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standards, maximize the yield and identify areas for research. 
 Methods:  Systematic electronic database searches were 
conducted to identify relevant studies for inclusion in the 
guideline [PubMed and the Cochrane Library (including the 
Cochrane Database of Systematic Reviews)].  Main Results:  
The number of needle aspirations with both conventional 
TBNA and EBUS-TBNA was found to impact the diagnostic 

 Abstract 

  Rationale:  Conventional transbronchial needle aspiration 
(TBNA) and endobronchial ultrasound (EBUS)-TBNA are 
widely accepted tools for the diagnosis and staging of lung 
cancer and the initial procedure of choice for staging. Ob-
taining adequate specimens is key to provide a specific his-
tologic and molecular diagnosis of lung cancer.  Objectives:  
To develop practice guidelines on the acquisition and prep-
aration of conventional TBNA and EBUS-TBNA specimens for 
the diagnosis and molecular testing of (suspected) lung can-
cer. We hope to improve the global unification of procedure 
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yield, with at least 3 passes needed for optimal performance. 
Neither needle gauge nor the use of miniforceps, the use of 
suction or the type of sedation/anesthesia has been found 
to improve the diagnostic yield for lung cancer. The use of 
rapid on-site cytology examination does not increase the di-
agnostic yield. Molecular analysis (i.e. EGFR, KRAS and ALK) 
can be routinely performed on the majority of cytological 
samples obtained by EBUS-TBNA and conventional TBNA. 
There does not appear to be a superior method for specimen 
preparation (i.e. slide staining, cell blocks or core tissue). It is 
likely that optimal specimen preparation may vary between 
institutions depending on the expertise of pathology col-
leagues.  © 2014 S. Karger AG, Basel 

 Introduction 

 Clinical evidence-based guidelines are an important 
contribution to health care worldwide. Many national 
and international associations have published procedures 
or teaching guidelines to guide interventional pulmo-
nologists, chest physicians and surgeons performing 
bronchoscopy or endobronchial ultrasound (EBUS). 
Nevertheless, there are currently considerable differences 
in the practice of these procedures worldwide. The World 
Association for Bronchology and Interventional Pulmo-
nology (WABIP) Executive Board believes that its role in 
promoting the art and science of bronchology and inter-
ventional pulmonology warrants that the WABIP pro-
poses a guideline to specifically address specimen han-
dling of material obtained by conventional transbronchi-
al needle aspiration (TBNA) and EBUS-guided TBNA.

  Conventional TBNA has been used for many decades 
for the diagnosis and staging of lung cancer. In the last 
few years, EBUS-guided TBNA has been successfully in-
troduced into our daily clinical practice. These techniques 
are of particular interest in patients with suspected lung 
cancer, centrally located tumors, sarcoidosis and other 
diseases accompanied by mediastinal or hilar lymphade-
nopathy and localized mediastinal diseases. Early EBUS 
studies have focused on assessing the accuracy and safety 
of the technique. The highly convincing results have led 
to incorporating this technique as a first step in the diag-
nosis and staging of patients with (suspected) lung cancer 
 [1, 2] . Surgical staging procedures such as cervical medi-
astinoscopy can thus be reserved for cases with highly 
suspicious mediastinal nodes (pathologic by either CT 
and/or PET scan) after a negative endosonographic stag-
ing and for restaging procedures after induction therapy. 

The recommendations for a cervical mediastinoscopy 
state that surgeons need to sample both contralateral and 
ipsilateral nodes plus the subcarinal region in every case, 
but adherence to these guidelines is low  [3–5] . Given the 
importance of obtaining adequate tissue for diagnosis, ac-
curate and complete staging with EBUS-guided TBNA, 
optimal specimen acquisition and preparation are key 
 [6] . In addition, treatment planning including the use of 
targeted therapies and chemotherapy regimens critically 
depends on the availability of adequate specimen sam-
ples. With this document, we aim to present a practical 
evidence-based guideline to optimize procedure outcome 
in daily clinical practice, stimulate standardization of 
specimen handling techniques and provide a practical 
procedure description.

  Methods 

 Systematic electronic database searches were conducted in or-
der to identify potentially relevant studies for inclusion in the 
guideline. For each topic area, the following databases were 
searched: PubMed and the Cochrane Library (from 1992; includ-
ing the Cochrane Database of Systematic Reviews). Searches were 
first run in September 2012. They were saved and run on a month-
ly basis to identify newly published literature to date and last up-
dated in January 2014. Searches included a combination of index 
and free text terms, and were limited to English language publica-
tions only. The initial search identified 780 potential papers using 
the following search terms: ‘lung neoplasms’ [Mesh], lung cancer 
or nsclc, and tbna, transbronchial needle aspiration, ebus, endo-
bronchial ultrasound, ebus, ebus-tbna, endosonography’ [Mesh].

  Within this set of papers, additional searches were performed 
to address specific questions. Furthermore, references from indi-
vidual papers were scanned, and additional papers were manually 
added to search results.

  Quality metric assessment and grading of the quality of evidence 
for clinical guidelines was performed systematically using WABIP 
check lists for case series and cross-sectional studies, the National 
Institute for Health and Clinical Excellence checklist, and the obser-
vational study methodology assessment and the clinical guideline 
grading system of the American College Chest Physicians.

  The following four   patient investigation/intervention compar-
ator outcome (PICO) questions were formulated:

  PICO Questions 1–4

  (1) Among patients with known or suspected lung cancer, do 
conventional TBNA and EBUS-guided TBNA acquisition 
techniques [number of aspirates per target, needle type, use 
of miniforceps, use of suction, type of sedation, time spent 
inside the node and number of revolutions in the node (nee-
dle movements from the proximal to the distal side of the 
lymph node, LN)] affect the quantity and quality of the spec-
imen for diagnosis?
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  (2) Among patients with known or suspected lung cancer, do 
conventional TBNA and EBUS-guided TBNA specimen 
preparation techniques (cytology slides, core tissue and cell 
block) affect the quantity and quality of the specimen for 
diagnosis?

  (3) Among patients with known or suspected lung cancer who 
undergo conventional TBNA or EBUS-guided TBNA, does 
rapid on-site cytology examination (ROSE) affect the quan-
tity, quality and yield of the specimens for diagnosis?

  (4) Among patients with known lung cancer, do conventional 
TBNA and EBUS-TBNA acquisition techniques (as de-
scribed in PICO 1), specimen preparation techniques (as de-
scribed in PICO 2) or ROSE (as described in PICO 3) affect 
the ability to perform molecular testing (i.e. EGFR/ALK but 
also other markers with predictive/prognostic information, 
such as KRAS, ERCC1, RRM1, TS, PIK3CA and MET, for 
example)?

  Results of PICO Question 1 

  Among patients with known or suspected lung cancer, 
do conventional TBNA and EBUS-TBNA acquisition tech-
niques [number of aspirates per LN, needle type, use of 
miniforceps, use of suction, type of sedation, time spent in-
side the node and number of revolutions inside the node 

(needle movements from the proximal to the distal side of 
the lymph node, LN)] affect the quantity and quality of the 
specimen for diagnosis? 

  Several aspects of the TBNA and EBUS-TBNA acqui-
sition technique have been identified and studied. Hence, 
this question has been further divided into multiple sub-
questions as follows:

  Does the number of aspirates per LN affect the diagnos-
tic yield, quantity or quality of the obtained specimen? 

 Yes ( table 1 ).
  A prospective study by Lee et al.  [7]  of EBUS-TBNA 

for mediastinal staging of patients with non-small cell 
lung cancer (NSCLC) showed that 100% adequacy and 
95% sensitivity were achieved with 3 aspirations per LN 
and did not increase with a 4th. In this study, EBUS-
TBNA was performed for mediastinal staging of lung 
cancer in potentially operable patients with LN with a 
short axis of 5–20 mm on CT.

  Regarding conventional TBNA, two prospective ob-
servational studies  [8, 9]  showed a maximum diagnostic 
yield >95% when 4 aspirations per target were per-
formed. In the study by Diacon et al.  [8] , the overall di-
agnostic yield of conventional TBNA was 75%. How-

 Table 1.  Specimen acquisition techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters, and 
quality indicators: does the number of aspirates per LN/target lesion affect the diagnostic yield?

