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and needle aspiration, with or without rapid on-site evalua-
tion, stratifying the patients on the basis of the neoplasm 
growth pattern (exophytic and submucosal/peribronchial 
disease).  Results:  Needle aspiration significantly increased 
the sensitivity of bronchoscopy when added to convention-
al methods (from 76 to 91%; p < 0.001), primarily resulting 
from differences in submucosal/peribronchial diseases (68 
vs. 90%; p < 0.001) and independently from the presence of 
rapid on-site evaluation; needle aspiration guided by rapid 
on-site evaluation guaranteed a higher improvement in 
bronchoscopy sensitivity than conventional needle aspira-
tion (98 vs. 84%, respectively; p = 0.004). Needle aspiration 
guided by rapid on-site evaluation showed a significantly 
higher sensitivity than the conventional method (97 vs. 76%, 
respectively; p = 0.001).  Conclusions:  Needle aspiration in-
creases the sensitivity of bronchoscopy in diagnosing cen-
tral airways malignancies when added to conventional diag-
nostic methods, with a further significant improvement 
when guided by rapid on-site evaluation. 

 Copyright © 2013 S. Karger AG, Basel 
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 Abstract 

  Background:  Few prospective studies have evaluated the 
role of endobronchial needle aspiration in diagnosing cen-
tral airways neoplasms. Rapid on-site evaluation has long 
been used in transbronchial needle aspiration of adenopa-
thies and peripheral lesions, but its role in sampling central 
malignancies has not been substantiated yet.  Objectives:  In 
this study we evaluated if endobronchial needle aspiration 
may increase the sensitivity of bronchoscopy for diagnosing 
central airways neoplasms when added to conventional di-
agnostic methods (forceps biopsy, brushing and bronchial 
washing), and if rapid on-site evaluation may be beneficial in 
patients undergoing endobronchial needle aspiration. 
 Methods:  125 patients (77% males, aged 70 ± 7 years; mean ± 
SD) with central lung cancers were randomized to undergo 
bronchoscopy including conventional diagnostic methods 

 Received: October 17, 2012 
 Accepted after revision: January 7, 2013 
 Published online: April 10, 2013    

 Michele Mondoni 
 Clinica di Malattie Respiratorie, Ospedale San Paolo 
 Via A. Di Rudinì 8 
 IT–20142 Milan (Italy) 
 E-Mail michele.mondoni   @   ao-sanpaolo.it 

 © 2013 S. Karger AG, Basel
0025–7931/13/0861–0052$38.00/0 

  E-Mail karger@karger.com
www.karger.com/res

D
ow

nl
oa

de
d 

by
: S

. B
ila

ce
ro

gl
u 

- 
34

70
1

17
8.

24
5.

22
2.

18
9 

- 
8/

9/
20

13
 2

:2
0:

59
 P

M

http://dx.doi.org/10.1159%2F000346998


 ROSE-Needle Biopsy in Central Airways 
Lung Cancers 

Respiration 2013;86:52–58
DOI: 10.1159/000346998

53

 Introduction 

 Endobronchial lung cancer tends to show different 
growth patterns. It can present as an exophytic mass le-
sion, submucosal infiltration or extrinsic compression 
from peribronchial disease  [1] . Bronchoscopy with for-
ceps biopsy (FB), bronchial brushing (BB) and bronchial 
washing (BW) is the most used technique to diagnose cen-
tral airways neoplasms. Some authors have suggested that 
the addition of endobronchial needle aspiration (EBNA) 
to these conventional diagnostic methods may increase 
the sensitivity of bronchoscopy in submucosal and peri-
bronchial diseases, but few prospective studies have been 
performed and this procedure is still underutilized in 
many centers  [1–10] . Rapid on-site evaluation (ROSE) 
has been shown to improve the sensitivity of transbron-
chial needle aspiration (TBNA) of mediastinal nodes and 
pulmonary peripheral lesions, reducing the number of in-
adequate specimens, costs and complications  [11–15] . 
However, its utility during EBNA has not been substanti-
ated yet. In this prospective trial we investigate whether 
ROSE may be beneficial in EBNA of central airways ma-
lignancies and evaluate the sensitivity of needle aspiration 
and its contribution to conventional diagnostic methods 
in the diagnosis of endobronchial neoplastic lesions.

