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Introduction

Endobronchial ultrasound-guided transbronchial needle 

aspiration (EBUS-TBNA) is widely used to diagnose 

enlarged thoracic lymph nodes (1-12). Because of the 

advances in imaging modalities, the accurate diagnosis of 
thoracic lymph nodes has become more important to provide 
appropriate treatment to patients with lung cancer (13). 

In general, EBUS-TBNA under general anesthesia 
seems to be safer and more effective than that under 
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conscious sedation. In some countries, such as Japan, most 
EBUS-TBNAs are performed under conscious sedation 
(14,15). Most EBUS-TBNAs are completed successfully 
and few incomplete cases are encountered in daily practice. 
In this study, we reviewed EBUS-TBNA cases performed 
to diagnose suspected malignancy and investigated the 
frequency and diagnostic management of incomplete 
EBUS-TBNA cases. 

Methods

Between July 2009 and December 2017, 489 EBUS-TBNAs 
were performed at Kyoto University Hospital. Some 
patients underwent EBUS-TBNA for benign diseases, but 
most patients underwent EBUS-TBNA for the diagnosis 
of malignant diseases. In this study, we reviewed 424 cases 
of EBUS-TBNA performed for the diagnoses of suspected 
malignancy (Figure 1). 

In our institution, EBUS-TBNA is usually performed 
under conscious sedation with intravenous midazolam and 
local anesthesia with lidocaine. The patients were observed 
and local anesthesia was performed by bronchoscopy, after 
which EBUS-TBNA was performed. For EBUS-TBNA, 
a conventional bronchoscope (BF-Type 260; Olympus, 
Tokyo, Japan), a convex probe ultrasound bronchoscope 
(BF-UC260OF-OL8, BF-UC260FW; Olympus), and 21- 
and 22-gauge needles (ViziShot®, NA-201SX-4021 and NA-
201SX-4022; Olympus) were used. Selective biopsies of the 
preoperatively determined target lesions were performed in 
most cases. In cases of general anesthesia, the endoscopic 
procedures were performed under general anesthesia with 
intravenous propofol while the patients were intubated. 

We defined incomplete cases as those in which the selected 
target lesions could not be punctured.

First, we investigated the frequency of incomplete 
EBUS-TBNA cases among the 424 cases. Then, we 
retrospectively reviewed the characteristics and diagnostic 
management of the incomplete cases of EBUS-TBNA. This 
study was approved by the Kyoto University Institutional 
Review Board (R1806). The requirement for informed 
consent from each patient was waived because of the 
retrospective nature of the study.

All statistical analysis was performed with EZR software 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for R 
(The R Foundation for Statistical Computing, Vienna, 
Austria) (16). All values are expressed as means ± standard 
deviation or medians with range. Sensitivity, specificity, 
positive predictive value, and negative predictive value were 
calculated using the standard definitions.

Results

Patient characteristics and the frequency of incomplete 
cases

Altogether, 424 patients underwent EBUS-TBNA for 
diagnosis of suspected malignancy. The median age of 
the 424 patients was 68 years (range, 19–88 years). There 
were 303 male (71.5%) and 121 female patients (28.5%). 
Among the 424 patients, 415 patients underwent EBUS-
TBNA under conscious sedation and 9 patients underwent 
EBUS-TBNA under general anesthesia. The reasons for 
general anesthesia in these 9 cases were as follows: EBUS-

Figure 1 Between July 2009 and December 2017, 489 patients underwent EBUS-TBNA. Among them, this study included 424 patients 
undergoing EBUS-TBNA for the diagnoses of suspected malignancy. The number of incomplete cases was 16, and the number of cases with 
only inadequate sample collected was 26. EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration. 
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TBNA or bronchoscopy could not be completed because 
of a strong coughing reflex, frequent desaturation, or 
allergy to lidocaine (n=7); mediastinoscopy was planned 
simultaneously when a definitive diagnosis could not be 
obtained via EBUS-TBNA (n=1), and EBUS-TBNA 
under general anesthesia was recommended because of the 

suspected coexistence of pheochromocytoma (n=1). 
In 306 patients (72.2%), the target lesions of EBUS-

TBNA were mediastinal lesions and in 68 patients (16.0%), 
they were hilar lesions, whereas in 50 patients (11.8%), 
they were both hilar and mediastinal lesions. The median 
number of needle passes was 2 (range, 0–9; Table 1). EBUS-
TBNA procedures for mediastinal lesions were mainly 
performed as biopsies to diagnose the cause of mediastinal 
lymph node enlargement in patients with lung cancer or 
other malignancies and in cases with suspected mediastinal 
tumors. EBUS-TBNA procedures for hilar lesions were 
mainly performed as biopsies for the diagnosis of enlarged 
hilar lymph nodes and central lung lesions. Most of these 
biopsies were performed for the histological diagnosis of 
new hilar lesions (lymph nodes or central lung lesions) 
in patients with a history of treatment for previous 
malignancy. EBUS-TBNA procedures for both mediastinal 
and hilar lesions were mainly performed for the staging 
of lung cancers or malignant pleural mesotheliomas and 
to determine treatment strategies (n=41). Other reasons 
for performing EBUS-TBNA of both lesions included 
establishing a histological diagnosis of new lesions in 
patients with a history of previous treatment for malignancy 
(n=5) and performing a biopsy of the suspected malignant 
lymphoma (n=4).

