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Original Article
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Background: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is an 
established modality for the assessment of mediastinal and hilar adenopathy. To overcome the sampling 
limitations of standard 21- and 22-gauge EBUS-TBNA needles, a new flexible 19-gauge (Flex 19G) needle 
was developed. 
Methods: We performed a retrospective analysis of patients who underwent EBUS-TBNA sampling with 
the Flex 19G needle. A 22G needle was always used first for cytology, followed by a Flex 19G needle, either 
an early version (Oct/2014–Sep/2015) or a final version needle (May/2016–Jan/2017), for tissue sampling. 
The success rate of obtaining samples, specimen quantity, and safety were evaluated and compared.
Results: All sampling procedures in 45 patients and 82 targets were performed without complication 
and the overall diagnostic yield from cytology was 100%. Furthermore, 28% of Flex 19G samples were 
sufficient for histopathological diagnosis. Yield improved with an increased number of passes and if the 
target was larger. Compared to the early version evaluated in 52 targets, the final version of the Flex 19G 
needle evaluated in 30 targets provided significantly larger volume samples and more frequent diagnostic 
cores. Tissue obtained with the Flex 19G needle retained cohesiveness to a larger degree and was of higher 
cellularity compared to cytological samples processed as cell blocks. 
Conclusions: The Flex 19G is safe and provides larger volumetric and cohesive tissue samples that are 
appropriate for histopathological processing. The final version of the Flex 19G could be a good choice in 
selected cases where greater tissue acquisition is required.
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Introduction

Endobronchial ultrasound-guided transbronchial needle 
aspiration (EBUS-TBNA) has succeeded as a highly 
sensitive, minimally invasive outpatient procedure for 
mediastinal lymph node staging in lung cancer patients (1). 
Since many patients who have advanced disease at the time 
of first presentation are not eligible for surgery, testing for 
molecular markers using small biopsy samples is frequently 
attempted. With the ever-increasing number of available 
markers for testing, specimens obtained with conventional 
21- or 22-gauge EBUS-TBNA needles can be insufficient. 
Therefore, there is still a role for surgical biopsy via 
mediastinoscopy or video-assisted thoracic surgery when 
substantial material is required.

EBUS-TBNA samples are now being routinely used for 
the diagnosis of lung cancer and molecular investigations, 
including determination of epidermal growth factor 
receptor (EGFR) mutation status to predict response 
to treatment and assess prognosis (2-5). Recently, the 
therapeutic efficacy of immune checkpoint inhibitors in 
patients with advanced non-small cell lung cancer (NSCLC) 
has been demonstrated in clinical trials (6,7). Preclinical 
studies have revealed that therapeutic efficacy is closely 
associated with the expression of programmed cell death 
ligand 1 (PD-L1) on lung cancer cells (8). For improved 
clinical management, evaluation for these immune markers 
should be performed in lung cancer patients. Adequate 
samples are indispensable for accurate molecular evaluation 
of the immunogenic environment. Use of 21 and 22G 
EBUS-TBNA needles may provide samples which are 
quantitatively too limited or may require a higher number 
of needle passes to obtain sufficient sample to evaluate 
the expression of PD-L1 on lung cancer cells. To improve 
and increase the options available for sample collection, 
a new flexible 19-gauge (Flex 19G) EBUS-TBNA needle 
(Olympus, Redmond, WA, USA) has been developed. This 
flexible, larger diameter needle potentially provides tissue 
sufficient for histopathological processing and may facilitate 
assessment of an increased number of diagnostic and 
prognostic markers.

Before the final version of the Flex 19G needle was 
available, we performed product performance evaluations 
using early versions, and in turn provided feedback to the 
manufacturer regarding use and performance. Here, we 
report on the evolution and clinical utility of Flex 19G 
EBUS-TBNA needles in the assessment of mediastinal 
lymph nodes and lung tumors. 

