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BACKGROUND: When evaluating peripheral pulmonary lesions, a 3.0-mm ultrathin bron-
choscope (UTB) with a 1.7-mm working channel is advantageous regarding good access to
the peripheral airway, whereas a 4.0-mm thin bronchoscope provides a larger 2.0-mm
working channel, which allows the use of various instruments including a guide sheath
(GS), larger forceps, and an aspiration needle. This study compared multimodal bronchos-
copy using a UTB and a thin bronchoscope with multiple sampling methods for the diagnosis
of peripheral pulmonary lesions.

METHODS: Patients with peripheral pulmonary lesions # 30 mm in diameter were recruited
and randomized to undergo endobronchial ultrasonography, virtual bronchoscopy, and
fluoroscopy-guided bronchoscopy using a 3.0-mm UTB (UTB group) or a 4.0-mm thin
bronchoscope (thin bronchoscope group). In the thin bronchoscope group, the use of small
forceps with a GS or standard forceps without the GS was permitted. In addition, needle
aspiration was performed for lesions into which an ultrasound probe could not be inserted.

RESULTS: A total of 360 patients were enrolled, and 356 were included in the analyses
(median largest lesional diameter, 19 mm). The overall diagnostic yield was significantly
higher in the UTB group than in the thin bronchoscope group (70.1% vs 58.7%, respectively;
P ¼ .027). The procedure duration was significantly shorter in the UTB group (median, 24.8
vs 26.8 min, respectively; P ¼ .008). The complication rates were 2.8% and 4.5%, respectively
(P ¼ .574).

CONCLUSIONS: Multimodal bronchoscopy using a UTB afforded a higher diagnostic yield
than that using a thin bronchoscope in the diagnosis of small peripheral pulmonary lesions.
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Modifications of bronchoscopic techniques, such as the
use of radial probe endobronchial ultrasound
(rEBUS),1-4 navigation devices,5-7 and ultrathin
bronchoscopes (UTBs) (bronchoscopes with an outer
diameter # 3.5 mm),8-13 have markedly improved the
diagnostic yield of bronchoscopy for peripheral
pulmonary lesions. Particularly, multimodal
bronchoscopy combining these ancillary techniques
provides higher diagnostic yield than bronchoscopy
using each ancillary technique alone.13-16

In a previous randomized study,13 we showed that the
diagnostic performance of bronchoscopy using a 3.0-
mm UTB with rEBUS was superior to that using a 4.0-
mm thin bronchoscope with rEBUS and a guide sheath
(GS), which is effective for diagnosing peripheral
pulmonary lesions.15-23 In that study, we used biopsy
instruments of the same size (1.5-mm biopsy forceps)
during both procedures. However, the 4.0-mm thin
chestjournal.org
bronchoscope has a larger working channel (2.0 mm in
diameter) than the 3.0-mm UTB (1.7-mm working
channel). Therefore, if the GS is not used, the working
channel of the thin bronchoscope allows the use of
standard-sized biopsy forceps measuring 1.8 or 1.9 mm
in diameter or performance of transbronchial needle
aspiration (TBNA). In fact, adding TBNA to rEBUS-
guided transbronchial biopsy reportedly provides
additional diagnostic benefit,24 and adding
transbronchial biopsy using standard-sized forceps to
rEBUS-GS provides higher diagnostic yield than rEBUS-
GS alone.25 Therefore, the diagnostic performance of
bronchoscopy using a thin bronchoscope may have been
underestimated in our previous study. In this study, we
compared the diagnostic yield of bronchoscopy using a
UTB with that using a thin bronchoscope and multiple
sampling devices for the diagnosis of small peripheral
pulmonary lesions.
Figure 1 – Bronchoscopes and sampling instruments: a 3.0-mm ultra-
thin bronchoscope with a 1.7-mm working channel (marker A); a 4.0-
mm thin bronchoscope with a 2.0-mm working channel (marker B); the
1.4-mm-diameter, radial, endobronchial ultrasound probe (marker C);
the guide sheath (marker D); the 1.5-mm biopsy forceps (marker E); the
1.9-mm standard-sized biopsy forceps (marker F); and the 21-gauge
needle (marker G).
Materials and Methods
Patients

