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Background: The diagnostic yield of electromagnetic navi-
gation bronchoscopy (ENB) is impacted by biopsy tool
strategy and rapid on-site evaluation (ROSE) use. This
analysis evaluates usage patterns, accuracy, and safety of
tool strategy and ROSE in a multicenter study.

Methods: NAVIGATE (NCT02410837) evaluates ENB
using the superDimension navigation system (versions 6.3
to 7.1). The 1-year analysis included 1215 prospectively
enrolled subjects at 29 United States sites. Included
herein are 416 subjects who underwent ENB-aided biopsy
of a single lung lesion positive for malignancy at 1 year.
Use of a restricted number of tools (only biopsy forceps,
standard cytology brush, and/or bronchoalveolar lavage)
was compared with an extensive multimodal strategy
(biopsy forceps, cytology brush, aspirating needle, triple
needle cytology brush, needle-tipped cytology brush, core
biopsy system, and bronchoalveolar lavage).

Results: Of malignant cases, 86.8% (361/416) of true pos-
itive diagnoses were obtained using extensive multimodal
strategies. ROSE was used in 300/416 cases. The finding of

malignancy by ROSE reduced the total number of tools
used. A malignant ROSE call was obtained in 71% (212/
300), most (88.7%; 188/212) by the first tool used (49.5%
with aspirating needle, 20.2% with cytology brush, 17.0%
with forceps). True positive rates were highest for the biopsy
forceps (86.9%) and aspirating needle (86.6%). Use of
extensive tool strategies did not increase the rates of pneu-
mothorax (5.5% restricted, 2.8% extensive) or broncho-
pulmonary hemorrhage (3.6% restricted, 1.1% extensive).

Conclusion: These results suggest that extensive biopsy
tool strategies, including the aspirating needle, may
provide higher true positive rates for detecting lung
cancer without increasing complications.
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E lectromagnetic navigation bronchoscopy
(ENB) is an image-guided approach to access

peripheral lung lesions and aid in the collection

DOI: 10.1097/LBR.0000000000000740

Received for publication July 15, 2020; accepted November 17, 2020.
From the *Department of Pulmonary, Allergy and Critical Care Medicine, Cleveland Clinic; ¶Department of Thoracic and Esophageal Surgery, University

Hospitals, Cleveland, OH; †Department of Pulmonary and Critical Care Medicine, Massachusetts General Hospital, Harvard Medical School, Boston,
MA; Departments of ‡Surgery; ††Interventional Pulmonology, Section of Thoracic Surgery, Inova Health System, Virginia Cancer Specialists, Fairfax, VA;
§Department of Pulmonary & Critical Care Medicine, Pinehurst Medical Clinic and First Health Moore Regional Hospital, Pinehurst; ‡‡Department of
Pulmonary Care, Atrium Health and Levine Cancer Institute, Charlotte, NC; ∥Department of Pulmonology, Blount Memorial Physicians Group Alcoa;
**Department of Interventional Pulmonology, Vanderbilt UniversityMedical Center, Ingram Cancer Center, Nashville, TN; #Department of Lung Cancer
Clinic, University of Michigan, Ann Arbor, MI; Departments of §§Biostatistics; and ∥∥Medical Affairs, Medtronic, Minneapolis, MN.

Present address: Gregory P. LeMense, MD, Bozeman Health Pulmonary Medicine, Bozeman, MT.
Presented at the CHEST annual meeting in New Orleans, LA on October 23, 2019 (Gildea et al, CHEST. 2019;156:A827–A829).
Study sponsored and funded by Medtronic. All authors (or their institutions) received research grant support from Medtronic to conduct this study.

Biostatistical analysis was provided by Haiying Lin of Medtronic. Medical writing support was provided by Kristin L. Hood, PhD of Medtronic in
accordance with Good Publication Practice (GPP3) guidelines and under full direction of the authors.

Disclosure: Dr E.E.F. reports consultant fees from Medtronic and Boston Scientific, and a research grant from Intuitive Surgical. Dr T.R.G. reports travel funds
from Medtronic. Dr S.J.K. reports consultant fees from Medtronic. Dr G.P.L. reports consultant fees from Medtronic. H.L. and Dr J.S.M. are full-time
employees of Medtronic. Dr A.K.M. reports consultant fees fromMedtronic. Dr M.A.P. reports speaking, consulting, or research payments fromMedtronic,
Auris Health, BodyVision, Intuitive Surgical, Philips, Biodesix, AstraZeneca, Johnson and Johnson, Boehringer Ingelheim, United Therapeutics, Actelion,
Inivata, and Boston Scientific. Dr O.B.R. reports consultant fees from Medtronic. Dr J.S. reports consultant fees from Somnoware Sleep Solutions. For the
remaining authors there is no conflict of interest or other disclosures.