Methods

Patients

We performed a retrospective analysis of patients who 
underwent EBUS-TBNA sampling with the standard 
22G needle and the Flex 19G needle at Toronto General 
Hospital from October 2014 to January 2017 (Table 1). All 
patients underwent chest CT scanning prior to EBUS-
TBNA. The definition of each lymph node station was 
based on the 7th edition of the TNM classification for 
lung cancer (9). The original Flex 19G needle evaluation 
was approved by the Research Ethics Board of University 
Health Network (approval no. 16-5341).

EBUS and EBUS-TBNA needle

EBUS-TBNA was performed under local anesthesia with 
conscious sedation using midazolam and fentanyl. A convex 
probe endobronchial ultrasound (CP-EBUS, BF-UC180F, 
Olympus, Tokyo, Japan) was used for EBUS-TBNA. The 
ultrasound image was processed with a universal endoscopic 
ultrasound scanner (EU-ME1; Olympus, Tokyo, Japan). 
EBUS-TBNA procedures were performed in the same 
manner as previously described (10). We initially advanced 
the ViziShot 22G (Olympus, Tokyo, Japan) EBUS-TBNA 
needle toward the target site and collected cytological 
samples. In the same setting, the Flex 19G needle was used 
for tissue sampling at the same targets (Figure 1A). The Flex 
19G needles included an early version (Oct/2014–Sep/2015) 
and an improved final version (May/2016–Jan/2017). 
Compared to the prototype version, this improved needle 
was stiffened for smoother tracheal/bronchial wall puncture, 
among other design enhancements.

Pathological evaluation

Samples obtained with 22G needles were processed in 
methanol-containing fixative (CytoLyt; Cytyc Corporation; 
Marlborough, MA) and promptly delivered to the cytology 
laboratory for preparation of cell blocks. Rapid on-
site cytological evaluation was not performed routinely. 
Samples obtained with Flex 19G needles were expelled on 
filter paper, fixed in formalin and submitted separately for 
histological processing (Figure 1B). Specimen cores were 
submitted for histopathology only if the endoscopist felt 
they were adequate. Specimen volume was measured by the 
pathology team using calipers. Cellularity was defined as the 
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numbers of cells per slide. Samples processed for cytological 
and histopathological evaluation were independently 
reviewed by subspecialty cytopathologists and surgical 
pathologists, respectively. 

Data analysis

In this retrospective study, the success rate of obtaining 
cores with the 19G needle, volume of the specimen, and 
safety were assessed. The volume evaluation of targets was 
calculated based on the measurement data by ultrasound 

imaging as follows.

Estimated volume (cm3) = π
6

 × (larger diameter) × (shorter 
diamter)2

The number of punctures (also referred to in our 
paper as passes) with each needle were documented. The 
diagnostic yield and other interval measurements of both 
groups were compared using a χ2 test, Mann-Whitney U 
test, or paired t test. All tests were two-sided and P-values 
of <0.05 were considered statistically significant. Data 
was analyzed with the statistical Standard Package Source 
Solution Software (SPSS standard version 24.0; SPSS Inc., 
Chicago, Illinois).

Results

A total of 72 lymph nodes (mediastinal 61, hilar 11) and 10 
hilar tumors in 45 patients were sampled. All procedures 
were performed without complication, and the overall 
diagnostic yield from cytology by 22G needle was 100% 
(Table 1).

