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Introduction

The mediastinum is a complex region inside the thorax that 
contains a wide variety of organs and, consequently, may 
be affected by a great number of disorders. Mediastinum is 
classically divided into specific compartments. This arbitrary 
division aids in the definition of differential diagnoses at the 
initial presentation and facilitates the treatment plans (1). 
The classical anatomical classification of the mediastinum 
reports four compartments: anterior, superior, middle 
and posterior. However, the anterior and the superior 
compartments are often described as a single anatomical 
region due to numerous disorders that may affect both 
concomitantly. The anterior-superior mediastinum is a 
site for a wide variety of tumors, which arise from its main 
cellular components, deriving from the thymus, lymph nodes 
and, rarely, ectopic tissues and embryonic remnants (2).  
As reported by Takeda et al., the most common location 

of neoplasia in the mediastinum is the antero-superior 
compartment that accounts for 68% of the mediastinal 
tumors in adults, whereas the posterior mediastinum is 
more frequently affected in children (3). Tumors of pediatric 
and adult age show different demographical, clinical and 
histological spectrum. In infants and children, the primary 
mediastinal masses in order of decreasing frequency are 
neurogenic tumors, germ cell tumors (GCTs) and pleuro-
pericardial or enterogenous cysts (4). The most common 
primary tumor of the antero-superior mediastinum, in 
adults, are thymomas that accounts for more than 50% 
of the mediastinal masses followed by lymphoma, GCT 
and parathyroid adenoma that rarely required an extended 
surgery. Nevertheless, the antero-superior mediastinum is, 
often, involved large metastatic lymph nodes especially in 
advanced lung and thyroid cancer. Since mediastinal tumors, 
especially bulky masses, are very uncommon, accounting for 
less than 5% of all the tumors, scarce literature is available 
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regarding this matter. Antero-superior large mediastinal 
tumors offer both diagnostic and therapeutic challenges, 
due to the complex anatomy of the mediastinum, especially 
in case of compression or infiltration of vital surrounding 
structures (5). Since mediastinal space is narrow, up to 
60% of all tumors involving the anterior mediastinum 
are symptomatic at presentation as consequence of the 
mechanical compression or infiltration of the neighboring 
organs (6) as reported in Table 1 .  In addition, the 
management of some patients might be further complicated 
by the mediastinal mass syndrome (MMS) that represents a 
life-threating condition characterized by acute respiratory 
and hemodynamic failure, due to obstruction of airways 
and the compression of the heart or major vessels. This 
syndrome is a life-threating condition that may became 
even more dramatic by induction of anesthesia or positional 
changes during surgery (7). Therefore, a thorough pre-
operative study is essential to assess the anatomy and exact 
relationship of the tumor with the surrounding mediastinal 
structures and to plan, in detail, the eventual operation. 
Not to forget clinics and/or exams to exclude potential 
paraneoplastic syndromes associated to the mediastinal 
masses.

Pre-operative assessment

The anatomical assessment of the mediastinum is 

conducted in most cases by the computed tomography 
(CT) scan of the chest. This examination allows a detailed 
definition of the tumor’s features, from its location to 
relations with the adjacent structures; moreover, the use of 
the intravenous contrast highlights the vascularization (8).  
When needed, further examinations are required to define 
the relation of the tumors with other structures. The 
magnetic resonance imaging (MRI) is more useful in soft 
tissue differentiation and in estimation of the chest wall 
invasion, while transthoracic echocardiography (TTE), 
transesophageal echocardiography (TEE) and the more 
recent electrocardiography (ECG)-gated cardiac CT and 
MRI improve the assessment of the compression or the 
involvement of the heart or the main vessels by reducing the 
cardiac motion artifacts (9,10). Fluorodeoxyglucose positron 
emission tomography (FDG-PET) has a fundamental 
role in the diagnostic evaluation of mediastinal tumors, 
with impact on diagnosis, staging and prognosis but plays 
a marginal role regarding the anatomical assessment of 
the mediastinum (11); while tracheo-bronchial tree could 
be thoroughly evaluated by the bronchoscopy that could 
be performed also during surgery (12). Large mediastinal 
tumors are often highly vascularized with a significant 
risk of bleeding or technical complication during surgery. 
The blood supply is extremely variable, possibly derived 
from branches of the internal mammary artery, bronchial 
arteries, thyrocervical trunk, intercostal vessels, phrenic 

