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EndoBronchial UltraSound EBUS“Blind” TBNA

• 2003 meta-analysis 
found an overall 
sensitivity of 55% for 
diagnosing NSCLC1

• 2007 review by ACCP 
found an overall 
sensitivity of 78% 
(range 14-100%)2

• False negative rate 
approximately 28%

1Holty et al. Thorax 2005;60:949-955

2Detterbeck et al. Chest 2007;132:202S-220S
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Figure 2. Comparison between CT and radial-probe EBUS: a) CT of the chest, showing a 2.4 cm nodule in the left upper 
lobe; and (b) radial-probe EBUS image with well-defined, echogenic borders (probe positioned within the lesion). The 
final diagnosis in this case was non-small cell lung cancer (squamous cell lung carcinoma).

Figure 3. Comparison between CT and radial-probe EBUS: a) CT of the chest, showing a 2.5 cm nodule in the middle 
lobe; and (b) radial-probe EBUS image with the probe positioned adjacent to the lesion. The final diagnosis in this case 
was non-small cell lung cancer (adenocarcinoma).
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Summary
In many patients the optimal method of investigation of peripheral pulmonary lesions (PPL) is
not clear. We performed a prospective randomized pragmatic trial to determine the compar-
ative effectiveness of endobronchial ultrasound-guided transbronchial lung biopsy (EBUS-
TBLB) and CT-guided percutaneous needle biopsy (CT-PNB) for the investigation of PPL. Overall
complication rates were higher in those undergoing CT-PNB (27% v 3%, p Z 0.03), while diag-
nostic accuracy of EBUS-TBLB was shown to be non-inferior to that of CT-PNB.

Expected diagnostic accuracy and complication rates are likely to differ for individual
patients on the basis of specific complex clinicoradiologic factors, which will influence the
cost-benefit analysis between EBUS-TBLB and CT-PNB for individual patients. Further studies
are required to examine the effect of these factors on clinical decision-making.
Crown Copyright ª 2011 Published by Elsevier Ltd. All rights reserved.

Introduction

Peripheral pulmonary lesions (PPL) are focal radiographic
opacities that may be characterized as nodules (!3 cm) or
masses (>3 cm). While referral for lobectomy in patients
with a PPL with a very high pre-test probability of
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with topical lignocaine 2% and intravenous sedation, as
previously described.20 All procedures were performed by
a single physician (DPS) using a standard video-
bronchoscope (BF-P160, Olympus, Tokyo, Japan), with a 20-
MHz radial EBUS probe (UM-BS20e26R; Olympus, Tokyo,
Japan) and guide sheath.

Visible bronchial segments were sequentially examined
until the characteristic ultrasound signal indicating pres-
ence of solid lesions was demonstrated. The EBUS probe
was then removed and sampling instruments (biopsy
forceps, cytology brush) introduced through the guide
sheath, with sampling performed under fluoroscopic vision.
Bronchial washings were taken after performance of TBLB
and bronchial brushings. In the event that a PPL was not
located, only bronchial washings were performed.

Performance of CT-PNB

Computed tomography-guided percutaneous needle biopsy
of lung lesions was performed using CT fluoroscopy using
a 64 detector CT scanner (Siemens Sensation 64, Siemens
Healthcare. Erlangen, Germany). Twelve biopsies were
performed by consultant radiologists (JMV, SH) and four
were performed by radiology registrars/fellows.

The lung lesion was localized by a limited CT scan through
the chest. Lignocaine 1% was injected into the skin and soft
tissues to the pleural surface. A coaxial needle (Bard Tru-
Guide needle, Bard Biopsy Systems. Tempe, AZ, USA) was
introduced to the periphery of the PPL and multiple core
biopsies (Bard Biopy-Cut needle and Bard Magnum biopsy
instrument. Bard Biopsy Systems. Tempe, AZ, USA) were
obtained. In fourteen of the fifteen biopsies a 19 g coaxial
needle and 20 g core needle were used. In one patient a 17 g
coaxial needle and 18 g core needle were used.

Following each diagnostic procedure, all patients
underwent routine CXR. CT screening of patients following
PNB was not performed, and diagnosis of pneumothorax
was only made by CXR. Final diagnoses in patients in whom
procedures were non-diagnostic were determined either on
the basis of a subsequent invasive biopsy procedure, or
were presumed benign on the basis of either regression of
the PPL during radiologic surveillance, or stability during
surveillance of a minimum 12 months duration.

