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Summary
Background: Flexible bronchoscopy is a procedure commonly performed for diagnostic and
therapeutic purposes. The aim of this study was
to assess the diagnostic yield and the safety of routine bronchoscopy techniques including transbronchial needle aspiration and transbronchial
biopsy at a university hospital in Switzerland.
Methods: 616 consecutive bronchoscopies performed at the Pulmonary Medicine Department
(University Hospital Basel) over a period of 6
months were analysed retrospectively using bronchoscopy reports and hospital charts. Diagnostic
procedures included bronchial washings, bronchoalveolar lavage, bronchial brushings, transbronchial needle aspiration and transbronchial
biopsies.
Results: 430 bronchoscopies had a diagnostic,

186 a therapeutic indication. The overall diagnostic yield was 57% (245/430). Bronchoscopy performed for suspected tumours confirmed malignancy in 43% of cases. Bronchoscopy in suspected
infection and tuberculosis identified pathogenic
organisms in 46% and 27% of cases, respectively.
The diagnostic yield for central and peripheral
TBNA was 37.8 and 43.6%, respectively. Complications were very rare (n = 10, 1.6%) and were only
minor.
Conclusion: This study demonstrates that routine bronchoscopy techniques including transbronchial needle aspiration and transbronchial
biopsy are safe and have a high diagnostic yield.
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Flexible bronchoscopy is a minimally invasive
procedure, which is commonly performed in clinical respiratory practice for various indications.
The diagnostic yield of bronchoscopy is regarded
high, however it varies considerably depending
on indication and techniques used during bronchoscopy [1–4]. The last decades have seen introduction of several diagnostic innovations in the
bronchoscopy suite which include endobronchial
ultrasound, autofluorescence bronchoscopy and
electromagnetic navigation [5, 6]. These modalities have been introduced with the aim to increase
the diagnostic yield of bronchoscopy. However,
such innovations are mainly limited to specialised
centres and do not reflect the application of this
technique in routine clinical practice. Trans-

bronchial needle aspiration (TBNA) has commonly been referred to as an advanced or interventional bronchoscopy procedure [7]. In recent years
TBNA has been used as a routine in our bronchoscopy suite and all residents are trained in this
technique [8]. We believe that despite various recent innovations, the diagnostic yield of routine
bronchoscopy techniques presently is high and
centres without facilities for advanced bronchoscopy techniques should continue to optimally
use the current routine armamentarium. We
therefore performed this study to assess the diagnostic yield of routine bronchoscopy techniques
including transbronchial needle aspiration and
transbronchial biopsy in the “current clinical practice”.
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Patients and methods
We evaluated retrospectively all 616 consecutive flexible bronchoscopies performed in our bronchoscopy suite
over a period of six months. Patients included outpatients
as well as inpatients from different departments of the hospital. We evaluated 4 different aspects in each patient: indication, diagnosis obtained by bronchoscopy, final diagnosis and bronchoscopy-related complications. The final
diagnosis was obtained from hospital or outpatient charts.
Flexible bronchoscopy was performed using a standard flexible bronchoscope (Pentax Precision Instrument
Corp; Orangebury, NY; or Olympus America Inc; Melville,
NY) under local anaesthesia and combined sedation using
midazolam and hydrocodone (5 mg) [9, 10]. Midazolam
was administered in incremental boluses of 1 or 2 mg. All
patients received oxygen supplementation at 2 to 4 litres
per minute. Oxygen desaturation to less than 90% was
treated with increase in oxygen to 6 litres per minute, jaw
support and/or nasopharyngeal tube insertion. During the
procedure, diagnostic material was obtained by bronchial
washings, broncho-alveolar lavage (BAL), transbronchial
needle aspiration (TBNA; lymph nodes or lung), bronchial brushings, endobronchial biopsy or transbronchial
biopsy, as decided by the bronchoscopist on a case-by-case
basis. Bronchial secretions or washings were obtained
commonly during most procedures by instilling 10 ml or
more of sterile isotonic NaCl solution into the bronchus
of interest followed by immediate aspiration into a trap.
Specimens were sent to the laboratory for bacterial, fungal or viral culture, and for cytological analysis. For bronchoalveolar lavage, 3 x 50 ml of pyrogen-free-sterile 0.9%
NaCl solution was instilled into the middle lobe or lingula
in patients with diffuse disease and in patients with heterogeneous disease into the segment with the most prominent radiological infiltrate. BAL fluid was recovered by
suction or gravity. 10 ml of BAL fluid were sent for bacterial, mycobacterial, and fungal culture and 5–10 ml for
virus culture. The rest was sent for cytology analysis.
Mouth flora and Candida grown from BAL were not regarded as relevant pathogens and therefore not included
in the analysis.
TBNA was performed using MW 522 needle
catheters (Mill-Rose Laboratories; Mentor, OH). The retractable 22-gauge needle with a length of 13 mm lies
within a catheter of 1.8 mm outer diameter with a rounded
hub at its distal end. The needle is connected to a wire with
a flexible, 10-cm-long portion at its distal end [11]. Dur-

