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BACKGROUND/AIMS
This study aimed to investigate if there are any differences between the diagnostic methods used in biopsy for lung cancer on the basis 
of the histological cell types. In addition, the contribution of bronchoscopic washing in the diagnosis of lung cancer and complications of 
flexible bronchoscopy and computed tomography (CT)-guided transthoracic needle biopsy (TNB) were also investigated.

MATERIAL and METHODS 
The patients who were diagnosed with lung cancer pathologically were divided into two groups—bronchoscopic biopsy and CT-guided 
TNB. A comparison was made between the two groups according to the lung cancer cell type. Complication rates for both procedures 
were calculated. In addition, the contribution of bronchoscopic washing in the diagnosis of lung cancer was also investigated in patients 
who underwent bronchoscopy.

RESULTS
The study included 182 lung cancer patients, out of whom 106 patients were diagnosed by bronchoscopy and 76 patients were diagnosed 
by CT-guided TNB. There was no significant difference between the diagnostic approaches for adenocarcinoma (ADC) (p=.22). Small 
cell lung cancer (SCLC) and squamous cell carcinoma (SCC) were diagnosed more accurately by bronchoscopy than TNB (p=.01, p=.01, 
respectively). Bronchoscopic washing was found to be positive in 3 of the patients who had negative results with bronchoscopic biopsy. 
There were no major complications related to bronchoscopy. The total minor complication rate of bronchoscopy was found to be 11.3%. 
Pneumothorax was detected in 17% of patients undergoing TNB and the total complication rate of TNB was 19.7%.

CONCLUSION
SCLC and SCC were more accurately diagnosed by flexible bronchoscopy than TNB. Bronchoscopic washing contributed in the diag-
nosis of lung cancers. Flexible bronchoscopy was found to be much safer and associated with lower complication rates than CT-guided 
TNB.
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INTRODUCTION
Lung cancer is the leading cause of cancer deaths among both men and women (1). Fast and accurate detection and 
staging are important in order to decide most appropriate treatment for patients with lung cancer. Flexible bronchos-
copy (FB) and computed tomography (CT)-guided transthoracic needle biopsy (TNB) are used for the diagnosis of 
lung cancer on the basis of the localization of the lesion in the lungs. TNB is used especially for peripheral pulmonary 
nodules, and approximately 90% of patients with pulmonary nodules can be diagnosed with TNB (2). However, pneu-
mothorax is detected in approximately 25% of the patients who underwent TNB (3). Chest tube is required for the treat-
ment of 15% of the patients with pneumothorax (3). Conventional FB has a diagnostic accuracy of 64% in malignant 
lesions and 35% in benign lesions (4). The diagnostic accuracy of FB in central, middle, and peripherally located lesions 
is 82%, 61%, and 53%, respectively, when lesions are classified on the basis of localization (4). Diagnostic value of FB 
decreases when localization of the lesion changes from central to peripheral. Bronchoscopic biopsy can be used with 
bronchial washing, brushing, and transbronchial needle biopsy to achieve a diagnostic yield between 65% and 88% 
(5). FB has been shown to be a safer procedure and associated with lesser complications such as mortality, bleeding, 
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and pneumothoraxes that necessitate intervention (6). FB is an 
ideal technique for large, central lesions and diagnostic yields 
decrease between 30% and 40% without an endobronchial 
lesion. Bronchial washing contributes to bronchoscopy in the 
diagnosis of lung cancer, and it was found positive in 40% of 
the patients with pulmonary nodules (4). Lung cancers are de-
tected in different locations within the lung and are classified 
on the basis of the histological cell types. Small cell lung cancer 
(SCLC) is usually centrally located (7); adenocarcinoma (ADC) 
is a histologically heterogeneous peripheral tumor; squamous 
cell carcinoma (SCC) is typically detected as a central en-
dobronchial mass; and large cell carcinoma (LCC) is seen as 
poorly differentiated large peripheral masses.