First 
author

Study design Population Inter-
vention

Com-
parator

Primary
objective
(endpoint)

Outcome Quality 
metric 
indicator

Lee
[7]
2008

Prospective, 
experimental, 
non-randomized
trial

Patients requiring 
EBUS-TBNA for 
mediastinal staging 
of NSCLC
102 patients,
163 LN

EBUS-
TBNA

Asp. 
1 – 4

Determine the number 
of Asp. needed for an 
optimal diagnostic yield

Sensitivity: 1 Asp. = 69.7%; 
2 Asp. 83.7%; 3 Asp. 95.3%; 
4 Asp. 95.3%,
adequacy reached 100% 
with 3 Asp.;
maximal diagnostic values 
reached with 3 Asp.

Good

Diacon 
[8]
2007

Prospective, 
experimental, 
non-randomized
trial

All patients under-
going blind TBNA
245 patients 
374 targets 
(including both 
peritracheo- and 
endobronchial)

cTBNA Asp. 
1 – 5

Determine the number 
of Asp. needed for an 
optimal diagnostic yield

75% overall diagnosis with 
blind TBNA: of the 
diagnostic ones, the yield per 
Asp. was: 
1 Asp. = 64.5%; 2 Asp. 87.4%;
3 Asp. 95.5%; 4 Asp. 98.4%;
5 Asp. 99.4%

Fair

Chin 
[9]
2002

Prospective, 
experimental, 
non-randomized
trial

Patients with known 
or suspected lung 
carcinoma and 
mediastinal 
adenopathy 
79 patients

cTBNA 
22 G

Multiple
Asp.
(2 – 13)

Determine the number 
of Asp. needed for an 
optimal diagnostic yield

Yield per Asp.: 1 Asp. 53%; 
2 Asp. 78%; 3 Asp. 86%; 
4 Asp. 97%; 5 Asp. 97%; 
6 Asp. 97%; 8 Asp. 98%;
most diagnoses are obtained 
by the 4th Asp.

Fair

Asp. = Aspirations; cTBNA = conventional TBNA. 
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ever, since no surgical confirmation for negative results 
was obtained, sensitivity is unknown. The cumulative 
yield was 95% for 3 aspirations and 98% for 4 aspira-
tions. They concluded that 3 transbronchial needle as-
pirates per site are appropriate when only tissue diagno-
sis is sought and when alternative sites or sampling mo-

dalities are available. At least 4 or 5 aspirates should be 
carried out at LN stations critical for the staging of lung 
cancer.

  The study by Chin et al.  [9]  showed an overall diagnos-
tic yield of 57% (patient based). When 3 and 4 aspirations 
were performed, the cumulative proportions of the yield 

 Table 2.  Specimen acquisition techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters and 
quality indicators: does needle type or needle size affect the diagnostic yield?

First 
author

Study design Population Intervention Comparator Primary
objective
(endpoint)

Outcome Quality
metric 
indicator 

Nakajima
[12]
2011

Retrospective
study

Enlarged 
mediastinal 
or hilar LN, 
mediastinal tumors 
and lung tumors
(n = 33)

EBUS 
21 G
(n = 33);
both needles 
used in same 
patient/target

EBUS 
22 G
(n = 33);
both needles 
used in same 
patient/target

Diagnostic yield, 
sample quality 
and quantity

Diagnostic yield for 
malignancy; 100 vs. 100%;
quality sample: more blood 
contamination with 21 G 
(73% targets);
cytology quantity: more 
adequate cells with 21 G;
histologic diagnosis: similar;
sensitivity (22 vs. 21 G): 
91 vs. 100%; 
quantity of histologic tissue 
also similar

Poor

Saji
[13]
2011

Prospective,
experimental, 
non-
randomized
trial

Enlarged 
mediastinal 
or hilar LN, PET+ 
LN

EBUS 
21 G
(n = 24)

EBUS 
22 G
(n = 32)

Diagnostic yield Accuracy in cytology (21 vs. 
22 G): 91.7 vs. 65.6% (p = 0.02);
accuracy in histology 
(21 vs. 22 G): 95.8 vs. 81.3% 
(p = 0.11)

Poor

Yarmus
[11]
2013

Retrospective
study

Enlarged 
mediastinal 
or hilar LN 
(AQuIRE 
Data Registry)

EBUS 
21 G
(n = 249)

EBUS 
22 G
(n = 995)

Diagnostic yield
and sample 
adequacy 
(per LN analysis)

No difference in either 
adequacy or diagnostic yield 
(both per patient and per LN 
analysis) by multivariate 
hierarchical logistic regression 
models

Fair

Oki
[10]
2011

Prospective,
experimental
RCT

Enlarged 
mediastinal 
or hilar LN, 
or paratracheal 
tumors (n = 60)

EBUS 
21 G
(n = 30)

EBUS 
22 G
(n = 30)

Adequacy and 
diagnostic yield of 
‘histologic’ 
specimens

Diagnostic yield (histology/
cytology combined: 
21 vs. 22 G): 70 vs. 73% (p = 
0.78);
adequacy of histologic 
specimen (21 vs. 22 G): 
72 vs. 78% (p = 0.4)

Fair

Shenk
[14]
1993

Prospective,
experimental,
non-
randomized
trial

Mediastinal staging 
of lung cancer
(n = 64)

Conventional 
TBNA 19 G;
both needles 
used in same 
targets

Conventional 
TBNA 22 G;
both needles 
used in same 
targets

Sensitivity 19 vs. 22 G: 85.5 vs. 52.7% 
(p = 0.0001)
TBNA 22 G (3 – 4 needle 
passes) always performed as 
the first procedure, TBNA 19 G 
(3 – 4 needle passes) performed 
afterwards using the hole made 
by 22-gauge needle

Poor

Harrow
[15]
2000

Prospective,
experimental,
non-
randomized 
trial

360 patients with 
known/suspected 
lung cancer 
undergoing 
mediastinal staging

Conventional 
TBNA with 
cytology 
needles 
(21 or 22 G)

Blind TBNA 
histology 
needles
(19 G)

Sensitivity and 
predictors of a 
positive TBNA 
aspirate in 
mediastinal staging 
of lung cancer

Sensitivity (19 vs. 21/22 G): 
57 vs. 41% 

Poor
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were 86% (50/58) and 93% (54/58), respectively. All pos-
itive results were achieved with 7 or fewer aspirates. They 
concluded that there is a plateau in yield after 7 trans-
bronchial needle aspirates, which may be sufficient to ob-
tain an optimal yield in assessing patients with lung can-
cer and mediastinal adenopathies.

  Does the needle size affect the diagnostic yield, quantity 
or quality of the specimen? 

 No ( table 2 ).
  The only prospective randomized controlled trial 

(RCT) that analyzed this topic  [10]  failed to find a sig-
nificant difference between EBUS-TBNA performed with 
a 22- and 21-gauge needle. The diagnostic yield was 70% 
with the 21-gauge needle and 73% with the 22-gauge nee-
dle (p = 0.78). They also failed to find a difference in
the adequacy of histologic specimens [72 (21 G) vs. 78% 
(22 G); p = 0.4]. Of note, this was a small study and prob-
ably underpowered to detect a small but clinically signif-
icant difference.

  Two retrospective studies  [11, 12]  had similar results, 
also failing to find a difference in the overall diagnostic 
yield between EBUS-TBNA using 22- and 21-gauge nee-
dles. The study by Yarmus et al.  [11]  analyzed data from 
the AQuIRE (American College of Chest Physicians 
Quality Improvement Registry, Evaluation and Educa-
tion) Data Registry with multicenter contributions; 249 
procedures were performed with 21-gauge needles, and 
995 were performed with 22-gauge needles. No differenc-
es in either sample adequacy (per LN analysis) or diag-
nostic yield (both per patient and per LN analysis) were 
found. A small, prospective, nonrandomized study com-
paring EBUS-TBNA with 21- and 22-gauge needles
found a greater accuracy in cytology specimens obtained 
with the 21-gauge needle (91.7 vs. 65.6%; p = 0.02)  [13] . 
However, this was a small trial biased by the lack of ran-
domization and with a substandard accuracy for samples 
obtained with the 22-gauge needles.

