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Abstract: Objectives: Bronchial washing has been frequently conducted during bronchoscopic examination. This
study aimed to determine whether bronchial washing added additional diagnostic information for peripheral lung
lesions. Methods: This retrospective study assessed the diagnostic sensitivity of bronchial washing. Lung tissue
biopsy, brushing, and post biopsy washing were conducted sequentially in patients with peripheral lung lesions
who underwent conventional transbronchial examinations. The samples from pre and post washing, brushing, and
biopsy were collected separately for cytologic and culture examinations. Results: Between April 2015 and March
2017, a total of 122 patients with suspected lung cancer underwent conventional bronchoscopic examinations. Of
these patients, 97 were diagnosed as having malignancy, 19 as having infection, and the remaining 8 patients were
classified as having other diagnoses, such as organizing pneumonia, sarcoidosis, and scarring. The overall sensitiv-
ity of bronchoscopy was 80% for malignancy, 84% for infection, and 50% for other diagnoses in peripheral lung le-
sions. Although post-biopsy washing samples showed a better sensitivity than pre-biopsy washing samples in tumor
lesions (59% vs. 29%, P<0.01), in transbronchial biopsy-negatives cases, there were 7 cases each that showed
positive results with pre-biopsy and post-biopsy washing samples. Conclusion: Bronchial washing gave additional
diagnostic information in the diagnosis of lung cancer. The timing of bronchial washing before or after biopsy did not
affect the accuracy of bronchial examination.
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Introduction ultrasound (EBUS) transbronchial biopsy (TBB)
improves the diagnostic yield from peripheral
pulmonary lesions (PPLs). However, the small
specimens obtained using small forceps throu-
gh a guide sheath may impede diagnosis and

molecular analysis [4]. Flexible bronchoscopy is

According to estimates from the World Health
Organization (WHO) in 2019, cancer was the
first or second leading cause of death before
the age of 70, in 112 of 183 countries and it

ranks third or fourth as cause of death in anoth-
er 23 countries, and lung cancer is the leading
cause of cancer death (18.0% of the total can-
cer deaths) [1, 2]. Low-dose computed tomog-
raphy (CT) has high sensitivity and reasonable
specificity for the detection of lung cancer, with
demonstrated benefit in screening persons at
high risk [3]. For early diagnosis, different diag-
nostic modalities are available, including spu-
tum, washing, brushing cytology, biopsy, and
fine needle aspiration. Radial endobronchial

simple to learn and still provides many benefits
as a key diagnostic procedure for patients with
bronchopulmonary diseases [5].

The diagnostic sensitivity for PPLs depends on
the lesion size, with a sensitivity of 63% for
lesions >2 cm and 34% for lesions <2 c¢cm [6, 7].
New endoscopes and technologically advanc-
ed navigational modalities have recently been
introduced to the market and in clinical prac-
tice, mainly for the diagnosis of mediastinal
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lymphadenopathy and PPLs [6]. The cytological
specimens including sputum, bronchoalveolar
lavage, bronchial washings, bronchial brush-
ings, and percutaneous/endobronchial fine-
needle aspiration have been widely used for
the diagnosis of lung malignancy [8]. The mean
sensitivities were 43% and 70% for bronchial
washing alone and bronchial washing and bru-
shing in PPLs, respectively [9, 10].

Bronchial washing is often combined with biop-
sy to increase the diagnostic yield of bronchos-
copy. With the advantage of technology like
EBUS in the diagnosis of PPLs, the value of
bronchial washing for the diagnosis lung cancer
is variable. Some studies reported that the
diagnosis of pulmonary malignancy, made ex-
clusively by washing specimens, was made in
0.2-1% of patients with PPLs [11, 12]. Due to
its low sensitivity, some studies have suggest-
ed abandoning routine collection of bronchial
cytology specimens during bronchoscopy [12],
whereas other studies reported the sensitivity
of bronchial wash/lavage cytology to vary, from
39.4% to 80.5% [13]. The present study was
performed to determine whether bronchial
washing added additional diagnostic informa-
tion for PPLs. Washing samples were prospec-
tively obtained after brushing in patients with
PPLs during non-guided flexible bronchoscopy
to investigate the diagnostic yield of these
samples, and a retrospective review of the pro-
spectively collected data was conducted.

Patients and methods
Ethics approval and consent to participate

In this retrospective cohort study, the medical
records of patients with peripheral lung lesions
admitted to a community-based hospital for
bronchoscopic examination from April 2015
to March 2017 were reviewed. This study was
approved by the institutional review boards of
Shimada Municipal Hospital (reference num-
bers: R3-6) and conformed to the provisions of
the Declaration of Helsinki (as revised in Brazil
2013). Written, informed consent was obtained
from participants before starting the study.

Inclusion and exclusion criteria

All enrolled patients had been diagnosed with a
peripheral lung lesion that was suspected as
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being malignant by CT or chest X-ray ex-
aminations.

Patients who fulfilled all of the following inclu-
sion criteria were enrolled in the study

(1) A peripheral lung lesion was confirmed by
chest X-ray or CT.

