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Purpose: Bronchiectasis is the main cause of hemoptysis. When patients with 
bronchiectasis develop hemoptysis, clinicians often perform bronchoscopy and 
bronchial washing to obtain samples for microbiological and cytological examina-
tions. Bronchial washing fluids were analyzed from patients with bronchiectasis 
who developed hemoptysis, and the clinical impacts of these analyses were exam-
ined. Materials and Methods: A retrospective observational study of patients who 
underwent fiberoptic bronchoscopy for hemoptysis in Seoul National University 
Bundang Hospital, a university affiliated tertiary referral hospital, between January 
2006 and December 2010 were reviewed. Among them, patients who had bronchi-
ectasis confirmed by computed tomography and had no definite cause of hemopty-
sis other than bronchiectasis were reviewed. The demographic characteristics, 
bronchoscopy findings, microbiological data, pathology results and clinical cours-
es of these patients were retrospectively reviewed. Results: A total of 130 patients 
were reviewed. Bacteria, non-tuberculous mycobacteria (NTM), and Mycobacteri-
um tuberculosis were isolated from bronchial washing fluids of 29.5%, 21.3%, and 
0.8% patients, respectively. Suspected causal bacteria were isolated only from 
bronchial washing fluid in 19 patients, but this analysis led to antibiotics change in 
only one patient. Of the 27 patients in whom NTM were isolated from bronchial 
washing fluid, none of these patients took anti-NTM medication during the medi-
an follow-up period of 505 days. Malignant cells were not identified in none of the 
patients. Conclusion: Bronchial washing is a useful method to identify microor-
ganisms when patients with bronchiectasis develop hemoptysis. However, these 
results only minimally affect clinical decisions.
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INTRODUCTION

Bronchiectasis is primarily the result of airway injury and remodeling caused by re-
current or chronic inflammation. Bronchiectasis can cause repeated respiratory in-
fections, a disabling productive cough, shortness of breath, and occasional hemop-
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had bronchiectasis confirmed by CT and had no definite 
cause of bleeding other than bronchiectasis, such as a tu-
mor, were enrolled. CT data were reviewed by two pulmon-
ologists (Drs. JHP and SWL) who reached a consensus 
about which patients to enroll. The demographic characteris-
tics, bronchoscopy findings, microbiological data, pathology 
results, and clinical courses of these patients were retrospec-
tively reviewed. This study was approved by the Institution-
al Review Board of Seoul National University Bundang 
Hospital (B-1106/129-116). 

Bronchoscopy procedure
Flexible bronchoscopy and diagnostic techniques were per-
formed under monitored anesthesia care as recommended 
by the American Thoracic Society and the British Thoracic 
Society.12,13 All bronchoscopic examinations were per-
formed using a 4.9-5.9 mm flexible bronchoscope (BF-
1T60t, Olympus, Tokyo, Japan) by experienced bronchos-
copists (Drs. LSW, YHI, LJH and LCT) who described 
gross findings such as the presence of bleeding, tumor infil-
tration, or vascularity. Bronchial washing was performed at 
the site of the bronchiectatic lesion. After a full inspection 
of all the visible segmental and subsegmental bronchi, the 
flexible bronchoscope was wedged into a segmental bron-
chus leading to the bronchiectasis. Then, 10 mL of normal 
saline was repeatedly introduced until 20 mL of the aspirate 
was collected in the trap bottle.13-15 

Examination of bronchial washing fluids
Cytological specimens and cultures were performed with 
standard method.16,17 Bronchial washing fluid specimens 
were immediately transported to the laboratory, decontami-
nated with 4% sodium hydroxide, homogenized, and con-
centrated by centrifugation (3000×g, 20 min). For cytologi-
cal examination, direct smears were made from the sediment, 
which were subjected to hematoxylin and eosin staining 
and Papanicolaou staining. The cytological specimens were 
classified as benign, atypical, suspicious, or positive with 
respect to malignancy. The processed sediment was stained 
using the Ziehl-Neelsen method for acid-fasting bacilli. 
Mycobacterial cultures were performed in 3% Ogawa me-
dia at Seoul National University Bundang Hospital. We ex-
amined the cultures every week, and the cultures were re-
corded as negative if colonies were absent after 8 weeks of 
incubation.16 The Mycobacterium tuberculosis (MTB) com-
plex was identified using a commercial DNA probe (Accu-
Probe Mycobacterium Complex Culture Identification kit; 

tysis.1 Of these clinical manifestations, hemoptysis can be 
an alarming and life-threatening complication. Bronchiecta-
sis is one of the major cause of hemoptysis.2 Fortunately, 
most patients with bronchiectasis do not develop hemopty-
sis beyond blood-streaked sputum. However, when persis-
tent hemoptysis occurs, patients should receive antibiotics 
with careful work-up. When conservative measures or treat-
ments fail, identification of the regional or specific source 
of bleeding may guide further therapy.3

