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Abstract. Enhancing diagnostic bronchoscopy techniques 
is paramount for lung cancer detection; bronchial washing 
is one of those modalities. However, there is controversy 
regarding the optimum sequence of performing this proce‑
dure in relation to biopsy. The present study aimed to assess 
the most effective sequence of bronchial washing in relation 
to bronchial biopsy for diagnosing lung cancer. The present 
study was a single‑center prospective study carried out over 
a period of 18 months. The study included patients >18 years 
of age with mass or suspected lesions on a chest computed 
tomography and an endoscopically visible mass. They were 
randomly assigned to a bronchial washing before the forceps 
biopsy group and a bronchial washing after the forceps biopsy 
group. Bronchial washing and forceps biopsy were performed 
under cytological and histopathological analysis, respectively. 
The present study included 50 patients with a mean age of 
72 years. The males comprised 36 (72%) of the patients. 
The pre‑biopsy bronchial wash (pre‑BW) yielded positive 
results in 21 (42%) patients, and the post‑biopsy bronchial 
wash (post‑BW) yielded positive results in 23 (46%) patients. 
The biopsy results revealed that 22 (44%) of the cases were 
squamous cell carcinoma, 18 (36%) were adenocarcinoma, 
8 (16%) were small cell lung carcinoma, 1 (2%) was acinar 
cell carcinoma, and 1 (2%) was not malignant. A comparison 
of pre‑BW and post‑BW revealed a statistically significant 
difference between them (P‑value <0.001). Pre- and post-BW 
may affect the yield of diagnostic outcomes for endoscopi‑
cally visible lung tumors. However, additional research, such 
as studies using larger sample sizes or meta-analyses, is 
required to determine the efficacy of this approach.

Introduction

Over the past decade, notable changes have occurred in the 
epidemiology and prevention of lung cancer due to shifts in 
smoking habits, major progress in understanding the genetic 
basis of lung cancer, the crucial role of the immune system 
in controlling lung cancer, and the growing variety of treat‑
ment options available. The 5‑year survival rate of patients 
with lung cancer has exhibited an increase from 15.6% in 2011 
to 19.4% in 2019. However, despite these advancements, lung 
cancer remains a leading cause of cancer‑related mortality. In 
2018, ~2.09 million new cases, constituting 11.6% of the total 
cancer cases, and 1.76 million deaths, accounting for 18.4% of 
the total cancer‑related deaths, were attributed to lung cancer. 
This confirms its status as the leading cause of cancer‑related 
mortality among males. Furthermore, it is the third most 
common type of cancer and the second leading cause of 
cancer‑related mortality among females  (1,2). Low‑dose 
computed tomography (CT) is standard practice for lung 
cancer screening. This specific screening method achieves 
a selectivity of 85% and a specificity of 99% compared to 
the absence of screening. However, the overall false‑positive 
rate can be as high as 81%. This substantial rate necessitated 
supplementary imaging or diagnostic procedures to validate 
the findings (3).

Bronchial washing is a clinical procedure used to collect 
cellular samples from the airways that are linked to the 
lungs. It is frequently used to identify infections and detect 
potential cancerous or pre‑cancerous cellular changes. This 
method involves using a bronchoscope, a flexible and narrow 
instrument equipped with a light and a lens for visual guid‑
ance, to maneuver through the nasal or oral cavity, and into 
the lungs. By contrast, forceps biopsy involves the use of a 
specialized instrument to extract a small tissue sample from 
the tumor for further investigation (4‑6). There is empirical 
evidence to indicate that the application of both diagnostic 
techniques, in conjunction, can result in a diagnostic yield 
exceeding 90% in patients with observable lung cancers 
during endoscopy. Consequently, it has been demonstrated 
that the utilization of both techniques in combination 
outperforms the diagnostic accuracy of either technique 
used in isolation  (7). Among the diagnostic procedures 
conducted through bronchoscopy, forceps biopsy stands 
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out for enhancing the diagnostic yield by almost 95%. By 
contrast, the diagnostic yield associated with bronchial 
washing for lung cancers featuring visibly observable tumors 
during endoscopy ranges widely from 45 to 85%. Generally, 
it falls below that achieved by forceps biopsy (8). The neces‑
sity of coupling bronchial washing with forceps biopsy has 
been a topic of debate. Specifically, certain investigations 
have reported a substantial increase in diagnostic yield by 
incorporating bronchial washing alongside forceps biopsy. 
Conversely, other studies have found no significant improve‑
ment in the overall diagnostic yield by employing bronchial 
washing in conjunction with forceps biopsy (9).

