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BACKGROUND: Flexible bronchoscopic procedures are currently the most often employed tech-
nique for demonstrating granulomatous inflammation in sarcoidosis. Conventional transbronchial
needle aspiration (TBNA) has been used for over 3 decades; however, it remains an underutilized
technique, primarily due to the wide variations in the reported success rates and unconfirmed safety
concerns. Herein we perform a systematic review and meta-analysis of studies to estimate the
diagnostic yield and safety of TBNA in sarcoidosis. METHODS: We searched the PubMed and
EmBase databases for studies (1980 to January 2012) reporting the efficacy of TBNA in sarcoidosis.
The quality of studies was assessed using the QualSyst tool. The efficacy of TBNA in individual
studies was calculated as proportions and 95% CIs, and the results were pooled using a random
effects model. Heterogeneity and publication bias were assessed for the individual outcomes.
RESULTS: Our search yielded 21 studies (915 patients). The diagnostic yield of TBNA ranged from
6–90%, with the pooled efficacy being 62% (95% CI 52–71%) by the random effects model. TBNA
was not associated with any major complication. The diagnostic yield increased to 83% if trans-
bronchial lung biopsy (TBLB) was additionally performed, albeit with increased complications.
There was evidence of heterogeneity and publication bias, which significantly decreased on sensi-
tivity analysis after exclusion of retrospective studies. CONCLUSIONS: TBNA is an efficacious and
safe procedure in the diagnosis of sarcoidosis. The performance of TBLB adds to the efficacy of
TBNA. Hence, a combination of TBNA and TBLB should be routinely employed in diagnosis of
sarcoidosis in those with enlarged mediastinal lymph nodes. Key-words: sarcoidosis; transbronchial
needle aspiration; TBNA; meta-analysis; bronchoscopy; endobronchial ultrasound. [Respir Care 2013;
58(4):683–693. © 2013 Daedalus Enterprises]

Introduction

Sarcoidosis is a chronic systemic granulomatous disor-
der of unknown etiology, which most commonly presents
with bilateral hilar adenopathy and pulmonary infiltrates.
The diagnosis of sarcoidosis requires the presence of com-

patible clinical and radiological features, along with dem-
onstration of noncaseating epithelioid cell granulomas af-
ter exclusion of other known causes of granulomatous
inflammation, especially mycobacteria and fungi.1 Bron-
choscopic techniques are most often employed for dem-
onstration of granulomas because the lung and hilar/me-
diastinal lymph nodes are the most afflicted sites in
sarcoidosis.2 In fact, flexible bronchoscopy has revolution-
ized the diagnosis of sarcoidosis, with shift from invasive
procedures (like rigid bronchoscopy, mediastinoscopy, and
surgical lung biopsy) to a simple day care procedure. The
most commonly used bronchoscopy techniques include
transbronchial lung biopsy (TBLB), endobronchial biopsy
(EBB), and transbronchial needle aspiration (TBNA). Real-
time convex probe endobronchial ultrasound-guided TBNA
(EBUS-TBNA) has been demonstrated to have an excel-
lent yield in sarcoidosis, due to direct visualization of the
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lymph nodes beyond the tracheobronchial wall,3 and is
currently one of the preferred methods for sampling the
lymph nodes in patients with sarcoidosis. However the
equipment is expensive and not routinely available.4

TBNA was first developed for use with the rigid bron-
choscope;5 however, Wang et al developed a prototype
needle for use with the flexible bronchoscope.6 Though
widely reported both for malignant and non-malignant con-
ditions, TBNA continues to remain an underutilized tech-
nique.7 This underutilization is because of several factors,
which include lack of training, variable diagnostic yield,
inadequate cytology support, unproven concerns regarding
procedural safety, and damage to the bronchoscope.8 This
is despite the fact that education and experience have been
shown to improve the diagnostic yield of TBNA.9-11

Demonstration of granulomas with exclusion of other
causes of granulomatous inflammation is essential in pa-
tients with suspected sarcoidosis, especially in countries
with high prevalence of tuberculosis. We had previously
reported the diagnostic yield of TBLB, EBB, and TBNA
in patients with sarcoidosis.11,12 We have also recently
reported the efficacy and safety of EBUS-TBNA in pa-
tients with sarcoidosis.3 After more than 3 decades of its
use, it is high time that the utility of TBNA and its proper
place in the diagnostic workup of sarcoidosis is outlined.
In this study we performed a systematic review and meta-
analysis on the diagnostic efficacy and safety of TBNA in
sarcoidosis.

