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Abstract
Background: Since their introduction, both linear and radial endobronchial ultra-
sound (EBUS) have become an integral component of the practice of Pulmonology
and Thoracic Oncology. The quality of health care can be measured by comparing the
performance of an individual or a health service with an ideal threshold or
benchmark.
The taskforce sought to evaluate quality indicators in EBUS bronchoscopy based on
clinical relevance/importance and on the basis that observed significant variation in
outcomes indicates potential for improvement in health care outcomes.
Methods: A comprehensive literature review informed the composition of a compre-
hensive list of candidate quality indicators in EBUS. A multiple-round modified Del-
phi consensus process was subsequently performed with the aim of reaching
consensus over a final list of quality indicators and performance targets for these indi-
cators. Standard reporting items were developed, with a strong preference for items
where evidence demonstrates a relationship with quality indicator outcomes.
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Results: Twelve quality Indicators are proposed, with performance targets supported
by evidence from the literature. Standardized reporting items for both radial and lin-
ear EBUS are recommended, with evidence supporting their utility in assessing proce-
dural outcomes presented.
Conclusion: This statement is intended to provide a framework for individual proce-
duralists to assess the quality of EBUS they provide their patients through the identifi-
cation of clinically relevant, feasible quality measures. Emphasis is placed on outcome
measures, with a preference for consistent terminology to allow communication and
benchmarking between centres.

K E YWORD S
bronchoscopy, interventional techniques, lung cancer

BACKGROUND

Since the publication of landmark papers in 2004,1,2 both
linear and radial endobronchial ultrasound (EBUS) have
become an integral component of the practice of Pulmonol-
ogy and Thoracic Oncology, and have driven the rapid
expansion of the field of Interventional Pulmonology.
Despite many subsequent technologic advances, linear EBUS
remains the recommended technique for mediastinal lymph
node sampling/staging, and the diagnostic performance of
radial EBUS for peripheral lesions remains consistent with
that reported for more advanced (and expensive) broncho-
scopic navigation techniques.

Evidence regarding optimal use and performance of
EBUS is well established, and described in clinical guidelines
and statements.3–5 However, the presence of significant vari-
ance in outcomes such as diagnostic accuracy and complica-
tions across centres and operators suggests that the
availability of such documents does not immediately guar-
antee uniformly high performance. Some degree of variance
is expected depending on patient selection, with certain clin-
ical and radiologic factors known to influence diagnostic
performance and complication rates. However, variance
may also be explained by differences in quality of care.
Assessment of quality of care is invaluable in identifying
opportunities to improve care and patient outcomes. Valid,
reliable and useful indicators of the quality of care can assist
in measuring the state of care and variations in practice, and
in tracking the impact of quality improvement activities.
However, quality assessment is frequently not integrated
into clinical practice guidelines.6

The quality of health care can be measured by com-
paring the performance of an individual or a health ser-
vice with an ideal threshold or benchmark.7 The
particular parameter used for comparison is termed a
quality indicator. Defining a quality indicator does not
result in improved health outcomes per se: services and
individuals are unlikely to improve unless they are aware
of their performance and how it compares with bench-
mark performance targets. Therefore, it is essential that
local performance is regularly measured against estab-
lished benchmarks. This allows the identification of
potential underperformance, which provides an

opportunity for targeted interventions to improve this sit-
uation and reduce variance in care. In addition, the sim-
ple act of monitoring a service has often been shown to
improve performance8 (the ‘Hawthorne effect’). For these
reasons, monitoring is crucial, as it is a powerful, low-
cost service, that results in improved quality of patient
care.9

Quality indicators have been developed for numerous
other interventional specialities, including endoscopy, tho-
racic surgery, interventional cardiology, interventional radi-
ology and radiation oncology.10–13 However, very few
studies have addressed quality in EBUS/bronchoscopy. The
few publications to date encouragingly suggest that consis-
tent performance measurement may improve procedural
and patient outcomes. For example, the institution of quality
measures in bronchoscopy resulted in improved rates of
diagnosis of malignancy,14 regular use of EBUS is known to
improve the proportion of patients receiving guideline-
consistent lung cancer care,15 and monitoring of quality
standards in EBUS reduces variance in care between
centres.16

This taskforce had three aims:

1. To establish a set of quality indicators for EBUS
bronchoscopy,

2. to establish performance targets for each of these quality
indicators, and

3. to develop a list of standard reporting items for inclusion
in EBUS bronchoscopy reports.

Recommended standard reporting items have been
established to aid collection of data for reporting of quality
indicators, and to provide more detailed data to allow inter-
pretation of quality indicators, where relevant.

METHODOLOGY

Taskforce and scope

A taskforce was composed, consisting of 12 members
with experience in EBUS bronchoscopy as well as metho-
dologic expertise. The taskforce sought to evaluate quality
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indicators in EBUS bronchoscopy based on clinical rele-
vance/importance and on the basis that observed signifi-
cant variation in outcomes indicates potential for
improvement in health care outcomes. Feasibility of mea-
surement of proposed indicators was prioritized, however,
evaluation in discussion was based on the ISFU
(Importance, Scientific acceptability, Feasibility, and
Usability) framework described by the National Quality
Measures Clearinghouse.17

As previously noted,11 quality indicators can be divided
into three categories:

1. Structural measures—these assess characteristics of the
entire health care environment (e.g., availability and
maintenance of endoscopy equipment at a hospital),

2. Process measures—these assess performance during
delivery of care (e.g., rate of localization of target lesion
by radial EBUS, or use of rapid on-site evaluation). These
are likely to represent surrogate measures of high-quality
care or are known to influence the likelihood of optimal
diagnostic and/or safety outcomes, and

3. Outcome measures—these assess the results of the care
provided (e.g., diagnostic sensitivity of radial EBUS, or
frequency of pneumothorax following transbronchial
lung biopsy).

This statement is intended to address process and out-
come measures in the performance of EBUS bronchoscopy.
Structural measures have been described previously in the
British Thoracic Society (BTS) on quality standards for flexi-
ble bronchoscopy,18 and are assumed to apply to EBUS
bronchoscopy also. Furthermore, structural measures related
to resourcing and the organizational structure of health sys-
tems are commonly not actionable by clinicians.

Equally, the American Society for Gastrointestinal
Endoscopy (ASGE) has published quality indicators com-
mon to all bronchoscopic/endoscopic procedures,19

including indicators relevant to post-procedural instruc-
tions, follow-up, and patient satisfaction which have not
been examined as part of this EBUS-specific taskforce.

Literature searches and selection

A comprehensive literature review was completed with the
assistance of a medical librarian with the intent of identify-
ing evidence that might suggest contributors to variance in
care, or that are likely to be integral components of high-
quality care in the performance of EBUS. Search strategies
were intended to identify a broad scope of evidence on
markers of high-quality care in EBUS. These included previ-
ously reported or expected performance targets, clinical and
radiologic factors expected to influence the likelihood of
clinically important outcome measures, and specific studies
examining performance monitoring and quality improve-
ment in EBUS bronchoscopy. Specifically, two separate liter-
ature searches were performed in Medline from inception to
01 August 2022. The first search included terms specifically
related to ‘quality’ or ‘performance’ in EBUS, while the sec-
ond focussed on identifying published systematic reviews
and meta-analyses in EBUS. The complete search strategies
are detailed in Table 1. These searches were supplemented
by studies volunteered by taskforce members, which could
also include literature on quality indicators in other clinical
fields than EBUS.

Identification of candidate quality indicators

Following review of identified studies, a comprehensive list
of candidate quality indicators was composed and circulated
for review prior to detailed discussion at a virtual meeting
by all taskforce members. Further items were proposed by
individual taskforce members for consideration.

T A B L E 1 Search strategies used.

Database: Ovid MEDLINE(R) ALL <1946 to 01 August 2022> search strategy:
Database: Ovid MEDLINE(R) ALL <1946 to 01 August
2022> search strategy:

1 ((endobronchial adj3 (ultrason* or ultrasound* or sonograph* or scan*)) or ebus*).
tw,kf. (3336)

2 *quality assurance, health care/ or *quality indicators, health care/ or *"outcome and
process assessment, health care"/ or *quality of health care/ or *guideline adherence/
or *clinical competence/ or *standard of care/ (153979)

3 ((quality or performance) adj3 (indicator* or assurance or assessment* or measure* or
improve* or standard* or evaluat* or monitor* or effective* or metrics or methods or
adherence or competenc*)).tw,kf. (554636)

4 2 or 3 (670546)
5 exp lung neoplasms/ (263329)
6 (((lung or thoracic or pulmonary or intrapulmonary or bronchial or bronchogenic or

endobronchial or mediastin*) adj3 (cancer* or tumo?r* or malignan* or carcinoma*
or neoplasm* or adenocarcinoma* or lesion* or mass* or nodule* or nodal staging or
node staging)) or nsclc or ppl*).tw,kf. (327984)

7 5 or 6 (400755)
8 1 and 4 and 7 (104)

1 ((endobronchial adj3 (ultrason* or ultrasound* or
sonograph* or scan*)) or ebus*).tw,kf. (3336)

2 (systematic review or meta-analysis).pt. or (systematic
review or meta-analysis).ti. (340325)

3 1 and 2 (87)
4 limit 3 to english language (87)

724 STEINFORT ET AL.
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Components of EBUS were separated into pre-procedure,
intra-procedure and post-procedure indicators, and quality
indicators were subdivided across these domains.

