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Background and Objective: The mediastinum is a complex, heterogeneous area, which leads 
vertically across the thoracic cavity between the bilateral mediastinal pleurae, connecting the head and neck 
region with the thoracic cavity. Different classifications have been published to differentiate between the  
so-called mediastinal compartments while the most used classification surely is the 4-compartments 
Gray`s classification, dividing it into the superior, anterior, middle and posterior mediastinum. Mediastinal 
abnormalities include infections (mediastinitis) and solid or cystic mediastinal masses. These masses can 
be divided into benign and malignant lesions originating from mediastinal structures/organs or represent 
manifestations of metastatic disease, often metastatic non-small cell lung cancer (NSCLC). This review aims 
to explore the different mediastinal pathologies along with indications and surgical approaches.
Methods: We performed literature research in PubMed, MEDLINE, Embase, CENTRAL, and CINAHL 
databases. Only papers written in English were included.
Key Content and Findings: Depending on the indication for surgical intervention and the localization 
of the pathology, surgical approach may differ immensely. Mediastinal staging of lung cancer, primary lesions 
of the mediastinum, mediastinitis and traumatic mediastinal injuries display the most frequent indications 
for mediastinal surgery. Surgical approaches trend towards minimally invasive, video- or robotic-assisted 
techniques and are becoming increasingly refined to adapt to the special characteristics of the mediastinum. 
However, certain indications still require open access for best possible mediastinal exposure or oncological 
reasons. 
Conclusions: To guide optimal surgical approach selection to the mediastinum, the following overview 
will present all published surgical approaches to the mediastinum and discuss their practical relevance and 
indications aiming to help surgeons in the management of patients with mediastinal pathologies who should 
undergo surgery.
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Introduction

The mediastinum is divided into specific compartments, 
most commonly referred to as the superior, anterior, middle 
and posterior mediastinum (1-3). It contains fundamentally 
important vascular and non-vascular structures as well as 
organs and furthermore, it connects the head and neck 
region with the thoracic cavity. The currently accepted 
radiological standard of mediastinal compartments was 
developed by the International Thymic Malignancy Interest 
Group (ITMIG) based on computed tomography (CT)-
images. It defines the different compartments bordered by 
specific anatomic structures (4) (Table 1).

Mediastinal lesions can be of benign or malignant nature 
originating from the respective mediastinal structures or be 
metastatic manifestations of distant disease.

Primary tumours in the anterior mediastinum account 
for more than half of all mediastinal masses in adults 
comprising malignant and benign lesions (5). Malignant 
lesions consist of thymoma, lymphoma and teratoma whilst 
benign lesions include thymic cysts, lymphangioma and 
intrathoracic goitre (6). A further quarter of the mediastinal 
abnormalities can be found in either the middle or the 
posterior mediastinum respectively (7). There, the lesions 
comprise neurogenic tumours lymphoma and mediastinal 
cysts (8,9). 

Clinical characterization plus radiological findings in CT 
may be sufficient for definitive diagnosis, however, in other 
cases, further imaging like magnetic resonance imaging 
(MRI), fluorodeoxyglucose-positron emission tomography-
CT (FDG-PET-CT) or histological confirmation (often 
immunohistochemistry) may become necessary to delineate 
the origin of mediastinal abnormalities (7). To choose the 
optimal treatment, histological diagnosis sometimes is 
mandatory if the imaging cannot predict a diagnosis with a 
high degree of certainty. A biopsy indication however has 
to be evaluated carefully and the biopsy technique highly 
depends on the localization of the lesion and surrounding 

structures, the experience of the respective physician as well 
as the most expected nature of the lesion. Metastatic seeding 
of the lesion through biopsy procedures needs to be avoided. 

Various interventional biopsy options including CT-
guided percutaneous biopsy, endobronchial ultrasound-
guided transbronchial fine needle aspiration (EBUS-
TBNA) and endoscopic ultrasound fine-needle aspiration 
(EUS-FNA) exist. For the posterior mediastinum, EUS-
FNA is safe and provides an excellent diagnostic yield 
with a sensitivity of more than 90% and a specificity 
of 100% (10,11). Concerning mediastinal staging in 
lung cancer patients, EBUS-TBNA and EUS-FNA are 
currently playing an increasing role as a minimally invasive 
alternative, reducing the need for mediastinoscopy (12). 
However, if clinical suspicion of mediastinal lymph node 
(LN) metastases remains, cervical mediastinoscopy in the 
experienced hand is still recommended (13).

Surgery, like cervical mediastinoscopy mentioned above, 
may be required in cases of failed interventional mediastinal 
staging (technical, localization, insufficient tissue amount 
for molecular analysis, inconclusive histopathological 
result). The chosen surgical approach depends on different 
factors including the localisation of the pathology as well as 
the surgical indication. Biopsy/staging techniques include 
mediastinoscopy, Chamberlain/McNeill procedure, video-
assisted mediastinoscopic lymphadenectomy (VAMLA) 
and transcervical extended mediastinal lymphadenectomy 
(TEMLA).

