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plications were systematically recorded.  Results:  Fifty-five 
patients with enlarged mediastinal nodes were enrolled into 
this study. Specimens adequate for histological analysis 
were obtained in all but one case using EBUS-TBFB. EBUS-
TBFB increased the diagnostic yield of EBUS-TBNA from 64 
to 93% in benign conditions. The overall diagnostic yield was 
higher compared to EBUS-TBNA alone. EGFR mutation anal-
ysis could be achieved in the forceps biopsy samples as 
needed. No complications were observed.  Conclusions:  
EBUS-TBFB with a novel lymph node forceps is safe and pro-
vides adequate histological specimens of enlarged medias-
tinal lymph nodes. EBUS-TBFB increases the diagnostic yield 
in benign conditions and may add value in molecular analy-
sis of non-small cell lung cancer. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Endobronchial ultrasound-transbronchial needle as-
piration (EBUS-TBNA) has been established as a routine 
method for mediastinal and hilar lymph node evaluation. 
The diagnostic yield is high, particularly in proving and 
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 Abstract 

  Background:  Endobronchial ultrasound-transbronchial nee- 
dle aspiration (EBUS-TBNA) is a useful technique for cytolog-
ical assessment of enlarged mediastinal lymph nodes with a 
high diagnostic yield for lung cancer. However, the small 
sample volume can be problematic in diagnosing benign 
diseases and for molecular analysis of malignant tumours. 
 Objectives:  The aim of the study was to evaluate a novel 
lymph node forceps for EBUS-guided lymph node biopsy 
(EBUS-transbronchial forceps biopsy; EBUS-TBFB) in malig-
nant and benign conditions concerning safety, feasibility, 
and diagnostic yield.  Methods:  Patients with enlarged medi-
astinal or hilar lymph nodes were included. EBUS-TBNA was 
performed followed by EBUS-guided TBFB with the lymph 
node forceps. Three biopsy specimens were obtained. The 
diagnostic yields of EBUS-TBFB, EBUS-TBNA, and the combi-
nation of both sampling techniques were compared. Com-
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staging of non-small cell lung cancer (NSCLC)  [1–4] . 
However, a shortcoming of this method is its low negative 
predictive value reported in some studies. Guidelines rec-
ommend confirmation of negative results by surgical pro-
cedures  [5] . 

  The diagnostic value of EBUS-TBNA in the evaluation 
of mediastinal lymphadenopathy in conditions other 
than lung cancer is less clear. Its accuracy in establishing 
the correct histopathological diagnosis of lymphoma is 
lower than for lung cancer. Mediastinoscopy is frequent-
ly required in order to obtain sufficient tissue for critical 
treatment decisions  [6, 7] . For sarcoidosis, some authors 
consider the diagnostic yield of EBUS-TBNA good 
enough while others report inferior results and recom-
mend more invasive tissue sampling procedures  [3, 8, 9] . 
EBUS-TBNA, therefore, has some limitations in the as-
sessment of mediastinal lymphadenopathy. One plausi-
ble reason might be the small sample volume of tissue 
obtained by EBUS-TBNA performed with the 22-gauge 
needle. A histologic biopsy taken with a forceps may 
therefore have additional value. 

  Some investigators have previously reported the use of 
biopsy forceps through the hole made by the TBNA needle 
for obtaining histologic material from enlarged subcarinal 
lymph nodes either blindly or under fluoroscopic or EBUS 
guidance  [10–13] . Recently, in a study in patients with un-
explained mediastinal lymphadenopathy, an ultrasound-
guided forceps yielded improved diagnostic results  [14] . 
However, the described methods require considerable 
technical skill and bronchoscopic expertise. Furthermore, 
mainly subcarinal lymph nodes were assessed. In another 
study, a needle forceps was used without EBUS guidance 
to sample subcarinal lymph nodes without first punctur-
ing the tracheal wall with a standard TBNA needle. How-
ever, in this study, in 28% of cases, it was impossible to 
penetrate the wall with the needle forceps  [15] .

