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Abstract

EBUS-TBNA is a recent mediastinal staging and diagnostic tech-
nique. We have previously reported superior characterisation with 21G
biopsies over 22G biopsies for benign and malignant mediastinal
nodes. A new 19G needle now exists but there are limited studies. We
hypothesised 19G biopsies would improve both benign and malignant
characterisation due to larger samples. We retrospectively analysed se-
quential patients referred for EBUS-TBNA with unexplained medi-
astinal adenopathy performed with 19G, 21G and 22G needles respec-
tively (100 patients each). Contingency table analysis was performed.
There were no complications. Sensitivity for malignancy was highest in
the 19G group (95.7% versus 94.7% and 87.5%, respectively). The 19G
group had higher mean lymph node size (19.4mm versus 18.6mm and
13.5mm, respectively), the highest proportion of lymphoma (9% versus

5% and 0%, respectively), the lowest proportion of NSCLC-NOS 
(2% versus 12% and 5%, respectively), the highest proportion of sub-
characterised benign disease (89.6% versus 69.8% and 37.9%, respec-
tively). This large single centre retrospective UK study suggests the
19G needle appears safe with the suggestion of better sensitivity for
malignancy subcharacterisation of benign disease but this requires
further study in adequately powered comparative controlled studies
with univariate and multivariate analysis.

Introduction

Endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) is a commonly used minimally invasive mediastinal
node sampling technique used for lung cancer staging and diagnosis,
but also diagnosis of unexplained other malignant and benign medi-
astinal pathologies or drainage of mediastinal cysts [1]. We have pre-
vious reported superiority of the 21G needle over 22G needle in char-
acterising benign mediastinal lesions and subcharacterising non-
small cell lung cancer (NSCLC) in a retrospective observational study
although data from other studies show conflicting results likely due to
different methodologies of specimen processing and study design
[2,3]. A more recent 19G EBUS-TBNA needle [4-6] has been devel-
oped with the potential benefits of better flexibility and larger needle
size to improve diagnosis. We hypothesised the 19G biopsies would be
superior to 21G and 22G in subcharacterisation of NSCLC and benign
disease.

Patients and Methods

Having consulted our local research and ethics committee, no spe-
cific ethical approval was required as this study was part of the ongoing
standard of care for patients undergoing EBUS-TBNA. All results were
reviewed at multidisciplinary team meetings. They were reported by a
lung pathologist (and double-reported with another lung pathologist)
in order to direct further clinical management.

We carried out a retrospective analysis on the preceding 300 patients
(100 consecutive patients with 19G, 21G and 22G EBUS-TBNA needle
biopsies, respectively) referred to a university teaching hospital ter-
tiary EBUS centre in South West England between October 2014 and
April 2017. Our EBUS service receives extra-regional referrals as well
as from centres within the Avon, Somerset and Wiltshire Cancer Net-
work as well as the local population.

EBUS-TBNA was performed under local anaesthesia with conscious
sedation [7] (midazolam and fentanyl) using a dedicated convex probe
ultrasound bronchoscope (Olympus BF-UC260FW, Olympus, Tokyo,
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Japan) as previous described [8]. All EBUS procedures were performed
by three trained operators.

Following direct visualization of the tracheobronchial tree, the me-
diastinal nodes or lesions were localized under ultrasound. Dedicated
19G, 21G or 22G EBUS-TBNA needles (Olympus ViziShot, NA-U402SX-
4019, NA-201SX-4021 and NA-201SX-4022) were used for sampling at
the discretion of the operator. Briefly, usual practice was to use 19G or
21G needles for suspected benign disease or lymphoma, or larger un-
explained nodes; and use 22G needles for cancer staging or diagnosis
or smaller unexplained nodes. The number of stations sampled was de-
termined by the operator except that a staging EBUS would involve
sampling of at least 3 stations and in general 2 passes were carried out
per station sampling N3 nodes first then N2 nodes. Only one size of
sampling needle was used on each patient.

EBUS-TBNA specimens were transferred from the microcassettes in
which they were placed in at the time of the procedure, into a tissue
cassette as previously reported [9]. They were then processed as his-
tology specimens, fixed in formalin, paraffin-embedded and stained
with H&E (NB: our centre does not have a rapid on-site evaluation for
cytology (ROSE) service [10]). Lung pathologists were blinded to
needle gauge and double-reported all samples.