We performed a randomized study comparing bronchoscopy using a
UTB and a thin bronchoscope for the diagnosis of peripheral
pulmonary lesions at National Hospital Organization Nagoya
Medical Center and Gifu Prefectural General Medical Center. From
February 2013 to August 2016, patients with localized peripheral
pulmonary lesions # 30 mm were recruited and randomly assigned
to undergo rEBUS, virtual bronchoscopic navigation (VBN), and
fluoroscopy-guided bronchoscopy using a UTB (UTB group) or
using a thin bronchoscope (thin bronchoscope group).
Randomization was stratified according to lesion size (# 20 or >

20 mm in the largest diameter on CT scans), lesion location from
the hilum (peripheral one-third, intermediate one-third, or central
one-third in the lung field on CT scan, as classified by Baaklini
et al26), presence or absence of a bronchus sign, and operator
experience (> 5 or # 5 years after receiving their medical degree)
and was performed electronically. The main inclusion criterion was
having a peripheral pulmonary lesion # 30 mm in diameter
requiring diagnosis. The main exclusion criteria were central
pulmonary lesions, diffuse pulmonary lesions, or pure ground-glass
nodules on CT scans, or requiring bronchoscopic procedures other
than those being used for this study. The study was approved by the
institutional review board of each institution (identifier No. 2012-
591, Nagoya Medical Center; identifier No. 173, Gifu Prefectural
General Medical Center) and registered with the UMIN Clinical
Trials Registry (identifier No. UMIN000010133). Written informed
consent was obtained from all participants.

Procedures

Before bronchoscopy, a virtual bronchoscopic pathway indicating the
bronchial route to the target lesion was made using the VBN system
(Bf-NAVI or DirectPath; Cybernet Systems) from helical CT data
with a 0.5-mm slice. All bronchoscopic procedures were performed
after local anesthesia with lidocaine and conscious sedation using IV
midazolam with or without fentanyl. As previously described,13 a
tracheal tube 5.0 mm in inner diameter was inserted transnasally
into the trachea under bronchoscopic guidance in most cases.
UTB Method: A prototype 3.0-mm UTB (Y-0025 or Y-0058;
Olympus) (Fig 1, marker A) with a 1.7-mm working channel was
advanced toward the target lesion through the bronchus. During the
approach, preprepared virtual bronchoscopic views from the trachea
to the target lesion, created using the VBN system, were displayed
and synchronized with the actual bronchoscopic images, to serve as
a guide. Once the bronchoscope had reached the vicinity of the
lesion and could not be advanced further, a 1.4-mm rEBUS probe
(UM-S20–17S; Olympus) (Fig 1, marker C) was advanced toward
the lesion through the working channel under C-arm fluoroscopic
guidance. Once the target lesion was visualized by rEBUS, the
endobronchial ultrasound (EBUS) probe was withdrawn and 1.5-mm
biopsy forceps (FB-32D or FB-233D; Olympus) (Fig 1, marker E)
were advanced through the same route to the target lesion. Then
biopsies were performed under fluoroscopic guidance until 10 visible
specimens were obtained. After forceps biopsies, washing was
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performed with 5 to 20 mL saline solution for cytologic and
microbiological examination.