The majority of bronchoscopists collect washing samples 
in a seemingly arbitrary sequence by their personal prefer‑
ences. In theory, it is conceivable that the diagnostic yield of 
bronchial washing could be elevated following forceps biopsy 
or brushing, as these techniques may prompt the shedding of 
additional malignant cells from the tumor into the washing 
samples. In addition to the ongoing debate surrounding 
the utility of bronchial washing, various other elements of 
this methodology, such as the ideal quantity of saline to be 
administered and the appropriate timing of the procedure in 
relation to biopsy or brushing, have yet to be definitively estab‑
lished (10). The present study aimed to compare the diagnostic 
yield of bronchial washing conducted before and after forceps 
biopsy in patients presenting with visible lung tumors during 
an endoscopy.

Patients and methods

Study design and setting. The present single‑center prospec‑
tive study was carried out over a period of 18 months, from 
June, 2022 to January, 2024 in an inpatient bronchoscopic unit 
at Shar Teaching Hospital in Sulaymaniyah, Iraq. The present 
study received approval from the Sulaimani University Ethics 
Committee (2024/no.  83). Written informed consent was 
obtained from the patients for their participation in the present 
study. The patients were assigned to a bronchial washing group 
before the forceps biopsy and a bronchial washing group after 
the forceps biopsy.

Inclusion and exclusion criteria. The patients were selected 
based on certain inclusion criteria, including adult patients 
>18 years of age, those with a mass or suspected lesions on 
chest CT scans, and those with an endoscopically visible mass 
within the bronchial tree. The exclusion criteria included 
patients <18 years of age, those previously diagnosed with 
bronchogenic carcinoma, and individuals with mucosal 
changes and external compression. All the studies included as 
references were checked for eligibility (11).

Procedure protocol. The bronchoscopies were performed by 
an experienced pulmonologist or by fellows specializing in 
pulmonology under the supervision of an experienced doctor. 
In addition, one or two well‑trained nurses assisted the bron‑
choscopist with each procedure. The patients were required 
to fast for 6  h prior to the procedure and the procedure 
was performed under conscious sedation by administering 
pethidine hydrochloride (25‑50 mg) (Gerot Lannach), with 
(1‑3 mg) midazolam (HiGen Pharmaceutical) accordingly, a 

few minutes prior to the procedure. A 5.7‑mm‑diameter bron‑
choscope (Olympus Corporation) was used. Lidocaine was 
delivered to the upper airway and nares via spray, while to 
the lower airway via lidocaine injection (1%). All patients with 
endoscopically visible tumors underwent bronchial washing 
and forceps biopsy according to the assigned sequence. 
Between 10‑20 ml of normal saline were instilled over the 
tumors before and after the biopsy. The latter usually became 
bloody; this action was repeated until a 20‑ml returned aspirate 
was collected in a trap bottle. The aim of the forceps biopsy 
was to obtain at least four sections of tissue for histopatho‑
logical and immunohistochemical analyses, if indicated [the 
histopathological and immunohistochemical analyses for the 
study were not conducted at the authors' center (Smart Health 
Tower), but at an external center].

Statistical analyses. The data collected from the medical 
profiles and the examination results of the patients were 
analyzed using the Statistical Package for Social Sciences 
(SPSS version 27.0; IBM Corp.). For this purpose, both 
descriptive and inferential statistical tests were utilized. 
A P‑value <0.05 was considered to indicate a statistically 
significant difference. Fisher's exact test was used to compare 
the pre‑ and post‑bronchial washing (pre‑BW and post‑BW, 
respectively) results. Additionally, this test was employed to 
compare the morphological and histopathological results with 
the pre‑and post‑BW outcomes.

