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Abstract: Ultrasound imaging has gained importance in pulmonary medicine over the last decades 
including conventional transcutaneous ultrasound (TUS), endoscopic ultrasound (EUS), and endobronchial 
ultrasound (EBUS). Mediastinal lymph node staging affects the management of patients with both operable 
and inoperable lung cancer (e.g., surgery vs. combined chemoradiation therapy). Tissue sampling is often 
indicated for accurate nodal staging. Recent international lung cancer staging guidelines clearly state that 
endosonography (EUS and EBUS) should be the initial tissue sampling test over surgical staging. Mediastinal 
nodes can be sampled from the airways [EBUS combined with transbronchial needle aspiration (EBUS-
TBNA)] or the esophagus [EUS fine needle aspiration (EUS-FNA)]. EBUS and EUS have a complementary 
diagnostic yield and in combination virtually all mediastinal lymph nodes can be biopsied. Additionally 
endosonography has an excellent yield in assessing granulomas in patients suspected of sarcoidosis. The 
aim of this review, in two integrative parts, is to discuss the current role and future perspectives of all 
ultrasound techniques available for the evaluation of mediastinal lymphadenopathy and mediastinal staging 
of lung cancer. A specific emphasis will be on learning mediastinal endosonography. Part I is dealing with 
an introduction into ultrasound techniques, mediastinal lymph node anatomy and diagnostic reach of 
ultrasound techniques and part II with the clinical work up of neoplastic and inflammatory mediastinal 
lymphadenopathy using ultrasound techniques and how to learn mediastinal endosonography.
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Introduction

Tissue acquisition of mediastinal lymph nodes is often 
essential for diagnostic purposes and in case of malignancy, 
for accurate staging. Malignant mediastinal lymph node 
infiltration has a major impact on lung cancer treatment, 
as those patients without malignant nodal involvement 
are commonly treated with immediate surgical resection 
of the tumor containing lobe or received radiotherapy 
with curative intent whereas those with nodal involvement 
are treated with chemoradiation (1-6). Chest imaging by 
computed tomography (CT) including intravenous contrast 
enhancement provides detailed anatomical information of 
the mediastinum, hilum, and lung parenchyma and chest 
wall. Fluorodeoxyglucose-positron emission tomography 
(FDG-PET) scanning, preferable in combination with CT, 
can provide important physiological information regarding 
mediastinal nodes and lesions. Due to limitations of the 
imaging techniques, enlarged or FDG avid nodes should be 
sampled to prevent over and under staging.

For a thorough mediastinal nodal evaluation including 
tissue sampling, a variety of techniques are available: 
endoscopic techniques (e.g., bronchoscopy), radiological 
methods [e.g., CT, fluoroscopy, and magnetic resonance 
imaging (MRI)], nuclear medicine techniques (e.g., PET) 
and surgical procedures (e.g., mediastinoscopy and video-
assisted thoracoscopy). Additionally ultrasound-derived 
techniques have been introduced that have changed 
the workflow in the evaluation of mediastinal diseases. 
Ultrasound imaging has gained importance including 
conventional transcutaneous ultrasound (TUS) of the chest 
wall, and of pleural effusions (7-9). Nowadays, thoracentesis 
and chest tube placement is preferably performed following 
prior sonographic evaluation of the chest.

Ultrasound has been established in the head and 
neck regions to evaluate cervical and supraclavicular 
lymphadenopathy (10,11). In addition, transcutaneous 
mediastinal ultrasound (TMUS) is also able to detect 
normal and pathological lymph nodes in the deeper located 
mediastinal region but this knowledge is not widespread and 
requires special skills. Endobronchial ultrasound combined 
with transbronchial needle aspiration (EBUS-TBNA) and 
endoscopic ultrasound fine needle aspiration (EUS-FNA) 
have replaced surgical staging as the initial test of choice 
for mediastinal tissue evaluation (4-6,12-23). Regardless of 
its numerous advantages, ultrasound-derived techniques 
are still not utilized to their full potential in respiratory 
medicine.