  As for the influence of needle size on the diagnostic 
yield of conventional TBNA, the literature suggests that 
better success rates are obtained with the use of 19-gauge 
needles, as compared with 22-gauge needles, but these 
results come from a limited number of observational tri-
als subjected to significant bias, and most studies lack 
randomization  [14–17] .

  Does the use of forceps affect the diagnostic yield, quan-
tity or quality of the specimen in patients with known or 
suspected lung cancer? 

 No ( table 3 ).

  Unfortunately, the few available studies on the use of 
EBUS forceps for LN biopsy focus on patients with a ‘low 
probability of lung cancer’  [18–22] . This is likely based on 
the potential benefit of obtaining histology for patients 
with benign disease and lymphomas. Chrissian et al.  [18]  
compared EBUS-TBNA and EBUS miniforceps biopsy 
(MFB, with a diameter of 1 mm) performed in the same 
LN (in tandem) and found no difference in the overall 
diagnostic yield (EBUS-TBNA 81% vs. EBUS-MFB 91%; 
p = 0.09). They did report an increase in the overall yield 
with the combination of EBUS-TBNA and MFB versus 
EBUS-TBNA alone (97 vs. 81%, respectively; p < 0.001), 
but only 25 out of 74 examined LN were malignant. They 
also reported an increase in the yield for malignancies 
with EBUS-MFB (96 vs. 68%; p = 0.008), though this dif-
ference seemed to arise particularly from 4 cases of lym-
phoma that were all diagnosed using EBUS-MFB but 
were missed by EBUS-TBNA (100 vs. 0%). There were no 
differences in the yield for benign diseases (88% for both 
techniques). Darwiche et al.  [20]  performed a similar 
study with a newly developed LN forceps, which is shaped 
like a needle when in the closed position, to allow for bet-
ter wall penetration. However, they failed to find an in-
crease in the overall yield (EBUS-TBNA 71% vs. EBUS 
forceps 83%; nonsignificant, NS) and also found no in-
crease in the yield for malignancies (EBUS-TBNA 80% vs. 
EBUS forceps 75%; p = NS), but in this study no patients 
with lymphoma were included. Yet, they did report an 
increased yield for granuloma detection indicating sar-
coidosis (EBUS-TBNA 61% vs. EBUS forceps 89%; p < 
0.05), but this seemed to be secondary to their very low 
yield with EBUS-TBNA, which was substantially lower 
than in previous reports in the literature  [23–25] . Herth 
et al.  [21]  also suggested that the use of a 1.15-mm mini-
forceps increased the diagnostic yield in patients with sar-
coidosis (from 36 to 88%) or lymphoma (from 35 to 81%) 
in a series of 75 patients not suspected of having lung 
cancer, and, in a noncontrolled case series, the use of a 
bevel-tip needle forceps was studied  [22] . Finally, a recent 
retrospective study performed by Wang et al.  [26]  com-
paring conventional EBUS-TBNA to EBUS-MFB in a 
population with 59% malignant disease showed that di-
agnostic yield was equal in both groups (94 vs. 95%, re-
spectively). Furthermore, they found that EBUS-TBNA 
rendered enough material for a diagnosis in 453/476 cas-
es, thus negating the need for the additional MFB biopsy 
 [26] . In conclusion, the use of a miniforceps does not 
seem to influence the diagnostic yield in lung cancer but 
may be useful in patients with a suspected lymphoma or 
sarcoidosis.
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  Does the use of suction affect the quantity and quality 
of the specimen, or the diagnostic yield? 

 No ( table 4 ).
  A prospective trial conducted by Casal et al.  [27]  

compared EBUS-TBNA with EBUS biopsy without as-
piration, referring to the latter as ‘transbronchial needle 

capillary sampling’ (TBNCS). Both techniques were 
employed in each LN, and the order in which they were 
performed was randomized to avoid the ‘first-pass’ ef-
fect. The authors reported no difference in sample ad-
equacy, sample quality, diagnostic yield and specific di-
agnostic yield for malignancy  [27] . A smaller prospec-

 Table 3.  Specimen acquisition techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters and 
quality indicators: does the use of miniforceps biopsy (MFB) affect the EBUS-TBNA diagnostic yield?

First
author

Study design Population Intervention Comparator Primary
objective
(endpoint)

Outcome Quality 
metric 
indicator

Chrissian
[18]
2011

Prospective,
experimental,
non-
randomized
trial

Mediastinal or 
hilar LN with ‘low 
suspicion for lung 
cancer’
50 patients

EBUS-MFB;
both MFB and 
TBNA done in 
the same 74 LN

EBUS-TBNA Diagnostic yield 
of EBUS-MFB 
vs. TBNA, and 
combination of 
both vs. EBUS-
TBNA alone
(per LN analysis)

No difference in ‘overall’ yield of 
EBUS-MFB (91%) vs. EBUS-
TBNA (81%; p = 0.09);
combined EBUS-MFB/TBNA 
had higher overall yield (97%) 
than EBUS-TBNA alone (81%; 
p < 0.001)

Poor

Franke
[19]
2012

Prospective, 
experimental,
non-
randomized
trial

Enlarged 
mediastinal or 
hilar LN of 
unclear etiology
50 patients

EBUS-MFB;
both MFB and 
TBNA done in 
the same targets

EBUS-TBNA Diagnostic yield 
of EBUS-MFB 
vs. TBNA, and 
combination of 
both vs. EBUS-
TBNA alone

EBUS-TBNA (65.5%) vs. EBUS-
MFB (82.8%); the 65.5% yield of 
EBUS-TBNA is much lower than 
that of most published studies; 
of note, this is a selected 
population with a low rate of 
lung cancer; difference in yield 
arising in non-lung cancer 
patients (e.g. sarcoidosis, 
lymphoma or TB)

Poor

Herth
[22]
2012

Prospective
case series

Enlarged and 
PET+ mediastinal 
or hilar LN 
50 patients

Transbronchial 
needle forceps
(a forceps that 
has a beveled tip 
to penetrate the 
airway wall)

None Pilot study: 
ability to 
penetrate wall/to 
obtain histology 
specimen;
diagnostic yield
safety

Diagnostic yield: 86%, 
able to penetrate wall in 48/50, 
no complications

Poor

Darwiche
[20]
2013

Prospective,
experimental, 
non-
randomized
trial

Suspected lung 
cancer, sarcoidosis 
or lymphoma  
48 patients

EBUS-MFB;
all patients 
underwent 
EBUS-TBNA 
followed by 
EBUS-MFB

EBUS-TBNA Diagnostic yield Overall diagnostic yield: EBUS-
TBNA 71% vs. EBUS-MFB 83% 
(p = NS);
diagnostic yield for malignancy: 
EBUS-TBNA (80%) vs. EBUS-
MFB (75%; p = NS);
diagnostic yield for sarcoidosis: 
EBUS-TBNA (61%) vs. EBUS-
MFB (89%; p < 0.05)

Poor

Herth 
[21]
2008

Prospective,
experimental,
non-
randomized
trial

Subcarinal masses 
with ‘low suspicion 
for lung cancer’ 
75 patients

EBUS-MFB;
in the same 
target, EBUS-
TBNA, followed 
by blind 19-gauge 
needle, followed 
by MFB

EBUS-TBNA 
(22 G) and 
blind TBNA 
(19 G) 

Diagnostic yield Overall yield: EBUS-TBNA 
(36%) vs. TBNA (19 G: 49%) vs. 
MFB (88%);
sensitivity for sarcoidosis: EBUS-
TBNA (24%) vs. TBNA (19 G: 
36%) vs. MFB (88%);
sensitivity for lymphoma: EBUS-
TBNA (11%) vs. TBNA (19 G: 
35%) vs. MFB (81%);
14/75 (19%) of patients had lung 
cancer (SCLC)

Poor
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tive study by Boonsarngsuk et al.  [28]  compared 
EBUS-TBNA with different levels of pressure: 0 (no 
suction), and –20 and –40 cm H 2 O. In this study, only 
1 biopsy was performed at each LN with a different 
pressure level (0, and –20 and –40 cm H 2 O). The diag-
nostic yield of EBUS-TBNA with –20 and –40 cm H 2 O 
was comparable (75.8 and 83.3%, respectively), but 
higher than EBUS with no aspiration (63.6%). Howev-
er, this difference might arise from the low rate of ad-
equate samples obtained by the authors when they em-
ployed no suction (71%), which was much lower than 
that reported by Casal et al.  [27]  (88%) and Rodriguez 
et al.  [29]  (95.5%).