Thin Bronchoscope Method: A commercially available 4.0-mm thin
bronchoscope (BF-P260F; Olympus) (Fig 1, marker B) with a 2.0-mm
working channel was used. The basic technique was similar to the UTB
method. In the thin bronchoscope group, the GS method using a 1.95-
mm GS (SG-200C; Olympus) (Fig 1, marker D) and 1.5-mm biopsy
forceps, and/or the non-GS method using 1.8 or 1.9-mm biopsy
forceps (Radial Jaw 4; Boston Scientific; and FB-231D; Olympus)
(Fig 1, marker F), was available; selection was left to the operator’s
discretion. When performing the GS method, using a curette (CC-6-
DR-1; Olympus) as a guiding device for the GS was also permitted.
Ten visible specimens were obtained when the small forceps were
used. When standard forceps or both standard and small forceps
were used, at least seven specimens were obtained. In addition,
TBNA using a 21-gauge needle (NA-401D-1521; Olympus) (Fig 1,
marker G) was performed when the EBUS probe could not be
inserted within the lesion (ie, invisible or adjacent to cases, as
classified by Kurimoto et al3). TBNA was performed for at least two
passes under fluoroscopic guidance. Rapid on-site cytologic
evaluation was not performed. Bronchial washing was performed
after the procedures.

Measurement During the Procedure: In each group, the bronchus
level (ie, segmental bronchi, second generation; subsegmental bronchi,
third generation; subsubsegmental bronchi, fourth generation bronchi;
bronchial generation was calculated by adding the number of further
branchings) reached with the bronchoscope, the procedure duration
from insertion of the bronchoscope into the trachea to removal from
the trachea, and the locational relationship between the EBUS probe
and target lesion (within, adjacent to, or invisible on the rEBUS
image, as classified by Kurimoto et al3) were recorded.

Diagnosis

Each histologic and cytologic specimen was interpreted separately at
each institution. Suspicious findings were considered nondiagnostic
in this study. Inconclusive histologic findings, such as nonspecific
fibrosis and inflammation, were considered nondiagnostic. The final
956 Original Research
diagnoses were established based on pathologic evidence,
microbiological analyses, or clinical follow-up. Benign diagnoses,
which could not be diagnosed pathologically or microbiologically,
were confirmed by radiologic and clinical compatibility (eg,
unchanged or decreased lesion size on CT scans) during the follow-
up period for at least 1 year after bronchoscopy.

End Points

The primary end point was the overall diagnostic yield, whereas
secondary end points were histologic diagnostic yield, diagnostic
yield according to the nature of the lesion (benign or malignant),
lesion size, lesion location, sampling procedures, frequency of
complications, ultrasonic probe location on the rEBUS image, level
of bronchus reached with bronchoscopes, and duration of the
procedure.

Data Analyses

This study was designed to compare the diagnostic yields of the UTB
and thin bronchoscope methods. If noninferiority was demonstrated,
then its superiority was analyzed. Based on the expected diagnostic
yield of 65% using the thin bronchoscope method and 70% using
the UTB method, demonstration of noninferiority with a statistical
power of 90% at a one-sided significance level of 0.05 would require
167 patients in each group. We arranged to enroll a total of 360
patients with 180 patients in each group to account for dropouts.
Noninferiority of the UTB method was to be concluded if the lower
bound of the 90% CI for the difference in diagnostic yields exceeded
the predetermined noninferiority bound of �10%. The means and
percentages are presented as appropriate. With the exception of the
noninferiority analyses of the primary end point, categorical
variables were analyzed using the Pearson c2 test or Fisher exact
test. Continuous variables were analyzed using the Mann-Whitney U
test. Logistic regression analyses were performed to analyze
interactions between categories as predictors of higher diagnostic
yield of either method compared with the other. Statistical analyses
were performed using PASW Statistics 18 (SPSS Inc). In all of the
analyses, P < .05 was taken to indicate statistical significance.
Results

Patients and Lesions

As shown in Figure 2, the 360 patients were assigned to
either the UTB group or the thin bronchoscope group,
and 177 patients in the UTB group and 179 patients in
the thin bronchoscope group were ultimately analyzed.
The median lesion size defined according to the largest
diameter on CT scans was 19.0 mm (range, 7.4-
30.0 mm). Baseline demographics and lesion
characteristics were well balanced between the two
groups (Table 1). Bronchoscopic findings and final
diagnoses are shown in Table 2.