The aim of this review in two integrative parts is 
to discuss the current role and future perspectives of 
ultrasound techniques for staging of lung cancer and for the 
evaluation of mediastinal lymphadenopathy. Part I is dealing 
with an introduction into ultrasound techniques and part II 
with the mediastinal lymph node anatomy and diagnostic 
reach of ultrasound techniques, the clinical work up of 
neoplastic and inflammatory mediastinal lymphadenopathy 
using ultrasound techniques and how to learn mediastinal 
endosonography.

Introduction into ultrasound techniques

Non-invasive benchmark: CT, PET-CT, MRI

CT is the anatomical standard for the description of 
intrapulmonary lesions and mediastinal abnormalities. In 
the evaluation of mediastinal lymph nodes, the clinical 
significance of CT is less convincing since CT mainly 
relies on size parameters. Cut off values for the short-axis  
diameter of 10-15 mm were suggested to define abnormal 
lymph nodes for decades (24,25) with false positive and 
false negative findings in about 25% of cases indicating 
a low accuracy (26-28). In two systematic analyses the 
cumulative sensitivity of CT in mediastinal staging of non-
small cell lung cancer (NSCLC) was estimated to be 55% 
or 61%, respectively, with a specificity of 81% or 79%, 
respectively (5,29). The lower the cut-off value the higher 
the sensitivity can be shown at costs of the specificity (30).  
The problem of metastases in normal sized lymph nodes 
seen on the CT scan has already been addressed in some 
earlier studies (31-36). A morphometric study of 2,891 
hilar and mediastinal lymph nodes from 256 patients  
with NSCLC showed a significant difference of diameter 
between metastatic and non-metastatic lymph nodes. 
However, 44% of metastatic lymph nodes were <10 mm in 
diameter, and of 139 patients with no metastatic lymph node 
involvement as much as 77% had at least one lymph node 
that was >10 mm in diameter (36). More than one of four 
patients with NSCLC had metastasis in the second largest 
but not in the largest mediastinal node (37). Preliminary 
results of quantitative CT analysis of shape and texture of 
mediastinal lymph nodes are promising, showing higher 
sensitivity for the detection of malignant lymph nodes then 
sole size measurement (38). In short, lymph nodes with a 
short axis over 10 mm are considered enlarged, but this 
does not imply malignant involvement.

Results of PET and of integrated PET-CT have improved  
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the accuracy of CT for detecting mediastinal lymph node 
metastases of NSCLC to some degree. In a recent meta-analysis,  
the pooled weighted sensitivity and specificity of PET-CT 
in a patient-based group were estimated 76% and 88%, 
respectively (39). In a prospective multicenter study the 
increment of accuracy in detecting lymph node metastasis 
provided by adding PET to CT was approximately 11% on 
a per-patient basis (40). Furthermore, integrated PET-CT  
adds value to staging of lung cancer in the evaluation of 
chest wall invasion, of mediastinal infiltration, and in the 
detection of occult distant metastases. However, despite 
combining functional and morphological imaging in one 
method, PET-CT is not able to solve the problem of nodal 
size. Results are disappointing, since false positive findings 
are relatively frequent in large lymph nodes. In one study 
the sensitivity of PET-CT was significantly higher among 
enlarged (>10 mm) than non-enlarged (≤10 mm) lymph 
nodes (74% vs. 40%). On the other hand, specificity (81% vs. 
98%) and accuracy (78% vs. 90%) were significantly lower 
in enlarged compared to non-enlarged lymph nodes (41).  
Another study from the same group showed that in NSCLC 
patients who are clinically staged as N2/N3 negative by 
integrated PET-CT, 16% will have occult N2 disease 
following resection. The highest rate of occult (PET-CT 
negative) N2 involvement was found in the infracarinal (64%) 
and in the lower paratracheal lymph node stations (28%). As 
independent predictors of occult N2 disease were identified: 
centrally located tumors, right upper lobe tumors and  
[18]FDG-uptake in N1 nodes (42). The risk of false-positive 
PET-findings in hilar and mediastinal lymph nodes is 
significantly higher in larger lymph nodes and in lymph nodes 
with a high volume of macrophages and lymphocytes (43).  
Moreover, there is a correlation of lymphoid follicular 
hyperplasia with false-positivity of mediastinal lymph nodes 
in PET-CT (44), illustrating the risk of misjudging enlarged 
inflammatory and reactive lymph nodes for lymph node 
metastases by PET-CT. One recent study found concurrent 
lung disease or diabetes mellitus, histology other than 
adenocarcinoma, and a high [18]FDG uptake of the primary 
tumor to be risk factors of false negative results. On the 
other hand, age >65 years, good differentiation of the tumor 
and a low [18]FDGE-uptake of the primary tumor were 
significantly correlated with false positive results (45).