  The aim of the present study was to develop an easy-
to-use dedicated two-in-one lymph node forceps for sam-
pling from all EBUS scope accessible mediastinal or hilar 
lymph nodes. The utility, safety, and diagnostic yield of 
this needle forceps were prospectively tested in a clinical 
trial. 

  Material and Methods 

 Lymph Node Forceps 
 The challenge was to get an instrument that is small and sharp 

enough to penetrate the tracheobronchial wall but big enough to 
obtain a large volume specimen. The handpiece and the wires must 
be strong enough that the forceps can be opened and closed inside 

a lymph node without getting too big for the working channel of 
the bronchoscope. We tested various prototypes in excised pig 
lungs until eventually a company (MTW ®  Endoskopie, Wesel, 
Germany) provided us with a CE-marked model, suitable for clin-
ical testing ( fig. 1 ). This specifically designed lymph node forceps 
is shaped like a needle in the closed position with a sharpened bev-
elled tip and housed in an outer sheath to prevent damage to the 
working channel of the bronchoscope. It is not possible to fix the 
instrument at the bronchoscope. Therefore, the bronchoscopist 
has to take care not to push the needle forceps forward before the 
sheath is visible outside the working channel. Once pushed out of 
the sheath, the needle forceps is sharp enough to omit previous 
perforation of the bronchial wall with a 19-gauge needle. 

  Patients 
 Patients were eligible for inclusion if they were 18 years or old-

er and had enlarged (>10 mm) mediastinal or hilar lymph nodes 
on computed tomography. Consecutive patients referred for 
EBUS-TBNA between February and May 2011 and between March 
and July 2012 were enrolled into this prospective single-centre 
study if a diagnosis of lung cancer, sarcoidosis, or lymphoma was 
suspected based on clinical and radiographic findings. Negative or 
ambiguous endoscopic histological results were confirmed by sur-
gical procedures (mediastinoscopy, open thoracotomy) and clini-
cal follow-up (including computed tomography) over 6 months. 
The study was approved by the Ethics Committee of the Univer-
sity of Duisburg-Essen (approval No. 10-4520). Written informed 
consent was obtained from all patients. The study was registered 
at the German Cancer Trials Registry (No. 591). 

  Endobronchial Ultrasound-Transbronchial Needle Aspiration 
 After conventional flexible bronchoscopy, EBUS-TBNA exam-

ination was performed under general anaesthesia as described pre-
viously with an EBUS-TBNA bronchoscope (model BF-UC 180F; 
Olympus, Japan), which was connected to an ultrasound scanner 
(EU-ME1; Olympus)  [3] . All mediastinal and hilar lymph node 
stations were assessed systematically and punctured 3 times with 
a 22-gauge needle (NA-2015X-4022; Olympus) if their diameter 
exceeded 5 mm. EBUS-TBNA was performed by interventional 
bronchoscopists (K.D., L.F., and R.K.-W.) who are experienced in 
this field.

  Fig. 1.  The newly developed lymph node forceps is shaped as a 
needle in a closed position to penetrate the bronchial mucosa. 
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  EBUS-Transbronchial Forceps Biopsy 
 After EBUS-TBNA, a single enlarged lymph node was identi-

fied as the index lymph node for transbronchial forceps biopsy 
(TBFB) by the endoscopist. TBFB was obtained only from the in-
dex lymph node, because performing TBFB in all enlarged lymph 
nodes would have extended the examination time too much. The 
size of this index lymph node was divided into 3 groups according 
to its short axis diameter (10–20 mm, 21–30 mm, and 31 mm and 
greater). When appropriate, colour Doppler ultrasound mode was 
used to exclude vessels in the target area. The jabbing method of 
TBNA was used for penetrating the bronchial wall and puncturing 
the target lymph node  [16] . With the forceps close to the orifice, 
the working channel of the bronchoscope helped to stabilise the 
device and facilitated tissue penetration. Once inside the lymph 
node, the forceps was opened and moved slightly back and forth 
to achieve complete opening against tissue resistance. Finally, the 
lymph node forceps was advanced slightly, closed, withdrawn, and 
retracted into the outer sheath. All of the above steps were per-
formed under ultrasound guidance ( fig. 2 ). Three specimens were 
obtained. Patients were observed for 2 h after the procedure and a 
chest X-ray was performed to exclude pneumothorax or other pro-
cedure-related adverse effects. 