  Does sedation/anesthesia type influence the quality of 
the specimen or the diagnostic yield? 

 No ( table 5 ).
  Data about the influence of the type of sedation/an-

esthesia on the yield of EBUS-TBNA are mostly based 
on retrospective studies and are largely inconsistent 
 [30–32] . Adequate published data to address this ques-
tion are lacking at the time these guidelines are estab-
lished. A major concern is the lack of studies where com-

plete mediastinal sampling is performed with sampling 
of an adequate number of LN regions (minimal 4L, 4R 
and 7 LN  ≥ 5 mm). Hypothetically, the use of general 
anesthesia (GA) may facilitate performing a complete 
staging procedure meeting these minimal requirements 
stated in the guidelines of the European Society of Tho-
racic Surgeons  [3] . The only prospective RCT on this 
topic is available as an abstract that has been accepted at 
the 18th World Congress for Bronchology and Interven-
tional Pulmonology. This abstract reports preliminary 
interim results from a large prospective RCT performed 
by Casal et al.  [27] . In their study, adults with an indica-
tion for EBUS-TBNA of mediastinal or hilar LN were 
randomized (1:   1) to undergo the procedure under GA 
versus moderate sedation (MS). Cytologists were blind-
ed to the randomization arm. The main objectives were 
diagnostic yield and sensitivity. A total of 57 procedures 
were performed under GA and 52 under MS by the time 
of the interim analysis. The median age of patients was 
65 years (range 46–77) and 66 years (range 43–84) in the 
GA and MS groups, respectively. There were no signifi-
cant differences in baseline comorbidities and American 
Society of Anesthesiologist scores. There were no differ-

 Table 4.  Specimen acquisition techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters and 
quality indicators: does the use of suction affect the quantity and quality of the specimen, or the diagnostic yield? 

First
author

Study design Population Intervention Comparator Primary
objective 
(endpoint)

Outcome Quality 
metric 
indicator

Casal
[27]
2012

Prospective,
experimental
RCT

Enlarged 
mediastinal or 
hilar LN 
192 LN
115 patients

EBUS-TBNA 
and -TBNCS; 
both techniques 
utilized in each 
LN, order 
randomized

EBUS-TBNA Sample 
adequacy, 
sample 
quality and 
diagnostic 
yield (per LN 
analysis)

Adequate samples in 88% with both 
techniques, concordance rate 84%;
diagnostic yield 36% with TBNA 
and 34% with TBNCS, concordance 
rate 95.8%;
diagnosis of malignancy 28% with 
TBNA and 26% with TBNCS, 
concordance rate 97.9%;
sample quality: no difference in 
rates of poor, good and superior 
samples (Mair’s score)

Good

Rodriguez
[29]
2013 

Prospective,
experimental
non-
randomized

Patients with 
mediastinal 
LN or masses
38 patients

EBUS-TBNCS None Adequate sample: 95.5%;
specific diagnosis: 84.1%

Poor

Boonsarngsuk
[28]
2013

Prospective,
experimental
non-
randomized

Enlarged 
mediastinal or 
hilar LN 
66 LN
66 patients

EBUS with 0, 
–20, and –40 ml 
of aspiration 
pressure in a 
syringe (only 1 
aspiration at 
each level per 
LN)

Same Diagnostic 
yield and 
sample 
adequacy and 
quantity at 
each pressure 
level 

Sample adequacy: 0 (71%), 20 
(81.8%) and 40 ml (91%);
diagnostic yield: 0 (63.6%), 20 
(75.8%) and 40 ml (83.3%)

Fair
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ences in the indications for EBUS-TBNA: diagnosis (GA 
32%/MS 31%), staging (GA 26%/MS 25%), both diagno-
sis and staging (GA 33%/MS 34%) or restaging (GA 9%/
MS 10%). Per patient, an average of 3.03 ± 1.8 LN were 
sampled in the GA group versus 2.55 ± 1.6 in the MS 
group (p = NS). The average LN size was 11 ± 6 mm 
(mean ± SD) in the GA group versus 12 ± 7 mm in the 
MS group (p = NS). Procedure time (first scope in/last 
scope out) was 25 ± 15 min in the GA group and 21 ±
9 min in the MS group (p = NS). In the MS group, the 
average dose of midazolam was 4 mg, and the average 
dose of fentanyl was 100 μg. Samples were adequate in 
100% of LN in the GA group versus 99.8% of LN in the 
MS group. A specific diagnosis was found in 72% of pa-
tients in the GA group versus 67% in the MS group (p = 
NS). Sensitivity was 98% in the GA group and 94% in the 
MS group (p = NS). Malignancy was found in 61% of GA 
group and 51% of MS group. There were no EBUS-
related complications in either group. Sedation-/anes-
thesia-related complications were only minor (transient 
hypoxemia, hypertension and tachyarrhythmia), and 
more common in the MS group (25 vs. 7%; p < 0.05). 
After the procedure, patients’ tolerance was assessed 
with a Likert scale questionnaire, and no significant dif-
ference was found. Based on these preliminary results 
from this RCT, the type of anesthesia seems to have no 
influence on the diagnostic yield of EBUS-TBNA, but a 
greater rate of minor sedation-related complications 
was detected in the MS group.

  Does the time spent inside the node or number of revo-
lutions inside the node affect the diagnostic yield? 

 We have found no published studies on these aspects 
of the technique.

  Summary 
 The effect of different aspects of the specimen acqui-

sition technique with TBNA and EBUS-TBNA on the 
diagnostic yield was studied. There is enough evidence 
that 3 aspirations with EBUS-TBNA and 3–4 aspira-
tions with conventional TBNA provide near the maxi-
mum yield, well above 90% of what is achievable by 
these techniques. Needle size (22 vs. 21 G) does not 
seem to influence the diagnostic yield according to a 
small prospective RCT and other retrospective reviews. 
Larger needles (18 and 19 G), which are typically uti-
lized with conventional TBNA, are more likely to pro-
vide histologic cores. The use of forceps (miniforceps 
and needle forceps) was mainly described in a popula-
tion with low risk of lung cancer. The results do not sup-
port its routine use in patients with known or suspected 
lung cancer. Most centers of expertise reserve this tool 
for cases where histology is strictly required (i.e. Hodg-
kin lymphoma). The diagnostic yield, sample adequacy 
and quality are similar when EBUS-TBNA biopsies are 
performed with negative pressure and without (TBNCS) 
aspiration.

  We found no data investigating the effect of time spent 
inside the node or the number of revolutions inside the 

 Table 5.  Specimen acquisition techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters and 
quality indicators: does sedation/anesthesia type influence the diagnostic yield?

