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Background: We reviewed the diagnostic performance of endobronchial ultrasound transbronchial
aspiration (EBUS-TBNA) on an unselected large cohort of patients who underwent the procedure in our
institution in the past 3 years and to compare against published standards and existing literature.

Methods: All consecutive patients who underwent EBUS from January 2013 to December 2015 were
included in the retrospective analysis, with a minimum of 6 months of clinico-radiological follow up. For
assessing EBUS-TBNA performance, patients were analysed in three subgroups based on the indication for
the EBUS-TBNA: in investigation of isolated mediastinal and/or hilar lymphadenopathy (IMHL), in staging
of suspected or confirmed non-small cell lung cancer (NSCLC) and in making a tissue diagnosis in suspected
thoracic or extrathoracic cancer. For patients subjected to EBUS-TBNA for staging in suspected lung cancer,
accuracy of EBUS was measured by its ability to determine the true N2 stage.

Results: A total of 1,656 lymph nodes and 138 peribronchial/peritracheal masses were sampled in
940 patients over the study period. The prevalence of reactive lymphadenopathy was 34%. The overall
sensitivity to detect pathological disease was 81.6% (95% CI: 74.2-87.6%) whilst NPV was 74.8% (95%
CI: 65.2-82.8%). Amongst patients who underwent EBUS-TBNA for staging purposes, the sensitivity for
N2 staging was 83.7% (95% CI: 76.2-89.6%) and NPV was 81.6% (95% CI: 73.2-88.2%). The prevalence
of N2 disease was 58%. In the subgroup of patients who proceeded to surgical sampling, the sensitivity
was higher with the N2/N3 disease prevalence of 67.4%. The sensitivity of EBUS-TBNA to make a tissue
diagnosis of thoracic or extrathoracic cancer was 88% (95% CI: 85.1-90.5%) and a NPV of 62% (95% CI:
54.7-69.0%). The disease prevalence was 83.6%.

Conclusions: This retrospective study of a large volume of patients represents real life practice and
provides an accurate representation of the typical cohort of patients referred in for EBUS-TBNA to the
general respiratory physician in UK. Our study highlights the pitfalls in collecting and analyzing data but

also demonstrates how they can be used to improve service performance.
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Introduction

The advent of convex-probe endobronchial ultrasound
transbronchial aspiration (EBUS-TBNA) in 2005 has been
a major development in respiratory medicine. It has allowed
cytological diagnosis to be performed simultaneously with
real-time imaging and enabled access to a wide range of
mediastinal and hilar lymph node stations and peribronchial
masses which previously would have required more
invasive methods of diagnosis, such as mediastinoscopy, or
would have been left to radiological follow up. In the past
10 years, numerous studies have been published supporting
the high diagnostic accuracy of EBUS-TBNA in a range of
settings: the staging of lung cancer, the diagnosis of cancer,
including metastases from extrathoracic malignancies,
and benign diseases of the mediastinum (1). The safety
and cost effectiveness have been established over other
methods of staging such as mediastinoscopy and numerous
guidelines including the National Institute for Health and
Care Excellence (NICE) (2), European Society of Thoracic
Surgeons (ESTS) (3) and American College of Chest
Physicians (ACCP) (4) now recommend EBUS-TBNA as
first line modality for staging in lung cancer.

In the past two years, there has been a growth in the
provision of EBUS services across the UK (5) and it is likely
that this expansion will continue. This underpins the need
for centers to evaluate their practice to reduce variation and
ensure that standards are met. In 2014, the British Thoracic
Society Quality Statement (6) published standards for
sensitivity for EBUS-TBNA in the staging of lung cancer.
These should however be considered as minimum standards
only; Evison et al. have recently highlighted (7) the need to
evaluate the performance of EBUS in staging in the context
of disease prevalence which has an important influence on
both sensitivity and negative predictive value (NPV).

The objective of this article is to review the diagnostic
performance of EBUS-TBNA on an unselected large cohort
of patients who underwent the procedure in our institution
in the past 3 years and to compare against published
standards as well as existing literature. We provide some
of the insights that we have gained that may help avoid
some common pitfalls related to the technical aspects of
the procedure as well as data collection and analysis, in
order to optimize the accuracy and interpretation of local
performance data in EBUS-TBNA.

Methods

An EBUS service was set up at our institution in 2008.
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Since then the Trust has been performing over 250 cases
annually. Our Trust provides the service for a large network
of National Health Service trusts in the North East of
England, although over time a number of other centers in
the region have introduced their own service.