Procedures

The UTB could be advanced into more distal bronchi
than the thin bronchoscope (median, fifth generation
vs fourth generation bronchi, respectively; P < .001)
(Table 3). In the thin bronchoscope group, forceps
biopsies using small forceps through the GS (GS
method), standard forceps without the GS (non-GS
method), and a combination of both were performed in
43.6% (78 of 179), 38.5% (69 of 179), and 15.6% (28 of
179) of cases, respectively. Forceps biopsies were not
performed for four lesions (2.2%), which could not be
identified by rEBUS. Therefore, the GS method was
performed in 106 patients and the non-GS method was
performed in 97 patients, including 28 patients with
both GS and non-GS methods. During the GS method, a
guiding curette was used in 41 patients (38.7%). The GS
method was frequently used to evaluate lesions in the
upper lobe and peripheral one-third of the lung, and
lesions abutting the pleura (Table 4). As shown in
Table 3, the rEBUS probe could not be inserted into the
lesion in 54 patients in the thin bronchoscope group.
Therefore, the 54 patients had indications for additional
TBNA according to our study protocol. TBNA with
sampling was performed in 50 of these 54 patients. In
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360 eligible for enrollment

360 randomized

1 excluded from final analysis:
   1 no available thin bronchoscope

3 excluded from final analysis:
   1 bronchoscopically visible central lesion
   1 experienced lidocaine toxicity at
   preprocedural topical anesthesia
   1 no available ultrathin bronchoscope

180 assigned to thin
bronchoscope group

180 assigned to ultrathin
bronchoscope group

179 analyzed177 analyzed

Figure 2 – Flow of patients enrolled in the study.
the remaining four patients, the operators attempted to
perform TBNA, but sampling could not be performed
for technical reasons in two patients, and the operators
did not try to perform TBNA in the remaining two
patients. Median procedure duration was significantly
shorter in the UTB group than in the thin bronchoscope
group (24.8 vs 26.8 min, respectively; P ¼ .008).

Diagnostic Yields

As shown in Table 5, the diagnostic yields in the UTB
group and thin bronchoscope group were 70.1% (124 of
177 patients; 95% CI, 62.7-76.7) and 58.7% (105 of 179
patients; 95% CI, 51.1-66.0), respectively. The difference
in diagnostic yield was 11.4% (90% CI, 3.1-19.7).
Because the lower limit of the CI was greater than the
predetermined margin of �10%, noninferiority of the
UTB method was confirmed. In terms of superiority, the
overall diagnostic yield was significantly higher in the
UTB group than in the thin bronchoscope group (P ¼
.027 using the Fisher exact test). In each group, larger
lesion size, malignant nature, and the presence of a
bronchus sign were associated with a higher diagnostic
yield. The diagnostic yields of the UTB method were
significantly higher for lesions in the nonupper lobe
location, lesions in the peripheral one-third of the lung,
benign lesions, lesions > 20 mm, and lesions abutting
the pleura compared with those of the thin
bronchoscope method in univariate analyses, but these
were not factors of higher diagnostic yield of the UTB
method, as determined by analyzing the interaction
using logistic regression analyses. In patients with
nondiagnostic results of forceps biopsy, bronchial
chestjournal.org
washing was diagnostic in six patients (malignancies in
three patients, non-TB mycobacteriosis in two patients,
and TB in one patient) in the UTB group and three
patients (malignancy in one patient and non-TB
mycobacteriosis in two patients) in the thin
bronchoscope group. Therefore, 118 of 177 patients
(66.7%; 95% CI, 59.2-73.6) in the UTB group were given
a diagnosis with histologic specimens obtained by
forceps biopsy compared with 102 of 179 patients
(57.0%; 95% CI, 49.4-64.4) in the thin bronchoscope
group (P ¼ .064). In the thin bronchoscope group,
specimens were sampled by TBNA in 50 patients. TBNA
for cytologic analyses provided positive for malignancy
results in three patients, suspicious for malignancy
results in eight patients, and negative results in 39
patients. One additional diagnosis of non-TB
mycobacteriosis was made based on washing fluid of the
needle. No additional diagnostic gain was observed by
adding TBNA to forceps biopsy and washings. Forceps
biopsies using the GS method, non-GS method, and a
combination of both methods provided diagnostic
histologic specimens in 56.4% (44 of 78), 62.3% (43 of
69), and 53.6% (15 of 28) of cases, respectively. In
patients undergoing forceps biopsies using both the GS
and non-GS methods, histologic specimens containing
diagnostic materials were provided only by the GS
method in two patients and by the non-GS method in
three patients.