  Pathology 
 The aspirated material of the EBUS-TBNA was smeared onto 

glass slides and fixed with 95% alcohol. Additional aspirated mate-
rial was placed into a tube containing CytoLyt ®  solution (Hologic 
Inc., USA). Rapid on-site pathologic evaluation (ROSE) was not 
performed in this study. The tissue specimens obtained by the 
lymph node forceps were fixed in 3.5% buffered formaldehyde so-
lution. After hematoxylin and eosin (H&E) staining, cytology and 
histology were evaluated independently by two experienced pa-
thologists. A positive cytological or histological result of malig-
nancy was accepted as evidence of cancer. Immunohistochemistry 
and assessment of  EGFR  mutation were performed if needed. De-

tections of groups of epithelioid cells in cytological probes or non-
caseating epithelioid granulomas in histological specimens were 
regarded as proof of sarcoidosis when other granulomatous dis-
eases could be excluded and clinical and radiological findings sup-
ported this diagnosis ( fig. 3 ). The finding of epithelioid caseating 
granulomas was considered diagnostic for tuberculosis if clinical 
and radiological findings supported this diagnosis and polymerase 
chain reaction was positive for  Mycobacterium tuberculosis  com-
plex  [17] . 

  Statistical Analysis 
 The sensitivity, specificity, and predictive values were calcu-

lated using the standard definitions. The diagnostic yields of 
EBUS-TBNA and a combined approach with EBUS-TBNA and 
EBUS-TBFB were compared with the McNemar test for depen-
dent samples. p < 0.05 was considered statistically significant. Sta-
tistics analysis was performed using SPSS version 19.0 (SPSS Inc., 
Chicago, Ill., USA).

  Results 

 The study population consisted of 55 patients who met 
the inclusion criteria. Seven patients were excluded from 
the analysis as they withdrew consent to invasive proce-
dures or follow-up ( fig. 4 ). The mean age of the 48 pa-
tients enrolled per protocol was 54 years (range 19–79). 
There were 26 males and 22 females within the cohort. 
The respective index lymph nodes chosen for EBUS-
TBFB by the endoscopist were located most often in the 
subcarinal (station 7) or right hilar (station 11R) region. 
In the majority of cases, the size of the index lymph node 

  Fig. 2.  Positioning, opening, and closure of the cups of the lymph 
node forceps can easily be supervised on the ultrasound image. 

  Fig. 3.  EBUS-TBFB of a mediastinal lymph node. Histology reveals 
aggregates of epithelioid cells, typical for sarcoidosis. H&E. Origi-
nal magnification ×200. 
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did not exceed 20 mm ( table 1 ). The bronchial wall was 
successfully penetrated by the lymph node forceps in all 
cases. Three tissue specimens were obtained from all but 
one lymph node, in which only 2 samples were taken. Ad-
equate histologic specimens were obtained from all pa-
tients except the first patient recruited into the study. 
EBUS-TBNA revealed features compatible with a diagno-
sis of sarcoidosis in this patient.

  In 32 patients (67%), a classifying diagnosis was made 
with EBUS-TBFB alone ( table 1 ). The pathologic analysis 
revealed NSCLC in 12 cases. Small cell lung cancer (SCLC) 
and a relapse of oesophageal cancer were diagnosed in 2 
and 1 patient, respectively. Sixteen patients had a granu-
lomatous inflammatory reaction and, considering the 
clinical phenotype, sarcoidosis was the final diagnosis. In 
1 patient, caseating granulomas and a positive polymerase 
chain reaction for  M. tuberculosis  complex confirmed tu-
berculosis. 