  Materials and Methods 

 Study Design 
 This is a prospective, randomized and controlled trial. The 

study was approved by the local ethical committee (protocol No. 
108/2011 CE) and registered at ClinicalTrials.gov with the number 
NCT01456741. Written informed consent was subscribed by all 
the patients.

  Patients and Interventions 
 Consecutive adult patients with a suspected central lung cancer 

on a chest computed tomography (CT) scan between August 2011 
and March 2012 were judged eligible for the study. Exclusion crite-
ria included the presence of uncontrolled coagulopathy, preexisting 
known lung malignancies, and the refusal to sign an informed con-
sent. All the study bronchoscopies were performed under topical 
anesthesia (lidocaine 1%) and conscious sedation (midazolam 2–5 
mg i.v.) at the Respiratory Unit of San Paolo Hospital (Milan, Italy). 
During bronchoscopy, submucosal and peribronchial diseases 
were defined as previously described in the literature  [1] . All pa-
tients underwent EBNA with a 21-gauge needle (Excelon, Boston 
Scientific, USA), and at least three FBs, BB and BW in this proce-
dural sequence  [5, 7, 8, 16] . Consecutive patients were randomized, 
at the time of bronchoscopy, to undergo EBNA with or without 
ROSE ( fig. 1 ). ROSE was performed by a pathologist. In the group 
that underwent EBNA without ROSE (conventional EBNA, cEB-
NA), 3 passes were performed as suggested by literature  [17] . The 

material obtained was smeared on clean glass slides, spray-fixed by 
pulmonologists trained by the pathologist in the handling of speci-
mens and subsequently sent to laboratory for Papanicolaou stain-
ing without immediate adequacy evaluation. In the ROSE-EBNA 
group, slides were immediately evaluated by the pathologist. For 
each pair of smeared slides, one was spray-fixed and stored for lab-
oratory Papanicolaou staining, one was air-dried for immediate 
rapid May-Grünwald-Giemsa staining. Cell blocks and/or subse-
quent immunocytochemistry were performed when desired. The 
pathologist on site reported in real-time the findings and informed 
the operator when sufficient material had been obtained for provi-
sional diagnosis and for all ancillary tests required for its confirma-
tion. The number of needle passes sufficient to obtain the diagnosis 
was registered. If ROSE did not provide a specific diagnosis after 
three passes, the procedure ended and sampling continued with the 
conventional diagnostic methods. In cytologic samples, cellular 
atypia and abnormal cells suggestive of malignancy were consid-
ered as nondiagnostic evidence for malignancy. The patients with 
inconclusive bronchoscopic procedures underwent CT-guided 
transthoracic needle aspiration or were operated if considered can-
didates for surgery with curative intent. Patients who had a diagno-
sis of benign disease were excluded. No patients refused further 
testing after inconclusive bronchoscopy.

  Outcome Measures 
 This study has two primary aims: to investigate the sensitivity 

for malignancy comparing conventional diagnostic methods (as-
sociation of FB, BB and BW) with conventional diagnostic meth-
ods + EBNA (with and without ROSE) and to compare the sensi-
tivity of ROSE-EBNA with that of cEBNA.

  In the secondary analysis, we evaluated the sensitivity of each 
of the individual procedures, stratifying the patient population on 
the basis of the endoscopic patterns, exophytic mass lesions and 
submucosal/peribronchial diseases.

  Any procedure-related complications and damages to the 
bronchoscope were documented as well.

  Randomization and Statistical Analysis 
 The randomization list was produced by a computer-generated 

sequence (www.randomization.com). The present study was pow-
ered to detect an increase in sensitivity of EBNA with ROSE of 
17%, and an increase in sensitivity of 6–7% by adding EBNA to 
conventional diagnostic methods. All data are reported as mean ± 
standard deviation (SD), if not otherwise stated. Normally distrib-
uted continuous variables were analyzed using Student’s t test and 
analysis of variance (ANOVA) and, if positive, post hoc compari-
sons were carried out by t test with Bonferroni adjustment with a 
parametric test (t test). Fisher’s test and McNemar’s test were used 
for categorical data. p values <0.05 were considered statistically 
significant. Data were analyzed using the Statistical Package for the 
Social Sciences (version 19.0; SPSS, Chicago, Ill., USA).

