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INTRODUCTION

Lung cancer is the leading cause of  cancer-related mortality 
in the western countries, and the prognosis is poor[1-4] since 
the survival rate for non-small cell lung cancer (NSCLC) 
varies from 73% for stage IA to 25% for stage IIIA.[4]

Accurate staging of  NSCLC is mandatory for allocation 
to surgical treatment, which is curative only in cases of  
localized disease.

In general, surgical treatment cannot be recommended 
in patients with NSCLC and T4 and/or N2–N3 disease 
and/or M1-disease, and the recommended treatment is 
chemotherapy and radiation therapy.

The aim of  the present review was to go through the 
literature on the role of  Endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA), 
and esophageal ultrasound guided fi ne-needle aspiration 
(EUS-FNA) in the pretherapeutic assessment of  
patients with proven or suspected lung cancer.

WHAT IS THE DIAGNOSTIC APPROACH?

The diagnostic approach in patients suspected of  lung 
cancer can be divided into two phases.
1.  Imaging techniques: Computed tomographic 

(CT) and positron emission tomographic (PET) 
are cornerstones, but in some cases magnetic 
resonance imaging and ultrasound examination can 
be of  value

2. Techniques that allow a pathological diagnosis: 
Bronchoscopy, trans-thoracic needle aspiration lung 
biopsy, endosonography ([EBUS-TBNA] and [EUS-
FNA]), thoracocenteses, medical thoracoscopy and 
other techniques (mediastinoscopy, video-assisted 
thoracic surgery and thoracotomy) [Figure 1].
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Th e role of endosonography
Among the invasive techniques, EBUS-TBNA and 
EUS-FNA are gaining ground fast, mainly because 
they can be an alternative to surgical staging 
(mediastinoscopy).[5,6]

Current guidelines suggest that endosonography could 
be used as fi rst-line approach both for diagnosis and 
for staging of  suspected and proven lung cancer,[7,8]

since it has a high accuracy for demonstrating lymph 
node (LN) metastases. Surgical staging procedures can 
be avoided in a considerable proportion of  patients. 
However, in general, negative findings by EUS-FNA 
or EBUS-TBNA should be confirmed by surgical 
techniques, for example mediastinoscopy.

Instruments and procedure
Endosonography procedures can be performed in 
an outpatient setting under local analgesia with mild 
sedation. A range of  instruments with linear transducers 
suitable for monitoring of  the biopsy needle are 
available. These endoscopes use frequencies between 5 
and 10 MHz with a penetration at 5 MHz of  around 
6-8 cm. The instruments provide an endoscopic and an 
ultrasonic picture at the same time. It is recommended 
using 7.5 MHz as a routine and change the frequency, 
if  necessary.

The procedure is performed with a dedicated needle 
assembly which consists of  a long steel needle, 
a sheath and a handle for manipulation of  the 
needle.[5] The needle is attached to the working 
channel of  the endoscope. When the lesion has 
been outlined, the needle is advanced under real-time 
ultrasonic guidance.

What structures can be reached by esophageal 
ultrasound and endobronchial ultrasound?
In short, EUS is excellent for the left and lower 
paraoesophageal structures as well as structures 
below the diaphragm, while EBUS provides access to 
structures close to the large airways on both sides.

Lung and pleural tumors close to the esophagus, mediastinal 
LN in station 2 L, 4 L (high and lower left paratracheal 
nodes), 7 (the subcarinal node), 8, 9 (nodes located in the 
lower mediastinum) and structures below the diaphragm (i.e. 
retroperitoneal LNs close to the aorta and the celiac trunk, 
tumors in the left liver lobe and the left adrenal gland) are 
reached with EUS. EBUS can reach lung tumors and LNs 
located in the hilar regions such as stations 10, 11 and 12 
(right and left sided). It must be noted that EBUS is also 
useful in station 2R, 4R, 2 L, 4 L and 7.

As shown in Figure 2, the most important structures 
that can be reached by EBUS and EUS are shown and 
they are also summarized in Table 1.

Comparison of the techniques
Various randomized clinical trials (RCTs) compared 
the diagnostic yield of  EBUS and EUS with others 
techniques (conventional TBNA (cTBNA), PET-CT, 
surgical techniques).

Yasufuku et al.[11] compared the diagnostic accuracy 
of  EBUS-TBNA versus invasive surgical staging 
techniques. The sensitivity for mediastinal LN staging 
for EBUS-TBNA and mediastinoscopy was 81% and 
79% respectively, but this difference was not signifi cant.

The multicentre RCT of  Annema et al.[6] (the ASTER 
study) compared mediastinoscopy with combined 

Figure 1. Invasive procedures Figure 2. Structures that can be reached by EBUS and EUS
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EUS-FNA and EBUS-TBNA. Two hundred 
forty-one patients with potentially operable NSCLC 
were randomized, 118 to surgical staging and 123 to 
endosonography, of  whom 65 also underwent surgical 
staging. The primary outcome was sensitivity for 
mediastinal nodal (N2/N3) metastases. This was 80% 
for surgical staging and 94% for endosonography, 
followed by surgical staging (P = 0.04).

Moreover, a staging strategy combining endosonography 
and surgical staging compared with surgical staging 
alone resulted in fewer unnecessary thoracotomies.