Results

The present study included 50 patients with an average age 
of 72.1 years (±10.3) ranging from 52 to 93 years. The males 
comprised 36 (72%) of the patients. As regards the smoking 
status, 9 (18%) patients had 0‑1 pack years, 4 (8%) patients 
had 1‑20 pack years, 21 (42%) patients had 20‑40 pack years, 
and 16 patients (32%) had >40 pack years. In terms of their 
occupation, 29 (58%) were retired. As regards their medical 
history, 10 (20%) of the patients had hypertension (HTN). The 
most frequent chief complaint was chronic cough in 28 (56%) 
patients (Table I).

The chest X‑ray revealed abnormal findings in 38 (76%) 
patients. As regards the size of their masses, the CT scan 
results indicated that 14 (28%) were between 5 and 7 cm, 
and only 1 patient (2%) had a mass located in the right main 
bronchus. Morphological analysis of the lesions revealed that 
40 (80%) were tumorous (Table II). The pre‑biopsy bronchial 
wash (pre‑BW) was positive in 21  patients (42%), while 
the post‑biopsy bronchial wash (post‑BW) was positive in 
23 patients (46%). Of note, four pre‑BW positive results turned 
negative post‑BW, and six pre‑BW negative results turned 
positive post‑BW. This change was statistically significant 
(P‑value <0.001; Table III). The biopsy results revealed that 22 
(44%) of the cases were squamous cell carcinoma (Fig. 1), 18 
(36%) were adenocarcinoma (Fig. 2), 8 (16%) were small cell 
lung carcinoma (Fig. 3), 1 (2%) was acinar cell carcinoma and 
1 (2%) was non‑malignant. However, the comparison of the 
morphological and histopathological findings of the endobron‑
chial lesions with the corresponding pre‑BW and post‑BW 
results did not reveal any significant differences (P‑value 
>0.05; Table IV).
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Discussion

The effectiveness of using bronchial washing as a diagnostic 
tool for visually detectable lung cancers during endoscopy is 
a subject of debate. Certain individuals argue against its use, 
citing cost and time constraints without notable improvements 
in diagnostic yield (12,13). On the other hand, others disagree, 
and present evidence of an improved diagnostic accuracy 
compared to relying solely on forceps biopsy, suggesting that 
it may even be cost‑effective (14,15). Forceps biopsy, brushing 
and bronchial washing through flexible bronchoscopy are 
commonly used to make the cytological or histological diag‑
nosis. Combining these procedures can achieve a diagnostic 

yield as high as 85 to 94% in patients with endoscopically 
visible lung cancers. The critics argue for further evidence to 
support its inclusion in diagnostic protocols, particularly when 
combined with other sampling methods (5,16,17).

Smoking represents a prominent risk factor in the devel‑
opment of lung cancer, with the duration and intensity of 
smoking contributing to an elevated likelihood of developing 
this condition. Carcinogenic substances found in cigarette 
smoke have the potential to harm the epithelial cells of the 
lungs, consequently fostering tumor growth. It is worth 
highlighting that lung cancer can also manifest in individuals 
who have never smoked or have been extensively exposed to 
secondhand smoke. Regrettably, there is a paucity of research 
pertaining to the impact of smoking on forceps biopsy and 
bronchial wash outcomes in patients presenting with visu‑
ally detectable lung tumors (18). The findings of the present 

Table  I. Demographic and clinical characteristics of the 
patients.

Variables	 Value

Age (mean ± SD)	 72.10±10.30 years
Sex, n (%)	
  Male	 36 (72)
  Female	 14 (28)
Occupation, n (%)	
  Retired	 29 (58)
  Housewife	 9 (18)
  Worker	 11 (22)
  Employee	 1 (2)
Smoking habit PY, n (%)	
  0‑1 PY	 9 (18)
  1‑20 PY	 4 (8)
  20‑40 PY	 21 (42)
  >40 PY	 16 (32)
Chief complaint, n (%)	
  Chronic cough	 28 (56)
  Dyspnea	 10 (20)
  Hemoptysis	 6 (12)
  Cough	 4 (8)
  Productive cough	 2 (4)
Previous medical history, n (%)	
  None	 20 (40)
  HTN	 10 (20)
  IHD	 7 (14)
  DM	 6 (12)
  DM and HTN	 2 (4)
  COPD	 1 (2)
  IHD and COPD	 1 (2)
  CLD	 1 (2)
  RA	 1 (2)
  Negative	 1 (2)

PY, pack‑year; SD, standard deviation; HTN, hypertension; IHD, 
ischemic heart disease; DM, diabetes mellitus; COPD, chronic 
obstructive lung disease; CLD, chronic liver disease; RA, rheumatoid 
arthritis.

