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BACKGROUND: Guided bronchoscopy is increasingly used to diagnose peripheral pulmonary
lesions (PPLs). A meta-analysis published in 2012 demonstrated a pooled diagnostic yield of
70%; however, recent publications have documented yields as low as 40% and as high as 90%.

RESEARCH QUESTION: Has the diagnostic yield of guided bronchoscopy in patients with PPLs
improved over the past decade?

STUDY DESIGN AND METHODS: A comprehensive search was performed of studies evaluating
the diagnostic yield of differing bronchoscopic technologies used to reach PPLs. Study quality
was assessed using the Quality assessment of diagnostic accuracy of studies (QUADAS-2)
assessment tool. Number of lesions, type of technology used, overall diagnostic yield, and
yield by size were extracted. Adverse events were recorded. Meta-analytic techniques were
used to summarize findings across all studies.

RESULTS: A total of 16,389 lesions from 126 studies were included. There was no significant
difference in diagnostic yield prior to 2012 (39 studies; 3,052 lesions; yield 70.5%) vs after
2012 (87 studies; 13,535 lesions; yield 69.2%) (P > .05). Additionally, there was no significant
difference in yield when comparing different technologies. Studies with low risk of overall
bias had a lower diagnostic yield than those with high risk of bias (66% vs 71%, respectively;
P ¼ .018). Lesion size > 2 cm, presence of bronchus sign, and reports with a high prevalence
of malignancy in the study population were associated with significantly higher diagnostic
yield. Significant (P < .0001) between-study heterogeneity was also noted.

INTERPRETATION: Despite the reported advances in bronchoscopic technology to diagnose
PPLs, the diagnostic yield of guided bronchoscopy has not improved.
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Take-home Points

Study Question: Has the diagnostic yield of guided
bronchoscopic techniques for peripheral lung lesions
improved over the last decade?
Results: A total of 16,389 lesions from 126 studies
were included. There was no significant difference in
diagnostic yield prior to 2012 (39 studies; 3,052 le-
sions; yield 70.5%) vs after 2012 (87 studies; 13,535
lesions; yield 69.2%) (P > .05) There was no signif-
icant difference in yield when comparing different
bronchoscopic technologies to one another. The
diagnostic yield was significantly higher in patients
with larger lesions and in those with the presence of
bronchus sign, and significantly lower in studies
which had low degree of study bias.
Interpretation: Comparing the decade prior to and
after 2012, the diagnostic yield of guided bronchos-
copy for the evaluation of peripheral lung lesions has
not improved despite reported advancements in
technology and thousands of additional patients
added to the medical literature.
Because of the ubiquitous use of diagnostic CT scan
and the implementation of lung cancer screening, the
number of pulmonary nodules detected yearly
continues to increase. A 2015 study showed that
approximately 5 million US adults undergo chest CT
scan annually, with roughly 1.5 million pulmonary
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nodules detected on those scans.1 Only a fraction
(5.2%) of these patients received a diagnosis of lung
cancer within 2 years of identification.1 Therefore, most
lesions identified are benign and may not require
invasive procedures, highlighting the importance of
appropriate diagnosis. The approach to evaluation of a
pulmonary nodule begins with the assessment of the
pretest probability of cancer (pCA) that the nodule
represents a lung cancer. Low-risk nodules with a
pCA < 5% can be managed with watchful waiting using
serial CT scan, and high-risk nodules (pCA > 65%) can
be managed with tissue biopsy or surgical excision.2

Nodules with intermediate risk (pCA between 5% and
65%) of lung cancer are considered for further
evaluation with PET scan or nonsurgical biopsy
including transthoracic needle biopsy or
bronchoscopy.2

We published a meta-analysis in 2012 which included 39
studies, involving 3,004 patients with 3,052 peripheral
pulmonary lesions (PPLs). We documented a diagnostic
yield of 70% for guided bronchoscopy with a pooled risk
for pneumothorax of 1.5%.3 Over the past 10 years,
newer technologies have emerged, and established
technologies have been used with increasing frequency
in both academic and community centers. We
undertook this study to update our meta-analysis of
guided bronchoscopy for PPLs and to determine if
advances in technology and widespread utilization have
had an effect on diagnostic yield.
Study Design and Methods
Materials and Methods