The use of the 19G needle resulted in 28 solid core 
samples (34.1%) for histological analysis, with 23 out of 28 
samples (82.1%) sufficient for histopathological diagnosis 
(as determined by sample cellularity and condition). In the 
remaining 54 samples, operators chose not to submit the 
specimen to pathology due to their appearance on filtered 
paper (sample too small, sample was mostly blood clot, 
etc.). The overall success rate to obtain enough tissue for 
diagnosis was 28.0% (Tables 2-4). The mean volume of the 
23 sufficient samples was 21.5 mm3. Compared to the 59 
insufficient cases, we could obtain diagnostic cores more 
often in malignant lesions (78.2% vs. 40.7%, P=0.002) and 
with more passes (2.26 vs. 1.58, P=0.001) (Tables 2-4). In the 
subgroup analysis of patients with lung cancer (30 patients, 51 
targets), sufficient cores were obtained in 31.4%. Sufficient 
cores for diagnosis were obtained with more passes (2.38 vs. 
1.37, P=0.001), larger targets (2.28 vs. 1.54cm3, P=0.049), 
and malignant targets (87.5% vs. 54.3%, P=0.021). Subgroup 
analysis of malignant targets diagnosed by cytology suggests 
that malignant targets may be confounder for target size and 
sample sufficiency. In malignant targets, the only factor that 
influenced the success rate was number of punctures (2.33 
vs. 1.67, P=0.006) (Tables 2-4).

A subgroup analysis was performed to compare the 
prototype Flex 19G needle with the final commercial 
version, to assess whether future evaluation could result in 

Table 1 Patient characteristics

Category Number

Gender [patients (n=45)]

Male 27

Female 18

Age, median [range] 65 [18–81]

Clinical diagnosis

Lung cancer 30

SCLC 6

NSCLC 24

Metastasis 4

Sarcoidosis 4

Lymphoma 2

Lymphoid tissue 5

Target [targets (n=82)]

Lymph node (2R/2L/4R/4L/7/11R/11L) 72 (2/1/26/8/24/5/6)

Tumor 10

Location

Mediastinal 61

Hilar 21

Final diagnosis (22G)

Malignant 42

Benign, non-metastatic 40

Needle version (19G)

Early 52

Final 30

SCLC, small cell lung cancer; NSCLC, non-small cell lung 
cancer.
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improved outcomes. The early version Flex 19G needle, 
used in 20 patients and 52 targets, provided samples that 
were on average 8.38mm3 in size. Of them, 28 (53.8%) 
were cores and 24 (46.2%) were blood clot samples. Only 6 
diagnostic cores (21.4%) were obtained. On the other hand, 
the final version of the Flex 19G needle, used in 20 patients 

and 30 targets, provided samples that were an average  
25.2 mm3 in size. Overall 26 samples (86.7%) were cores 
and only 4 (13.3%) were blood clot samples. Among cores, 
17 were diagnostic (65.4%) on histologic assessment. When 
comparing final versus early versions, these differences were 
statistically significant. The average number of puncture 

BA ViziShot 22G ViziShot 22G

Flexible 19G
Flexible 19G

Figure 1 The newly developed 19G EBUS-TBNA needle. (A) Comparison of the existing 22G EBUS-TBNA needle (ViziShot 22G) and 
new 19G EBUS-TBNA needle (Flex 19G). Despite the increased caliber, EBUS range of motion is maintained; (B) an example of core tissue 
obtained from the final version of the Flex 19G needle.

Table 2 Characteristics of sufficient vs. insufficient sample for 
histopathological diagnosis (45 patients, 82 targets)

All cases (45 patients)
Sufficient 

(n=23)
Insufficient 

(n=59)
P value

Sex 0.508*

Male 13 38

Female 10 21

Location 0.616*

Mediastinal 18 43

Hilar 5 16

Target 0.883*

Lymph node 20 52

Tumor 3 7

Disease 0.002*

Malignant 18 24

Benign, non-metastatic 5 35

Age (years) 62.0 64.0 0.245**

Puncture (passes) 2.26 1.58 0.001**

Long diameter (mm) 16.6 15.4 0.267**

Estimated volume (cm3) 1.90 1.67 0.143**

*, χ2 test, **, Mann Whitney test.

