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ABSTRACT

AIM: Thymectomy is the main treatment for thymoma and patients with myasthenia gravis (MG). The
traditional approach is through a median sternotomy, but, recently, thymectomy through minimally
invasive approaches is increasingly performed. Our purpose is an analysis and discussion of the clinical
presentation, the diagnostic procedures and the surgical technique. We also consider post-operative
complications and results, over a period of 5 years (May 2011-June 2016), in thymic masses admitted in
our Thoracic Surgery Unit.
METHODS: We analyzed 8 patients who underwent surgical treatment for thymic masses over a period of
5 years. 6 patients (75%) had thymoma, 2 patients (25%) had thymic carcinomas. 2 patients with thymoma
(33%) had myasthenia gravis. We performed a complete surgical resection with median sternotomy as
standard approach.
RESULTS: One patient (12%) died in the postoperative period. The histological study revealed 6 (75%)
thymoma and 2 (25%) thymic carcinomas. Post-operative morbidity occurred in 2 patients (25%) and
were: pneumonia in 1 case (12%), atrial fibrillation and pleural effusion in 2 patients (25%). One patient
with thymoma type A recurred at skeletal muscle 2-years after surgery.
CONCLUSIONS: Thymic malignancies are rare tumors. Surgical resection is the main treatment, but a
multimodal approach is useful for many patients. Radical thymectomy is completed removing all the soft
tissue in the anterior mediastinum between the two phrenic nerves and this is the most important factor
in controlling myasthenia and influencing survival in patients with thymoma. Open (median sternotomy)
approach has been the standard approach for thymectomy for the better visualization of the anatomical
structures. Actually, video-assisted thoracoscopic surgery (VATS) thymectomy and robotic video-assisted
thoracoscopic (R-VATS) approach versus open surgery has an equal if not superior oncological efficacy,
better perioperative complications and survival outcomes.

© 2017 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

treatment. Median sternotomy has been long considered the best
for resection approaches [2,3]. Actually, minimally invasive meth-

The work has been reported in line with the SCARE criteria [52]
Thymoma is the most frequent primary mediastinal neoplasm
in adults [1], usually benign and slow-growing. The most fre-
quent metastatic localizations are to the pleura, pericardium and/or
diaphragm [1]. Therefore, complete surgical resection is the main
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ods have emerged over recent decades including video-assisted
thoracoscopic (VATS) and robotic video-assisted thoracoscopic
(R-VATS) approaches [4-8]. Thymic malignancies are uncommon
tumors. The most important histological patterns in mediastinal
neoplasm are: thymomas, thymic carcinomas (TC) and neuroen-
docrine thymic tumors (NETT). Thymoma is most frequent between
35 and 70 years of age and has a gender distribution slightly more
common in older women [9]. Patients with myasthenia gravis are
generally younger, with a broad peak between 30 and 60 years.
Thymomas have an indolent growth pattern and may be confused
with a benign growth. Autoimmune diseases, such as myasthenia
gravis, systemic lupus erythematosus (SLE), rheumatoid arthri-
tis, thyroiditis, present a linkage in the aetiology of thymoma.

2210-2612/© 2017 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
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Table 1
Patients’ symptoms on presentation (patients may have more than one clinical
feature).

Numbers Percentage’

Patients 8

Chest pain 3 37
Cough 4 50
Shortness of breath 2 25
Superior Vena Cava syndrome 1 12
Weight loss 2 25
Ptosis 2 25
Double vision 2 25
Generalized fatigue 2 25
Fever 1 12
Night sweats 1 12
Asymptomatic 3 37