A database of all patients referred for EBUS-TBNA is
kept. All patients who underwent the examination from
January 2013 to December 2015 were included in the
retrospective analysis. The decision to refer patients for
EBUS-TBNA was at the discretion of the primary physician
treating the patient.

EBUS was performed using Olympus BF-UC260FW
and incremental doses of fentanyl and midazolam for
conscious sedation. EBUS-TBNA was performed on
pre-planned targeted areas such as lymph nodes which
were radiologically enlarged, PET-positive or >0.5 cm in
diameter on EBUS, and/or peribronchial masses depending
on the indication of the EBUS. The number of lymph node
stations sampled and number of aspirates per node were
at the discretion of the operator. Targeted lymph nodes
were punctured with either the 21 or 22 gauge EBUS-
guided TBNA needles (NA-201SX-4021, NA-2015X-4022,
Olympus Medical Systems), also at the discretion of the
main operator. EBUS was performed in the absence of rapid
on-site evaluation (ROSE). The aspirated specimens from
each lymph node station were flushed into vials containing
CytoLyt" (methanol-water solution) (8). For patients
with IMHL, one pass was routinely submitted for acid-
fast bacilli smear and TB culture. Immunohistochemistry
was performed as required; however flow cytometry was
not available. The procedures were performed by four
experienced consultants.

Consecutive cases were reviewed and the following data
recorded: age, gender, number of lymph node stations
sampled, the number of passes per lymph node station,
the pathological results of EBUS-TBNA, the pathological
and microbiological results of any subsequent relevant
sampling and the outcome of clinico-radiological follow-
up up to August 2016. This enabled a minimum of
6 months’ follow-up for all patients but a much longer
period of surveillance in the majority of cases. The CT
scan and PET-CT scan reports, where applicable, were
reviewed to confirm the indications of EBUS-TBNA.
Based on the EBUS-TBNA results, subsequent sampling
results and the outcome of clinico-radiological follow-
up, a final diagnosis of carcinoma, sarcoidosis, TB,
lymphoma, or reactive lymphadenopathy was made. A
diagnosis of reactive lymphadenopathy was made only if
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Table 1 American College of Chest Physicians (ACCP) definition of radiographic groups with respect to intrathoracic radiographic characteristics (4)

Group Description Definition
A Mediastinal infiltration Tumor mass within the mediastinum such that discrete lymph nodes cannot be distinguished or
measured”

B Enlarged discrete Discrete mediastinal nodes =1 cm in short-axis diameter on a transverse CT scan image
mediastinal nodes

C Clinical stage Il or central Normal mediastinal nodes (<1 cm) but enlarged N1 nodes (=1 cm) or a central tumor (within
stage | tumor proximal one third of the hemithorax)

D Peripheral clinical stage | Normal mediastinal and N1 nodes (<1 cm) and a peripheral tumor (within outer two thirds of

tumor hemithorax)

*, This does not include a tumor mass within the lung that is abutting the mediastinum and tangentially involving the mediastinal pleura or
fat (this situation pertains to the T stage of the primary tumor and not the N stage of the mediastinum).

Table 2 Lymph node stations sampled

Lymph node station n %

7 616 37.2
R2 24 1.4
R4 439 26.5
L2 5 0.3
L4 148 8.9
R10 81 4.9
R11 228 13.8
R12 5 0.3
L10 24 1.4
L11 84 5.1
L12 2 0.1
Total 1,656 100.0

all pathological sampling and a minimum of 6 months’
follow-up failed to provide an alternative diagnosis, and
the referring physician did not consider the patient to have
another diagnosis.

For assessing EBUS-TBNA performance, patients were
analysed in three subgroups based on the indication for
the EBUS-TBNA: to examine its utility in investigation
of IMHL, its performance in the staging of suspected or
confirmed non-small cell lung cancer (NSCLC) and for its
ability to make a tissue diagnosis in suspected thoracic or
extrathoracic cancer.

For the analysis of patients with radiological evidence of
IMHL, patients who had concurrent active extrathoracic
cancer or who had conglomerate invasive looking nodes
suggestive of cancer were excluded.
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For patients subjected to EBUS-TBNA for staging,
accuracy of EBUS-TBNA was measured by its ability to
determine the true N2 stage in suspected lung cancer. Thus,
for example, patients who had N2 disease in nodal stations
not accessible to EBUS-TBNA were labelled as false
negatives. Patients were also further grouped according
to the ACCP classifications (A-D) of intrathoracic staging
based on the index staging CT report (1able 1) (4).

