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ABSTRACT: The usefulness of endobronchial ultrasonography (EBUS) with guide-
sheath (GS) as a guide for transbronchial biopsy (TBB) for diagnosing peripheral
pulmonary lesions (PPL)s and for improving diagnostic accuracy was evaluated in this
study.

EBUS-GS-guided TBB was performed in 24 patients with 24 PPLs of f30 mm in
diameter (average diameter=18.4 mm). A 20-MHz radial-type ultrasound probe,
covered with GS was inserted via a working bronchoscope channel and advanced to the
PPL in order to produce an EBUS image. The probe with the GS was confirmed to
reach the lesion by EBUS imaging and X-ray fluoroscopy. When the lesion was not
identified on the EBUS image, the probe was removed and a curette was used to lead the
GS to the lesion. After localising the lesion, the probe was removed, and TBB and
bronchial brushing were performed via the GS.

Nineteen peripheral lesions (79.2%) were visualised by EBUS. All patients whose
PPLs were visible on EBUS images subsequently underwent an EBUS-GS-guided
diagnostic procedure. A total of 14 lesions (58.3%) were diagnosed. Even when
restricted to PPLs v20 mm in diameter, the diagnostic sensitivity was 53%.

In conclusion, endobronchial ultrasonography with guide sheath-guided trans-
bronchial biopsy was feasible and effective for diagnosing peripheral pulmonary lesions.
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The investigation of a peripheral pulmonary lesion (PPL) is
a challenging diagnostic problem. A transbronchial approach
using a fiberoptic bronchoscope (FB) under X-ray fluoro-
scopic guidance has been the most generally accepted method
for diagnosing PPLs since the 1970s [1–3]. However, the
accuracy of diagnosing PPLs using FB under X-ray fluoro-
scopic guidance is reportedly 14–71% [1–8]. One factor that
potentially limits the diagnostic accuracy of the standard
bronchoscope is lesion size, as lesions v2 cm have very low
yields ranging 11–42% [6–10]. Some respiratory physicians
prefer to diagnose small PPLs from tissue samples obtained
by percutaneous needle aspiration cytology or biopsy [11–15].
Although success rates of these techniques might be very high,
with 76–97% diagnostic accuracy [6, 15], these techniques
have several problems. First, they have the potential to spread
malignant cells from the tumour into the pleural cavity
[11, 12]. For patients with poor pulmonary function, these
techniques result in an increased risk of pneumothorax.
Moreover, systemic arterial air embolism is a rare but severe
complication [13, 14].

Therefore, in many institutions, patients with small
peripheral pulmonary lesions undergo surgical biopsy proce-
dures, such as video-assisted thoracic surgery, although such
invasive procedures are undesirable for elderly patients and
patients with poor respiratory function. In order to spare
patients from these operative procedures, new imaging and
guidance technology is necessary.

Recently developed small-calibre ultrasound probes have
enabled wider clinical application of ultrasonography (US) to
tracheal and bronchial lesions. Guided by FB, a small-calibre

US probe can be successfully introduced into the trachea and
bronchus for assessment and diagnosis of endobronchial
lesions or tumour metastasis to the mediastinal or hilar lymph
nodes [16–18]. Transbronchial needle aspiration under
endobronchial ultrasonography (EBUS) guidance has
improved the N-staging yields for lung cancer without clear
endoscopic landmarks [17–20]. EBUS has also been applied to
the assessment of PPLs [16, 21]. KURIMOTO et al. [22]
analysed EBUS images with the aim of distinguishing
between benign and malignant disease, identifying the type
of lung cancer, and determining the degree of differentiation.
Moreover, HERTH et al. [23] applied EBUS as imaging
guidance for transbronchial biopsy (TBB) of PPLs. In the
present study, the EBUS was further combined with the
guide-sheath (GS) technique. Biopsy forceps covered with a
GS can be moved to the lesions under EBUS guidance, after
which biopsy and brushing specimens can be sequentially
obtained by keeping the GS in the lesion. The present study
was undertaken in order to examine the usefulness of a new
technique, EBUS with GS (EBUS-GS), as a guide for TBB
and bronchial brushing cytology for diagnosis of PPLs.

Methods

Patients

Between December 1, 2002, and July 31, 2003, at Hokkaido
University Medical Hospital (Sapparo, Japan), and Iwamizawa
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Municipal General Hospital (Iwamizawa, Japan), 24 patients
with 24 PPLs f30 mm in mean diameter referred for
diagnostic bronchoscopy were enrolled. PPLs were defined
as those that were surrounded by pulmonary parenchyma and
not visible by bronchoscopy (no evidence of endobronchial
lesion, extrinsic compression, submucosal tumour, or narrow-
ing, inflammation or bleeding of the bronchus). All chest
computed tomographs (CT) were reviewed and the mean
diameters of the PPLs were recorded. After written informed
consent, patients underwent the bronchoscopic procedure.