Reprints: Thomas R. Gildea, MD, Cleveland Clinic, Mail Code M2-141 9500 Euclid Avenue Cleveland, OH 44195 (e-mail: gildeat@ccf.org).
Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article distributed under the terms of the Creative

Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

ORIGINAL INVESTIGATION

174 | www.bronchology.com J Bronchol Intervent Pulmonol � Volume 28, Number 3, July 2021

mailto:gildeat@ccf.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


of biopsy samples. ENB can be used to guide
bronchoscopic sampling tools such as forceps,
aspiration needles, and cytology brushes through
an extended working channel. The pooled diag-
nostic yield estimates of ENB have been reported
at 65% to 74% in meta-analyses,1,2 with a pooled
sensitivity of 77%.3 However, across individual
studies, the diagnostic yield of ENB varies con-
siderably, from 33% to 97%.4

Variation in diagnostic yield across ENB studies
is dependent upon many factors. These may include
computed tomography-to-body divergence,5 lesion
size,6–10 lobar location,9–12 the presence of a bron-
chus sign,11,13 and the definition of diagnostic yield
used.14,15 Operator and procedural factors may fur-
ther impact outcomes, such as user experience,16 the
use of rapid on-site evaluation (ROSE),11,17,18 and
concurrent imaging.15,19–22 Previous studies suggest
that the diagnostic yield of bronchoscopy, including
conventional bronchoscopy,9,23,24 virtual broncho-
scopic navigation,25,26 and ENB,20,27,28 may be
related to the choice of biopsy tool. In particular,
several studies have reported higher diagnostic yield
with transbronchial needle aspiration than with
transbronchial forceps biopsy or brushing.9,20,23,24,27

In addition, the use of a multitool strategy may be
more effective than single-tool strategies.20,24,26,27

However, some operators may be concerned that use
of the transbronchial needle could increase compli-
cation rates. The safety and relative accuracy of
different biopsy tool strategies used in conjunction
with ENB have yet to be examined in a large, pro-
spective, multicenter study.

NAVIGATE is a prospective, multicenter
study that evaluated ENB usage patterns, safety,
and diagnostic yield across community and aca-
demic sites.29 Biopsy tool choice, tool order,
ROSE use and outcomes, and pathology results
by tool were prospectively captured. The objec-
tive of the current post-hoc analysis is to evaluate
the usage patterns, relative accuracy, and safety
of biopsy tool strategies used in NAVIGATE.

PATIENTS AND METHODS
This study was conducted in accordance with

the Declaration of Helsinki and all local regulatory
requirements. The protocol was approved by the
institutional review board of all participating sites.
All subjects provided written informed consent.

NAVIGATE (NCT02410837) is a prospective,
multicenter, single-arm, cohort study of ENB using
the superDimension navigation system, versions
6.3 to 7.1 (Medtronic, Minneapolis, MN).14,29–33

NAVIGATE enrolled consecutive adult subjects

undergoing ENB procedures in a real-world design
that imposed no restrictions nor suggestions on
procedural technique or the use of complementary
tools. However, unlike registry studies, NAVI-
GATE used standardized predefined endpoints and
rigorous follow-up, with independent source-data
verification in ∼25% of subjects.14 All follow-up
diagnostic procedures and imaging were pro-
spectively captured through 12 months after the
ENB procedure, as previously described.14

The current post-hoc subgroup analysis includes
subjects from the United States cohort with a true
positive malignancy diagnosis in a single lung lesion
as of 12-month follow-up. The true positive subset
was chosen to provide a definitive data set of known
malignant cases against which the relative efficacy of
each biopsy strategy and individual biopsy tool could
be evaluated. Inclusion of cases considered negative
for malignancy at 12 months would have con-
founded the assessment of biopsy tool strategy since
negative (nonmalignant) outcomes could have
resulted from either inaccurate localization or inad-
equate sampling; therefore, the lack of a diagnostic
outcome could not be attributed to any individual
tool or strategy.

