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Abstract

Background: With the recent widespread use of endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA), there have been occasional reports on complications associated with its use. Previous reviews on
EBUS-TBNA have been limited to studies by skilled operators, thus the results may not always be applicable to
recent clinical practice. To assess the safety of EBUS-TBNA for the staging and diagnosis of lung cancer in Japan, a
nationwide survey on its current usage status and complications associated with its use was conducted by the
Japan Society for Respiratory Endoscopy (JSRE).

Methods: A questionnaire about EBUS-TBNA performed between January 2011 and June 2012 was mailed to 520
JSRE-accredited facilities.

Results: Responses were obtained from 455 facilities (87.5%). During the study period, EBUS-TBNA was performed
in 7,345 cases in 210 facilities (46.2%) using a convex probe ultrasound bronchoscope, for 6,836 mediastinal and
hilar lesions and 275 lung parenchymal lesions. Ninety complications occurred in 32 facilities. The complication rate
was 1.23% (95% confidence interval, 0.97%-1.48%), with hemorrhage being the most frequent complication (50 cases,
0.68%). Infectious complications developed in 14 cases (0.19%) (Mediastinitis, 7; pneumonia, 4; pericarditis, 1; cyst
infection, 1; and sepsis, 1). Pneumothorax developed in 2 cases (0.03%), one of which required tube drainage.
Regarding the outcome of the cases with complications, prolonged hospitalization was observed in 14 cases, life-
threatening conditions in 4, and death in 1 (severe cerebral infarction) (mortality rate, 0.01%). Breakage of the
ultrasound bronchoscope occurred in 98 cases (1.33%) in 67 facilities (31.9%), and that of the puncture needle in 15
cases (0.20%) in 8 facilities (3.8%).

Conclusions: Although the complication rate associated with EBUS-TBNA was found to be low, severe complications,
including infectious complications, were observed, and the incidence of device breakage was high. Since the use of
EBUS-TBNA is rapidly expanding in Japan, an educational program for its safe performance should be immediately
established.
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Background
Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) performed using a convex
probe ultrasound bronchoscope is a minimally invasive
diagnostic method for peritracheal and peribronchial le-
sions [1]. EBUS-TBNA enables the accurate collection of
samples from the lesion since the puncture site can be
confirmed under real-time ultrasound guidance, allowing
cytological and histological diagnosis. In the lymph node
staging of lung cancer, EBUS-TBNA has a cumulative
sensitivity of 88%-93% and a cumulative specificity of
100% [2,3]. For the diagnosis of mediastinal lymph node
metastasis of lung cancer, mediastinoscopy is convention-
ally considered as the gold standard [4]. However, com-
pared with surgical diagnosis using a mediastinoscope or
thoracoscope, EBUS-TBNA and transesophageal endo-
scopic ultrasound with fine needle aspiration (EUS-FNA)
followed by surgical diagnosis have been reported to in-
crease the diagnostic rate [5]. EBUS-TBNA alone has a
diagnostic rate similar to that of mediastinoscopy [6,7]. In
addition, the introduction of EBUS-TBNA has resulted in
cost benefit in terms of minimally invasive lung cancer
staging [8,9]. Hence, EBUS-TBNA has effectively been re-
placing mediastinoscopy for the staging of lung cancer
and in establishing a definitive diagnosis of mediastinal
and hilar lymphadenopathy owing to its high diagnostic
rate, minimal invasiveness, and cost benefit. EBUS-TBNA
has also an extremely low complication rate and is there-
fore considered to be safe and minimally invasive [2,10].
However, there have been occasional reports on compli-

cations with the recent widespread use of EBUS-TBNA
[11-14]. Moreover, previous reviews on EBUS-TBNA have
been limited to studies by skilled operators, and thus the
results may not always be applicable to recent clinical
practice. Previous reviews particularly on the cost benefit
of EBUS-TBNA have not included the repair cost for
damaged EBUS-TBNA instruments. As EBUS-TBNA will
increasingly be used for the staging and diagnosis of lung
cancer, accompanying severe complications may also
increase. Damage to EBUS-TBNA instruments not only
poses a problem with regard to the cost benefit, but also
threatens the safety and effectiveness of the procedure. To
assess the safety of EBUS-TBNA for the staging and diag-
nosis of lung cancer in Japan, a nationwide survey on its
current usage status and complications associated with its
use was conducted by JSRE.