  In 16 patients, EBUS-TBFB did not provide a classify-
ing diagnosis. Sarcoidosis and large cell lung carcinoma 
was diagnosed by the result of EBUS-TBNA in 1 patient, 
respectively. The remaining patients underwent further 
examination by surgical means (11 patients) or follow-up 
CT (3 patients) ( fig. 4 ). This revealed NSCLC in 3 cases, 
anthracosilicosis in 2, and Castleman’s disease, broncho-
genic cyst, and sarcoidosis in 1 patient, respectively. In 
the remaining 6 patients, surgical evaluation and follow-
up confirmed the benign condition. 

  Diagnostic Accuracy 
 The diagnostic accuracy of EBUS-TBNA for malig-

nant and benign diseases was 80% (16/20) and 64% 
(18/28), respectively. Lung cancer (NSCLC and SCLC) 
was diagnosed correctly by EBUS-TBNA in 15 of 18 pa-
tients (83%). The only patient with lymphoma (Castle-
man’s disease) could not be detected by EBUS-TBNA. 
EBUS-TBNA was able to identify 61% of patients with 
sarcoidosis and the only patient with tuberculosis. Over-
all, 34 of 48 patients (71%) were classified correctly by 
EBUS-TBNA.

  As we performed EBUS-TBNA and EBUS-TBFB of 
the same index lymph node, we can reliably compare 
these methods. EBUS-TBFB significantly improved the 

Follow-up CT scan
(n = 3)

Surgery (n = 11)
(7 MES, 3 thorac.,

1 VATS)

Completion of 
the study protocol

(n = 48)

Lost to follow-up
(n = 7)

Diagnostic
(n = 34)

Non-diagnostic
(n = 14)

Referred to EBUS-
TBNA with enlarged

mediastinal or hilar lymph nodes
(n = 55)

  Fig. 4.  Flow chart showing enrolment and analysis of 55 patients 
who were registered in the study, 48 of whom were eligible for 
analysis. VAT = Video-assisted thoracic surgery.  

Table 1.  Distribution, size, and pathologic results of mediastinal 
and hilar lymph nodes examined by EBUS-TBFB

Lymph node station
2R 2
4R 7
4L 4
7 15
10L 3
11R 10
11L 7

Size
≥10 – 20 mm 22
≥21 – 30 mm 13
≥31 mm 13

Pathologic results
NSCLC 12
SCLC 2
Oesophageal cancer 1
Sarcoidosis 16
Tuberculosis (PCR) 1

Normal lymph node tissue/questionable result 13
Anthracotic lymph node 2
Inadequate biopsy 1

 PCR = Polymerase chain reaction.
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diagnostic yield in benign conditions compared to EBUS-
TBNA ( table 2 ). Of the 18 patients with sarcoidosis, in 6 
patients (33%) the diagnosis could be made only by 
EBUS-TBFB. EBUS-TBNA was not diagnostic in these 
cases. 

  In patients with lung cancer, sensitivity was not im-
proved with EBUS-TBFB compared to EBUS-TBNA. 
However, in 1 patient EBUS-TBFB resulted in reclassifi-
cation of the diagnosis of adenocarcinoma on EBUS-TB-
NA to large cell carcinoma on EBUS-TBFB. Analysis of 
 EGFR  mutation was performed in 3 of the samples and 
revealed a wild type in all. The sensitivity, specificity, pos-
itive and negative predictive value, and accuracy for 
EBUS-TBNA and EBUS-TBFB were calculated as 85, 100, 
100, 43, and 88%, respectively. 

  The bronchoscopic examination time was extended by 
the EBUS-TBFB procedure by 6 min (range 2–15).

  Complications 
 No clinical complications or damages of the broncho-

scopes due to TBFB were observed.

  Discussion 

 In this prospective comparative trial, we have demon-
strated the safety and clinical effectiveness of a novel two-
in-one lymph node forceps for EBUS-guided TBFB.

  EBUS-TBNA has been extensively evaluated in diag-
nosing and staging of NSCLC. This diagnostic procedure 
has an excellent yield in normal sized and enlarged medi-
astinal and hilar lymph nodes, with a sensitivity of 84–

94%  [3, 4, 18–20] . In this study, the diagnostic yield of 
EBUS-TBNA was marginally lower than reported before 
in bigger studies. Technologies resulting in an increased 
output of cell block material could perhaps improve the 
overall detection rates of malignant diseases. In our study, 
EBUS-TBFB demonstrated equivalent results and con-
firmed mediastinal metastasis in 12 of 16 cases (75%) with 
NSCLC. 