Table 1 Signs and symptoms of mediastinal tumors

Organ involved Signs and symptoms

Airway Cough, wheezing; recurrent respiratory infections, bronchitis, atelectasis, unresolved pneumonia; 
hemoptysis; chest pain, sudden death

Esophagus Dysphagia (interruption of peristalsis); hematemesis (fistula formation)

Superior vena cava Dilation of collateral veins of the neck and upper thorax; chemosis of conjunctiva, edema of face, neck, 
upper chest, and arm; cyanosis; headaches, visual disturbances; epistaxis, tinnitus

Lymphatic channels Pleural effusion

Thoracic duct Chylothorax

Recurrent laryngeal nerve Hoarseness, inspiratory stridor (paralysis of vocal cord)

Phrenic nerve Paralysis of hemi-diaphragm

Sympathetic ganglia Bernard-Horner syndrome

Pericardium Pericardial effusion, tamponade

Brachial plexus Weakness or numbness; loss of sensation; loss of movement (paralysis); pain

Vagus nerve Dysphonia, dysphagia, arrythmia, abnormal blood pressure, gastric stasis (nausea and vomiting), diarrhea 
and dumping syndrome, decreased production of stomach acid, abdominal bloating or pain
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nerve vessels, pulmonary artery, and even from coronary 
arteries (13-15). MRI or CT scan with intravenous contrast 
may provide detailed information about the tumor’s 
vascularization and, in case of invasion of the superior vena 
cava (SVC), on the collateral circulation (16). Recently, 
some authors advocated the imaging-guided embolization 
of the tumor’s vessels as a useful pre-operative treatment in 
order to reduce the operative blood loss and, sometimes, 
the tumor mass, although no large studies are available on 
this matter (17,18). Preoperative biopsy should be avoided 
when the anterior mediastinal tumor has well-demarcated 
borders and could easily be resected completely because the 
increased possibility of tumor seeding. On the other hand, 
this approach cannot be used in extended large masses 
presenting as inoperable cases; where neoadjuvant therapy 
may improve the resectability or facilitate the surgical 
resection by “setting free” the surrounding structures 
involved. Both thymomas and primary mediastinal non-
seminomatous GCTs are chemo- and radio-sensitive. When 
presented as extended mediastinal masses, multimodality 
treatment may be the approach of choice, consisting of 
neoadjuvant chemo- or radiation therapy followed by 
surgical resection of residual disease, furthermore, most 
of lymphoproliferative malignancies are completely 
treated by systemic chemotherapy. The role and the 
effectiveness of preoperative treatment is strictly related 
to the histopathological diagnosis obtained through a fine-
needle aspiration (FNA) and core needle biopsy, or by 
more invasive surgical procedures for biopsy, including 
anterior mediastinotomy, mediastinoscopy, and video-
thoracoscopy. Additional tests such as laboratory studies, 
the most common of which include α-fetoprotein (α-
FP), β-human chorionic gonadotropin (β-HCG), and 
lactate dehydrogenase (LDH) for the non-seminomatous 
GCTs and antibodies anti-acetylcholine receptor and anti-
muscle-specific tyrosine kinase for the thymoma related to 
syndrome myasthenia gravis can play an important role. An 
excellent work-up scheme has been described by Li et al. in 
2016 (5) and reported with some changes in Figure 1.