Methods

Search Strategy

We first searched the PubMed and EmBase databases
for any systematic review (1980 to January 2012) that had
reported the diagnostic efficacy of TBNA in sarcoidosis.
No systematic reviews were found. All the authors then
independently searched the PubMed and EmBase data-
bases for studies describing the diagnostic value of TBNA
in sarcoidosis, using the following search terms: (“trans-
bronchial needle aspiration” AND “sarcoidosis”); (bron-
choscopy AND sarcoidosis), and (“transbronchial needle
aspiration” OR “tbna”). We reviewed the reference lists of
primary studies, reviews, and editorials. In addition, we
reviewed our personal files.

We excluded the following types of studies:

• Abstracts, editorials, reviews, and case reports

• Studies describing diagnostic accuracy of EBUS-TBNA
(radial or convex probe) or endoscopic ultrasound-guided
fine needle aspiration (EUS-FNA) in sarcoidosis

• Studies describing TBNA in � 10 patients with sarcoid-
osis

• Studies in which the denominator (ie, number of patients
with final diagnosis of sarcoidosis [granulomas on TBNA
or demonstration of granulomas from any site by any
methodology and a clinical picture deemed by the cli-
nician to be compatible with sarcoidosis]) was not re-
ported

The criteria for diagnosis of sarcoidosis by TBNA was
lymph node aspirates showing epithelioid, noncaseating
granulomas or epithelioid and giant cells and absence of
identifiable malignancy, lymphoma, or infection (ie, tu-
berculosis or fungal disease).

Initial Review of Studies

The initial database created from the electronic searches
was compiled, and all duplicate citations were eliminated.
All authors screened these citations, without blinding, by
review of the title and abstract, to capture the relevant
studies. Any disagreement was resolved by discussion be-
tween the authors. This database was then screened again
to include only primary articles, and the full text of each
citation was obtained and reviewed. Even where an article
was in a language other than English, we retrieved the full
text of all these articles, translated them into English (us-
ing Google Translate), and extracted the necessary data.
Studies were eligible for inclusion if they reported the
diagnostic efficacy of TBNA in sarcoidosis.

Data Abstraction

Data were recorded on a standard data extraction form.
The following items were extracted:

QUICK LOOK

Current knowledge

Flexible bronchoscopy is often employed for demon-
strating granulomatous inflammation in sarcoidosis.
Conventional transbronchial needle aspiration has been
used for over 3 decades, but remains an underutilized
technique, primarily due to the wide variations in the
reported success rates and safety concerns.

What this paper contributes to our knowledge

Transbronchial needle aspiration is efficacious and safe
for diagnosing sarcoidosis, and the efficacy is enhanced
by use of a large bore needle and by the addition of
transbronchial lung biopsy, although there is a minimal
increase in the risk of complications secondary to lung
biopsy.
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• Publication details: title, authors, other citation details,
and geographic location of the study

• Type of study: prospective or retrospective

• Stage of sarcoidosis

• Type of sedation used, diameter and type of TBNA nee-
dle, stations sampled, number of lymph nodes aspirated
and/or passes made through TBNA, and availability of
on-site cytology

• Diagnostic yield of TBNA in sarcoidosis, wherein the
numerator was the diagnosis of sarcoidosis with TBNA,
and the denominator was number of patients with con-
firmed sarcoidosis

• Complications associated with the procedure

• Additional yield of combining TBLB with TBNA in the
same patient

Assessment of Study Quality

The quality and validity of each article included in this
meta-analysis were assessed using the QualSyst tool for
qualitative studies.13 This tool consists of 10 questions
with scores from 0–2, with the maximum total score being
20. Each study was independently evaluated by 2 authors
(RA, ANA) for the stated criteria. The weighted Cohen
kappa coefficient was used to determine the inter-observer
agreement for selection of studies.

