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ARTICLE INFO ABSTRACT
Arficl}’ history: Background: Several guidelines recommend computed tomography scans for populations with high-risk
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- > - increase, and with it non-surgical biopsies. Associating a guidance method with a target confirmation
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technique has been shown to achieve the highest diagnostic yield, but the utility of bronchoscopy with
radial probe endobronchial ultrasound using fluoroscopy as guidance without a guide sheath has not
been reported.

Methods: We conducted a retrospective analysis of bronchoscopy with radial probe endobronchial
ultrasound using fluoroscopy procedures for the investigation of PPL performed by experienced bron-
choscopists with no specific previous training in this particular technique. Operator learning curves
and radiological predictors were assessed for all consecutive patients examined during the first year
of application of the technique.

Results: Fifty-one PPL were investigated. Diagnostic yield and visualization yield were 72.5% and 82.3%
respectively. The diagnostic yield was 64.0% for PPL<20 mm, and 80.8% for PPL>20 mm. No false-positive
results were recorded. The learning curve of all diagnostic tools showed a DY of 72.7% for the first sub-
group of patients, 81.8% for the second, 72.7% for the third, and 81.8% for the last.

Conclusion: Bronchoscopy with radial probe endobronchial ultrasound using fluoroscopy as guidance is
safe and simple to perform, even without specific prior training, and diagnostic yield is high for PPL>
and <20 mm. Based on these findings, this method could be introduced as a first-line procedure for the
investigation of PPL, particularly in centers with limited resources.

© 2014 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.
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Ecografia endobronquial radial guiada por fluoroscopia sin vaina guia para
lesiones pulmonares periféricas: una relacion segura y eficiente

RESUMEN

Palabras clave: Antecedentes: Varios protocolos recomiendan la tomografia computerizada para las poblaciones con alto
Lesiones pulmonares periféricas riesgo de cancer de pulmén. Probablemente aumentara el nimero de sujetos estudiados por lesiones pul-
Ecografia endobronquial con sonda radial monares periféricas (LPP) y, por lo tanto, también el nimero de biopsias no quirirgicas. Se ha demostrado
Broncoscopia la importancia de asociar un método guia con una técnica de confirmacién de la diana para conseguir los
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maximos rendimientos diagndsticos. Sin embargo, no hay estudios de broncoscopia mediante ecografia
endobronquial con sonda radial mediante fluoroscopia, sin vaina guia.

Meétodos: Realizamos un andlisis retrospectivo de los procedimientos mediante ecografia endobronquial
con sonda radial mediante fluoroscopia realizados para estudiar las LPP por broncoscopistas expertos pero
sin formacién previa en esta técnica concreta. Se evaluaron las curvas de aprendizaje de los operarios y
los factores pronésticos radiolégicos de todos los pacientes consecutivos estudiados durante el primer
afio de uso de la técnica.

Resultados: Se estudiaron 51 LPP. El rendimiento diagnéstico y el de visualizacién fueron 72,5 y 82,3%
respectivamente. El rendimiento diagnéstico fue del 64,0% para las LPP < 20 mm, y del 80,8% para las LPP
>20mm. No se registraron falsos positivos. La curva de aprendizaje de todas las herramientas diagndsticas
mostré un RD del 72,7% para el primer subgrupo de pacientes, 81,8% para el segundo, 72,7% para el tercero,
y 81,8% para el dltimo.

Conclusion: La broncoscopia con ecografia endobronquial con sonda radial mediante fluoroscopia es un
método seguro y facil de usar, incluso sin formacion especifica previa. Su rendimiento diagnéstico es
alto tanto para LPP > 20 mm como para LPP < 20 mm. A partir de estos hallazgos, este método podria
presentarse como procedimiento de primera linea para el estudio de las LPP, en especial en centros con

recursos limitados.

© 2014 SEPAR. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

Lung cancer remains the leading cause of cancer-related death
worldwide.!-3 Prevention is the cornerstone of lung cancer control,
whereas interventions leading to early diagnosis and stage shift
may be the key to a significant reduction in lung cancer mortal-
ity. In spite of ongoing controversy on the utility of screening tests,
several associations, such as the American College of Chest Physi-
cians, recommend low-dose computed tomography (CT) scan for
“high-risk populations”.#-7 As a result, more patients are expected
to be evaluated for peripheral pulmonary lesions (PPL), stressing
the need for a simple, efficient and safe diagnostic intervention
sequence.