Technical aspects

In case of large mediastinal masses, a good exposure is 
mandatory to achieve a total control of all structures that 
may be involved and avoid major complication. Sternotomy 
is the optimal approach to anterior mediastinal tumors, 
even in the presence of pulmonary involvement. Any 
operation on both lung parenchyma, on the main airway 

or all the great vessels, pericardium could be performed 
through this approach. Moreover, sternotomy is essential 
whenever extracorporeal circulation (ECC) is required. 
This midline approach can be extended to a thoracotomy 
(hemi-clamshell incision) or may be combined with a 
cervicotomy where necessary (Figure 2). Rarely have been 
described other approaches as the thoracotomy or the 
clamshell incision, while a minimally invasive technique 
should be considered only with a diagnostic purpose rather 
than for a radical surgery especially for tumors larger than 
10 cm (5,19). The main goal of extended surgery of antero-
superior mediastinum is be as radical as possible. Absolute 
contraindications to resection of mediastinal masses are 
invasion of the myocardium, while the involvement of 
great vessels or long tracheal segment should be evaluated 
case-by-case. Any infiltrated structure should be resected 
and reconstructed when possible. Lung parenchyma 
could be resected easily, ranging from a wedge resection 
using a stapler to a lobectomy until a pneumonectomy 
(eventually, requiring an intrapericardially suture when the 
hilum is invaded), along with the mediastinal pleura and 
pericardium. In large pericardial resections a prosthetic 
mesh should always be placed to avoid the potential 
migration of the heart through the defect into the thoracic 
cavities, especially after a pneumonectomy. Phrenic nerve 
is usually sacrificed when infiltrated, even if it must always 
be preserved on at least one side, especially if pulmonary 
resection is planned, but some authors reported an effective 
technique in sparing the nerve by a gentle peeling of the 
perineural layers to avoid further respiratory complication, 
especially in patient with an impaired pulmonary function 
or myasthenia gravis (20). Of the great vessels, the SVC and 
the brachiocephalic veins are the most commonly affected, 
although with varying degrees of involvement, ranging from 
partial compression or invasion, to the development of SVC 
syndrome (SVCS) when the vein is completely occluded by 
the tumor. In general, most authors advocated a total SVC 
replacement with prosthetic grafts or vein grafts, when 
the vein is extensively invaded or occluded by the tumor 
for more than 50% or when a suture is unfeasible (21).  
Most authors suggest avoiding SVC reconstruction 
in the presence of extensive thrombosis invading the 
subclavian veins due to high risk of thromboembolism 
or in presence of diffuse collateral venous circulation. If 
only one brachiocephalic vein is invaded by tumor, it can 
safely be resected even without replacement (22). Extended 
operations including resection and reconstruction of the 
SVC represent a major technical challenge, especially 
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for the potential detrimental effect of clamping a patent 
vessel, hence it is essential a close cooperation with 
the anesthesiologist in charge to manage the patient’s 
hemodynamic as keeping a high cerebral perfusion pressure 
and administering heparin to prevent potential severe 
complications. Recently, some authors reported the use of 
ECC or extra corporeal membrane oxygenation (ECMO) in 
the surgical management of mediastinal masses (23,24). The 
assistance of these devices allows an adequate hemodynamic 
and respiratory function even with lungs deflated and 
facilitate the dissection of the tumor with a decreased risk of 
respiratory and hemodynamic decompensation. However, 
central cannulation may reduce the operative field, hence, 
peripheral cannulation of the femoral vessels or ECMO 
should be preferred. However, systemic heparinization 
required by these devices could increase the risk of 

hemorrhagic complications during dissection of the tumor 
as well as the risk of malignant cells spread; therefore, a 
multidisciplinary risk assessment should be made case-by-
case, preoperatively, to assess the need of ECC.