Specimens were only classified as non-small cell lung cancer, not
otherwise specified (NSCLC-NOS) when immunohistochemistry had
been performed and was inconclusive, or where there was insufficient
material for immunohistochemistry precluding further subtyping in an
undifferentiated malignant EBUS-TBNA specimen. Samples were con-
sidered to be adequate if lymphocytes were identified at cytological ex-
amination or if a definitive diagnosis was achieved.

Contingency table statistical analysis using Fisher’s exact test was per-
formed (GraphPad Prism version 7, GraphPad Software Inc, San Diego,
CA, USA) to compare sensitivity, specificity, negative predictive value and
accuracy of 19G, 21G and 22G EBUS-TBNA needles, and the ability to sub-
characterise NSCLC and benign lesions. ANOVA was used for comparison
of normal data, Chi-Squared test for other contingency table data.

Each patient was either followed up clinico-radiologically for a min-
imum of 12 months to confirm that negative samples were indeed ‘true
negative’ or underwent mediastinoscopy if clinically appropriate. If a
subsequent diagnosis of malignancy was made, then these were re-
garded as ‘false negative’ EBUS-TBNA results.

‘True positive’ malignant EBUS-TBNA biopsy results were not verified
with mediastinoscopy as this was not clinical practice in our institution.

Importantly, diagnosis of sarcoidosis required strict histological cri-
teria as well (non-necrotizing well-formed granulomas, as identified by
cytological or histological analysis, together with negative mycobacte-
rial and fungal stains and cultures in the absence of malignancy with
compatible radiology and clinical features, as well as 12 month clinical
and radiological follow-up) to ensure this was true sarcoidosis and not
a sarcoidal reaction to malignancy [11].

The proportion of subcharacterised benign disease (with a positive
benign diagnosis via EBUS-TBNA) was calculated dividing by the total
number of benign cases (uncharacterised and subcharacterised) after
12-month clinico-radiological follow-up. Nodes secondary to interstitial
lung disease (other than sarcoidosis) or bronchiectasis/infection were
defined following careful 12-month clinico-radiological follow-up with
no other explanation for the adenopathy.

Results

Patient demographics for the 300 patients are shown in Table 1.
There were no complications or overnight stay in any of the patient
groups with a consistent male preponderance throughout but lower age
in the 19G and 21G groups.

Characteristics of the lymph nodes sampled are shown in Table 2.
The 21G and 19G groups had higher mean node size (19.4 mm versus
18.6 mm and 13.5 mm, respectively) with a similar sampling distribu-
tion across the groups with commonest stations sampled being sub-
carinal, and bihilar stations.
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Table 1. Patients demographics.

19G 21G 22G

Male (%) 59 57 54
Female (%) 41 43 46
Mean (SD) age (years) 58.7 (16.2) 60.9 (14.1) 67.3 (11.4)

Table 2. Characteristics of nodes.

19G 21G 22G p values

Mean (SD) size of nodes (mm) 19.4 (6) 18.6 (7.1) 13.5 (4.4) <0.05
Total number of nodes sampled 195 188 183 0.75
Mean number of nodes sampled 1.95 1.88 1.83

Distribution of nodes by number  (%)
2R 0 1 (1) 1 (1) 0.92
4R 18 (9) 17 (9) 19 (10)
4L 13 (7) 9 (5) 13 (7)
7 83 (43) 84 (45) 65 (35)
10R 4 (2) 6 (3) 6 (3)
10L 4 (2) 3 (2) 3 (2)
11R 30 (15) 35 (19) 34 (18)
11L 38 (19) 27 (14) 37 (20)
Precarinal 4 (2) 3 (2) 6 (3)
Mass 1 (1) 3 (2) 3 (2)
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Diagnostic performance for malignancy for the respective needles is
shown in Table 3. All pathological diagnoses were all agreed on double
reporting, and there was no inter-observer variability between the two
pathologists for any of the samples. Sensitivity was highest in the 19G
group, with identical higher accuracy in the 19G and 21G groups
(96.0%). Prevalence of malignancy was highest in the 19G group
(92.0% versus 75.0% and 56.0%, respectively) which may account for
the lower negative predictive value (66.7% versus 86.2% and 86.3%, re-
spectively) here and higher mean node size.