Statistical analyses were performed using a commercially
available software programme (Medcalc version 16.8.4).
Demographic and clinical characteristics of the study
population were summarized using mean, standard
deviation, median, range, or counts and percentages,
depending on their type and distribution.

Sensitivity, accuracy and NPV were calculated using the
standard definitions and expressed at the 95% binomial
confidence interval. Specificity of EBUS-TBNA samples
was assumed to be 100%.

Results

A total of 1,656 lymph nodes and 138 peribronchial/
peritracheal masses were sampled in 940 patients over the
36-month study period. The patients’ median age was
70 years (range, 39-93 years). The male: female ratio was
1:1. Forty-seven percent of patients referred for EBUS-
TBNA were from external NHS Trusts.

The lymph node stations sampled are shown in Table 2.
The size in short axis was recorded in 1,442 lymph nodes
and masses. The mean size of lymph nodes and masses in
short axis were 1.7£0.8 and 2.7+0.9 cm respectively. The
median number of passes per lymph node station or mass
was 2 (range, 1-6). The overall cytological diagnosis by
lymph node/mass is displayed in Zable 3.

7 Thorac Dis 2017;9(Suppl 5):S350-S362
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Table 3 Cytological diagnosis by lymph node/mass

Cytological diagnosis n %

Adenocarcinoma 444 24.7
Lymphoma 13 0.7
Squamous 155 8.6
Adenosquamous 24 1.3
Large cell neuroendocrine 7 0.4
Small cell 269 15.0
Suspicious 20 1.1
Granuloma 180 10.0
NOS 48 2.7
Sarcomatoid carcinoma 2 0.1
Other 6 0.3
Lymphocytes 561 31.3
Inadequate 65 3.6

NOS, not otherwise specified.

Table 4 Results of EBUS-TBNA per patient

Cytology results per patient n %

Lymphocytes 101 44.3
Adenocarcinoma 3 1.3
Small cell lung cancer 4 1.8
Granuloma 104 45.6
Lymphoma 5 2.2
Suspicious 2 0.9
Inadequate 9 3.9
Total 228 100.0

EBUS-TBNA, endobronchial ultrasound transbronchial
aspiration.

IMHL

Two hundred and twenty-eighty patients were referred
for the investigation of isolated mediastinal and/or
lymphadenopathy in the absence of any active extrathoracic
cancer. The mean age was 60+13 years. The male:female
ratio was 1:1. The results of EBUS-TBNA per patient are
displayed in Table 4.

The outcome of the EBUS-TBNA findings in the
228 patients is displayed in Figure 1. Out of 101 patients
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in whom only lymphocytes were found, 16 proceeded to
mediastinoscopy and 2 underwent alternative modalities
of biopsy under the discretion of the treating physician.
In 15 patients, a pathological diagnosis was made (6 with
lymphoma, 9 with sarcoidosis). The remaining 83 patients
underwent clinical-radiological follow up. Out of these,
6 were felt to be in keeping with sarcoidosis and 2 with
lymphoma. The overall diagnostic performance of EBUS-
TBNA for various pathologies in the subgroup of patients
with IMHL is tabulated in 7ible 5. The prevalence of reactive
lymphadenopathy was 34%. Based on the reports of the CT
scans performed before EBUS-TBNA, it was estimated that
the proportion of patients with Stage 1 sarcoidosis was 89.8%
(n=88) and with Stage 2 were 10.2% (n=10).

Staging of lung cancer

A total of 294 patients underwent EBUS-TBNA for
mediastinal staging of suspected lung cancer. Of 294, 291
underwent combined mediastinal staging and diagnosis,
and 3 patients were known to have proven NSCLC and
underwent EBUS-TBNA for staging purposes only. The
latter were all external referrals from different Trusts. The
mean age was 72+12 years. The male to female ratio was 1:1.