Methods
This study was a nationwide, retrospective questionnaire
survey approved by JSRE. In July 2012, a JSRE-approved
questionnaire was mailed to 520 JSRE-accredited facil-
ities and affiliated facilities throughout Japan. The ques-
tionnaire (an additional data file shows this in more
detail [see Additional file 1]) included specific questions
regarding the number of cases examined by EBUS-
TBNA, the characteristics of the cases, and the compli-
cations of EBUS-TBNA performed using a convex probe
ultrasound bronchoscope during the preceding 18
months (January 2011 through June 2012). Details re-
garding the complications were obtained by asking ques-
tions about patient background, procedural factors, and
outcomes using an exclusive case report form. A mark
sheet selection system was used, except for some items
that were to be described using free text. As a rule, a
JSRE-accredited senior fellow representing each institu-
tion provided the responses to the questionnaire. The
number of cases, number of cases with complications,
and details of cases showing complications were
reported by the same senior fellow, based on the medical
records in each institution. The investigated complica-
tions included hemorrhage that required treatments
other than aspiration, compression and cold physio-
logical saline injection (massive hemorrhage was defined
as a blood loss of ≥ 300 mL or that requiring blood
transfusion), pneumonia, mediastinitis, pericarditis,
other infectious complications, pneumothorax requiring
bed rest or thoracic drainage, lidocaine intoxication re-
quiring special intervention because of convulsions/loss
of consciousness, bronchial asthma, respiratory failure
(excluding patients treated by oxygen administration
alone), and complications related to the circulatory sys-
tem requiring special treatment, among others. Compli-
cations due to procedures performed simultaneously
with EBUS-TBNA, such as forceps biopsy or bronchoal-
veolar lavage, were excluded.
Results were automatically collected using a computer.

For multiple-choice questions permitting only 1 re-
sponse, no response to the question was regarded as an
invalid response. All proportions were expressed as a
percentage of the number of valid responses. Results
were analyzed using a standard statistical method with
the SAS system for Windows release 9.3 (SAS Institute
Inc., Cary, NC, USA).

Results
Responses were obtained from 455 facilities (response
rate, 87.5%).

Number of cases
EBUS-TBNA performed using a convex probe was car-
ried out in 7,345 cases in 210 facilities (46.2%) out of the
455 facilities that responded. The indications of the pro-
cedure (multiple selections allowed) were for the estab-
lishment of a diagnosis in 5,855 cases (suspected lung
cancer in 4,304 cases, suspected malignant lymphoma in
321 cases, suspected sarcoidosis in 988 cases, and others
in 527 cases; multiple selections allowed) and the staging
of lung cancer in 1,850 cases. The lesion was located in
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the hilar and mediastinal areas in 6,836 cases and in the
lung parenchyma in 275 cases (Table 1). EBUS-TBNA
was performed by JSRE-accredited non-fellows in 3,442
cases (46.9%) and JSRE-accredited fellows in 3,896 cases
(53.1%); no information regarding the operators was
given in 7 cases.
Complications
Complications developed in 90 cases (1.23%; 95% confi-
dence interval (CI), 0.97%-1.48%) in 32 facilities (15.2%).
For complications, hemorrhage was observed in 50 cases
(0.68%; 95% CI, 0.49%-0.87%) including 1 case of massive
hemorrhage. Mediastinitis developed in 7 cases (0.10%;
95% CI, 0.02%-0.17%), pneumonia in 4 cases (0.05%), peri-
carditis in 1 case (0.01%), cyst infection in 1 case (0.01%),
and sepsis in 1 case (0.01%). Infectious complications
(mediastinitis, pneumonia, pericarditis, cyst infection and
sepsis) occurred in 14 cases (0.19%; 95% CI, 0.09%-0.29%).
Respiratory failure developed in 5 cases (0.07%). Lidocaine
toxicity was observed in 4 cases (0.05%). Pneumothorax
was observed in 2 cases (0.03%), 1 of which required tube
drainage. Bronchial asthmatic attack was observed in 1
case (0.01%). As for cardiovascular events, arrhythmia
developed in 3 cases (0.04%) and hypotension in 1 case
(0.01%). Regarding other complications, fever was ob-
served in 4 cases (0.05%), cerebral infarction in 2 cases
(0.03%), aggravation of airway obstruction in 2 cases
(0.03%), tumor rupture in 1 case (0.01%), and hyperven-
tilation syndrome in 1 case (0.01%).
Reports of cases with complications
There were reports of 79 cases with complications. The
background, procedural factors, and outcomes of these
cases are described below.
Table 1 Total number of EBUS-TBNA procedures
performed according to indication and target lesion

Total
number

Respondents Mean Median Range

Total EBUS-TBNA 7,345 210 35.0 18.5 1-424

Indication:

Establishing
diagnosis

5,855 207 28.3 16 1-223

Lung cancer
staging

1,850 111 16.7 5 1-245

Lesions examined:

Hilar and
mediastinal lesions

6,836 209 32.7 17 1-235

Lesions in lung
parenchyma

275 68 4.0 2 1-22

EBUS-TBNA, endobronchial ultrasound-guided transbronchial
needle aspiration.
Patient background
The median age of the patients was 69 years (25–87
years). There were 59 men (75.6%) and 19 women
(24.4%), with 1 patient whose sex was undisclosed. The
targets for puncture were the hilar and mediastinal
lymph nodes in 76 cases (96.2%) and lesions in the lung
parenchyma in 3 cases (3.8%). The complication rates
were 1.11% and 1.09%, respectively, with no statistically
significant difference in the complication rates between
the target lesions (p > 0.999; Fisher exact test).