Safety

In the UTB group, two cases of pneumothorax (one of
which required chest tube insertion), two cases of
957
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TABLE 1 ] Demographic and Lesion Characteristics of the Patients

Characteristic UTB Group (n ¼ 177) Thin Bronchoscope Group (n ¼ 179) P Value

Sex

Male 107 (60.5) 111 (62.0) .763

Female 70 (39.5) 68 (38.0)

Median age (range), y 71 (34-92) 72 (37-87) .895

Tobacco-use history

Never 59 (33.3) 55 (30.7)

Previous 66 (37.3) 76 (42.5) .609

Current 52 (29.4) 48 (26.8)

Lesion size in the largest diameter on CT scan

Median, mm (range) 18.9 (7.7-30.0) 19.1 (7.4-29.9) .666

# 20 mm 102 (57.6) 101 (56.4) .819

> 20 to # 30 mm 75 (42.4) 78 (43.6)

Lobar location

Upper lobe 85 (48.0) 97 (54.2) .244

Other 92 (52.0) 82 (45.8)

Lesion location from the hilum

Intermediate 40 (22.6) 37 (20.7) .659

Peripheral 137 (77.4) 142 (79.3)

Locational relationship with pleura

Apart from the pleura 102 (57.6) 105 (58.7) .844

Abutting on the pleura 75 (42.4) 74 (41.3)

Bronchus sign

Present 130 (73.4) 133 (74.3) .854

Absent 47 (26.6) 46 (25.7)

Appearance on CT scan

Solid 148 (83.6) 153 (85.5) .628

Part-solid nodule 29 (16.4) 26 (14.5)

Final diagnosis

Malignant 142 (80.2) 140 (78.2) .754

Benign 32 (18.1) 37 (20.7)

Unknown 3 (1.7) 2 (1.1)

Examiner experience

> 5 y after receiving medical license 166 (93.8) 171 (95.5) .464

# 5 y after receiving medical license 11 (6.2) 8 (4.5)

Data are presented as No. (%) or as otherwise noted. UTB ¼ ultrathin bronchoscope.
pneumonia (with new pulmonary infiltrates as
revealed by chest radiographs, accompanied by
symptoms of respiratory infection and requiring
antibiotic therapy), and one case of bleeding occurred.
In the thin bronchoscope group, two cases of
pneumothorax (neither required chest tube insertion),
two cases of bleeding, one case of pneumonia, one case
of vomiting, one case of nausea, and one case of
myocardial infarction were observed. There were no
statistically significant differences in the complication
958 Original Research
rate between the UTB and thin bronchoscope groups
(5 of 177 [2.8%] vs 8 of 179 [4.5%], respectively;
P ¼ .574).
Discussion
The diagnostic yield of multimodal bronchoscopy
using a UTB was significantly higher than that using a
thin bronchoscope, even using TBNA, larger biopsy
forceps, and the GS method during the thin
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TABLE 2 ] Bronchoscopic Findings and Final Diagnosis

Bronchoscopic Findings

No. of Patients and Final Outcomes

UTB Group (n ¼ 177) Thin Bronchoscope Group (n ¼ 179)

Total Final Diagnoses and Outcomes Total Final Diagnoses and Outcomes

Diagnostic

Malignant

Lung cancer

Adenocarcinoma 73 . 59 .