Statistical Analysis

A statistical software package (StatsDirect 2.7.8, Stats-
Direct, Cheshire, United Kingdom) was used to perform
all the statistical analysis.

Determination of the Pooled Effect

We analyzed the diagnostic yield of TBNA by calcu-
lating the proportions and 95% CIs for each study, and
then pooled the data using DerSimonian weights for the
random effects model to derive a pooled efficacy with
95% CI.14

Assessment of Heterogeneity

The impact of statistical heterogeneity on the pooled
estimates of individual outcomes was assessed using the I2

test, which measures the extent of inconsistency among
the results of the studies. An I2 value � 50% indicates
significant heterogeneity.15 Heterogeneity was also as-
sessed using the Cochran Q statistic, and a P value � .1
was considered to be significant.16

Sensitivity/Subgroup Analysis

We planned sensitivity analysis a priori, by using sub-
group analysis of prospective versus retrospective studies,
due to the limitations associated with retrospective studies
and the occurrence of errors associated with the retrieval
of information retrospectively from databases.

Assessment of Publication Bias

The presence of publication bias was evaluated using
the funnel plot,17 which depicts the proportion on the X-
axis against the standard error of the proportion on the
Y-axis. In the absence of publication bias, the proportion
estimates from studies are expected to scatter near the
summary estimate, producing a triangular or funnel shape.

Publication bias was also investigated using 3 statistical
tests:

• Egger test: detects funnel plot asymmetry18

• Harbord test: similar to Egger test, but uses a modified
linear regression method19

• Begg and Mazumdar test: tests interdependence of vari-
ance and effect size using a rank correlation method20

An institutional review board clearance was not required
for this study as this was a meta-analysis of published
studies.

Results

Our initial database search retrieved a total of 1,355
citations (Fig. 1) of which 21 studies (915 confirmed pa-
tients with sarcoidosis) finally met our inclusion crite-
ria.11,21-40 Of these, 7 studies were prospective and 14
retrospective (Table 1). Eleven studies included patients
with stage I and stage II sarcoidosis, one study included
only patients with stage I sarcoidosis, and the staging was
not reported in the remaining studies (see Table 1). The
majority of the studies had sampled the paratracheal, sub-
carinal, and hilar nodes. The larger 19G histology needle
was used in 12 studies, and 9 studies used the smaller
gauge cytology needles (see Table 1). Two studies em-
ployed additional rapid on-site cytology.25,29 The quality
of studies was generally good (Table 2), with the median
(IQR) QualSyst score being 17 (17–19). The inter-observer
agreement for scoring the quality of studies was good
(Cohen kappa 0.73).

The diagnostic yield of TBNA in sarcoidosis ranged
from 6 –90%, with the pooled accuracy being 61.6%
(95% CI 51.8–70.9%) by the random effects model (Fig. 2).
No complication was encountered in the 21 studies, except
for minor bleeding at the puncture site. The diagnostic
yield was significantly higher (P � .001) in prospective
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studies (122/171, 71.4%), compared to retrospective stud-
ies (393/744, 52.8%). The yield was also higher (P � .002)
in studies using a 19G histology needle (236/379, 62.3%),
versus those employing smaller gauge cytology needles
(279/536, 52.1%). Seven studies (265 patients) reported
the yield of TBNA in different stages of sarcoid-
osis.21,22,24,28,31,32,37 Although the yield was higher in pa-
tients with stage I sarcoidosis (106/149, 71.1%), compared
to stage II (71/116, 61.2%), it was not statistically signif-
icant (P � .09).