Background of operators
The operators were JSRE-accredited non-fellows in 46
cases (58.2%) and JSRE-accredited fellows in 33 cases
(41.8%). The complication rate was 1.34% for JSRE-
accredited non-fellows and 0.85% for JSRE-accredited
fellows (p = 0.0535; Fisher exact test), being slightly
higher in the former. In the patients who developed
EBUS-TBNA-related complications, the operators had
the following EBUS-TBNA experience before the occur-
rence of complications: fewer than 5 cases in 8 patients
(10.3%), 5–19 cases in 17 patients (21.8%), 20–49 cases
in 43 patients (55.1%), and more than or equal to 50
cases in 10 patients (12.8%); there was no description re-
garding the background of the operator in 1 case. The
operators had attended a hands-on training course in 41
cases (52.6%) and had not attended a hands-on training
course in 37 (47.4%) cases; there was no information
whether the operator attended a hands-on training
course in 1 case.

Procedural factors
Sixty-once cases received intravenous sedation (79.2%)
whereas 16 cases (20.8%) did not receive intravenous
sedation during the procedure. There was no informa-
tion regarding intravenous sedation during the proced-
ure for 2 cases. A 22-gauge needle was used in 53 cases
(76.8%) and a 21-gauge needle was used in 16 cases
(23.2%); there was no description about the needle gauge
used in 10 cases. The number of lymph nodes punctured
was 1 in 59 cases (76.6%) and 2 in 18 cases (23.4%);
there was no information about puncture number in 2
cases. The maximum short-axis diameter of the punc-
tured lymph node was from 5 to < 10 mm in 4 cases
(5.8%) and ≥ 10 mm in 65 cases (94.2%); there was no
description given in 10 cases. The most frequently punc-
tured lymph node was #7 in 34 patients (43.0%),
followed by #4R in 24 patients (30.4%). The total number
of punctures was 1 in 32 cases (41.6%), 2 in 26 cases
(33.8%), 3 in 9 cases (11.7%), 4 in 9 cases (11.7%), and ≥ 5
in 1 case (1.3%); there was no description available in 2
cases. On-site cytodiagnosis was performed in 27 cases
(35.1%) and not performed in 50 cases (64.9%); there was
no description given in 2 cases.
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On the basis of the EBUS-TBNA findings, a specific
diagnosis could be made in 58 cases (76.3%) but not in
18 cases (23.7%; non-diagnostic cases: diagnosis could
not be made based on the EBUS-TBNA findings); there
was no description provided in 3 cases. The final diagno-
sis based on the surgical findings and clinical course, in
addition to the EBUS-TBNA findings, was lung cancer
in 49 cases (66.2%), metastatic lung tumor in 3 cases
(4.1%), malignant lymphoma in 2 cases (2.7%), other ma-
lignant tumors in 3 cases (4.1%), sarcoidosis in 3 cases
(4.1%), other benign diseases in 8 cases (10.8%), and in-
definite (the final diagnosis could not be made using any
methods including EBUS-TBNA or observation of the
clinical course) in 6 cases (8.1%); there was no descrip-
tion given in 5 cases.

Outcomes
Complication-induced adverse events were absent in 57
cases that developed complications (75.0%). Hospitalization
was prolonged in 14 cases (18.4%) because of pneumonia
in 4 cases, respiratory failure in 3 cases, hemorrhage in 2
cases, mediastinitis in 1 case, pneumothorax in 1 case,
bronchial cyst infection in 1 case, fever in 1 case, and cere-
bral infarction in 1 case. Life-threatening consequences of
the following complications were observed in 4 cases
(5.3%): mediastinitis, 2 cases; tumor rupture, 1 case; and
aggravation of airway stenosis, 1 case. Death due to cere-
bral infarction was observed in 1 case (1.3%). The mortality
rate was 0.01%. There was no description of adverse events
in 3 cases.

Characteristics of each complication
Hemorrhage was observed in 42 cases, of which 1 patient
showed massive hemorrhage. In this case, hemorrhage
after the puncture of lymph node #11L, possibly due to
damage of the blood vessels, required prolongation of
hospitalization. None of the 42 cases were being treated
with antiplatelet drugs; 4 cases (22.2%) were in a drug
withdrawal period, and no antiplatelet drug had been used
in 14 cases (77.8%). There was no description available in
24 cases.
The maximum short-axis diameter of the punctured