To assess the accuracy of EBUS-TBNA for predicting
N2 disease in NSCLC, the following patients were included
in the analysis: patients confirmed to have NSCLC on
EBUS-TBNA or other modalities of sampling including
mediastinoscopy or lymph node resection during surgery, as
well as patients suspected to have and/or treated as NSCLC
and who were followed up over at least 6 months with
serial imaging. Patients subjected for staging had enlarged
(>10 mm) mediastinal lymph nodes on CT and/or PET-
positive mediastinal lymph nodes and/or had a central
tumour and/or suspicion of N1 disease. Patients excluded
from the analysis were those with ACCP Category A where
staging was not required and the purpose of EBUS was
diagnosis only, those proven on EBUS-TBNA to have small
cell lung cancer (n=2) and those whose initial mass and
lymph nodes significantly regressed on subsequent imaging
suggesting a benign aetiology (n=67). The final subset
included 225 patients of which 174 (77.3%) belonged to
ACCP Category B and 51 (22.7%) from ACCP Category
C. The mean size of node was 1.5+0.8 cm. The median
number of lymph node stations sampled was 1.5 (range 1-4).

Out of 114 patients with lymphocytes only in mediastinal
nodes, 68 proceeded to mediastinoscopy +/- thoracotomy
and systematic lymph node sampling, 2 to repeat EBUS-
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Figure 1 Outcome of EBUS-TBNA findings in 228 patients with isolated mediastinal and/or hilar lymphadenopathy (IMHL). EBUS-

TBNA, endobronchial ultrasound transbronchial aspiration.

Table 5 Overall diagnostic performance of EBUS-TBNA for various pathologies in patients with isolated mediastinal and/or hilar

lymphadenopathy

Overall (%)

Lymphoma (%)

Sarcoidosis (%) Carcinoma (%)

Sensitivity (95% CI) 81.6 (74.2-87.6)

NPV (95% Cl) 74.8 (65.2-82.8)
Diagnostic accuracy 87.7 94.9

Disease prevalence 64.7 6.9

26.7 (7.8-55.1)
95.9 (91.0-97.4)

86.7 (79.1-92.4) 100 (59.0-100)

87.5 (80.2-92.8) 100 (98.3-100)
92.7 100

51.6 3.2

EBUS-TBNA, endobronchial ultrasound transbronchial aspiration.

TBNA, whilst 44 underwent clinico-radiological follow
up with no additional pathological sampling due to various
patient related factors, including non-operability and poor
functional status. Mediastinoscopy identified further 7
(6.1%) patients with N2 disease, and thoracotomy identified
further 2 (1.8%) patients with N2 disease in stations 5 and
8, both inaccessible to EBUS-TBNA and not detected on
mediastinoscopy. The 2 patients who underwent repeat
EBUS were staged as N2 on repeat testing. In 10 out
the remaining 44 cases (22.7%), there was radiographic
evidence of mediastinal progression. Although pathological
confirmation was not performed in this group, these were
assumed to be false negative.

The sensitivity for N2 staging was thus 83.7% (95% CI:
76.2-89.6%) with a NPV of 81.6% (95% CI: 73.2-88.2%)
and a diagnostic accuracy of 87.8%. The prevalence of N2
disease was 58%.
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In the subgroup of patients who proceeded to surgical
sampling, the sensitivity was higher at 91% (95% CI: 88.4—
95.4%) and a NPV of 84.3% (95% CI: 73.6-91.9%), with
the N2/N3 disease prevalence of 67.4%.

Diagnosis of cancer

A total of 1,243 nodes and 138 masses were sampled to
establish a tissue diagnosis in 707 patients suspected to have
cancer. Patients with isolated mediastinal adenopathy in
absence of any active thoracic or extrathoracic cancer were
excluded from this group analysis and evaluated separately.
The mean age was 7114 years. The male to female ratio
was 1:1.

Four hundred and sixteen (58.9%) patients were deemed
to have radiological evidence of inoperable cancer with
large volume conglomerate nodal disease and/or presence

7 Thorac Dis 2017;9(Suppl 5):S350-S362
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EBUS-TBNA RESULTS PER PATIENT
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0.4%

Inadequate
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Figure 2 Results of EBUS-TBNA per patient analysis on subjects undergoing EBUS for diagnosis of suspected cancer. EBUS-TBNA,

endobronchial ultrasound transbronchial aspiration.

of intrathoracic or distant metastases. In 291 patients,
EBUS-TBNA was performed for both diagnosis and
staging purposes in one sitting. The mean size of node/mass
was 1.8+0.9 cm. The results of EBUS-TBNA per patient
are displayed on Figure 2. The outcome of the patients is
displayed on Figure 3.

The sensitivity of EBUS-TBNA to make a tissue
diagnosis of thoracic or extrathoracic cancer was 88% (95%
CI: 85.1-90.5%) and a NPV of 62% (95% CI: 54.7-69.0%).
The disease prevalence was 83.6%.