Pre-test probability assessment tools are currently used to
integrate patient risk factors and the radiological characteris-
tics of nodules to estimate the probability of malignancy and to
determine further evaluations or follow-up. These tools, when
combined with an evaluation of the patient’s surgical risk, can
identify several patients requiring non-surgical sampling.* The lat-
ter is indicated as a first-line diagnostic procedure in cases with
a low clinical probability for malignancy, in patients with high
surgical risk, and in cases with inconsistent clinical and radio-
logical findings.* For the diagnosis of PPL>8 mm, bronchoscopy
with endobronchial ultrasound (B-EBUS) competes with transtho-
racic biopsy (TTB). Both techniques have a good diagnostic yield
(DY), but TTB was associated with more complications in a
prospective trial.® Additionally, bronchoscopy allows an extensive
evaluation of proximal airways leading to the discovery of syn-
chronous cancers in up to 12% of cases, and also assesses surgical
resectability.®

The combination of guidance techniques (referring to navi-
gation in the bronchial tree) and target confirmation techniques
(referring to lesion visualization) has been proven to increase the
DY of bronchoscopy.!?!! In the case of R-EBUS, all recently pub-
lished studies combined both guide sheath (GS) and fluoroscopy
(F), and reported a DY of 67%-82%.'>-14 However, the use of GS
requires additional manipulation, potentially increasing the dura-
tion of the procedure, and carries an additional economic burden
(€204-€276 for Olympus products). The aim of the study was to
evaluate fluoroscopic-guided R-EBUS (F-R-EBUS) in PLL sampling
without the concomitant use of a GS and without bronchoscopic
distance measurements.!> 16 For the purpose of this study, safety
and efficacy of F-R-EBUS were assessed, learning curves were
depicted, and radiological predictors for both visualization yield
(VY) and DY were evaluated.

Methods
Study Participants

Patients with PLL evaluated in the University Hospital of Lau-
sanne between November 2011 and November 2012 were eligible
for inclusion in the analysis. Patients with a contraindication for
bronchoscopy or transbronchial biopsy (TBB) and those with a
macroscopically visible endobronchial lesion were excluded. Sub-
jects with associated mediastinal lymphadenopathy on chest CT
or on PET-CT scan were first evaluated with mediastinal EBUS, and
participated in the study only when the cytology of the lymph nodes
was negative. All subjects provided informed consent before bron-
choscopy. Retrospective access to clinical data was approved by the
Human Research Ethics Committee of the Canton de Vaud (protocol
37/14).

Materials and Techniques

The procedures were performed under moderate sedation
(propofol or midazolam) in an outpatient setting by two experi-
enced bronchoscopists with no prior specific training for F-R-EBUS.
During F-R-EBUS, an ultrathin 1.7 mm radial ultrasonic probe oper-
ating at a frequency of 20 MHz (UM-S20-17S Olympus) was used.
The ultrasonic probe was introduced in the 2.1 mm operating chan-
nel of a 4.9 mm flexible bronchoscope (Olympus BFP180) without
a GS. Antero-posterior fluoroscopy plane was used for guidance.

In case of fluoroscopically visible PPL, the corresponding
bronchial segments were sequentially examined until the charac-
teristic ultrasound signal located the lesion. The ultrasonic probe
was then removed and the sampling tools were introduced through
the identified bronchus. The biopsy forceps was advanced under
fluoroscopy guidance until the point where the distal end of the
probe was previously visualized. When PPL was not visible by flu-
oroscopy, the suspected area was located by careful reading of the
CT scan, and once the area was reached, all the accessible bronchi
were scanned by EBUS until the characteristic signal confirming
the site was found. This exact point was visualized by fluoroscopy,
the sampling tools were introduced in the identified bronchus,
and samples were obtained as follows: transbronchial brush was
used in most cases (at least three samplings), TBB (3-5 samplings)
only for ultrasound visible lesions, and fine needle aspiration (FNA)
(1-3 samplings) for PPL adjacent to the EBUS signal. Bronchoal-
veolar lavage (BAL) was conducted at the end of the procedure,
depending on bronchus collapsibility. Bronchial washing (BW) and
BAL were systematically cultured for bacteria, mycobacteria and
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fungi. In the case of TBB or FNA, a chest X-ray was performed one
hour after the procedure to exclude pneumothorax. Diagnosis of
malignancy was established by the presence of atypical cells, cells
suspected of malignancy, or NSCLC cells in at least 1 of the retrieved
samples. Patients with non-diagnostic F-R-EBUS had a multidisci-
plinary evaluation and were referred either for another invasive
procedure (i.e. trans-thoracic needle aspiration, surgical biopsy), or
aclinical and radiological follow-up according to Fleischner Society
guidelines.