(2) No restriction to carrying out bronchoscopy.
(3) All specimens were collected.

(4) A definite pathological diagnosis was made
based on cytology or histology findings. If the
bronchoscopy did not yield a diagnosis, other
techniques, such as surgery, lymph node biop-
sy, or CT-guided biopsy, were performed to pur-
sue the definitive diagnosis.

Exclusion criteria

(1) Cases of endobronchial biopsy.

(2) Cases of EBUS biopsy for a peripheral lung
lesion or biopsy of the mediastinum conducted
simultaneously.

(3) Biopsy conducted from different lobes.
Procedures

Antiplatelet and anticoagulation treatment was
routinely discontinued before, but was resum-
ed after the procedure. After induction of mod-
erate sedation by opium alkaloid hydrochlo-
rides and local anesthesia by 2% lidocaine,
conventional diagnostic flexible bronchoscopy
was performed. Bronchoscopy procedures we-
re performed in a dedicated bronchoscopy
suite utilizing a 1T-160 or P-160 Olympus video
bronchoscope (Olympus Canada, Markham,
ON, Canada). Preliminary bronchial washing,
using a total of 10 to 20 mL of saline solution
according to the return volume after suctioning
[14], was performed on the putative segmental
bronchus and collected in a mucus trap (pre-
biopsy washing). Brushing was conducted after
pre-biopsy washing. TBB was then performed
under real-time X-ray fluoroscopy guidance. A
second washing was performed after biopsy
(post-biopsy washing). During bronchoscopy,
0.01% adrenaline, carbazochrome sodium, and
tranexamic acid were used for hemorrhage, as
necessary.
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Table 1. Characteristics of the patients, diag-
noses, and complications

Age (y) 69.7 (63.2, 78)
Sex (M/F) 88/36
Fellow (Y/N) 44/80
Location

31 (25.0%)
19 (15.3%)
35 (28.23%)

Left upper lobe
Left lower lobe
Right upper lobe

Right middle lobe 11 (8.9%)

Right lower lobe 28 (22.6%)
Diagnosis

Tumor 97 (78.2%)

Infection 19 (15.3%)

Others 8 (6.5%)
Complication

Hypoxemia 19 (15.3%)

Hypertension (>180 mmHg) 11 (8.8%)

Hemorrhage 1 (0.8%)
Outcomes

The primary outcome was whether bronchial
washing provided additional information in the
diagnosis of peripheral lung lesions. The sec-
ondary outcomes were diagnostic accuracy in
different specimens. Hemorrhage was defined
as blood coming out from the intubation tube.
Hypertension was considered a systolic blood
pressure above 180 mmHg. A need for oxygen
was considered hypoxemia.

Statistical analyses

The results are presented as numbers and per-
centages or medians and interquartile ranges
unless otherwise indicated. The significance of
differences in the diagnostic yield of lung can-
cer between different specimens was deter-
mined using McNemar’s test. In all instances,
two-tailed values of P<0.05 were considered
significant. Data analysis was performed using
JMP software (version 15.0; SAS Institute, Cary,
NC).

Results

This study included a total of 80 men and
36 women, with a median age of 69.7 years
(63.2-78 years) (Table 1). Fellows of the Japan
Gastroenterological Endoscopy Society con-
ducted the examinations in 44 cases, and the
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Table 2. Characteristics and diagnoses of
peripheral tumors

Age (y) 70.6 (66.5, 78)
Sex (M/F) 73/24
Tumor diameter (cm) 38.2 (22, 45)
Tumor types
Adenocarcinoma 64 (65.98%)
Squamous carcinoma 19 (19.59%)
Small cell lung cancer 7 (7.22%)
None-small cell lung cancer 3(3.09%)
Metastatic lesion 1 (1.03%)
Smoker
Current (pack-years) 24 (47.9)
Former (pack-years) 46 (41.2)
Non-smoker 27

remaining 80 cases were conducted by medi-
cal interns. Most cases, 97 (78%), were diag-
nosed as tumors, and 19 cases were diag-
nosed as pulmonary infection, including 7 cas-
es of nontuberculous mycobacterial infection.
The remaining 8 cases were classified as oth-
er diagnoses, including 4 cases of organizing
pneumonia and 2 cases of sarcoidosis and
scarring, respectively. The most common pro-
cedural complications were hypoxia, hyperten-
sion, and hemorrhage in 19 (15.3%), 11 (8.8%),
and 1 (0.8%), respectively. The characteristics
of patients with tumors are shown in Table 2,
including a total of 73 men and 24 women, with
a median age of 70.6 years (66.5-78 years).
The median diameter was 38.2 cm (22, 45 cm),
and most were adenocarcinomas. Three cases
were diagnosed as non-small cell lung cancer,
and one case was metastatic thyroid carcino-
ma. A total of 80 (75%) cases were smokers.