Twenty candidate quality indicators were identified
based on clinical relevance/importance and on the basis that
observed significant variation in outcomes indicates poten-
tial for improvement in clinical performance. In discussion,
each proposed quality indicator was reviewed according to
the potential validity, feasibility, and relevance of the indica-
tor through evaluation, as per Mazzone et al.,20 within the
following domains:

• Evidence or consensus of a link to outcome: The evidence
base supporting a link between this indicator and patient
outcome is robust, or a consensus of experts is likely to
feel that a link is present.

• Practical: This indicator is capable of being translated into
practice.

• Measurable: This indicator can be measured from the
documentation that would reasonably be expected to be
available within the medical record.

• Potential for improvement: There is room to improve the
performance of this indicator in current clinical practice
across the spectrum of current practice settings.

• Variability among practices: The performance of this indi-
cator is likely to vary across the spectrum of current prac-
tice settings.

• Important to a large portion of patients of interest: This
indicator is likely to be relevant to a large portion of
patients to whom it applies.

Selection of quality indicators through Delphi
consensus

A multiple-round modified Delphi consensus process was
subsequently performed with the aim of reaching consensus
over a final list of quality indicators. Each Delphi round was
preceded by a virtual consensus meeting, in which proposed
items and/or wording thereof were discussed in detail. Sub-
sequently, anonymous electronic voting was performed, and
all task force members were invited to participate. Voting
for each proposed item was undertaken using a modified
Delphi consensus process on a 5-point Likert scale (with a
score of 1 corresponding to ‘strongly disagree’, and a score
of 5 to ‘strongly agree’).21 If ≥90% agreement (‘agree’ or
‘strongly agree’) was achieved, the quality indicator was
accepted for inclusion on the final list. If agreement
was 50%–90%, the item was discussed at the subsequent vir-
tual consensus meeting and potentially re-worded prior to
repeat anonymous electronic voting. If agreement was <50%
the proposed item was rejected.

Detailed results of the modified Delphi consensus pro-
cess are provided in Appendix Tables A1 and A2. Following
the first round of voting, seven indicators scoring ≥90%
agreement were accepted, while three items scoring <50%
were rejected. The remaining 10 items were discussed in the

second virtual consensus meeting, which resulted in accep-
tance of three additional quality indicators (each initially
receiving 80% agreement in the first round), and in re-
wording for voting on six items (with two items merged). At
the second round of voting, three of these scoring ≥90%
were accepted, while two items accepted in the first round
were merged, resulting in a total of 12 quality indicators.
The remaining four items were prioritized for consideration
as standard reporting items.

Establishing performance targets

After finalizing the list of quality indicators, we aimed to
establish performance targets for each quality indicator.
Such performance target refers to the minimum proportion
of reports or procedures that should fulfil this quality indi-
cator to be considered as ‘sufficient’ (i.e., to have reached
the benchmark). This was done in three sub-groups, each
covering a domain of the EBUS procedure (i.e., pre-proce-
dure, intra-procedure and post-procedure). The three sub-
groups informally screened studies identified through the
literature searches (Table 1) as well as other evidence
sources proposed by task force members, and subsequently
proposed performance targets (if possible informed by pub-
lished literature) for each of the selected quality indicators
in their domain.

These performance targets were then proposed to the
task force and discussed during a virtual consensus meeting.
When expert consensus considered performance of a given
quality indicator to be preferred in all cases, such as moni-
toring vital signs during sedation, then the performance tar-
get was listed as >98%. Consensus over a performance target
was considered reached if no concerns were raised during
an online meeting dedicated to identification of performance
targets; otherwise, the point was discussed until consensus
regarding in- or exclusion was reached.

Establishing standard reporting items

Finally, standard reporting items were developed by the
three sub-groups, with emphasis again placed on the charac-
teristics described by Mazzone et al.,20 with a strong prefer-
ence for items where evidence demonstrates a relationship
with quality indicator outcomes. Proposed performance tar-
gets (Table 2) and candidate standard reporting items were
reviewed prior to another virtual consensus meeting where
items were discussed to achieve consensus with the option
provided for anonymous dissenting views. Final standard
reporting items were confirmed, with evidence supporting
their utility in assessing procedural outcomes presented in
Table 3. It is not suggested that all standard reporting items
be recorded in all cases. Individuals and institutions should
consider which items are most likely to inform understand-
ing of procedural outcomes, and select items felt to be most
relevant to their practice.

QUALITY INDICATORS IN EBUS BRONCHOSCOPY 725
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RESULTS

PRE-PROCEDURE QUALITY INDICATORS

1. Frequency with which indication for EBUS is
documented

* if performed for suspected/known NSCLC, the proce-
dure should be documented as ‘staging’ or ‘diagnos-
tic’ EBUS.

Type of measure: process
Performance target: >98%
Data source: procedure report, medical notes

DISCUSSION: The indication for a procedure is likely to
be apparent in medical notes, however subsequent interpre-
tation of the report may be influenced by the stated indica-
tion. Additionally, audit of outcomes would be greatly aided
if all information is recorded together. It is therefore pre-
ferred by the Taskforce that indication be specified in proce-
dure reports.

Linear EBUS

Initially developed for lymph node staging in NSCLC, the
use of linear EBUS in adults has expanded significantly to
include numerous indications where the diagnostic utility
has been confirmed (Table 4). The indication for linear
EBUS has evolved from diagnostic confirmation of mediasti-
nal metastatic disease to potentially entail a full staging pro-
cedure with the intent to exclude malignant disease by using
a highly standardized and systematic approach.

A linear EBUS procedure should be recorded as a ‘Diag-
nostic EBUS’ when the focus of the procedure is to obtain
adequate tissue from a suspected pathological lymph node,
or centrally positioned parenchymal lesion, to make a con-
firmatory diagnosis. For patients with advanced-stage lung
cancer, a diagnostic EBUS includes obtaining adequate
tumour samples to perform molecular and genomic profil-
ing to guide the choice of systemic therapy.

Linear EBUS procedures should be recorded as a
‘Staging EBUS’ in patients with lung cancer that may be
suitable for curative-intent treatment and nodal staging is
required to define the optimal treatment. A staging EBUS

T A B L E 2 Summary of proposed quality indicators for EBUS bronchoscopy.

Quality indicator
Type of
measure

Outcome—
performance target

Domain: PRE-PROCEDURE INDICATORS

1. Frequency with which indication for EBUS is documented Process >98%a

2. Frequency with which consent is obtained, and fully documented, including
specific discussions of risks associated with EBUS and sedation.

Process >98%

3. Frequency with which EBUS examinations are performed/supervised by
trained EBUS operators

Process >98%

4. Frequency with which a sedation plan is developed and documented based on
clinical co-morbidities and anaesthetic/sedation risks

Process >98%

Domain: INTRA-PROCEDURE INDICATORS

5. Frequency with which anaesthetic/sedation management is recorded Process >98%

6. Frequency with which the appearance of relevant structures, specific to the
indication for the EBUS, is recorded.

Process >98%

7. Frequency with which patients with ACCP radiographic group B and C
(cN1/2/3) undergo systematic mediastinal LN staging.

Process >95%

Domain: POST-PROCEDURAL INDICATORS

8. Frequency with which immediate adverse events are observed. Outcome <2%

9. Incidence of complications following EBUS (including individual
complications)

Outcome Varies according to
indication—See Table 5

10. Frequency with which inadequate specimens are reported from an individual
LN station

Outcome <10%

11. (a) Diagnostic performance of EBUS-TBNA according to indication/ACCP
radiographic group.
(b) Diagnostic performance of radial EBUS for diagnosis of peripheral
pulmonary lesions

Outcome Varies according to
diagnosis—See Table 6

12. Frequency with which tissue/specimens are inadequate for required
molecular testing

Outcome <10%

Abbreviation: ACCP, American College of Chest Physicians.
aPreference to be recorded in procedure report, though documentation in medical notes may suffice in some cases.

726 STEINFORT ET AL.

 14401843, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14549 by E

dith C
ow

an U
niversity, W

iley O
nline L

ibrary on [14/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



requires a systematic examination of all accessible mediasti-
nal and hilar lymph nodes with sampling of any lymph node
station that meets pre-defined criteria in order to accurately

map the extent or prove the absence of nodal metastases.
Staging EBUS generally requires a higher degree of skill
because a greater number of sites are often sampled and the
nodes can be small.