Endobronchial ultrasound-guided transbronchial needle 
aspiration was also compared with cTBNA in two RCTs.
[12,13] EBUS guidance signifi cantly increased the yield of  
TBNA in all stations except in the subcarinal region in 
both studies. In one study,[12] the overall diagnostic yield 
was 71% for TBNA and 80% for EBUS (P < 0.05). In 
the other study,[13] the overall diagnostic yield was 33.3% 
for TBNA and 66.7% for EBUS (P = 0.01).

Tournoy et al.[14] compared EUS-FNA and surgical 
mediastinal staging. Forty patients were randomized, 

19 received EUS-FNA and 21 surgical staging. The 
primary outcome was the rate of  surgical intervention: 
EUS-FNA resulted in a reduction of  68% in surgical 
staging. The sensitivity for LN metastases was 73% for 
the surgical staging group and 93% for the EUS group. 
The complication rate was 5% for the surgical staging 
group and 0% for EUS group. The length of  hospital 
stay was 2 days in the surgical staging group and 0 days 
in the EUS group.

A RCT published in 2011[15] described faults and 
benefits of  PET-CT in multimodality mediastinal 
staging. One hundred and eighty-nine patients were 
enrolled; 98 were assigned to receive mediastinal 
staging with PET-CT, followed by invasive staging 
(mediastinoscopy and/or EUS-FNA) and 91 to receive 
invasive staging without prior PET-CT. In an intention-
to-treat analysis, the overall accuracy of  the consensus 
N stage was not significantly higher in the PET-
CT group than in the other group (90% vs. 85%). 
Excluding the patients in whom PET-CT was not 
performed (n = 14) the difference was significant 
(95% vs. 85%). Thus, PET-CT was shown to improve 
discrimination between N0-1 and N2-3.

Table 1. Location, detection and biopsy of the structures that can be reached by EBUS and EUS
Structures Location EBUS EUS Comment

Detection Biopsy Detection Biopsy
Lung tumor Left and right +++ +++ +++ +++ Possible to reach from both 

trachea and esophagus
2R, 4R Paratracheally to the right +++ +++ + + The trachea lies between the 

transducer and the LNs, limiting 
visualization of this area

2L, 4L Paratracheally to the left +++ +++ +++ +++ Routine
5 Laterally to station 4L 

in the aortopulmonary 
window with the (invisible) 
ligamentum arteriosum 
as anatomical border

— — ++ (+) Easy to detect, but diffi cult to 
biopsy due to the intervening 
pulmonary artery. In EUS-
FNA the elevator can help 
in controlling the needle

6 Lateral to the ascending 
aorta and the aortic arch

— — ++ (+) Biopsy is not a routine: The needle 
may be passed through the aorta[9] 
or by a high esophageal approach 
using 7-8 cm of the needle length[10]

7 Under the carina +++ +++ +++ +++ Routine
8, 9 Situated inferior to station 7 — — +++ +++ Close to esophagus, no 

relation with the trachea
10, 11, 12 LNs in the hilar regions +++ +++ — — Close to trachea and main bronchi, 

no relation with the esophagus
Spleen — — +++ + Seldom relevant
Left liver lobe — — +++ +++ Routine
Left adrenal gland — — +++ +++ Routine
Right adrenal gland — — + + Not routine
Pleural effusion Left and right sided — — +++ ++ Not routine since it in most 

cases can be sampled with 
thoracocentesis

EBUS: Endobronchial ultrasound, EUS: Esophageal ultrasound, LNs: Lymph node, FNA: Fine-needle aspiration, R: Right, L: Left
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Indications
The main indications for endosonography in a patient 
with suspected or proven lung cancer are:
1. Diagnosis
2. Mediastinal LN staging
3. Evaluation of  tumor invasion (T4)
4. Pleural fl uid evaluation (M1a)
5. Assessment of  M1b disease
6. Re-staging after chemotherapy and radiation therapy.

Diagnosis
With endosonography, it is possible to biopsy centrally 
located lung tumors and peripheral lung tumors close to 
the esophagus. The role of EBUS-TBNA and EUS-FNA in 
the diagnosis of  central located lung tumor was assessed in 
various studies. For EUS, the sensitivity varied from 88% to 
100%,[16-19] while for EBUS the sensitivity was reported 91% 
in a cohort of  37 patients.[20] Moreover, Tournoy et al.[21] 
evaluated EBUS-TBNA after a nondiagnostic bronchoscopy 
in 60 patients: Lung cancer was diagnosed in 46 patients 
and the overall sensitivity was 82% with an NPV of  23%. 
Moreover, the sensitivity for lung tumor <25 mm was 78% 
whilst the sensitivity for lung tumor >25 mm was 86%.

Mediastinal lymph node staging
Fourmeta-analyses reported the sensitivity of  EBUS-TBNA 
for diagnosis of  mediastinal LNs in patients with lung 
cancer. Adams et al.[22] reported a sensitivity of  88%. 
Chandra et al.[23] have reported a pooled sensitivity of  
92%. Dong et al.[24] reported a sensitivity of  90%. Gu et al. 
reported a sensitivity of  93%.[25] Concerning EUS-FNA, the 
pooled sensitivity was 88% in the meta-analysis of  Micames 
et al. and Puli et al.[26,27] reported a pooled sensitivity of  88%.