Imaging Studies

A radiologist specialized in thoracic imaging reviewed the
last available chest CT scan performed before bronchoscopy and
reported PPL type (solid, part solid, or pure ground glass opacities),
size (greater transverse axis) and distance from the hilum. This
distance was estimated on oblique reformatted images by mea-
suring the distance between the internal margin of the PPL and
the proximal origin of the corresponding segmental bronchus. The
presence of a CT bronchus sign was evaluated using both axial and
reformatted images.!”

Statistical Analysis

The data were tested for normal distribution using the
Kolmogorov-Smirnov test and were analyzed in relation to both
VY and DY using x2 and/or t-tests. Unless otherwise stated, results
are presented as mean (range) or as number of cases (%). A P<.05
was considered statistically significant. The main operator learn-
ing curve was created by dividing all consecutive cases into four
sub-groups of equal size. All statistical calculations were performed
using R-statistics software.

Results

Forty-eight consecutive patients [mean age (range); 66.1
(39-89) years] underwent bronchoscopy for study of PPL, and 51
PPLs were sampled with F-R-EBUS. Thirty-five PPLs (68.6%) were
located in the upper, 2 (3.9%) in the middle, and 14 (27.5%) in the
lower lobes. The mean lesion size was 25.8 mm (range 8-67 mm),
38 (74.5%) lesions were solid, 4 (7.8%) were pure ground glass,
and 9 (17.7%) were part solid. Forty-two PPLs were visualized
by F-R-EBUS resulting in a VY of 82.3%. F-R-EBUS sampling was

Table 1
F-R-EBUS Diagnostic Contribution in 51 Cases.

Method Frequency of use Establishment of diagnosis
No. of cases (%) No. of cases (%)

Bronchoalveolar lavage 25 (49%) 8 (32%)

Bronchial washing 51 (100%) 19 (37%)

Brushing 42 (82%) 20 (48%)

Fine needle aspiration 19 (37%) 13 (68%)

Transbronchial biopsy 42 (82%) 21 (50%)

diagnostic for 37 PPLs (DY of 72.5%) with 33 (89.2%) PPLs found to be
malignant. The diagnostic contributions of the different broncho-
scopic tools are summarized in Table 1. Fig. 1 presents a flow-chart
diagram of the diagnostic procedures performed and the final diag-
nosis of PPL. No false-positive results were observed for F-R-EBUS
biopsies, as confirmed by surgical sampling (26 nodules) and/or
1-year clinical and radiological follow-up. After exclusion of the
six inconclusively diagnosed cases, the prevalence of lung cancer
was 66.6% (n=34, 33 NSCLC and 1 carcinoid) and the sensitivity of
F-R-EBUS for lung malignancies was 88.2% (n=30).

DY and VY depended on the size of the lesion, being 64.0% and
80.0%, respectively, for PPL<20 mm (n=25), and 80.8% and 84.6%,
respectively, for PPL>20 mm (n=26). Regarding other radiologic
nodule characteristics including PPL-pleura distance, the VY signif-
icantly improved (P=.021) only when the distance from the hilum
(Fig. 2) was <50 mm, while no radiologic predictor was identified
for DY (Tables 2 and 3).

As previously mentioned, bronchoscopic procedures were per-
formed by two experienced bronchoscopists with no previous
specific experience with F-R-EBUS. One operator performed 44
interventions (86%) and the other 7 (14%). The learning curve (Fig. 3)
of the main operator resulted in a DY of 72.7% (n=8) for the first
subgroup, 81.8% (n=9) for the second, 72.7% (n=8) for the third, and
81.8% (n=9) for the last. The total number of diagnostic tools used
and the mean PPLsize were similar for all four groups of consecutive
patients (32, 40, 41 and 42 diagnostic tools, and mean PPL size of
25.0mm, 22.1 mm, 28.1 mm and 31.5 mm, respectively). Concern-
ing the safety of F-R-EBUS, there was a single episode of significant
hemorrhage which required interruption of the procedure without
further complications.