  Results 

 During the study period 134 patients were enrolled 
and 133 were randomized. Eight patients were eventu-
ally excluded because of benign lesions ( fig. 1 ). Of the 
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125 diagnosed malignant neoplasms, 52 (42%) were 
exophytic mass lesions and 73 (58%) were submuco-
sal/peribronchial diseases. As listed in  table 1 , age, sex, 
lesion types and sensitivities of conventional diagnos-
tic methods were similarly distributed among patients 
who underwent bronchoscopy with and without ROSE.

  Malignancy was diagnosed by bronchoscopy in 114 
patients (91%), by transthoracic needle aspiration in 9 
(7%) and surgery in 2 (2%). Pathological analysis revealed 
9 non-small cell lung cancers (NSCLC) not otherwise 
classified, 54 adenocarcinomas, 44 squamous carcino-
mas, 17 small cell lung cancers and 1 carcinoid. We found 
58 neoplasms in the upper lobes, 38 in the lower lobes, 13 
in the middle lobe, 15 in the main bronchi and 1 in the 
trachea. Malignancy was detected at on-site evaluation in 
60 out of 63 patients with cancer yielding a 95% accuracy 
rate. In these patients we had 3 false negatives (5% of ma-
lignancies missed by ROSE but diagnosed at the definitive 
examination). In the overall analysis the addition of nee-
dle aspiration to conventional methods increased the sen-
sitivity of bronchoscopy from 76 to 91% (p < 0.001), pri-
marily resulting from differences in the submucosal/peri-

bronchial diseases group ( table  2 ;  fig.  2 ). Although no 
statistical differences were observed in exophytic mass le-
sions, EBNA identified 3 additional patients with lung 
cancer. In submucosal/peribronchial diseases, the addi-
tion of needle aspiration to conventional methods sig-

Table 1.  Demographics and baseline data of all patients and ac-
cording to ROSE randomization

Characteristics All patients
(n = 125)

cEBNA
(n = 62)

ROSE-EBNA
(n = 63)

p value

Age, year 70±7 71±7 69±6 0.142
Male sex 96 (77) 47 (76) 49 (78) 0.835
Type of lesion

EML 52 (42) 25 (40) 27 (43)
0.857SPD 73 (58) 37 (60) 36 (57)

CDM sensitivity 95 (76) 45 (73) 50 (79) 0.408

 Values are given as mean ± SD or n (%). p value: cEBNA vs. 
ROSE-EBNA. CDM = Conventional diagnostic methods; EML = 
exophytic mass lesion; SPD = submucosal/peribronchial disease.
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Randomized
(n = 133)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Allocated to intervention (n = 67)
 Received allocated intervention (n = 67)
 Did not receive allocated intervention (n = 0)

Excluded (n = 1)
 Not meeting inclusion criteria (n = 0)
 Declined to participate (n = 1)
 Other reasons (n = 0)

Analyzed (n = 63)
 Excluded from analysis (benign lesions) (n = 4)

Allocated to intervention (n = 66)
 Received allocated intervention (n = 66)
 Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analyzed (n = 62)
 Excluded from analysis (benign lesions) (n = 4)

Assessed for eligibility
(n = 134)

  Fig. 1.  Study flowchart. 
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nificantly improved the sensitivity of bronchoscopy (p < 
0.001).

  In the cEBNA group, the addition of needle aspiration 
to conventional diagnostic methods significantly in-
creased the sensitivity of bronchoscopy from 73 to 84% 
(p = 0.016) and in the ROSE-EBNA group, by adding nee-
dle aspiration to conventional diagnostic methods, we 
found a significant improvement in sensitivity of bron-
choscopy from 79 to 98% (p < 0.001). Comparing the two 

groups, ROSE-EBNA revealed a greater improvement in 
sensitivity than cEBNA when added to conventional di-
agnostic methods (p = 0.004) ( table 3 ;  fig. 2 ).

  The sensitivities of cEBNA and ROSE-EBNA are listed 
in  table 4 . In the overall analysis, ROSE significantly in-
creased the sensitivity of EBNA (p = 0.001). In the sub-
group analysis, ROSE-EBNA was significantly better than 
cEBNA in both exophytic mass lesions (p = 0.022) and 
submucosal/peribronchial diseases (p = 0.028).