Imaging abnormal mediastinum: Suspected mediastinal 
lymph nodes metastases at imaging techniques, that 
means peripheral positron emission tomography/
computed tomographic positive lung tumor with enlarged 
and/or positron emission tomography/computed 
tomographic activity in the mediastinal lymph nodes.

In patients with abnormal mediastinum on imaging 
techniques the probability of  having nodal metastases 
ranges from 50% to 80%.[28] In the meta-analyses already 
mentioned[22-25] no data were provided about the sensitivity 
in this group of  patients. In the pooled calculations, two 
studies were included in which there were no abnormalities 
in the mediastinal LN at the imaging investigations.[29,30]

In the RCT of  Annema et al.,[6] the sensitivity of  
endosonography alone for detecting mediastinal 

metastases in patients with abnormal mediastinal LNs 
was 86%. In this group of  patients when the surgical 
staging was associated with endosonography the 
sensitivity increased to 97%. For the surgical staging 
alone, the sensitivity was 83%.

Two large prospective studies investigated the sensitivity 
of  EBUS in patients with abnormal mediastinal LNs on 
imaging techniques. Herth et al.[31] found a sensitivity of  
94%. Ernst et al.[32] found a sensitivity of  91%.

In recent years, a prospective case series[33] considered 
259 patients with mediastinal or hilar abnormalities in 
patients with suspected or confi rmed lung cancer. The 
overall sensitivity of  EBUS-TBNA was 87%.

A part from the studies already mentioned when 
abnormal radiological mediastinal LNs are considered, the 
sensitivity of  EBUS — ranges from 85% to 97%.[34-45]

The sensitivity of  EUS-FNA was 83% in patients with 
positive mediastinal LNs.[25] In this clinical scenario, 
several other prospective studies have demonstrated 
sensitivity ranges from 83% to 97%.[18,46-60]

Consequently, in patients with imaging abnormalities 
of  the mediastinum and negative endosonography 
there is still a risk of  mediastinal LN metastases that 
should lead to mediastinoscopy or other surgical staging 
procedures.

Imaging negative mediastinum: Mediastinal lymph nodes 
are normal at imaging techniques, but the possibility of  
nodal metastases is still present in the following cases:
• Peripheral PET positive lung tumor with enlarged 

and/or PET activity in the hilar LNs
• Lung tumor without any PET activity
• Centrally located lung tumor.

In these situations, the probability to have nodal 
metastases ranges from 6% to 30%.[28]

The meta-analysis of  Micames et al.[26] reported in this 
subgroup of  patients a pooled sensitivity for detecting 
N2 disease of  EUS-FNA of  58%.

A recent study[61] compared the overall rate of  noncurative 
lung resection performed in NSCLC patients with occult 
N2 disease staged with PET/CT only or with PET/CT and 
EBUS-TBNA. In the EBUS-group, there was a lower rate 
of  noncurative noncurative lung resection (8.1% vs. 12.5%).
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Herth et al.[31] showed that potentially operable patients 
(T1-T4) with no signs of  mediastinal involvement on 
CT may benefi t from pre-surgical staging by means of  
EBUS-TBNA and. One hundred patients underwent 
EBUS and surgical staging. Malignancy was detected 
in 19 patients, but missed in two. The sensitivity of  
EBUS-TBNA for detecting malignancy was 92.3%.

In a similar trial,[30] despite negative CT and PET, 
EBUS-TBNA showed mediastinal LNs metastases in 
eight out of  one hundred patients.

A prospective, controlled comparison study[57] assessed 
the role of  EUS and EUS-FNA in 80 patients with 
lung cancer and negative mediastinal LNs at CT scan. 
EUS-FNA identified two patients as N3 disease in 
56 patients without mediastinal LN involvement on CT.

Similar results have been published in another 
prospective trial[62] comparing CT and EUS-FNA in 
47 patients with NSCLC. EUS-FNA demonstrated 
N2 disease in fi ve patients. The remaining 42 patients 
underwent thoracotomy. LN metastases were identifi ed 
in 16 patients: 11 had only peribronchial or hilar LN 
involvement that could not be detected by EUS, and 
the remaining 5 had N2 disease. Thus, five patients 
were understaged by EUS-FNA.

Thus, further studies are needed to assess the reliability 
of  negative endosonography results in patients with 
negative imaging of  the mediastinum.