This systematic review and meta-analysis was performed according to
the Preferred Reporting Items for a Systematic Review and Meta-
analysis of Diagnostic Test Accuracy Studies statement.4

Literature Search
A database search using a predetermined search strategy (Table 1) was
performed by review authors (T. R. N., N. A. T., and G. A. S.) using the
following databases: PubMed (MEDLINE), Embase, ScienceDirect
(www.sciencedirect.com), LILACS (www.scielo.org), Clinical Trials
(ClinicalTrials.gov), Cochrane Central Register of Controlled Trials,
and Scirus (www.scirus.com/srsapp). The literature review was
stopped on August 15, 2021, but was updated to include the 24-
month follow up of the NAVIGATE trial.5 Bibliographies of
included studies and review articles were abstracted manually for
additional relevant studies to ensure that all articles were captured.

Selection of Studies

All articles identified by our search strategy were independently assessed
by two authors (T. R. N. and G. A. S.) for inclusion in this meta-analysis.
Discordance was resolved by consensus. Both prospective and
retrospective studies were evaluated for inclusion. All studies that
reported the use of any of the following technologies to evaluate PPLs
were considered for inclusion: robotic bronchoscopy, electromagnetic
navigational bronchoscopy (ENB), virtual bronchoscopy (VB), radial
endobronchial ultrasound (R-EBUS) � guide sheath (GS), and thin/
ultrathin bronchoscope � GS. All included studies documented the
diagnostic yield of guided bronchoscopy. Case reports, studies with
< 10 patients, studies that included linear EBUS, review articles,
letters, papers not available in English, or studies in which data to
calculate diagnostic yield were insufficient were excluded. When two
or more studies were published by the same author(s), the methods
sections were reviewed to ensure study dates were not overlapping. If
dates were overlapping or the authors stated explicitly that data was
derived from a previously published study, the study with the largest
sample size was included.

Data Extraction

All data were reviewed and extracted by review authors (T. R. N. and N.
T.). The following information was collected: first author, publication
year, publication type (retrospective or prospective), type of technology
used, number of participants, number of nodules, diagnosis (malignant
or benign), nodule size, number of lesions with a bronchus sign,
sensitivity of malignancy, and complications of the procedure. The
diagnostic yield was calculated from the extracted data and compared
with the reported diagnostic yield. Although most diagnoses were
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TABLE 1 ] Brief Literature Search Strategy

1. (endoscop*) AND (bronchi* OR lung OR pulmonary OR respiratory)) OR ((“Bronchoscopy”[Mesh]) OR
“Bronchoscopes”[Mesh]))

2. (“coin lesion*” OR nodule*) OR (“Solitary Pulmonary Nodule”[Mesh] OR “Multiple Pulmonary Nodules”[Mesh]))

3. (“Endoscopic Ultrasound-Guided Fine Needle Aspiration”[Mesh]) OR ( “Image-Guided Biopsy”[Mesh] OR “Surgery,
Computer-Assisted”[Mesh] OR “Video-Assisted Surgery”[Mesh] ) OR guided

4. 1 AND 2 AND 3

5. ((Title ¼ endobronchial AND Title ¼ ultrasonography) OR (Topic ¼ endobronchial AND (Topic ¼ ultrasonography OR MeSH
Heading:exp ¼ Ultrasonography))) OR [mesh] Major Topic ¼ endobronchial ultrasonography

6. ( TITLE ( ( bronchoscop* OR endoscop* ) ) AND TITLE-ABS-KEY ( ( lung OR respiratory OR pulmonary OR bronchi* ) )
AND TITLE ( ( "Coin lesion*" OR nodule* ) ) AND TITLE-ABS-KEY ( ( guided OR "ultrasound assisted" OR "video assisted"
OR "computer assisted" ) ) ) AND NOT DBCOLL ( medl* )
malignant (primary lung or metastatic disease), other benign causes of
the PPLs (eg, TB, sarcoidosis) were also considered diagnostic. The
yield by size (# 20 or > 20 mm) was recorded where available.