Use of the EBUS bronchoscope to perform Endoscopic
ultrasound (EUS-B) allows more complete examination of
the mediastinum and may be safely be performed by
interventional pulmonologists,64 frequently combined
with EBUS within the one procedure,4 to achieve
increased diagnostic accuracy in mediastinal LN staging
of NSCLC.65

Radial EBUS

Radial EBUS remains most commonly used for confirma-
tion of localization of peripheral lesions to direct broncho-
scopic sampling. The technique most commonly uses a
guide sheath and fluoroscopic imaging to assist the accurate
deployment of sampling instruments to the site of the target
parenchymal lesion. Recent preliminary studies have also

T A B L E 3 Recommended Standard reporting items for EBUS bronchoscopy.

Pre-procedure

Relevant
quality
indicator(s) References

Indication
Name of proceduralist (and assistant/trainee)

1
3

(29–31)

(for Linear EBUS in suspected lung cancer)
• clinical stage (TNM) (or ACCP radiographic

group)

7, 11 Clinical stage may influence intra-procedural approach
to sampling (e.g., targeted vs. systematic staging)

(4, 101, 102)

(for radial EBUS)
• target lesion size (diameter in mm)
• location (upper, lower, right or left)
Consider: position central/middle/outer 1/3 of lung;

bronchus sign (Y/N); nodule description: solid,
subsolid and ground glass

6, 11 Radiologic features known to influence diagnostic
performance

(42, 72, 114, 115)

Intra-procedure

(linear EBUS)

• characteristics (size, shape, margin, echogenicity,
hilar structures) as per Fujiwara

6, 7, 11 Photo-documentation should ideally be performed to aid
review of results by colleagues/MDT

EBUS imaging characteristics may help determine NPV
of EBUS-TBNA in the event of a benign/inadequate
pathologic finding

(47, 122–124)

• Use of ROSE (68, 101)

• TBNA needle gauge (61, 66)

Number LN sampled per procedure Useful metric for aggregate analysis but not a
component of individual procedure reporting

(60)

(radial EBUS)

• Probe position within/adjacent
• Sampling instrument(s) used
• Use ROSE (document Y/N)

6, 11 (51)
(69, 84)

Post-procedure

Immediate adverse events (& management) - - -

Abbreviations: ACCP, American College of Chest Physicians; MDT, multidisciplinary team; NPV, negative predictive value; ROSE, rapid on-site cytologic evaluation; TNM,
tumour, node, metastasis.

T A B L E 4 Indications for linear EBUS.

Indications for linear EBUS

Diagnosis, staging/restaging of lung cancer (including molecular
diagnosis)

• targeted sampling of pathologic mediastinal/(hilar) lymphadenopathy
• systematic staging of patients with NSCLC ACCP radiographic group

B and C
• diagnostic assessment of centrally positioned parenchymal lung

lesion

Suspected granulomatous disease
• Sarcoidosis
• Mycobacterial infection (including tuberculosis)

Suspected extra-pulmonary malignancy
• Intra-thoracic lymphoma
• Suspected nodal or pulmonary parenchymal metastases

Abbreviations: ACCP, American College of Chest Physicians; NSCLC, non-small cell
lung cancer.

QUALITY INDICATORS IN EBUS BRONCHOSCOPY 727
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described the use of radial EBUS for assessment of suspected
benign pulmonary disease, including the targeting of cryo-
biopsy in diffuse parenchymal lung disease,66,67 however diag-
nostic utility/sensitivity for assessment of DPLD remains
unknown and investigation of suspected lung cancer or lung
metastases is the predominant indication for radial EBUS.

2. Frequency with which consent is obtained, and fully
documented, including specific discussions of risks asso-
ciated with EBUS and sedation

Type of measure: process
Performance target: >98%
Data source: medical notes

The consent should address the relevant and substantial
adverse events pertaining to each specific EBUS procedure,
in addition to the risks associated with all bronchoscopic
procedures.

DISCUSSION: EBUS-TBNA is generally safe procedure
but might present risks beyond those associated with stan-
dard bronchoscopy. A comprehensive review of the adverse
events specific to EBUS-TBNA had been published previ-
ously.68 The highest complication rate of 1.44% was
reported in the prospective AQuIRE registry.22 The most
reported complications in the literature are bleeding, infec-
tion, and pneumothorax. However, such complications did
not seem to be related to lymph node size, number of passes,
lymph node station and needle gauge.22,23 More detailed dis-
cussion is presented below (quality indicator #8).

3. Frequency with which EBUS examinations are
performed/supervised by trained EBUS operators

Type of measure: process
Performance target: >98%
Data source: procedure report

The diagnostic yield of EBUS-TBNA has been associated
with operator experience, procedural training, and perfor-
mance in high-volume centres.40–42 It is beyond the scope of
this document to discuss the attainment of and credentialing
requirements for mastery of EBUS bronchoscopy. Further-
more, such requirements will be jurisdiction-specific, and will
depend on the nature of clinical practice for individuals. What
constitutes ‘trained EBUS operators’ should be agreed upon
internally at each institution where the procedure is performed.

DISCUSSION: Procedural training in EBUS-TBNA
requires longitudinal assessments over time to develop tech-
nical and cognitive skills needed to achieve competency
which is not automatically reflected by the number of proce-
dures performed.69,70 The European Respiratory Society
(ERS) and American Thoracic Society (ATS) published
volume-based guidelines for establishing competence in
EBUS over 20 years ago,71 however, more recent evidence
demonstrates that learning curves vary widely among practi-
tioners suggesting that a threshold of cases completed may

not be sufficient to establish competency.70 Use of simula-
tion in training may allow trainees to achieve competence
with fewer clinical cases completed.72,73

4. Frequency with which a sedation plan is developed and
documented based on clinical co-morbidities and anaes-
thetic/sedation risks

Type of measure: process
Performance target: >98%
Data source: medical notes

Information is not required to comprise part of the pro-
cedure report, but should be readily available, and should
include type of anaesthetic (sedation vs. general anaesthetic),
clinician administering anaesthetic, and type and dose(s) of
sedation/anaeshetic agents.

DISCUSSION: Numerous approaches to anaesthesia are
reported in published literature, both regarding mode
(GA with LMA vs. sedation), sedative agents, use of neuro-
muscular blockade, and specialty of clinician administering
anaesthetic agents (Anaesthetist-,74,75 Pulmonologist-,76,77

and nurse-led78 are all described).

Pre-procedure recommended standard reporting
items

All procedures

• Indication for procedure
• Name of proceduralist (and assistant/trainee, anaesthetist
where relevant).

For linear EBUS

• Clinical stage (TNM)
• (in patients with suspected/known NSCLC)—‘Diagnostic’
versus ‘Staging’ EBUS.

• American College of Chest Physicians (ACCP) radio-
graphic group (see Indicators 7 and 11)

These features will both influence the extent of mediasti-
nal sampling performed and are also known to impact the
diagnostic sensitivity of EBUS-TBNA.

For radial EBUS

• Target lesion size (maximal diameter, mm)
• lobar location of target lesion/sampling.
• Position of target lesion (central/middle/outer third
of lung)

• Lesion description: solid, sub-solid, pure ground glass
• presence of CT bronchus sign38,39,45,79

These items have all been identified as important factors
when evaluating quality indicators and outcomes. They also
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are useful to interrogate if under-performance is identified
during the quality assurance review. For example, if the sensi-
tivity for malignancy for a radial EBUS service is below that
of the recommended quality indicator, it is important to eval-
uate how many procedures are in bronchus sign positive cases
as this will impact on diagnostic outcomes and may point to
areas for improvement within the patient selection.

INTRA-PROCEDURE QUALITY INDICATORS

5. Frequency with which anaesthetic/sedation manage-
ment is recorded

Type of measure: process
Performance target: >98%
Data source: medical notes

DISCUSSION: The level of sedation is a continuum
ranging from minimal sedation (anxiolysis), moderate seda-
tion, deep sedation to general anaesthesia. Optimal sedation
for bronchoscopy procedures is that which allows the proce-
duralist to perform the procedure efficiently whilst main-
taining patient comfort and minimizing risk. Moderate
sedation, where a patient has depressed consciousness but is
able to respond to verbal commands, is commonly used in
bronchoscopic procedures, and appears safe and well toler-
ated.74,80 General anaesthesia is also widely used for EBUS-
TBNA, and there appears to be no significant difference
between the two approaches on procedural outcomes.75

6. Frequency with which the appearance of relevant struc-
tures, specific to the indication for the EBUS, is
recorded

Type of measure: process
Performance target: >98%
Data source: procedure report

For linear EBUS, lymph node features should be
described, using previously noted imaging characteristics
known to be predictive for distinguishing between benign
and malignant nature of lymph nodes.49 While not man-
dated, photo-documentation within procedure reports is
considered best practice for a number of reasons. Photo-
documentation may support clinical decision-making
(in the exact same way radiology imaging tests are always
uploaded for review), such as in tumour board meetings
which may not have the benefit of the EBUS operator pre-
sent to contribute to the discussion to support clinical
decision-making. This may be particularly relevant for cases
of negative staging EBUS suggesting no evidence of medias-
tinal nodal metastases. Numerous international guidelines
recommend mediastinoscopy in cases where the suspicion
of nodal metastases remains high despite the negative stag-
ing EBUS. No definition of ‘high suspicion’ has been pro-
vided and sonographic49,81,82 or elastographic83 features can
play an important part of assessing this risk. It also provides

appropriate governance and documentation in the event of
adverse events.