Furthermore, surgery remains the standard for removal 
of mediastinal masses, with transsternal open resection 
having been the gold standard for many years. However, 
minimally invasive surgical techniques such as video- and 
robotic-assisted thoracic surgery (VATS/RATS) are gaining 
ground if not already longing to replace open surgery in 
certain fields (8,14).

The aim of our publication was to describe all the 
available surgical accesses and emphasize their indications 

Table 1 Boundaries and contents of the 4-compartment mediastinal scheme

Mediastinal compartment Boundaries Content

Superior Thoracic inlet to a line from the sternal angle to T4 Aorta, great vessels, trachea, upper 3rd of the 
oesophagus, upper thymus

Anterior Pericardium, sternal body Mediastinal fat and thymus

Middle Pericardium to pericardium Pericardium, heart, carina, lymph nodes

Posterior Dorsal pericardium to anterior surface of T4–T12 Oesophagus, thoracic aorta, azygos vein, thoracic duct
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and practical implementation as well as informing about 
current evolutions to provide guidance for decision-making 
in choosing the most appropriate surgical approach to the 
mediastinum. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
med.amegroups.com/article/view/10.21037/med-23-71/rc).

Methods

We performed a literature search in PubMed, MEDLINE, 
Embase, CENTRAL, and CINAHL databases to identify 
relevant publications for the assessed topic of accesses/
approaches to the mediastinum for mediastinal pathologies 
(Table 2).

The searches for the main review were conducted as: 
(mediastinum OR mediastinal) AND (access OR approach 
OR surgery OR resection OR “surgical resection” OR 
“tumour resection”) OR (mediastinoscopy).

The more specific research for certain sections of the 

review was done with the following additions: (mediastinal 
OR mediastinum) AND (tumour OR pathology OR mass 
OR “tumour mass” OR neoplasia).

(RATS OR “robotic-assisted” OR robotic OR “video-
assisted” OR VATS OR “minimally invasive” AND surgery) 
AND (thymectomy OR “resection of thymus” OR thymoma).

All citations returned from the above searches were 
exported into a ZOTERO library. Duplications were 
removed and abstracts were reviewed by two authors (N.M., 
F.M.) for potential inclusion in the manuscript.

Further searches were conducted without using Boolean 
operators. 

We included all the studies where surgery-related 
mediastinal pathologies were reported. Only publications in 
English language were included. We were focussing on the 
most recent publications to enhance the importance of our 
review, however, publications including first descriptions of 
rare access techniques were included.

Due to the narrative design of the review, a certain 

Table 2 Methods and specification of underlying database research

Items Specification

Date of search Search performed between 19th of November and 6th of December 2023 

Databases searched PubMed/MEDLINE/Embase/CENTRAL/CINAHL

Search terms used (mediastinum OR mediastinal) AND (access OR approach OR surgery OR resection OR “surgical 
resection” OR “tumour resection”) OR (mediastinoscopy)

(mediastinal OR mediastinum) AND (tumour OR pathology OR mass OR “tumour mass” OR 
neoplasia)

(RATS OR “robotic-assisted” OR robotic OR “video-assisted” OR VATS OR “minimally invasive” 
AND surgery) AND (thymectomy OR “resection of thymus” OR thymoma)

Timeframe Not specified

Inclusion and exclusion criteria Inclusion criteria:

 Studies including mediastinal tumor resection were included

 All surgical approaches (open/video/robotic-assisted thoracoscopic surgery)

Exclusion criteria:

 Commentaries and case reports

 Language other than English

 Full text unavailable

Selection process Initially, records were screened by title and abstract and then duplicate studies were identified 
and removed using ZOTERO

For the second stage of screening, we performed full text review of all eligible studies from the 
title and abstract screening. Both stages were performed by two authors (F.M., N.M.)

RATS, robotic-assisted thoracic surgery; VATS, video-assisted thoracic surgery.

https://med.amegroups.com/article/view/10.21037/med-23-71/rc
https://med.amegroups.com/article/view/10.21037/med-23-71/rc
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subjectivity in choice of studies included is likely. Patients’ 
consents were obtained for publication of the images and 
saved in their electronic charts. 

Pathologies of the mediastinum

Mediastinal lesions/tumours

Anterior mediastinum
Thymoma is by far the most common tumour of the anterior 
mediastinum (9). Open extended thymectomy via sternotomy 
remains the gold standard, particularly for advanced-stage 
tumours. There is however significant evidence now available 
for the use of minimally invasive approaches for early-stage 
thymomas (15). Teratoma, lymphoma and thyroid or other 
endocrine masses are less common differential diagnoses of 
anterior mediastinal masses (5,16). Growth of lymphoma or 
lymphadenopathy may occur in all three compartments of 
the mediastinum (17) (Figure 1A).