Quality Assessment

The Quality assessment of diagnostic accuracy of studies (QUADAS-2)
tool was used to evaluate the degree of bias of the included studies. The
tool consists of 14 signaling questions which assess two aspects of study
quality: risk of bias and applicability of the study. Risk of bias is scored
across four domains: patient selection, reference standard, index test,
and flow and timing. We tailored the QUADAS-2 questions to our
study question (Table 2). We used this approach to categorize the
included studies as either low risk (ie, low on each of the four
domains) or high risk of bias (ie, high on at least one of the four
domains). Each study was reviewed independently by two reviewers
(T. R. N., J. L., N. A. T., N. T. T., N. J. P., and J. S. W. M.). If there
was discordance in the QUADAS-2 results between the two
reviewers, it was discussed with a third reviewer (G. A. S.) until
consensus was reached. e-Appendix 1 details the QUADAS-2
findings of each study.

Statistical Analysis

The meta-analysis methodology was similar to that described in our
previous meta-analysis; the reported diagnostic yields from each
chestjournal.org
study were pooled together using a weighting scheme based on the
inverse variance of the diagnostic yield.6 Between-study
heterogeneity was assessed via the Q statistic.6 Weighted mean
diagnostic yields and their 95% CIs were reported for the entire
group of publications, and for subgroups of publications and
patient populations, including whether the publication was
included or not included in our prior meta-analysis from 2012;
whether it was deemed to have low vs high bias based on its
QUADAS-2 assessment; whether it was retrospective, prospective/
nonrandomized, or prospective/randomized; whether individual
nodules were < 20 or $ 20 mm; and what type of technology was
reportedly used in the study (ie, R-EBUS � GS, ultrathin/thin �
GS, VB, ENB, robotic, ENB þ R-EBUS, VB þ R-EBUS, ultrathin/
thin þ R-EBUS � GS, ultrathin/thin þ VB, ultrathin/thin þVB þ
R-EBUS, other combinations). Comparisons in diagnostic yield
between subgroups of studies were made using inverse variance-
weighted two-sample t tests. A paired t test was used to compare
diagnostic yields among nodules < 20 mm in diameter and on
nodules > 20 mm, for studies that reported yields for both nodule
size groups. A paired t test was also used to compare yields among
nodules in patients with bronchus present vs absent. The
proportion of studies which were deemed to be of high bias
according to the QUADAS-2 assessment was also reported across
all studies and for each technology grouping.
Results

Literature Search and Study Selection

Using the search algorithm, we identified 4,103 studies
for consideration. After thorough review, 126 studies
met the inclusion criteria. The included studies were
published between 2002 and August 2021, except for the
NAVIGATE trial 24-month results, which were
published in April 2022.5 A summary of the literature
search following the Preferred Reporting Items for a
Systematic Review and Meta-analysis of Diagnostic Test
Accuracy Studies statement is shown in Figure 1.
Study Characteristics

A total of 16,077 patients with 16,389 lesions from the
126 studies were included in this meta-analysis. Of
those, 39 studies with 3,052 lesions were included prior
to 2011 and 87 studies with 13,535 lesions were included
post-2011. Of these, 60 studies were retrospective, 55
were prospective nonrandomized, and 11 were
randomized controlled trials. Nineteen studies had two
or more arms, which resulted in a total of 149 arms
included to calculate yield. The average nodule size �
SD was 24.4 � 5.53 mm. e-Appendix 2 lists the study
characteristics and summarizes the findings for each of
the studies.

Overall Diagnostic Yield and Yield by Technology

The inverse variance weighted pooled diagnostic yield of
126 studies was 69.4% (95% CI, 0.67-0.71). Across the
studies, the diagnostic yield varied from 40% to
96.8% (Fig 2). The Q statistic, a measure of between-
study heterogeneity was 1,177.56, with 148 df
(P < .0001), indicating a high degree of heterogeneity.
1591
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TABLE 2 ] Modified Quality Assessment of Diagnostic Accuracy of Studies Questions

Domain Original Signaling Question Customized for the Purpose of Our Study

Risk of bias

Patient selection Was a consecutive or random sample of patients
enrolled?

Not changed

Was a case-control design avoided? Not changed

Did the study avoid inappropriate exclusions? If study had specific inclusion criteria (eg, size of
lesion, characteristic of lesion [ground-glass
opacities]) or included only known malignant
lesions which could alter the yield, they were
considered high risk of bias

Index text Were the index test results interpreted
without knowledge of the results of the
reference standard?