Therefore, lymph node staging using PET-CT is far 
from equal to pathological staging. In selected patients 
with negative PET-CT-results for N2/N3 disease as well 
as in patients with PET-positive mediastinal lymph nodes, 
lymph node biopsy is still required for final diagnosis before 

thoracotomy. In addition to nodal staging, FDG-PET 
scanning results in the identification of unexpected distant 
metastasis in up to 5-10% of patients.

Furthermore, it should be mentioned that reimbursement 
of PET and PET-CT has not been introduced into many 
health care systems except under a few defined clinical 
situations (46,47).

The value of MRI in mediastinal imaging is much less 
compared to the brain, musculoskeletal system, abdomen 
and pelvis. However, a recent meta-analysis suggested that 
the accuracy of diffusion-weighted MRI for mediastinal and 
hilar nodal staging of NSCLC may be comparable to PET-
CT (48).

To compare measurements of mediastinal lymph node 
sizes obtained by CT with those obtained by ultrasound 
techniques is difficult, because lymph nodes are situated 
longitudinally in the mediastinum, whereas CT-images 
are transversally oriented. In contrast, ultrasound allows 
measurement of lymph node sizes in any plane. Therefore, 
the sonographically estimated lymph node size correlates 
closer to the morphometric assessment than to measurements 
obtained by axial CT (34). Two recent comparative cohort 
studies found only a weak agreement between thoracic CT 
and EBUS for size estimation of mediastinal and hilar lymph 
nodes (49,50). Using EBUS-TBNA, malignant cells were 
obtained from 24% of lymph nodes initially interpreted as 
normal in size (50).

Invasive benchmarks: mediastinoscopy and video-assisted 
thoracoscopy

Minimal-invasive surgical methods for mediastinal staging 
of NSCLC and sampling of mediastinal lymph nodes 
are standard cervical mediastinoscopy, video-assisted 
mediastinoscopy (VAM) and lymphadenectomy (VAMLA), 
and video-assisted thoracoscopic surgery (VATS). Access to 
mediastinal lymph node stations, invasiveness and diagnostic 
yield differ between the particular surgical methods (Table 1).  
VAM allows better visualization and has a better lymph 
node yield (including the opportunity of performing lymph 
node dissection) than standard mediastinoscopy (5,51).  
The major limitation of cervical mediastinoscopy is its 
inability to access lymph node stations 5 and 6. Therefore, 
several  methods are used to supplement cervical 
mediastinoscopy as the traditional anterior (parasternal) 
mediastinotomy (Chamberlain procedure), extended 
cervical mediastinoscopy (ECM) or transcervical extended 
mediastinoscopy (TEMLA). VATS is generally limited to 
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the evaluation of one side of the mediastinum. It has a major 
role in diagnosis and treatment of benign and malignant 
pleural disease as well as of solitary pulmonary nodules of 
unknown etiology and early stage NSCLC.