Squamous cell carcinoma 22 . 23 .

Non-small cell carcinoma 3 . 4 .

Poorly differentiated
carcinoma

1 . 1 .

Carcinoid 1 . 0 .

Adenocarcinoma þ
pleomorphic carcinoma

0 . 1 .

Small cell carcinoma 2 . 4 .

Cytology positive for
malignancy

3 . 1 .

Metastatic carcinoma

Adenocarcinoma 5 4 colon, 1 rectum 5 1 colon, 1 rectum, 2 breast, 1
endometrium

Squamous cell carcinoma 1 1 larynx 0 .

Transitional cell carcinoma 0 . 1 1 bladder

Benign

TB 3 0 .

Non-TB mycobacteriosis 4 . 3 .

Aspergillosis 1 . 0 .

Organizing pneumonia 1 . 1 .

Granuloma 4 . 1 .

Amyloidosis 0 . 1 .

Nondiagnostic

53 31 malignant 74 41 malignant

30 pathologically proven
malignancy

36 pathologically proven
malignancy

26 lung cancer 31 lung cancer

4 metastatic carcinoma 3 metastatic carcinoma

1 suspected malignant 2 malignant lymphoma

19 benign 5 suspected malignant

2 pathologically and/or
biologically proven benign

31 benign

17 suspected benign 5 pathologically and/or
biologically proven benign

3 no follow-up 26 suspected benign

2 no follow-up

See Table 1 legend for expansion of abbreviation.
bronchoscope procedure. Our study demonstrated the
high diagnostic performance of navigational
endobronchial ultrasonographic bronchoscopy using a
UTB.
chestjournal.org
TBNA has reportedly been a useful method for
diagnosing peripheral pulmonary lesions,1,27,28 but to
our knowledge, there has been only one previous
randomized study comparing rEBUS-guided
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TABLE 3 ] Procedural Details

Variables UTB Group (n ¼ 177) Thin Bronchoscope Group (n ¼ 179) P Value

Bronchus level reached with the bronchoscope

Median (range), generation 5 (3-11) 4 (2-8) < .001

Mean � SD, generation 5.5 � 1.4 4.4 � 1.1

Location of probe in relation to lesion confirmed by rEBUS

Within the lesion 139 (78.5) 125 (70.6)

Adjacent to the lesion 20 (11.3) 32 (17.9) .142

Invisible with rEBUS 18 (10.2) 22 (12.3)

Sampling procedures

Forceps biopsy

Small forceps biopsya 176 (99.4) 78 (43.6)

Standard forceps biopsy . 69 (38.5)

Both smalla and standard forceps biopsy . 28 (15.6)

Not performed 1 (0.6) 4 (2.2)

TBNA . 52b (29.1)

Washing 177 (100) 179 (100)

Procedural duration, median (range), min 24.8 (11-86) 26.8 (10-90) .008

Data are No. (%) unless otherwise stated. rEBUS ¼ radial probe endobronchial ultrasound; TBNA ¼ transbronchial needle aspiration. See Table 1 legend for
expansion of other abbreviation.
aPerformed through a guide sheath in the thin bronchoscope group.
bIncludes two patients who were not sampled because of technical difficulty.

TABLE 4 ] Types of Biopsy Forceps Used in the Thin Bronchoscope Group

Variable No. Small Forceps Standard Forceps P Value

Total 179a 106b (59.2) 97b (54.2)

Lesion size in the largest
diameter on CT scan

# 20 mm 101 65 (64.4) 50 (49.5) .160

> 20 to # 30 mm 78 41 (52.6) 47 (60.3)

Lobar location

Upper lobe 97 68 (70.1) 42 (43.3) .003

Others 82 38 (46.3) 55 (67.1)

Lesional location from the hilum

Intermediate 37 13 (35.1) 28 (75.7) .003

Peripheral 142 93 (65.5) 69 (48.6)