Additionally, 27 patients with known active extrathoracic
cancer underwent EBUS-TBNA for sampling mediastinal
nodes/mass. The performance of EBUS-TBNA in the
subgroup was higher with a sensitivity of 95.7% (95% CI:
78.1-99.9%) and a NPV of 80% (95% CI: 28.4-99.5%).
The primaries included as follows: breast n=12 (44.4%),
genitourinary n=9 (33.3%), head and neck n=4 (4.9%),
colorectal n=2 (7.4%).

Discussion

Our study evaluated the performance of EBUS-TBNA
in three main categories—in investigation of IMHL,
in mediastinal staging (i.e., N2/N3 disease) of patients
with suspected or confirmed NSCLC, and in the ability
of EBUS-TBNA to provide a pathological diagnosis in
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patients suspected to have thoracic and extrathoracic cancer.

IMHL

This study provides data on the largest retrospective series
of patients referred for the investigation of IMHL in the
absence of any active extrathoracic malignancy. This is a
common indication for patients referred for EBUS-TBNA
and constituted about 25% of our patients. Common causes
include sarcoidosis, tuberculosis, lymphoma, and metastatic
carcinoma. Reactive lymphadenopathy can be associated
with a number of conditions, including pulmonary fibrosis,
pulmonary infections and heart failure.

The study demonstrates that EBUS-TBNA is a highly
effective diagnostic modality for this indication, making
a correct diagnosis in 88%, with an overall sensitivity of
81.6% (95% CI: 74.2-87.6%) and a NPV of 74.8% (95%
CI: 65.2-82.8%), with a disease prevalence of 64.7%.
This compares favourably with both retrospective and
prospective (the REMEDY trial) case series examining the
role of EBUS-TBNA in IMHL (9,10). The REMEDY Trial
was performed in a highly selected cohort of patients with
a high pre-test probability of pathological disease, with all
EBUS-TBNA negative cases subjected to mediastinoscopy.
The very low prevalence of reactive lymphadenopathy
(5%) in that trial partly explains the lower NPV of 40%

7 Thorac Dis 2017;9(Suppl 5):S350-S362
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707 patients underwent
EBUS-TBNA for
diagnosis of cancer

True positive n=521

Negative n=188

True negative n=116 |

Inadequate n=12

False negative n=72 diagnosed to have cancer
-36 on clinical follow up
-11 repeat EBUS
-1 EUS
-14 Mediastinoscopy
-10 other biopsy modalities e.g. CT-FNA, excision biopsy

Figure 3 Outcome of patients undergoing EBUS-TBNA for diagnosis of suspected cancer. EBUS-TBNA, endobronchial ultrasound

transbronchial aspiration.

compared to our study group. This reflects the need to
report the NPV in conjunction with the prevalence of
pathological disease, with a higher disease prevalence
resulting in a lower NPV.

In our study, the diagnosis of reactive IMHL was made
after negative EBUS sampling and, in the majority of
cases, clinical/radiological follow-up, based on the index
of suspicion and at the discretion of the treating physician.
Only a minority of patients underwent additional sampling,
raising the possibility of inaccurate categorization. However,
in the majority of patients, follow-up was for a longer than
6 months and further sampling was not required in those
patients.

Sarcoidosis

A high diagnostic yield for EBUS-TBNA was found in a
recent paper by Agarwal ez a/. (11) who performed a meta-
analysis of studies of EBUS-TBNA on highly selected
patients with high suspicion of sarcoidosis (prevalence
of around 80%), leading to risk of overestimation of test
performance of EBUS-TBNA. This may not reflect real
life data or be a true representation of the typical cohort of
patients referred to an EBUS service.

However, another large meta-analysis (12) of unselected
patients with intrathoracic lymphadenopathy showed a
pooled diagnostic yield of 79% (SD 24%) and a sensitivity
of 84% (95% CI: 79-88%), despite an overall median
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prevalence of only 15%. Similarly, a recent retrospective
series on a cohort of 100 unselected patients with IMHL
showed a sensitivity of 80% for diagnosing sarcoidosis with
a disease prevalence of 20% in the study cohort (9).

In the current study, EBUS-TBNA demonstrated a high
sensitivity of 86.7% (95% CI: 79.1-92.4%) and diagnostic
yields of 86.7% (98/113), which compare favourably with
the current literature.