ing bronchoscopy, the catheter is guided under fluoroscopic control if peripheral lesions are sampled. After the
needle is advanced into the tissue, suction is applied with
a 20-ml syringe via a side port at the proximal end of the
catheter. Once the sample is collected, the needle is
flushed with 2 ml of 0.9% saline into a test tube. A histological specimen was obtained from lymph nodes with a
similar 19-gauge needle.
Transbronchial biopsy was performed under fluoroscopic guidance. The bronchoscope was wedged in the desired segment and maintained in that position throughout
the biopsy. The biopsy forceps was then passed through
the suction channel and extended to the lung periphery.
As the patient exhaled, the forceps was advanced 1 to 2 cm
in an open position, closed, and then removed from the
bronchoscope to obtain the specimen. This procedure was
repeated three to five times to obtain adequate samples.
Post-bronchoscopy chest x-ray was performed routinely
4 hours after TBB.
Bronchial secretion samples were centrifuged at 1500
rpm for 5 min, the supernatant was poured off, and the
sediment of material was pipetted on several slides and
fixed with 95% alcohol. Centrifuged BAL preparations
were routinely stained with Giemsa and special stains (eg,
silver methenamine for detection of fungi or Pneumocystis carinii). Lavage cell smears and Millipore filter preparations were obtained to gain further information about
P. carinii infection or viral inclusions. Immunofluorescence
or immunocytochemical methods were performed for the
analysis of cell subgroups where appropriate [12]. Transbronchial needle aspirates and brushings were collected in
a test tube in 0.9% normal saline and a few drops of 95%
alcohol were added to the sample. Forceps biopsy specimens were fixed in formaldehyde solution, embedded
in paraffin, and sectioned. Cytological specimens were
stained routinely by the Papanicolaou technique and histological specimens were stained with haematoxylin and
eosin. All the specimens were interpreted by a cytopathologist. Rapid onsite pathology was not available.
Complications were categorised as minor or major
according to the BTS guidelines [10].
Data were collected retrospectively using bronchoscopy reports and corresponding hospital or outpatient charts and entered into Excel spread sheets (Microsoft® Excel 97). Calculations and graphs were done
using Excel.

Results
The mean age of the 616 patients was 59 years
(±15 y, range 17–94 y) and 63.5% of patients were
male. Seventy-six patients (17.8%) were immunocompromised. Of the 616 bronchoscopies performed, 186 (30.2%) were for therapeutic and 430
(69.8%) for diagnostic indications. Therapeutic
bronchoscopies, which consisted mainly of
bronchial cleaning (48%) and palliative measures
(40%), were not included in the analysis of diagnostic yield. Diagnostic indication categories are
summarised in table 1. Most of the diagnostic
bronchoscopies were performed for suspected malignancy (45%) and suspected infection (27%).
In addition to bronchial secretions and endobronchial biopsies, a total of 234 BAL, 139 TBNA