Mediastinal endosonography (endobronchial and 
transesophageal)

Endobronchial ultrasound (EBUS)
Currently, EBUS can be applied in radial and longitudinal 
techniques (54-56). Radial miniprobe EBUS (R-EBUS) 
was first described in 1990 (57,58). It utilizes a rotating 
mechanical transducer (12 to 30 MHz) at the end of a 
flexible miniprobe which produces a 360 degrees image 
perpendicular to the longitudinal axis of the catheter. 
Commonly, the miniprobe is placed through a guide-sheath 
(8-9 FR) within the working channel of a rigid or flexible 
bronchoscope. The miniprobe is used to visualize the lesion 
and to position the guide-sheath which after withdrawal of 
the miniprobe is used to position instruments for biopsy (e.g., 
needle, brush, and forceps). R-EBUS is the imaging method 
with the best detail resolution of the bronchial wall (59)  
which is of importance for early detection of bronchial 
carcinoma (60), for differentiating tumor invasion from 
compression of large airways (61), for assessment of the 
depth of local tumor infiltration (62,63), and for guidance of 
endobronchial treatment (photodynamic therapy) in early-stage  
lung cancer (64). R-EBUS is superior compared to CT 
in the early T-stages which has been proven in a surgical 
controlled study. EBUS sensitivity was 89% as compared to 
CT (25%) and specificity 100% (CT: 80%) (65). R-EBUS 
may be helpful in the evaluation of unclear stenosis 
including carcinoma in situ which does not infiltrate 
lamina propria (66,67). An important application of 

R-EBUS is biopsy-guidance in peripheral lung lesions (68),  
in particular of bronchoscopically and fluoroscopically 
invisible solitary lung nodules (69). A meta-analysis showed 
a 100% specificity and a 73% sensitivity of R-EBUS-guided 
biopsy in the diagnosis of peripheral lung cancer (70). The 
diagnostic yield of R-EBUS-guided biopsy does not exceed 
CT-guided percutaneous biopsy of solitary lung nodules. 
However, the major advantage of R-EBUS-guided biopsy 
over CT-guided biopsy is its superior safety profile, in 
particular the significantly lower pneumothorax rate (71).

R-EBUS followed by TBNA has also been used for 
mediastinal lymph node staging of lung cancer (72,73). 
However, for this indication the longitudinal EBUS (L-EBUS)- 
technique has prevailed. R-EBUS and L-EBUS are imaging 
techniques capable of detecting even small mediastinal 
lymph nodes (66,74,75).

L-EBUS-scopes have been introduced in 2004 (76). 
They allow ultrasound-guided transbronchial needle biopsy 
(EBUS-TBNA) which is not possible using radial probes 
(Table 2) (77-80).

L-EBUS [similar to EUS (81)] can be combined 
with ultrasound technology including strain imaging 
techniques [real time elastography (RTE)] (77,82-86)  
and contrast enhanced Doppler techniques (77). Real-time 
EBUS-TBNA has been shown to have a higher diagnostic 
yield in mediastinal staging than blind TBNA and has 
similar sensitivity to mediastinoscopy (5,87,88).

The examination techniques using radial and linear 
probes have been described in current textbooks (77). The 
EBUS technique and the key anatomical landmarks are 
described in detail later in this review.

Endoscopic (transesophageal) ultrasound (EUS)
Conventional EUS via the transesophageal approach is 

Table 1 Yield and safety of surgical methods to access mediastinal and hilar lymph node stations [data from: (5,51-53)]

Diagnostic yield and safety Standard mediastinoscopy VAM/VAMLA VATS

Accessible LN stations 1, 2 R/L, 3, 4 R/L,  

7 (anterior)

1, 2 R/L, 3, 4 R/L, 7 Right-sided VATS: 3 R, 4 R, 7, 8-10 R; 

left-sided VATS: 5-7, 8-10 L

No access to mediastinal  

LN stations

5, 6, 7 (posterior), 8, 9 5, 6, 8, 9 All contralateral stations: right-sided 

VATS: +5, 6; left-sided VATS: +3, 4 L

Diagnostic sensitivity in  

lung cancer staging

78% (26 studies,  

9,267 patients)

VAM: 89% (7 studies, 995 patients); 

VAMLA: 94% (2 studies, 386 patients)

99% (4 studies, 246 patients)