Subcharacterisation of malignancy for each group is shown in Table 4.
The proportion of small cell lung cancer was lowest in 22G which
might also reflect the lower mean lymph node size in this group. Ade-
nocarcinoma and squamous cell carcinoma type NSCLC accounted for
the highest proportion in all groups. The 19G group had the highest
proportion of malignancy, the highest proportion of lymphoma cases
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Table 3. Performance data of 19G, 21G and 22G needles.

Number of false Sensitivity Negative Prevalence Accuracy
negative cases (%) predictive of malignancy (%)

(for malignancy) Value (%) (%)
19G 2 95.7 66.7 92.0 96.0
21G 3 94.7 86.2 75.0 96.0
22G 5 87.5 86.3 56.0 93.0
p value 0.76 0.22 0.13 < 0.05 0.76

Table 4. Subcharacterisation of malignancy 19G, 21G and 22G needles.

19G (%) 21G (%) 22G (%) p value

SCLC 7 (15) 7 (16) 1 (3) 0.22
NSCLC (squamous) 9 (19) 8 (19) 10 (26)
NSCLC (adeno) 17 (36) 15 (35) 21 (55)
Breast 3 (6) 1 (2) 3 (8)
Lymphoma 4 (9) 2 (5) 0
Renal 1 (2) 2 (5) 0
Neuroendocrine 3 (6) 2 (5) 0
Head and neck 2 (4) 0 0
Prostate 0 1 (2) 0
Colorectal 0 0 1 (3)
Unclassifiable/NSCLC-NOS 1 (2) 5 (12) 2 (5)
Total 47 43 38

Table 5. Performance data of 19G, 21G and 22G needles in benign disease.

19G (%) 21G (%) 22G (%) p value

Sarcoidosis 41 (85) 32 (60) 14 (24) 0.07
Tuberculosis 0 1 (2) 2 (3)
Nodes secondary to interstitial disease 1 (2) 2 (4) 2 (3)
(other than sarcoidosis)
Nodes secondary to bronchiectasis/infection 1 (2) 0 2 (3)
Anthracosis 0 2 (4) 2 (3)
Total number of benign nodes subcharacterised 43 (90) 37 (70) 22 (38) <0.05
Unclassifiable/ benign-NOS 5 (10) 16 (30) 36 (62)
Total number of benign cases 48 53 58 0.37
Total number of undiagnosed sarcoidosis cases 2 2 2 0.54
Proportion of actual sarcoidosis cases diagnosed 41/43 32/34 14/16

(95.3%) (94.1%) (87.5%)

(9% versus 5% and 0%, respectively) and lowest proportion of NSCLC-
NOS cases (2% versus 12% and 5%, respectively). Each group con-
tained a similar proportion of metastatic non-lung cancer. For the
adenocarcinoma group (53 cases), mutation testing for epidermal
growth factor receptor (EGFR) was successful in all but one case
(with a 21G needle), i.e. 98.1% success. Mutation testing for
anaplastic lymphoma kinase (ALK) was successful in all 53 cases.
Testing for programmed death ligand 1 (PD-L1) was not undertaken
at the time of this study.

Benign data showed a higher ratio of subcharacterised benign dis-
ease (89.6% for 19G compared to 69.8% 21G and 37.9% for 22G needle)
as shown in Table 5. Sarcoidosis was the most common positive benign
diagnosis in all groups (85% 19G versus 60% 21G versus 24% 22G). The
performance in sarcoidosis was higher for 19G and 21G than 22G,
95.3% and 94.1% versus 87.5% respectively.
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Discussion

This retrospective observational single centre UK study has demon-
strated the 19G needle appears to have a superior ability to subcharac-
terise malignant and benign mediastinal lymph nodes compared to 21G
and 22G needles with a lower rate of NSCLC-NOS. The groups differed
slightly in having an older age and smaller lymph node size in the 22G
group; the latter perhaps reflecting case selection of larger nodes for
the 19G by physician choice.