Table 3 Characteristics of sufficient vs. insufficient sample for 
histopathological diagnosis in lung cancer patients (30 patients, 51 targets) 

Lung cancer  
(30 patients)

Sufficient 
(n=16)

Insufficient 
(n=35)

P value

Sex 0.776*

Male 8 19

Female 8 16

Location 0.455*

Mediastinal 13 25

Hilar 3 10

Target 0.481*

Lymph node 13 31

Tumor 3 4

Disease 0.021*

Malignant 14 19

Non-metastatic 2 16

Age (years) 63.1 67.9 0.137**

Puncture (passes) 2.38 1.37 0.001**

Long Diameter (mm) 17.6 14.8 0.081**

Estimated Volume (cm3) 2.28 1.54 0.049**

*, χ2 test, **, Mann Whitney test.
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passes was 1.63 using the early version versus 1.97 using 
the final version. This was not statistically significant  
(Tables 5-7). When evaluating the subgroups of lung cancer 
patients and malignant lesions, the final version of the 
Flex 19G needle had a significantly increased frequency of 
cores. The final version of Flex 19G also appears to possibly 
provide a larger volumetric sample, though this was non-

significant (Tables 5-7).
Figures 2A,B,C provide representative pictures of 

histopathological specimens obtained with the Flex 19G 
needle and cytological specimens obtained with the 22G 
needle. In the group evaluated with the final Flex 19G 
needle type, 16 targets had lung cancer cells. No statistical 
difference of tumor cell proportion between cytology 
and histology samples was found among these specimens. 
However, tumor cellularity was significantly higher in 
the histopathological samples from Flex 19G (P=0.036)  
(Figure 2D, Table S1). These histopathology samples 
also tended to be more cohesive, with maintained 
tissue architecture and a more visible stroma/interstitial 

Table 4 Characteristics of sufficient vs. insufficient sample for 
histopathological diagnosis in patients with malignancy (30 patients, 42 targets) 

Malignant lesion  
(30 patients)

Sufficient 
(n=18)

Insufficient 
(n=24)

P value

Sex 0.085*

Male 8 17

Female 10 7

Location 0.508*

Mediastinal 13 15

Hilar 5 9

Target 0.515*

Lymph node 15 18

Tumor 3 6

Age (years) 63.7 65.7 0.499**

Puncture (passes) 2.33 1.67 0.006**

Long Diameter (mm) 17.2 17.7 0.722**

Estimated Volume (cm3) 2.09 2.27 0.970**

*, χ2 test, **, Mann Whitney test.

Table 5 Early vs. final version of Flex 19G needle outcomes (45 
patients, 82 targets)

All cases (45 patients) Early (n=52) Final (n=30) P value

Core 0.003*

Solid 28 26

Blood clot 24 4

Sample 0.001*

Sufficient 6 17

Insufficient 46 13

Puncture (passes) 1.63 1.97 0.087**

Volume (mm3)*** 8.38 25.2 0.043**

*, χ2 test; **, Mann Whitney test; ***, mean volume of tissue in 
cases with sufficient sample.

Table 6 Early vs. final version of Flex 19G needle outcomes in lung 
cancer patients (30 patients, 51 targets)

Lung cancer patients 
(30 patients)

Early (n=29) Final (n=22) P value

Core 0.026*

Solid 15 18

Blood clot 14 4

Sample 0.002*

Sufficient 4 12

Insufficient 25 10

Puncture (passes) 1.45 2.00 0.084**

Volume (mm3)*** 13.8 25.8 0.721**

*, χ2 test; **, Mann Whitney test; ***, mean volume of tissue in 
cases with sufficient sample.

Table 7 Early vs. final version of Flex 19G needle outcomes in 
patients with malignancy (30 patients, 42 targets)

Malignant lesions  
(30 patients)