For radial EBUS, whether or not the target lesion(s)
could be visualized should be recorded, including whether
the probe could be positioned within, or adjacent to the
lesion.24

DISCUSSION: Endoscopic evaluation of the mediastinal
and hilar lymph nodes, or central mass lesion occurs prior to
transbronchial needle aspiration. Sonographic features of the
lymph node which may be examined include size (generally
recorded as a short axis measurement), shape (rounded or
oval), margin (regular or irregular), echogenicity (homogenous
or heterogenous), presence or absence of a central hilar struc-
ture (CHS), and presence or absence of coagulation necrosis
sign (CNS). Features suggestive of metastatic lymph nodes are:
short axis diameter >10 mm, round shape, distinct margin,
heterogeneous echogenicity, absence of CHS, or presence of
CNS. A retrospective study of 487 patients to determine sensi-
tivity and specificity of malignant lymph node involvement for
each of these elements to be; size >10 mm had a sensitivity of
78% and specificity of 76%, round shape had a sensitivity of
88% and specificity of 76%, distinct margin had a sensitivity of
94% and specificity of 54%, absence of CHS had a sensitivity of
90% and specificity of 54%, and presence of coagulation necro-
sis sign had a sensitivity of 69% and specificity of 93%.49

7. Frequency with which patients with ACCP radiographic
group B and C (cN1/2/3) undergo systematic mediasti-
nal lymph node staging

Type of measure: process
Performance target: >95%.
Data source: procedure report, medical notes (includ-
ing imaging studies).

Systematic staging allows the most accurate establish-
ment and quantification of lymph node involvement in
NSCLC. A systematic staging EBUS is when all accessible
lymph node stations are examined sequentially beginning
with N3 nodal stations followed by N2 and then N1 stations.
Any lymph node meeting pre-defined criteria is sampled
with EBUS-TBNA. Importantly, these pre-defined criteria
vary across international guidance. The National Institute
for Health and Clinical Excellence (NICE, UK) recommends
any lymph node that is abnormal on CT, PET or during
sonographic evaluation should be sampled during systematic
staging EBUS.84 The European Society of Thoracic Surgeons
(ESTS) guidelines for pre-operative mediastinal lymph node
staging recommends any lymph node >5 mm in short axis
is sampled during systematic staging EBUS.85 A differing
strategy is a ‘targeted staging EBUS’ when only abnormal
lymph nodes identified on pre-procedure imaging
(CT/PET) are imaged and sampled during a staging EBUS
procedure. When a staging EBUS is performed, this consen-
sus statement recommends a ‘systematic’ approach is opti-
mal as it allows the most accurate establishment and
quantification of lymph node involvement in patients with
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lung cancer including CT- and PET-occult lymph node
metastases.

The American College of Chest Physicians 2013 guide-
lines on the diagnosis and staging of lung cancer suggested
four clinical groups in patients with clinical stage I–III based
on CT imaging alone which defines the optimal staging path-
way. Group A is conglomerate, bulky and invasive mediasti-
nal lymph node involvement, group B is discrete mediastinal
lymph node enlargement, group C is a central tumour or N1
lymph node enlargement with a normal mediastinum, and
group D is a peripheral tumour with normal hilar and medi-
astinal anatomy. Multiple studies demonstrate the ability of
systematic staging with EBUS to identify radiologically and
PET-occult lymph node metastases in patients with Group B
and C findings on CT chest, with potential for significant
impact on treatment decision-making in terms of suitability
for resection,44 and radiation field planning.86,87

The detection of nodal metastases during pre-operative
work-up and staging has now gained even more important
with the publication of the Checkmate 816 trial demonstrating
the significant improvements in outcomes from neoadjuvant
chemotherapy and immunotherapy prior to surgical re-
section of NSCLC with a 40% reduction in disease recurrence
or death and an 14 times higher complete pathological
response rate compared to neoadjuvant chemotherapy and sur-
gery alone.88 In the United Kingdom, NICE has recommended
treatment with neoadjuvant chemotherapy-immunotherapy
and surgery for patients with NSCLC greater than 4 cm or
with lymph node metastases. The detection of lymph node
metastases during staging EBUS is therefore critical to identify
patients eligible for this treatment and provides further support
to the recommendations made in this consensus statement.

This taskforce recommends the minimum criteria for a
systematic staging EBUS is:

• Any patient with an abnormal intra-thoracic lymph node
based on size (short axis on CT) or FDG avidity (on PET)

OR

• Any patient with a central tumour as defined in the
ACCP 2013 guidelines

WHERE

• The detection of occult nodal metastases will influence
management

This expert group agreed that virtually all patients
within ACCP group B and C would be eligible for systematic
staging EBUS within these criteria and therefore chose to
base the quality standard for systematic staging EBUS on
this cohort as a measure of high-quality patient care, whilst
leaving flexibility for other scenarios.

DISCUSSION: Consensus exists within international
guidelines that a systematic staging EBUS is indicated in any
patient with clinical stage II and III lung cancer based on

any enlarged intra-thoracic lymph node >10 mm in short
axis on CT or any intra-thoracic lymph node with increased
FDG avidity on PET-CT, and the appropriate physiological
capacity for curative-intent treatment. Systematic staging
EBUS has generally been recommended in patients with dis-
crete lymph node enlargement rather than bulky, invasive
and clearly malignant lymph nodes where the diagnosis and
nodal stage is not in doubt.

In the United Kingdom, NICE recommends a staging
EBUS is performed in any patients with suspected lung cancer
(and deemed suitable for curative intent treatment) and any
intra-thoracic lymph node measuring >1 cm in short axis or
FDG avidity above the mediastinal blood pool. ESTS guidelines
suggest further indications for staging EBUS in clinical stage I
lung cancer (adenocarcinoma subtype, primary tumour
>3 cm) even with radiologically normal hilar and mediastinal
lymph nodes.85 ACCP guidelines recommended staging EBUS
is performed for all patients in group B and C given a high
false positive and false negative rate of CT and PET imaging
for detecting nodal metastases in these groups. This consensus
statement recognizes that may also be scenarios in which
patients in group D (e.g., peripheral tumour with normal medi-
astinum on CT but the FDG avid lymph nodes on PET) and
group A (e.g., to accurately map nodal metastases86 to aid radi-
ation treatment planning87) require a staging EBUS as well.

In a prospective, multi-centre trial of systematic versus
targeted endoscopic nodal staging 229 patients were evaluated
to generate the sensitivity of systematic nodal endoscopic stag-
ing versus the hypothetical sensitivity had a targeted endo-
scopic staging procedure been performed that targeted FDG
avid lymph nodes only. The systematic staging protocol
included sampling any abnormal lymph node based on CT,
PET and sonographic assessment plus any lymph node mea-
suring >8 mm at stations 4R, 7 and 4L. Systematic staging
EBUS improved the sensitivity for N2/3 metastases to 82%
from 73% for targeted staging EBUS.89 In a retrospective study
with a similar design but involving 107 patients all of which
had PET positive N2 nodes, where the systematic staging
EBUS protocol was to sample any lymph node measuring
>5 mm, systematic staging EBUS did not increase the overall
sensitivity for the detection of N2/3 nodal metastases over tar-
geted staging EBUS, both at 94%.90 However, systematic stag-
ing EBUS provided greater granularity of nodal staging within
the cN2/3 group in 13% of patients, including the detection of
occult N3 nodal metastases that would preclude surgical re-
section in 3% and the detection of additional unsuspected N2
disease (increasing from single station to multi-station N2).
This additional granularity may influence treatment decisions
and treatment planning such as radiotherapy. This specific
benefit on radiotherapy delivery has been studied in a pro-
spective pilot study of 30 patients with locally advanced
NSCLC where systematic staging EBUS identified radiologi-
cally occult lymph node metastases in 13% of patients86 which
substantially altered radiotherapy field planning.87