  In one case, the final diagnosis changed from adeno-
carcinoma to large cell carcinoma after evaluation of the 
specimen obtained by the lymph node forceps. In this re-
gard, it is essential to recognise that personalised chemo-
therapy regimens must be based on accurate molecular 
subtyping of NSCLC. It can be expected that this aspect 
will gain importance in the future with further develop-
ment of molecular markers. It has been shown that tissue 
samples obtained by EBUS-TBNA are sufficient for mo-
lecular testing such as  EGFR  mutation or gene fusions/
translocations such as  EML4-ALK  mutation  [21, 22] . 
However, nobody can argue that more material volume 
enables pathologists to do more molecular tests and that 
this could result in a more specific treatment. 

  The diagnostic value of EBUS-TBNA, which provides 
cell groups for a cytological evaluation instead of tissue 
for histological analysis in the majority of the cases, is less 
well established in patients with sarcoidosis or other be-
nign diseases  [3, 6, 8, 9, 23] . The reason for a suboptimal 
diagnostic hit rate may be the small specimen size by 
EBUS-TBNA that does not allow adequate pathological 
analysis because the general tissue architecture cannot be 
evaluated. The use of mini-forceps guided by EBUS has 
been evaluated by other investigators. However, there are 

Table 2. Diagnostic yield of EBUS-TBNA, EBUS-TBFB, and a combined approach

EBUS-TBNA EBUS-TBFB Combined p valuea

Overall diagnostic accuracy 34/48 (71%) 40/48 (83%) 42/48 (88%) n.s.
Malignant 16/20 (80%) 15/20 (75%) 16/20 (80%) n.s.

NSCLC 13/16 (81%) 12/16 (75%) 13/16 (81%) n.s.
SCLC 2/2 (100%) 2/2 (100%) 2/2 (100%) n.s.
Other than NSCLC 1/2 (50%) 1/2 (50%) 1/2 (50%) n.s.

Benign 18/28 (64%) 25/28 (89%) 26/28 (93%) <0.05
Sarcoidosis 11/18 (61%) 16/18 (89%) 17/18 (94%) <0.05
Anthracosilicosis 0/2 2/2 2/2
Tuberculosis 1/1 1/1 1/1 
Bronchogenic cyst 0/1 0/1 0/1
Reactive lymphadenopathy 6/6 6/6 6/6

a EBUS-TBNA vs. a combined approach.
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significant practical difficulties using these devices. The 
technique used is cumbersome, being a 2-stage process 
wherein a hole is first created in the bronchial wall using 
a 19-gauge needle and the mini-forceps is subsequently 
introduced into the subcarinal lymph node. The diag-
nostic yield with such a procedure is increased with re-
spect to Hodgkin disease, non-Hodgkin lymphoma, and 
sarcoidosis  [10–13] . In a recent study using another type 
of forceps, diagnostic sensitivity increased to 82% when 
EBUS-TBNA and EBUS-guided forceps biopsies were 
combined  [14] . However, these studies have been per-
formed mainly in subcarinal nodes, and the blunt forceps 
did not pass the perforated mucosa and penetrate the 
lymph node in all cases. The need for a second instru-
ment (TBNA-needle and mini-forceps) and a second 
bronchoscope is time consuming and financially detri-
mental. Therefore, there is a need for a reliable two-in-
one instrument which can puncture the mucosa and take 
forceps biopsies. One such device developed by Gaspa-
rini et al.  [15]  achieved a diagnostic yield of 57.1%. The 
limitation of this study was that it did not use EBUS guid-
ance and consequently failed to obtain adequate speci-
mens in 28.5% of cases  [15] . In a more recent study, 
Herth et al.  [24]  reported the use of a two-in-one forceps 
device (manufactured by Olympus Medical Systems 
Corp., Japan) with EBUS guidance. They reported an 
overall diagnostic yield of 86% and were unable to obtain 
adequate histologic specimens in 10% of cases  [24] . The 
applied instrument seems to be comparable to the one 
used in this study. However, a direct comparison be-
tween these two devices is not possible as the former is 