Statistical analysis

Continuous variables are expressed as mean ! standard
deviation, with comparison performed using an unpaired t-
test (Welch-corrected). The ManneWhitney test was used
to compare non-parametric values. Categorical variables
are presented as simple proportions and compared using
Fisher’s exact test. All reported confidence intervals are
two-sided. Sensitivity, specificity, and accuracy of the two
methods were calculated according to standard definitions,
with comparison performed using Fisher’s exact test.
Comparison between groups was performed on an as-
treated basis. A p-value of less than 0.05 was considered
significant. Analyses were performed using GraphPad InStat
3 for Macintosh (GraphPad Software, La Jolla, CA. USA).

Results

From February 7th 2008 until January 22nd 2010, 358
patients were referred to our multidisciplinary lung cancer
service for initial evaluation of a PPL. A flowchart illus-
trating the progression of consecutive unselected patients
referred for evaluation of PPL is presented in Fig. 1. At least
one exclusion criteria was met by 259 (72%) patients (see
Fig. 1).

Clinical acumen resulted in exclusion of 28 patients from
the trial. Two patients were preferentially referred for CT-
PNB as they had pleurally based PPLs felt to be more
amenable to percutaneous sampling. Twenty-six patients
were referred preferentially for EBUS-TBLB. Two of these
patients were refused by interventional radiologists con-
cerned at the risk of complications from CT-PNB (see
Fig. 2). The remaining 24 patients were declined by their
primary clinician; 23 due to concern regarding the risk of
pneumothorax complicating CT-PNB in patients with severe
COPD or bleeding complicating CT-PNB in patients on
anticoagulation, and one on the basis of an expected
diagnostic result for EBUS-TBLB in a patient with a peri-
hilar pulmonary nodule with a bronchus sign.

Eleven patients also declined to undergo randomization
to either procedure. Ten declined CT-PNB due to the risk of

Figure 1 Flow diagram illustrating progression of all patients
referred for evaluation of PPL to our multidisciplinary service
during the study period.
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accurately diagnose PPLs. The diagnostic accuracy of the
two modalities were comparable, with our results indi-
cating non-inferiority of EBUS-TBLB in comparison to CT-
PNB. Inherent in comparative effectiveness research is
comparison of both the benefits and harms between the
two procedures. Importantly, the complication rate
following CT-PNB was significantly higher than that
observed following EBUS-TBLB (27% v. 3%, p Z 0.03).

Diagnostic sensitivity for both procedures in our study is
consistent with previously published studies.2,23 A recent

meta-analysis confirmed a point sensitivity for detection of
lung cancer of 0.73 for EBUS-TBLB in investigation of PPLs,
and sensitivity in studies where prevalence of malignancy
was greater than 75% was 0.83.23 No systematic review of
CT-PNB for investigation of PPLs has been published but
evidence-based clinical practice guidelines observe that
sensitivity for detection of malignancy using CT-PNB in most
studies exceeds 90%. However, approximately 20% of
procedures were non-diagnostic,2 reflecting the lower yield
of CT-PNB in benign conditions.

Table 2 Final diagnoses in all patients undergoing minimally invasive biopsy.

Procedure Method diagnosis established

Diagnostic
EBUS (n Z 25) Adenocarcinoma 14

Squamous cell lung carcinoma 3
Small cell lung carcinoma 3
Large cell lung carcinoma 2
Non-small cell lung carcinoma 2
Mycobacterium tuberculosis 1

CT-PNB (n Z 13) Adenocarcinoma 7
Squamous cell lung carcinoma 4
Non-small cell lung carcinoma 1
Nodular lymphoid hyperplasia 1

Non-diagnostic
EBUS (n Z 7) Squamous cell lung carcinoma 2 VATS

Adenocarcinoma lung 1 CT-PNB
Adenosquamous carcinoma lung 1 VATS
Chondroid hamartoma 1 VATS
Inflammatory mass 1 Radiologic surveillancea

Metastatic breast carcinoma 1 VATS
CT-PNB (n Z 3) Inflammatory mass 2 Radiologic surveillancea

Squamous cell carcinoma 1 Bronchoscopy

EBUS e endobronchial ultrasound, CT-PNB e CT-guided percutaneous needle biopsy, VATS e Video-assisted thoracoscopic surgery.
a all lesions were observed to have resolved on subsequent CT chest.

Table 1 Demographic and clinicoradiologic data for randomized patients.