Answer was always yes

If a threshold was used, was it prespecified? Not applicable for this study

Reference
standard

Is the reference standard likely to correctly
classify the

target condition?

We included the following tests as reference
standard for corroboration of the
bronchoscopy results:

� Surgery showing same results
� CT scan-guided biopsy showing same results
� Radiologic follow up for at least 12 mo

showing stability or reduction of size of lesion
If they met any of these, then it was considered
low risk of bias

Were the reference standard results
interpreted without knowledge of the results
of the index test?

Not applicable for this study

Flow and timing Was there an appropriate interval between
index tests

and reference standard?

Not applicable for this study

Did all patients receive a reference standard? If nonmalignant lesions underwent a second test
(CT scan-guided biopsy/surgery/radiologic
surveillance for at least 1 y), they were
considered low risk of bias

Did all patients receive the same reference
standard?

Not applicable for this study

Were all patients included in the analysis? If all the patients who underwent the procedure
were included in the analysis, then it was
considered low risk. If a patient was lost to
follow up, or was excluded in the main study
after being initially included, then it was high
risk of bias. Exclusion of patients with
endobronchial disease was deemed acceptable.

Concerns about
applicability

Patient selection Are there concerns that the included patients
do not

match the review
question?

Not changed

Index test Are there concerns that the index test, its
conduct, or its

interpretation differ from the
review question?

If they used technology which is not commonly
used, then there was high concern for
applicability

Reference
standard

Are there concerns that the target condition
as defined

by the reference standard
does not match the review
question?

If at least 12 mo follow up was used as reference
standard for negative bronchoscopy, then it
was considered low concern. If no follow up
was mentioned, then it was deemed unclear.
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Records after duplicates
removed, then screened for

topical relevance
(n = 2,647)

Records screened
based on

full-text review
(n = 253)

Records excluded based on
topical relevance

(n = 2,394)

Full-text articles excluded based on full-text review: (n = 127)
Articles not available in English (n = 6)

Not given diagnostic yield (n = 25)
Review article or letter to the editor (n = 5)

Meta-analysis (n = 6)
Same author with overlapping timelines (n = 2)

Evaluates centrally located lesions (n = 43)
Using flexible bronchoscopy or linear EBUS (n = 40)

Studies included in
quantitative synthesis

(meta-analysis)
(n = 126)

Studies prior to
2011 (n = 39)

Studies post-
2011 (n = 87)

Records identified through
database search

(n = 4,103)

Figure 1 – Literature search and selection. EBUS ¼ endobronchial ultrasound.
There was no difference in diagnostic yield when
comparing studies before and after 2011 (69% vs 71%,
respectively; P > .05). Similarly, there was no significant
difference when comparing study design: retrospective
(60 studies) vs prospective nonrandomized (55 studies)
vs prospective randomized trials (11 studies)
(71% vs 68.5% vs 66.5%, respectively; P > .05). Eighty-
one studies evaluated the effect of size > 20 mm (5,948
lesions) or # 20 mm (4,707 lesions) on diagnostic yield.
The weighted diagnostic yield of lesions > 20 mm was
significantly greater than those# 20 mm (78.7%; 95% CI,
76.2-81.3 vs 58.7%; 95% CI, 55.1-62.3, respectively; P <

.001). The presence of bronchus sign was reported in 40
studies which included 4,291 lesions. The pooled
diagnostic yield for lesions with the presence of bronchus
sign was 78.6% (95% CI, 75.2-82.0), which was
significantly greater (P < .0001) than among lesions with
no bronchus sign present (51.2%; 95% CI, 45.0%-57.4%).
In our meta-analysis, diagnostic yield was strongly
correlated with prevalence of malignancy in the study
population (correlation coefficient r ¼ 0.57; P < .0001).

Diagnostic Yield by Technology

R-EBUS � GS was the most prevalent technology (5,494
lesions) followed by ENB (1,952 lesions); VB þ R-EBUS
chestjournal.org
(1,048 lesions) with robotic bronchoscopy was the least
studied technology to date (483 lesions) (Table 3). The
weighted diagnostic yield of the different technologies
when compared with each other and with the total pooled
diagnostic yield was not significantly different Table 4).