The aim of this analysis was to evaluate the
usage patterns, accuracy, and safety of various biopsy
tool strategies in NAVIGATE. We considered a
more restricted “biopsy/brush/wash” strategy [inclu-
ding only the biopsy forceps, standard cytology
brush, and/or bronchoalveolar lavage (BAL)/wash-
ing] and a more extensive multimodal strategy
including a greater number of tools (biopsy forceps,
standard cytology brush, aspirating needle, super-
Dimension triple needle cytology brush, needle-tipped
cytology brush, GenCut core biopsy system, BAL).
The aspirating needle was included in the extensive
set because, although many consider it to be stand-
ard-of-care, it is still widely underused even in expert
centers (eg, in only 16% of cases in the AQuIRE
registry).9

The accuracy of each individual tool was also
evaluated against the final true positive malignant
diagnosis. For each evaluated lung lesion, a malig-
nant result based on the final pathology of the ENB-
aided sample for any tool was considered a true
positive result for that lesion (there were no false
positives for malignancy). The pathology results for
each individual tool were then evaluated against the
overall malignant diagnosis. Any tool yielding only
benign or inconclusive results was considered a false
negative while any tool yielding at least one malig-
nant result was considered a true positive. Lymph
node biopsies were not included in the analysis.
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Analyses were performed using SAS Version
9.4 (SAS Inc., Cary, NC). Data are summarized
by descriptive statistics. The analyses were not
prospectively powered to detect statistically sig-
nificant differences. Nonparametric Kruskal-
Wallis tests were used to compare lesion sizes and
number of unique biopsy tools between the
restricted and extensive groups.

RESULTS

Biopsy Tool Usage
As of the 1-year analysis, the NAVIGATE

US cohort enrolled 1215 consecutive subjects at
29 sites.14 The current subgroup analysis includes
416 subjects who underwent ENB-aided biopsy
of a single lung lesion that was true positive for
malignancy as of 12-month follow-up (Fig. 1).

As shown in Table 1, most NAVIGATE
patients were evaluated using extensive biopsy tool
strategies; 86.8% (361/416) of true positive malig-
nant diagnoses in NAVIGATE were obtained using
extensive strategies. Only 13.2% (55/416) of true
positive diagnoses were obtained using a restricted
number of biopsy tools that included only biopsy
forceps, cytology brush, and/or BAL/washing.
Among the 29 sites included in the analysis, 28/29
sites contributed patients to the extensive group
while 12/29 sites contributed patients to the
restricted group. However, 19/55 (34.5%) patients in
the restricted group came from a single site.

A mean of 1.8±0.8 (range: 1 to 3) unique
biopsy tools was used in the restricted group versus
3.0±1.0 (range: 1 to 6) in the extensive group
(P<0.001). As shown in Table 1, lesions evaluated
with a restricted number of biopsy tools tended to
be smaller (60% <20mm) than those evaluated with
extensive strategies (31% <20mm, P<0.001).

ROSE Usage
ROSE was available in 300/416 cases overall,

including 89.1% (49/55) and 69.5% (251/361) of
subjects in the restricted and extensive groups,
respectively. The use of an extensive biopsy tool
strategy did not increase the overall procedure
time, regardless of whether ROSE was used
(Fig. 2A). Of the subjects with ROSE available, a
malignant call was obtained by ROSE (by any
tool) in 212 out of 300 subjects, representing an
overall concordance of ROSE with final pathology
of 71%.

In cases with ROSE available, a malignant call
was obtained based on a sample from the first tool
used in 88.7% (188/212). Operators continued to use
additional tools after the first malignant ROSE call
in 81.9% (154/188) of cases, including 45.5% of
cases with 1 additional tool used, 33.8% with 2
additional tools used, 18.8% with 3 additional tools
used, 1.3% with 4 additional tools used, and 0.6%
with 5 additional tools used. However, it should be
noted that some operators continued biopsies as
ROSE samples were being evaluated such that the

FIGURE 1. Analysis Set. The NAVIGATE US cohort enrolled 1215 consecutive subjects at 29 sites. The current subgroup
analysis includes 416 subjects who underwent ENB-aided biopsy of a single lung lesion that was diagnosed as true positive
for malignancy as of 12-month follow-up. ENB indicates electromagnetic navigation bronchoscopy.
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malignant ROSE call may not have been commu-
nicated to the operator until the second or third
biopsy tool was in progress. The finding of malig-
nancy by ROSE did reduce the mean total number
of tools used compared to cases without a malig-
nant ROSE call (Fig. 2B). All 212 cases with a
malignant ROSE call achieved that malignant call
within the first 3 tools attempted.