This study aimed to investigate whether there is a difference 
between the diagnostic methods used in biopsy for lung cancer 
according to cell type. In addition, the contribution of broncho-
scopic washing in the diagnosis of lung cancer and biopsy com-
plications of FB and TNB were studied.

MATERIAL and METHODS
Patients who were diagnosed with lung cancer pathologically 
by biopsy between January 1, 2018 and October 1, 2019 were in-
cluded in the study. The study was conducted retrospectively, 
and an approval was obtained from the local ethics committee.

FB was performed in conscious patients. Routine vital signs 
such as arterial blood pressure, heart rate and rhythm, and ox-
ygen saturation (SpO2) were recorded during FB. All patients 
were monitored for symptoms including dyspnea, chest pain, 
and hemoptysis after completion of FB. Oxygen was admin-
istered through a nasal cannula to ensure that SpO2 was be-
tween 91% and 93%. For oropharyngeal topical anesthesia, 
10% lidocaine spray was used. Midazolam (1–5 mg) was used 
as a sedative for FB. For topical anesthesia, 2% lidocaine solu-
tion via the bronchoscope working channel was used. Com-
plications associated with bronchoscopy were reported as 
procedure-related complications (hypoxemia, hemorrhage, fe-
ver, pneumothorax, bronchospasm, laryngospasm, pneumonia, 
and death) and sedation- and anesthesia-related complica-
tions (hypoxemia, respiratory depression, hypotension, hyper-
tension, syncope, arrhythmias, seizures, methemoglobinemia, 
and death). If hemorrhage was >200 mL/d, it was recorded 

as a major hemorrhage, otherwise, it was recorded as a mi-
nor hemorrhage. Death or complications requiring hospitaliza-
tion or admission to the intensive care unit were recorded as 
major complications. Complications that did not comply with 
this definition were accepted as minor complications. Patients 
were kept under observation until they achieved preproce-
dural level of consciousness and acceptable vital parameters. 
Bronchial washing was performed for all patients. In patients 
with endobronchial lesions during bronchoscopy, biopsy was 
performed first, and then bronchial washing samples were 
taken. 10 mL isotonic NaCl liquid was administered to the bron-
chial orifice where the lesion was located, and then aspirated 
for bronchial washing or applied to the endobronchial lesion 
before and after the biopsy.

TNBs were performed by the interventional radiology depart-
ment. Helical CT was used to guide biopsy needle placement. 
Patients received conscious sedation on request. Subcutaneous 
injection of 1% lidocaine was used for local anesthesia. All pa-
tients were kept under observation for 2 hours and underwent 
posteroanterior chest radiography after the biopsy procedures. 
Complications of TNB included pneumothorax, hemorrhage, tu-
mor seeding along the needle biopsy tract, and air embolism. 
The patients who were hospitalized for pneumothorax and who 
had a chest tube were also examined.

The patients were divided into FB and TNB groups. A compar-
ison was made between the two groups on the basis of lung 
cancer cell type. In addition, the role of bronchoscopic washing 
was investigated in patients who underwent FB with undiag-
nostic results. Complication rates of FB and TNB were evaluat-
ed.

Ethics Committee Approval
This study was approved by the Ethics Committee of the Um-
raniye Training and Research Hospital (Approval date: 18.12.2019, 
No: 239). Informed consent was waived because of the retro-
spective nature of the study.

Statistical Analysis
Descriptive analyses (frequency distributions, percentages) 
were used for statistical analysis of data analysis. Chi-squared 
analysis was used to analyze the frequency distribution of the 
data and the results were evaluated at a 95% confidence in-
terval and p<.05 significance level. PSPP and Microsoft Excel 
programs were used for data analysis (PSPP is a free software; 
it can be redistributed and/or modified under the terms of the 
GNU General Public License as published by the Free Software 
Foundation; either version 3 of the License, or [at your option] 
any later version.).