Among the 424 cases, EBUS-TBNA was not completed 
in 16 cases (3.8%). All the 16 incomplete cases underwent 
EBUS-TBNA under conscious sedation, while the 
procedure was completed in all 9 patients undergoing 
EBUS-TBNA under general anesthesia. 

Factors associated with incomplete cases and final 
pathological diagnosis of malignancy among such cases

The factors associated with the incomplete cases of EBUS-
TBNA could be divided into two groups: impossibility to 
perform EBUS-TBNA under conscious sedation (n=8) 
and impossibility to perform safe needle biopsy (n=8). The 
impossibility to perform EBUS-TBNA under conscious 
sedation further consisted of 3 types of factors: strong 
coughing reflex and insufficient sedation (n=5), frequent 
desaturation during EBUS-TBNA (n=2), and allergy to 
lidocaine (n=1). The impossibility to perform safe needle 
biopsy also consisted of 3 types of factors: anatomical 
reasons (n=4), abundant blood flow in the target lesion 
(n=3), and invisibility of the target lesion due to airway 
deformation (n=1; Table 2). The anatomical reasons meant 
that the target lesions were located adjacent to critical 

Table 1 Patient characteristics, target lesions of EBUS-TBNA, and 
the number of punctures

Variables Median [range] or number (%)

Age (years) 68 [19–88]

Sex

Male 303 (71.5)

Female 121 (28.5)

Target lesion

Mediastinal lesion 306 (72.2)

Hilar lesion 68 (16.0)

Both mediastinal and hilar 
lesion

50 (11.8)

Number of punctures of 
target lesion

2 [0–9]

EBUS-TBNA, endobronchial ultrasound-guided transbronchial 
needle aspiration.

Table 2 Factors associated with incomplete EBUS-TBNA cases 
divided into two types: impossibility to perform EBUS-TBNA 
under conscious sedation and impossibility to perform safe needle 
biopsy

Factors for incompleteness of EBUS-TBNA Number (%)

Impossibility to perform EBUS-TBNA under 
conscious sedation

Due to strong cough reflex and insufficient 
sedation

5 (62.5)

Due to frequent desaturation during EBUS-
TBNA

2 (25.0)

Due to allergy of lidocaine 1 (12.5)

Impossibility to perform safe needle biopsy

Due to the anatomical reasons 4 (50.0)

Due to abundant blood flow in target lesion 3 (37.5)

Due to invisibility of target lesion due to airway 
deformation

1 (12.5)

EBUS-TBNA, endobronchial ultrasound-guided transbronchial 
needle aspiration. 
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vessels, such as branches of the pulmonary artery and vein 
(Figure 2).

Among the 16 incomplete cases, 10 cases were eventually 
pathologically diagnosed as having malignancy. Among 
the 8 incomplete cases due to the impossibility to perform 
EBUS-TBNA under conscious sedation, 5 cases were 
diagnosed by EBUS-TBNA under general anesthesia, and 
1 case was diagnosed by curative surgery. On the other 
hand, among the 8 incomplete cases due to the impossibility 
to perform safe needle biopsy, 4 cases were diagnosed by 
surgical biopsy or curative surgery. Among the remaining 2 
incomplete cases due to the impossibility to perform EBUS-
TBNA under conscious sedation, 1 case was diagnosed 
clinically by CT images as having malignancy, and the other 
case was diagnosed as not having malignancy by EBUS-
TBNA under general anesthesia. Conversely, among the 
remaining 4 incomplete cases due to the impossibility to 
perform safe needle biopsy, 2 cases were diagnosed clinically 
by CT images as having malignancy, and the remaining 
2 cases were pathologically diagnosed as not having 
malignancy by curative surgery or surgical biopsy (Table 3).  
As a result, prolonged hospitalization was required in 2 
patients for additional examinations and readmission due to 
additional examinations was required in 6 patients.

Diagnostic accuracy and complications of EBUS-TBNA

Among 408 complete EBUS-TBNA cases, adequate 

samples were collected in 382 cases. Among these 382 
cases, the sensitivity, specificity, positive predictive value, 
and negative predictive values were calculated as 90.0%, 
100%, 100%, and 76.0% (true positive in 261, false positive 
in 0, true negative in 92, and false negative in 29 patients), 
respectively. 