The overall sensitivity of bronchoscopy for all
peripheral lung lesions was 79% (98/124). The
overall sensitivities for peripheral lung tumor,
infective lesion, and other diagnoses were
80% (78/97), 84% (16/19), and 50% (4/8),
respectively (Figure 1). In peripheral lung can-
cer cases, sensitivities were 29% (28/97) by
pre-biopsy washing, 59% (57/97) by post-biop-
sy washing, 69% (67/97) by brushing, 68%
(66/97) by TBB, and 80% (78/97) by all speci-
mens. The sensitivity for malignancy was high-
er in post-biopsy washing than pre-biopsy
washing (59% vs. 29%; P<0.01). Pre-biopsy
washing and post-biopsy washing showed the
same sensitivity at 47% (9/10) for infective
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Figure 1. Sensitivity of different specimens collected by bronchoscopy.

Others.

cm was better than that for

0:5 lesions below 2 cm (80% (61/

76) vs. 76% (16/21); P<0.01)
(Figure 3). Post-biopsy wash-
ing showed a better sensiti-
vity than pre-biopsy washing in
both <2 cm and =22 cm lesions
(62% (13/21) vs. 24% (5/21),
P<0.001; 58% (44/76) vs.
30% (23/76), P<0.01). For tu-
mor lesions of diameter <2
cm, although brushing had a
good result of sensitivity, the-
re was no antistatic difference
(71% (15/21) vs. 57% (12/21);
P=0.18).

Discussion

This study analyzed 97 cases
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Figure 2. Test accuracy of bronchial washing and brushing in biopsy nega-

tive specimens.

lesions and yielded little information in other
diagnoses due to their lesion characteristics.
Although post-biopsy washing showed a better
sensitivity than pre-biopsy washing, both of
them showed the same sensitivity (21% vs.
21%, P=1) in all TBB-negative lesion samples
in the subgroup analysis (Figure 2). The same
finding was confirmed in TBB-negative tumor
lesions, and the sensitivities of pre-biopsy and
post-biopsy washing were 22.6% and 22.6%,
respectively (P=1).

In cases of bronchoscopic examinations in dif-
ferent sizes of peripheral tumor lesions, the
sensitivity for lesions of diameter more than 2
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In all lesions

nary infections, and total sen-
sitivities were 80% and 84%,
respectively, which was con-
sistent with the values report-
ed in other studies [15]. Bron-
chial washing added diagnos-
tic information in TBB-nega-
tive cases, and the sensitivi-
ties were 21% and 23% for
tumor and infective lesions,
respectively. Although post-
biopsy bronchial washing sh-
owed better sensitivity, the
sequence of bronchial wash-
ing showed no differences in
sensitivity in TBB-negative ca-
ses after subgroup analysis.
Hypoxemia (15.3%) was the most frequently
observed complication in this study, and this
was likely due to the use of opium alkaloid
hydrochlorides in sedation.

With bronchoscopy, central lesions have the
highest diagnostic yield, whereas small periph-
eral lesions often prove more elusive, unless
more demanding and time-consuming tech-
niques are used. Biopsy of PPLs using EBUS
with a GS has been shown to be effective and
safe and has enabled visualization of some
peripheral lung nodules to increase the diag-
nostic yield (58% to 79%) [16]. The specific
combination of cytologic and histologic proce-
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study did not include cases
that underwent EBUS with a
GS; therefore, the diagnostic
value of bronchial washing in
such cases remains unclear.
Third, for tumors >30 mm in
size, including peripheral le-
sions, EBUS staging and si-
multaneous biopsy of the
mediastinum are needed and
have been recommended by
guidelines [21]; cases of biop-
sy of the mediastinum were
excluded due to the time-con-

80%

Tumor<2cm Tumor >=2cm . .
suming nature of completing
all procedures.

u Pre-washing = Post-washing = Brushing TBB =Total
- . - ) Conclusions
Figure 3. Sensitivity of bronchoscopic examination for peripheral lung can-
cers of different sizes. . . .
Bronchial washing did not

dures that provides the optimum diagnostic
yield has not been conclusively identified and
may depend on the available institutional ex-
pertise. Bronchial washing may remain a valu-
able method that can provide significant infor-
mation for the evaluation of lung pathology.
Especially for situations in which transbronchial
biopsies cannot be obtained, examination of
bronchial washings may yield useful and com-
plementary information [17].

Bronchial brushing is often used to obtain sup-
plementary samples for diagnosing lung can-
cer. In this study, in cases of peripheral tumors
<2 cm in size, although brushing had good
sensitivity, there was no significant antistatic
difference. Cytology samples obtained by bron-
chial brushing were suitable for next-genera-
tion sequencing analysis [18, 19]. Personalized
treatment generally requires the outcomes of
multiple gene analyses and needs a rapid and
accurate result from various materials includ-
ing cytology samples [20]. Considering the
equivalent sensitivity of TBB, bronchial brush-
ing might be useful in PPLs, especially in cases
<2 cmin size.

Limitations

The present study has several limitations.
First, this study was limited by its single-center
design. Bias might have been introduced by
the facility and the medical staff. Second, this
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have a high sensitivity for the
diagnosis of PPLs, but added diagnostic infor-
mation. The timing of bronchial washing did not
improve diagnostic accuracy. Bronchial brush-
ing might be useful in PPLs, especially in cases
of tumors <2 cm in size.
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