First 
author

Study design Population Intervention Comparator Primary 
objective 
(endpoint)

Outcome Quality 
metric 
indicator

Yarmus
[30]
2013

Retrospective
review

All patients
undergoing EBUS
in two institutions

EBUS-MS
n = 146
(one 
institution)

EBUS: GA/deep 
sedation
n = 163
(other 
institution)

Sample adequacy
and diagnostic yield

EBUS-MS (66%)
vs. EBUS-GA (80; 
p < 0.01)

Poor

DePew
[31]
2012

Retrospective All EBUS performed 
in one institution in 
a specific period

Propofol 
n = 715 (73% 
of patients)

Midazolam/
fentanyl

Identify determinants 
of diagnostic yield 
and sample adequacy

They only report no
impact in yield, 
(p = 0.9; no specific 
numbers given)

Poor

Ost 
[32]
2011

Retrospective
study

Enlarged mediastinal
or hilar LN 
(AQuIRE Data 
Registry)

EBUS-MS
n = 310

EBUS-GA
n = 581

Determine risk-
adjusted diagnostic 
yield

Diagnostic yield:
MS (46%) vs. GA 
(52%; p = 0.08); GA 
is associated with 
significantly more 
and smaller LNs 
sampled (p < 0.001)

Poor
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node, but, intuitively, a more prolonged sampling or 
higher number of needle revolutions may increase the 
risk of a bloody specimen.

  Based on the preliminary results of a large RCT, the 
type of anesthesia does not seem to influence the diagnos-
tic yield of EBUS-TBNA. 

  Recommendations 

  In patients with known or suspected lung cancer and en-
larged mediastinal or hilar lymphadenopathies, or centrally 
located lung masses:

 •  At least 3 aspirates per nodal station are recommended with 
EBUS-TBNA for lung cancer staging when ROSE is not 
available and at least 3–4 aspirates for conventional TBNA. 
  Grade 1B 

 •  There is not enough evidence to recommend any needle size 
over another for EBUS-TBNA, whereas evidence of limited 
quality suggests that 19-gauge needles used for convention-
al TBNA are more likely to provide histologic cores and pos-
sibly better success rates.   Grade 2C 

 •  There is not enough evidence to recommend the routine
use of miniforceps or needle forceps for EBUS biopsies. 
  Grade 2C 

 •  There is not enough evidence to recommend for or against 
the use of suction with EBUS biopsies for diagnostic pur-
poses.   Grade 1B 

 •  There is not enough evidence to recommend for or against 
any type of anesthesia.   Grade 1B 

  Results of PICO Question 2 

  Among patients with known or suspected lung cancer, 
do conventional TBNA and EBUS-TBNA specimen prep-
aration techniques (cytology slides, core tissue and cell 
block) affect the quantity and quality of the specimen for 
diagnosis? 

  Several aspects of TBNA and EBUS-TBNA specimen 
preparation techniques have been identified and studied. 
Hence, this question has been further divided into mul-
tiple subquestions as follows:

  Do either cell block or tissue core techniques perform 
better in terms of diagnosis of lung cancer? 

 No ( table 6 ).
  We have not identified any trial directly comparing 

these two techniques and all identified studies were ret-
rospective in nature. However, both techniques have 
been shown valuable for histologic diagnosis  [33–42] .

  Numerous studies report the ability to prepare a cell 
block for morphologic and immunohistochemical 
(IHC) analysis. Yung et al.  [33]  have described the ‘tis-

sue coagulum clot cell block’ (TCC-CB), where mate-
rial collected by TBNA is expelled onto filter paper, al-
lowed to congeal, then placed into formalin and pro-
cessed as a histology specimen. In their study, they 
describe the rate of nondiagnostic specimens being sig-
nificantly lower when the TCC-CB method was used 
(11%) compared to when a cell block was prepared by 
saline rinse of the needle lumen (43%)  [33] . However, 
their observed rate of nondiagnostic specimens is mark-
edly higher for cell block specimens compared with 
other reports where cell blocks have been formed by 
extruding material directly into formalin  [39] , liquid 
fixative  [38, 43]  or saline  [40] . In these studies, diagnos-
tic adequacy is equal to or exceeds that reported for the 
TCC-CB method.

  Is there an optimal slide preparation technique and 
staining method? 

 No ( table 7 ).
  Very few studies have examined this question. One 

study  [44]  suggested that the less costly and labor-in-
tensive method of Wright-Giemsa staining for ROSE 
provided equivalent diagnostic and quality perfor-
mance compared to Papanicolaou staining. Another 
study  [42]  suggested that liquid-based cytology was re-
source saving in that only 1 slide required preparing 
and examination (compared to 7 for Papanicolaou 
staining), and that pathology reporting time may be re-
duced by up to 20 min per case. In studies identified by 
the literature search, multiple methods are used, in-
cluding Papanicolaou, Wright-Giemsa and rapid Ro-
manowsky staining, all of which appear to offer reason-
able diagnostic performance. There is no quality evi-
dence to suggest any particular method is preferable to 
others.

  Summary 
 Multiple techniques for specimen acquisition and 

preparation have been reported in the literature though 
no direct comparisons of these techniques have been per-
formed. Cytology slides are generally adequate for the di-
agnosis of malignancies and NSCLC subclassification, 
though the use of specimen preparation techniques that 
allow cell block formation in general improve the ability 
to determine NSCLC subclassification  [6, 45, 46] . When 
needed, the smear used for ROSE can be destained and 
used for definitive cytological assessment (and immuno-
cytochemistry or molecular pathology).

  There does not appear to be a superior method for 
specimen preparation. It is likely that optimal specimen 
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 Table 6.  Specimen preparation techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters and 
quality indicators: do either cell block or core tissue techniques perform better in terms of diagnosis of lung cancer?

First 
author

Study design Population Intervention Comparator Primary
objective
(endpoint)

Outcome Quality 
metric 
indicator

Yung
[33]
2012

Retrospective, 
observational 
cohort study

Patients 
undergoing EBUS-
TBNA for the 
evaluation of 
suspected thoracic 
malignancy

TCC-CB NSR-CB Rate of 
diagnostic/
adequate 
specimens

Diagnostic rate was 88.7% (94/106 
cases) using the TCC-CB vs. 56.4% 
(22/39 cases) using NSR-CB; 
unfortunately, NSR-CB yield was 
much lower than typically reported

Poor

Sanz-
Santos
[34]
2012

Retrospective, 
observational 
cohort study

EBUS-TBNA of 
mediastinum for 
Dx/staging NSCLC

CB Pap. 
smear

Diagnostic/
adequate 
specimen

Where CB was available, Dx rate 
was 7.7% higher than in patients in 
whom only smears were available

Fair

Amin
[35]
2013

Retrospective, 
observational 
cohort study

Not stated ‘Blood clot
core’ (similar
to TCC-CB)

Pap. 
smear

Diagnostic 
yield/
specimen 
adequacy

Evaluation of blood clot core 
achieved increase of 7% compared 
to smear alone (p = NS)

Fair

Wallace
[36]
2011

Retrospective, 
observational 
cohort study

EBUS-diagnosed 
NSCLC in patients 
who had separate 
biopsies to serve as 
references

CB No CB Accuracy 
of cell 
typing

CB superior to smear; 
IHC superior to both

Fair

Tournoy
[37]
2012

Retrospective, 
observational 
cohort study

EBUS-diagnosed 
NSCLC in patients 
who had separate 
biopsies to serve as 
references

CB No CB Accuracy 
of cell 
typing

Use of CB improves ability to 
subclassify NSCLC

Fair

Navani
[38]
2012

Multicenter 
retrospective, 
observational 
cohort study

Patients with 
suspected 
NSCLC

HE IHC Ability to 
classify 
NSCLC 
subtype

IHC significantly lowers rate of 
NOS

Good

Steinfort
[39]
2012

Retrospective, 
observational 
cohort study

Patients in whom 
EBUS-TBNA 
demonstrated 
NSCLC

Smear vs. HE 
vs. IHC

IHC Interobserver 
variability in 
assessment of 
NSCLC 
subtype

IHC significantly improves 
interobserver variability compared 
to HE CB and smear

Good

Alici
[40]
2013

Retrospective, 
observational 
cohort study

Patients for EBUS-
TBNA in whom 
both cytol. smear 
and CB were sent 
for analysis

Smear CB Diagnostic 
sensitivity

CB preparations showed higher 
diagnostic sensitivity for NSCLC 
(84%) over smears (69%), but the 
combination (93%) was superior to 
either alone

Fair

Gauchotte
[41]
2012

Retrospective, 
observational 
cohort study

Patients with 
mediastinal 
NSCLC diagnosed 
by EBUS-TBNA

Combination 
of CB, 
cytology and 
LBC

Smear 
diagnosis 
alone

Diagnostic 
yield

Combination of smear cytology, 
LBC and CBP maximized Dx yield; 
smears and LBC, used without 
CBP, increase the risk of a 
false-negative result

Fair

Natu
[42]
2010 

Comparison of 
retrospective 
cohorts

EBUS-TBNA 
staging of NSCLC

LBC 
(CytycT2000 
processing 
unit)

Pap.
(conventional)

Overall inadequate specimen rate 
12%; 16.6% for conventional 
method, 17.2% when both 
conventional and LBC and 9.8% 
with LBC

Poor

CB = Cell block; CBP = CB preparations; Dx = diagnosis; LBC = liquid-based cytology; NSCLC = non-small cell lung cancer; 
NSR-CB = normal saline rinse CB method; Pap. = Papanicolaou.
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preparation may vary between institutions depending on 
the preferences/expertise of pathology colleagues. We 
suggest local consultation with pathologists/cytologists to 
determine their preferred method of specimen prepara-
tion.