Evidence regarding the impact on diagnostic sensitivity
of the number of lymph node stations sampled per proce-
dure in EBUS is variable, but favours sampling of a higher
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number of lymph nodes. In a regional study of 642 staging
EBUS procedures across three different centres in the
United Kingdom, the average lymph node stations sampled
ranged from 1.3 to 1.9. The service with the lowest average
of lymph node stations sampled reported the lowest sensitiv-
ity and the highest average was associated with the highest
sensitivity.16 A study of 1304 EBUS procedures, performed
by 10 proceduralists, evaluated the determinants of sampling
adequacy. Proceduralists with a higher average number of
lymph node stations sampled per procedure had improved
sampling adequacy.91 This result was mirrored in a
US-based procedural registry of 891 patients at six hospitals
where diagnostic yield was associated with biopsy of more
than two sites.15 In contrast, in a meta-analysis of EBUS and
mediastinoscopy (999 participants undergoing EBUS-
TBNA, 915 participants undergoing mediastinoscopy)
where pooled sensitivities were 84% and 86% respectively,
subgroup analyses demonstrated no impact on sensitivity
according to the number of lymph node stations sampled.40

The taskforce notes that multiple international thoracic soci-
ety guidelines recommend a minimum of three lymph node
sites be sampled during intra-operative staging of the medi-
astinum in order to maximize diagnostic accuracy.3,85

Intra-procedure recommended standard reporting
items

For linear EBUS

• Sonographic appearances of all lymph node stations
examined including size, shape, margin, echogenicity,
central hilar structure and coagulation necrosis sign.49,82

• Number and location of lymph node station sampled.
• Number of punctures per lymph node station.
• TBNA needle gauge used.
• Use of ROSE.

For radial EBUS

• Type of bronchoscope used (e.g., ultrathin, standard).
• Adjuncts used: guide sheath, double-hinged curette, fluo-
roscopy and navigational aids.

• Localization of lesion: Yes/No.
• If localized, probe position: within the target lesion versus
adjacent to the target lesion.

• Sampling type completed: lavage, brush, biopsy
and TBNA.

• Number of biopsies taken.
• Use of ROSE.

Linear EBUS

The number of lymph nodes sampled per procedure is consid-
ered an important metric. If the EBUS service does not meet
the recommended performance outcomes, then review of the
number of lymph node stations sampled per procedure could

form part of the action plan to improve performance. Rate of
FN EBUS findings are significantly reduced when satisfactory
samples are obtained from a minimum of three LN stations.59

Therefore, whilst no specific recommendation is possible on an
absolute number of lymph node stations to be sampled per
procedure, it is important this information is recorded for each
EBUS procedure and used to evaluate service performance and
forms part of any action plan to improve performance.

EBUS-TBNA is most commonly performed with gauge
22 needles, however, both 21- and 19-gauge needles are avail-
able. Studies examining the effect of needle gauge have not
shown any difference in diagnostic yield when a 22 gauge
needle is compared to the larger gauge54 and 19 gauge,55,56

including for lymphoma.31,57,58 Therefore, no specific recom-
mendation for needle gauge can be made, but increasing the
size of needle used might be considered as part of an action
plan if key performance indicators have not been met during
the quality assurance review. Newer endoscopic needle types
are being developed, including those designed to replicate his-
tological biopsy rather than traditional FNA.92 The role of
these newer technologies in EBUS and consideration to their
inclusion in the standards will need to be evaluated.

The utility of Rapid On-Site Cytologic Evaluation (ROSE)
in EBUS-TBNA is uncertain. A recent systematic review of
three randomized controlled trials totalling 342 participants
identified a reduced number of needle passes when ROSE
was used, but no significant improvement in diagnostic yield,
nor decrease in overall procedure time or complication rate.53

Notably, the Chest Technical Guideline for EBUS-TBNA rec-
ommends that in the absence of ROSE, a minimum of three
separate needle passes be performed per site to optimize diag-
nostic performance.60 Despite conflicting evidence, the use of
ROSE remains a feasible quality indicator. Whilst ROSE is
not considered to be a mandatory component of an EBUS
service, its implementation might be considered as part of an
action plan if key performance indicators have not been met
during the quality assurance review.

Radial EBUS

Quality indicators recommended included those previ-
ously described to be associated with increased diagnostic
yield and test sensitivity for the diagnosis of peripheral
pulmonary lesions. Overall, the pooled sensitivity for
radial EBUS in the detection of lung cancer has been
reported to range from 0.70 (95% CI 0.68–0.73) to 0.72
(95% CI 0.70–0.75),24,61 with significant study heterogene-
ity noted. Factors associated with the improved diagnostic
yield that could be incorporated as intra-procedural qual-
ity measures include the size of peripheral lesion on axial
CT, the presence of air-filled bronchus in close proximity
(Bronchogram sign) and position of the R-EBUS probe
within the target lesion.24,93 Location of the target lesion
within the lung (e.g., inner or outer lung) was considered,
but thought not to be feasible to consistently document
without clear definitions. Similarly, literature on impact
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of lesion-to-pleura distance on diagnostic performance is
conflicting.45,46,94 Consequently, the taskforce suggests
consideration of recording the distance from the lesion to
the pleura on axial CT image as this should be able to
be recorded in a standardized way.

Navigational aids including electromagnetic navigation
(EMN) bronchoscopy or CT-derived virtual bronchoscopic
navigation are associated with diagnostic yields similar to
that reported for radial EBUS.95,96 Randomized data on vir-
tual bronchoscopic navigation improving yields is conflict-
ing.97,98 Only randomized two studies have addressed EMN
in combination with radial EBUS, both suggesting modest
increases in diagnostic yield.99,100 The use of EBUS and
EMN in sequence has also been described, achieving a very
modest increase in diagnostic yield, with reduced consum-
ables cost, compared to routine use of EMN.101

More recently, novel navigational aids, including cone
beam CT102 or robotic bronchoscopy103 have been
described, including in combination.104 Early studies of both
techniques suggest diagnostic accuracy may approach
90%.103–105 These techniques should could be considered for
inclusion as an intra-procedural reporting item where used.

In a systematic review on sensitivity of radial EBUS,
ROSE was associated with increased sensitivity in lung can-
cer patients.61 One single-centre study described a high posi-
tive predictive value for NSCLC with use of ROSE
examination of radial EBUS-directed bronchial brushings,
with bronchoscopic diagnosis of 4 of 76 patients with a final
diagnosis of NSCLC the result of redirection of sampling
following initial ROSE-negative results. Procedure times
were also significantly shorter, predominantly due to obviat-
ing need for transbronchial biopsy.62

POST-PROCEDURE QUALITY INDICATORS

8. Frequency with which immediate adverse events are
observed

Type of measure: outcome
Performance target: <2%
Data source: procedure report, medical notes (includ-
ing radiology reports)

EBUS-TBNA is recognized to be a very safe procedure
with a low overall adverse event rate (Table 5). Radial EBUS
is also well tolerated (Table 5), and is recognized to have a
superior safety profile to percutaneous biopsy of peripheral
pulmonary lesions, with excellent outcomes described even
in patients with significant background lung disease.25,38

DISCUSSION: Both techniques are now widely estab-
lished as a cornerstone of diagnosis (linear and radial EBUS)
and staging (linear EBUS) of lung cancer, as well as a useful
tool when investigating other cancers or benign diseases that
affect both the lung parenchyma and the mediastinal/hilar
lymph nodes. The reported overall complication rates have
been low. Data used herein to reach the current recommen-
dations come from national registries (e.g., AQuIRE), large
prospective series and systematic reviews. However, any effort
to summarize complication rates in widely used advanced
invasive diagnostic techniques carries inherent biases and
confounders (operator skill and experience variability, prac-
tice patterns, equipment used, case selection, nature of studies
concentrating on technique efficacy instead). For example, in
early work by Casal et al., immediate sedation-related compli-
cations were reported to be as high as 17%, but in the
AQuIRE registry and the Japanese registry, the reported rate
was much lower (<1%).22,23,75 Therefore, we believe that by
having a consensus between the expert task force members
after independently reviewing the available literature compris-
ing of thousands of patients, we were able to provide a com-
prehensive recommendation of performance indicators for
both linear and radial probe EBUS.

8.1 Serious adverse events

In one of the most extensive systematic reviews analys-
ing 16,181 patients of which 9119 underwent linear EBUS,
the overall rate of serious adverse events (SAE) was
0.05%.106 In the AQuIRE registry which prospectively
included 1317 patients, the overall complication rate leading
to further intervention or hospitalization was 1.44%.22 For
radial EBUS, the most recent meta-analysis by Ali et al.,
which included 57 studies (7872 lesions), reported an overall
SAE rate of 2.8%, with pneumothorax unexpectedly being
the most common (chest drain insertion was required in
only 0.2%).24

We recommend a target of <2% for immediate SAEs for
both linear and radial probe EBUS.