Sensitivity of the 19G was just slightly higher than 21G with similar
accuracy and both superior to the 22G needle. Negative predictive value
of the 19G was inferior probably because of the higher prevalence of
malignancy in this group again possibly related to the higher mean
lymph node size in this group. The higher subcharacterisation rate
with the 19G needle allows more tailored and personalised treatment.
The success rate for both EGFR and ALK mutation testing in this study
were high at 98.1% and 100% respectively with only 1 failure with a 21G
needle, in keeping with a previous study from our centre [9]. Histori-
cally, EBUS-TBNA has had more limited success [12-14] in the diag-
nosis of lymphoma but our results with lymphoma (albeit small num-
bers) are more encouraging perhaps reflecting increased tissue size
and integrity with the 19G needle with less disruption of adjacent
tissue. Further studies are required here.

The 19G achieved a higher rate of subcharacterisation for benign
mediastinal nodes especially sarcoidosis (with only 10% without a spe-
cific benign diagnosis in the 19G group). Although this may not trans-
late into treatment as the sarcoidosis was often confined to the medi-
astinal lymph nodes, it translates into being able to offer patients an
explanation for the lymph nodes in a higher number of cases, help
clarify length of monitoring and also avoid the need for other more in-
vasive tests.

Finally, we experienced no specific complications with the 19G
needle. There was a subjective slight increase in the amount of blood
on pathology analysis but not noticeably more bleeding at EBUS-TBNA.
No patients required adrenaline, cold saline, transfusion or overnight
stay supporting our previous patient satisfaction study for EBUS under
conscious sedation and previous initial reports with the 19G needle
alone [4,6].

There are only a handful of published reports on the 19G needle to
date. There are two recent smaller studies that look at the 19G needle.
The first report is of the Polish experience [5], a non-comparative
study used the 19G needle and looked at difference with cell block and
smears. It reports 15/22 cases showing malignancy with the remaining
4 showed sarcoidosis and the further 3 cases were diagnosed as reac-
tive – the definition of which is not outlined in the paper. Another small
case series of 47 patients again showed safety of the 19G but was not
powered to detect superiority over the existing 21G and 22G needle
data. It showed a diagnostic yield of 89% for malignancy, 93% for sar-
coidosis, and 83% for reactive lymph node hyperplasia [15]. A recent
study demonstrated that the 19G core needle is superior to a 21G EBUS-
TBNA in diagnosis of benign lesions [16].

The strengths of our study are its sample size (largest study so far),
comparing to 21G and 22G needles too in an unselected real world ret-
rospective setting in an experienced centre. False negatives have been
strictly defined with rigorous phenotyping. All procedures were per-
formed by experienced operators and reviewed by experienced lung
pathologists in EBUS-TBNA eliminating learning curve factors which
are well described in this technique [17,18]. All samples were double
reported by our lung pathologists.

We acknowledge the limitations of our study which is retrospective,
observational and single centre. There was no estimation of optimal

sample size for adequate statistical power. Not all needles were used in
each patient and our “true positive” malignant results were not vali-
dated by mediastinoscopy (standard clinical practice would be not to do
this although we acknowledge in very rare cases, false positive EBUS-
TBNA results can rarely occur because of contamination [19]). Opera-
tors were allowed to decide on needle type which may have led to a de-
gree of selection bias and larger nodes being in the 19G group. This
may also explain the higher prevalence of malignancy in the 19G group
but we acknowledge this may have influenced sensitivity and limited
evaluation of the results. Despite these limitations, we feel this real
world retrospective study contributes to the field of understanding the
potential benefits of the 19G needle.

Conclusions

Our study suggests superior subcharacterisation for malignant
disease with less NSCLC-NOS cases and better subcharacterisation
of benign disease but this requires further study in adequately pow-
ered comparative controlled studies with univariate and multivariate
analysis. This illustrates the potential benefit of the 19G needle in
achieving a more specific diagnosis as well as avoiding the need for
more invasive surgical sampling of the mediastinum to allow more
timely personalised treatment with respect to malignant disease and
more readily identify treatable benign mediastinal pathology. The
time has come for a randomised controlled trial of 19G versus 21G
and 22G needles to give further clarity to the latest addition of the
EBUS-TBNA armamentarium in particular with respect to perform-
ance in lymphoma as well as benign and malignant mediastinal dis-
ease.
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