In the ASTER study,[6] the posttest probability for 
nodal metastases after a negative endosonography was 
20% for the subgroup of  patient with imaging positive 
mediastinum and 9% in the subgroup of  patients with 
imaging negative mediastinum. With the addition of  a 
confirmatory mediastinoscopy the posttest probability 
for missed nodal metastases dropped only for abnormal 
mediastinum by imaging, from 20% to 5%, but remained 
unaffected for normal mediastinum by imaging.[6]

In conclusion irrespectively of  the presence of  
abnormalities at imaging in the mediastinal LNs, when 
the suspicion for metastases is high, the preferred 
initial technique for mediastinal staging should be 
endosonography.[7,8] Identifi cation of  one malignant LN 
does not mean that mediastinal staging is optimal. At 
least, three stations (subcarinal, left paratracheal and 
right paratracheal stations) should be assessed.[7,8]

Evaluation of tumor invasion (T4)
Endosonography allows visualization of  the possible 
invasion of  the large vessels and the heart. Hence, 
if  T4 disease is assessed surgery in general will be 
contraindicated. In a cohort of  424 patients with 
suspected lung cancer, EUS had a relatively low 
sensitivity of  39% in assessing T4 tumors.[51]

Pleural fl uid evaluation (M1a)
In patients with lung cancer, malignant pleural effusion 
is synonymous of  M1a disease that excludes curative 
intended operation. EUS provides visualization of  
the pleura on both sides, and pleural fluid aspiration 
is feasible,[63] which may be useful in selected cases. 
However, transthoracic ultrasound guided thoracocentesis 
is the standard way to perform pleural fl uid analysis.

Assessment of M1b disease
Esophageal ultrasound guided fi ne needle aspiration has 
been described for the diagnosis of  unknown lesions 
in the spleen,[64] but were very seldom relevant in 
connection with staging of  lung cancer.

The left adrenal gland is reached as a routine by EUS. 
Several reports have demonstrated a high diagnostic 
yield and accuracy and signifi cant impact on treatment 
modality.[65,66]

Until recently only the left adrenal gland was considered 
to be routinely visualized by EUS by a transgastric 
approach. In a series of  150 consecutive patients, in 
addition to demonstrate the left adrenal gland, the 
right adrenal gland was imaged in 87% of  patients by 
transduodenal approach.[66] The latter has earlier only 
been reported in selected cases.[67]

Esophageal ultrasound can detect liver lesions and can 
confi rm the diagnosis of  liver metastasis establishing a 
defi nitive diagnosis.[68]

Re-staging after chemotherapy and radiation therapy
Patients with NSCLC at stage III (N2/N3) who are 
downstage to N0 by chemoradiation therapy might 
benefi t from subsequent surgical resection of  the tumor. 
How mediastinal LNs can best be re-evaluated is still 
under discussion.

Repeated mediastinoscopy performed in a restaging 
setting resulted in a sensitivity ranging from 50% to 
74% and a false negative (FN) rate between 9% and 
38%. Technical difficulties arise in up to 40% of  
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patients because of  mediastinal adhesions and fi brotic 
changes induced by the initial mediastinoscopy and the 
neoadjuvant chemoradiation therapy.[69]

In the study of  von Bartheld et al.[69] 58 consecutive 
patients with stage III NSCLC underwent EUS-FNA 
for restaging purposes after chemoradiation therapy. 
EUS-FNA had a sensitivity of  44% and an FN rate 
of  58% for mediastinal nodal involvement. These 
fi ndings are lower compared with several smaller studies 
(sensitivity: 75-92%; FN rate: 8-33%).[70-72]

The sensitivity of  EBUS-TBNA for restaging NSCLC 
was evaluated in two studies: Herth et al.[73] showed a 
sensitivity of  76% and an FN rate of  80%. Szlubowski 
et al.[74] found a sensitivity and FN rate of  67 and 23%, 
respectively.

Thus, there seems to be a lack of  agreement 
concerning the role of  endosonography in restaging 
since the mentioned studies have obtained results 
pointing in different directions.[69,73,74]

Contraindications
Contraindications of  EBUS-TBNA are similar to 
contraindications of  flexible bronchoscopy.[75] These 
contraindications should also be considered for EUS-FNA. 
Moreover, it is contraindicated to puncture cystic lesions in 
the mediastinum due to the risk of  mediastinitis.[76]

Staging of lung cancer with endosonography
It is recommended to start taking biopsies from 
M1-structures and then proceed to N1 to N2 to N3 
LNs and thereafter to the lung tumor [Figure 3] to 
avoid the spread of  malignant cells to LNs that could 
bring the patient in an inoperable stage. We recommend 
using a new needle when going from M1b (for example 
the left adrenal) to the mediastinum, although there is 
no evidence that it harms the patient not to do so.

Endosonography with one or two endoscopes?
The benefits of  performing EUS and EBUS with 
two different endoscopes instead of  one are mainly 
motivated by benefits of  the EUS endoscope. EUS 
is better tolerated (no cough) by the patients, the 
ultrasonic window angle is larger (150-180 vs. 50-60° 
with EBUS), the ultrasonic picture is better due to a 
higher resolution, small structures are better-visualized, 
there are no cartilage rings that have to be penetrated 
by the biopsy needle, the maneuverability of  the needle 
is better due to an “elevator,” and histological biopsies 

can be obtained with a true cut 19 G needle, However 
the EUS endoscope is too big to introduce into the 
trachea and bronchi and here the EBUS endoscope 
must be used.

Currently, there is no single endoscope that offers the 
benefi ts of  both.

However, it is increasingly accepted to perform EUS 
with the small EBUS — endoscope, the so-called 
EUS-B procedure.[77,78] First the EBUS endoscope 
is used in the trachea as usual (EBUS-TBNA) and 
thereafter it is inserted in the esophagus (EUS-B-FNA).