Morbidity 0-5.3% 0.8-2.9% 0-9%

Mortality 0-0.08% 0% 0%

VAM, video-assisted mediastinoscopy; VAMLA, video-assisted mediastinoscopy lymphadenectomy; VATS, video-assisted thoracoscopic 

surgery; LN, lymph node.
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a minimally invasive diagnostic and also therapeutically 
valuable technique. EUS also allows the guidance of 
biopsies to obtain tissue samples from mediastinal lymph 
nodes and other mediastinal masses but also from centrally 
located lung tumors and inflammatory diseases including 
sarcoidosis and tuberculosis. Currently published data have 
shown that EUS is a valuable technique for the diagnosis 
of lung cancer and has improved lymph node staging (89). 
EUS and EBUS allow lymph node biopsy (90-98).

EBUS and EUS: a complimentary approach
For the evaluation of mediastinal lesions, EBUS and EUS 
are complimentary methods as various mediastinal and hilar 
nodal stations can be reached (Figure 1) (99). The added value 
of EUS to EBUS can be summarized by the complementary 
diagnostic reach of the lower mediastinum and aorto-
pulmonary window in selected cases and the evaluation of the 
left adrenal gland and other infradiaphragmal metastatic sites 
[Table 3, data from: (5,16,100-106)].

EUS is better tolerated by patients compared to EBUS 
(no coughing or dyspnea). This specifically applies to nodal 
regions that can be reached by both techniques, the left 
paratracheal region (station 4 L) and the often affected 
subcarinal region (station 7). The implementation of 
endosonographic techniques in lung cancer staging algorithms 
has also reduced the need for surgical staging options (e.g., 
mediastinoscopy, thoracoscopy, thoracotomies). However, in 
the case of suspected nodes by CT/PET imaging and tumor 
negative findings at EBUS/EUS, additional surgical staging 
is indicated for optimal nodal staging. This knowledge has 
gained recognition in recent guidelines (1,2,5,13,107).

Both EUS and EBUS have also been successfully used 
for the assessment of mediastinal tumor spread of patients 
with extra-thoracic neoplastic diseases (108-111) and for 
the evaluation of mediastinal lymphadenopathy of unknown 
origin and especially for the diagnosis and differentiation of 
mediastinal granulomatous disease and malignant lymphoma 
(110,112-124). The examination technique using longitudinal 
probes has been described in current textbooks (54-56). For 
a practical approach we refer to the training chapter at the 
end of this review. The description of currently available 

Table 2 Established equipment for longitudinal EBUS (77)

Equipment
Diameter 

(mm)

Working 

channel (mm)

Length 

(mm)

Field of 

view

Depth 

penetration (mm)

Frequency  

(MHz)
Scan modus Comment

EB1970UK 

(video EBUS) 

[Pentax]

6.9 2.0 600 100°/45° 

oblique 

optic

0-120 5/6.5/7.5/9/10 Electronic 75° 

convex array

Compatible with 

Hitachi Hi-Vision 

Scanner

BF-UC180F 

(EBUS) 

[Olympus]

6.3 2.2 600 80°/135° 

oblique 

hybrid 

optic

2-50 5/6/7.5/10/12  

(EU-ME1);  

7.5 (EU-C60);  

5/7.5/10/12 (Aloka 

ultrasound systems)

Electronic 50° 

convex array

Compatible with  

EU-ME1, EU-C60  

and Aloka 

ultrasound systems

EB-530US 

(video EBUS) 

[Fujinon]

6.3 2.0 610 120°/10° 

oblique 

optic

3-100 5/7.5/10/12 Electronic 60° 

convex array

Compatible with  

SU-7000 and  

SU-8000

EBUS, endobronchial ultrasound.