There was clinical heterogeneity reflected in the type of
study (prospective vs retrospective), inclusion of patients
with various stages, variation in the number of passes or

lymph nodes sampled, and use of different needles for
performing TBNA (see Table 1). There was also signifi-
cant statistical heterogeneity (I2 88.3%, 95% CI 83.9–
91%, Cochran Q statistic 170.74, P � .001). There was
evidence of publication bias on visual examination of the
funnel plot (Fig. 3). There was also evidence of publica-
tion bias on some (Harbord-Egger bias �2.77, P � .06)
but not all statistical tests (Begg-Mazumdar Kendall
tau �0.124, P � .42, Egger bias 3.42, P � .10).

Nine studies (487 patients) also reported the perfor-
mance of TBLB in the same patients undergoing
TBNA.11,22-24,26,28,31,32,37 The diagnostic yield of combined
TBNA and TBLB ranged from 58–96% (Fig. 4), with the

Fig. 1. Citation selection process for the systematic review. TBNA � transbronchial needle aspiration. EBUS � endobronchial ultrasound-
guided.

EFFICACY AND SAFETY OF CONVENTIONAL TRANSBRONCHIAL NEEDLE ASPIRATION IN SARCOIDOSIS

686 RESPIRATORY CARE • APRIL 2013 VOL 58 NO 4



pooled result being 83% (95% CI 75–89%). The com-
bined yield of TBNA and TBLB (382/487, 78.4%) was
significantly higher, compared to TBNA (258/487, 52.9%)
alone (P � .001). The yield of TBLB was also signifi-
cantly higher (P � .001) in patients with stage II disease
(75/104, 72.1%), compared to stage I (70/141,
49.6%).22,24,28,31,32,37 Fifteen (3.1%) complications were re-

ported, which included pneumothorax (n � 11, 5 requiring
tube thoracostomy), bleeding of 40–100 mL (n � 3), and
pneumomediastinum (n � 1). There was no mortality.
There was significant statistical heterogeneity for the out-
come of combined TBNA and TBLB (I2 72.8, Cochran Q
statistic 29.37, P � .001). However, there was no evidence
of publication bias on statistical tests (Harbord-Egger

Table 1. Studies of Transbronchial Needle Aspiration in Sarcoidosis

First Author Year Country Study Type n Age, y
Sarcoidosis
Stage, no.

Sedation
Stations

Examined
Type of
Needle

Number of
Lymph Nodes

Aspirated

Number
of Passes

Wang21 1989 United
States

Prospective 20 ND 12 S1
8 S2

ND 4R, 10R, 7,
11R

18G 1–3 (26
in 20
patients)

1–3

Morales22 1994 United
States

Retrospective 51 Mean 36,
range 21–58

30 S1
21 S2

ND ND 19G ND 1–3

Leonard23 1997 Ireland Prospective 12 ND S1, S2 Conscious
sedation

4R, 4L, 3P 19G ND ND

Bilaçeroglu24 1999 Turkey Retrospective 57 Mean � SD
36.7 � 21

33 S1
24 S2

Local
anesthesia

ND 19G ND 2–3

Sharafkhaneh25 2003 United
States

Retrospective 11 ND ND Conscious
sedation

2, 4, 3P, 7 19G or
21G

ND ND

Trisolini26 2003 Italy Retrospective 32 ND S1 ND 4, 7, 10R 19G 1–2 (39
in 32
patients)

1–4

Cetinkaya27 2004 Turkey Prospective 21 Mean � SD
40 � 13

ND ND ND 22G 1–4,
mean 2.3

1–10,
mean 5.3

Trisolini28 2004 Italy Retrospective 32 Mean 42.6 17 S1
15 S2

ND 4, 7, 10R 19G 1–2 1–4

Zsiray29 2004 Hungary Retrospective 27 Mean 53.3* S1, S2 ND ND 21G ND ND
Soja30 2005 Poland Retrospective 33 ND ND ND ND 19G ND ND
Charalambatou31 2006 Greece Retrospective 26 Mean 55 14 S1

12 S2
Local

anesthesia
4, 7, 10 19G 1–2 (50

in 26
patients)