RESULTS
The study included 182 lung cancer patients, out of whom 106 
patients were diagnosed by FB and 76 patients were diagnosed 
by CT-guided TNB (Table 1). No significant difference was ob-
served between the diagnostic approaches for ADC (p=.22). 
The diagnosis of SCLC and SCC was made more accurately by 
flexible bronchoscopy than by TNB and the differences were 
statistically significant (p=.01, p=.01, respectively). Patients with 
LCC were diagnosed with only FB, whereas patients with undif-
ferentiated carcinoma were diagnosed with only TNB. Broncho-
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Main Points:

• Small cell lung carcinoma and squamous cell carcinoma 
was diagnosed more accurately with flexible bronchos-
copy. There was no difference between the two diag-
nostic methods for adenocarcinoma. 

• There were no major complications associated with 
flexible bronchoscopy; however, minor complications de-
veloped in 11.3% of the patients. Pneumothorax was de-
tected in 17% of the patients who underwent computed 
tomography (CT)-guided transthoracic needle biopsy 
(TNB), and the total complication rate was found to be 
19.73% for CT-guided TNB. 

• Flexible bronchoscopy was found to be a relatively safe 
diagnostic method with a lower complication rate com-
pared to CT-guided TNB in the diagnosis of lung cancer.



scopic washing was found to be positive in 3 of the patients who 
could not be diagnosed with bronchoscopic biopsy (Table 2).  
Bronchoscopic washing was positive for malignancy in 49% of 
the patients who underwent bronchoscopic biopsy and had 
positive results. No major complications were detected after 
bronchoscopy (Table 3). Hypoxemia was detected in 4 patients 
who underwent bronchoscopy. Minor hemorrhage was ob-
served in 3 patients. One patient had sedative drug-induced 
respiratory depression. Four patients had transient elevation 
of arterial blood pressure. No patients died after or during FB. 
All of the complications were treated medically. After FB, no pa-
tients required inpatient treatment or intensive care follow-up 
due to complications. The total minor complication rate of FB 
was found to be 11.3% when procedure- and anesthesia-related 
complications were evaluated together.

Pneumothorax was detected in 17% (N=13) of patients under-
going TNB (Table 4). When parenchymal hemorrhage and 
pneumothorax were evaluated together, the complication rate 
was 19.7%. 8 out of 13 patients who developed pneumothorax 
required a chest tube. Patients who had pneumothorax and pa-
renchymal hemorrhage and chest tube implantation were treat-
ed in hospital.

DISCUSSION
In this study, it was observed that SCLC and SCC were most-
ly diagnosed with FB. There was no significant difference be-
tween diagnostic methods for ADC. It was found that bronchi-
al washings were positive in 51.8% of patients who underwent 
bronchoscopic biopsy and additionally diagnosed 3 patients 
with negative bronchoscopic biopsy. It has been observed that 
the complications of FB were less than TNB.

Lung cancer is a common cancer associated with high mortal-
ity rates. More than 2 million new lung cancer diagnoses were 
made, and 1.7 million people died due to lung cancer in 2018 
(8). Lung cancer has been reported to be the cause in 14% of 
the newly diagnosed cancer patients and 20% of the deaths 
caused by cancer (8). Therefore, it is crucial to diagnose the 
disease without any delay and identify the stage to start an 
appropriate treatment immediately. There are different diag-
nostic tools for the diagnosis of lung cancer. FB and TNB are 
the most commonly used methods for the diagnosis of lung 
cancer. The size, localization of the lesion, relationship with 
patent airway, risk of complications in the patient, and current 
experience are important in the selection of biopsy method for 
the diagnosis of pulmonary nodules (9). Bronchoscopic tech-
niques are preferred in central nodules located proximal to a 
patent bronchus, especially in patients at high risk of pneumo-
thorax with TNB.