Figure 1 Diagnostic reach of mediastinal endosonography (only 
EBUS: red dots; only EUS: striped dots; EBUS and/or EUS: black 
dots). EBUS, endobronchial ultrasound; EUS, endoscopic ultrasound.
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equipment including echo-endoscopes and needles and 
their use has been summarized in detail (77). Pneumological 
centers are widespread in the USA but less frequent in 
Europe, e.g., Germany. Therefore, EUS (gastroenterology) 
and EBUS (pneumology) might be installed in different 
departments with no or few interactions. The uncoordinated 
use of EUS and EBUS has been a weakness in the value and 
clinical work up of ultrasound techniques. The financially 
and logistically interesting concept consists of a combined 
endobronchial and esophageal investigation using a single 
EBUS-echoendoscope where after an initial endobronchial 
assessment the EBUS scope is subsequently introduced in the 
esophagus. The results have been promising with a sensitivity 
of about 90% in staging of NSCLC (17,18). Increasing 
evidence shows that mediastinal nodal sampling from the 
esophagus can be performed with the EBUS scope [endoscopic 
ultrasound with bronchoscope fine needle aspiration  
(EUS-B-FNA)]. So complete endosonographic staging 
[EBUS(-TBNA) + EUS-B(-FNA)] can be achieved by a 
single EBUS scope (17,21,89,125).

An essential part of endosonography is carefully 
pathology handling. EUS- and EBUS-guided biopsies allow 
immunostaining in about 80-90% cases which is of importance 
for subtyping of NSCLC, differential diagnosis to metastases 
and mesothelioma and for diagnosis of granulomatous diseases 

and lymphoma [Table 4, data from (1,126-128)].
Cell block technique and preservation of small core 

particles for formalin fixation and paraffin embedding have 
improved the results (129-134). In addition genotyping of 
adenocarcinoma (molecular staging, e.g., EGFR mutation 
analysis, EML4-ALK fusion gene), flow-cytometry, FISH 
analysis and other cytogenetic methods are possible using 
material obtained by EUS-FNA and EBUS-TBNA from 
mediastinal lesions (118,126,129,132,135-138). Complete 
genotyping of lung cancer was possible in a recent RCT in 
85.7% of cases using specimens obtained by EBUS-TBNA.  
Rapid onsite cytopathological evaluation (ROSE) significantly 
improved the rate of complete genotyping and reduced 
the need for additional needle passes and repeat invasive 
procedures aiming at molecular diagnosis (139). A recent 
guideline of the World Association for Bronchology and 
Interventional Pulmonology describes the acquisition and 
preparation of endosonographic samples for the diagnosis 
and molecular testing of suspected lung cancer (140).

Safety of mediastinal endosonography

EBUS and EUS are safe techniques (141,142). One study 
including 965 sheath-guided R-EBUS for the evaluation of 
peripheral lung nodules reported a 1.3% overall complication 

Table 3 Yield and safety of endosonographic methods (EUS-FNA and EBUS-TBNA) to access mediastinal and hilar lymph node stations 
[data from: (5,16,100-106)]

Diagnostic yield and safety EUS-FNA EBUS-TBNA EUS-FNA + EBUS-TBNA

Accessible  

LN stations

2 L, (2 Ra), 3 p, 4 L, (4 R), (5b), (6c), 

7-9, (10 L/Ra), infradiaphragmatic 

sites of potential distant metastases 

(left adrenal, left liver lobe, celiac 

lymph nodes)

2 L/R, 3, 4 L/R, 7, 10-11 L/R 2-4 L/R, (5b), (6c), 7-9, 10-11 L/R

No access to  

mediastinal LN stations

3a, 11-14 5, 6, 8, 9, 12-14 12-14

Diagnostic sensitivity Lung cancer staging: 89%  

(26 studies, 2,443 patients); 

mediastinal lymphadenopathy:  

88% (32 studies, 2,680 patients)

Lung cancer staging: 89% 

(26 studies, 2,756 patients); 

mediastinal lymphadenopathy: 

92% (14 studies, 1,658 patients)

Lung cancer staging:  

86% (8 studies, 822 patients)

Morbidity 0-2.3% 0-1.2% 0-0.8%

Mortality 0% 0-0.08% 0%
a, Only partial access to this station; b, access only in the case of distinctive enlarged lymph nodes; c, access only by transaortic 

FNA or in semi blind maneuver with a long trajectory through the proximal esophagus along the left subclavian artery.  