Study Quality and Diagnostic Yield

Studies with low risk of bias had a pooled diagnostic
yield significantly lower than those with a high risk of
bias (66.1%; 95% CI, 62.5%-69.7% vs 71.0%; 95% CI,
68.8%-73.3%, respectively; P ¼ .018). Table 3
summarizes the diagnostic yields of the various
subgroups that were analyzed in this meta-analysis.
Table 4 shows the proportion of studies which were
deemed to be of high bias according to the QUADAS-2
assessment and were reported across all studies and for
each technology grouping.

Safety

Complications (eg, pneumothorax, minor or major
bleeding, respiratory failure, death) were reported in 111
of 126 studies including 14,683 patients. The overall
adverse event rate was 3.9% � 3.4% with most being
pneumothorax (n ¼ 295, 2.1% � 1.9%). No episodes of
death were reported (e-Appendix 2).
1593
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Figure 2 – Overall summary of the
diagnostic yields of the studies included
in this meta-analysis. Error bars reflect
95% CIs. ID ¼ identification.

0.3 0.4 0.5 0.6

All studies combined

Diagnostic Yield (%)

S
tu

d
y 

ID
 N

u
m

b
er

0.7 0.8 0.9 1.0
Discussion
There has been widespread adoption of guided
bronchoscopy using differing technologies, all with a
singular goal—to accurately diagnose peripheral
pulmonary nodules. Here we update our previous meta-
analysis and report several findings. First, since the
publication of the previous meta-analysis, an additional
87 studies with 13,535 lesions biopsied have been added
to the literature. However, despite the additional cases
and another decade of experience with these
technologies, the diagnostic yield has not improved.
Second, size still matters and is an important predictor
of diagnostic yield with a statistically significant
20% increase in yield for lesions > 2 cm. Third, studies
with a low risk of bias reported a lower diagnostic yield
compared with those with a high risk of bias, suggesting
that how study end points are defined impacts the
diagnostic yield reported. Finally, guided bronchoscopy
remains a safe procedure with a total adverse event rate
of 4% and pneumothorax rate of 2%, making
1594 Original Research
bronchoscopy an attractive alternative to transthoracic
needle biopsy in the appropriate clinical scenario.

Although the pooled diagnostic yield in this study was
69%, there was substantial variation among studies from
a low of 40% to a high of 97%. The reasons for this are
not entirely clear; however, when analyzing the data,
some possible explanations emerge. First, the prevalence
of cancer in the study population has a significant
impact on diagnostic yield. In studies reporting higher
yields, the prevalence of lung cancer is as high as
87%,7-10 whereas when the prevalence of cancer was low,
so too was the diagnostic yield.11 Further illustrating this
point, in a single large prospective study analyzing
different bronchoscopic approaches in a population with
a cancer prevalence of 77%, the physician assessed pCA
prior to the procedure impacted the diagnostic yield.12

Patients with pCA < 10%, those with 10% to 60%, and
those with > 60% had diagnostic yields of 44%, 42%,
and 77%, respectively (P < .001).12 Therefore, a high
[ 1 6 3 # 6 CHES T J U N E 2 0 2 3 ]



TABLE 3 ] Study Characteristics and Diagnostic Yield, Summarized Across Relevant Subgroups

Publication /Patient Population No. of Study Arms
Total No. of Nodules

Included
No. of Nodules Per Study,

Median (range)
Diagnostic Yield,
Mean (95% CI)

All publications 149 16,389 65 (11-1,329) 69.4% (67.5%-71.4%)

Included in prior
meta-analysis

39 2,854 53 (13-279) 70.5% (67.3%-73.7%)

Not included 110 13,535 72 (11-1,329) 69.2% (66.9%-71.6%)

QUADAS-2: low bias 43 5,695 99 (13-581) 66.1% (62.5%-69.7%)

QUADAS-2: high bias 106 10,694 56 (11-1,329) 71.0% (68.8%-73.3%)a

Retrospective 69 7,979 84 (11-760) 71.0% (67.9%-74.0%)

Prospective, not RCT 59 5,548 54 (13-1,329) 68.5% (65.8%-71.3%)

Prospective, RCT 21 2,862 102 (20-340) 66.5% (61.0%-72.0%)