Biopsy Tool Order and Operator Decision
Patterns

Biopsy tool order is shown in Figure 3. In
cases in which ROSE was available (n= 300), the
aspirating needle was most commonly the first

tool used [44.7% (134/300)], followed by the
biopsy forceps [19.3% (58/300)] and the cytology
brush [18.3% (55/300); Fig. 3A]. When a malig-
nant ROSE call was obtained by the first tool
used (188/300 cases), that tool was most com-
monly the aspirating needle [49.5% (93/188)]
followed by the cytology brush [20.2% (38/188)]
and the biopsy forceps [17.0% (32/188)].

As shown in Figure 3B, in cases without
ROSE available (n= 116), the biopsy forceps,
cytology brush, and needle-tipped brush were
most commonly used first, with approximately
equal frequencies (24.1%, 24.1%, and 28.4%,
respectively).

TABLE 1. Lesion and Procedural Characteristics and Adverse Events

Subjects Evaluated With a Restricted
Number of Biopsy Tools

Subjects Evaluated With an Extensive
Biopsy Tool Strategy

Tool* 55/416 (13.2) 361/416 (86.8)
Biopsy forceps 44/55 (80.0) 306/361 (84.8)
Cytology brush 34/55 (61.8) 164/361 (45.4)
Bronchoalveolar lavage/washing† 19/55 (34.5) 100/361 (27.7)
Aspirating needle NA 241/361 (66.8)
Triple needle cytology brush NA 99/361 (27.4)
Needle-tipped cytology brush NA 85/361 (23.5)
Core biopsy system NA 75/361 (20.8)

Restricted Extensive

Lesion and procedural characteristics
Lesion size (mm) 17.0 (13-31) 25.0 (18-36)
Lesions <20 mm 33/55 (60.0) 111/360 (30.8)
Upper lobe location 29/55 (52.7) 246/361 (68.1)
Lesion in peripheral third of lung‡ 36/55 (65.5) 218/361 (60.4)
Fluoroscopy used 49/55 (89.1) 331/361 (91.7)
Lesion visible on fluoroscopy 33/49 (67.3) 242/331 (73.1)
Bronchus sign present 30/55 (54.5) 238/361 (65.9)
Pure to mostly ground glass§ 1/55 (1.8) 9/360 (2.5)
General anesthesia used 53/55 (96.4) 273/361 (75.6)

Procedure-related adverse events
All pneumothorax 3/55 (5.5) 10/361 (2.8)

CTCAE grade ≥ 2∥ 2/55 (3.6) 4/361 (1.1)
All bronchopulmonary hemorrhage 2/55 (3.6) 4/361 (1.1)

CTCAE grade ≥ 2∥ 2/55 (3.6) 3/361 (0.8)

Aspirating needle not used Aspirating needle used

Procedure-related adverse events
All pneumothorax 6/175 (3.4) 7/241 (2.9)

CTCAE grade ≥ 2∥ 2/175 (1.1) 4/241 (1.7)
All bronchopulmonary hemorrhage 4/175 (2.3) 2/241 (0.8)

CTCAE grade ≥ 2∥ 4/175 (2.3) 1/241 (0.4)

Data are presented as n/N (%) or median (Q1-Q3).
*Multiple tools could be used in each subject. Represents all brands combined. Specific brands of tools used in the restricted group were the superDimension

biopsy forceps in 80.0% (44/55), the superDimension cytology brush in 52.7% (29/55), and other cytology brushes in 12.7% (7/55). Specific brands of tools used in
the “Extensive” group were the superDimension biopsy forceps in 80.6% (291/361), other biopsy forceps in 6.4% (23/361), the superDimension cytology brush in
38.2% (138/361), other cytology brushes in 8.3% (30/361), the superDimension aspirating needle in 65.1% (235/361), other aspirating needles in 1.9% (7/361), the
superDimension triple needle cytology brush in 27.4% (99/361), the superDimension needle-tipped cytology brush in 17.5% (63/361), other needle-tipped cytology
brushes in 6.1% (22/361), and the GenCut core biopsy system in 20.8% (75/361).