lymph node was from 5 to <10 mm in 2 cases (5.9%)
and ≥10 mm in 32 cases (94.1%); there was no descrip-
tion regarding this in 8 cases. The most frequently punc-
tured lymph node was #7 in 34 patients (43.0%),
followed by #4R in 24 patients (30.4%). The total num-
ber of punctures was 1 in 24 cases (57.1%), 2 in 14 cases
(33.3%), 3 in 1 case (2.4%), and 4 in 3 cases (7.1%). A 22-
gauge needle was used in 30 cases (85.7%) and a 21-gauge
needle was used in 5 cases (14.3%) with hemorrhage; there
was no description given in 7 cases.
The operator was a JSRE-accredited non-fellow in 26

cases (61.9%) and a JSRE-accredited fellow in 16 cases
(38.1%). In patients who developed EBUS-TBNA-related
complications, the operators had the following EBUS-
TBNA experience before the occurrence of complica-
tions: 5–19 cases in 5 patients (11.9%), 20–49 cases in
32 patients (76.2%), and ≥ 50 cases in 5 patients (11.9%).
Mediastinitis was observed in 7 cases, of which only 1

had diabetes mellitus as an underlying disease. The
punctured lymph node was #4R in 4 and #7 in 3 of the
mediastinitis cases. Ultrasound findings at the puncture
site of the 7 cases suggested necrotic areas in 2 cases
(33.3%), other than necrosis or cysts in 2 cases (33.3%), and
unclear in 2 cases (33.3%); there was no description in 1
case. In 11 (84.6%) of 14 cases showing infectious compli-
cations, no prophylactic antibiotic had been administered.
In the 2 cases developing pneumothorax, 5 punctures

of lymph nodes #4R and #7 and 4 punctures of lymph
node #4L had been performed. In a case showing asth-
matic attacks, although there was a history of bronchial
asthma, no prophylactic bronchodilator had been ad-
ministered before examination. Two cases showed cere-
bral infarction during the antiplatelet drug withdrawal
period. One of these cases showed bilateral stenosis of
the internal carotid arteries and replacement of the anti-
coagulant with heparin. This patient died of thrombotic
occlusion of these arteries after completion of the exam-
ination. The case of tumor rupture, which was con-
firmed by surgery, involved a mediastinal tumor in
which pleural hemorrhage occurred after EBUS-TBNA.

Breakage of EBUS-TBNA instruments
During the investigation period, the ultrasound broncho-
scope used was damaged in 98 cases (1.33%; 95% CI,
1.07%-1.60%) in 67 facilities (31.9%) (Table 2). Regarding
the damaged part, breakage of the working channel for
needle insertion was found in 71 cases (74.0%), breakage
of the fiber owing to external compression, such as bit-
ing by the patient, occurred in 15 cases (15.6%), break-
age of the ultrasound probe in 7 cases (7.3%), and
breakage of other portions in 3 cases (3.1%); there was
no description available in 2 cases. Breakage of the punc-
ture needle occurred in 15 cases (0.20%; 95% CI, 0.10%-
0.31%) in 8 facilities (3.8%).

Discussion
To the best of our knowledge, this is the first nationwide
survey describing in detail the complications associated
with the use of EBUS-TBNA. As this survey was admin-
istered by a scientific society, and the obtained response
rate to the questionnaire was considerably high (87.5%),
the results may effectively reflect the present status of
the use of and complications associated with EBUS-
TBNA in Japan. A previous questionnaire survey
performed in Japan in 2010 showed that 143 facilities
nationwide owned and used EBUS-TBNA devices [15].



Table 2 Breakage of EBUS-TBNA instruments and reasons
for these breakages

Total
number

Respondents Mean Median Range

Site of damage:

Bronchoscopes 98 67 1.46 1 1-5

Working
channel

71 50 1.42 1 1-4

Fiber portion 15 15 1 1 1

US probe 7 7 1 1 1

Other
portions

3 2 1.33 1 1-2

Puncture needle 15 8 1.63 1 1-4

EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle
aspiration; US, ultrasound.
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This number increased by 67 during the subsequent 1.5-
year period. The number of cases examined using
EBUS-TBNA per year, as calculated from the number of
questionnaires recovered, was 4,108 cases in a previous
survey and 5,596 in the present survey, indicating an
approximately 1.4-fold increase in the number of EBUS-
TBNA performed per year.
Previous meta-analyses of conventional TBNA showed a