  In the cEBNA group the pathologist never pointed out 
mistakes in handling of specimens responsible for incor-
rect or misleading diagnosis. The number of passes with 
ROSE-EBNA required to obtain the diagnosis was 1.6 ± 
0.756.

  In the overall analysis EBNA diagnosed 94 NSCLC (55 
ROSE-EBNA and 39 cEBNA): 87 were histologically typ-
ified (47 adenocarcinomas, 40 squamous carcinomas) 
while 7 were not otherwise classified. ROSE-EBNA guar-
anteed a better histological classification of NSCLC (sen-
sitivity of 96%) than cEBNA (87%) without reaching sta-
tistical significance.

  The different sensitivities from each procedure and 
their combination are shown in  table 5 . EBNA demon-
strated the best sensitivity, significantly higher than ev-
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  Fig. 2.  Sensitivity of CDM and CDM + EBNA in the overall analy-
sis, with and without ROSE. The numbers in the histograms refer 
to the number of patients studied. CDM = Conventional diagnos-
tic methods. 

Table 2.  Sensitivity from CDM versus CDM + EBNA according to 
neoplasm growth pattern

Neoplasms CDM
n (%)

CDM + EBNA
n (%)

p value

Total (n = 125) 95 (76) 114 (91) <0.001
EML (n = 52) 45 (87) 48 (92) <0.250
SPD (n = 73) 50 (68) 66 (90) <0.001

 CDM = Conventional diagnostic methods; EML = exophytic 
mass lesion; SPD = submucosal/peribronchial disease.

Table 3.  Sensitivity comparing CDM versus CDM + EBNA, with 
and without ROSE

Procedures Total p value

CDM 45/62 (73%)
<0.016CDM + cEBNA 52/62 (84%)

CDM 50/63 (79%)
<0.001CDM + ROSE-EBNA 62/63 (98%)

CDM + cEBNA 52/62 (84%)
<0.004CDM + ROSE-EBNA 62/63 (98%)

 CDM = Conventional diagnostic methods.

Table 4. Sensitivity of cEBNA versus ROSE-EBNA according to 
neoplasm growth pattern

Neoplasms cEBNA ROSE-EBNA p value

Total 47/62 (76%) 61/63 (97%) 0.001
EML 18/25 (72%) 26/27 (96%) 0.022
SPD 29/37 (78%) 35/36 (97%) 0.028

EML = Exophytic mass lesion; SPD = submucosal/peribron-
chial diseases.
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ery other individual sampling method (EBNA vs. FB, p = 
0.001; EBNA vs. BB, p < 0.001; EBNA vs. BW, p < 0.001). 
In exophytic lesions EBNA did not reveal to be statisti-
cally better than FB although superior to BB and BW (p < 
0.05). In submucosal/peribronchial malignancies, EBNA 
revealed a significantly higher sensitivity than every oth-
er conventional sampling method (p < 0.001). EBNA was 
exclusively diagnostic in 19 patients (15% of the pa-
tients): 16 patients with peribronchial/submucosal dis-
eases and 3 with exophytic mass lesions (one of these 
with a largely necrotic neoplasm). Twelve patients were 
diagnosed by ROSE-EBNA and 7 patients by the conven-
tional method. FB was exclusively diagnostic in 6 pa-
tients (5%), 4 patients with exophytic lesions and 2 pa-
tients with submucosal/peribronchial neoplasms. BB 
and BW never resulted positive in lesions in which the 
other procedures were negative. Minor bleeding was ob-
served in 8 patients, 4 after FB, 2 after BB and 2 after 
EBNA. One patient experienced atrial fibrillation after 
the bronchoscopic examination. No damage occurred to 
the bronchoscope.

  Discussion 

 This is, to our knowledge, the first randomized con-
trolled trial specifically designed to evaluate the useful-
ness of ROSE of endobronchial needle aspirates in the 
diagnosis of central lung malignancies; this is also the 
largest prospective study conducted to examine whether 
needle aspiration may increase the sensitivity of bron-
choscopy in sampling these neoplasms when added to 
conventional methods. We demonstrated that EBNA in-
creases the sensitivity of bronchoscopy in sampling cen-
tral airway cancers when added to conventional diagnos-

tic methods, independently from the presence of ROSE; 
moreover, ROSE guaranteed a further significant im-
provement in sensitivity.