EBUS-GS-guided TBB and bronchial brushing

Each patient was pre-medicated using 15 mg of pentazo-
cine hydrochloride and 0.5 mg of atropine sulphates as a
routine procedure for TBB in the two hospitals described
above. Local anaesthesia of the upper respiratory tract was
achieved using 4% lidocaine. EBUS was performed using an
endoscopic ultrasound system (EU-M30S; Olympus, Tokyo,

Japan), equipped with a 20-MHz mechanical radial-type
probe (XUM-S20-17R; Olympus), having an external
diameter of 1.4 mm (fig. 1). FBs with a working channel of
2.0 mm in diameter were used (BF-P-260F, BF-P-240, BF-P-
200; Olympus). The probe was inserted into a GS, and the
GS-covered probe was inserted through the working channel
of the FB and advanced to the peripheral pulmonary lesion in
order to obtain an EBUS image. The probe and GS were
confirmed to have reached the lesion by EBUS imaging and
X-ray fluoroscopy. After localising the lesion using EBUS
imaging, the probe was removed and the GS remained in the
peripheral lesion. Biopsy forceps and a bronchial brush were
introduced via the GS to perform pathological and cytological
examination (fig. 2 a–c). When the lesion was not identified
on the EBUS image, a double-hinged curette was inserted
into the GS, and the appropriate bronchus was selected by
manipulating the curette. The curette could be flexed and
rotated by the proximal handle of the curette. When the lesion
was not identified on the EBUS image or next to the EBUS
image, using standard procedure, the GS was pulled, the next
bronchus in the proximal position was selected by curette-
loaded GS and the curette was manipulated. Once the
bronchus was determined, the curette was removed. The
probe was then inserted through the GS and the acquired
EBUS images were again examined. These procedures were
repeated by trial-and-error method until the probe and GS
were found to have reached the correct position (fig. 2 d–g).

Results

Patient data

A total of 24 patients (10 males, 14 females) with an
average age of 67.5¡14.8 yrs (range 24–83 yrs) were exam-
ined. The mean diameter of the PPLs was 18.4¡6.3 mm
(8.0–27.5 mm). Localisation of the PPLs was the right upper
lobe in five patients (20.8%), the right middle lobe in three
patients (12.5%), the right lower lobe in 10 patients (41.7%)
and the left upper lobe in six patients (25.0%). There were no
PPLs examined in the left lower lobe.

a) b)

c) d)

Fig. 1. – Ultrasound probe and guide-sheath for endobronchial ultra-
sonography (US) with guide-sheath (GS). The GS a) is attached to
the US probe b). The US probe with GS is inserted through the
working channel of the fibreoptic bronchoscope c). Biopsy forceps are
also inserted into a GS d).

�� �� �� ��
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Fig. 2. – Endobronchial ultrasonography (EBUS)-guide-sheath (GS)-guided transbronchial biopsy (TBB). a) EBUS probe with GS is advanced to
the peripheral pulmonary lesion via fibreoptic bronchoscope. After confirmation by EBUS imaging, b) the US probe is pulled out, and c) TBB
and bronchial brushing are performed via the GS. When the lesion is not identified by EBUS imaging, d) a curette is inserted into the GS and
the appropriate bronchus is selected. e) The curette is then pulled out and f) the EBUS probe is again inserted into the GS to perform EBUS
imaging. After confirmation by EBUS imaging, g) TBB and bronchial brushing are performed.
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EBUS-GS-guided transbronchial biopsy and bronchial
brushing

In 19 patients (79.2%) EBUS detected the PPL. In 10
patients the EBUS probe reached the peripheral lesions with
curette navigation. All patients whose PPLs were visible by
EBUS imaging subsequently underwent EBUS-GS-guided
TBB and bronchial brushing. The mean number of specimens
obtained using EBUS-GS-guided TBB was 3.5¡1.3. Diag-
nosis was made in 14 cases (58.3%); 10 cases of primary lung
cancer, one case of metastatic lung cancer of the thyroid, one
case of metastatic lung cancer of the uterus and two cases of
benign disease (pneumonia, one case; pneumoconiosis, one
case). Pathological diagnosis was performed in 11 lesions
(45.8%) and cytological diagnosis was performed in 11 lesions
(45.8%) (table 1). A total of five lesions that were visible by
EBUS and for which diagnoses could not be obtained had
insufficient biopsy and brush samples taken. When evaluating
the position of EBUS against the 19 lesions visible by EBUS,
the US probe was located in the bronchus inside the lesions in
14 cases (12 malignant diseases, two benign diseases). In 13 of
these cases, cytopathological diagnosis was obtained. The US
probe was located in the bronchus adjacent to the lesion in
five cases (two malignant diseases, three benign diseases), and
in one of these malignant cases cytopathological diagnosis
was obtained.