51 peripheral pulmonary
Lesions (PPL)

37 F-R-EBUS
Diagnostic sampling

14 F-R-EBUS
Non-diagnostic sampling

33 malignant
=29 NSCLC
= 2 metastatic cancer
(colonic + melanoma)
=1 MALT
= 1 carcinoid

4 benign
= 3 organizing pneumonia
= 1 mycobacterial infection

8 diagnosed with 6 undiagnosed
alternative techniques = 2 |ost of view
= 4 NSCLC = 3 stable at the 1-
® 1 metastasis of rectal year CT scan follo-up
carcinoma = 1 spontaneous
= 1 pulmonary lymphoma resolution
= 2 tuberculosis

Fig. 1. Flow-chart diagram of the diagnostic procedures performed and the final diagnoses of PPL. Abbreviations: F-R-EBUS, fluoroscopic-guided radial probe endobronchial
ultrasound; MALT, mucosa-associated lymphoid tissue; NSCLC, non-small-cell lung cancers; PPL, peripheral pulmonary lesions.
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Table 2
Predictors of Diagnostic Yield (DY).
Predictors Lesions diagnosed (n=37) Lesions not diagnosed (n=14) Test P-value
PPL CT scan appearance
Solid 29(78%) 9(64%) x2 .502
Non-solid 8(22%) 5(36%)
Bronchus sign
Yes 20(54%) 5(36%) X2 392
No 17 (46%) 9(64%)
EBUS visualized PPL
Yes 32(87%) 10(71%) X2 397
No 5(13%) 4(29%)
PPL size
<20mm 16(43%) 9(64%) X2 304
>20 mm 21(57%) 5(36%)
Mean (mm) 271 22.3 t-Test 312
PPL-hilum distance
<50 mm 27(73) 9(64) X2 792
>50 mm 10(27) 5(36)
Mean (mm) 37.1 441 t-Test .269
PPL, peripheral pulmonary lesion.
Table 3
Predictors of Visualization Yield (VY).
Predictors Lesions visualized (n=42) Lesions not visualized (n=9) Test P-value
PPL CT scan appearance
Solid 32(76%) 6(67%) X2 .862
Non-solid 10(24%) 3(33%)
Bronchus sign
Yes 21(50%) 4(44%) x2 1
No 21(50%) 5(56%)
Diagnosed PPL
Yes 32(76%) 5(56%) X2 397
No 10(24%) 4(44%)
PPL size
<20mm 20(48%) 5(56%) x2 .948
>20 mm 22(52%) 4(44%)
Mean (mm) 25.8 259 t-Test .988
PPL-hilum distance
<50 mm 33(79%) 3(33%) X2 .021
>50 mm 9(21%) 6(67%)
Mean (mm) 36.6 50.2 t-Test .053

PPL, peripheral pulmonary lesion.

Discussion

In this study, we evaluated the diagnostic yield and safety of R-
EBUS combined with fluoroscopy guidance, without guide sheath,
in the study of PPL. We obtained a global diagnostic yield (DY)
of 72.5% (64% for PPL<20 mm and 81% for PPL>20 mm). The tech-
nique was simple to learn and its safety profile was similar to other
EBUS-based techniques (no pneumothorax, only one significant
hemorrhage).'8

The aforementioned results are in the same range as those
reported for all guided-bronchoscopy methods in the meta-
analysis of Wang Memoli et al.’® (pooled DY of 70%, weighted DY
of 60.9% for PLL<20 mm and 82.5% for PPL>20 mm). These guided
methods have been shown to be superior to traditional bron-
choscopy without fluoroscopy.2°2! This good DY is probably related
to the association of two diagnostic techniques, one permitting
navigation toward the lesion, and the other permitting lesion visu-
alization. The relevance of this association was highlighted in the
clinical trial of Eberhardt et al.!® in which the authors used elec-
tromagnetic navigation bronchoscopy (EMN) as a “GPS” to guide
the bronchoscopist within the bronchial tree and the EBUS to con-
firm the site of the lesion. They provided the highest DY (88%)

reported so far in the literature, and demonstrated that the combi-
nation of the two methods is more efficient than either one alone.
Although the electromagnetic field and the ultrasound system are
safe, non-irradiating techniques, their combination is complex, and
particularly heavy on resources; a specific chest CT-scan compati-
ble with the EMN parameters should be repeated in most cases, two
operators are required, and deep sedation or general anesthesia are
used to fully immobilize the patient. Thus, the procedure is closer
to an operation than a simple diagnostic intervention, its duration
is longer and its cumulative cost is significant, making it difficult to
use in daily practice.

Virtual bronchoscopic navigation (VBN) is another method by
which images of the bronchial path to the lesion are generated
and used as a guide to navigate the bronchoscope. Ishida et al. also
demonstrated the importance of associating a guidance method
with a target confirmation method by comparing the traditional
EBUS-GS technique to the combination EBUS-GS+VBN'! approach,
showing a significant improvement of DY in the combination arm.