Of the 424 patients who underwent EBUS-TBNA, 
4 experienced complications of EBUS-TBNA. These 
complications included mediastinitis (n=2), obstructive 
pneumonia (n=1), and airway obstruction requiring 
admission to the intensive care unit (n=1).

Discussion

In this study, two important findings were noted. First, a few 
incomplete cases of EBUS-TBNA under conscious sedation 
were noted. Second, the factors for the incompleteness 
of EBUS-TBNA under conscious sedation were divided 
into two groups: impossibility to perform EBUS-TBNA 
under conscious sedation and impossibility to safely 
perform a needle biopsy. Consequently, for the diagnostic 
management of the incomplete cases, EBUS-TBNA under 
general anesthesia was often performed due to the former 
factor, while other surgical modalities were employed due 
to the latter factor.

In our institution, EBUS-TBNA was tentatively 
introduced in 2006 and has been performed in earnest 
since July 2009. As in many institutions in Japan, EBUS-

Figure 2 A typical case whose  target lesion is located adjacent to the pulmonary venous branch. (A) Axial chest CT image of a case wherein 
the target lesion (arrow head) was located adjacent to the pulmonary arterial branch (arrow). (B) EBUS-TBNA scan of a patient whose tumor 
was adjacent to the pulmonary venous branch. The arrow head is showing the pulmonary venous branch and the arrow is showing the target 
tumor. EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; CT, computed tomography; PV, pulmonary vein. 
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Table 3 A summary of the 16 incomplete EBUS-TBNA cases

Case Age (years) Sex Target lesion Reason for incompleteness Further evaluation Final pathological diagnosis

1 77 Male Mediastinal lesions Impossibility to perform EBUS-
TBNA under conscious sedation

EBUS-TBNA under 
general anesthesia

Malignancy (lung cancer and 
lymph node metastasis)

2 67 Male Mediastinal lesions Impossibility to perform safe 
needle biopsy

Surgical biopsy 
(VATS)

Malignancy (lymph node 
metastasis of esophageal cancer)

3 86 Male Mediastinal lesions Impossibility to perform safe 
needle biopsy

Clinical diagnosis No definitive pathological 
diagnosis (clinically diagnosed as 
malignancy)

4 70 Male Mediastinal lesions Impossibility to perform safe 
needle biopsy

Curative surgery Malignancy (lung cancer and 
lymph node metastasis)

5 70 Male Mediastinal lesions Impossibility to perform safe 
needle biopsy

Curative surgery No malignancy

6 53 Female Hilar lesions Impossibility to perform safe 
needle biopsy

Surgical biopsy 
(VATS)

No malignancy

7 67 Female Mediastinal lesions Impossibility to perform EBUS-
TBNA under conscious sedation

EBUS-TBNA under 
general anesthesia

Malignancy (lung cancer and 
lymph node metastasis)

8 43 Male Hilar lesions Impossibility to perform EBUS-
TBNA under conscious sedation

EBUS-TBNA under 
general anesthesia

Malignancy (lung cancer)

9 50 Female Hilar lesions Impossibility to perform EBUS-
TBNA under conscious sedation

EBUS-TBNA under 
general anesthesia

Malignancy (lymph node 
metastasis of cervical cancer)

10 73 Female Hilar lesions Impossibility to perform EBUS-
TBNA under conscious sedation

Clinical diagnosis No definitive pathological 
diagnosis (clinically diagnosed as 
malignancy)

11 65 Female Hilar lesions Impossibility to perform safe 
needle biopsy

Curative surgery Malignancy (lung metastasis of 
hepatic cancer)

12 69 Male Mediastinal lesions Impossibility to perform EBUS-
TBNA under conscious sedation

EBUS-TBNA under 
general anesthesia

No malignancy

13 69 Female Mediastinal lesions Impossibility to perform EBUS-
TBNA under conscious sedation

Curative surgery Malignancy (lung cancer and 
lymph node metastasis)

14 62 Female Hilar lesions Impossibility to perform safe 
needle biopsy

Curative surgery Malignancy (lung cancer and 
lymph node metastasis)

15 74 Male Hilar lesions Impossibility to perform safe 
needle biopsy

Clinical diagnosis No definitive pathological 
diagnosis (clinically diagnosed as 
malignancy)

16 42 Female Hilar lesions Impossibility to perform EBUS-
TBNA under conscious sedation

EBUS-TBNA under 
general anesthesia

Malignancy (lymph node 
metastasis of cervical cancer)

Among the 8 incomplete cases due to the impossibility to perform EBUS-TBNA under conscious sedation, 5 cases were diagnosed as 
having malignancy by EBUS-TBNA under general anesthesia, and 1 case was by curative surgery. Among the remaining 8 incomplete 
cases due to the impossibility to perform safe needle biopsy, 4 cases were diagnosed as having malignancy by surgical approach. EBUS-
TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; VATS, video-assisted thoracoscopic surgery.
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TBNA is usually performed under conscious sedation at our 
hospital and selective biopsies of the supposed target lesions 
are usually performed (14,17,18). The completion rate 
seemed to be satisfactory; however, since there were several 
incomplete cases, approaches to decrease the number of 
incomplete cases should be investigated in the future.