Locational relationship with the pleura

Distant from the pleura 105 55 (52.4) 66 (62.9) .019

Abutting on the pleura 74 51 (68.9) 31 (41.9)

Bronchus sign

Present 133 74 (55.6) 78 (58.6) .082

Absent 46 32 (69.6) 19 (41.3)

Appearance on CT scan

Solid 153 94 (61.4) 82 (53.6) .385

Part-solid nodule 26 12 (46.2) 15 (57.7)

Data are No. (%) unless otherwise stated.
aIncludes four patients for whom forceps biopsy was not performed.
bIncludes 28 patients biopsied using both small and standard forceps.
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TABLE 5 ] Diagnostic Yield

Variables UTB Group (n ¼ 177)
Thin Bronchoscope Group

(n ¼ 179) P Value
P Value for
Interactiona

Total 124/177 (70.1) 105/179 (58.7) .027

Lesion size in the largest
diameter on CT scan

# 20 mm 64/102 (62.7) P ¼ .004 52/101 (51.5) P ¼ .027 .120 P ¼ .664

> 20 to # 30 mm 62/75 (82.7) 53/78 (67.9) .041

Lesion nature

Malignant 111/142 (78.2) P < .001 99/140 (70.7) P < .001 .173 P ¼ .172

Benign 13/32 (40.6) 6/37 (16.2) .032

Unknown 0/3 (0) 0/2 (0) .

Lobar location

Upper lobe 56/85 (65.9) P ¼ .244 61/97 (62.9) P ¼ .212 .757 P ¼ .089

Other 68/92 (73.9) 44/82 (53.7) .007

Lesion location from the
hilum

Intermediate 29/40 (72.5) P ¼ .701 26/37 (70.3) P ¼ .107 > .999 P ¼ .163

Peripheral 95/137 (69.3) 79/142 (55.6) .019

Locational relationship
with pleura

Apart from the pleura 73/102 (71.6) P ¼ .608 67/105 (63.8) P ¼ .096 .368 P ¼ .448

Abutting on the pleura 51/75 (68.0) 38/74 (51.4) .046

Bronchus sign

Present 97/130 (74.6) P ¼ .028 87/133 (65.4) P ¼ .002 .109 P ¼ .549

Absent 27/47 (57.4) 18/46 (39.1) .098

Appearance on CT scan

Solid 107/148 (72.3) P ¼ .141 94/153 (61.4) P ¼ .067 .051 P ¼ .784

Part-solid nodule 17/29 (58.6) 11/26 (42.3) .285

Data are presented as No. with positive result/No. examined (%). See Table 1 legend for expansion of abbreviation.
aLogistic regression analysis.
bronchoscopy with TBNA with that without TBNA.24 In
the study by Chao et al,24 the diagnostic yield of
rEBUS-guided forceps biopsy, TBNA, and bronchial
washings was higher than that without TBNA
(78.4% vs 60.6%, respectively; P ¼ .015). Unlike their
results, we found no additional gain by adding TBNA to
forceps biopsy in this study. This may be explained by
the large differences in baseline target lesions and
techniques between this study and the Chao et al24

study. In the study by Chao et al,24 the mean target
lesion diameter was 34.9 mm. In addition, fluoroscopy,
VBN, and GS were not used in their study. We
encountered some technical problems using TBNA for
small peripheral lesions even though we are familiar
with this procedure.29 The needle was too stiff to
advance through the bent working channel or curved
bronchial branch, particularly for the upper lobe
bronchus.30 The steerability of the stiff needle in the
chestjournal.org
peripheral lung through the thin bronchoscope with
weak bending force was quite limited. We think that
TBNA would provide little additional gain in
challenging cases, for which the approach is difficult
even using multimodal bronchoscopy with a thin
bronchoscope.