Nodule diameter, mm

< 20 81 4,707 81 (4-661) 62.5% (58.3%-66.7%)

$ 20 75 5,948 86 (9-679) 79.7% (77.1%-82.4%)b

Bronchus sign present 40 4,291 179 (7-777) 78.6% (75.2%-82.0%)c

Bronchus sign absent 36 2,223 64 (3-255) 51.2% (45.0%-57.4%)

QUADAS-2 ¼ Quality assessment of diagnostic accuracy of studies; RCT ¼ randomized controlled trial.
aP ¼ .018 when compared with the yield among publications with QUADAS-2 low bias.
bP < .0001 when compared with the yield when assessing nodules < 20 mm.
cP < .0001 when compared with the yield when bronchus sign was absent.
physician pCA prior to the procedure can, in essence, act
as a proxy for high prevalence of disease. Second, the
reported diagnostic yield from some studies may
overestimate the true yield by using poor definitions for
benign disease (eg, designating a true negative when
pathology reported nonspecific inflammation or normal
alveoli).13-19 By using the tailored QUADAS-2 tool, we
TABLE 4 ] Study Characteristics and Diagnostic Yield, Sum

Technology Used
No. of Study

Arms

Proportion of Study
Arms With High

Bias, %
Tota

Nodule

R-EBUS � GS 51 78.4 5

ENB 24 75.0 1

ENB þ R-EBUS 15 73.3 2

VB þ R-EBUS 13 76.9 1

Ultrathin or
thin þ VB

10 80.0

Ultrathin or
thin þ R-EBUS

7 42.9 1

Other
combination

7 57.1

Ultrathin or thin 6 50.0

Ultrathin þ VB
þ R-EBUS

6 16.7

Robotic 6 66.7

VB 4 100.0

ENB ¼ electromagnetic navigational bronchoscopy; GS ¼ guide sheath; R-EBU

chestjournal.org
were able to categorize studies as high and low risk of
bias.20 Most of the studies with high risk of bias had
poorly defined reference standards or poor flow and
timing. In the 33 low bias studies, predefined criteria for
a positive diagnosis and a well-defined reference
standard are documented. Some of the most
conservative (ie, low risk of bias) studies did not
marized Across Types of Technology Used

l No. of
s Included

No. of Nodules Per
Study,

Median (range) Diagnostic Yield, Mean (95% CI)

,494 83 (11-760) 70.9% (67.9%-73.9%)

,952 53.5 (13-279) 74.0% (68.6%-79.4%)

,913 56 (26-1,329) 66.5% (59.8%-73.3%)

,048 55 (12-334) 76.4% (72.7%-80.1%)

795 63 (25-167) 69.9% (62.4%-77.3%)

,133 101 (20-467) 62.6% (55.3%-70.0%)

771 63 (31-245) 64.4% (49.0%-79.9%)

770 104 (20-340) 50.2% (37.3%-63.2%)

737 152.5 (32-179) 67.3% (58.4%-76.2%)

483 56.5 (15-167) 77.6% (70.4%-84.8%)

293 60.5 (50-122) 72.4% (55.1%-89.7%)

S ¼ radial endobronchial ultrasound; VB ¼ virtual bronchoscopy.

1595

http://chestjournal.org


consider nonspecific inflammation as a positive
diagnosis,11,21-30 whereas others considered nonspecific
inflammation as positive when resolution or stability
was confirmed with a minimum follow up of
12 months.31-35 These studies report diagnostic yields
significantly lower than studies with a high risk of bias
and call into question whether diagnostic yield has been
overreported. One could argue that by taking the
conservative approach of considering only low bias
studies, the benchmark for the pooled diagnostic yield
for guided bronchoscopy should be reported out at 66%.