Lung tumors, depending on their location in the tracheobronchi-
al tree, are categorized as central or peripheral. SCLC and SCC 
are usually centrally located and ADC and LCC are peripherally 
located tumors (7). As a general rule, FB is preferred for central 
lesions and TNB is preferred for peripheral lesions. The sensi-
tivity of FB to detect malignancy in solitary pulmonary nodules 
depends on the size of the nodule, the proximity of the lesion to 
the bronchial tree, the presence of bronchus sign on CT, and the 
prevalence of cancer in the community (10). Malignancy detec-
tion rate of FB was found to be 75–94.5% in bronchoscopically 
visible lesions and 41.7%–81.2% in non-bronchoscopically visi-
ble lesions (11). Bronchoscopy can be used to perform bronchial 
washing, bronchial brushing, transbronchial needle aspiration 
biopsy (TBNA), and transbronchial biopsy (TBB) in addition to 
biopsy from endobronchial lesions (12). In the presence of an en-
dobronchial lesion, the sensitivity of biopsy, bronchial brushing, 
and bronchial washing was reported to be 74%, 59%, and 48%, 
respectively (13). The diagnostic value of FB in bronchoscopi-
cally visible intramural tumors was reported to be about 55% 
and decreased further in cases where the tumor cannot be seen 
bronchoscopically (12). The diagnostic value of FB is approxi-
mately 88% with the combined use of bronchoscopic biopsy, 
bronchial washing, and brushing (10).

This study reported that FB provided a more accurate diagno-
sis of SCC and SCLC than that observed with TNB. It was an 
expected outcome because both SCC and SCLC are centrally 
located tumors. There was no significant difference between 
bronchoscopy and TNB in the diagnosis of ADC. ADCs are 
known to be located peripherally and therefore, although it is 
expected to be diagnosed with a better accuracy by TNB, there 
was no difference between the two diagnostic procedures. 
Bronchial washing was positive in approximately half of the 
patients who underwent FB for lung cancer in this study. The 

5

Cyprus J Med Sci 2021; 6(1): 3-7 Caliskan et al. Diagnostic Procedures for Lung Cancer

TABLE 3. Complications of flexible bronchoscopy (N: 106) 
  N (patient) (%)
Procedure-related complications Hypoxemia 4 (3.7%)
 Minor hemorrhage 3 (2.8%)
Anesthesia-related complications Respiratory depression 1 (0.9%)
 Hypertension 4 (3.7%)
Total complication rate  12/106 (11.3%)

TABLE 4. Transthoracic needle biopsy-related complications  
  N (patient) (%)
Complications Parenchymal Hemorrhage 2 (2.6%)
 Pneumothorax 11 (14.4%)
 Parenchymal hemorrhage  
 and pneumothorax 2 (2.6%)
 Total complication rate 15/76 (19.7%)

TABLE 2. The contribution of bronchoscopic washing to the diagno-
sis of patients (N: 106) (%) who underwent bronchoscopic biopsy 
Bronchoscopic Malignity Bronchoscopic Negative 0 (0%) 
biopsy (N: 106) negative (N: 3) washing Positive 3 (2.8%)
 Malignity  Bronchoscopic Negative 51 (48.1%) 
 positive (N: 103) washing Positive 52 (49%)

TABLE 1. The comparison of diagnostic methods used for biopsy for 
lung cancer according to cell type 
 Biopsy
 FB  (N=106) CT-guided TNB (N=76) p
Adenocarcinoma 34 (32%) 45 (59.2%) 0.22
Large cell carcinoma 2 (1.8%) 0 (0%) -
Small cell carcinoma 22 (20.7%) 6 (7.8%) 0.01*
Squamous cell carcinoma 48 (45.2%) 21 (27.6%) 0.01*
Undifferentiated carcinoma 0 (0%) 4 (5.2%) -
FB, flexible Bronchoscopy; CT, computed tomography; TNB, transthorac-
ic needle biopsy. * p <0.05



diagnosis was made by bronchial washing in 3 patients who 
could not be diagnosed by bronchoscopic biopsy. These results 
showed the diagnostic contribution of bronchial washing in pa-
tients undergoing FB.