Compared to the aforementioned highly effective combined
techniques, the strength of our procedure lies in its simplicity,
speed, and limited cost. Since both radioscopy and ultrasound
processors are available in most endoscopic settings (the latter
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Fig. 2. Reformatted image used for the calculation of the distance of a nodule from
the hilum.

frequently being compatible with mediastinal-EBUS/EUS or uro-
logical/gastroenterological ultrasound systems), the purchase of a
small, reusable (50 acts) EBUS probe provides a low-cost system
of guidance and real-time PPL visualization (€3300 for Olympus
products). The examination is rapid, adding 1-5min to the pro-
cedure, and it is performed under light sedation in an outpatient
setting. The DY is slightly lower than reported by Eberhardt or
Ishida et al., but the simplicity of the procedure could justify its first-
line use, reserving more complex methods for cases of negative and
doubtful results.

The advantage of using fluoroscopic guidance in addition to the
R-EBUS seems to be a greater DY for PPL<20 mm: Yoshikawa et al.
reported a DY of 76% (n=28) for PPL<20 mm, in contrast to a DY of
30% (n=11) without the support of fluoroscopy.??

The guide sheath (GS) is neither a guidance method nor a real
time lesion visualization method. Its utility lies in the repeatability
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Fig. 3. Main operator learning curves showing the diagnostic yield of F-R-EBUS, the
total number of tools, and the mean size of lesions for the 4 subgroups of consecutive
patients.

of samplings at the same point of interest, and it becomes especially
useful in patients with complex bronchial pathways. However, it
requires additional manipulations to match the length of the tools,
and is more expensive (€204-€276 for a single-use guide sheath).
Our study confirms the efficiency of the simple association of radial
probe endobronchial ultrasound and fluoroscopy without the guide
sheath. Thus, the latter appears to be more an aid for repeated
sampling than a tool for improving DY.

As shown by the learning curves of the technique, F-R-EBUS was
associated with an immediate high diagnostic yield. DY remained
high throughout the study and was not affected by PLL size or the
number of diagnostic interventions. The aforementioned findings
reflect the simplicity of the method, which, as shown by our experi-
ence, required no prior specific training and was directly applicable.
As previously shown by Chao et al.>> FNA had the highest DY com-
pared to the other diagnostic tools, and was not associated with
more complications. This high DY is probably associated with the
fact that FNA permits sampling of both endobronchial and extra-
bronchial lesions making this diagnostic tool a particularly useful
technique in the clinical setting.

Predictors of DY inherent to R-EBUS have been widely investi-
gated. In the meta-analysis of Steinfort et al. VY affected sensitivity
irrespective of the guidance method.'® Radiological predictors for
VY were analyzed by two retrospective studies that found a sig-
nificant effect in both distance from the hilum?* and PPL size.!6:24
In this study, only the distance from the hilum tended to corre-
late with the visualization yield. This lack of statistical significance
probably reflects the fact that our study had a smaller patient pop-
ulation than previous investigations.!624

Some of the innate limitations of a retrospective analysis, such as
possible selection bias favoring patients at high-risk for malignancy
and bronchoscopically accessible PPL, cannot be excluded in this
study. Nevertheless, the diagnostic yield reported here lie on the
linear regression line between the prevalence of lung malignancy
and R-EBUS sensitivity performed by Steinfort et al.'® Another
limitation, inherent to most trials studying the diagnosis of PPL,
concerns the establishment of diagnosis and the histocytologi-
cal criteria used for malignancy. In our study, the combination of
histopathological criteria and clinical follow-up in uncertain cases
resulted in no false-positive cases. Finally, a new method based
on oblique reformatted images was used to estimate the distance
between the hilum and the PPL (Fig. 2). The study of Tay et al.
introduced the Pythagoras formula for calculating the distance
of the PPL from the hilum on a 3D perspective.?* However, with
this method the real bronchial pathway distance is not taken into
account. In this study, oblique reformatted images permitted the
calculation of the distance between the most internal PPL margin
and the origin of the segmental bronchus in question, giving a more
accurate estimation of the bronchial pathway to be followed during
the bronchoscopic intervention.

In conclusion, R-EBUS combined with fluoroscopic guidance is
a safe, rapid and simple technique that could be readily used in the
evaluation of PPL. The diagnostic yield of this technique was com-
parable to other guided-bronchoscopy methods'® and was high
for PPLs both larger and smaller than 20 mm. These characteris-
tics, combined with its moderate cost, could make it a first-line
procedure in the diagnostic intervention sequence of PPL.
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