Table  II. Summary of lesion characteristics with pre‑ and 
post‑BW results.

Variables	 Value

Mass size, n (%)	
  <3 cm	 5 (10)
  3‑5 cm	 11 (22)
  5‑7 cm	 14 (28)
  >7 cm	 12 (24)
  None	 4 (8)
  Lung collapse	 3 (6)
  Suspected lung collapse	 1 (2)
Location, n (%)	
  Right upper lobe 	 10 (20)
  Left lower lobe 	 10 (20)
  Left upper lobe 	 11 (22)
  Right lower lobe 	 13 (26)
  Right middle lobe 	 5 (10)
  Right main bronchus 	 1 (2)
Morphology of endobronchial lesion, n (%)	
  Tumorous	 40 (80)
  Infiltrative	 7 (17)
  Tumorous and Necrosis	 1 (2)
  Submucosal	 1 (2)
  Fungating	 1 (2)
Chest X‑ray, n (%)	
  Abnormal	 38 (76)
  Normal	 12 (24)
Pre‑BW, n (%)	
  Positive	 21 (42)
  Negative	 29 (58)
Post‑BW, n (%)	
  Positive	 23 (46)
  Negative	 27 (54)

Pre‑BW, pre‑biopsy bronchial wash; post‑BW, post‑biopsy bronchial 
wash.

https://www.spandidos-publications.com/10.3892/wasj.2024.272
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Table III. Comparison between pre‑BW and post‑BW.

Parameter	 Post‑BW positive, n (%)	 Post‑BW negative, n (%)	 Total, n (%)	 P‑value

Pre‑BW positive, n (%)	 17 (73.9)	 4 (14.8)	 21 (42.0)	 <0.001
Pre‑BW negative, n (%)	 6 (26.1)	 23 (85.2)	 29 (58.0)	
Total, n (%)	 23 (100.0)	 27 (100.0)	 50 (100.0)	

BW, bronchial wash.

Figure 1. Histopathological and immunohistochemical images of a case with squamous cell carcinoma/ (A) Section displaying nests of malignant epithelioid 
cells (green arrows) with evidence of extracellular keratin formation (small dark arrows) indicating squamous cell carcinoma, stained with hematoxylin and 
eosin; magnification, x10. (B) Immunostaining image demonstrating a positive p63 nuclear staining pattern in the tumor cells of lung squamous cell carcinoma.

Figure 2. Histopathological and immunohistochemical images of a case with adenocarcinoma. (A) Section illustrating infiltrative malignant glands (dark 
arrows) with marked nuclear atypia and hyperchromasia, stained with hematoxylin and eosin; magnification, x10. (B) TTF1 immunostaining illustrating a 
nuclear staining pattern. (C) Napsin A positivity is characterized by a granular cytoplasmic staining pattern. (D) CK7 positivity in lung adenocarcinoma is 
indicated by a strong cytoplasmic staining pattern.
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study indicated that the majority of patients were elderly 
males, revealing varying levels of smoking exposure within 
the group. Furthermore, the majority of the patients had other 
medical comorbidities and exhibited abnormal findings on 
a chest radiography, while CT scans revealed that almost 
half of the patients had masses >5 cm. These characteristic 
distributions offer valuable insight into factors influencing the 
surgical candidacy and post‑operative outcomes of this popu‑
lation. A related study by Stanzel (19), performed in 2013, 
recommended selecting the area with the most prominent 
abnormality observed on chest radiographs or CT scans as 
the preferred site for bronchial washing in patients exhibiting 
substantial radiographic heterogeneity or localized lesions 
due to inflammatory infiltrates malignant growths, or other 
causes. Some researchers advocate performing bronchial 
washing at two or three different sites to enhance sample 
representation (19).

