postoperative pleural 
recurrence in cases with a thymoma greater than 5 cm or 
with a large cystic portion (21), with injury of the capsule 
during the operation the primary factor. Therefore, delicate 
manipulation is extremely important to avoid tumor relapse 
caused by operative factors.

Then, an important question is whether uniportal 
video-assisted thoracic surgery (VATS) is feasible for a 
thymectomy. A single port access offers the potential 
advantage of minimizing chest wall damage leading to less 
pain, early recovery, and better cosmesis. In contrast, some 
of the limitations encountered with a single access thus 
far include fencing of instruments, difficulty with suitable 
staple insertion, and especially urgent management in 
cases of unexpected trouble such as major bleeding. In 
most reports regarding uniportal VATS, usually employed 
for major or minor lung resection, a lateral decubitus 
position is favorable. However, they also reported that 
the patients were in a 30° semilateral position when 
undergoing a uniportal VATS thymectomy (2). It seems 
that they utilized this position to mobilize the ipsilateral 
lung posteriorly. I am concerned about maneuverability 
when using a 30° semilateral position through a single 
access. Which approach do they choose, a thoracotomy 
or sternotomy, in cases with critical events such as 
pleural adhesion or invasion to vessels? Improvements 
in maneuverability by development of more flexible 
instruments might make this method superior to multi-
portal VATS.

Therefore, inclusion criteria are important keys for 
performing a uniportal VATS thymectomy safely and 
comfortably. They chose severity of myasthenia, body mass 
index, and stage I thymoma with a maximal diameter <5 cm, 
which are reasonable parameters. Theoretically, it seems 
that a longer operation time increases the risk of tumor 
injury. In our series, operation time was extended in cases with 
a tumor greater than 5 cm in diameter and careful handling is 
needed for lesions with a large cystic portion (21). Cases with 
invasion to adjacent organs should be excluded with computed 
tomography (CT) or magnetic resonance imaging (MRI). 
Since careful attention must be taken in accessing around the 
left brachiocephalic vein, 3D imaging of the thymic veins is 
helpful for navigation during the operation and increases the 
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Figure 2 Production of anti-AChR antibodies by cells cultured 
from thymomas (the left panel) and adjacent thymic remnants (the 
right panel), without (‘Con’) or with non-specific mitogen (‘PWM’). 
Spontaneous synthesis was more obvious with cells from uninvolved 
thymic remnants. It was sometimes reduced by PWM (cases 2, 4, 
and 10), as is typical of terminal plasma cells (14) (modified from (14) 
with permission). AChR, acetylcholine receptor. 
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safety of any VATS thymectomy procedures (22).
Alternatively, we and others have reported uniportal 

VATS by use of an infrasternal approach in a supine position, 
in which pleural adhesion does not impair an endoscopic 
approach into the anterior mediastinum (23,24). Also, 
conversion to a sternotomy can easily be accomplished even 
in cases with pleural adhesion or some critical events. An 
infrasternal approach is expected to be more comfortable in 
cases of uniportal surgery for an anterior mediastinal lesion.

It is quite understandable that Pompeo’s group was 
able to attain combination NITS with uniportal thoracic 
surgery while aiming for a less invasive thymectomy. 
Their procedure is certainly evolutionary in terms of 
both a minimally invasive approach and anesthesia for 
an MG-associated thymoma, and they are one of the 
most experienced groups dealing with not only VATS 
thymectomy but also uniportal thoracic surgery. Since MG 
and thymoma cases are not frequently encountered in most 
institutions, this report cannot suggest that uniportal VATS 
thymectomy should be widely employed. Above all, analysis 
of the long-term prognosis regarding both myasthenia and 
thymoma is warranted, and is highly anticipated.

Continued progress in minimally invasive surgery in 
this field will certainly be achieved. Nevertheless, the 
concept of a thymectomy for treatment of MG patients 
with a thymoma is the same as that with open surgery. For 
development of effective surgical procedures, achievement 
of a proper balance between less invasiveness and radical 
capability with safety will always be required, leading to 
benefits for patients.
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