The use of bronchoscopy to identify the sites and causes 
of bleeding in hemoptysis is well established. Bronchoscopy 
can localize the bleeding lobe in over 60% of cases and may 
be particularly helpful in cases in which alternative causes of 
bleeding are likely.4 Computed tomography (CT) and the 
analysis of symptoms can also help to localize the site of 
bleeding; however, bronchoscopy is a more definitive diag-
nostic test, especially when the lesion is diffuse.5 Therefore, 
many experts advocate the use of fiberoptic bronchoscopy 
as the primary method for localizing the site of bleeding in 
massive hemoptysis,6,7 although the timing and necessity of 
bronchoscopy before bronchial artery embolization is con-
troversial.8

Inflammation is the main cause of hemoptysis irrespec-
tive of underlying diseases.9 Bronchiectasis is primarily a 
disease of the bronchi and bronchieoles involving a vicious 
circle of transmural infection and inflammation,10 and he-
moptysis may result from erosive airway damage caused by 
an acute infection in patients with bronchiectasis.11 For these 
reasons, bronchial washing is sometimes performed to ob-
tain samples for microbiological and cytological examina-
tions during bronchoscopy in patients with bronchiectasis 
that have developed hemoptysis. However, the diagnostic 
yield and utility of this procedure have not been evaluated 
in detail. In this study, we analyzed bronchial washing flu-
ids obtained from patients with bronchiectasis that had de-
veloped hemoptysis. 

MATERIALS AND METHODS
　　　

Patients and management
We reviewed patients retrospectively who underwent fiber-
optic bronchoscopy for hemoptysis in Seoul National Uni-
versity Bundang Hospital, a university affiliated tertiary re-
ferral hospital, between January 2006 and December 2010. 
These patients received a bronchoscopy to identify the sites 
and evaluate etiology of hemoptysis. Of these, patients who 
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bronchial washing fluids were performed for 127 patients. 
Sixty four patients (49.2%) received antibiotics before bron-
chial washing. The median antibiotic use was 3 days (range: 
1-12 days). The proportion of isolated bacteria was not dif-
ferent among patients whether they received pre-broncho-
scopic antibiotics or not. Bacteria were isolated in 12 (28.6%) 
patients who received antibiotics before bronchoscopy. In 
patients who did not receive antibiotics, bacteria were iso-
lated in 11 (29.7%) patients. Bacteria were isolated from 
the bronchial washing fluids of 23 (29.5%) patients as fol-
lows; Pseudomonas aeruginosa (10 patients, 12.8%), Staph-
ylococcus aureus (eight patients, 10.2%), Klebsiella pneu-
moniae (two patients, 2.6%), Enterobacter aerogenes (two 
patients, 2.6%), and Ochrobactrum anthropi (one patient, 
1.3%). Non-tuberculous mycobacteria (NTM) were isolated 
from the bronchial washing fluids of 27 (21.3%) patients, in-
cluding Mycobacterium abscessus (11 patients, 8.7%), My-

Gen-Probe; San Diego, CA, USA). Nested PCR for MTB 
was performed using the ABSOLUTETM MTB PCR kit 
(BioSewoom Inc., Seoul, Korea) according to the manufac-
turer’s instructions. Respiratory samples were gram-stained 
and homogenized. Undiluted and serial-diluted secretions 
were plated on blood, MacConkey Agar, and selective me-
dia (containing vancomycin, bacitracin, and clindamycin). 
The growth of cultures was evaluated after 24 h and 48 h. 
Microorganisms were identified using standard methods.17,18 
All examination for bronchial washing fluid was performed 
by pathologists and technicians with experience in this field 
for more than five years. 

RESULTS
 

Baseline characteristics of patients
A total of 292 patients that presented with hemoptysis un-
derwent fiberoptic bronchoscopy during the study period. 
Of these, 130 patients who had bronchiectasis confirmed by 
CT and had no definite cause of bleeding other than bron-
chiectasis were included in the study. Fifty two (40%) pa-
tients were male and the median age was 56 years (range; 
30-83 years). Eighty six patients (66.2%) were nonsmokers, 
32 patients (24.6%) were ex-smokers, and 12 patients were 
non-smokers. Forty-seven (36.2%) patients had a previous 
history of pulmonary tuberculosis (TB) and four patients 
had an underlying disease associated with bronchiectasis. 
Three patients had pertussis and one patient had measles. 
Fifty two (40%) patients showed involvement of bronchi-
ectasis in more than one lobe. The median follow-up period 
was 303 days (range: 0-1185 days) (Table 1).