not commercially available. Using the opposite bronchi-
al wall as a counterforce ( fig. 5 ), our lymph node forceps 
could pass through the bronchial wall in all cases. Only 
in the first patient recruited for the study did the lymph 
node forceps not penetrate the lymph node after passing 
the mucosa, and the obtained material was considered 
inadequate for histological evaluation. With further ex-
perience, the lymph node forceps reached the lymphatic 
tissue in all other cases. 

  Previous studies have indicated that EBUS-TBNA 
can have a diagnostic yield in sarcoidosis of 54–93% at 
least in experienced centres  [8, 9] . A recent meta-analy-
sis of Agarwal et al.  [25]  in 553 patients suggests an ex-
cellent overall diagnostic yield of EBUS-TBNA in this 
field. We observed a sensitivity of 61% in sarcoidosis 
patients. This lower value can be attributed to some pos-
sible reasons. First, we did not use rapid onsite cytology 
which could have improved the diagnostic yield of 
EBUS-TBNA. Second, only 3 biopsies have been ob-
tained from the index lymph node. Garwood et al.  [9]  
found that the yield exceeded 80% at 5 passes, whereas 
it was below 70% at 3 passes. Third, the diagnosis of sar-
coidosis has to be evaluated carefully. The detection of 
isolated epithelioid cells cannot be regarded as adequate 
to diagnose sarcoidosis on its own because these find-
ings are also seen in reactive changes. With the addi-
tional use of the lymph node forceps, an increased sen-
sitivity of 94% could be achieved. Our results were com-
parable to those obtained by other investigators who 
used a similar device  [10, 24] . If mediastinal lymph 
nodes are affected by sarcoidosis, mediastinoscopy re-
mains an option when other bronchoscopic procedures 
have not been diagnostic  [26, 27] . However, hilar lymph 
nodes, which are mostly affected by this disease, are not 
accessible by standard cervical mediastinoscopy. In ad-
dition, mediastinoscopy is an invasive procedure and is 
therefore associated with a higher morbidity compared 
to EBUS-TBNA  [28, 29] . Our findings suggest that 
lymph node forceps may be useful, especially in patients 
suspected to have a benign disease as the use of TBFB 
avoids a more invasive surgical diagnostic procedure in 
6 (13%) of the cases. 

  Clinicians demand diagnostic techniques that are safe 
and effective. This is even more relevant when evaluating 
new endoscopic biopsy devices, which attempt to obtain 
additional lymph nodal tissue and are therefore more in-
vasive than conventional TBNA. EBUS-TBNA has low 
morbidity and mortality compared to cervical mediasti-
noscopy  [27, 30, 31] . Therefore, each novel method or 
device has to be proven on safety issues. In our study of a 

  Fig. 5.  The lymph node forceps passes the bronchial wall, fixed by 
the EBUS bronchoscope and using the opposite bronchial wall as 
a counterforce. 
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new EBUS-guided lymph node forceps, no complications 
in patients or with endoscopes were observed. However, 
the presence of blood vessels in the target area of EBUS-
TBFB should be carefully investigated by Doppler sonog-
raphy.

  It is important to point out that EBUS-TBFB is a 
promising technique, but it does require advanced bron-
choscopic skills and leads to an extended examination 
time, albeit minimal. One limitation of this study is the 
lack of rapid onsite evaluation of the TBNA specimens, 
which could have improved the diagnostic yield of 
EBUS-TBNA. 

  In conclusion, the use of a dedicated two-in-one lymph 
node forceps to perform EBUS-guided TBFB is feasible, 
safe, and it provides histologic specimens even of slightly 
enlarged mediastinal or hilar lymph nodes. The diagnos-
tic yield is significantly increased in benign diseases com-
pared to EBUS-TBNA alone.
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