major complication rate of 0.3% [16]. Massive hemorrhage,
pneumomediastinum, pneumothorax requiring drainage,
cardiac tamponade, and hemomediastinum have all been
reported as TBNA complications [16,17]. A meta-analysis
of EBUS-TBNA showed a complication rate of 2 in 1,299
cases (0.15%), with only 1 case showing pneumothorax re-
quiring drainage as a major complication [2]. However, the
studies evaluated by this meta-analysis had been performed
in facilities with skilled operators. With the recent wide-
spread use of EBUS-TBNA, complications have occasion-
ally been reported [11-14]. A survey in 2010 showed a
complication rate of 0.46% for EBUS-TBNA [18]. On the
other hand, a prospective study by Eapen et al. revealed a
complication rate of 1.44% [19]. The incidence of com-
plications differs and depends not only among medical
examination/treatment environments, but also on the
definitions of the complications. The definitions of the
different complications assessed in this study were the
same as those in the 2010 survey, except for
hemorrhage. In the present survey, a broader definition
of hemorrhage was used compared with the previous
survey, and hemorrhage that required treatment was
also included in the list of complications. This possibly
accounted for the higher complication rate in the
present study. Furthermore, the incidence of the differ-
ent types of complications in the present survey dif-
fered from that reported by Eapen et al. [19]. In the
present survey, the incidence of pneumothorax was low
but that of infectious complications was high. This may
have been due to not only differences in the medical
examination/treatment environments between Japan and
the U.S. as well as differences in the survey methods, but
also the evaluation of only complications developing
within 24 hours and the inclusion of complications due to
other procedures such as transbronchial biopsy that were
simultaneously performed in the survey by Eapen et al.
The complication rate in this survey was lower than that
using mediastinoscopy (2.5%) [20] or other bronchoscopic
diagnostic methods [18], demonstrating the safety of
EBUS-TBNA.
However, in the present study, death or life-threatening

consequences were observed in 5 cases. In addition, the
incidence of infectious complications was high. Regarding
infectious complications, mediastinitis [12,13], pericarditis
[11], and tumor infection [11] have been reported, each of
which is a severe condition requiring broad-spectrum an-
tibiotics and surgical procedures such as drainage. Two
cases in the present study were considered to have life-
threatening conditions. As for the possible causes of in-
fectious complications, cross-contamination, leading to
mediastinal inoculation by oral and nasopharyngeal
commensals [11,13], and nosocomial infection due to
inappropriate bronchoscope disinfection or mishand-
ling of devices [12] have been reported. Previous stud-
ies have suggested that these infectious complications
are not caused by hematogenous seeding due to
bacteremia, but by spread from the puncture site [13].
When the puncture site is necrotic or cystic, blood flow
is slight, resistance is decreased, and bacterial attach-
ment clearance is decreased [11]. To prevent this con-
dition, the location of the needle tip should be
confirmed by ultrasonography at the time of puncture,
and the lesion should be accurately punctured [11]. As
in EUS-FNA, the puncture of necrotic [21] or cystic
areas [22] should be avoided. Unlike conventional
TBNA, lesions are punctured with a puncture needle
containing a stylet in EBUS-TBNA. Since infection may
be caused by operating the stylet, it should be handled
aseptically when multiple punctures are applied. Disin-
fection of devices according to the guidelines [23] and
careful observation of the postprocedure course for
signs of infection are important. However, prophylactic
antibiotic administration is not recommended in rou-
tine diagnostic bronchoscopy, except for certain dis-
eases [24]. In the present study, there were no clearly
immunocompromised patients with infectious compli-
cations, and prophylactic antibiotics were not administered
in 11 of the 14 cases showing infectious complications.
Further studies are necessary to evaluate the need for
prophylactic antibiotic administration and to identify the
cases requiring such prophylaxis. In particular, Eapen et al.
reported patients who died of hemorrhage [19]. In the
present study, only 1 case showed massive hemorrhage
caused by perforation of a minor blood vessel in the lymph
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node. Botana-Rial et al. reported a case of erroneous punc-
ture of the pulmonary artery [14] without symptoms and
detected by echography or contrast CT. Thus, the inci-
dence of erroneous puncture of a major vessel may be
higher than that of massive hemorrhage as a complication.
Hence, it is important to know the anatomy around the
puncture area and to accurately puncture only the lesion.
Bronchial asthma, cerebral infarction, and lidocaine intoxi-
cation were considered to be complications of the bron-
choscopic procedure. In patients at risk, procedures
following the guidelines are necessary, including prophy-
lactic bronchodilator administration, continuation of
antiplatelet drugs/anticoagulants or drug replacement de-
pending on the underlying diseases and drug composition,
adequate assessment of the indications for examination,
and observance of the maximum lidocaine dose that can
be safely administered [24].
In the present study, the complication rate was slightly