9. Incidence of complications following EBUS (including
individual complications)

Type of measure: outcome
Performance target: variable—see Table 5
Data source: medical notes (including radiology
reports)

DISCUSSION:

a. Linear EBUS

T A B L E 5 Complication rates following EBUS bronchoscopy.

Complication
Performance target:
Rate of complication References

Hospitalization <1% 22,23

Bleeding

Grade 1–2 <2% 24

Grade 3–4 <1%

Pneumothorax

Linear EBUS <1% 22,23

Radial EBUS <3% 24,25

Pneumomediastinum <1% 22,23

Respiratory failure <1% 22,23,25
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Unplanned hospitalization

The incidence of immediate SAE leading to hospitaliza-
tion or intervention appears to be low in all the large pro-
spective studies and registries. In the AQuIRE registry,
6 individual centres reported an incidence of hospitalization
following EBUS varying from 0.5% to 3.26%.22 Age
>70 years, and performance of transbronchial biopsy were
associated with unplanned admission. Consistent with this
report, a Japanese registry reported the incidence of hospi-
talization following EBUS-TBNA to be 1.4%.23

We recommend a target of <1% for immediate compli-
cations requiring hospitalization.

Bleeding

The definitions of bleeding used in many registries
vary, creating some challenges in establishing overall inci-
dence. We recommend the use of the Nashville Bleeding
Scale to aid uniformity of reporting and data collection,
and a target of <2% for Grade 1–2, and <1% for Grade
3–4 bleeding.107

Incidence of major bleeding requiring either interven-
tion, intubation or hospitalization (Grade 3–4, Nashville
Bleeding Scale) in patients who had linear EBUS in the
Japanese registry study was <1%.23 For events similar to
Grade 1–2 Nashville Bleeding Scale, the incidence was <2%.
In our literature search, we did not identify any strong signal
to suggest an increased incidence of significant bleeding
when larger gauge needles were used.

Pneumothorax/pneumomediastinum

Pneumothorax incidence is very low for linear EBUS,
and varies between 0.03% and 0.5% in the existing large reg-
istries, with only a handful of cases requiring chest drain
insertion or hospitalization. Pneumomediastinum per se is
an extremely rare complication of linear EBUS, with <20
reported cases in the literature. The common theme in all
cases appears to be a pre-existing advanced interstitial or
parenchymal lung disease (fibrosis or emphysema). Conse-
quently, routine chest imaging following EBUS-TBNA is not
recommended.

We recommend a target of <1% for both pneumothorax
and pneumomediastinum.

Infection

The overall incidence of infection for both linear and
radial EBUS is very low, with mediastinitis ranging from
0.1% to 0.3%, and other infections (pneumonia, pericardi-
tis, and ‘sepsis’) appear to have similar incidence.22 The
caveat is that many registries only documented complica-
tions occurring within the first 24–48 h, potentially miss-
ing few later events. Prospective studies with longer
follow-up have suggested rates of acute infective compli-
cations may be as high as 4% in high-risk groups, with

sampling of necrotic lesions associated with highest
risk.108

We recommend a target of <1%.

Respiratory failure

Mild and transient elevation of arterial CO2 following
conscious sedation bronchoscopy may be frequently
observed,109 though significant respiratory failure requiring
ventilatory support is rare. The reported incidence does not
exceed 0.3%,22 and appears to be associated more with pre-
existing patient factors than procedural or anaesthetic
practice.110

We recommend a target of <1%.

Cardiac event/death

The incidence of significant arrythmias or death during or
immediately after linear and radial EBUS is very low. In the
AQuIRE registry, there were none reported, whereas in the
Japanese registry, three arrhythmic events occurred (0.04%),
with an overall incidence of death as low as 0.01%.23,25

b. Radial EBUS

Hospitalization

Similar to existing literature for linear EBUS, there is sig-
nificant variability in technique, skillset, patient selection
and data collection for radial EBUS. The incidence of SAE
leading to hospitalization is not specifically reported, how-
ever, the overall incidence of serious complications has been
very low. Based on the calculated assumption that only a
small proportion of SAE would require immediate hospitali-
zation, we recommend a target of <1%.

Bleeding

Minor and self-limiting bleeding appears to be the most
common complication in the published studies. The pooled
overall bleeding incidence in the meta-analysis by Ali et al.,
was 0.74% (59 bleeds in 7872 lesions sampled),24 unchanged
from initial meta-analysis published in 2011.38 As observed
in literature for linear EBUS, reporting of bleeding is not
consistent, with a handful of studies not reporting it at all,
and the vast majority of those who do report it, do not pro-
vide a consistent grading to allow a concrete target
recommendation.

We recommend the use of the Nashville Bleeding Scale to
aid uniformity of reporting and data collection, and a target
of <2% for Grade 1–2, and <1% for Grade 3–4 bleeding.107

Pneumothorax/pneumomediastinum

Pneumothorax appears to be the most common compli-
cation in radial EBUS sampling of peripheral pulmonary
lesions, with incidence of 1.7% in the AQuIRE registry, and
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2.8% in the meta-analysis by Ali et al.24,25 However, chest
drain insertion is not frequently required, with overall rates
of <0.5%. Of note, none of the variables evaluated in the
existing radial EBUS registries showed any significant asso-
ciation with the development of pneumothorax. We could
not find any specific reports for the incidence of pneumo-
mediastinum in radial EBUS.

We recommend a target of <3% for pneumothorax.

Respiratory failure

Respiratory failure is uncommon, with an incidence as
low as 0.34% (n = 2) in the AQuIRE registry of 581
patients,25 though may be higher in patients with advanced
COPD.111

We recommend a target of <1% for significant hypoxia/
respiratory failure.

Cardiac event/death

In the existing literature, there is no reported significant
arrhythmia or death related to sampling alone when radial
EBUS was used, though arrhythmia related to use of endo-
bronchial adrenaline has been reported.112

10. Frequency with which inadequate specimens are
reported from an individual lymph node station

Type of measure: outcome
Performance target: <10%
Data source: pathology reports

DISCUSSION: Adequacy of EBUS-TBNA specimens is
dependent on the target area that is being sampled, for
example, lymph nodes or lung tissue. When TBNA is per-
formed from lymph nodes, cytopathologists can categorize
the quality of the specimen depending on the numbers of
observed atypical or malignant cells, or otherwise lympho-
cytes/anthracotic material to declare benignity. Criteria have
been developed by certain groups to assist with classifying
the quality of EBUS-TBNA specimens.113 Analysing speci-
mens from lung tissue or other structures accessible via
EBUS requires appropriate cytological considerations of
when determining adequacy. In their prospective multicen-
tre review of the AQuIRE registry, Ost et al. reported sample
adequacy (per node) of 90.7%, with adequacy rates signifi-
cantly associated with lymph node size.40 A meta-analysis
comparing needle sizes (21 vs. 22 gauge) reported sample
adequacy of 89.1% with 21-gauge needles and 90% with
22-gauge needles from three studies involving 1345
patients.114

11. Diagnostic performance of EBUS

Performance targets according to indication for
EBUS are summarized in Table 6.

11.1 Diagnostic performance of EBUS-TBNA according to
indication/ACCP radiographic group

Type of measure: outcome
Performance target: variable—see Tables 6 and 7
Data source: pathology reports, (subsequent medical
notes/radiology reports where follow-up required to
confirm benign/non-diagnostic findings)

Although linear EBUS has become a validated technique
in delineating thoracic radiological abnormalities, its perfor-
mance is dependent on multiple factors. EBUS diagnostic

T A B L E 6 Diagnostic performance targets according to indication.

Final diagnosis

Performance target:
Diagnostic
sensitivity References

Linear EBUS

Lung cancer >90% 26,27

Parenchymal lung mass >90% 28

Sarcoidosis >80% 29,30

Lymphoma >65% 31–33

Tuberculosis >60%–80% 34–36

Extra-thoracic lymph node
metastases

>85% 37

Radial EBUS

NSCLC >70% 24,38,39

Lesion <2 cm >60%

T A B L E 7 Recommended minimum standards for staging EBUS according to the prevalence of N2/3 nodal metastases in the population undergoing
EBUS (from ACCP evidence-based clinical practice guidelines3,115).

Sensitivity Negative predictive value

N2/3 prevalence ACCP meta-analysis Minimum standard ACCP meta-analysis Minimum standard

>80% 96% >90% 83% >80%

60%–80% 91% >88% 83% >80%

40%–60% 87% >85% 89% >85%

20%–40% 87% >80% 95% >90%

<20% 78% >75% 96% >92%
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accuracy and sensitivity can be affected by pre-test diagnosis
probability, disease prevalence, location of area/node sam-
pled and size of area/node sampled, technical factors such as
transbronchial needle size, use of rapid on-site examination
(ROSE) and operator factors such as experience, to name
a few.

a. Non-small cell lung cancer diagnosis and staging

Performance Target: see Table 6 (diagnostic EBUS) and
Table 7 (staging EBUS).