Early (n=18) Final (n=24) P value

Core 0.041*

Solid 12 22

Blood clot 6 2

Sample 0.001*

Sufficient 2 16

Insufficient 16 8

Puncture (passes) 1.67 2.17 0.244**

Volume (mm3)*** 5.5 23.9 0.187**

*, χ2 test; **, Mann Whitney test; ***, mean volume of tissue in 
cases with sufficient sample.
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Figure 2 Microscopic findings of cytological (22G, fixed in CytoLyt) and pathological (Flex 19G, fixed in formalin) specimen. 
Representative pictures of cytological and pathological samples stained with hematoxylin & eosin: (A) AD: adenocarcinoma; (B) SCLC: 
small cell lung cancer; and (C) LCNEC: large cell neuroendocrine carcinoma. Scale bar, 100 μm (×200), 50 μm (×640); (D) tumor cell 
proportion (%tumor/all nucleated cells) and tumor cellularity (the number of tumor cells per slide) obtained from the final version of the 
Flex 19G needle in 16 cases compared to concurrent cytology cell block preparations.

C
Cytology (22G) (LCNEC, × 200) Cytology (22G) (LCNEC, × 640) Pathology (19G) (LCNEC, × 200) Pathology (19G) (LCNEC, × 640)

D Tumor proportion (n = 16)

P = 0.932 P = 0.036

Tumor cellularity (n = 16)

100

80

60

40

20

0

1001

501–1000

101–500

1–100

Cytology (22G) Pathology (19G) Cytology (22G) Pathology (19G) 

(%) (cells)

A
Cytology (22G) (AD, × 200) Pathology (19G) (AD, × 200) Pathology (19G) (AD, × 640)Cytology (22G) (AD, × 640)

B
Cytology (22G) (SCLC, × 200) Cytology (22G) (SCLC, × 640) Pathology (19G) (SCLC, × 200) Pathology (19G) (SCLC, × 640)
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component.
Discussion

Non-EBUS 19G needles have been used in conventional 
TBNA by others. These groups have reported the utility 
and efficacy of a hybrid method employing a standard 
22G EBUS-TBNA needle followed by 19G TBNA 
needle to sample mediastinal lesions, with promising 
results for cyto- and histopathological evaluation (11,12). 
Recently, a flexible 19G fine aspiration needle has been 
developed for gastrointestinal endoscopy and endoscopic 
ultrasound-guided rendezvous procedures (13). We have 
previously reported the safety and feasibility of a first-
generation flexible 19G EBUS-TBNA needle (14). Over 
time, several versions of this needle became available for 
clinical evaluation as the manufacturer was refining the 
product for commercial launch. This manuscript provides 
information on the overall performance of the Flex 19G 
needle, with promising preliminary data that the newer 
(final) version may outperform an older (early) version. As 
the Flex 19G EBUS-TBNA needle is now commercially 
available, additional investigations should be conducted not 
only to confirm its safety but also to evaluate its utility for 
conditions such as cancer, lymphoma, and sarcoidosis.

The sensitivity and specificity of cytological samples 
collected with EBUS-TBNA have improved with greater 
bronchoscopist and cytopathologist experience (15,16). 
Our understanding of specific biologic factors that affect 
the response to chemotherapy and immunotherapy in 
lung cancers is evolving. While the debate regarding 
the adequacy of cytological versus histological samples 
for molecular diagnosis is ongoing (17), some biological 
factors rely on histopathological assessment, like PD-L1 
expression on tumor cells for immune checkpoint blockade 
treatment (8,18). In terms of PD-L1 evaluation, the 
concordance between cytological samples and core tissue 
is not confirmed (19). However, we predict 19G needle 
transbronchial lymph node biopsy could perform similar 
to solid tissue biopsy, with potential to perform PD-L1, 
EGFR and anaplastic lymphoma kinase (ALK) testing (20). 
This would ideally avoid the need for repeated procedures 
for said molecular testing. Beyond lung cancer, other 
malignant diseases such as lymphoma require sufficient 
tumor cellularity to determine World Health Organization 
classification. EBUS-TBNA with the Flex 19G needle 
has the ability to obtain larger samples, which may allow 
for detailed immunohistochemical analysis of lymph node 
metastases and the tumor itself. This may help provide 

additional prognostic information to guide disease-specific 
therapy. Our data would support that the Flex 19G needle 
can provide a significant improvement in cellularity and 
tissue volume to realize these potential benefits.