higher in the procedures performed by JSRE-accredited
non-fellows than in those performed by JSRE-accredited
fellows. Regarding the diagnostic rate, a prospective
study previously showed that high-volume hospitals had
high diagnostic yields, and that biopsy was performed on
more nodes including smaller nodes [25]. Although
Eapen et al. stated that safety is not associated with ex-
perience [19], their data were, however, obtained from
tertiary care hospitals. Therefore, we cannot exclude the
possibility that the complication and diagnosis rates dif-
fer among facilities and according to the operator’s ex-
perience. In EBUS-TBNA, the learning speed varies even
among skilled bronchoscopists [26]. Moreover, the num-
ber of cases that must be performed to be able to carry
out EBUS-TBNA safely and to achieve an adequate diag-
nostic rate is difficult to determine. The guidelines of the
American College of Chest Physicians [27], European
Respiratory Society/American Thoracic Society [28], and
Thoracic Society of Australia and New Zealand [29] indi-
cate that 50 (radial probe), 40 (convex and radial probe),
and 20 cases, respectively, are necessary for this purpose,
and that EBUS-TBNA must be performed in 25, 20, and
20 cases per year, respectively, to maintain EBUS-TBNA
competency. The present survey did not include the num-
ber of patients undergoing EBUS-TBNA by operators with
no experience of complications, and thus the complication
rate according to the number of cases experienced by the
operators could not be determined. Accordingly, the num-
ber of cases experienced which are necessary to acquire
the skill to safely perform EBUS-TBNA is unclear. Most
of the operators in the present study had experienced less
than 50 EBUS-TBNA cases at the time of the occurrence
of complications, and about 50% of the operators had
never attended any hands-on training. At present, con-
crete instructions and educational methods are left to the
judgment of each institution, and they vary among
facilities. Experienced bronchoscopists, such as JSRE-
accredited fellows in each institution, should receive
hands-on training in the course authorized by JSRE in
order to become supervisors of EBUS-TBNA. A common
learning system [30] and an evaluation method across fa-
cilities using objective parameters of skills [31] should be
immediately established and applied to enable EBUS-
TBNA operators to receive optimal training under the
instruction of qualified supervisors. In addition, useful
simulation trainings [32] and their active incorporation
into the learning system should also be considered.
With regard to device breakage, this has been infre-

quently reported [33]. In the present study, the breakage
rate for EBUS-TBNA bronchoscopes and devices was
1.54%, which was significantly higher (p < 0.001, Fisher
exact test) than that in all bronchoscopy procedures
(0.77%) in the 2010 survey [18]. Breakage most com-
monly occurred in the working channel mostly due to
the needle perforation of the working channel. Proper
placement of the puncture needle in the sheath and its
blockage should be confirmed before insertion and re-
moval of the puncture needle. Tremblay et al. reported
that the repair cost of EBUS-TBNA instruments for each
patient is higher than that of the bronchoscope used for
conventional flexible bronchoscopy. In the present sur-
vey, EBUS-TBNA was not performed in 245 facilities,
possibly because of the lack of EBUS-TBNA instruments
in most of these facilities [15]. Unlike conventional
TBNA, EBUS-TBNA is complex and requires hands-on
training. Moreover, EBUS-TBNA instruments are expen-
sive, and their maintenance and repair costs are high be-
cause of their high damage rate, which may be obstacles
to the introduction of EBUS-TBNA.
The present study has several limitations. Recall bias

was highly likely because the study was a retrospective
questionnaire survey. Some data may have been pro-
vided based on the memory of the persons who com-
pleted the questionnaire and thus some values may be
inaccurate. Moreover, the surveyed subjects may have
hesitated to report complications and deaths. Although
the response rate to the questionnaire was high, the
facilities with a high complication rate may not have
participated. In Japan, chest radiography is usually
performed following bronchoscopy to confirm the pres-
ence of pneumothorax [15]. However, the follow-up
method to determine the occurrence of complications is
entrusted to each facility and is not standardized. Ac-
cordingly, it is possible that asymptomatic complications
and severe cases treated at other facilities were
overlooked. Moreover, the present survey involved facil-
ities certified by JSRE, and expert operators were in-
cluded. Therefore, the complication rate may have been
underestimated compared with the actual situation. Fur-
thermore, when the complication and damage rates were
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combined, some problems occurred in more than 3% of
the patients who received EBUS-TBNA.

Conclusion
Although the complication rate for EBUS-TBNA was
found to be low, severe complications and a high inci-
dence of device breakage were observed during the study
period. With the rapid and widespread use of EBUS-
TBNA as a diagnostic method, an educational system pro-
viding clear instructions on how to properly perform the
procedure safely needs to be immediately established.

Additional file

Additional file 1: Questionnaire. Nationwide Survey of EBUS-TBNA.

Abbreviations
EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle
aspiration; EUS-FNA: Transesophageal endoscopic ultrasound with fine-
needle aspiration; JSRE: The Japan Society for Respiratory Endoscopy;
TBNA: Transbronchial needle aspiration.

Competing interests
The authors declare that they have no competing interests associated with
this study.

Authors’ contributions
All authors contributed equally to the study design, data acquisition, and
data analysis and interpretation. FA drafted the manuscript. All authors
revised the manuscript critically for important intellectual content and gave
their approval for it to be published.

Acknowledgements
The authors thank all JSRE participants who contributed to this work by
completing the survey questionnaires. The authors express their gratitude to
Dr. Satoshi Morita of the Department of Biostatistics and Epidemiology at the
Yokohama City University Graduate School of Medicine for advice on
statistical analysis. The authors are indebted to Associate Professor Edward
Barroga (DVM, PhD) of the Department of International Medical
Communications of Tokyo Medical University for his editorial review of the
manuscript.