(100 central, 39 peripheral aspirates), 12 mediastinal core biopsies and 58 TBB were performed in
both diagnostic and therapeutic indication groups.
For the diagnostic indication group, a total of 217
BAL, 137 TBNA (98 central, 39 peripheral aspirates), 12 mediastinal core biopsies and 56 TBB
were performed. Of the 98 central TBNAs, 37
were diagnostic, whereas 17 of 39 peripheral
TBNAs lead to a diagnosis (diagnostic yield of 37.8
and 43.6%, respectively). Four of the 12 mediastinal core biopsies delivered the correct diagnosis
(2 lymphoma, renal cell carcinoma, NSCLC).
Malignancy was found in 83 cases (43.2%) of
192 bronchoscopies in patients with suspected
carcinoma. Concomitant infection occurred in 8
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Table 1
Overview of bronchoscopies performed
for different indication categories

Number

% of diagnostic indications

% of all bronchoscopies

Suspected malignancy

192

45.0

31.2

Suspected infection

118

27.6

19.2

Suspected tuberculosis

37

8.4

6.0

Interstitial pulmonary diseases

30

7.0

4.9

Haemoptysis

24

5.6

3.9

Suspected aspiration

12

2.8

1.8

Chronic cough

11

2.5

1.7

6

1.4

1.0

Chest trauma
Total

Figure 1

430

Malignancy (n = 192)
Confirmed 83 (43%)
Other diagnosis 31 (16%)

Diagnostic yield
of flexible bronchoscopy (FFB)
in 430 patients.

Infection (n = 118)
Documented 54 (46%)
Other diagnosis 10 (8%)

430 diagnostic
bronchoscopies
diagnostic 245 (57%)

Tuberculosis (n = 37)
Confirmed 10 (27%)
Other diagnosis 12 (32%)

Interstitial lung disease (n = 30)
diagnostic 10 (33%)

Haemoptysis (n = 24)
diagnostic 18 (66%)

Other (n = 29)
diagnostic 17 (28%)

cases. Malignancy was correctly excluded in 51 patients (26.6%). In 27 (14.1%) cases, malignancy
was missed and found by further investigations. In
31 cases (16.1%), an alternative diagnosis was
found, which included infection, interstitial pulmonary disease, aspiration pneumonia, radiation
pneumonitis, granulomatous disease and unspecific inflammation. The overall diagnostic yield of

100

157

69.8

flexible bronchoscopy for detection of proven malignancy was 75.5%. In macroscopically visible
malignancy, the diagnostic yield increased to
92.1%.
We performed 118 bronchoscopies for suspected infections, and 76 (64%) of these patients
were immunocompromised. We found pathogenic
organisms in 50% of cases. Overall, we found pathogenic microorganisms in 150 of a total of 616
bronchoscopies (24.3%). A wide variety of microorganisms were documented. Of a total of 129 bronchoscopies performed in 76 immunocompromised
patients, 47 (36.4%) were positive for infectious
pathogens. These included bacteria (n = 24), cytomegalovirus (n = 14), other viruses (n = 2), Pneumocystis jirovecii (n = 2) and aspergillus (n = 5).
M. tuberculosis was found in 10 of 37 patients
with suspected tuberculosis. Its detection by bronchoscopy failed in 2 cases. Other bacteria were
found in 13, and an alternative diagnosis in 3 patients.
There were no major complications during the
study period. Minor complications included
laryngo- and bronchospasm (n = 2), minor pneumothorax (n = 1), nausea and vomiting (n = 1), selflimiting arrhythmia (n = 1), and paradox reaction
on midazolam (n = 1). There was no relevant bleeding after TBNA during the study period.
A summary of the diagnostic yield is given in
figure 1.