  Only few prospective trials have evaluated the role 
of needle aspiration in diagnosing central airways ma-
lignancies, directly comparing this technique with the 
other conventional diagnostic methods in the same pa-
tients  [1, 3–9] . Lundgren et al.  [4]  did not report an 
increase in sensitivity of bronchoscopy by adding 
EBNA to conventional diagnostic methods, but their 
results were later reversed in other studies. Shure and 
Fedullo  [5]  showed that the addition of needle aspira-
tion to FB raised the diagnostic yield from 55 to 87%, 
and this increase was statistically significant. Moreover, 
two other trials demonstrated that the combination of 
EBNA and conventional diagnostic methods increased 
the sensitivity compared to conventional methods 
alone  [1, 8] .

  In our series, the addition of EBNA to conventional 
methods significantly augmented the sensitivity of bron-
choscopy, resulting from differences in the submucosal/
peribronchial disease group. Conventional procedures 
such as FB tend to sample mainly the surface rather than 
deep within the lesion. Therefore the ability of the needle 
to penetrate the mucosal surface and sample the outer 
bronchial layers, may explain these results  [5] . Only a part 
of the patients enrolled in the study underwent EBNA 
with ROSE. In our opinion this situation may be common 
in many institutions where a cytopathologist may not al-
ways be available. In order to limit the occurrence of pos-
sible selection biases we employed a randomized design. 
Govert et al.  [8]  firstly described the utilization of ROSE-
EBNA in sampling central neoplasms; however, this 
study was not randomized.

  In both randomization groups, by adding needle aspi-
ration to conventional methods we observed an increase 
in the sensitivity of bronchoscopy. Moreover, the rate of 
improvement in sensitivity was significantly higher in the 
ROSE-EBNA arm, suggesting the importance of ROSE in 
elevating the sensitivity of EBNA.

  Furthermore, in our study needle aspiration with im-
mediate cytological assessment clearly demonstrated a 
better sensitivity than conventional needle aspiration. 
cEBNA revealed an overall diagnostic sensitivity of 76%, 
a value consistent with that reported by other authors, 
while ROSE-EBNA showed a sensitivity of 97%, higher 
than that described by Govert et al.  [3, 8, 9] . However, 
analyzing the sensitivity of the technique by the different 
lesion types in both studies, we may observe a comparable 
sensitivity of ROSE-EBNA in exophytic lesions but a very 

Table 5. Sensitivity of individual procedures and their combina-
tion according to neoplasm grow patterns

Procedures Total
(n = 125)

EML
(n = 52)

SPD
(n = 73)

Exclusively
diagnostic

EBNA 108 (86) 44 (85) 64 (88) 19 (15)
FB 88 (70) 43 (83) 45 (62) 6 (5)
BB 69 (55) 34 (65) 35 (48) 0 (0)
BW 36 (29) 18 (35) 18 (25) 0 (0)

EBNA + FB 114 (91) 48 (92) 66 (90)

Values are given as n (%). EML = Exophytic mass lesion; SPD = 
submucosal/peribronchial disease.
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different sensitivity in the submucosal/peribronchial dis-
eases group  [8] . In these neoplasms we found a sensitiv-
ity of 97%, which is similar to that obtained by other au-
thors with the conventional technique  [1] . On the con-
trary in these lesion types, Govert et al.  [8]  reported the 
lowest sensitivity described in the literature (64%). The 
sensitivity of conventional needle aspiration described in 
our study in both exophytic and submucosal/peribron-
chial malignancies was comparable with the literature as 
well  [1, 5, 9, 18] .

  The subgroup analysis showed a significantly higher 
sensitivity of EBNA guided by ROSE in both lesion types. 
The role of ROSE in needle aspiration is still partly con-
troversial. Two different uncontrolled studies demon-
strated a higher yield of TBNA of peripheral lesions and 
mediastinal adenopathies when ROSE was present than 
in the absence of ROSE  [11, 12] . Other authors described 
a significant reduction in the utilization of consumables, 
laboratory and radiographic resources and a cost-effec-
tiveness associated with immediate cytological assess-
ment  [13, 14] . More recently Trisolini et al.  [15] , in a ran-
domized and controlled trial, failed to demonstrate a sig-
nificant increase in sensitivity of ROSE-TBNA in 
hilomediastinal nodes but reported a significant reduc-
tion in the complication rate of bronchoscopy in these 
patients.