Advanced stage thymoma

Thymomas occurring as large mediastinal masses are 
often Masaoka-Koga stage III tumors and represent 
up to 30% of all surgically treated thymomas. In most 
cases occur involving different intrathoracic structures 
as pericardium, lung parenchyma, great vessels, phrenic 
nerve, diaphragm and chest wall. Its treatment is still far 
from being standardized especially due to its rarity and 
high variability in clinicopathologic behavior (25). In most 
series the completeness of resection has been reported 

Figure 1 Preoperative assessments of large mediastinal tumors. FDG-PET, fluorodeoxyglucose positron emission tomography; ECG, 
electrocardiography; CT, computed tomography; MRI, magnetic resonance imaging; TTE, transthoracic echocardiography; TEE, 
transesophageal echocardiography; MMS, mediastinal mass syndrome.
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as the major prognostic factor associated with prolonged 
local control and survival, but with a reported rate of 
radical resection highly variable among them (from 50% 
to 80%) (26,27). As reported by Attaran and colleagues, a 
macroscopic incomplete resection or debulking procedures 
is associated to an increased recurrence rate and to a poorer 
prognosis without any advantage compared to biopsy 
alone (26). In literature several reports of extended surgery 
and reconstruction for thymic malignancies are reported 
with excellent results in terms of survival and disease local 
control. The brachiocephalic veins, SVC, lung, pericardium, 
right atrium, and diaphragm can be safely resected with or 
without reconstruction increasing the complete resection 
rate, in the same way, a resection and reconstruction of the 
aorta and the main pulmonary artery may be indicated in 
selected cases to achieve complete resection (1). Recently, 
a survey conducted by the members of the European 
Association for Cardio-Thoracic Surgery revealed that 
neoadjuvant therapy (chemo and/or radiation therapy) 
is currently proposed in the treatment of thymoma to 
achieve a volume reduction preoperatively with a complete 
resection rate, after induction therapy, that reaches the 
92% while 5-year overall survival (OS) achieves 80% (27). 
Beyond the discussion on the effectiveness of the induction 
therapy, an extended total thymectomy, including the tumor 
together with resection of any invaded adjacent structure, 
should be considered the main goal of the surgeons, 
particularly in the setting of stage III thymomas involving 
great vessels that occurs from 8.9% to 24.8% in major 
series (21,25). Nevertheless, the involvement of great vessels 
(brachiocephalic veins, SVC and, even rarely, the aorta and 

epiaortic vessels) is associated with worse OS (ranging from 
45% to 56% at 5 years) compared to those patients with 
invasion of other surrounding structures in case of radical 
resection (27). The cause of this high difference is probably 
related to higher risk of intraoperative severe complications 
and systemic recurrences, as well as the limited chance 
of a redo-resection (21). Regarding the involvement of 
phrenic nerve by thymomas some authors advocate a nerve 
sparing surgery followed by radiation therapy as a valid 
option especially in myasthenic patients in order to avoid 
respiratory complications (20).

Mediastinal lymphoma

Malignant lymphoma may involve the antero-superior 
mediastinum as a part of disseminated disease or as a 
primary lesion. The most common types of primary 
mediastinal lymphomas are Hodgkin’s disease (usually of 
the nodular sclerosis type), large cell lymphoma (often 
associated with sclerosis), pulmonary mucosa-associated 
lymphoid tissue lymphoma and lymphoblastic lymphoma 
(frequently seen in conjunction with acute lymphoblastic 
leukemia) (28). Clinical presentation may be similar among 
different subtypes, as most of these neoplasms generally 
appear as large invasive anterior mediastinal masses 
with possible involvement of the surrounding structures. 
Intensive combination of different chemotherapeutic agents 
and radiation therapy is the primary treatment modality for 
mediastinal lymphomas, and surgery is mostly confined to 
diagnostic biopsies when less invasive procedures like FNA 
or core biopsy are inconclusive. Some authors, moreover, 
advocated an important role of surgery also in resection of 
residual masses after systemic therapy. As reported by Bacha 
and colleagues, resection of such masses has particularly three 
purposes: it sets out the need of further treatments, eliminates 
any residual of tumor cells and reduce the need of adjuvant 
radiotherapy when the tumor mass is completely removed (19).