Posterior mediastinum
Neurogenic tumours (mainly benign peripheral nerve 
sheath neoplasms like schwannoma and neurofibroma) most 

commonly occur in the posterior mediastinum (17) (Figure 1B).

Middle mediastinum
Lymphoma and mediastinal  cysts  (predominantly 
bronchogenic and enteric as well as pericardial cysts) are 
the most common tumours of the middle mediastinum (17) 
(Figure 1C,1D).

Mediastinitis

Mediastinitis is a life-threatening condition mainly 
secondary to oropharyngeal abscesses, neck infections or 
oesophageal leak either descending into the mediastinum 
via the cervical fascial planes or directly penetrating 
the intrathoracic mediastinum with a mortality of up to 
40%. Early diagnosis and optimal immediate therapeutic 
approach, often including surgical drainage of the 
mediastinum, are crucial for patient survival (18).

Traumatic mediastinal injuries

Traumatic mediastinal injuries must be divided into blunt 

A

C

B

D

Figure 1 Pathologies of the mediastinum. (A) Thoracic CT showing a thymoma type B3 in the anterior mediastinal compartment, (B) 
CT showing a neurogenic tumor in the posterior mediastinum (arrow), (C) CT-scan showing a pericardial cyst in the antero-medial 
compartment of the mediastinum as well as (D) showing at CT-scan with a bronchogenic cyst (arrow) in the middle compartment of the 
mediastinum. CT, computed tomography.



Mediastinum, 2024 Page 5 of 15

© Mediastinum. All rights reserved.   Mediastinum 2024;8:28 | https://dx.doi.org/10.21037/med-23-71

and penetrating injuries according to their injury mechanism. 
Blunt thoracic trauma occurs in up to 60% of polytraumatized 
patients and results in about 25% mortality (19). Due to 
the suspected high mortality caused by injury of major 
mediastinal structures in blunt thoracic trauma in the 
preclinical setting as well, the exact incidence of mediastinal 
injuries remains uncertain (20,21).

Indications for mediastinal surgery

Indications for mediastinal surgery include (I) tissue 
sampling and staging, (II) surgical drainage of mediastinal 
infection/abscess (mediastinitis), (III) resection of 
mediastinal pathologies for diagnostic and therapeutic 
reasons, especially when they are symptomatic, and 
traumatic mediastinal injuries (20,22).

Sampling and staging

Surgical access to the mediastinum may be necessary for 
tissue sampling or mediastinal staging. Open and/or video-
assisted surgical access is available. Mediastinoscopy, 
one of the most common approaches is often indicated 
in mediastinal LN staging in non-small cell lung cancer 
(NSCLC) patients. 

Surgical resection

Several surgical approaches to the mediastinum with a 
tendency towards minimally invasive techniques, currently 
favouring robotic-assisted techniques, have been described 
before (23). Minimally invasive approach for surgical 
resection of mediastinal masses, for example the well-
studied minimally-invasive thymectomy is associated 
with improved surgical results and fewer complications 
compared to transsternal open thymectomy, without any 
substantial changes in myasthenia gravis (MG) complete 
rates of remission (8).

Surgical drainage of mediastinal infection/mediastinitis

Necrotizing mediastinitis has high mortality rates of 
around 25% to 40% and mainly arises from head-and-neck 
abscesses (descending necrotizing mediastinitis) or develops 
after oesophageal perforation (iatrogenic, spontaneous) 
(24,25). Aggressive surgical drainage and debridement 
of the mediastinum as well as of accompanying pleural 
effusion and empyema in combination with broad-

spectrum or targeted antibiotic treatment and elimination 
of the primary source has shown to drastically reduce 
mortality (26).  Both open and minimally invasive 
approaches of all kinds have been described (26-29). As 
published series are rather small and surgical accesses 
are very heterogenous, there are no clear guidelines as to 
which access can be considered superior but there is still 
a tendency to open approach due to the aggressivity and 
fatality of the disease (30).

Traumatic mediastinal injuries

Due to suspected high mortality of traumatic injuries of 
major structures of the mediastinum in blunt thoracic 
trauma, the exact incidence of mediastinal injuries remains 
uncertain (20,21). Mortality rates after resuscitation 
thoracotomy for penetrating trauma are reported from 15% 
to 35%, while those with blunt thoracic trauma only yielded 
in successful resuscitation in about 2% (31,32). 

A left anterolateral thoracotomy is recommended in 
hemodynamically instable patients with blunt chest trauma 
aiming to control avoidable causes of death (haemothorax, 
pneumothorax, hemopericardium) and providing access 
to mediastinal structures (33,34). To gain access to the 
contralateral hemithorax if necessary, a right-sided 
thoracotomy and/or extension to a clamshell incision may 
follow (34,35). 