Complications related to FB have been reported to be be-
tween 0.1% and 11% and the procedure-related mortality rate 
to be between 0% and 0.1% (14). The main reason for the dif-
ferences in complication rates is related to the definition of 
complications in the studies. A systematic analysis of the com-
plications of FB was performed (6). Severe complications were 
rare and the rate of pneumothorax requiring intervention was 
0%–2.1% after transbronchial biopsies (6). Oxygen desatura-
tion was found in 0.7%–76.3% of the patients undergoing FB 
and bleeding was found in 2.5%–89.9% of the patients under-
going FB. In general, FB was concluded to be a safer proce-
dure, but a consensus on the identification of complications 
is required. Approach to patients with comorbidity in patient 
selection prior to FB is very important. Particular attention is 
required in patients with concomitant airway obstructive pul-
monary diseases such as chronic obstructive lung disease and 
bronchial asthma (15). In a prospective study, actual blood loss 
and factors that may cause bleeding were investigated in 234 
patients undergoing FB (16). The results reported mild bleed-
ing (5–20 mL) in 19 patients, moderate bleeding (20–100 mL) 
in 5 patients, and no severe bleeding (>100 mL) in any patient 
(16). In another study where FB was performed in 400 patients 
without comorbid diseases, complications (bleeding, pneumo-
thorax, collapse, and infection) were detected in 3.25% of the 
patients (17). The low complication rates may be due to the ex-
clusion of patients with comorbidity. In this study, no serious 
major complications because of FB were detected. Minor com-
plications occurred in 11.3% of the patients, but none of them 
required hospitalization and were easily treatable. Differences 
reported in studies examining bronchoscopic complications 
may be due to the definition of complications. In this study, FB 
was found to be a safer diagnostic procedure.

TNB is preferred primarily in patients with peripheral pulmonary 
nodules, and approximately 90% of patients can be diagnosed 
with TNB. Although the diagnostic value of TNB is high, its com-
plications are not uncommon, and they increase the risk of mor-
bidity and mortality. Pneumothorax was detected in 25% of the 
patients who underwent TNB and 15% of them required chest 
tube treatment (3). The complication rate of TNB in this study 
was similar to that reported by other studies. When hemorrhage 
was included, the overall complication rate was 19.73%. The pa-
tients who developed pneumothorax required hospitalization 
and approximately half of these patients underwent tube tho-
racostomy. TNB is not a suitable choice in patients with previous 
pneumothorax and emphysema in the lung parenchyma (18). 
The positive predictive factors of TNB in the diagnosis of pul-
monary nodules are related to nodule size (larger diameter, bet-
ter accuracy), noncalcified density (better accuracy as density 
increases), and the distance between nodule and pleura (19). 
In a meta-analysis, TNB results were not diagnostic in 6.8% of 
patients who underwent TNB biopsy (20). 59.3% of the patients 
with non-diagnostic TNB were diagnosed with malignancy (20). 
These results suggest that further diagnostic procedures are re-
quired or TNB may be repeated in patients with negative TNB 
biopsy.

In this study, it was observed that bronchoscopic complications 
were less than those reported with TNB and did not require 
additional therapeutic treatment or hospitalization. In contrast, 
TNB complications were relatively more severe, requiring tube 
thoracostomy and hospitalization.

This study had some limitations. First, this study was conduct-
ed retrospectively. The presence or absence of endobronchial 
lesions in patients diagnosed with bronchoscopy has not been 
recorded separately. Furthermore, the localization of the lesions 
in the lungs has not been studied.

The study concluded that SCLC and SCC were more accurate-
ly diagnosed with FB than with TNB. Bronchoscopic washing 
helped in complementing the diagnosis of the types of cancers 
studied. FB was found to be much safer and associated with 
lower complication rates as compared with CT-guided TNB.
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