ND

Fernández-Villar32 2007 Spain Prospective 26 Mean � SD
38.9 � 10.6

14 S1
12 S2

Conscious
sedation

4, 7, 10 19G ND ND

Lannes33 2007 Brazil Retrospective 34 Median 59,
range 28–83*

ND ND 4, 7, 11 21G ND 3–5

Smojver-Jezek34 2007 Croatia Retrospective 88 Mean � SD
43 � 13

ND ND ND 26G ND Visually
adequate

Szlubowski35 2007 Poland Retrospective 61 ND ND Conscious
sedation

2, 4, 10 21G ND ND

Aliyali36 2008 Iran Prospective 13 Mean � SD
50 � 18*

ND ND ND 22G 1–2 1–3

Trisolini37 2008 Italy Prospective 53 Mean � SD
44.7 � 12.7

33 S1
20 S2

ND 4R, 7, 10 19G 1–2 1–3

Tremblay38 2009 Canada Prospective 26 Mean � SD
40.8 � 12.8

18 S1
8 S2

Conscious
sedation

4R, 7, 10 19G
Excelon

Mean � SD
2.2 � 0.77

Mean � SD
8.7 � 3.3

Wang39 2009 China Retrospective 15 Mean � SD
55.2 � 14.2*

ND ND ND 21G ND 1–6

Khan11 2011 India Retrospective 239 Mean � SD
46.2 � 14*

S1, S2 Local
anesthesia

4R, 7 21G 2 1–3

Ozbudak40 2011 Turkey Retrospective 38 Mean 48.4,
range 27–74

ND ND 4R, 7, 10 21G ND 1–3

* Some studies had sarcoidosis patients as 1 subgroup, and the age represents the age group of all patients with mediastinal lymphadenopathy, including sarcoidosis.
ND � no data available
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bias 2.43, P � .09, Egger bias 1.16, P � .59, Begg-
Mazumdar Kendall tau �0.22, P � .36).

Sensitivity Analysis

A subgroup analysis was performed, and only prospec-
tive studies evaluating the efficacy of TBNA were in-
cluded (7 studies, 171 patients). The diagnostic yield was
significantly higher in the prospective studies (70%, 95% CI
60–80), compared to retrospective studies (P � .001), and
there was significant decline in heterogeneity (I2 54%,
Cochran Q statistic 13.1, P � .04) and no evidence of
publication bias on any statistical test (Egger bias �3.09,
P � .13, Begg-Mazumdar Kendall tau �0.52, P � .07,
Harbord-Egger bias �1.67, P � .53).

Discussion

The result of this meta-analysis suggests a good diag-
nostic yield (62%) of TBNA in sarcoidosis, with practi-
cally no complications reported in more than 900 patients,
indicating that this technique should be routinely employed
in diagnosis of sarcoidosis in those with enlarged lymph
nodes and where EBUS-TBNA is not available. Moreover,
addition of TBLB to TBNA increased the yield to 83%,

with a low rate of complications, suggesting that TBLB
should also be regularly performed in diagnosis of sar-
coidosis. In fact, the diagnostic yield of combined TBNA
and TBLB is similar to the recently reported yield of EBUS-
TBNA (79%) in sarcoidosis.3 However, the complication
rate is higher with combined TBNA and TBLB, compared
to EBUS-TBNA alone.

Although histology is not essential in all cases, in the
vast majority the diagnosis of sarcoidosis requires the dem-
onstration of non-caseating granuloma and exclusion of
other common infections causing granulomatous inflam-
mation.1 A CD4/CD8 ratio � 4 in bronchoalveolar lavage
fluid (BALF) has been shown to have a high positive
predictive value in diagnosis of sarcoidosis.41 However,
not only do the samples require � 15% lymphocytes on
differential cell count to be useful,42 but the BALF T cell
counts are extremely variable in sarcoidosis, and a ratio
� 4 will be seen in � 50% of biopsy proven cases.43

Hence, BALF examination cannot be considered a substi-
tute for histology. Serum angiotensin converting enzyme
levels are often elevated in sarcoidosis, but are non-spe-
cific, akin to BALF, as common mimics like tuberculosis
and other common comorbid conditions like diabetes mel-
litus show increased serum angiotensin converting enzyme