Received: 8 February 2013 Accepted: 7 May 2013
Published: 10 May 2013

References
1. Yasufuku K, Chiyo M, Sekine Y, Chhajed PN, Shibuya K, Iizasa T, Fujisawa T:

Real-time endobronchial ultrasound-guided transbronchial needle
aspiration of mediastinal and hilar lymph nodes. Chest 2004, 126:122–128.

2. Gu P, Zhao YZ, Jiang LY, Zhang W, Xin Y, Han BH: Endobronchial
ultrasound-guided transbronchial needle aspiration for staging of lung
cancer: a systematic review and meta-analysis. Eur J Cancer 2009,
45:1389–1396.

3. Adams K, Shah PL, Edmonds L, Lim E: Test performance of endobronchial
ultrasound and transbronchial needle aspiration biopsy for mediastinal
staging in patients with lung cancer: systematic review and meta-
analysis. Thorax 2009, 64:757–762.

4. Detterbeck FC, Jantz MA, Wallace M, Vansteenkiste J, Silvestri GA: Invasive
mediastinal staging of lung cancer: ACCP evidence-based clinical
practice guidelines (2nd edition). Chest 2007, 132(3 Suppl):202S–220S.

5. Annema JT, van Meerbeeck JP, Rintoul RC, Dooms C, Deschepper E, Dekkers
OM, De Leyn P, Braun J, Carroll NR, Praet M, et al: Mediastinoscopy vs
endosonography for mediastinal nodal staging of lung cancer: a
randomized trial. JAMA 2010, 304:2245–2252.

6. Ernst A, Anantham D, Eberhardt R, Krasnik M, Herth FJ: Diagnosis of
mediastinal adenopathy-real-time endobronchial ultrasound guided
needle aspiration versus mediastinoscopy. J Thorac Oncol 2008,
3:577–582.

7. Yasufuku K, Pierre A, Darling G, de Perrot M, Waddell T, Johnston M, da
Cunha Santos G, Geddie W, Boerner S, Le LW, et al: A prospective
controlled trial of endobronchial ultrasound-guided transbronchial
needle aspiration compared with mediastinoscopy for mediastinal
lymph node staging of lung cancer. J Thorac Cardiovasc Surg 2011,
142:1393–1400.

8. Navani N, Lawrence DR, Kolvekar S, Hayward M, McAsey D, Kocjan G, Falzon
M, Capitanio A, Shaw P, Morris S, et al: Endobronchial ultrasound-guided
transbronchial needle aspiration prevents mediastinoscopies in the
diagnosis of isolated mediastinal lymphadenopathy: a prospective trial.
Am J Respir Crit Care Med 2012, 186:255–260.

9. Steinfort DP, Liew D, Conron M, Hutchinson AF, Irving LB: Cost-benefit of
minimally invasive staging of non-small cell lung cancer: a decision tree
sensitivity analysis. J Thorac Oncol 2010, 5:1564–1570.

10. Varela-Lema L, Fernandez-Villar A, Ruano-Ravina A: Effectiveness and safety
of endobronchial ultrasound-transbronchial needle aspiration: a
systematic review. Eur Respir J 2009, 33:1156–1164.

11. Haas AR: Infectious complications from full extension endobronchial
ultrasound transbronchial needle aspiration. Eur Respir J 2009, 33:935–938.

12. Parker KL, Bizekis CS, Zervos MD: Severe mediastinal infection with
abscess formation after endobronchial ultrasound-guided transbrochial
needle aspiration. Ann Thorac Surg 2010, 89:1271–1272.

13. Huang CT, Chen CY, Ho CC, Yu CJ: A rare constellation of empyema, lung
abscess, and mediastinal abscess as a complication of endobronchial
ultrasound-guided transbronchial needle aspiration. Eur J Cardiothorac
Surg 2011, 40:264–265.

14. Botana-Rial M, Nunez-Delgado M, Pallares-Sanmartin A, Leiro-Fernandez V,
Represas Represas C, Gonzalez Silva AI, Fernandez-Villar A: Intramural
Hematoma of the Pulmonary Artery and Hemopneumomediastinum
after Endobronchial Ultrasound-Guided Transbronchial Needle
Aspiration. Respiration 2012, 83:353–356.

15. Asano F, Aoe M, Ohsaki Y, Okada Y, Sasada S, Sato S, Suzuki E, Senba H,
Fujino S, Ohmori K: Bronchoscopic practice in Japan: A Survey by the
Japan Society for Respiratory Endoscopy in 2010. Respirology 2013,
18:284–290.

16. Holty JE, Kuschner WG, Gould MK: Accuracy of transbronchial needle
aspiration for mediastinal staging of non-small cell lung cancer: a meta-
analysis. Thorax 2005, 60:949–955.