A representative case is shown in figure 3. An 82-yr-old
male who underwent right upper lung lobectomy for
pulmonary adenocarcinoma and who had thyroid carcinoma
12 yrs previously was admitted to one of the participating
hospitals with an abnormal chest shadow. Chest radiograph
and CT showed a pulmonary nodule of 8 mm in diameter in
the left S3a. EBUS showed a low-echoic nodule surrounded
by a strong reflected interface produced between the aerated
lung and the lesion. Metastatic adenocarcinoma of the
thyroid was diagnosed by EBUS-GS-guided TBB.

In 10 patients with 10 lesions, the EBUS-GS-guided
bronchoscopic procedure was nondiagnostic. Seven of these
10 lesions were diagnosed as malignant diseases by repeated
conventional bronchoscopic procedures using thicker forceps
or a thicker bronchial brush, by CT-guided TBB using an
ultrathin bronchoscope and navigation by virtual broncho-
scopy or by surgical resection. In the other three lesions, the
size of the lesions was reduced and these lesions were
designated as benign.

When evaluated according to size (table 1), 15 lesions were
v20 mm in mean diameter. Ten lesions (66.7%) were visible
on EBUS images and eight lesions (53.3%) were diagnosed
using this procedure (six lesions by pathological diagnosis and
five lesions by cytological diagnosis). In nine lesions with
mean diameters of 20–30 mm, all lesions were visible on
EBUS images and six lesions (66.7%) were diagnosed
(five lesions by pathological diagnosis and six lesions by

cytological diagnosis). The diagnostic accuracy of the EBUS-
GS-guided bronchoscopic procedure in malignant and benign
lesions was 66.7% and 33.3%, respectively.

When restricted to malignant lesions, the diagnostic
sensitivity for a lesion v20 mm in mean diameter was 60%.
There were no significant differences in diagnostic sensitivity
of EBUS-GS with regard to bronchial segment.

Table 1. – Diagnostic yield of endobronchial ultrasonography (EBUS)-guide sheath (GS)

Size Visible EBUS Lesion diagnosed by EBUS-GS Diagnosed

Malignant Benign Pathologically Cytologically

v20 mm 10/15 (66.7) 8/15 (53.3) 6/15 (40.0) 5/15 (33.3)
6/10 (60.0) 2/5 (40.0)

20–30 mm 9/9 (100) 6/9 (66.7) 5/9 (55.6) 6/9 (66.7)
6/8 (75.0) 0/1 (0)

Total 19/24 (79.2) 14/24 (58.3) 11/24 (45.8) 11/24 (45.8)
12/18 (66.7) 2/6 (33.3)

Data are presented as number of lesions/total lesions (%).

a) b)

c)

Fig. 3. – An 82-yr-old male who underwent right upper lung lobec-
tomy for pulmonary adenocarcinoma and who had thyroid carcinoma
12 yrs previously was admitted to the study hospital with an
abnormal chest shadow. a) Chest radiograph and b) computed
tomography showed a pulmonary nodule of 8 mm in diameter in the
left S3a (arrows). c) Endobronchial ultrasonography showed a low-
echoic nodule surrounded by a strong reflected interface produced
between the aerated lung and the lesion (arrowheads; scale
bar=0.5 cm). Metastatic adenocarcinoma of the thyroid was diag-
nosed by EBUS-guide-sheath-guided transbronchial biopsy.
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Complications

One patient developed pneumothorax (4.2%) which was
treated by tube thoracostomy. No major bleeding occurred
during the diagnostic procedure.

Discussion

The endobronchial application of US was first described in
1990 [24]. To date, several reports have shown the usefulness
of EBUS for identifying PPLs [16, 17, 21–23]. The air content
of lung parenchyma completely reflects the US signal.
Pulmonary masses have a hypoechoic texture when compared
with the surrounding tissue, and have sharply defined borders
due to the strong reflective interface produced between the
aerated lung and the lesions [25]. HURTER and HANRATH [16]
reported the successful visualisation of peripheral lung lesions
in 19 out of 26 cases and GOLDBERG et al. [17] reported that
EBUS provided unique information in 18 out of 25 cases
(including six peripheral lesions and 19 hilar tumours).
KURIMOTO et al. [22] have classified the EBUS patterns of
the internal structure of PPLs and speculated on the histology
of the lesions based on EBUS pattern.