EUS-FNA, endoscopic ultrasound fine needle aspiration; EBUS-TBNA, endobronchial ultrasound combined with transbronchial 

needle aspiration; LN, lymph node.
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rate with pneumothorax occurring in 0.8% and pulmonary 
infections in 0.5% of patients (143). A systematic review of  
190 studies (n=16,181 patients) found severe adverse events 
in 0.14% and minor adverse events in 0.22% of patients 
undergoing mediastinal EUS-FNA or EBUS-TBNA. The 
most serious adverse events (0.07%) were infections and tended 
to occur most often in patients with cystic mediastinal lesions 
and sarcoidosis. Serious adverse events were reported in 0.3% of 
EUS-FNA and in 0.05% of EBUS-TBNA (142). A nationwide 
survey in the Netherlands (89 hospitals with estimated  
14,075 EUS-FNA and 2,675 EBUS-TBNA) reported seven 
cases of procedure-related fatalities (0.04%), all occurring 
in patients of poor performance status [American Society of 
Anesthesiologists (ASA) Physical Status Classification score  
III/IV], and 25 serious adverse events (0.15%, EUS-FNA: 
0.16% and EBUS-TBNA: 0.11%). Again, most adverse events 
were of infectious origin (144).

Safety issues have been also discussed elsewhere 
(127,145,146).

Transcutaneous mediastinal ultrasound (TMUS)

In addition to the head and neck regions (cervical and 
supraclavicular nodes), mediastinal ultrasound is also able 
to detect and to guide sampling of pathological lymph 
nodes (147,148) and neoplasia (149) in the supra-aortal, 
prevascular, pericardial, upper and lower located paratracheal 
region as well as in the aorto-pulmonary window. Studies on 
mediastinal ultrasound published 20 years ago demonstrated 
that the suprasternal and parasternal approach, when 
compared with CT, had a sensitivity of 69-100% for the 
detection of pathological lymph nodes in the mentioned 

mediastinal regions (147-150). TMUS is decisive in the 
supra-aortal, supraclavicular and head and neck regions 
indicating N3-respective M1-staging (151).

Mediastinal ultrasound is much less often applied and in 
most centers rarely used in daily routine. Therefore, the value 
of TMUS is still controversially discussed. The examination 
technique has been explained and summarized in review 
articles (152-155) and in respective textbooks (145,156,157).

Definition of mediastinal regions using TMUS

Definitions for lymph node evaluation are similar to CT, 
EUS and EBUS-criteria. Required criteria for adequate 
visualization of the different regions are listed in Table 5.

Detection of normal lymph nodes

The diagnostic value of ultrasound of mediastinal regions 
depends on differences in echogenicity between pathological 
lymph nodes and adjacent tissue. This led to the belief that, in 
contrast to CT, TMUS was not able to differentiate normal 
mediastinal lymph nodes from surrounding tissue, mostly due 
to lack of differences in echogenicity. However, using high 
resolution ultrasound and color Doppler imaging, lymph 
nodes are detectable also in healthy subjects. Therefore, it 
is of importance that normal lymph nodes can be regularly 
detected in the right paratracheal region and aorto-pulmonary  
window (158,159). Occasionally normal lymph nodes are also 
detectable in the subcarinal region. The lower detection rate 
in the subcarinal region may be a consequence of the deep 
location of this region within the mediastinum, and also to 
artifacts caused by heart movements.