Numerous systematic reviews evaluating the diagnostic
performance of EBUS-TBNA in the diagnosis and staging of
NSCLC have been published. Pooled sensitivity after meta-
analysis range from 79% to 93%,43,116–120 with higher sensi-
tivities reported if EBUS is combined with EUS/EUS-B.65

Importantly, as noted by the ACCP,3 sensitivity in system-
atic staging EBUS for detection of lymph node metastases
will differ according to the underlying prevalence of cN2/3
disease in the cohort examined (Table 7).

As an illustration of this, a meta-analysis of 13 studies
with 1441 patients with a radiological normal mediastinum
(cN0/cN1), and low mean prevalence of pN2/3 disease of
15%, reported a low pooled sensitivity of EBUS-TBNA for
mediastinal staging of 55% (95% CI 46%–63%).44 Prospec-
tive studies of centres performing EBUS for a mix of diag-
nostic/staging indications (i.e., patients with cN1-3, M0/1)
suggest prevalence of pN2/3 disease may range from 29% to
61%.121 As noted in this study, reduced diagnostic accuracy
may in fact reflect patient selection, emphasizing the impor-
tance of reporting diagnostic sensitivity of EBUS-TBNA in
NSCLC according to prevalence of pN2/3 disease in the
cohort examined, particularly if concerns regarding perfor-
mance exist.

The ACCP have also described radiographic groups for
lung cancer patients based on index CT of the thorax (with-
out evidence of stage 4 metastatic disease).3 Reporting of
diagnostic sensitivity according to ACCP radiographic group
(A–D) may be less resource-intensive as this feature is identi-
fiable at the time of EBUS, and therefore can be recorded in
the procedure report. Approximate prevalence of disease is
described according to radiographic group, and may aid
reporting of diagnostic performance of EBUS-TBNA.122

b. Non-small cell lung cancer central parenchymal lesions

Performance Target: Sensitivity ≥90%.
Kuijvenhoven et al. performed a systemic review of

EBUS-TBNA diagnosis of central lung tumours and found a
pooled sensitivity of 91% (95% CI 88–94%) from
14 studies.28

c. Lymphoma diagnosis

Performance Target: Sensitivity ≥65%.
DISCUSSION: The use of EBUS-TBNA in mediastinal

lymphoproliferative disease from a diagnostic perspective

has always been questioned, but offers the benefits of
being less invasive than surgery. One systematic review
has been performed by Labarca et al. From their meta-
analysis of 14 studies (425 patients), they found a pooled
sensitivity of 66.2% (95% CI 55%–75.8%) with use of
either 21 or 22-gauge TBNA needles.32 New diagnosis of
lymphoma had a pooled sensitivity of 67.1% (95% CI
54.2%–77.9%), while recurrence was higher at 77.8%
(95% CI 68.1%–85.2%).32 Crucial also is the ability to sub-
type the lymphoma, with pooled results of 63.9% (95% CI
49.9%–78%) further supporting its role as a first-line
investigation.105 Use of 22-gauge needles had a sensitivity
of 82.3% (95% CI 73.6%–88.6%) compared to 63.8% (95%
CI 49.6%–75.9%) with the 21-gauge, but 10/14 studies
used the smaller needle size.105 Limited evidence suggests
the use of larger 19 gauge needles does not appear to fur-
ther improve diagnostic performance in lymphoma.31 The
CHEST guideline for EBUS-TBNA found a pooled diag-
nostic accuracy of at least 68.7% (95% CI 61.9%–75.5%)
in lymphoma for EBUS-TBNA.60

d. Sarcoidosis diagnosis

Performance Target: Sensitivity ≥80%.
DISCUSSION: Sarcoidosis is a differential for mediasti-

nal lymphadenopathy, either detected incidentally or from
the investigation of sarcoidosis-associated systemic symp-
toms. Trisolini et al. performed a meta-analysis of EBUS-
TBNA in sarcoidosis and found a pooled sensitivity of 84%
(95% CI 79%–88%) and diagnostic yield of 79% from the
14 selected studies (2097 patients).123 A meta-analysis by
Hu et al. of 14 studies (1823 patients) about the different
bronchoscopic modalities used in sarcoidosis found EBUS-
TBNA had a diagnostic yield of 83.1%, which further
increased to �90% when combined with endobronchial and
transbronchial biopsies.124

e. Tuberculosis diagnosis

Performance Target: Sensitivity ≥80%, Diagnostic
Yield ≥80%.

DISCUSSION: Tuberculosis can present with a spec-
trum of thoracic abnormalities including parenchymal
changes and mediastinal lymphadenopathy (tuberculous
lymphadenitis). Tuberculous lymphadenitis is present in
�35% of patients with tuberculosis.125 Yield from EBUS-
TBNA is linked to local prevalence of the infection. Two
systematic reviews have been performed in this area, both
identifying pooled sensitivity of 80%–85%.126,127 Use of a
composite clinicopathologic diagnostic approach may
improve yield.34

11.2 Diagnostic performance of radial EBUS for diagnosis
of peripheral pulmonary lesions

Type of measure: outcome
Performance target: variable—see Table 6
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Data source: pathology reports, (subsequent medical
notes/radiology reports where follow-up required to
confirm benign/non-diagnostic findings)

Different measures may be used to report diagnostic
outcomes.

DISCUSSION: Single-centre institutions propose sensi-
tivity results above 60% for all peripheral pulmonary lesions,
with considerable variability in diagnostic yields.45,47 Diag-
nostic sensitivity and accuracy are increased when sampling
lesions with a bronchus sign and a solid radiological pat-
tern.46 Rapid on-site cytologic evaluation may improve diag-
nostic performance.48,62

Systematic reviews suggest a sensitivity above 70% for
radial EBUS for the diagnosis of malignant peripheral pul-
monary lesions; a meta-analysis including 1420 patients
identified a specificity of 1.00 and point sensitivity of 0.73
for the detection of lung cancer.38 Malignant diagnosis is a
predictor for a higher diagnostic yield.79 Lower diagnostic
sensitivity is reported for lesions smaller than 20 mm,38,39 A
minimum size suitable for EBUS is not described, though
studies very rarely include patients with lesions <10 mm
and it is suggested diagnostic sensitivity for lesions below
this size is likely to be poor.

We recommend a target sensitivity of ≥70% for diagnos-
tic performance for malignancy for radial EBUS for the
diagnosis of peripheral pulmonary lesions.

12. Frequency with which tissue/specimens are inadequate
for required molecular/ancillary testing

Type of measure: outcome
Performance target: < 10%
Data source: pathology reports

Accurate subtyping and genotyping of NSCLC remains a
critical aspect of the diagnostic assessment of patients with
Stage IV NSCLC, where due to safety and ease of procedure,
EBUS-TBNA may be the sole diagnostic sampling per-
formed. The results of these tests may be pivotal to define
optimal treatment in lung cancer and are an important per-
formance indicator.

Expert guidelines in lung cancer recommend testing for
EGFR, ALK, ROS1, BRAF mutations and performance of PD-
L1 immunohistochemistry in all cases of adenocarcinoma.
RET, MET exon 14 skipping and NTRK1/2/3 may also be
considered, although each of these mutations accounts for
approximately 1% of all adenocarcinoma cases.128

Not all patients in whom EBUS is performed will require
molecular subtyping (e.g., TBNA of central mass), hence the
performance target is chosen to describe the rate of inade-
quate cases (rather than the rate for which patients have
molecular testing successfully performed).

DISCUSSION: Although there is considerable vari-
ability between different studies, the available evidence

F I G U R E 1 Quality standards
(performance targets) for adequacy of
pathological specimens obtained during
EBUS-TBNA, and need for repeat biopsy
procedure. Need for repeat biopsy may arise
due to either lack of diagnostic tissue OR due
to insufficient tissue to complete all required
further sub-typing and genotyping testing
(Quality Indicator #12).
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suggests that molecular analysis is feasible in 90% to over
95% of successfully sampled malignant lesions.121,129 In a
systematic review and meta-analysis examining 2698
patients, the pooled probability of obtaining a sufficient
sample for molecular testing by EBUS-TBNA was
94.5%.130

Equally, multi-centre studies confirm that over 94% of
EBUS-TBNA specimens are suitable for PD-L1 testing,131

and that testing on EBUS-TBNA cell block specimens with
adequate cellularity demonstrates high agreement
with paired histology specimens in NSCLC.132 Limited evi-
dence to date suggests that a 19G TBNA needle may provide
more adequate material for molecular analysis.58,133

It is also important to record the number of repeat pro-
cedures required to provide additional tissue which is a
marker of quality, as well as of poor patient experience
(quality indicator also <10%). The need for a repeat proce-
dure (including mediastinoscopy) may arise due to either
inadequate specimen or inadequate tissue to complete
required molecular testing (Figure 1).