Thymoma could be asymptomatic (30%) and discovered inciden-
tally including chest surgery for unrelated reasons. About 30% of
patients with thymomas have myasthenia gravis [ 10], but only 21%
of patients with myasthenia have thymomas [11]. Thymomas are
primary tumors of thymic epithelial cells, generally benign, instead
of thymic carcinomas considered malignant with a worse prognosis
[12,13]. Thymic epithelial tumors are classified according to World
Health Organization (WHO), considering both histological and mor-
phological features [14]. The Masaoka staging, introduced in 1981,
is the most widely used one and it is based on clinical description
of local extension of the neoplasm [15,16]. Another classification
is the Tumor-node-metastasis (TNM) staging. In general, approx-
imately 40% thymomas present at Stage I, 25% each at Stages Il
and III, 10% at Stage IVa and 1%-2% at Stage IVb. Invasion into
mediastinal tissue (Stages II, III) is present in 50% of thymomas,
with pleural invasion being most common followed by pulmonary
and pericardial invasion. Approximately 30% of these cases have
involvement of innominate vein or superior vena cava and 20%
have phrenic nerve involvement. Direct extension is also seen into
aorta and pulmonary artery (11%) and chest wall (8%) [17]. Most
of thymic tumors have non-malignant appearing thymic epithe-
lial cells mixed with variable proportions of lymphocytes. Despite
his lack of malignant cytological features and their indolent behav-
ior, thymomas have invasive and metastatic potential and should
not be considered benign [18,19]. Computed tomography (CT) is
the standard diagnostic and preoperative staging modality for thy-
moma. Thymomas typically appear as rounded or oval masses
in early stages. Presence of irregular margins, multiple calcifica-
tions and areas of low attenuation are suggestive of invasion [20].
Preservation of fat planes between the thymoma and the adjacent
structures indicate a noninvasive tumor while their absence is sus-
picious for invasion. The presence of smooth or lobulated contour,
homogenous enhancement, absence of pericardial or pleural effu-
sion or calcification in the tumor are indirect signs of a thymoma
or a well-differentiated thymic carcinoma [21].

2. Materials and methods

Over a period of five years, May 2011-June 2016, in the Thoracic
Surgery Unit of “S. Giovanni di Dio e Ruggi D’Aragona” Hospital of
University of Salerno, were observed and treated 8 patients with
thymic masses (4 men and 4 women with a mean age of 55 years
- range 25-72 years). Six patients (75%) had thymoma, 2 patients
(25%) had thymic carcinomas. Two patients with thymoma (33%)
had myasthenia gravis. The symptoms of 8 patients is summarized
in Table 1. Thymoma could be asymptomatic (3 cases in our study)
and discovered incidentally including chest surgery for unrelated
reasons. About 40% of patients have local symptoms. They usu-
ally include chest pain (3 patients in our observations), cough (4
cases)and shortness of breath (2 cases) from compression of the air-

Fig. 1. Standard thoracic X-ray: enlargement of the mediastinal opacity.

ways or from the neuromuscular effects of myasthenia gravis. Less
commonly superior vena cava syndrome (1 case) and weight loss
occurs (2 cases) in rapidly growing tumors. When clinically mani-
fest myasthenia gravis present with ptosis (2 cases), double vision
(2 cases) and generalized fatigue (2 cases), particularly worse late
during the day. One patient showed fever and night sweats making
it difficult to differentiate from lymphoma.

The preoperative diagnosis was made by anamnesis, clinically
examination, thoracic X-ray examination, total body CT scan explo-
ration, flessible bronchoscopy. For histopathologic diagnosis we
performed Fine needle aspiration (FNA) in 4 cases (only 2 resulted
suspected for thymomas) and needle biopsy or open biopsy (ante-
rior parasternal mediastinotomy, thoracoscopy) in 2 cases. Two
cases presented with myiastenia gravis symptoms and had no
histopathologic examination.

Six patients (75%) had thymoma, 2 patients (25%) had thymic
carcinomas. Two of 6 patients with hymoma had myastenia gravis.

En-bloc resection of the entire thymus gland and surrounding
areolar tissue was performed with median sternotomy as standard
approach. Radical thymectomy was obtained by removing all the
soft tissue in the anterior mediastinum between the two phrenic
nerves. These surgical interventions were performed under general
anesthesia with tracheal intubation. Patients were positioned in
the supine position with the arms either tucked in at their sides or
slightly extended at the side. All patients were ventilated with a
single-lumen endotracheal tube. Either a complete (6 cases in our
study) or a partial sternotomy (2 cases in our observation) was used
and the thymus and thymic pathology were resected en bloc.

A patient with a thymoma type A recurred at skeletal muscle
2-years after surgery. Therefore, we performed a radical surgery
resection of metastases before adjuvant treatment [26].