17. Gross A, Diacon AH: Cardiac tamponade following transbronchial needle
aspiration. Respiration 2011, 82:56–59.

18. Asano F, Aoe M, Ohsaki Y, Okada Y, Sasada S, Sato S, Suzuki E, Senba H,
Fujino S, Ohmori K: Deaths and complications associated with respiratory
endoscopy: A survey by the Japan Society for Respiratory Endoscopy in
2010. Respirology 2012, 17:478–485.

19. Eapen GA, Shah AM, Lei X, Jimenez CA, Morice RC, Yarmus L, Filner J, Ray C,
Michaud G, Greenhill SR, et al: Complications, Consequences, and Practice
Patterns of Endobronchial Ultrasound-Guided Transbronchial Needle
Aspiration: Results of the AQuIRE Registry. Chest. in press [Epub ahead of print].

20. Kramer H, Groen HJ: Current concepts in the mediastinal lymph node
staging of nonsmall cell lung cancer. Ann Surg 2003, 238:180–188.

21. Aerts JG, Kloover J, Los J, van der Heijden O, Janssens A, Tournoy KG: EUS-
FNA of enlarged necrotic lymph nodes may cause infectious
mediastinitis. J Thorac Oncol 2008, 3:1191–1193.

22. Diehl DL, Cheruvattath R, Facktor MA, Go BD: Infection after endoscopic
ultrasound-guided aspiration of mediastinal cysts. Interact Cardiovasc
Thorac Surg 2010, 10:338–340.

23. Mehta AC, Prakash UB, Garland R, Haponik E, Moses L, Schaffner W, Silvestri
G: American College of Chest Physicians and American Association for
Bronchology [corrected] consensus statement: prevention of flexible
bronchoscopy-associated infection. Chest 2005, 128:1742–1755.

24. Committee. BTSBG: British Thoracic Society guidelines on diagnostic
flexible bronchoscopy. Thorax 2001, 56(Suppl 1):i1–i21.

25. Ost DE, Ernst A, Lei X, Feller-Kopman D, Eapen GA, Kovitz KL, Herth FJ,
Simoff M: Diagnostic yield of endobronchial ultrasound-guided
transbronchial needle aspiration: results of the AQuIRE Bronchoscopy
Registry. Chest 2011, 140:1557–1566.

26. Kemp SV, El Batrawy SH, Harrison RN, Skwarski K, Munavvar M, Rosell A,
Cusworth K, Shah PL: Learning curves for endobronchial ultrasound using
cusum analysis. Thorax 2010, 65:534–538.

http://www.biomedcentral.com/content/supplementary/1465-9921-14-50-S1.doc


Asano et al. Respiratory Research 2013, 14:50 Page 8 of 8
http://respiratory-research.com/content/14/1/50
27. Ernst A, Silvestri GA, Johnstone D: Interventional pulmonary procedures:
Guidelines from the American College of Chest Physicians. Chest 2003,
123:1693–1717.

28. Bolliger CT, Mathur PN, Beamis JF, Becker HD, Cavaliere S, Colt H, Diaz-
Jimenez JP, Dumon JF, Edell E, Kovitz KL, et al: ERS/ATS statement on
interventional pulmonology. European Respiratory Society/American
Thoracic Society. Eur Respir J 2002, 19:356–373.

29. Fielding D, Phillips M, Robinson P, Irving L, Garske L, Hopkins P: Advanced
interventional pulmonology procedures: Training guidelines from the
Thoracic Society of Australia and New Zealand. Respirology 2012,
17:1176–1189.

30. Sakairi Y, Saegusa F, Yoshida S, Takiguchi Y, Tatsumi K, Yoshino I: Evaluation
of a learning system for endobronchial ultrasound-guided transbronchial
needle aspiration. Respir Investig 2012, 50:46–53.

31. Davoudi M, Colt HG, Osann KE, Lamb CR, Mullon JJ: Endobronchial
Ultrasound Skills and Tasks Assessment Tool: Assessing the Validity
Evidence for a Test of Endobronchial Ultrasound-guided Transbronchial
Needle Aspiration Operator Skill. Am J Respir Crit Care Med 2012,
186:773–779.

32. Stather DR, Maceachern P, Rimmer K, Hergott CA, Tremblay A: Assessment
and learning curve evaluation of endobronchial ultrasound skills
following simulation and clinical training. Respirology 2011, 16:698–704.

33. Mehta AC, Curtis PS, Scalzitti ML, Meeker DP: The high price of
bronchoscopy. Maintenance and repair of the flexible fiberoptic
bronchoscope. Chest 1990, 98:448–454.

doi:10.1186/1465-9921-14-50
Cite this article as: Asano et al.: Complications associated with
endobronchial ultrasound-guided transbronchial needle aspiration: a
nationwide survey by the Japan Society for Respiratory Endoscopy.
Respiratory Research 2013 14:50.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Number of cases
	Complications
	Reports of cases with complications
	Patient background
	Background of operators
	Procedural factors
	Outcomes
	Characteristics of each complication
	Breakage of EBUS-TBNA instruments

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