†Bronchoalveolar lavage/washing is considered a “biopsy tool” for the purposes of this analysis only.
‡A lesion that is located in the outer third of the lung and difficult to reach by traditional bronchoscopy.29

§Suzuki Class 1 or 2.
∥Requiring intervention (eg, chest tube) or hospitalization according to the Common Terminology Criteria for Adverse Events (CTCAE).
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Site-specific biopsy tool usage trends in sites
enrolling 25 or more subjects are shown in
Figure 4. A wide variety of tools strategies can be
seen among the individual NAVIGATE sites.
Some sites used the same tools in the same order
for every case (as exemplified by the top row of
Fig. 4), while other sites used more varied patterns
(as exemplified by the bottom row).

Biopsy Tool Accuracy
By design, all lesions included in this analysis

were ultimately proven to be positive for malignancy
based on final pathology results of the ENB-aided

sample. The true positive rates of each individual
tool by ROSE and final pathology are shown in
Figure 5. Either the aspirating needle or the biopsy
forceps were used in 392/416 subjects and 1 or both
of those tools obtained a malignant result in 92.9%
of cases (364/392), although not exclusively. The
aspirating needle and biopsy forceps had the highest
concordance rate between ROSE and final pathol-
ogy (Fig. 5A) and the highest true positive rates
(Fig. 5B). True positive rates by biopsy tool did not
significantly differ based on lesion size or lobe loca-
tion, with the exception of lower true positive rates
for lavage/washing in lesions<20mm [42.9% (15/35)]

FIGURE 2. Procedure Time and ROSE Usage. ROSE was available in 72.1% (300/416) of cases overall. A, The use of an
extensive biopsy tool strategy did not increase the overall procedure time, regardless of whether ROSE was used. The
overall median procedure time (bronchoscope in to bronchoscope out) was 50 minutes. B, Finding of malignancy by
ROSE reduced the mean total number of tools used compared with cases without a malignant ROSE call. Among all 416
subjects included in the analysis, a mean of 2.9±1.1 biopsy tools were used (range: 1 to 6 tools). ROSE indicates rapid on-
site evaluation.

FIGURE 3. Biopsy tool order. Tool order in subjects with rapid on-site evaluation available (A, n=300) and subjects
without rapid on-site evaluation available (B, n=116). BAL indicates bronchoalveolar lavage.
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versus lesions ≥20mm [65.1% (54/83), P=0.04].
There was a trend toward lower true positive rates in
lesions <20mm for the core biopsy system [76.5%
(13/17) vs. 86.0% (49/57)] and the needle-tipped
brush [72.7% (16/22) vs. 84.4% (54/64)] and in upper
lobe versus lower lobe lesions for the triple needle
brush [58.3% (21/36) vs. 77.3% (51/66)]. To assess the
relative contribution that each individual tool had on
the efficacy of the multimodal strategy, an analysis
was conducted in which each tool was “ignored” in
the analysis in turn (Fig. 5C). Within the multimodal
strategy, the tools that had the greatest impact on
outcomes were the biopsy forceps and the aspirating
needle: the true positive rate was increased by 9.3%
by adding the biopsy forceps to the tool strategy and
by 5.8% by adding the aspiration needle. Removing
both the biopsy forceps and the aspiration needle
from the multimodal strategy would have reduced
the true positive rate by 13.5%. The impact of other
tools is shown in Figure 5C. In cases with a

malignant diagnosis missed by both the biopsy for-
ceps and the aspirating needle, 17.9% (5/28) were
ultimately obtained by the standard cytology brush
alone, 3.6% (1/28) by the triple needle brush alone,
10.7% (3/28) by the needle-tipped brush alone, 7.1%
(2/28) by the core biopsy system alone, 7.1% (2/28)
by washing alone, and the remainder by a combi-
nation of the nonforceps/non-needle methods.
Complications

Procedure-related adverse events are shown in
Table 1. Use of an extensive number of biopsy tools
or use of the aspiration needle did not increase
complication rates. No differences were observed
based on individual tools used; however, since >1
tool was used in most patients it is difficult to
ascribe adverse events to any individual tool.