Several studies have investigated the impact of lung tumors 
located in the lower lobes on patient outcomes. The findings 
have indicated that lower lobe cancer is associated with 
higher overall mortality rates of patients with lung cancer, 
potentially due to lower rates of beneficial epidermal growth 
factor receptor mutations. The location of these tumors in the 
lower lungs may, therefore, contribute to poorer prognoses, 
particularly in cases of endobronchial lesions (20,21). The 
present study reported that the right side exhibited a slightly 
higher overall involvement, although it should be noted 
that almost half of the lesions were predominantly located 
in the lower lobes of the lungs, which, as aforementioned 
earlier, can be a negative prognostic factor for this patient 
group. Less frequent involvement was observed in the right 
middle lobe and right main bronchus. The histopathological 
examination further identified squamous cell carcinoma as 
the most prevalent subtype, which can be explained by the 

Table IV. The comparison of the morphological and histopathological findings of endobronchial lesions with the corresponding 
pre‑BW and post‑BW results.

	 Pre‑BW	 Post‑BW
	-----------------------------------------------------------	---------------------------------------------------------- 
Morphology	 Positive	 Negative	 P‑valuea	 Positive	 Negative	 P‑valuea

Tumorous	 19 (47.5%)	 21 (52.5%)	 0.75	 21 (52.5%)	 19 (47.5%)	 0.88
Tumorous and Necrosis	 0 (0.0%)	 1 (100.0%)		  1 (100.0%)	 0 (0.0%)	
Infiltrative	 2 (28.6%)	 5 (71.40%)		  1 (14.3%)	 6 (85.7%)	
Submucosal	 0 (0.0%)	 1 (100.0%)		  0 (0.0%)	 1 (100.0%)	
Fungating	 0 (0.0%)	 1 (100.0%)		  0 (0.0%)	 1 (100.0%)	
Biopsy						    
ADC	 6 (33.3%)	 12 (66.7%)	 0.65	 5 (27.8%)	 13 (72.2%)	 0.90
SCLC	 4 (50.0%)	 4 (50.0%)		  4 (50.0%)	 4 (50.0%)	
SCC	 10 (45.5%)	 12 (54.5%)		  14 (63.6%)	 8 (36.4%)	
Acinar	 1 (100.0%)	 0 (0.0%)		  0 (0.00%)	 1 (100.0%)	
None	 0 (0.0%)	 1 (100.0%)		  0 (0.00%)	 1 (100.0%)	

aData were analyzed using Fisher's exact test. ADC, adenocarcinoma; SCLC, small cell lung carcinoma; SCC, squamous cell carcinoma; 
Acinar, acinar cell carcinoma; None, non‑malignant.

Figure 3. Histopathological and immunohistochemical images of a case with small cell lung carcinoma. (A) Sections display sheets of malignant small hyper‑
chromatic cells (dark arrows) with signs of crushing artifact (dark stars) and areas of necrosis (green star), stained with hematoxylin and eosin; magnification, 
x10. (B) Chromogranin immunostaining illustrating a cytoplasmic staining pattern.
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higher rate of squamous cell carcinoma amongst smokers 
compared to non‑smokers (22), which is in accordance with 
the current cohort of patients with the vast majority being 
smokers, followed by adenocarcinoma, and small cell lung 
carcinoma. Furthermore, the study by Biciuşcă et al  (23) 
reported that the majority of endobronchial lesions exhibited 
infiltrative morphology. However, tumorous patterns, as well 
as less common characteristics, such as necrosis, submucosal 
involvement and fungating features, were also observed (23). 
In contrast to these findings, the present study demonstrated 
that the predominant morphology of endobronchial lesions 
was tumorous, accounting for 80% of the cases, followed by 
an infiltrative pattern. Uncommon morphologies, including 
tumorous necrosis, submucosal features and a fungating 
appearance, were also detected, suggesting a diverse range 
of growth presentations and heterogeneity in the morpho‑
logical characteristics and providing valuable insights into 
the histological characteristics within the analyzed cohort. 
Considering this diversity, it is necessary to further examine 
the mechanisms through which specific growth presentations 
can affect diagnostic evaluations and treatment planning 
approaches to optimize patient outcomes.