Table 4 Phenotyping and differential diagnosis of NSCLC and other mediastinal lesions by immunostaining [data from (1,126-128)]

Tumor type TTF-1 CK5/6 p63 CK7 CK20 Specific markers

SCLC + Keratin, EMA, Ki67 >50% (chromogranin)

NSCLC—squamous cell carcinoma − + + High molecular cytokeratins

NSCLC—adenocarcinoma + + + + − B72.3, CEA, BerEP4, PAS

Metastases of extrathoracic 

adenocarcinoma

− − E.g., CDX2, CEA, CA19-9, PSA, HepPar1, …

NET − − + Chromogranin, synaptophysin

Mesothelioma − + Calretinin, WT-1

Lymphoma − − − − − LCA (CD45), CD3, CD5; CD10, CD15, CD19, 

CD20-23, CD30, Cyclin D1, bcl-2, bcl-6

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; NET, neuroendocrine tumor.
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Mediastinal ultrasound in human corpses

To confirm that normal lymph nodes could be detected 
by mediastinal ultrasound, 20 human cadavers (11 male, 
9 female, 66.4±10.9 years, range: 45-76 years, all without 
known diseases affecting mediastinal lymph nodes) 
were examined before and after autopsy to validate the 
sonographic findings with histologic examinations (159). 
Lymph nodes were sonographically detected in 85% of 
the cadavers in the paratracheal region, and in 90% in 
the aorto-pulmonary window. The longitudinal diameter 
of detected lymph nodes in the corpses was 8-22 mm 
in the paratracheal region and 8-17 mm in the aorto-
pulmonary window. The sonographically determined 
lymph node size correlated well with the morphometric 
measurements of the macro-pathological specimens. In 
the paratracheal region, 75% of all lymph nodes identified 
in situ after thoracotomy were detected sonographically, 
whereas in the aorto-pulmonary window 91% of all lymph 
nodes identified after thoracotomy were also detected 
sonographically. All normal lymph nodes were oval in 
shape. No round lymph node was found. In 21% a lymph 
node sinus could be identified. Histologic examination 
revealed lymphatic tissue in all sonographically detected 
lymph nodes (Table 6) (158,159).

Mediastinal ultrasound in healthy subjects

In the paratracheal region lymph nodes were detected 
sonographically in 35% of the healthy subjects, in the 
aorto-pulmonary window in 45% of the cases and in the 
subcarinal region in 12.5%. All detected lymph nodes had a 
hypoechogenic appearance. In contrast, in the supra-aortic,  
the prevascular and the pericardial regions of the healthy 
subjects lymph nodes >6 mm were not detected by 
mediastinal ultrasound (159). This finding is in accordance to 
the literature (160). In the healthy subjects the longitudinal 
diameter of detected lymph nodes was 10-19 mm in the 
paratracheal region and 12-19 mm in the aorto-pulmonary 
window. Due to its typical location and shape, in the aorto-
pulmonary window the superior pericardial recessus always 
could be differentiated from lymph nodes (159,161).
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Table 6 Lymph nodes in the mediastinum detected by ultrasound in 20 human cadavers (158,159)

Mediastinal region

Proportion of cadavers  

with detectable  

lymph nodes

Number of lymph  

nodes (detected by 

ultrasound)*

Lymph node size 

(determined by 

ultrasound) (mm)#

Lymph node size  

(morphometric  

measurement) (mm)#

Paratracheal 17/20 1.9±1.0 11×6 11×6

Aorto-pulmonary window 18/20 1.7±0.7 11×5 11×4

*, The number of lymph nodes is given as mean ± standard deviation; #, the lymph node size is given as the mean longitudinal 

diameter × mean transversal diameter.

Table 5 Transcutaneous ultrasound (TUS) access to different mediastinal regions. Required adequate visualization of anatomic structures

Region Required adequate visualization of anatomic structures

Supraortic Whole aortic arch with all branches and both brachiocephalic veins (suprasternal approach)

Paratracheal Right brachiocephalic vein, brachiocephalic trunk and ascending aorta, right pulmonary artery 

(suprasternal approach)

Aorto-pulmonary Whole aortic arch, pulmonary trunk (suprasternal approach)

Prevascular Ascending aorta and pulmonary artery (right and left parasternal approach)

Subcarinal Ascending aorta, right pulmonary artery, left atrium in two planes (right and left parasternal approach)

Pericardial Right atrium, right and left ventricle, pericardial fat pads bilaterally (right and left parasternal approach)
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