  Multiple methods for slide preparation have been re-
ported, all of which appear to achieve similarly acceptable 
diagnostic performance. Single reports suggest cost/time/
resource benefits for the use of specific techniques though 
these require further validation.

  Recommendations 

  When performing EBUS-TBNA for the diagnosis of lung 
cancer:

 •  Where possible, we recommend placing part of the sample 
in a solution that allows for preparation of cell blocks to fa-
cilitate IHC examination for proper subclassification. The 
solution (e.g. formalin, saline or Hanks’ solution) used 
should be chosen following consultation with local and mo-
lecular pathology colleagues. Local practice and pathology 
preferences will determine the choice between cell block and 
core tissue preparation.   Grade 2C 

 •  No specific slide preparation technique performs better 
than others. We recommend local expertise and practice as 
well institution resources be considered when selecting the 
slide staining technique.   Grade 2C 

  Results of PICO Question 3 

  Among patients with known or suspected lung cancer 
who undergo conventional TBNA or EBUS-TBNA, does 
ROSE affect the quantity, quality and yield of the speci-
mens for diagnosis? 

  We identified 9 subquestions relevant for daily clinical 
practice regarding the use of ROSE in conventional TBNA 
and EBUS-TBNA in patients with suspected lung cancer 
(  table 8  ).

  Can ROSE increase the diagnostic yield? 
 No.
  The only randomized study with enough power to 

address this question showed that the diagnostic yield 
and sample adequacy of conventional TBNA was not 
altered in patients with hilar or mediastinal lymphade-
nopathy (but the number of biopsy sites and complica-
tion rate of bronchoscopy were significantly reduced in 
the ROSE group) (evidence level A)  [47] . In this study, 
the Diff-Quick staining method was used. In a smaller 
group of patients with mediastinal or hilar lymphade-
nopathy, Yarmus et al.  [48]  found no differences in the 
diagnostic yield of conventional TBNA, suggesting that 
ROSE could be reserved for selected patients. However, 
this study was insufficiently powered to detect smaller 
but clinically relevant differences in the diagnostic yield 

 Table 7.  Specimen preparation techniques for conventional TBNA and EBUS-TBNA: summary of evidence, outcome parameters and 
quality indicators: is there an optimal slide preparation technique?

First
author 

Study design Population Intervention Comparator Primary 
objective
(endpoint)

Outcome Quality 
metric 
indicator 

Louw
[44]
2012

Retrospective, 
observational
cohort

Patients with
mediastinal 
NSCLC
diagnosed by
EBUS-TBNA

WG stain
ROSE
(1 operator)

WG + Pap.
ROSE
(2 operators)

Diagnostic
yield

Staining method of ROSE did not 
significantly influence the quantity 
or quality of the material submitted 
for laboratory analysis and makes 
the process of ROSE more costly 
and labor-intensive

Fair

Natu
[42]
2010

Comparison
of retrospective 
cohorts

EBUS-TBNA 
staging of NSCLC

LBC
(CytycT2000
processing 
unit)

Pap.
(conventional)

Overall inadequate specimen rate 
was 12%; 16.6% with the 
conventional method, 17.2% when 
both conventional and LBC were 
used, and 9.8% with LBC; no 
statistical analysis performed;
LBC reported to require just 1 slide 
(compared to a median of 7 with 
Pap.) and 20 min less pathology 
reporting time

Fair

LBC = Liquid-based cytology; Pap. = Papanicolaou; WG = Wright-Giemsa.
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 Table 8.  ROSE outcome parameters in randomized trials

Reference Study design Population Intervention Comparator Primary 
objective
(endpoint)

Outcome Quality 
metric 
indicator 

Trisolini
[47]
2011

Prospective,
experimental
RCT

Enlarged 
mediastinal or 
hilar LN
(n = 168)

TBNA + 
ROSE 
(n = 83)

TBNA 
(n = 85)

Diagnostic 
yield;
secondary: 
biopsy sites

Yield: 78 vs. 75% (NS);
adequate sample 78 vs. 87% (NS);
number of TBB (IQR) 1 vs. 2 (p < 0.001);
complication rate 6 vs. 20% (p < 0.05)

Good

Yarmus
[48]
2011

Prospective,
experimental
RCT

Enlarged 
mediastinal or 
hilar LN
(n = 68)

TBNA + 
ROSE 
(n = 34)

TBNA 
(n = 34)

Diagnostic 
yield; 
secondary: 
number of 
needle passes 
and 
procedure 
time

Yield: 55 vs. 53% (NS);
adequate sample 94 vs. 88% (NS);
number of needle passes 4 vs. 4 (NS);
number of TBB (NS); procedure duration 
time and amount of sedatives needed (NS);
complication rate not reported; study was 
powered to detect differences in yield >30%

Fair 

Oki
[49]
2013

Prospective,
experimental
RCT

Enlarged 
mediastinal or 
hilar LN + 
(suspected) 
lung cancer
(n = 120)

EBUS + 
ROSE
(n = 55)

EBUS
(n = 53)

Number of 
additional 
procedures

Additional procedures 11 vs. 57% (p < 
0.001); number of aspirations 2.2 vs. 3.1 
(p < 0.001; in non-ROSE group 
predetermined to 3); procedure time 22.3 vs. 
22.1 min (NS); sensitivity 88 vs. 86% (NS);
accuracy 89 vs. 89% (NS)

Good

Mondoni
[73]
2013 

Prospective,
experimental
RCT

Central 
airway 
tumors 
(n = 125)

Endo-
bronchial 
needle + 
ROSE 
(n = 63)

EBNA
(n = 62)

EBNA vs. 
conventional 
techniques 
(forceps 
biopsy, brush 
for central 
lesions)

No blind TBNA or EBUS used in this study;
sensitivity 97 vs. 76% (p < 0.01)

Good

Louw
[44]
2012 

Retrospective,
observational

Patients 
undergoing 
TBNA
(n = 126)

WG stain 
+ ROSE 
(1 operator)

WG + Pap.
+ ROSE 
(2 operators)

Diagnostic 
yield

Staining method of ROSE did not 
significantly influence the quantity or 
quality of the material submitted for 
laboratory analysis and makes the process of 
ROSE more costly and labor-intensive

Poor

Nakajima
[53]
2013

Retrospective,
observational

Suspected or 
diagnosed 
lung cancer, 
for staging
(n = 438)

EBUS-
TBNA + 
ROSE

None To assess the 
role of ROSE 
for EBUS

Concordance rate between ROSE and final 
EBUS-TBNA in staging lung cancer 94.3%; 
no false positive by ROSE;
5.7% false negative by ROSE;
Diff-Quick was used for ROSE, additional 
Pap. for final cytology result

Good

Diacon
[51]
2005 

Prospective
cohort

110 patients 
with enlarged 
LN or 
peribronchial 
or peripheral 
lesions

TBNA + 
ROSE 

Hypothetical 
procedure 
without 
ROSE

Cost balance;
time balance

Cost balance was in favor of ROSE;
time balance was in favor of ROSE for every 
operator (bronchoscopist, nurse and 
administrative personnel) but the 
pathologist