In hemodynamically stable individuals with suspicion 
of cardiac injury, median sternotomy is the most suitable 
approach to expose the heart and thoracic cavity bilaterally (36).  
VATS may provide diagnostic and therapeutic value in 
hemodynamically stable patients with localized, penetrating 
thoracic trauma (21,37).

Surgical access to the mediastinum

The various surgical accesses to the mediastinum can 
be divided into open and minimally invasive approaches 
and further categorized in accordance with the respective 
targeted compartment of the mediastinum, the size of the 
targeted mass and the relation to adjacent structures. As 
surgery of mediastinal pathologies can be very challenging, 
open surgical techniques may be combined with minimally 
invasive ones to improve the effectiveness and outcome. 
To help understand the various access modalities, we have 
either added an illustration taken in our institution or 
for less commonly applied techniques have highlighted 
significant illustrated reference.

https://www.sciencedirect.com/topics/medicine-and-dentistry/pneumothorax
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Open accesses

Median sternotomy
Median sternotomy is the most common access for 
cardiac bypass surgery and remains a very common open 
thoracic approach for mediastinal, bilateral pulmonary or 
lower trachea and main stem bronchus surgery (38). The 
sternotomy technique is well established, and the technical 
details were presented many times before (Figure 2).  
Crucial steps are the strict sternal midline preparation 
and performing the osteotomy during apnoea in order to 
avoid injuries of the underlying structures like pericardium, 
pleura, innominate vein and brachiocephalic artery. A 
proper sternal closure to prevent instability and infection 
is as important as performing a proper sternotomy to 
reduce morbidity (39). Because of its midline location, the 
postoperative pain associated with sternotomy is less than 
for intercostal incisions like performed in thoracotomy.

Partial upper sternotomy
Partial sternotomy is an appropriate approach for thyroid 

surgery with reachable retrosternal extension and for 
limited additional access to the anterosuperior mediastinum 
(40,41). However, a full median sternotomy as described 
above should be performed in cases of proven or expected 
malignancy, extension into the posterior mediastinum 
and extension to the aortic arch. For the partial upper 
sternotomy, a 10–12 cm mid-sternal incision is followed 
by a division of the sternum in a J-form manner from the 
sternal notch to the right 4th intercostal space. A spreader is 
inserted to grant access. A valuable illustration of a partial 
upper sternotomy (in aortic valve surgery) can be found in 
the publication of Gillinov et al. (42). As for full median 
sternotomy, cautious closure of the partial sternotomy 
is crucial to avoid long-term morbidity. In addition to a 
cosmetic benefit, the incidence of sternal wound infection 
can be reduced by helping maintain part of the sternum, 
hence keeping the rigidity of the chest wall. 

Trapdoor incision (anterior cervico-sterno-thoracotomy)
The trapdoor incision gives access to the superior 
mediastinum and thoracic inlet. A partial J-type sternotomy 
in the 2nd or 3rd intercostal space is combined with the 
supraclavicular extension of a standard sternotomy. 
The major necessary addition to complete the trapdoor 
incision is the extension of the inferior lateral arm of the 
incision through the pectoralis major muscle. The internal 
mammary vessels need to be ligated when entering the 
chest. A rib-spreading retractor is elevating the “trapdoor”. 
Large anterior mediastinal masses, such as thymomas and 
germ cell tumours can be accessed through the trapdoor, 
hence this approach is often used in paediatrics (43,44). 
Christison-Lagay et al. showed a clear illustration of the 
trapdoor-incision and the respective surrounding anatomical 
structures in their work from 2014 (43). 

(Hemi-) Clamshell
The Hemi-clamshell incision is defined as a partial 
sternotomy with antero-lateral thoracotomy. As compared 
to the afore-mentioned, seldom used trapdoor incision, 
it provides additional exposure of the mediastinum in its 
middle and lower compartments. The transverse intercostal 
incision connecting to the sternal incision is positioned 
in the 4th or 5th intercostal space. Postoperative analgetic 
requirements have shown to be similar to those after 
different approaches (45). The patient is positioned supine. 
An L-shaped skin incision is done, followed by entering 
the chest through the intercostal space after ligating the 
internal mammary pedicle. Afterwards, median sternal 

Figure 2 Median sternotomy incision in a 57-year-old female. The 
sternal notch and xiphoid process as well as the ventral rib cage are 
inked to the skin foil as landmarks.
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incision followed by the J-formed incision of the respective 
half of the sternum is done. Sternal wires and pericostal 
non-resorbable sutures serve for closure. Bains et al. 
nicely demonstrate sketches of both the hemi-clamshell 
and clamshell incision as well as the exposure of relevant 
structures with these two approaches in their publication 
from 1994 (46). 