Hwangbo et al.[77] in 150 patients evaluated EUS-B-FNA 
for LNs that were inaccessible or diffi cult to access by 
EBUS-TBNA. The sensitivity of  EBUS-TBNA in the 
detection of  mediastinal metastasis was 84.4%. This 
value for the combined approach of  EBUS-TBNA 
and EUS-B-FNA increased to 91.1%, although the 
differences were not statistically signifi cant.

Herth et al.[78] analyzed 139 patients who underwent 
endoscopic staging with EBUS-TBNA fi rst, and then 
the same endoscope was used to perform EUS-FNA. 
Sensitivity was 89% for EUS-FNA and 92% for EBUS-
TBNA. The combined approach had a sensitivity of  
96% and a negative predictive value of  95%, values 
higher than either approach alone. Thus, the combined 
procedure with one single scope seems promising.

CONCLUSION

Esophageal ultrasound guided fine-needle aspiration, 
and EBUS-TBNA have been shown to have a good 
diagnostic accuracy in the diagnosis and staging of  lung 

Figure 3. The correct order of taking biopsies



Colella, et al.: EBUS and EUS in lung cancer diagnosis and staging

ENDOSCOPIC ULTRASOUND / OCT-DEC 2014 / VOL 3 | ISSUE 4 211

cancer. In the future, these techniques in combination 
with PET/CT may replace surgical staging in patients 
with suspected and proven lung cancer, but until then 
surgical staging remains the gold standard for adequate 
preoperative evaluation.

 REFERENCES

1.  Parkin DM, Bray F, Ferlay J, et al. Global cancer statistics, 2002. CA 
Cancer J Clin 2005;55:74-108.

2. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden of 
cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010;127:2893-917.

3. Molina JR, Yang P, Cassivi SD, et al. Non-small cell lung cancer: 
Epidemiology, risk factors, treatment, and survivorship. Mayo Clin 
Proc 2008;83:584-94.

4. Lim E, Harris G, Patel A, et al. Preoperative versus postoperative 
chemotherapy in patients with resectable non-small cell lung 
cancer: Systematic review and indirect comparison meta-analysis of 
randomized trials. J Thorac Oncol 2009;4:1380-8.

5. Vilmann P, Annema J, Clementsen P. Endosonography in 
bronchopulmonary disease. Best Pract Res Clin Gastroenterol 2009;23:711-28.

6. Annema JT, van Meerbeeck JP, Rintoul RC, et al. Mediastinoscopy 
vs endosonography for mediastinal nodal staging of lung cancer: A 
randomized trial. JAMA 2010;304:2245-52.

7. De Leyn P, Dooms C, Kuzdzal J, et al. Revised ESTS guidelines for 
preoperative mediastinal lymph node staging for non-small-cell lung 
cancer. Eur J Cardiothorac Surg 2014;45:787-98.

8. Detterbeck FC, Postmus PE, Tanoue LT. The stage classification 
of lung cancer: Diagnosis and management of lung cancer, 3rd ed: 
American College of Chest Physicians evidence-based clinical practice 
guidelines. Chest 2013;143:e191S-210.

9. von Bartheld MB, Rabe KF, Annema JT. Transaortic EUS-guided FNA 
in the diagnosis of lung tumors and lymph nodes. Gastrointest Endosc 
2009;69:345-9.

10. Liberman M, Duranceau A, Grunenwald E, et al. New technique 
performed by using EUS access for biopsy of para-aortic (station 6) 
mediastinal lymph nodes without traversing the aorta (with video). 
Gastrointest Endosc 2011;73:1048-51.

11. Yasufuku K, Pierre A, Darling G, et al. A prospective controlled trial 
of endobronchial ultrasound-guided transbronchial needle aspiration 
compared with mediastinoscopy for mediastinal lymph node staging 
of lung cancer. J Thorac Cardiovasc Surg 2011;142:1393-400.e1.

12. Herth F, Becker HD, Ernst A. Conventional vs endobronchial 
ultrasound-guided transbronchial needle aspiration: A randomized 
trial. Chest 2004;125:322-5.

13. Arslan Z, Ilgazli A, Bakir M, et al. Conventional vs. Endobronchial 
ultrasound-guided transbronchial needle aspiration in the diagnosis 
of mediastinal lymphadenopathies. Tuberk Toraks 2011;59:153-7.

14. Tournoy KG, De Ryck F, Vanwalleghem LR, et al. Endoscopic 
ultrasound reduces surgical mediastinal staging in lung cancer: A 
randomized trial. Am J Respir Crit Care Med 2008;177:531-5.

15. Fischer BM, Mortensen J, Hansen H, et al. Multimodality approach to 
mediastinal staging in non-small cell lung cancer. Faults and benefi ts 
of PET-CT: A randomised trial. Thorax 2011;66:294-300.

16. Vazquez-Sequeiros E, Levy MJ, Van Domselaar M, et al. Diagnostic 
yield and safety of endoscopic ultrasound guided fine needle 
aspiration of central mediastinal lung masses. Diagn Ther Endosc 
2013;2013:150492.

17. Varadarajulu S, Hoff man BJ, Hawes RH, et al. EUS-guided FNA of 
lung masses adjacent to or abu  ing the esophagus after unrevealing 
CT-guided biopsy or bronchoscopy. Gastrointest Endosc 2004;60:293-7.