In a modeling exercise to assess diagnostic yield under
differing conditions, Vachani et al36 generated a
hypothetical cohort of 1,000 patients and applied various
definitions of yield. They defined nonmalignant lesions
on biopsy as either a documented specific benign
diagnosis (SBD), a nonspecific benign finding
(eg, inflammation), or a nondiagnostic result. Yield was
characterized as strict, intermediate, or liberal. Modeling
for strict criteria included malignant lesions þ SBD for
yield calculation, intermediate defined yield using
malignant lesions þ SBD þ nonspecific benign finding,
and liberal criteria included all of the aforementioned
definitions plus nondiagnostic results. The diagnostic
yields were 66.7% vs 74.1% vs 79.8% for strict,
intermediate, and liberally defined, respectively.
Therefore, the use of variable definitions of diagnostic
yield may influence the interpretation of study results
and limit the ability to compare findings across
studies.36

It is worth commenting on two published meta-analyses
which focused on single technologies, either R-EBUS or
ENB.37,38 Unfortunately, it is difficult to compare those
studies with this analysis because they have moved away
from calculating diagnostic yield and instead report the
sensitivity and specificity of malignancy as end
points.37,38 The R-EBUS meta-analysis included 51
studies with 7,601 patients and had a pooled sensitivity
for malignancy of 72% (95% CI, 70%-75%).37 Folch
et al38 performed a meta-analysis on ENB which
included 40 studies with 3,342 patients and had a pooled
sensitivity for malignancy of 77% (95% CI, 72%-82%).
Both meta-analyses noted a high degree of between-
study heterogeneity. How to reconcile their findings
with ours is difficult because the end points were
different. Diagnostic yield remains the most frequently
used metric reported in the literature to assess the
performance of bronchoscopy; however, there remains
no standardized approach to measurement of this
1596 Original Research
outcome in these studies. A uniformed approach to
how diagnostic yield is defined and used in
comparative studies of bronchoscopic technologies is
needed, and work is underway by professional
societies to fill this gap.

This study has limitations. Some studies reported
diagnostic yield in best- and worst-case scenarios based
on strict and liberal inclusion of nonspecific
inflammation in diagnostic yield calculations.5,39 We
selected the stricter criteria for inclusion in yield
calculation which provides a more conservative estimate
of diagnostic yield. In addition, studies could have been
classified as high bias because length of follow up was
not documented after nonspecific inflammation was
reported. Finally, our study methodology excluded non-
English articles. This study focused on bronchoscopic
technologies and not necessarily the adjuncts to it.
Studies using additional imaging tools (eg, cone beam
CT scan) have been reported; although we have included
5 studies which used cone beam CT scan as an adjunct
imaging tool, there were not enough data to formally
review for inclusion as a separate additional
technology.17,27,40-42 This study also has several
strengths. It includes > 16,000 patients, making it the
largest meta-analysis assessing diagnostic yield of guided
bronchoscopy for PPLs in the medical literature.
Additionally, it covers 20 years of published data and
compares differences between two decades of work.
Finally, this study explores predictors of yield.

Placing these findings into clinical context is
challenging. We have previously suggested that
improvements in diagnostic yield will depend on three
likely interrelated factors: technique, technology, and
patient selection.12 The proportional contribution of
each is impossible to discern; however, this study
continues to inform the topic. We have no way of
knowing how much physician technique influences yield
from this study because physician volume or training is
not recorded; however, previous studies in the surgical
literature have shown a volume outcome
relationship.43,44 This study did compare five
technologies either alone or in combination and none
outperformed the other. Furthermore, despite thousands
of additional cases, four of the five procedure types
showed no improvement in yield over time, suggesting
that the technology has not significantly improved. The
fifth and most recently added modality, robotic
bronchoscopy, is too new to the field to assess
improvements in yield over time. Several findings in this
study do support the notion that patient selection
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remains an important factor in whether or not the
diagnostic yield will be high. Those with larger lesions,
those with a bronchus sign leading to the lesion, and
bronchoscopies performed in populations where the
prevalence of malignancy is high are more likely to yield
a positive result as opposed to when some or all of those
parameters are absent.

Interpretation
As we look toward the next decade with an attempt to
move the needle (pun intended) for guided
bronchoscopy, this study provides a roadmap by
highlighting the importance of study design and
execution. Well-designed comparative effectiveness
trials with standardized definitions of diagnostic yield
are needed. Other end points are similarly important but
have yet to be captured in a systematic way. These
include, but are not limited to, patient-level outcomes
(eg, anxiety), need for second biopsy procedures, delay
in diagnosis, and total cost. The diagnostic yield for
bronchoscopy remains stuck at 70% despite an
chestjournal.org
additional 10 years of advancements and thousands of
additional cases. Doing more of the same is unlikely to
improve this result.
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