Our data also compares well with studies of
mediastinoscopy (13,14) on patients with IMHL which
report a sensitivity range of 74-97% for diagnosing
sarcoidosis, thus demonstrating the utility of EBUS-
TBNA as a first line test for a clinically unselected cohort of
patients referred for investigation of IMHL.

Although our current data shows excellent performance
characteristics in sarcoidosis, caution needs to be exercised
before interpreting data. Approximately 90% of our
patient population with sarcoidosis had radiographic stage
I sarcoidosis. Evidence suggests that the yield of both
conventional and EBUS-TBNA (15,16) is higher in stage I
than in stage II sarcoidosis, probably due to a higher density
of granulomas in lymph nodes of stage I patients. This may
thus in part explain the high yield in the current study group.

The impact of the processing method for specimens
retrieved with EBUS-TBNA is difficult to ascertain but
may be of relevance. A study by Schwartz et 4l. (17) showed
the yield for granulomas to be higher with cell block
preparations as performed in our institution, compared

F Thorac Dis 2017;9(Suppl 5):S350-S362
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with cytological material directly smeared onto slides, on
cytospins and on ThinPrep preparations.

Additionally, in a minority of cases, the status of
the lymphadenopathy was further confirmed through
mediastinoscopy whilst in most of the patients, the
reactive nature of the lymphadenopathy was confirmed
if the radiological follow-up showed regression of the
lymphadenopathy at 6 months. As lymphadenopathy due to
sarcoidosis may regress spontaneously, this may have led to
an underestimation of the false negative rate which would
thus influenced both the sensitivity and NPV. Additionally,
we did not include the non-diagnostic EBUS-TBNA, where
samples were felt to be inadequate on a per-patient basis.

We had one false positive case whereby epithelioid
granulomas were found in three mediastinal nodal stations
sampled via EBUS-TBNA in the patient. On further
surgical evaluation of the lymph nodes, the histology was
in keeping with Hodgkin’s Lymphoma with concurrent
granulomas. It is well recognized that non-necrotising
sarcoid-like granulomatous inflammation can sometimes
found in lymph nodes draining malignancies and in the
margins of malignant tumours including lymphoma,
predominantly Hodgkin lymphoma, and lung cancer (18).
This highlights the importance of maintaining a high index
of suspicion and interpreting the cytological findings in
clinical context, as well as the need to ensure adequate
follow up of such patients when reporting true diagnostic

performance of EBUS-TBNA.

Lymphoma
The role of EBUS-TBNA in the diagnosis of lymphoma

remains an area of debate. The diagnostic accuracies have
been variable in studies to date largely due to heterogeneity
in the patient demographics and heterogeneity of lymphoma
itself, with higher yield in Non-Hodgkin lymphoma than
Hodgkin lymphoma and in relapsed disease (19-26). For
instance, a number of studies have examined the test in
patients with high suspicion of lymphoma, raising the pre-
test probability and hence prevalence of disease (22), whilst
others have labelled the test as being true positive even
when further invasive sampling was required for further
subtyping and grading (20). In our study, there was a very
low prevalence of de novo or relapsed lymphoma in the
unselected group of patients, such that the sensitivity was
low, although the NPV was noted to be high. Our data seems
to suggest that in an unselected cohort of patients presenting
with IMHL in clinical practice, EBUS can often reveal an
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alternative diagnosis and hence be a good initial test.

Tissue diagnosis in suspected thoracic and extrathoracic
cancer

We also performed another subgroup analysis of patients to
assess the ability of EBUS-TBNA to make a tissue diagnosis
of cancer. These included patients subjected to EBUS only
for diagnostic purposes as well as for both diagnosis and
staging in one sitting. Most existing studies (27-51) in lung
cancer pertain to the performance of EBUS in correctly
staging suspected NSCLC and it is therefore difficult to
extrapolate the diagnostic yield of EBUS-TBNA in overall
cancer diagnosis in an unselected cohort of patients. Data
from meta-analyses show that the overall median sensitivity
is 89%, with values ranging from 46% to 97% and that the
median NPV is 91%, ranging from 60% to 97% (4). One
prospective study examined the utility of EBUS-TBNA in
qualitative diagnosis in an unselected cohort of 101 patients
with suspected cancer presenting with mediastinal and/or
hilar lymphadenopathy, with or without a lung mass (35).
The disease prevalence was lower than in our current study
group at 60.4%. The authors reported an overall accuracy
of 97% and a sensitivity of 95% for making a tissue
diagnosis of cancer.