3. Results

The standard thoracic X-ray revealed an enlargement of the
mediastinal opacity (Fig. 1). Computed tomography (CT) is the
standard diagnostic and preoperative staging modality in order to
define preoperative treatment. CT, performed in all patients, has
always consented to evaluate size, location and relationships of
enlarged thymic mass. (Figs. 2, 3, 4, 5, 6 ). Intravenous contrast is
essential in determining vascular anatomy and its relationship to
the tumor. CT is important in predicting whether a tumor is eas-
ily resectable or not, and which structures may need to also be
removed. CT is also useful for detecting recurrence after a previ-
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Figs. 2-6. Thoracic sections of the CT scan showing different type of thymic masses and its relationship with surrounding structures.

Table 2
Complications after surgical tratment.
Sternotomy
N. cases 8
o Average length of postoperative stay 9.8 days
e Patients with complications 2 (25%)
e Mortality 1(12%)
e Pneumonia 1(12%)
e Atrial fibrillation 2 (25%)
o Pleural effusion 2 (25%)

ous resection. Histological examination revealed a thymoma in six
patients (75%), 2 with Masaoka I stage (33%) and 4 with Masaoka Il
stage (66%). A thymic carcinomas was revealed in 2 patients (25%).
Two of 6 patients with thymoma had myastenia gravis. One patient
(12%) died within 30 days after surgery for respiratory failure. Com-
plications are reported in Table 2 and were: pneumonia in 1 case
(12%), atrial fibrillation and pleural effusion in 2 patients (25%).
The hospitalization was, on average, 9.8 days, (5.4-19.0) with an
intensive care unit (ICU) stay of 1.5 days. The duration of chest
drainage and volume drained were 4.4 days, and 745.5 mL respec-
tively. All patients still survive at 1, 2, and 5 years. One recurrence
was observed at skeletal muscle 2-years after surgery in one patient
with thymoma. The metastases were completely resected.

4. Discussion

Thymoma, although is a rare disease, represents the most com-
mon primary mediastinal neoplasm in adults. Thymectomy is an
important component in the treatment of early stage thymoma and
anterior mediastinal tumors while stage and radical resection are
considered as very important predictors of survival. Presence of
myasthenia gravis is not an independent prognostic factor but may

play a role in early detection of thymic tumors [22]. All thymomas
are malignant tumors [23]. They are rare and usually have an indo-
lent growth pattern rendering them to be confused with a benign
growth. About one third are associated with myasthenia gravis and
their resection significantly improves the symptoms of myasthenia
gravis. Thymoma could be asymptomatic. About 40% of patients
have local manifestations due to the compression of mediastinal
structures (chest pain, cough and dyspnea) or to the neuromus-
cular effects of myasthenia gravis. Less commonly, superior vena
cava syndrome and weight loss occurs in rapidly growing tumors
[24]. About 40% of thymomas present with systemic syndromes
(myasthenia gravis, pure red cell aplasias (PRCA), parathyroid ade-
noma, and hypogammaglobulinemia). About 20% of patients with
myasthenia gravis presents thymomas [25].

In general, approximately 40% thymomas present at Stage I (2
cases in our study), 25% each at Stages Il (4 cases in our study)
and III, 10% at Stage IVa and 1%-2% at Stage IVb. Invasion into
mediastinal tissue (Stages II, III) is present in 50% of thymomas,
with pleural invasion being most common followed by pulmonary
and pericardial invasion. Approximately 30% of these cases have
involvement of innominate vein (1 case of our study) or superior
vena cava and 20% have phrenic nerve involvement. The majority
of thymic tumors have non-malignant appearing thymic epithe-
lial cells mixed with variable proportions of lymphocytes. Despite
his lack of malignant cytological features and their indolent behav-
ior, thymomas have invasive and metastatic potential and should
not be considered benign. Thoracic CT scan was used for detect-
ing the presence and the extent of thymic mass and its relation to
adjacent structures in the chest. A correlation between CT find-
ings and histopathological staging system have been proposed;
Stage I: intact capsule with clear space between tumor and fat
tissues; stage II: blurred capsule with mediastinal fat of pleural
involvement; stage IIl: pericardial, large blood vessel or lung tis-
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Fig. 7. Surgical specimen after en-bloc resection of the entire thymus gland and
surrounding areolar tissue.