Thoracotomy (postero-lateral, antero-lateral)
Postero-lateral
The postero-lateral thoracotomy is one of the most used 
incisions in thoracic surgery providing access to the lung, 
hilum, middle and posterior mediastinum, endothoracic 
trachea and oesophagus. The patient is positioned in lateral 
decubitus position. The skin incision runs along the fifth 
or sixth intercostal space starting from the anterior axillary 
line (AAL) with a slight curve around the tip of the scapula. 
The M. latissimus dorsi is opened with electrocautery. the 
anterior portion of the M. trapezius and rhomboid muscles 
can be divided posteriorly. The M. serratus anterior muscle 
is usually spared and retracted. To identify the appropriate 
intercostal space, the hand is passed towards the first rib 
by developing a plane beneath the scapula. To make access 

to the chest cavity easier, a rib resection or partial rib 
resection can be done according to the surgeon’s preference 
followed by the opening of the endothoracic fascia and 
parietal pleura along the upper border of the rib to avoid 
injury of the neurovascular bundle. A retractor is then 
placed and opened gently to avoid rib fractures. For closure 
of the intercostal spaces after the procedure, a loop or 
interrupted stitches can be applied. Standard wound closure 
of all layers is performed (47). Muscle-sparing postero-
lateral thoracotomy has been described as well, but has not 
prevailed (48).
Antero-lateral
The antero-lateral thoracotomy provides good access to 
the anterior mediastinum (Figure 3). The skin incision runs 
from the 4th or 5th intercostal space from parasternal until 
the AAL. It can be easily extended to become a Hemi-
Clamshell incision. The pectoral muscle in direction of the 
fibres followed by division of the intercostal muscles and 
parietal pleura to enter the chest (49,50).

Anterior mediastinotomy
Anterior mediastinotomy, also known as Chamberlain- 
or McNeill-procedure, is an open procedure done 
under general anesthesia that allows for dissection of 
the aortopulmonary LNs (51,52). This technique is 
very effective in biopsying the anterior mediastinal, the 
periaortic, the aortopulmonary LNs, or the lung. The chest 
is entered via a restrictive incision in the 2nd parasternal 
intercostal space on the left. The Chamberlain-procedure 
has mainly been abandoned nowadays but has its main 
indication in aorto-pulmonary (AP)-window (paraaortic/
subaortic LN station 5/6) involvement in NSCLC, 
unreachable in mediastinoscopy and EBUS-TBNA (53). 
Ginsberg showed a recommendable sketch of the access in 
their publication of mediastinal accesses from 1987 (54).

Mediastinoscopy
Mediastinoscopy through a 2–3 cm transverse cervical 
incision (Kocher-incision) provides access to the pre-
tracheal, paratracheal, and anterior sub-carinal LNs (55-57).  
One has to differentiate between video-assisted (VAM) 
and conventional mediastinoscopy (CM) without video-
support (58). The VAM is considered the standard as 
compared to CM nowadays. After the Kocher-incision, 
the video-mediastinoscope is inserted (with closed spatula) 
after opening of the pretracheal fascia, identification of 
the anatomical landmarks (bifurcation, both main bronchi 
and the left recurrent nerve) is necessary to avoid injuries. 

Figure 3 Right antero-lateral thoracotomy in a 60-year-old female 
with visible biopsy proven large type B1 thymoma surrounded by 
pericardial fatty tissue in the anterior mediastinum.
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Mediastinal dissection continues with spatulas open. LN-
stations 2, 3, 4, 7, 10 and 11 can be accessed bilaterally. Of 
note, mediastinoscopy has a high sensitivity (>80%) and 
specificity (100%) in the staging of lung cancer (55). One 
rare but potentially fatal complication of mediastinoscopy 
is bleeding from one of the great vessels in close proximity 
to the operating field. However, even when Eric Carlens 
published his experience on his first 100 cases back in 1959, 
no bleeding complication occurred (59). As of today, the 
rate of complications and mortality remains minimal (56,60).

Extended cervical mediastinoscopy
This extended cervical mediastinoscopy approach published 
and apparently to our knowledge best visualized by 
Ginsberg in 1987 helps to reach the subaortic and preaortic 
station 5 and 6 LNs through a conventional Kocher-
incision in addition to the aforementioned investigated pre-
tracheal, paratracheal, and anterior sub-carinal LNs. The 
video-mediastinoscope is advanced over the aortic arch 
between the innominate artery and the left common carotid 
artery. In case of failure of this approach in staging of left 
upper lobe tumours, an additional anterior mediastinotomy 
through a second incision can follow to complete staging 
(54). Ginsberg concluded in their original work, that “In 
expert hands, invasive mediastinal exploration has very 
low morbidity and mortality”. Nevertheless, we advocate 
for critically evaluating any other less invasive modality 
to reduce potentially fatal injury of neighbouring arteries 
along the way of this access.