A previous study reported a diagnostic yield of 52‑77% for 
bronchial brushing in endoscopically visible tumors, which 
was not significantly superior to the yield achieved with 
biopsy alone. The efficacy of brushing may depend on the 
order in which it is performed relative to the biopsy, although 
this aspect has yet to be extensively studied (24). However, 
the study by Lim et al (10), examining the optimal washing 
sequence before or after the biopsy on 166 patients, found 
no significant difference in the diagnostic yield between the 
two sequences. The study by Rao et al (4) demonstrated that 
bronchial wash cytology had a low sensitivity in detecting 
pulmonary lesions. However, it can still provide value for 
patients with contraindications for biopsy. In situations where 
biopsy is not feasible, morphometry can be a useful adjunct 
to cytomorphology (4). Notably, Hou et al (24), in a study on 
362 patients, revealed that pre‑biopsy brushings outperformed 
post‑biopsy brushings in diagnosing exophytic tumors; the 
enhanced diagnostic efficacy through pre‑biopsy brushings is 
elucidated in the following manner: Prior to the biopsy proce‑
dure, exophytic tumors are readily visualized and amenable to 
sampling due to their distinctive nodular or focal mass appear‑
ance. Conversely, post‑biopsy, the occurrence of bleeding 
introduces contamination to the already confined area desig‑
nated for brushing, thereby complicating the identification and 
sampling of pertinent tissue (20). This is in contrast to the find‑
ings of the study by Chaudhary et al (25) on the sequencing of 
bronchial washing and biopsy. Chaudhary et al (25) suggested 
that post‑biopsy washing yielded higher diagnostic rates. 
They clarified their findings by proposing that the biopsy 
procedure released tumor cells, thereby enabling a greater 
collection of these cells during the washing process  (25). 
In the study by Lee et al (16) involving 207 patients with a 
definitive cytological or histological diagnosis of lung cancer, 
it was determined that the sequence of performing bronchial 
washing, whether before or after forceps biopsy, did not affect 
the diagnostic yield of bronchial washing. However, bronchial 
washing significantly increased the overall diagnostic yield of 
bronchoscopy in patients with lung cancer (16).

In their study on 75 patients, Fernández‑Villar et al (26) 
found that bronchial washing fluid was positive in 40 patients 
(53.3%) when the washing was performed before brushing and 
forceps biopsy. When the washing was performed after these 
procedures, it was positive in 43 patients (57.3%) (P=0.6) (26). 
However, Raymond et al (27) found no significant differences 
in diagnostic yield for central tumors regardless of the timing 
of wash fluid collection. However, they observed differences 
for tumors not visible on endoscopy: Positive results were 
found in 25% of wash fluids collected before other sampling 
procedures compared to 45% for samples collected after‑
ward (27).

In another study involving 54 patients, Yigla et al  (28) 
found that washing was positive for malignancy in 33% of 
cases before brushing and biopsy, compared to 48% when 
performed afterward. However, this difference was not statis‑
tically significant (28). Additionally, van der Drift et al (29) 
reported a diagnostic yield of 72% from aspirated wash fluids 
collected before biopsy and brushing and 74% after these 
procedures in a series of 137 patients with endoscopically 
visible tumors (P=0.85).

Unlike these studies, the present study demonstrated a 
significant change in the results pre‑BW and post‑BW. Of 
note, four pre‑BW positive results became negative post‑BW, 
while six pre‑BW negative results became positive post‑BW 
(P‑value <0.001; Table III). Despite this change, the overall 
positive results included 23 (46%) patients. In addition, the 
comparison of the morphological and histopathological 
findings of endobronchial lesions with the corresponding 
pre‑BW and post‑BW results did not reveal any significant 
differences.

The present study is limited by its small sample size, and it 
should be noted that the findings may only partially represent 
the broader population. Additionally, the present study was a 
single‑center experience, which may limit the generalizability 
of the findings.

Further studies using larger sample sizes or meta‑analyses, 
are required to evaluate the effectiveness of this strategy and 
optimize the diagnostic methods by exploring sample collection 
sequences or integrating multiple techniques. Understanding 
these findings may help tailor flexible bronchoscopy proto‑
cols to maximize diagnostic accuracy and improve clinical 
decision‑making. Additionally, the specifics of bronchoscopic 
procedures could affect their diagnostic yield.

Of note, a limitation of the present study is that the details 
of the histopathological and immunohistochemical analyses 
could not be retrieved, as these analyses were conducted at 
an external center. In conclusion, bronchial washing pre‑ and 
post‑BW may affect the yield of diagnostic outcomes for endo‑
scopically visible lung tumors. However, additional research, 
such as studies using larger sample sizes or meta‑analyses, are 
warranted to fully determine the efficacy of this approach.
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