sue invasion; stage IV: pericardial, distant pleural or lymph node
involvement or distant metastasis. In our series, CT of the chest
was routinely performed for diagnosis and for the decision on
which approach type of surgical intervention was mostly suited.
The standard thoracic X-ray revealed an enlargement of the medi-
astinal opacity and, in some cases, a tracheal compression with
lateral tracheal deviation (2 cases, 25%). Nuclear Magnetic Riso-
nance (NMR) is useful to better define the relationship of continuity
between the mediastinal component and with the vascular struc-
tures. Fine needle aspiration (FNA) was performed in 4 cases (only
2 resulted suspected for thymomas) and needle biopsy or open
biopsy (anterior parasternal mediastinotomy, thoracoscopy) in 2
cases. Two cases presented with myiastenia gravis symptoms and
had no histopathologic examination.

Tracheobroncoscopy should be performed in presence of clin-
ical signs of an upper airway obstruction (wheezing and stridor),
dyspnea, dysphonia and tracheal profile modifications. It becomes
necessary for suspected malignancy of the thymic mass to detect
any irregularities in tracheal mucosa or neoplastic infiltration of
the wall, and in cases of an important tracheal compression.

Surgical resection is the mainstay of treatment, but a multi-
modal approach is useful for many patients. En-bloc resection of
the entire thymus gland and surrounding areolar tissue in the
pre-vascular plane of the anterior mediastinum between the two
phrenic nerves is the most important factor in controlling myas-
thenia and influencing survival in patients with thymoma. Open
(median sternotomy) approach offers better visualization of the
thymic tissue and has been the standard approach for thymectomy.
We performed a complete surgical resection with median ster-
notomy because 6 cases were thymomas diagnosed before 2014,
while two thymic carcinomas measured over 5cm and one of them
involved the innominate vein. En-bloc resection of the entire thy-
mus gland and surrounding areolar tissue is performed in most
centers today. A complete resection has been observed as one of
major prognostic factor in the treatment of thymomas of every
stage. The thymusis completely excised including all 4 lobes (Fig. 7).
All pericardial fat should be removed except a small amount around
the phrenic nerves. Any adherent structure is should be resected en
bloc.

While median sternotomy has long been the accepted stan-
dard approach, minimally invasive methods have emerged over
recent decades including transcervical, video-assisted thoraco-
scopic (VATS), and robotic video-assisted thoracoscopic (R-VATS)
approaches [2,27-34]. VATS approaches include bilateral and uni-
lateral VATS (either left or right). According to some authors, the
left side is safer with a more suitable dissection of all the soft fatty
tissue around the peri-cardiophrenic angle because the superior
vena cava lies outside the surgical field.

Therightside is preferred by other surgeons because they clearly
identified and used the superior vena cava as a landmark to dis-

sect around the innominate veins. In the bilateral VATS approach,
some authors report a more suitable complete excision for a better
visualization of anatomical structures. Several studies have demon-
strated the superiority of the VATS approach over sternotomy such
as a smaller incisions with better cosmesis and less trauma to the
chest wall, a decreased post-operative stay, a complete remission
and no difference in outcome as compared to the open approach
allowing an early adjuvant chemo-radiation treatment in advanced
cases. However, most of the authors use the VATS approach when
the tumor diameter is less than 5cm or 6 cm, not involving the
innominate vein, with little or no evidence of invasion or com-
pression of major mediastinal structures [32,35-42]. Furthermore,
VATS is considered a better approach for less intra-operative blood
loss and early removal of chest drains. Regarding to complications,
pneumonia was observed more frequently in the open approach
(4.1% vs.1.9%), while in VATS is reported a higher rate of phrenic
nerve injury (6.7% vs. 0%). Therefore, in the surgical treatment
of thymomas, VATS thymectomy is considered as a progressively
suitable and efficacious alternative to open surgery. The da Vinci
system robotic video-assisted thoracoscopic approach (R-VATS)
is another minimally invasive surgical approach to thymectomy
with potentially less morbidity [43-51]. This robotic approach has
outcomes comparable to conventional video-assisted techniques.
Robotic assisted mini-invasive technique may lead to a safer and
effective strategies for radical thymic resection, by a better visu-
alization and instrument control in comparison with non-robotic
mini-invasive technique approaches.
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