Discussion
In this retrospective analysis of 616 consecutive bronchoscopies performed at a tertiary care
centre in Switzerland over a period of 6 months,
we found a high overall diagnostic yield of 57%
(245/430). The diagnostic yield of bronchoscopy
for detection of malignancy was 75.5%. These results are comparable with a recent systematic review, where the diagnosis of endobronchial disease
by bronchoscopy in 30 studies showed the highest
yield for endobronchial biopsy (74%), followed by
cytobrushing (59%) and washing (48%) [13]. The
diagnostic yield in our study was highest in cases
with a macroscopically visible tumour (92%), com-

parable to the data of Popovich et al. [14]. A previous study in our centre demonstrated a diagnostic yield of 51% for peripheral lesions [15], and in
a very recent study, a combination of routine bronchoscopy methods including TBNA revealed a
diagnostic yield of 50% even in small radiological
lesions less than or equal to three centimetres [16].
The findings of the present study confirm our belief that the diagnostic yield of routine bronchoscopy techniques is high, particularly in lung
cancer patients and hence they should be continued to be optimally applied in patient management.
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Pathogenic microorganisms were present in
24.3% of all bronchoscopies. Of a total of 129
bronchoscopies performed in 76 immunocompromised patients, 47 (36.4%) were positive for infectious pathogens. Thirty-seven bronchoscopies
were performed in patients with suspected tuberculosis. M. tuberculosis was found in 10 cases by
smear and/or positive culture, however, its detection failed in 2 cases, resulting in a sensitivity of
83%. This is a satisfactory result considering the
fact that patients were preselected due to their inability to deliver sputum or due to previously negative sputum samples. The sensitivity is comparable to a recent prospective study [17]. Furthermore, infectious pathogens other than mycobacteria were detected in a high percentage of patients.
These findings suggest that bronchoscopy has an
important value for diagnosis and exclusion of pulmonary infections.
In patients with suspected interstitial lung diseases, a specific diagnosis was obtained in a third
of cases. Diagnoses included sarcoidosis (n = 7), extrinsic allergic alveolitis (n = 2), and eosinophilic
pneumonia (n = 1). In these patients, more invasive diagnostic procedures such as thoracoscopic
or open lung biopsies could be avoided and therefore, limiting the costs and morbidity. However,
these data also confirm the limitation of TBB for
the differential diagnosis of interstitial lung disease
[4].
The overall yield of TBNA for lymph node
sampling and peripheral lesions was 40%. This diagnostic yield might come across as low compared
to other studies. We believe that the relatively low
yield of TBNA is due to its routine use including
patients who might have a low probability for disease. This belief is supported by a recent metaanalysis on TBNA which concluded that sensitivity of TBNA depends to a large extend on the study
methods and patient population [18]. In populations with a lower prevalence of mediastinal metastasis, the sensitivity of TBNA is much lower than
reported in recent lung cancer guidelines [18].
There were no complications attributed to TBNA

in this study. Our experience and data support that
TBNA should be categorised as a routine diagnostic tool and should be optimally used to enhance
patient management.
The assessment of the safety of flexible bronchoscopy was a further aim of our study. Overall,
bronchoscopy-related complications were rare
(n = 10, 1.6%) and included only minor, non-lifethreatening complications. There was no case of
major life-threatening complication in this patient
cohort. In a large retrospective study, minor complication rates amounted to 0.8%, and major lifethreatening complication rates to 0.5% [19]. The
difference in minor complications could be attributed to some cases of mild desaturation, which are
not regarded as complications by some authors.
However, the number of complications may also
be underestimated due to underreporting of minor
complications in inpatients after their transfer to
hospital wards. We recently analysed the benefit
and safety of sedatives and local anaesthesia in
large prospective studies. Our data provide evidence that the combination of midazolam and hydrocodone markedly reduces cough during bronchoscopy without causing relevant hypoxia [9],
while the addition of nebulized lidocaine does not
provide an additional benefit [20].
To summarise, routine flexible bronchoscopy
techniques continue to be safe procedures even
with the inclusion of TBNA and TBB and have a
high diagnostic yield in current clinical practice.
TBNA is a safe procedure and should be adopted
for routine use in the bronchoscopy suite.
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