There are a few reports on the existence of incomplete 
cases of EBUS-TBNA (19); however, the details of these 
cases have not been reported. In our study, incomplete 
cases were found to be divided into two groups: cases in 
which EBUS-TBNA was impossible to perform under 
conscious sedation and cases wherein EBUS-TBNA 
was impossible with a safe needle biopsy. The former 
problem can be resolved by performing EBUS-TBNA 
under general anesthesia. Narcotic drugs were reported to 
possibly decrease the coughing reflex during EBUS-TBNA 
procedures under conscious sedation (19,20). However, due 
to the necessity of the strict control of narcotic drugs, the 
Japanese guidelines for bronchoscopy do not recommend 
their use. In fact, narcotic drugs for EBUS-TBNA have 
never been used in our hospital to date. Safer and more 
effective sedation methods are needed to reduce the number 
of cases in which appropriate conscious sedation cannot be 
achieved.

In terms of the impossibility to safely perform needle 
biopsies, some factors might be considered before EBUS-
TBNA is initiated. We found that the most frequent 
factor correlated with the impossibility to safely perform 
needle biopsies was the location of the target lesions being 
adjacent to vessels. In these cases, as much effort as possible 
is made to determine an appropriate route to the target 
lesions that is sufficiently away from vessels. However, 
when such a suitable route cannot be determined, biopsies 
are performed in a transvascular manner. Transvascular 
approaches are usually avoided due to the risk of massive 
bleeding. Although, according to a recent report (21), these 
approaches can be safely performed, after considering the 
risks and benefits it would be better to avoid a transvascular 
approach if other approaches, such as surgical biopsy, are 
available since EBUS-TBNA is a diagnostic procedure and 
safety is most important.

In addition, abundant blood flow in the target lesion was 
noted as another factor correlated with the impossibility to 
safely perform needle biopsies. In some cases, EBUS-TBNA 
for target lesions with abundant blood flow can be safely 
performed and contribute to the differential diagnosis (17);  
however, in other cases, bleeding during EBUS-TBNA can 
occur. Therefore, close attention must be paid to lesions 

with abundant blood flow, and whether needle biopsy can 
be performed should be carefully considered.

We made efforts to reach a definitive diagnosis using 
other modalities, such as mediastinoscopy and video-
assisted thoracoscopic surgery (VATS), in cases that were 
strongly suspected to have malignancy even though a 
definitive diagnosis using EBUS-TBNA was not possible. 
Some patients underwent curative resection directly 
after EBUS-TBNA. Thus, since the thoracic surgeon 
can employ multiple diagnostic approaches in addition 
to having a precise understanding of the mediastinal and 
thoracic anatomy, EBUS-TBNA performed by thoracic 
surgeons seems to be beneficial. Conversely, there have 
been some reports showing that the diagnostic accuracy 
of the combination of EBUS-TBNA and endoscopic 
transesophageal ultrasound-guided fine needle aspiration 
(EUS-FNA) was higher than that of EBUS-TBNA alone 
(22,23). In fact, 3 patients in this study also underwent 
EUS-FNA on days other than the one on which EBUS-
TBNA was performed. However, these two examination 
approaches are not performed simultaneously in many 
institutions including our institution. Taken together, 
to achieve better diagnostic accuracy, we should select 
the appropriate diagnostic approach in a patient-specific 
manner.

This study has some limitations. First, although the 
number of patients included was relatively large, this was 
a retrospective, single institution, observational study. 
Second, we do not routinely perform lung cancer staging 
using EBUS-TBNA; however, selective biopsies are usually 
performed since EBUS-TBNA is mainly employed to 
determine treatment plans in our institution. Further, 
in cases where curative operations are performed after 
EBUS-TBNA, all the lymph nodes examined using EBUS-
TBNA are completely dissected. Third, the EBUS-TBNA 
operators vary in our institution; therefore, to maintain the 
level of diagnostic accuracy, both appropriate training and 
feedback are important.

Conclusions

Although most EBUS-TBNA procedures under conscious 
sedation can be completed, incomplete cases under 
conscious sedation do exist. Among the incomplete 
cases, EBUS-TBNA under general anesthesia and other 
diagnostic approaches, such as mediastinoscopy and VATS, 
can be performed to enhance the diagnostic accuracy, 
especially in cases that are strongly suspected of having 
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malignancy. 
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