DISCUSSION
This NAVIGATE post-hoc analysis suggests

that extensive biopsy strategies were favored by

FIGURE 4. Site-specific tool usage. Trending plots in sites enrolling 25 or more subjects, showing the first, second, third,
etc., tools used in each case across the x-axis and subject count on the y-axis. Consistently peaked patterns indicate that
the same tools were used in the same order for every subject. For example, site 1 used the aspirating needle first, the
cytology brush second, and the biopsy forceps third in all 11 subjects that site contributed to the analysis set. In contrast,
a more varied pattern was used in site 16, with the first tool being the triple needle cytology brush in 53% of cases, the
aspirating needle in 35%, the cytology brush in 6%, and the needle-tipped brush in 6%.
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US investigators and yielded the majority of true
positive diagnoses. These observations are con-
sistent with a meta-analysis of 40 ENB studies in
which the sensitivity for malignancy significantly
increased with the number of biopsy tools used,
levelling off after 4 sampling tools.3 Within the
multimodal strategy, the aspirating needle and
biopsy forceps had the highest true positive rates
and the greatest impact in our analysis. However,
malignant diagnoses were missed by both the
forceps and the needle in a small proportion of
cases and instead obtained by the cytology

brushes, the core biopsy system, washing, or
some combination of these lesser-used tools.

Use of extensive biopsy tool strategies,
including use of the aspirating needle, did not
increase complication rates. These results are con-
sistent with prior reports of improved diagnostic
yield using the aspirating needle compared with
other transbronchial methods.16–18,27,28 The
AQuIRE registry reported that the aspiration
needle improved diagnostic yield compared with
transbronchial brushing, forceps biopsy, or lavage.9

Use of needle aspiration in only 16% of AQuIRE

FIGURE 5. Individual tool results. ROSE concordance (A) and true positive rates (B) for individual tools. By design, all
lesions included in this analysis were ultimately proven to be positive for malignancy based on final pathology results of
the ENB-aided sample. Any individual tool yielding only benign or inconclusive results was considered a false negative
while any tool yielding at least one malignant result was considered a true positive. C, Individual impact of each individual
tool on multimodality success. Among all 416 subjects with single lesions ultimately proven to be true positive for
malignancy, this analysis examines the impact of “ignoring” each tool in turn within the analysis. For example, if only the
biopsy forceps yielded a malignant result and all other tools yielded negative results, the overall result for that case would
be considered negative when the biopsy tool was ignored in the analysis. The impact of ignoring each tool in turn is
shown. For example, within the context of the multimodality sampling strategy, if the biopsy forceps had not been used,
9.3% of true positive malignant cases would have been missed (or in other words, adding biopsy forceps to the tool
strategy increased the true positive rate by 9.3%). ROSE indicates rapid on-site evaluation.
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subjects may have contributed to the overall low
rate of ENB-aided diagnostic yield in that study.34

The choice to put the aspirating needle in the
restricted group may be questioned by those who
consider this tool standard-of-care. However,
multiple published papers have reported low use of
the aspirating needle, even in expert centers.9,19,35,36

That disparity in the context of higher reported
diagnostic yield with the aspiration needle was one
of the driving forces of the current analysis.

There are many factors that influence biopsy
tool choice beyond the anticipated efficacy of any
individual tool. Usage patterns and market avail-
ability will be different in other countries compared
with this US analysis. Within the United States,
reimbursement advantages may influence the
choice to use the aspirating needle. There is also a
reimbursement benefit to using >1 tool,37 partic-
ularly the combination of aspirating needle, biopsy
forceps, and cytology brush. Conversely, the cost
of these additional instruments maybe a limiting
factor in the decision to use them absent clear
benefit. Nonetheless, while market availability and
reimbursement factors may impact the choice of
biopsy tools used, the current analysis suggests that
the biopsy forceps and the aspirating needle pro-
vided the highest true positive rate and together
had the largest positive impact on the overall
multimodal strategy.

The use of ROSE impacted the number of
tools required and the order of tools; however, with
no differences in safety or procedure time, the
clinical relevance of that finding may be limited.
ROSE was concordant with final pathology in only
71% of cases. This supports the perception that
many providers use ROSE as an assessment of
tissue adequacy rather than as a diagnostic tool,
although other studies have found higher ROSE
concordance rates38–40 and many factors may
affect ROSE usage and efficacy. Use of ROSE was
not a significant predictor of increased diagnostic
yield for peripheral pulmonary lesions in NAVI-
GATE (78.6% with ROSE vs. 75.8% without
ROSE).14 Similarly, a meta-analysis of trans-
bronchial needle aspiration in mediastinal lymph
nodes found no impact of ROSE on diagnostic
yield, although it did reduce the number of needle
passes and the number of additional bronchoscopic
procedures.41 In contrast, a systematic review and
meta-analysis of 15 bronchoscopy studies reported
significantly higher diagnostic yield when ROSE
was used, particularly in lesions ≤2 cm, for all
guidance modalities (fluoroscopy, endobronchial
ultrasound, and ENB).42 In the current study, the