  Some considerations should be pointed out to explain 
our results and to better understand the importance of 
ROSE in sampling central malignancies. In the absence of 
immediate cytological evaluation the operator performs 
three needle passes in the site thought to be the most 
promising for a diagnosis, without obtaining immediate 
confirmation of the adequacy of the sample and any in-
formation regarding the diagnosis itself. With a patholo-
gist on site, after the first pass, the operator can immedi-
ately know the quality of the sample. In case of a nondi-
agnostic sample the operator may thus perform other 
needle passes, modifying the technique or the site of 
puncture. On the contrary, in case of diagnostic material, 
the bronchoscopist can decide to keep on sampling with 
needle biopsy in the same site to obtain more material, 
change the sampling modality or stop the procedure if 
sufficient material has been harvested for diagnosis. 
Hence, by avoiding further needle passes or the use of 
other sampling methods, he can reduce costs and compli-
cations  [13, 19] . In our opinion this is particularly notice-
able in diagnosing central malignancies where large path-
ological areas may be suitable for sampling and where 
different diagnostic techniques are available. This aspect 
might also explain why a lower rate of biopsies performed 

with ROSE may lead to a higher diagnostic sensitivity in 
comparison with three blind needle aspirations. The ex-
perience of the pathologist also guarantees that samples 
are handled and processed in the best way; however, in 
the present study the operators were trained by the cy-
tologist to smear and fix the specimens and no mistakes 
in handling responsible for incorrect or misleading diag-
nosis emerged. In our study ROSE-needle aspiration also 
showed a higher sensitivity in histological tumor typing 
as compared to the conventional technique; although this 
result failed to reach statistical significance, probably be-
cause of the small population studied, it may suggest a 
better quality of the material sampled with ROSE-needle 
aspiration. Indeed, the presence of an immediate cyto-
logical assessment of the aspirated specimens provides 
the possibility to address the sampling to the most diag-
nostic sites, thus obtaining good quality material. This 
aspect is of great importance in the era of targeted onco-
logic treatments, since ROSE might help identify the best 
site for obtaining the proper amount of tissue for molec-
ular studies. Nevertheless, some pathologists are reluc-
tant to join the operator in bronchoscopy suite, consider-
ing ROSE not to be cost-effective. It should be underlined 
that in order to overcome this obstacle, some pulmonolo-
gists are training to evaluate themselves the adequacy of 
the aspirates, obviously leaving the final diagnosis to the 
pathologist  [15, 19] .

  In our series EBNA proved to be the most sensitive 
sampling technique, significantly higher than each single 
conventional diagnostic method. The best sensitivity of 
FB was registered in exophytic lesions and this finding is 
consistent with the literature  [1, 9] . In all the lesion types 
EBNA showed a better sensitivity than FB but reached 
statistical significance only in submucosal/peribronchial 
diseases where needle aspiration was far superior to any 
other individual procedure. These findings are consistent 
with those reported by other authors  [1, 8, 9] . As stated 
before, the ability of the needle to provide adequate sam-
pling by penetrating either the submucosa or directly 
through the bronchial wall into the neoplasm may ex-
plain these results  [5] . Unlike previously reported by oth-
er authors, in our study BB alone never proved to be ex-
clusively diagnostic  [1] .

  Some limitations of the present study need to be dis-
cussed. Firstly, the results should not be generalized since 
this trial was performed in a single institution and in-
volved a close working relationship with a pathologist 
who is very skilled in lung cytology. Secondly, we postu-
lated that the presence of ROSE may avoid aimless needle 
passes or the use of other sampling methods, thereby re-
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ducing costs; nevertheless, we did not make any cost anal-
ysis and therefore we cannot clearly establish if it is also 
cost-effective.

  In conclusion this study suggests that EBNA signifi-
cantly increases the sensitivity of bronchoscopy in diag-
nosing central airway neoplasms when added to FB, and 
mainly when guided by ROSE. EBNA is the most sensitive 
procedure in all lesion types and the technique of choice in 
submucosal/peribronchial diseases. ROSE promotes an 

increase in sensitivity of EBNA and allows ending a diag-
nostic bronchoscopy after 1 or 2 needle passes in the major-
ity of patients.
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