Fair

Collins
[52]
2013

Retrospective,
matched
cohort

680 patients 
from database 
(no details 
provided)

EBUS + 
ROSE; 
comparison 
before vs. 
after ROSE 
introduction 

Matched 
historical 
group 
without 
(n = 340) and 
with ROSE
(n = 340)

Impact on 
biopsy 
procedure and 
impact of the 
ROSE service 
on the 
procedure and 
utilization of 
laboratory 
resources

Number of biopsy sites reduced from 2.1 to 
1.4 per patient with ROSE (33% reduction; 
p < 0.001);
number of slides per patient reduced with 
ROSE from 17.6 to 12.3 per patient (mean 
reduction of 5.3 per patient; p < 0.001); 
remarkably, the number of slides per site 
remained unchanged (8.4 vs. 8.8);
the calculated estimated reduction in time 
spent as a result of ROSE: 149 h for 
cytotechnicians, 90 h for cytopathologists 
and 59 h of EBUS time

Fair

Pap. = Papanicolaou; TBB = transbronchial biopsy; WG = Wright-Giemsa.
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between the two groups  [48] . A recently performed RCT 
on EBUS-TBNA by Oki et al.  [49]  was also, unfortunate-
ly, underpowered. Finally, the study of Mondoni et al. 
[73] was not blinded and focused on patients with cen-
trally located lung cancer, but showed that ROSE im-
proved the sensitivity from 76 to 97%. Of note, although 
both the study of Trisolini et al.  [47]  and the study of 
Yarmus et al.  [48]  did not solely study patients with (sus-
pected) lung cancer but contained approximately 30% 
other diagnoses, we feel that this is of minor influence in 
relation to this PICO question.

  Can ROSE decrease the number of aspirations? 
 No.
  Again, only one RCT showed that the number of nee-

dle aspirations (i.e. entering the needle into the target le-
sion and moving it from the proximal to the distal side of 
the lesion a number of times) was lower in the ROSE 
group (2.2 vs. 3.1)  [49] . The other RCT did not find a dif-
ference, but we should note that in the non-ROSE group 
the number of aspirates was predetermined as 3–4 based 
on the publications by Lee et al.  [7]  and Diacon et al.  [8] , 
with a plateau in the yield after this number.

  Can ROSE decrease procedure time? 
 No.
  Trisolini et al.  [47]  showed that procedure time (scope 

in to scope out) was longer in the ROSE group (although 
this was not a predetermined endpoint of the trial). The 
other two RCT showed no difference  [48, 49] .

  Can ROSE reduce the number of additional procedures? 
 Yes.
  The feedback of ROSE may reduce the number of ad-

ditional procedures, especially in case of a first diagnos-
tic procedure. This was found in the studies by Triso lini 
et al.  [47]  and Oki et al.  [49] . This finding is supported 
by the analysis of the multicenter registry for EBUS 
complications by Eapen et al.  [50] . It is, however, of im-
portance to stress that different interpretations are 
available for defining additional procedures. Our com-
mittee feels that this statement is valid in case of initial 
diagnostic procedures: for example, a patient in whom 
TBNA ROSE confirms a diagnosis of LN metastasis 
preventing further transbronchial biopsies and/or 
brushes or washings of the suspected primary tumor. 
We feel that in an EBUS procedure aimed for staging, 
ROSE may reduce the number of LN regions that need 
to be sampled (or targets). EBUS sampling must be ini-
tiated at N3 regions, followed by N2 and N1 regions. If 

ROSE indicates the presence of metastasis in N3 or N2 
LN, additional sampling of further regions (i.e. addi-
tional targets) is not necessary and can be omitted. 
However, the studies mentioned above did not investi-
gate this specific issue  [47, 49, 50] . In the study by Oki 
et al.  [49] , approximately 50% of the additional targets 
were registered as an additional procedure, but details 
on how initial targets were defined are missing and may 
be subject to bias. We recommend that this issue should 
be studied further.

  Can ROSE reduce the rate of complications? 
 No.
  ROSE does not influence the immediate risk of EBUS 

or conventional TBNA. Nevertheless, since ROSE may 
reduce the number of additional procedures and espe-
cially the need for transbronchial biopsies, complications 
associated with these additional procedures may be de-
creased by ROSE  [47, 50] .

  Is ROSE cost-effective? 
 There is no significant evidence for or against the cost 

effectiveness of ROSE. One prospective cohort study in 110 
patients with enlarged LN (78% suspected malignant) re-
ported that ROSE may reduce total costs and time require-
ments for all involved professionals (except the pathology 
professionals)  [51] . In a patient-matched case-control 
study of 680 patients, the use of ROSE reduced the number 
of sites biopsied by 33%  [52] . There was a 30% decrease in 
total slides (mean reduction of 5.3 slides/patient), which 
had a significant impact on the calculated cytopathology 
laboratory work effort and resource utilization  [52] .

  What is the concordance rate of ROSE with the final 
diagnosis? 

 The concordance is high. In the RCT by Trisolini et al. 
 [47] , a concordance of 89.1% was found between ROSE 
and the final diagnosis, and in the retrospective observa-
tional trial by Nakajima et al.  [53] , concordance was 94.3%. 
No false-positive results were found for ROSE, and the 
false-negative rate varied between 4.8 and 5.7%  [47, 53] .

  Is there an optimal staining method for ROSE? 
 There are insufficient data to answer this question. 

Diff-Quick was used in the majority of studies for on-site 
evaluation  [47–49] . For definitive analysis, often a second 
slide is fixed for Papanicolaou staining. One study com-
pared ROSE performed with Wright-Giemsa staining 
versus ROSE with Papanicolaou staining and did not find 
a significant difference in the yield  [44] .
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  Who needs to perform ROSE (pathologists, cytopa-
thologists, cytotechnicians, pulmonologists or trained 
nurses)? 

 This question cannot be answered based on the avail-
able literature. Local procedures vary extensively as re-
flected in the available studies. A recent observational tri-
al did provide preliminary evidence that a pulmonologist 
can perform, after a short yet intensive training phase, 
ROSE to assess the adequacy of conventional TBNA sam-
ples from hilar/mediastinal LN with accuracy similar to 
that of a board-certified cytopathologist  [54] .

  Summary 
 Although most large centers with high volume and 

vast experience in TBNA/EBUS-TBNA utilize ROSE in 
their daily clinical practice, the effect of ROSE itself has 
not been adequately studied. While ROSE offers the pos-
sibility of immediate and accurate feedback on the diag-
nosis and quality of the obtained specimen with the po-
tential to influence the operator’s plan (i.e. obtain addi-
tional samples for molecular testing, samples for culture 
or samples for flow cytometry), its use is not supported 
by firm evidence but still highly recommended by our 
expert consensus. ROSE is highly concordant with the 
final diagnosis and it may reduce the number of addi-
tional diagnostic procedures needed (and the risks asso-
ciated with those procedures), but it does not influence 
the complication rate of EBUS or TBNA itself. The num-
ber of aspirations needed may be reduced, but procedure 
time has not been shown to be altered. There are insuf-
ficient data to evaluate cost effectiveness and to deter-
mine who should perform ROSE. Most studies used 
Diff-Quick as staining; no comparative data are avail-
able.

  Recommendations 

  In patients with suspected lung cancer and enlarged medi-
astinal or hilar LN and/or centrally located tumors: 

 •  Evidence is insufficient to recommend that ROSE be used in 
every procedure.   Grade 1b 

  Results of PICO Question 4 

  Among patients with known lung cancer, do conven-
tional TBNA and EBUS-TBNA acquisition techniques (as 
described in PICO 1), specimen preparation techniques (as 
described in PICO 2) or ROSE (as described in PICO 3) af-
fect the ability to perform molecular testing (i.e. EGFR/

ALK but also other markers with predictive/prognostic
information, such as KRAS, ERCC1, RRM1, TS, PIK3CA 
and MET)? 