Video-assisted, mediastinoscopic lymphadenectomy 
(VAMLA)
VAMLA has shown to be safe and represents one of 
the two best staging methods in terms of accuracy in 
mediastinal staging of NSCLC. Like TEMLA, it can serve 
as preresectional lymphadenectomy prior to VATS (61,62). 
After starting VAMLA like a mediastinoscopy described 
above, the subcarinal nodes are extracted en bloc. In this way, 
the oesophagus and the mediastinal pleura can be exposed 
and right para-oesophageal nodes as well as hilar N1-
nodes can be carefully harvested. En bloc resection of the 
pre-tracheal, right paratracheal and right tracheobronchial 
compartments is done afterwards.

TEMLA 
TEMLA, developed by Zieliński et al., is performed through 
a 5–8-cm transverse cervical incision in the neck and enables 
the complete removal of all mediastinal nodal stations 

except for station 9 and station 4L nodes (63). TEMLA is 
an open procedure performed partly with mediastinoscopy-
assisted and video-assisted techniques and includes elevation 
of the sternal manubrium with a retractor as well as bilateral 
visualization of the laryngeal recurrent and vagus nerves. 
It can serve as a preresectional lymphadenectomy in VATS 
cases like the before described VAMLA.

Minimally invasive video-assisted techniques

VATS
VATS is a suitable access for both mediastinal staging 
and resection of mediastinal masses mainly in the middle 
and posterior, as well as accessible lesions in the anterior 
mediastinum. Right VATS provides access to LN stations 
10R, 4R, 7, 8R and 9R. On the left side, LN station 10L, 
4L, 5, 6, 7, 8L and 9L can be reached. Station 4L cannot be 
explored in right VATS due to its difficult access. VATS can 
be performed uniportally or with a multi-port-approach, 
while the single port technique is increasing worldwide. 
Double lumen endobronchial tube insertion for selective 
ventilation is done before placing the patient in a lateral 
decubitus position or slightly one side lifted supine position, 
is recommended. In addition to selective ventilation, CO2 
gas insufflation for further collapsing the lung can be 
applied in selected patients. A 0° or 30° video-telescopic 
camera via a two-to-three port access plus a potential 
subxyphoideal access for better visualization and retrieval of 
the specimen have shown to be successfully used in thoracic 
surgery practice.

Subxiphoid
For a uniportal subxiphoid approach, the patients can be 
positioned supine or in slightly half sided 45° lifted supine 
position. A 2–3 cm transverse or vertical skin incision is 
made 1–2 cm below the xiphoid. A vacuum multi-port 
system with the possibility of CO2 insufflation with two to 
three ports is inserted. In a multiport approach, a second or 
third intercostal 5 mm incision can be added (64). 

RATS
Since the first RATS thymectomy reported by Yoshino 
et al. in 2001, RATS has shown to have clear benefits 
in technically demanding anatomical regions like the 
mediastinum whilst in addition showing better outcomes 
in postoperative quality of life (QoL), pain, length of stay 
(LOS) with equal results regarding MG compared to 
open approach (65,66). RATS can be performed through 
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three port incisions (thoracoscope, two robotic arms) 
under CO2 insufflation, double lumen intubation and 
intercostal blockades (Figure 4). The phrenic nerves can 
be visualized on both sides and spared. Being provided 
with a robotic surgery console, technical benefits like an 
increased range of motion in a stable operation field with 
excellent camera stability and improved 3D-visualization, 
a superior mediastinal dissection can be achieved (67). 
Advanced thoracic surgeons in this rapidly evolving robotic 
field like Diego Gonzalez-Rivas have started doing RATS 
thymectomies through a 4 cm uniportal subxiphoideal 
longitudinal incision (with the cartilaginous xiphoid 
process excised), initially on cadavers in 2018 followed by 
Park et al. in the clinical setting (performed in 2018/2019) 
and published in 2020 (68,69). A single, 2.5 cm cannula 
accessible for an articulating 3D camera and three fully 
articulating instruments with seven degrees of freedom 
were used (70). A hybrid subxiphoid VATS/RATS approach 
(3-ports in total) described as trans-subxiphoid robotic 

thymectomy was found equally minimal-invasive as single-
port VATS thymectomy by Suda et al. in 2016 (71).

Combination of minimally invasive and open access

VATS-assisted anterior mediastinotomy
VATS-supported anterior mediastinotomy has shown to 
be another upcoming technique for removal of anterior 
mediastinal masses (72). Under general anaesthesia, a single 
port is inserted in the AAL in the 5th intercostal space, and 
a 0°–30°-degree thoracoscope is introduced into the chest. 
A parasternal 2–3 cm transverse incision is made over 
the second or third intercostal space under thoracoscopic 
guidance. The surgeon may benefit from dual visual control 
through a spreader directly and indirectly from below using 
the thoracoscope (73,74). A clear self-made illustration of this 
technique is available in the publication of Hunt et al. (73).