Bronchoscopic findings
Bronchoscopy results detected no abnormalities in 121 
(93.1%) patients. Two (1.5%) patients had submucosal le-
sions including small nodular lesions; two (1.5%) patients 
had benign obstructions or narrowing, three (2.3%) patients 
had inflammation including edematous and hyperemic mu-
cosal lesions, and two (1.5%) patients had telangiectasia. The 
site of bleeding was confirmed by the detection of active 
bleeding or a blood clot in 53 (40.8%) patients, whereas there 
was no evidence of bleeding in 77 (59.2%) patients (Table 2).

Bronchial washing of the bronchiectatic lesion was per-
formed for each of the 130 patients. Bacterial culture of the 
bronchial washing fluids was performed on 78 patients, and 
acid-fast bacilli smears and mycobacterial cultures of the 

Table 1. Baseline Characteristics of the Patients 
Characteristic (n=130)
Median age, yrs (range)   56 (30-83)
Sex, n (%)
    Male   52 (40)
    Female   78 (60)
Smoking, n (%)
    Nonsmoker   86 (66.2)
    Ex-smoker   32 (24.6)
    Current smoker   12 (9.2)
History of tuberculosis, n (%)   47 (36.2)
Bronchiectatic involvement, n (%)
    One lobe   78 (60)
    >One lobe   52 (40)
Median follow-up period, days (range) 303 (0-1185)
    Bacteria isolated* 333 (7-982)
    Non-tuberculous mycobacteria isolated† 556 (0-970)

*Follow-up period of patients in whom bacteria was isolated from bron-
chial washing fluid. 
†Follow-up period of patients in whom non-tuberculous mycobacteria was 
isolated from bronchial washing fluid.

Table 2. Bronchoscopic Findings
Bronchoscopic finding (n=130)
Abnormalities, n (%)
    No abnormalities 121 (93.1)
    Submucosal lesion   2 (1.5)
    Benign obstruction or narrowing   2 (1.5)
    Inflammation   3 (2.3)
    Telangiectasia   2 (1.5)
Bleeding, n (%)
    Active bleeding or blood clot   53 (40.8)
    No evidence of bleeding   77 (59.2)
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Clinical impact of bronchoscopy and analysis of 
bronchial washing fluids 
Of the 27 patients in whom NTM were isolated from bron-
chial washing fluids, NTM were not isolated from the spu-
tum of 14 (51.9%) patients (Table 4). Diagnostic concor-
dance of sputum and bronchial washing fluid was moderate 
agreement; kappa ratio 0.423 (p<0.001). None of these 14 
patients took anti-NTM medication during the median fol-
low-up period of 505 days (range: 0-970 days). Board certi-
fied pulmonologists (Drs. CTL, JHL, HIY, and SWL) fol-
lowed-up these patients and decided not to prescribe anti-
NTM medication as they judged that there was no evidence 
of bronchiectasis progression or consolidation by chest ra-
diography.19 NTM were isolated from both the sputum and 
bronchial washing fluids of the other 13 patients. Of these, 
six patients took anti-NTM medication because they judged 
NTM lung disease by board certified pulmonologists, where-
as the other seven patients did not take anti-NTM medica-
tion because there was no evidence of disease progression 
by chest radiography.

Of the 23 patients in whom suspected causal bacteria were 
isolated from bronchial washing fluids, bacteria were not 
isolated from the sputum of 19 (82.6%) patients (Table 5). 
Diagnostic concordance of sputum and bronchial washing 
fluid was slight agreement; kappa ratio 0.058 (p=0.499). 13 
patients received antibiotics due to suspect pneumonia. The 
antibiotic regimen of one of these 19 patients who only iso-
lated bacteria in bronchial washing fluid was changed from 
cefpodoxime to ciprofloxacin because Enterobacter aero-
genes resistant to cefazolin and cefoxitin was identified in 
their bronchial washing fluid. Of the other 18 patients, eight 
had taken antibiotics to treat combined pneumonia. The ini-
tial treatment regimens of these patients included third gener-
ation cephalosporin (five patients), third generation cephalo-
sporin plus macrolide (one patient), macrolide (one patient), 
and β-lactam plus a β-lactamase inhibitor (one patient). 
None of the bacteria identified in the bronchial washing flu-
ids of these eight patients were resistant to the antibiotics 
currently being prescribed, and so the antibiotic regimens 
of these patients were not changed. Cytological examina-
tions of the bronchial washing fluids did not detect malig-
nant cells in any patients (Table 6).