18. Annema JT, Veseliç M, Rabe KF. EUS-guided FNA of centrally located 
lung tumours following a non-diagnostic bronchoscopy. Lung Cancer 
2005;48:357-61.

19. Hernandez A, Kahaleh M, Olazagasti J, et al. EUS-FNA as the initial 
diagnostic modality in centrally located primary lung cancers. J Clin 
Gastroenterol 2007;41:657-60.

20. Verma A, Jeon K, Koh WJ, et al. Endobronchial ultrasound-guided 
transbronchial needle aspiration for the diagnosis of central lung 
parenchymal lesions. Yonsei Med J 2013;54:672-8.

21. Tournoy KG, Rintoul RC, van Meerbeeck JP, et al. EBUS-TBNA for the 
diagnosis of central parenchymal lung lesions not visible at routine 
bronchoscopy. Lung Cancer 2009;63:45-9.

22. Adams K, Shah PL, Edmonds L, Lim E. Test performance of 
endobronchial ultrasound and transbronchial needle aspiration biopsy 
for mediastinal staging in patients with lung cancer: Systematic review 
and meta-analysis. Thorax 2009;64:757-62.

23. Chandra S, Nehra M, Agarwal D, et al. Diagnostic accuracy of 
endobronchial ultrasound-guided transbronchial needle biopsy 
in mediastinal lymphadenopathy: A systematic review and meta-
analysis. Respir Care 2012;57:384-91.

24. Dong X, Qiu X, Liu Q, et al. Endobronchial ultrasound-guided 
transbronchial needle aspiration in the mediastinal staging of non-small 
cell lung cancer: A meta-analysis. Ann Thorac Surg 2013;96:1502-7.

25. Gu P, Zhao YZ, Jiang LY, et al. Endobronchial ultrasound-guided 
transbronchial needle aspiration for staging of lung cancer: A 
systematic review and meta-analysis. Eur J Cancer 2009;45:1389-96.

26. Micames CG, McCrory DC, Pavey DA, et al. Endoscopic ultrasound-
guided fi ne-needle aspiration for non-small cell lung cancer staging: 
A systematic review and metaanalysis. Chest 2007;131:539-48.

27. Puli SR, Batapati Krishna Reddy J, Bechtold ML, et al. Endoscopic 
ultrasound: It’s accuracy in evaluating mediastinal lymphadenopathy? 
A meta-analysis and systematic review. World J Gastroenterol 
2008;14:3028-37.

28. Tournoy KG, Keller SM, Annema JT. Mediastinal staging of lung 
cancer: Novel concepts. Lancet Oncol 2012;13:e221-9.

29. Herth FJ, Eberhardt R, Krasnik M, et al. Endobronchial ultrasound-
guided transbronchial needle aspiration of lymph nodes in 
the radiologically and positron emission tomography-normal 
mediastinum in patients with lung cancer. Chest 2008;133:887-91.

30. Herth FJ, Ernst A, Eberhardt R, et al. Endobronchial ultrasound-guided 
transbronchial needle aspiration of lymph nodes in the radiologically 
normal mediastinum. Eur Respir J 2006;28:910-4.

31. Herth FJ, Eberhardt R, Vilmann P, et al. Real-time endobronchial 
ultrasound guided transbronchial needle aspiration for sampling 
mediastinal lymph nodes. Thorax 2006;61:795-8.

32. Ernst A, Eberhardt R, Krasnik M, et al. Efficacy of endobronchial 
ultrasound-guided transbronchial needle aspiration of hilar 
lymph nodes for diagnosing and staging cancer. J Thorac Oncol 
2009;4:947-50.

33. Wong MK, Ho JC, Loong F, et al. Endobronchial ultrasound-guided 
transbronchial needle aspiration in lung cancer: The fi rst experience 
in Hong Kong. Hong Kong Med J 2013;19:20-6.

34. Bauwens O, Dusart M, Pierard P, et al. Endobronchial ultrasound and 
value of PET for prediction of pathological results of mediastinal hot 
spots in lung cancer patients. Lung Cancer 2008;61:356-61.

35. Kheir F, Palomino J. Endobronchial ultrasound transbronchial needle 
aspiration in mediastinal and hilar lymphadenopathies. South Med J 
2012;105:645-9.

36. Cetinkaya E, Seyhan EC, Ozgul A, et al. Effi  cacy of convex probe 
endobronchial ultrasound (CP-EBUS) assisted transbronchial needle 
aspiration for mediastinal staging in non-small cell lung cancer cases 
with mediastinal lymphadenopathy. Ann Thorac Cardiovasc Surg 
2011;17:236-42.

37. Ye T, Hu H, Luo X, et al. The role of endobronchial ultrasound 
guided transbronchial needle aspiration (EBUS-TBNA) for qualitative 
diagnosis of mediastinal and hilar lymphadenopathy: A prospective 
analysis. BMC Cancer 2011;11:100.

38. Nakajima T, Yasufuku K, Nakajima M, et al. Endobronchial ultrasound-
guided transbronchial needle aspiration for lymph node staging in 
patients with non-small cell lung cancer in non-operable patients pursuing 
radiotherapy as a primary treatment. J Thorac Oncol 2010;5:606-11.