The current study, which also included EBUS-TBNA
of suspicious masses (10%), showed a high diagnostic
performance in the ability of EBUS-TBNA to get a tissue
diagnosis in thoracic and extrathoracic cancer, with an
overall diagnostic accuracy of 90%, sensitivity of 88% (95%
CI: 85.1-90.5%) and a NPV of 62.0%.

In the current study cohort, only 19% of patients were
subjected to further invasive pathological sampling. 50% of
the false negatives were based on radiological progression,
suggestive of cancer. The precise final histology was not
available, which may have influenced the lower diagnostic
yield.

Up to 30% of extrapulmonary tumours can be associated
with mediastinal or hilar lymph node involvement. In a recent
meta-analysis of six studies in a total of 533 patients, the value
of EBUS-TBNA in this indication was clear with a pooled
sensitivity of 85% and a NPV of 75% (51). The diagnostic
performance in extrathoracic cancer in our study group was
higher with a sensitivity of 95.7% (95% CI: 78.1-99.9%) and
a NPV of 80% (95% CI: 28.4-99.5%). The higher sensitivity
may relate to the disease prevalence of 85%, which was higher
than in the reported studies (range, 37-68%). The most
frequently encountered primary tumours in the meta-analysis
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were as in our study: head and neck, colorectal, breast, renal,
oesophageal, gastric, prostatic, and melanoma.

Staging of suspected or confirmed NSCLC

In the current cohort, patients analysed for staging included

those with confirmed or suspected NSCLC. A proportion
did not have pathological confirmation of NSCLC and
were treated clinically as such for e.g., if NO on EBUS,
they underwent radical radiotherapy with subsequent
radiological follow up. The sensitivity for N2 staging was
83.7% (95% CI: 76.2-89.6%) with a NPV of 81.58 % (95%
CI: 73.2-88.2%) and a diagnostic accuracy of 87.8%. The
prevalence of N2 disease was 58%.

The British Thoracic Society Quality Standard was
published in 2014 (6), which provides a minimum standard of
88% sensitivity for the staging of EBUS-TBNA in suspected
lung cancer. This figure is based on the results of a number
of meta-analyses (4) on the role of EBUS-TBNA in staging
of suspected cancer. These show an overall median sensitivity
of 89%, with values ranging from 46% to 97%, and a median
NPV of 91%. However, both sensitivity and NPV are
dependent on the disease prevalence, with a lower disease
prevalence lowering sensitivity and increasing NPV and
vice versa. It is thus essential to present the data on disease
prevalence in conjunction with performance measures.

The reasons for lower sensitivity for accurate N2 staging
for lung cancer in our study group were examined.

In the current cohort, only 60% underwent mediastinoscopy
and thoracotomy and systematic sampling if mediastinoscopy
excluded N2 disease. This is in contrast to most published
studies on staging, where most patients were subjected to
surgical staging if EBUS-TBNA were negative (27-51). The
patents included in those studies could be thus considered
operable, unlike in our study population, whereby 39%
underwent clinical follow up as they were deemed inoperable.
This probably reflects real life practice.

If patients without surgical confirmation of negative
EBUS-TBNA were excluded, the sensitivity was 91% (95%
CI: 88.4-95.4%) and a NPV of 84.3% (95% CI: 73.6—
91.9%), with a disease prevalence of 67.4%.

Most of the published studies evaluating EBUS have used
a systematic approach to staging (28,29,32-35,37-51). This
involves sampling of at least one node per station if deemed
detectable and accessible and sampling of several nodes in a
station if they are suspicious. Our current practice has been
predominantly selective to date, with sampling limited to
predominantly radiologically abnormal nodes. This may
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have resulted in the reduced performance of EBUS TBNA
in our study cohort. There is evidence to suggest that
systematic mediastinal staging may improve accuracy over
a more limited or selective approach, although such data is
not available for needle based techniques (52,53).

Our study population also excluded patients with ACCP
group A, given the lack of benefit in pathological staging
over radiological staging in this subgroup. Published
studies have not all excluded patients with ACCP Group A
staging, reflecting different disease prevalence in the study
populations. Additionally, a number of studies have utilized
ROSE (32,33,35,38,39-41,42,44,48,50), which was not
available at our centre, other studies which have contributed
to the meta-analysis combined both EBUS and endoscopic
ultrasonography (EUS).