DISCUSSION

Fiberoptic bronchoscopy is not routinely performed in pa-

cobacterium avium (five patients, 3.9%), and Mycobacteri-
um intracellulare (five patients, 3.9%). MTB was isolated 
from the bronchial washing fluid of one (0.8%) patient (Ta-
ble 3). This patient had been diagnosed with multidrug-re-
sistant (MDR) TB before hemoptysis developed, and a nod-
ular lesion indicative of TB was detected by CT. PCR of 
MTB was performed using the bronchial washing fluids of 
101 patients, and the results of two patients were positive. 
The one was the MDR TB patient, as mentioned above. 
The other patient did not take anti-TB medication because 
TB was not suspected clinically and radiologically. He did 
not exhibit clinical or radiological deterioration during the 
follow-up period of 550 days. 

Table 3. Analysis of Bronchial Washing Fluids
Organism n (%)
Bacterial culture 23 (29.5)
    Pseudomonas aeruginosa 10
    Staphylococcus aureus   8
    Klebsiella pneumoniae   2
    Enterobacter aerogenes   2
    Ochrobactrum anthropi   1
Acid-fast bacilli smear 28 (22.0)
    Mycobacterium tuberculosis   1
Non-tuberculosis mycobacteria 27 (21.3)
    Mycobacterium abscessus 11
    Mycobacterium avium   5
    Mycobacterium intracellulare   5
    Mycobacterium lentiflavum   2
    Mycobacterium fortuitum   1
    Not identified   3
Malignant cells 0 (0.0)

Table 4. Comparison of the Number of Sputum and Bronchial 
Washing Fluid Samples in Which Non-Tuberculous Myco-
bacteria Were Isolated by Acid-Fast Bacilli Smears 

Bronchial 
  washing fluid

Sputum
Total

Isolated Not isolated
Isolated 13 (48.1) 14 (51.9)   27
Not isolated 9 (8.7) 94 (91.3) 103
Total 22 108 130

Values in brackets indicate percentages. Kappa ratio 0.423 (p<0.001).

Table 5. Comparison of the Number of Sputum and Bronchi-
al Washing Fluid Samples in Which Bacteria Were Isolated 
by Culturing

Bronchial 
  washing fluid

Sputum
Total

Isolated Not isolated
Isolated   4 (17.4) 19 (82.6)   23
Not isolated 13 (12.1) 94 (87.9) 107
Total 17 113 130

Values in brackets indicate percentages. Kappa 0.058 (p=0.499).
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are the most common NTM in Korea.26 Of the 27 (20.8%) 
patients in whom NTM were isolated from bronchial wash-
ing fluids, NTM were not detected in the sputum of 14 
(51.9%) patients. None of these 14 patients took anti-NTM 
medication during the median follow-up period of 505 days 
because they did not exhibit any clinical deterioration. This 
suggests that analysis of bronchial washing fluid sample in a 
single event of hemoptysis cannot determine the clinical sig-
nificance.19 NTM is a chronic inflammatory disease and we 
should take into account the potential risks and benefits be-
fore anti-NTM treatment, which necessitates chronic respi-
ratory symptom such as cough and sputum with radiograph-
ic aggravation.27 

Cytological examinations of bronchial washing fluids of 
each of the enrolled patients were performed; however, no 
malignant cells were identified. Although hemoptysis can 
be a symptom of malignancy, the possibility that bronchial 
washing can detect a hidden malignancy that is not detected 
by CT scanning seems unlikely.

Flexible bronchoscopy is a safe procedure as long as ba-
sic precautions are taken.28 Bronchial lavage to obtain mi-
crobiological specimens appears to be a relatively safe pro-
cedure that does not cause lasting or serious sequelae.29 
However, bronchoalveolar lavage can cause marked hy-
poxemia, particularly when the volume of lavage fluid is 
large.30 Post-bronchoscopic fever is more common after 
bronchoalveolar lavage (10-30% patients)13,31 than after rou-
tine bronchial lavage (1.2% patients).32 Analysis of bronchi-
al washing fluids including cytology, culture, and molecular 
genetics can be expensive. To prevent futile procedures be-
ing performed, clinicians should consider these additional 
costs and balance them against the potential benefits to the 
patient. 