The present study has demonstrated that EBUS-GS-guided
TBB and bronchial brushing were useful for evaluating PPLs.
EBUS imaging shows the precise location of the pulmonary
lesion and EBUS-GS enables diagnostic specimens to be
obtained from the most appropriate position. The combina-
tion of EBUS and the curette-loaded GS technique has
enabled visualisation of PPLs that are not accessible with a
probe and allowed biopsy specimens to be obtained from
PPLs that are not accessible by regular techniques. In the
current study, 10 lesions were accessible with the use of the
curette. Moreover, three lesions could not be detected by X-
ray fluoroscopy in the present report, of which one lesion was
diagnosed as adenocarcinoma by EBUS-GS. The diagnostic
sensitivity of EBUS-GS-guided TBB and bronchial brushing
for diagnosing PPLs f30 mm in mean diameter was 58.3% in
the present study. When restricted to lesions having a mean
diameter of v20 mm, the diagnostic sensitivity of this
procedure was as high as 53.3%, and 40.0% of the lesions
were diagnosed pathologically. The accuracy of diagnosing
PPLsv20 mm in diameter using FB under X-ray fluoroscopy
has been reported to be a very low, ranging 11–42% [6–10]. At
the participating institute in this study, the diagnostic
sensitivity of FB for small PPLs v20 mm in diameter under
X-ray fluoroscopic guidance over the past year was 35% and
the rate for obtaining diagnostic biopsy samples was as low as
13% (data not shown). Two cases of benign disease (one
pneumoconiosis and one pneumonia) and two case of
metastatic lung cancer were diagnosed. In these four cases,
unnecessary surgical procedures could have been circum-
vented as a result of the diagnosis obtained by EBUS-GS.

Several improvements may be necessary in order to increase
the yield of EBUS-GS-guided TBB and bronchial brushing.
In the present study, 79.2% of PPLs were detected by EBUS
imaging. However, five lesions (20.8%) that were visible by
EBUS could not be diagnosed using the EBUS-GS-guided
bronchoscopic procedure. This is largely because the biopsy
forceps and bronchial brushes are small (diameter 1.2 mm)
and sufficient specimens could not be obtained. In addition,
the position of EBUS may affect the result. In the present
study, out of 14 cases in which the US probe was located in
the bronchus inside the lesion, 13 cases were diagnosed
cytopathologically. In contrast, out of five cases in which the
US probe was located in the bronchus adjacent to the lesion,
only one case was diagnosed cytopathologically.

The authors of the present study normally experienced
v1 mL of bleeding and coagulated blood was occasionally
trapped in the GS, but bleeding outside of the GS was hardly
seen even when the GS was removed. It is assumed that the
wedged GS in the bronchus leading to the biopsied lesion is
useful for stopping bleeding.

GS dislocation is occasionally encountered. The GS was
occasionally dislocated from the target bronchus when the US
probe or biopsy forceps was pulled out strongly from the GS
or when a patient drew a deep breath. GS dislocation could be
minimised when the procedure was performed with the
bronchoscope wedging into the subsegment bronchus. Even
in these undiagnosed lesions, the EBUS images were
extremely useful to identify the appropriate bronchi during
subsequent conventional bronchoscopic procedures using
thicker forceps and bronchial brushes.

The benefits of EBUS-GS for TBB and bronchial brushing
are as follows: 1) to confirm the precise location of PPLs by
EBUS imaging even when such lesions are not visible on
X-ray fluoroscopy; 2) to facilitate obtaining biopsy and
brushing specimens repeatedly by leaving the GS in the PPLs;
3) to obtain biopsy specimens from PPLs that are accessible
only through the use of a curette via the GS; 4) to decrease
bleeding resulting from trapping the GS in the bronchus; and
5) to assess the internal structure of PPLs. Points 2), 3) and 4)
are additional values of the GS technique above EBUS alone.

In summary, endobronchial ultrasonography with guide-
sheath-guided transbronchial biopsy and bronchial brushing
was performed safely and was found to be effective for
diagnosing peripheral pulmonary lesions. The endobronchial
ultrasonography and guide-sheath technique is a very
promising new modality for diagnosing small peripheral
pulmonary lesions. A randomised, prospective study of
diagnosing peripheral pulmonary lesions and examining cost
effectiveness by bronchoscopy, with or without endo-
bronchial ultrasonography with guide-sheath, is currently
being planned.
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