GCTs

GCTs of the mediastinum are uncommon neoplasms and 
contributing to almost 5% of all mediastinal tumors. These 
tumors histologically contain the same components as their 
gonadal counterparts since they are a result of a malignant 
transformation of arrested germ cells along the urogenital 
ridge during embryogenesis, but may present different 
biologic behaviors, clinical characteristics, and poor overall 
prognoses. They can be divided into three histologic 

Figure 2 Intraoperative picture of sternotomy extended to 
cervicotomy to ensure a good exposition during surgery for large 
tumors of the antero-superior mediastinum invading the cervical 
compartment.
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categories: mature teratoma, seminomatous GCT, and non-
seminomatous GCT (29). Mature teratomas account for 
about 60% of all mediastinal GCTs and are characterized 
by mature tissue derived from all three germinal layers as 
bone, cartilage, fat, and squamous and glandular epithelia 
and these tissues may be easily detectable on the CT scan. 
This kind of tumors are not associated with high level of 
serum markers like α-FP and β-HCG. Teratoma behavior 
is extremely variable: the majority present an indolent 
behavior with adhesion to surrounding structures as main 
risk, but some mature teratomas can grow more rapidly and 
may degenerate into non-germ-cell tumors, such as sarcoma 
and epithelial cancer (30). Surgery is the primary treatment 
with excellent oncological outcome after complete resection 
since mature teratomas are not responsive to chemotherapy 
or radiation therapy. Surgical removal is sometimes 
challenging especially in case of masses larger than 5 cm or 
involving the neighboring organs. It has been estimated that 
approximately 15% of patients requires a resection extended 
to other structures (e.g., lobectomy, pericardiectomy) for 
complete tumor resection.

Seminomatous GCTs

The primary mediastinal seminoma is a rare tumor and 
typically occurs in men from the second to the fourth 
decade of life. Typically, these lesions present as a lobulated 
but homogeneous mass and tend to infiltrate into adjacent 
structures early in the growth process. Serum tumor 
markers are usually normal even if high levels of β-HCG 
can be found in about 40% of patients. Generally, more 
than one third of patients with mediastinal seminoma have 
localized disease at the time of diagnosis, while remaining 
patients have at least one site of distant metastases. Pure 
seminoma is sensitive to chemotherapy and radiotherapy, 
and the prognosis is generally good (31). No conclusive data 
regarding a potential benefit of primary surgery are available 
and this approach is usually not feasible at presentation, 
mainly because the disease is rarely diagnosed as a small 
mediastinal mass with non-extramediastinal invasion. Pure 
mediastinal seminomas are curable in most patients, even 
when metastatic at the time of diagnosis. The treatment of 
choice is a combination of chemo and radiation therapy (32). 
It has been shown that a residual mass after chemotherapy 
frequently does not contain viable tumor cells, hence 
surgery is recommended only for residual masses larger 
than 3 cm with a growing tendency during surveillance.

Non-seminomatous GCTs

Non-seminomatous GCTs are more common than 
seminoma and include three histologic subtypes, alone or 
in combination: yolk sac tumor, embryonal carcinoma, 
and choriocarcinoma (30). These neoplasms present an 
aggressive behavior causing, in a short time, symptoms by 
compressing or invading local mediastinal structures and 
in more than 85% at least one metastatic lesion present at 
the time of diagnosis. Infiltration into adjacent structures 
including the lung; the SVC; innominate veins; the 
pericardium; and, occasionally, other great vessels and the 
heart can be visible on CT scan. Serum tumor markers (α-FP 
and β-HCG) are usually abnormal and their high-level in 
association with typical features on CT scan, is diagnostic of 
primary malignant non-seminomatous GCTs even without 
biopsy (32). Approximately 5–10% of patients affected 
by mediastinal non-seminomatous GCT is associated to 
Klinefelter syndrome, more rarely these patients present a 
variety of hematologic neoplasms. Prognosis is poorer when 
compared with the other GCTs with an average 5-year OS 
of almost 50%. The role of surgery is very limited because 
curative results with other treatment modalities are superior 
moreover in these tumors is extremely important a multi-
modal strategy. Most patients have residual radiographic 
abnormalities in the mediastinum after completion of 
chemotherapy. In these patients, a radical surgical resection 
of residual masses should be performed if technically 
feasible and may be curative in one third of patients (33).