Colella, et al.: EBUS and EUS in lung cancer diagnosis and staging

ENDOSCOPIC ULTRASOUND / OCT-DEC 2014 / VOL 3 | ISSUE 4212

39. Steinfort DP, Hew MJ, Irving LB. Bronchoscopic evaluation of the 
mediastinum using endobronchial ultrasound: A description of the 
fi rst 216 cases carried out at an Australian tertiary hospital. Intern Med 
J 2011;41:815-24.

40. Hwangbo B, Kim SK, Lee HS, et al. Application of endobronchial 
ultrasound-guided transbronchial needle aspiration following 
integrated PET/CT in mediastinal staging of potentially operable 
non-small cell lung cancer. Chest 2009;135:1280-7.

41. Rintoul RC, Tournoy KG, El Daly H, et al. EBUS-TBNA for the 
clarification of PET positive intra-thoracic lymph nodes-an 
international multi-centre experience. J Thorac Oncol 2009;4:44-8.

42. Yasufuku K, Nakajima T, Motoori K, et al. Comparison of 
endobronchial ultrasound, positron emission tomography, and CT 
for lymph node staging of lung cancer. Chest 2006;130:710-8.

43. Yasufuku K, Chiyo M, Koh E, et al. Endobronchial ultrasound guided 
transbronchial needle aspiration for staging of lung cancer. Lung 
Cancer 2005;50:347-54.

44. Lee JE, Kim HY, Lim KY, et al. Endobronchial ultrasound-guided 
transbronchial needle aspiration in the diagnosis of lung cancer. Lung 
Cancer 2010;70:51-6.

45. Ømark Petersen H, Eckardt J, Hakami A, et al. The value of mediastinal 
staging with endobronchial ultrasound-guided transbronchial needle 
aspiration in patients with lung cancer. Eur J Cardiothorac Surg 
2009;36:465-8.

46. Pedersen BH, Vilmann P, Folke K, et al. Endoscopic ultrasonography 
and real-time guided fi ne-needle aspiration biopsy of solid lesions of 
the mediastinum suspected of malignancy. Chest 1996;110:539-44.

47. Silvestri GA, Hoff man BJ, Bhutani MS, et al. Endoscopic ultrasound 
with fi ne-needle aspiration in the diagnosis and staging of lung cancer. 
Ann Thorac Surg 1996;61:1441-5.

48. Eloubeidi MA, Cerfolio RJ, Chen VK, et al. Endoscopic ultrasound-
guided fi ne needle aspiration of mediastinal lymph node in patients 
with suspected lung cancer after positron emission tomography and 
computed tomography scans. Ann Thorac Surg 2005;79:263-8.

49. Devereaux BM, Leblanc JK, Yousif E, et al. Clinical utility of EUS-
guided fi ne-needle aspiration of mediastinal masses in the absence of 
known pulmonary malignancy. Gastrointest Endosc 2002;56:397-401.

50. Fritscher-Ravens A, Soehendra N, Schirrow L, et al. Role of 
transesophageal endosonography-guided fi ne-needle aspiration in 
the diagnosis of lung cancer. Chest 2000;117:339-45.

51. Varadarajulu S, Schmulewi   N, Wildi SM, et al. Accuracy of EUS in 
staging of T4 lung cancer. Gastrointest Endosc 2004;59:345-8.

52. Wiersema MJ, Vazquez-Sequeiros E, Wiersema LM. Evaluation of 
mediastinal lymphadenopathy with endoscopic US-guided fi ne-
needle aspiration biopsy. Radiology 2001;219:252-7.

53. Wallace MB, Silvestri GA, Sahai AV, et al. Endoscopic ultrasound-
guided fi ne needle aspiration for staging patients with carcinoma of 
the lung. Ann Thorac Surg 2001;72:1861-7.

54. Larsen SS, Krasnik M, Vilmann P, et al. Endoscopic ultrasound 
guided biopsy of mediastinal lesions has a major impact on patient 
management. Thorax 2002;57:98-103.

55. Giovannini M, Sei   JF, Monges G, et al. Fine-needle aspiration cytology 
guided by endoscopic ultrasonography: Results in 141 patients. 
Endoscopy 1995;27:171-7.

56. Wallace MB, Fritscher-Ravens A, Savides TJ. Endoscopic ultrasound 
for the staging of non-small-cell lung cancer. Endoscopy 2003;35:606-10.

57. Yasuda I, Kato T, Asano F, et al. Mediastinal lymph node staging 
in potentially resectable non-small cell lung cancer: A prospective 
comparison of CT and EUS/EUS-FNA. Respiration 2009;78:423-31.

58. Gress FG, Savides TJ, Sandler A, et al. Endoscopic ultrasonography, 
fi ne-needle aspiration biopsy guided by endoscopic ultrasonography, 
and computed tomography in the preoperative staging of non-small-
cell lung cancer: A comparison study. Ann Intern Med 1997;127:604-12.

59. Fritscher-Ravens A, Bohuslavizki KH, Brandt L, et al. Mediastinal 
lymph node involvement in potentially resectable lung cancer: 
Comparison of CT, positron emission tomography, and endoscopic 
ultrasonography with and without fine-needle aspiration. Chest 
2003;123:442-51.