Although EBUS-TBNA is a safe and cost effective 
diagnostic procedure for staging lung cancer, the low 
success rate of obtaining tissue (core) samples has been 
identified as a disadvantage of small diameter needles (21). 
The flexible 19G EBUS-TBNA needle has the potential 
to provide adequate larger samples. Combining cytological 
and histological evaluation could provide a more accurate 
diagnosis, such as improved subclassification of NSCLC or 
diagnosis of lymphoma. Therefore, advanced EBUS-TBNA 
techniques with Flex 19G needle may provide an advantage 
with regards to minimal invasiveness, diagnostic yield, and 
medical expenditure (as it relates to the need for further 
diagnostic procedures).

As this retrospective study was not conducted to directly 
compare the diagnostic yield of 19G and 22G needles, 
our results do not suggest that a 19G needle should be 
used instead of a 22G needle. Judicious use of different 
gauge needles depending on the characteristics of the 
target and the feedback given by the on-site pathologist 
is recommended. Highly cellular and vascular targets 
may require a smaller needle, whereas Flex 19G may be 
advantageous when more tissue is desired or underlying 
tissue architecture, such as fibrosis, precludes adequate 
sampling with smaller needles.

Our study has several limitations. It is a retrospective 
study at a single institution, with procedures performed 
mainly by a single endoscopist and therefore subject to the 
endoscopist’s experience and biases, limiting generalizability. 
Also, the study was done at different times with different 
versions of the product and used a limited (less than 
recommended) number of sampling passes because sampling 
was done first with a 22G needle. Another limitation is that 
total numbers of enrolled patients and targets are too small 
to confirm clinical advantage of Flex 19G EBUS-TBNA 
needle. Finally, the feasibility of cytological diagnosis by 
19G EBUS-TBNA needle was not evaluated in this study as 
it was done with the 22G needle. 

Conclusions

The final version of the Flex 19G EBUS-TBNA needle 
evaluated in this retrospective study can safely provide 
larger volumetric and core tissue samples that are 
appropriate for histopathological diagnosis in cancer and 
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malignant lesions. The Flex 19G should be used in selected 
cases where greater tissue acquisition is required, and can 
provide adequate tissue from malignant lesions, which is 
important for molecular analysis. Further study of the Flex 
19G needle is warranted based on these promising early 
results.
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Supplementary

Table S1 Patient data of 16 cases with lung cancer

No. Target Pathological diagnosis
Tumor proportion (%) Tumor cellularity (cells/slide)

Cytology (22G) Pathology (19G) Cytology (22G) Pathology (19G)

1 LN (4R) Adenocarcinoma 50 95 100–500 500–1000

2 LN (4L) Adenocarcinoma 50 70 100–500 500–1000

3 Tumor Small cell carcinoma 90 90 1000– 100–500

4 LN [7] Adenocarcinoma 95 80 1000– 1000–

5 LN (4R) Adenocarcinoma 20 10 500–1000 500–1000

6 LN (4R) Small cell carcinoma 50 90 100–500 1000–

7 LN (4R) LCNEC 95 95 500–1000 1000–

8 LN [7] LCNEC 95 95 1000– 1000–

9 Tumor Adenocarcinoma 80 5 100–500 500–1000

10 Tumor Large cell carcinoma 50 5 100–500 1–100

11 LN (4R) Metastasis of breast cancer 5 20 1–100 500–1000

12 LN [7] Metastasis of breast cancer 70 80 500–1000 500–1000

13 LN (11R) Metastasis of prostate cancer 5 10 100–500 100–500

14 LN (11L) Metastasis of prostate cancer 5 10 100–500 100–500

15 LN [7] Small cell carcinoma 90 95 500–1000 1000–

16 LN (4R) Adenocarcinoma 10 20 1–100 500–1000

LN, lymph node; LCNEC, large cell neuroendocrine tumor.