Although controversial,30,31 rEBUS-GS is a promising
bronchoscopic method for diagnosing peripheral
pulmonary lesions.32 The GS works as an extended
working channel, so once the target lesion is identified
with rEBUS, we can perform biopsy repeatedly from the
same location through the GS. In addition, the GS can
be directed toward the target lesion with a guiding
curette, even through the angulated bronchial branch.3

Conversely, the GS method has some limitations, the
most obvious of which is the small size of compatible
biopsy instruments.25 When we use the GS through a
961
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2.0-mm working channel, we have to use forceps smaller
than the inner diameter of the GS of 1.7 mm. However,
if we do not use the GS, we can use standard-sized
forceps, which provide a larger amount of tissue. This
may be advantageous for diagnosis in certain cases, such
as cases with a ground-glass nodule and adjacent to or
nearly adjacent to cases in rEBUS images.25 In addition,
it is hypothesized that taking multiple biopsies with the
non-GS method from various locations increases the
chance of sampling at least one diagnostic material
compared with biopsies with the GS method from a
fixed location.30 Moreover, the GS method has some
technical and instrumental disadvantages such as
technical complexity, displacement of the GS by
coughing or deep respiration, and kinking or bending of
the GS.33-36 Because the GS and non-GS methods each
have advantages and disadvantages, they may play
complementary roles. Even with allowing both the GS
and non-GS methods during the thin bronchoscope
procedure, the present trial demonstrated the diagnostic
superiority of bronchoscopy using a UTB over a thin
bronchoscope.

The higher diagnostic yield of the UTB method is
achieved by the good accessibility, bronchial selectivity,
and maneuverability in the peripheral small bronchi. In
our study, the mean bronchial generations reached with
the UTB, thin bronchoscope, and VBN were 5.5, 4.4,
and 5.1, respectively. These observations suggest that the
UTB can be advanced beyond the bronchial route
indicated by VBN under direct visualization, whereas
the thin bronchoscope cannot. Therefore, the UTB can
maximize the ability of VBN, and they are well suited to
each other. In fact, the diagnostic yield of bronchoscopy
in cases where the bronchoscope was able to reach the
peripheral end of the bronchial route indicated by VBN
was significantly higher than that in cases where the
bronchoscope was unable to reach the end (reached
bronchus level with bronchoscope $ VBN, 71% [177 of
250]; VBN > bronchoscope, 49% [52 of 106]; P < .001).
When the advanced multimodality approach was used
962 Original Research
by experienced professionals, the diagnostic yield of
flexible bronchoscopy used to evaluate peripheral
lesions # 30 mm in diameter was 58.7% for the thin
bronchoscope method and 70.1% for the UTB method.
Therefore, further technical modifications are necessary
to improve the diagnostic yield of the bronchoscopy. For
example, TBNA during the procedure using a UTB was
not available in this study. However, promising results
obtained with the novel flexible 21-gauge TBNA needle
during the UTB procedure have been reported.37

This study had some limitations. First, the study was
performed only at centers of expertise. We are familiar
with the use of multimodal bronchoscopy; however,
certain experience and skills are necessary to achieve a
good diagnostic yield. Therefore, the results of this study
may not be generalizable to other institutions with less
experienced staff. Second, the UTB used here was a
prototype; therefore, the results of this study should be
considered experimental. The UTB has now been
released commercially but is still available only in a
limited number of countries. Third, the final diagnoses
were not pathologically confirmed in all patients. We
carefully reviewed and analyzed clinical data, but the
final classification as malignant or benign may not be
completely accurate in patients with diagnoses obtained
from clinical follow-up. Finally, examinations after
procedures were performed in accordance with current
clinical practice. Therefore, the infectious complications
may have been underestimated.38 For example,
oligosymptomatic self-limiting pneumonia might have
been missed.

In conclusion, in patients with small peripheral
pulmonary lesions, the use of a 3.0-mm UTB during
multimodal bronchoscopy resulted in significantly
higher diagnostic yield and shorter procedure duration
without affecting safety compared with that using a 4.0-
mm thin bronchoscope with multiple sampling
methods, including TBNA and GS and/or non-GS
methods.
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