EBUS-TBLB CT-PNB p-value

Subjects 32 19
Age (mean þ SD) 71 þ 11 67 þ 12 0.193
Gender (F/M) 16/16 7/12 0.36
Sizea (cm)
Mean 2.8 þ 1.4 4.1 þ 2.1 0.026

"2 cm 12 4
>2 cm 20 12

Lobar positiona

RUL 9 6 NS
RML 2 0
RLL 5 5
LUL 10 2
LLL 6 3

Distancea (cm)
from pleura 3.2 þ 2.5 1.6 þ 1.7 0.017
from hilum 4.5 þ 2.5 4.9 þ 2.5 0.536
pleural contact 4 5 0.138

a of patients undergoing biopsy (n Z 16 for CT-PNB).
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Our findings suggest that neither modality is uniformly
preferable in the investigation of PPLs. If non-inferior in
diagnostic accuracy, EBUS-TBLB would be the preferred
procedure due to the lower complication rate. While non-
inferiority of EBUS-TBLB in evaluation of PPL is demon-
strated in our study, this applies only to clinicoradiologi-
cally similar PPLs. Clinical and radiologic features affecting
diagnostic and complication rates are well described for
both EBUS-TBLB and CT-PNB (Table 5). Individual random-
ized or cross-over trials examining the effect on diagnostic
accuracy of variation in each of these individual factors is
not feasible given the virtually infinite permutations of
these factors.

These results add to data from previous studies
regarding the effect of specific clinicoradiologic factors on
diagnostic sensitivity or complication rates. Such informa-
tion may be used to inform a clinical decision-making
algorithm to assist clinicians in selection of the most
appropriate test. The presence of features that predict
a lower diagnostic sensitivity for EBUS-TBLB may lead
clinicians to refer patients for evaluation with CT-PNB.
Alternatively, clinicoradiologic factors predicting a higher
rate of pneumothorax complicating CT-PNB may result in
selection of EBUS-TBLB as the primary investigation
modality. A significant number of eligible patients excluded
by referring physicians in our study were excluded on the
basis of such clinicoradiologic factors, suggesting that many
clinicians already make such assessments intuitively.

Cost-effectiveness models may also influence the
development of such a clinical algorithm. While diagnostic
accuracy appears equivalent, a lower complication rate
suggests that EBUS-TBLB may be the preferable test due to
a lower morbidity, and lower costs required to manage
these complications.

Strengths and limitations

The study was designed as a randomized pragmatic trial in
order to replicate usual conditions in which clinical
decision-making regarding the choice of investigation for
a PPL occurs. We believe the prospective pragmatic study
design results in a high degree of external validity. We also
carefully defined patient eligibility in order to examine the
group of patients with PPL in whom we feel insufficient
evidence exists to inform clinical decision-making and in
whom the choice between EBUS-TBLB and CT-PNB is
frequently arbitrary. We deliberately excluded patients
with suspected lung cancer in whom we believe clinical
acumen was sufficient to guide initial investigation (eg.
patients with endobronchial disease, or suspected distant
metastases).

We recognize some limitations to our study. Diagnostic
accuracy and complication rates are reported to vary
widely for both procedures.2,23 The generalizability of our
results to other patient cohorts undergoing investigation for
PPL is contingent on individual proceduralists having similar
diagnostic sensitivity and complication rates to ours.
Significant deviation from our observed outcomes may alter
the decision regarding the most appropriate initial investi-
gation for PPLs.

While 14 patients eligible for randomization declined, or
were unable, to consent, reasons for failure to randomize
were unstated in a further 20 patients. The trial design
specified that clinicians may exclude patients from
randomization if clinical acumen suggested that one
procedure was preferred, and 28 patients were excluded on
this basis. We suspect that clinical acumen similarly
determined the optimal initial investigation in a significant
proportion of these 20 patients. Although selection bias

Table 4 Comparison of radiologic features of PPLs between patients with lung cancer in whom EBUS-TBLB was diagnostic,
versus those in whom EBUS was non-diagnostic. The only factor predictive for a diagnostic procedure was the ability to locate
the lesion with the radial EBUS probe.

Diagnostic EBUS (n Z 24) Non-diagnostic EBUS (n Z 4) p-value

Lesion size (mean) 30.4 27 0.69
SD 14 10
Distance from pleura 3.5 2.0 0.27
SD 2.6 2.7
Distance from hilum 4.0 5.5 0.22
SD 2.6 3.1
Probe located within lesion 19 0 0.006

Table 3 Diagnostic performance for detection of lung cancer, and complication rates for the two study groups.

EBUS-TBLB CT-PNB p-value

Diagnostic accuracy % (95%CI) 87.5% (71e96) 93.3% (68e99) 1.0
Sensitivitya % (95%CI) 86% (68e95) 92% (62e99) 1.0
Complications

Overall 1 (3%) 4 (27%) 0.03
pneumothorax 1 (3%) 3 (20%)
admission 0 (0%) 1 (7%)
ICC 0 0
deaths 0 0

a sensitivity for the detection of lung cancer.
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