Metastatic lymphnodes

Metastasis in mediastinal lymph nodes are frequently 
observed in advanced stage lung cancer, thyroid cancer 
and more seldom in esophageal, pancreatic, colorectal and 
breast cancer. Stage III non-small cell lung cancer (NSCLC) 
describes the metastatic spread of a primary tumor to the 
ipsilateral and/or contralateral mediastinal lymph nodes 
and include a wide variety of disease ranging from a single 
station unsuspected N2 disease to large, bulky and invasive 
N2 or N3 disease that cannot be dissected (34). Bulky nodal 
disease is generally defined as involvement of lymph nodes 
with greater than 2 cm short-axis diameter as measured by 
chest CT, and generally implies extra nodal involvement, 
multi-station nodal disease, and/or groupings of multiple 
positive smaller lymph nodes (35). For unresectable 
N2 or N3 NSCLC concurrent chemoradiotherapy is 
widely accepted as the standard of care while the role of 
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surgery has been described in very few reports as part of 
multimodal treatment, but its effectiveness is still far from 
being recognized (36,37). Thyroid carcinoma consists 
essentially of 3 histological types: papillary, follicular and 
medullary carcinomas. The patterns of metastasis of these 3 
carcinomas are different. Follicular carcinoma metastasizes 
predominantly to distant organs such as lung and bone, 
whereas papillary and medullary carcinomas shows a high 
incidence of lymph node metastasis, ranging from 30% 
to 80% of patients, even though metastases to lymph 
nodes of the upper mediastinum have been found in 9% of 
patients with thyroid carcinoma. Thyroid cancer commonly 
develops regional lymphatic metastases into three regions: 
central, lateral, and mediastinal compartments. There are 
lots of researches focused on the central and lateral lymph 
node metastases so far. However, the indications and 
extent of the mediastinal lymph node dissection in thyroid 
carcinoma are not clearly defined (38). In these cases, an 
accurate multidisciplinary assessment is essential and, in 
case of failure of systemic therapy, most authors advocate 
that metastatic mediastinal lymph node dissection is an 
effective treatment in thyroid carcinoma regardless for 
initial treatment or reoperation of recurrent lesions (39). 
Nevertheless, medullary thyroid carcinoma cells are not 
sensitive to radioactive iodine and to hormonal therapy, 
and, therefore, surgery is the most effective option either 
with curative intent or effective palliation. Moreover, in 
case of metastases, redo-surgery should be considered 
for patients with elevated calcitonin levels in the setting 
of an incomplete initial surgery, or if there a radiological 
evidence of recurrent disease. Iterative surgery should be 
performed in order to reduce the risk of severe compression 
or invasion of the airways or major vessels. In experienced 
hands, reoperation for locoregional disease can achieve 
long-term control and improve the OS in up to one-third of 
patients (40).

Conclusions

Extended surgery of antero-superior mediastinal masses is 
a real challenge for the surgeons and the anesthesiologists 
and should be thoroughly planned step-by-step since the 
diagnosis. The main goal is obtaining a complete resection 
of the tumor, that remains the major prognostic factor 
and allows satisfactory long-term survival. Evolution 
of the surgical technique end of the peri-operative 
management as well as the availability of new-generation 
prosthesis and the increasingly widespread of ECC and 

ECMO have turned this kind of surgery into a feasible, 
safe and effective procedure. Centralization of care for 
patients with these malignancies allows to improve the 
quality of care that means better surgical and oncological 
outcome. The preoperative assessment and intraoperative 
management of these tumors is challenging and a dedicated 
multidisciplinary approach is essential.
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