Transcervical VATS procedure
A transcervical approach with a silicon rubber cup to apply 
pneumomediastinum and the insertion of multiple ports 
for thoracoscopic instruments was used in the series of 
Tsuboi et al. in 2018 for resecting a parathyroid adenoma 
in the superior mediastinum (75). This access can rather be 
considered experimental than being an established access 
and is best illustrated in the original publication mentioned 
above.

Discussion

Fortunately, an already comfortably wide range of surgical 
approaches to the mediastinum, which is still further 
developing and evolving, is available at our disposal. 
While there are well established guidelines for common 
pathologies (e.g., median sternotomy as the gold standard in 
malign/suspected malignant tumours, thymomas of certain 
size and tumours invading surrounding anterior mediastinal 
structures), it requires certain experience to choose the most 
appropriate mediastinal access for more complex cases, 
to successfully achieve the desired outcome. The choice 
of access primarily depends on the indication, which may 
either be sampling/biopsy or surgical resection as well as 
the localization and extent of the anomaly. 

In our opinion, patient selection criteria tend to take a 
back seat in connection with mediastinal pathologies, apart 
from exceptions such as geriatric patients, who should 
preferably be treated as minimally invasive as possible 
where indication allows, to minimize morbidity and 

Figure 4 Three-port right sided RATS access for thymectomy in a 
57-year-old female patient with thymoma. RATS, robotic-assisted 
thoracic surgery.

https://www.sciencedirect.com/topics/medicine-and-dentistry/silastic
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mortality. To mention in addition, obesity has shown to be 
a contraindication for subxiphoid accesses due to difficult 
subcutaneous tunnel creation and instrument angulation (69).  
Selection criteria such as (I) sepsis, hemodynamics, and 
onset of infection in mediastinitis, (II) trauma mechanism 
(blunt vs. penetrating) and hemodynamics in thoracic 
trauma or (III) the expertise of the surgical team should be 
prioritized and outweigh patient selection criteria by far. 
Oncological indications should be mandatorily discussed in 
a multidisciplinary team (MDT) meeting prior to surgical 
intervention.

The aim of our publication was to describe all the 
available surgical accesses and emphasize their indications 
as well as their practical implementation to inform about 
current clinical practice in this rapidly evolving field 
trending towards minimally invasive approaches and 
ultimately help to guide decision-making in finding the 
most appropriate access to mediastinal abnormalities. In 
general, we ought to take into consideration, that the best 
compromise between the least invasive method and maximal 
benefit should guide our decision on which access to choose. 
However, as certain minimally invasive methods are not 
suitable for being extended, e.g., in the event of bleeding 
in subxiphoid or mediastinoscopy approach, the surgeon 
should always have an alternative emergency access in mind 
and drape the patient accordingly in theatres (69,76).

In terms of sampling and staging procedures, one should 
appreciate that interventional access like EBUS- and EUS-TBNA  
have become a valuable alternative to video-mediastinoscopy 
for diagnosing and staging the mediastinum (77). However, 
in times of immunohistochemistry, thorough molecular 
analysis requires more tissue than often provided by the 
aforementioned, especially in suspected lymphatic disease. 
In these cases, surgical biopsy is of high importance to 
achieve tissue diagnosis. In the special field of mediastinal 
staging in NSCLC, the combination of EBUS-TBNA 
and mediastinoscopy has proven to be more accurate in 
mediastinal staging than just one option alone and video-
mediastinoscopy shall not be omitted in persistent clinical 
suspicion of mediastinal metastatic spread. For sampling 
reasons, mediastinoscopy represents a recommendable 
option for anterior mediastinal masses, while VATS has 
been suitable for middle and posterior mediastinal biopsies 
with beneficial perioperative outcomes (78).

If surgical R0-resection of a mediastinal mass is required, 
nowadays, most pathologies allow minimally invasive 
approach (VATS/RATS). The personal surgeon’s preference 
and availability of equipment play a major role in decision-

making. The minimally invasive accesses to the mediastinum 
have shown to lead to less blood loss, post-operative pain 
and reduced need for analgesia, allow quicker recovery, 
shorter LOS in hospital and intensive care unit, and lower 
perioperative morbidity (9,79). Equivalence in oncologic 
outcome as compared to open approach (e.g., in terms 
of minimally invasive thymectomy) has recently been 
published (80). Comparing outcomes between RATS and 
VATS, Haruki et al. could retrospectively show in 2021 
that more LNs could be dissected with RATS compared to 
VATS, especially in bilateral hilar and superior mediastinal 
regions in lymphadenectomy in NSCLC surgery (81). 
RATS was described to provide better visualization, 
manoeuvrability, deep perception and lower risk of bleeding 
complications, yet being technically superior to VATS and 
safe (82-84). However, some known disadvantages of RATS 
are the lack of tactile feedback for the surgeon as well as the 
acquisition and maintenance cost (84).