  Molecular analysis can be routinely performed on the 
majority of cytological samples obtained by EBUS-TBNA 
and conventional TBNA but largely depends on the ab-
solute number of tumor cells (preferably >100), the per-
centage of tumor cells present in the material, the degree 
of preservation of tumor cells, and the type and sensitiv-
ity of the molecular test that is being utilized  [46, 55, 56] . 
In general, the material obtained by EBUS-TBNA is suit-
able for molecular analysis, which can be performed in 
88–96% of the samples  [38, 57–59] .

  Do conventional TBNA and EBUS-TBNA acquisition 
techniques affect the ability to perform molecular test-
ing? 

 A recent study by Yarmus et al.  [60]  examined the 
number of EBUS-TBNA aspirations (using a 21-gauge 
needle and ROSE) required to ensure maximal diagnos-
tic yield for mutational analysis. This retrospective 
study noted that specimens were adequate for molecu-
lar analysis in 95% of all cases with a median number of 
4 aspirations  [60] . Ulivi et al.  [61]  demonstrated the 
possibility to perform molecular analysis of EGFR mu-
tations and ALK rearrangement by fluorescence in situ 
hybridization (FISH) on the same slide, first testing 
FISH and then microdissecting tumor cells for EGFR 
extractive molecular determination. Other sources of 
tumor cells are needle washings. A comparison of the 
results obtained from molecular testing of EGFR and 
KRAS mutations on needle washing tumor cells and 
conventional smears demonstrated identical molecular 
data  [62] . It is unclear as to whether as little as 1 aspirate 
is adequate, or whether the same finding would be ob-
served with the use of the more commonly used 22-gauge 
needle.

  We have found no evidence regarding the influence of 
the type of the needle, use of miniforceps, suctioning and 
type of sedation, time spent inside the node and number 
of revolutions inside the node with regard to molecular 
testing of lung cancer.

  Do conventional TBNA and EBUS-TBNA specimen 
preparation techniques (core tissue/cell block) affect the 
ability to perform molecular testing? 

 No study has directly compared one technique versus 
the other with regard to molecular testing.

  da Cunha Santos et al.  [63]  reported a systematic re-
view for EGFR mutation testing using cytological sam-
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ples. Different techniques using cell blocks, scraped cells 
from archival slides and fresh cells were used for EGFR 
gene status testing, and their results were compared to 
those from surgically resected specimens. The results 
were similar or even higher for cytological samples show-
ing that EGFR mutation testing can be easily performed 
with these specimens.

  For EGFR mutation testing, there are several retro-
spective analyses with prospective sample collection. 
Horiike et al.  [64]  employed conventional TBNA samples 
for EGFR mutation testing. They enrolled 94 patients 
with NSCLC (58 adenocarcinomas, 24 squamous cell car-
cinomas and 12 patients with other types of NSCLC), and 
the aspirate was mixed with 2 ml of saline solution and 
stored at –80   °   C until DNA extraction. They performed 
both direct sequencing and a highly sensitive assay (Scor-
pions amplified refractory mutation system; DxS, Man-
chester, UK), and they compared the sensitivity of these 
methods. They concluded the Scorpions amplified refrac-
tory mutation system was more sensitive than direct se-
quencing to detect EGFR mutations using TBNA samples 
 [64] .

  Nakajima et al.  [65]  and Garcia-Olive et al.  [66]  re-
ported EGFR mutation testing using EBUS-TBNA sam-
ples. Nakajima et al.  [65 ] were able to test all the sam-
ples for mutational analysis and Garcia-Olive et al.  [66]  
reported 72.2% of the samples were feasible for the
analysis.

  The results of multigene mutation testing were also 
reported as retrospective analysis. This could also be suc-
cessfully performed in research settings  [65, 67]  and dai-
ly clinical practice  [38, 43] . Multigene mutation testing 
could be performed in 77% of cases for EGFR and KRAS 
 [43] , in 82% of cases for EGFR, KRAS and EML4-ALK 
FISH  [68]  and 95, 91 and 91% for EGFR, KRAS and 
EML4-ALK FISH, respectively  [59] .

  To detect ALK fusion genes, one report used fine 
needle aspirates in 17 of 41 samples studied (41%) for 
ALK FISH and IHC  [69] . No details, however, were pre-
sented on the acquisition technique (conventional or 
EBUS-TBNA). There are two retrospective studies us-
ing EBUS-TBNA samples  [70, 71] . One study utilized 
‘core’ samples and referenced frozen-stored samples for 
IHC, FISH and RT-PCR  [70] . Another study used cell 
blocks for FISH and IHC  [71] . ALK fusion genes could 
be detected using EBUS-TBNA-derived cytological 
samples.

  RNA-based testing remains experimental and the re-
ported data are very limited. When RNA isolated from 
TBNA samples is used, the quality of RNA is critical and 

special attention should be paid to the storage of the sam-
ple to avoid RNA degeneration. EBUS-TBNA samples 
can be used for RNA-based analysis, and we can obtain 
enough amount and quality of RNA in a well-controlled 
setting. The RNA isolated from EBUS-TBNA samples 
can be used for comprehensive gene expression analysis 
using microarray technology  [65, 72] .

  Does ROSE influence tissue sampling for molecular 
analysis? 

 ROSE is very useful for the confirmation of the pres-
ence of tumor cells within the samples. Even though no 
prospective comparative trials have been published on 
the possible influence of ROSE on the diagnostic yield of 
TBNA or EBUS-TBNA for molecular testing, we suggest 
that ROSE be used when molecular testing is looked for 
until high-quality trials are available. Currently, an RCT 
aimed at evaluating the role of ROSE in EBUS-TBNA 
samples for molecular testing is ongoing (ClinicalTrials.
gov identifier: NCT01799382). 

  Summary 
 Molecular analysis can be routinely performed on the 

majority of cytological samples obtained by EBUS-guided 
and conventional TBNA but largely depends on the ab-
solute number of vital tumor cells, percentage of tumor 
cells present in the material and the sensitivity of the mo-
lecular test that is being utilized.

  Although there is no prospective study evaluating the 
number of passes required to obtain adequate specimens 
for molecular testing, it appears that a number of 4 pass-
es should suffice. There are no data regarding the influ-
ence of the type of the needle, use of miniforceps, suc-
tioning, type of sedation, time spent inside the node and 
number of revolutions inside the node on molecular test-
ing.

  Both smear and cell block preparations or core tissue 
can be utilized for molecular testing (while cell blocks and 
core tissue represent the best material for mutational 
analysis and are indispensable at the moment to assess 
ALK translocation, cytological slides can be successfully 
used to determine the status of EGFR and KRAS in cases 
where cell blocks or core tissue are lacking or feature an 
insufficient burden of tumor cells). A prospective trial is 
being conducted in regard to the influence of ROSE on 
molecular analysis. Until results are available, we suggest 
that ROSE be used when molecular testing is needed, to 
corroborate a large tumor burden in the sample (expert 
opinion). 
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  Recommendations 

  Regarding conventional TBNA or EBUS-TBNA for molecu-
lar testing of lung cancer:

 •   A total of 4 passes should be obtained from the target when-
ever molecular testing is planned.   Grade 2C 

 •   Smears, cell block or core tissue preparation can be utilized 
for molecular testing.   Grade 2C 

 •   ROSE should be utilized when available to evaluate tumor 
burden in target samples.   Grade 2C 

  Conclusion 

 Conventional TBNA and particularly EBUS-TBNA 
have become first-line tools for the staging and diagnosis 
of patients with (suspected) lung cancer. Hence, adequate 
specimen acquisition and handling are of critical impor-
tance to correctly diagnose and stage lung cancer. A pre-
cise diagnosis (histological subtype) and molecular test-
ing on these specimens are key to choosing the optimal 
treatment regimen for these patients. With this guideline, 

we aim to aid both starting and more experienced centers 
in interventional pulmonary medicine worldwide hope-
fully leading to a global unification of procedure stan-
dards, maximization of conventional TBNA and EBUS-
TBNA yield, and identification of areas where research is 
needed.
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