Although the performance targets set out by the British
Thoracic Society (6) and suggested by the recent paper
by Evison et al. (7), are helpful in guiding the centers for
achieving minimum standards, it is also essential to exercise
caution before interpreting local data, as they reflect
different study groups with inherently larger heterogeneity
than in published studies. In evaluating local performance,
extrapolating published evidence to real life data may not be
straightforward.

Limitations and strengtbs of the study

The main limitation of this study was its retrospective
nature. The indications of the procedure were not always
made clear during the data entry. Thus the CT scans and
PET-CT reports of patients had to be retrospectively
evaluated and judgment made regarding the indications.
This may thus have introduced significant observer bias.

A significant proportion of patients with EBUS-TBNA
negative results underwent clinical follow up only, which
may have influenced the true performance characteristics
of the test in our cohort. For example, if a patient with
suspected lung cancer and N2 stage negative on EBUS
showed progression of the mediastinal nodes on CT on
follow up, this was classed as false negative. The presence
of enlarged and reactive hyperplasia associated with cancer
would have been an alternative explanation, in which case
the results would have been true negative. Conversely,
in patients with IMHL, the reactive nature of the
lymphadenopathy was confirmed as such if the radiological
follow-up showed regression of the lymphadenopathy
within 6 months. As lymphadenopathy due to sarcoidosis
may regress spontaneously, this may have led to an
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underestimation of the false negative rate which would thus
influence both the sensitivity and NPV.

Nevertheless, as all patients referred consecutively for
EBUS-TBNA were included in the study, the study population
is therefore representative of unselected patients, reflecting
real life practice. The population of patients in this study may
be a more accurate reflection of the diverse population that
presents to the general respiratory physician in the UK.

Recommendations

The study highlighted some of the difficulties in the
retrospective evaluation of large volume data for assessing
local performance measures of EBUS-TBNA. Patients are
referred for EBUS for various indications. There is a usually
a high degree of clinico-radiological heterogeneity amongst
patients. There are procedure related factors that can
additionally influence the performance of the procedure.

Data capture and analysis

It is essential that for obtaining as accurate information
as possible, data is collected prospectively, capturing all
relevant clinico-radiological and procedure related factors.
For example, the indications need to be clear at the time
of the procedure, including the following main groups:
investigation of IMHL, staging only of suspected NSCLC,
diagnosis only of suspected cancer, diagnosis and staging
of suspected cancer in one sitting, genetic testing only.
Amongst patients subjected to staging purposes, patients
should be grouped further into relevant ACCP categories
for further subgroup analysis. For the analysis of data, we
recommend the final results are based on at least 6 months
clinical, microbiological, pathological and radiological follow
up in all patients. The denominator for staging should be
the overall number of patients with N2/3 nodal metastases
(even in those lymph node stations inaccessible with EBUS)
and consideration should be made to also include the non-
diagnostic samples. Similarly, for diagnostic purposes, the
denominator should include the ability of the procedure to
diagnose cancer, including in those with masses and nodes
not accessible to the EBUS-TBNA. Patients, in whom
EBUS-TBNA raises the possibility of lymphoma but require
further pathological sampling for subtyping and grading,
should be identified as false negative.

Technical tips

In our study cohort, patients underwent selective staging
of abnormal nodes as opposed to systematic staging of all
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accessible nodes. Extrapolation from surgical data would
suggest that the most thorough level of needle-based staging
should involve sampling of at least one node per station if
deemed detectable and accessible and sampling of several
nodes in a station if they are suspicious (54). In addition, it is
essential that a minimum of three N3/N2 stations are sampled
per patient for optimal accuracy (7). A minimum of three
passes per station is also recommended although there is data
to suggest adequacy of samples if 1 out of 2 samples contains
cores (46). However, in the era of molecular profiling, the need
for a higher volume sample should be considered to facilitate
tests such as EGFR and ALK testing (55).

Additionally, in most centers, there is likely to be more
than 1 operator contributing to the EBUS service. In order
to examine the influence of any operator-related factors on
local data, further evaluation of individual performances
may also be helpful in identifying variation in practice and
areas for improvement.

Overall, we believe that this retrospective cohort study
of a large volume of patients represents real life practice
and provides an accurate representation of the typical
cohort of patients referred in for EBUS-TBNA to the
general respiratory physician in UK. Our study highlights
the pitfalls in collecting and analyzing data but also
demonstrates how they can be used to improve the service
performance. As we enter an era where EBUS centers
are likely to undergo central accreditation to ensure that
they meet minimum standards, we recommend that local
measures are in place to facilitate robust data collection and
a continuous review of operating practices and performance.
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