order of tools also differed depending on whether
ROSE was used. When ROSE was available, the
aspirating needle was most commonly the first tool
used and yielded the first malignant ROSE call in
nearly 50% of cases. Without ROSE, the biopsy
forceps, cytology brush, and needle-tipped brush
were more commonly used first. Again, choice of
the aspirating needle for ROSE may be institution
specific based on factors beyond expected efficacy.
Strategies with regard to ROSE vary widely
depending on resource availability and workflow;
this variation is reflected in the real-world NAVI-
GATE data set and the overall low concordance of
ROSE with final pathology.

Regardless of the biopsy tool strategy or
number of tools used, this analysis supports the low
complication rates of ENB. Up to 6 unique biopsy
tools could be used in each subject, with many
subjects undergoing biopsy sampling with the same
tool multiple times. Use of the aspirating needle
and multiple biopsy tools are sometimes avoided
because of the perception that more aggressive
biopsy strategies may increase the risk of compli-
cations. In contrast, this analysis found no increase
in complication rates with either an extensive
strategy overall, nor with the aspirating needle in
particular. Pneumothorax and bronchopulmonary
hemorrhage rates were lower than reported for
transthoracic aspirating needle biopsy (18.8%
pneumothorax, 4.3% with chest tube, 6.4%
pulmonary hemorrhage).43 Selection bias may have
occurred in this analysis if operators chose to use
multiple tools only when the perceived risk of
complications was low (eg, lesions that were more
central, larger, or more dense, or those with better
localization with ultrasound). Nonetheless, this
analysis provides increased confidence to operators
wishing to use more extensive tool strategies to
increase the chance of diagnostic success.

While this analysis supports the use of extensive
biopsy strategies with multiple tools, including the
aspiration needle, several questions remain unan-
swered. First, because of the variety and number of
strategies used among NAVIGATE investigators,
we are unable offer a conclusive recommendation
regarding the specific order or number of passes of
biopsy tools. Institutional standards, pathologist
preferences, ROSE availability, commercial avail-
ability, and reimbursement factors all have a broad
and significant influence on biopsy tool choice.
Outcomes in the extensive group were largely driven
by the biopsy forceps and aspirating needle; speci-
alized tools used with lower frequency had a more
limited contribution and thus must be interpreted
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with caution. Second, because molecular testing was
attempted in only 31% of NAVIGATE subjects
with adenocarcinoma or non–small cell lung cancer
not otherwise specified14 and tool-specific adequacy
for molecular testing was not captured, this analysis
does not inform the most appropriate tool for
molecular analysis. The increasing requirement for
biomolecular status and need for larger tissue sam-
ples for molecular analysis will impact tool choices
and could partially explain why additional tools
were used after the first malignant ROSE call in
82% of cases. Third, the optimal biopsy tool strategy
for ground glass opacities could not be examined
because of the underrepresentation of ground glass
opacities in NAVIGATE. Finally, additional studies
will be needed to examine the impact of tool strategy
on cost-effectiveness.

Limitations
This was a retrospective post-hoc analysis of

a prospective single-arm cohort study, and
therefore was not designed to assess statistical
significance between comparison groups. This
analysis was also limited to the United States and
may not be applicable to other regions. The dis-
parity in the number of centers contributing
patients to the extensive and restricted groups, as
well as the preponderance of restricted group
patients from a single site, may have influenced
the results. The use of multiple biopsy tools in
each subject precludes a specific analysis of
complication rates and outcomes associated with
individual tools. The statistically significant dif-
ference in median lesion size between the
restricted and extensive groups may impact the
ability to compare those groups.

CONCLUSIONS
The results of this post-hoc analysis suggest

that extensive biopsy tool strategies, including
the aspirating needle, may provide higher true
positive rates without increasing complications.
While the biopsy forceps and aspirating needle
have the greatest impact, a greater number and
variety of tools may further improve outcomes.
However, future studies are needed to pro-
spectively assess the efficacy, safety, and cost-
effectiveness of individual biopsy tools.
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