60. Annema JT, Versteegh MI, Veseliç M, et al. Endoscopic ultrasound-
guided fi ne-needle aspiration in the diagnosis and staging of lung 
cancer and its impact on surgical staging. J Clin Oncol 2005;23:8357-61.

61. Cornwell LD, Bakaeen FG, Lan CK, et al.  Endobronchial 
ultrasonography-guided transbronchial needle aspiration biopsy for 
preoperative nodal staging of lung cancer in a veteran population. 
JAMA Surg 2013;148:1024-9.

62. Fernández-Esparrach G, Ginès A, Belda J, et al. Transesophageal 
ultrasound-guided fine needle aspiration improves mediastinal 
staging in patients with non-small cell lung cancer and normal 
mediastinum on computed tomography. Lung Cancer 2006;54:35-40.

63. Lococo F, Cesario A, A  ili F, et al. Transoesophageal endoscopic 
ultrasound-guided fi ne-needle aspiration of pleural eff usion for the 
staging of non-small cell lung cancer. Interact Cardiovasc Thorac Surg 
2013;17:237-41.

64. Fritscher-Ravens A, Mylonaki M, Pantes A, et al. Endoscopic 
ultrasound-guided biopsy for the diagnosis of focal lesions of the 
spleen. Am J Gastroenterol 2003;98:1022-7.

65. Bodtger U, Vilmann P, Clementsen P, et al. Clinical impact of 
endoscopic ultrasound-fi ne needle aspiration of left adrenal masses 
in established or suspected lung cancer. J Thorac Oncol 2009;4:1485-9.

66. Uemura S, Yasuda I, Kato T, et al. Preoperative routine evaluation 
of bilateral adrenal glands by endoscopic ultrasound and fine-
needle aspiration in patients with potentially resectable lung cancer. 
Endoscopy 2013;45:195-201.

67. DeWi   JM. Endoscopic ultrasound-guided fi ne-needle aspiration of 
right adrenal masses: Report of 2 cases. J Ultrasound Med 2008;27:261-7.

68. Nguyen P, Feng JC, Chang KJ. Endoscopic ultrasound (EUS) and 
EUS-guided fi ne-needle aspiration (FNA) of liver lesions. Gastrointest 
Endosc 1999;50:357-61.

69. von Bartheld MB, Versteegh MI, Braun J, et al. Transesophageal 
ultrasound-guided fi ne-needle aspiration for the mediastinal restaging 
of non-small cell lung cancer. J Thorac Oncol 2011;6:1510-5.

70. Annema JT, Veseliç M, Versteegh MI, et al. Mediastinal restaging: 
EUS-FNA off ers a new perspective. Lung Cancer 2003;42:311-8.

71. Stigt JA, Oostdijk AH, Timmer PR, et al. Comparison of EUS-guided fi ne 
needle aspiration and integrated PET-CT in restaging after treatment for 
locally advanced non-small cell lung cancer. Lung Cancer 2009;66:198-204.

72. Varadarajulu S, Eloubeidi M. Can endoscopic ultrasonography-guided 
fi ne-needle aspiration predict response to chemoradiation in non-small 
cell lung cancer? A pilot study. Respiration 2006;73:213-20.

73. Herth FJ, Annema JT, Eberhardt R, et al. Endobronchial ultrasound 
with transbronchial needle aspiration for restaging the mediastinum 
in lung cancer. J Clin Oncol 2008;26:3346-50.

74. Szlubowski A, Herth FJ, Soja J, et al. Endobronchial ultrasound-guided 
needle aspiration in non-small-cell lung cancer restaging verifi ed by 
the transcervical bilateral extended mediastinal lymphadenectomy – a 
prospective study. Eur J Cardiothorac Surg 2010;37:1180-4.

75. Bolliger CT, Mathur PN, Beamis JF, et al. ERS/ATS statement on 
interventional pulmonology. European Respiratory Society/American 
Thoracic Society. Eur Respir J 2002;19:356-73.

76. Dumonceau JM, Polkowski M, Larghi A, et al. Indications, results, and 
clinical impact of endoscopic ultrasound (EUS)-guided sampling in 
gastroenterology: European Society of Gastrointestinal Endoscopy 
(ESGE) Clinical Guideline. Endoscopy 2011;43:897-912.

77. Hwangbo B, Lee GK, Lee HS, et al. Transbronchial and transesophageal 
fi ne-needle aspiration using an ultrasound bronchoscope in mediastinal 
staging of potentially operable lung cancer. Chest 2010;138:795-802.

78. Herth FJ, Krasnik M, Kahn N, et al. Combined endoscopic-
endobronchial ultrasound-guided fine-needle aspiration of 
mediastinal lymph nodes through a single bronchoscope in 150 
patients with suspected lung cancer. Chest 2010;138:790-4.

How to cite this article: Colella S, Vilmann P, Konge L, Clementsen 
PF. Endoscopic ultrasound in the diagnosis and staging of lung cancer. 
Endosc Ultrasound 2014;3:205-12.

Source of Support: Nil. Confl ict of Interest: None declared.