We recommend a target of <10% for tissue specimen
inadequacy, and <10% need for repeat biopsy for linear
probe EBUS.

DISCUSSION AND CONCLUSION

The development and widespread uptake of EBUS has revo-
lutionized patient care. The excellent safety profile of EBUS
and overall high diagnostic performance of EBUS have sup-
ported the successful introduction of the techniques into
institutions worldwide. Techniques differ between centres,
and significant variance in clinical outcomes suggests that
some patients may not be receiving the highest quality care.
Although the impact of a sub-optimal EBUS may not be cat-
astrophic (e.g., non-diagnostic procedure, minor pneumo-
thorax), the collective outcome in delayed diagnoses,
increased number of procedures, increased healthcare
resource utilization cannot be discounted.

This expert panel statement is intended to provide a qual-
ity improvement framework to Interventional Pulmonologists
internationally, regardless of the setting of their practice. We
have identified 12 quality Indicators in the performance of
EBUS bronchoscopy, and identified minimum performance
standards, based on published literature. It is not intended
that every measure be used in every setting for every proce-
dure. Where resource constraints limit the ability of centres
to address every proposed quality indicator, emphasis should
be placed on outcome measures, which have the clearest rela-
tionship with important clinical outcomes.

Standardized reporting of procedures is central to efforts
in quality improvement. Inconsistent procedural reporting
results in significant challenges to internal audit and exter-
nal benchmarking, thus limiting opportunities for quality
improvement. In contrast, consistent procedural reporting
in performance of endoscopic ultrasound has demonstrated
in quality indicator adherence by ensuring comprehensive

documentation while limiting error.122 Significant variation
in reporting of EUS is well recognized,28 though no such
evidence exists for EBUS bronchoscopy.

The taskforce aimed to provide recommended stan-
dard reporting items to improve ease of audit, and to pro-
vide consistent terminology to allow communication and
benchmarking between centres. Such items may comprise
mandatory fields in centres where electronic reporting is
standard, however it is not expected that all items be
recorded for all cases at all centres. Reporting templates
should be developed for individual institutions following
consideration of local factors including patient profiles
(e.g., proportion of diagnostic vs. staging EBUS) and local
resource constraints.

Key to the success of these indicators is that they are
practical to measure and have clear connection to clinically
meaningful outcomes. As noted above, having a perfor-
mance measure (quality indicator) does not result in
improved health outcomes per se: in order to improve qual-
ity, it is essential to measure local performance regularly
against this benchmark. It is equally important that this
mechanism not be used to ‘punish’ those not meeting mini-
mum performance criteria. Instead, internal audit is encour-
aged to ensure optimal performance is being achieved and
where outcomes are not consistent with published literature,
internal review may allow identification of opportunities for
quality improvement in EBUS.

In conclusion, this statement is intended to provide a
framework for individual proceduralists to assess the quality
of EBUS they provide their patients through identification
of clinically relevant, feasible quality measures. We hope
that routine measurement of quality indicators and stan-
dardization of reporting will improve the overall care of
patients undergoing EBUS. Quality improvement is an
ongoing iterative process and as such we expect this docu-
ment to also evolve over time as future studies identify other
valuable markers of high-quality care.
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APPENDIX A

TAB L E A 1 Outcome of voting Delphi round 1.

Quality indicator
Type of
measure

%½ agree or
strongly agreea Outcome of round

Domain: PRE-PROCEDURE INDICATORS

1. Frequency with which indication for EBUS is documented in the
procedure report

Process 90 Accept

2. Frequency with which consent is obtained, including specific
discussions of risks associated with EBUS, and fully documented

Process 80 Discussà reword and new voting round

3. Frequency with which EBUS examinations are performed/supervised
by trained Interventional Pulmonologists

Process 80 Discussà reword and new voting round

4. Frequency with which a sedation plan is documented Process 60 Discussà reword and new voting round

5. Frequency with which imaging is available from within 4 weeks of
date of procedure

50 Discussà reword and new voting round

Domain: INTRA-PROCEDURE INDICATORS

6. Frequency with which anaesthetic management is recorded Process 80 Discussà accept

7. Frequency with which the appearance of relevant structures, specific
to the indication for the EBUS, is recorded

Process 80 Discussà combined with QI #8 for new
voting round

8. Frequency with which photo-documentation of sites/lesions of
interest is included in procedure report

Process 60 Discussà combined with QI #7 for new
voting round

9. Number of lymph nodes sampled per procedure Process 90 Accept

10. Frequency with which patients with ACCP radiographic group B
and C (cN1/2/3) undergo systematic mediastinal LN staging.

Process 90 Accept

Domain: POST-PROCEDURAL INDICATORS

11. Frequency with which immediate adverse events are observed. Outcome 90 Accept

12. Frequency of unplanned admissions to hospital following procedure Outcome 60 Discussà reword and new voting round

13. Incidence of complications following EBUS (including individual
complications)

Outcome 80 Discussà accept

14. Frequency with which inadequate specimens are reported from an
individual LN station

Outcome 90 Accept

15. Diagnostic accuracy and sensitivity for performance of EBUS-TBNA
according to indication/ACCP radiographic group

Outcome 100 Accept

16. Frequency with which tissue/specimens are inadequate for required
molecular testing

Outcome 90 Accept

17. Pathology pathway time (median—days) from biopsy to formal
pathology report including molecular testing results

Process 30 Reject

18. Diagnostic yield and sensitivity of radial EBUS for diagnosis of
peripheral pulmonary lesions

Outcome 80 Discussà accept

19. Incidence of delayed complications1 Outcome 20 Reject

20. Measures of patient experience (?frequency with which patient
satisfaction is recorded)

40 Reject

a10 taskforce members participated in the first Delphi round.
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T A B L E A 2 Outcome of voting Delphi round 2.

Quality indicator Type of measure Agreement Final QI #
Domain: PRE-PROCEDURE INDICATORS

1. Frequency with which indication for EBUS is documented in the
procedure report

Process Accepted in round 1 1

2. Frequency with which consent is obtained, and fully documented,
including specific discussions of risks associated with EBUS and
sedation

Process Accept 2

3. Frequency with which EBUS examinations are performed/supervised
by trained EBUS operators

Process Accept 3

4. Frequency with which a sedation plan is developed and documented
based on clinical co-morbidities and anaesthetic/sedation risks

Process Discuss (a) à accept 4

5. Frequency with which imaging is available from within 4 weeks of
date of procedure for patients with suspected/known malignancy

Process Reject (b)

Domain: INTRA-PROCEDURE INDICATORS

6. Frequency with which anaesthetic/sedation management is recorded Process Accepted in round 1 5

7. Frequency with which the appearance of relevant structures, specific
to the indication for the EBUS, is recorded. Photo-documentation
should ideally be performed to aid review of results by
colleagues/MDT

Process Accept (with rejection
of photo-
documentation)

6

8. Frequency with which photo-documentation of sites/lesions of
interest is included in procedure report

Process Reject (c)

9. Number of lymph nodes sampled per procedure (for staging EBUS) Process Accepted in round 1d

10. Frequency with which patients with ACCP radiographic group B
and C (cN1/2/3) undergo systematic mediastinal LN staging

Process Accepted in round 1 7

Domain: POST-PROCEDURAL INDICATORS

11. Frequency with which immediate adverse events are observed. Outcome Accepted in round 1 8

12. Frequency of unplanned admissions to hospital following procedure Outcome Reject

13. Incidence of complications following EBUS (including individual
complications)

Outcome Accepted in round 1 9

14. Frequency with which inadequate specimens are reported from an
individual LN station

Outcome Accepted in round 1 10

15. Diagnostic accuracy and sensitivity for performance of EBUS-TBNA
according to indication/ACCP radiographic group

Outcome Accepted in round 1e 11a

16. Frequency with which tissue/specimens are inadequate for required
molecular testing

Outcome Accepted in round 1 12

17. Pathology pathway time (median - days) from biopsy to formal
pathology report including molecular testing results

Process Rejected in round 1

18. Diagnostic sensitivity for malignancy of radial EBUS for diagnosis
of peripheral pulmonary lesions

Outcome Accepted in round 1e 11b

19. Incidence of delayed complications Outcome Rejected in round 1

20. Measures of patient experience (?frequency with which patient
satisfaction is recorded)

Outcome Rejected in round 1

aAccepted following subsequent discussion.
bRejected as a marker of quality. Recommended for consideration as standard reporting item.
cRe-worded for inclusion in the SRE’s.
dSubsequently discussed as not a marker of quality, though should be examined in aggregate as a potential factor if the minimum target performance of EBUS-TBNA not met.
eItems 15 and 18 merged to form one quality item on diagnostic performance.
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