This study has several limitations. First, not all patients 

tients with bronchiectasis; however, it is sometimes used to 
identify bacteria or mycobacteria, particularly when the pa-
tient also has chronic respiratory symptoms such as cough-
ing and mucopurulent sputum.11 Bronchoscopy should also 
be considered in patients with significant hemoptysis.20 Al-
though the optimal time at which bronchoscopy should be 
performed remains controversial, this is the primary meth-
od for the diagnosis and localization of hemoptysis in pa-
tients with bronchiectasis.21 

Many pulmonologists analyze bronchial washing fluids 
to evaluate the etiology of hemoptysis by microbiological 
and cytological examinations.20,21 However, the use of bron-
chial washing to analyze hemoptysis in patients with bron-
chiectasis is not well established. Many patients with bron-
chiectasis develop hemoptysis due to repeated infections 
and inflammation. Analysis of bronchial washing fluids of 
patients with bronchiectasis and bleeding may provide im-
portant information about the etiology of hemoptysis. How-
ever, our study raises doubts about the clinical usefulness of 
bronchial washing in this context. 

In the current study, bacteria were isolated from the bron-
chial washing fluids of 29.5% patients; however, bacteria 
were not isolated from the sputum in 82.6% of these pa-
tients. The most common bacteria detected were P. aerugi-
nosa and S. aureus, similar to previous reports.11 However, 
in the majority of cases, hemoptysis and lung infiltration 
had already been improved by treatment with empirical an-
tibiotics based on third generation cephalosporin when these 
bacteria were isolated, and the result of bronchial washing 
fluids did not affect the antibiotic regimens except one case. 
The identification of microorganisms in bronchial washing 
fluids may assist the treatment of future complications such 
as hemoptysis and pneumonia, but pathogens can be also 
isolated by analysis of sputum samples alone in 77-88% of 
patients with bronchiectasis.20,22 Antibioitcs are recommend-
ed when patients with bronchiectasis have purulant spu-
tum.23 Meanwhile, when hemoptysi is the main presenta-
tion, the additional role of bronchial washing fluid to sputum 
exam could be low due to relatively small amount of bacte-
rial load. In our study, about 50% of patients received anti-
biotics before bronchoscopy, which could also affect low 
bacterial isolation rate from bronchial washing. 

The most common NTM isolated in this study were M. 
abscessus and the Mycobacterium avium complex (MAC), 
which comprises M. avium and M. intracellulare. The prev-
alence of different NTM species exhibits marked geograph-
ic variability.24,25 The MAC (32%) and M. abscessus (29%) 

Table 6. Clinical Impact of Bronchoscopy and Bronchial 
Washing Fluid Analysis

Clinical impact (n=130) n (%)
Identification of bleeding site 53 (40.7)
Identification of bacteria 23 (17.7)
    Isolated only from bronchial washing fluid 19 (14.6)
    Antibiotic regimen changed due to the results 
      of bronchial washing fluid analysis 1 (0.8)

Identification of non-tuberculous mycobacteria 27 (20.8)
    Isolated only from bronchial washing fluid 14 (10.8)
    Anti-non-tuberculous mycobacteria 
      medication prescribed due to the results of 
      bronchial washing fluid analysis

0 (0)

Identification of malignant cells 0 (0)
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with bronchiectasis and hemoptysis at the hospital were in-
cluded; only patients who underwent bronchoscopy were 
reviewed. Patients with bronchiectasis and hemoptysis that 
did not undergo a bronchoscopy were excluded. However, 
the extent of hemoptysis in these patients is unlikely to have 
been clinically significant. Second, the follow-up duration 
might have been insufficient to evaluate the clinical signifi-
cance of the identified NTM fully. A longer follow-up dura-
tion may have resulted in the antibiotic regimens of some 
patients being changed. However, the mean follow-up peri-
od in this study was 18.5 months which is longer than the 
follow-up period of a similar study.33 Third, this is the retro-
spective observational study and a prospective study in-
cluding large number of patients can be necessary to guide 
clinical practice. For this limitation, we could not get enough 
information about the volume of hemoptysis, which was 
one of important clinical parameter in hemoptysis. Howev-
er, our study still has meaning because there is no large ran-
domized study which can conclude this issue until now, and 
it can also be the basis of a future study. 

In conclusion, bronchial washing can be a useful method 
to identify microorganisms in patients with bronchiectasis 
that develop hemoptysis. However, these results do not 
markedly affect the clinical decisions taken. 
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