A major limitation of minimally invasive accesses for 
resection of mediastinal masses is the technical restriction 
when invasion of relevant surrounding anatomic structures 
by large tumours is present. To avoid incomplete resection, 
open access remains the recommended approach. Removal 
of even average size mediastinal lesions through small 
keyhole access may be challenging too. Overcoming this 
challenge, either an additional incision (like a minimal 
cervicotomy or an inframammary incision) or the extension 
of one of the existing incisions were proposed (82,84). 
Median sternotomy remains the gold standard in malign as 
well as suspected malignant tumours as well as thymomas of 
certain size and tumours invading surrounding structures in 
the anterior mediastinum, while antero-lateral thoracotomy 
is superior for resection of lesions in the middle and 
posterior mediastinum (85,86). Again, there is no standard 
open access carved in stone for any known mediastinal 
pathology and anatomical relations of the lesion and 
related important structures and their best visualization 
should be taken into consideration. Benign mediastinal 
tumours, however, can primarily be approached via VATS 
or RATS access (78). Tumours in the middle compartment 
of the mediastinum or tumours of exceptional great extend 
benefit from exposure via hemi-clamshell approach. When 
compared to minimally invasive techniques, open accesses 
are associated with more postoperative pain, higher 
morbidity and longer LOS with slower return to active 
life (78,87). Partial and full median sternotomy, however, 
showed less postoperative pain and quicker recovery than 
thoracotomy. 
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Concerning mediastinitis, overall patient perioperative 
outcome mainly depends on rapid diagnosis and immediate 
targeted treatment as well as on the underlying pathology. 
Nevertheless, the outcome associated with the respective 
surgical modality should as well be taken into consideration. 
In lack of consensus regarding modality-comparing studies, 
individual experience and knowledge about approach-
associated outcomes shall guide decision-making (28). 
VATS has been leading to lower morbidity (29), however, 
the risk of undertreatment, resulting in poor outcomes, 
should prevent us from choosing minimal-invasive access 
in mediastinitis, especially as the morbidity caused by 
thoracotomy is usually minimal. Minimally invasive 
techniques should certainly be avoided in advanced stages 
of the disease and unstable/septic patients. 

Critically reviewing rarely applied open accesses (e.g., 
parasternal/anterior mediastinotomy or the Chamberlain-
procedure), which have basically vanished from everyday 
surgical practice being replaced by VATS/RATS, we must 
reflect on whether these accesses shall still be considered 
mandatory in surgical training logbooks. As already done by 
some colleagues in case series, it might be worth combining 
a minimally invasive approach with an open approach to 
improve accessibility, the field of vision and the removability 
of the resected lesion (73,75). 

There is a noticeable trend to reduce invasiveness of 
mediastinal approaches even further to e.g., subcostal or 
subxiphoid uniportal VATS/RATS (68,70,88,89) almost 
certainly being followed by a race for more appealing 
economics, reduction in operating time and postoperative 
pain, increase in non-intubated cases with shorter LOS and 
ultimately, at least in terms of elective surgery, a potential 
complete displacement of open accesses (90). For now, 
further economic analysis comparing VATS/RATS is still 
wanted e.g., as claimed by O’sullivan et al. in 2019. Non-
debatable, however, is that minimally invasive accesses 
are clearly superior in blood loss, LOS and postoperative 
pain (14,91). Even more crucial is a thorough decision-
making in selecting the most appropriate approach to the 
mediastinum. 

Limitations

Our review has certain limitations. To start with, even 
though our aim was to give a detailed overview on 
accesses to the mediastinum, the accesses are described 
in detail but not displayed in step-by-step graphics with 
the intention not to turn this review in a book chapter. 

As some of the described accesses are rather rare and not 
applied regularly (e.g., the Chamberlain or the Ginsberg 
procedure), imagination of these approaches without precise 
visualization for the unexperienced (thoracic) surgeon 
may be difficult. Furthermore, our review fails to provide 
structured indication guidelines for certain accesses as per 
lack of significant evidence due to only rare cases being 
published or due to more recent advantages in accesses 
which need further prospective trials to prove superiority 
to established accesses (e.g., in comparing RATS and VATS 
for early-stage thymoma) (14). 

Conclusions

The complex mediastinal anatomy and the variety of 
mediastinal pathologies require different surgical approaches 
to the respective mediastinal compartment. While there is 
a wide selection of surgical accesses and certain guidelines 
available, often, individual choice of access depends on 
surgical expertise and available equipment.
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