Table 2. Qualsyst Tool for Quality Assessment of the Included Studies

First Author Year

Question/
Objective

Sufficiently
Described

Study
Design
Evident

and
Appropriate

Context
for the
Study
Clear

Connection
to a

Wider
Body of

Knowledge

Sampling
Strategy

Described,
Relevant,

and
Justified

Data
Collection
Methods
Clearly

Described

Data
Analysis
Clearly

Described

Verification
Procedure(s)
Establishes
Credibility

Conclusions
Supported

by the
Results

Reflexivity
of the

Account

Total
Score

Wang21 1989 2 2 2 2 2 1 2 2 2 2 19

Morales22 1994 2 2 2 2 1 1 2 2 2 1 17

Leonard23 1997 2 2 2 2 1 1 2 2 2 1 17

Bilaçeroglu24 1999 2 2 2 2 2 2 2 2 2 1 19

Sharafkhaneh25 2003 2 2 2 2 2 1 2 2 2 1 18

Trisolini26 2003 2 2 2 2 2 1 2 2 2 1 18

Cetinkaya27 2004 2 2 2 2 1 1 2 2 2 1 17

Trisolini28 2004 2 2 2 2 2 1 2 2 2 1 18

Zsiray29 2004 2 2 2 2 1 1 2 2 2 1 17

Soja30 2005 2 2 2 2 1 1 2 2 2 1 17

Charalambatou31 2006 2 2 2 2 2 2 2 2 2 1 19

Fernández-Villar32 2007 2 2 2 2 2 2 2 2 2 1 19

Lannes33 2007 2 2 2 2 1 1 2 2 2 1 17

Smojver-Jezek34 2007 2 2 2 2 1 1 2 1 2 1 16

Szlubowski35 2007 2 2 2 2 1 1 1 2 2 1 16

Aliyali36 2008 2 2 2 2 1 1 2 2 2 1 17

Trisolini37 2008 2 2 2 2 2 2 2 2 2 2 20

Tremblay38 2009 2 2 2 2 2 2 1 2 2 2 19

Wang39 2009 2 2 2 1 1 2 1 2 2 1 16

Khan11 2011 2 2 2 2 1 1 2 1 2 2 17

Ozbudak40 2011 2 2 2 2 1 1 2 1 2 1 16
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levels.44,45 Gallium-67 nuclear scan findings (panda or
lambda sign) can support the diagnosis, but are not seen in
all patients and thus cannot replace histology.46,47

Mediastinoscopy is considered the gold standard for sam-
pling mediastinal lymph nodes, with a sensitivity and spec-
ificity of 94% and 100%, respectively.48,49 In the past,
patients with suspected sarcoidosis underwent mediasti-
noscopy if TBLB was negative. However, the major ca-
veat is that not all mediastinal nodes can be accessed with
this technique, and in one study the sensitivity in sarcoid-
osis was shown to be about 82%.50 Again, the procedure is
not routinely available at all centers, and is associated with
major complications, ranging from 1.4–2.3% (including
mortality), depending on the experience of the operator.51

In clinical practice, mediastinoscopy is generally consid-
ered as the final resort, only if all other techniques fail.
Computed tomography-guided transthoracic needle aspi-

ration and/or biopsy can also be used for sampling the
mediastinal nodes in sarcoidosis. However, there is a high
risk of complications, especially pneumothorax. In a 10-
year single center experience of 41 patients with sarcoid-
osis, the diagnostic yield was 78% with cytology and 96%
with core biopsy; however, pneumothorax was encoun-
tered in 22% of patients.52

Conventional TBNA is a minimally invasive method of
sampling the mediastinal lymph nodes. However, it is an
underutilized technique because of many misconceived no-
tions, including poor diagnostic yield and high risk of
complications.7,8 The results of this study clearly prove
that the technique is fairly efficient and extremely safe.
One reason for low yield, especially in sarcoidosis, could
be the type of needle (large bore vs small bore) used for
performing TBNA, as this study suggests a better yield
with the “histology” needle, compared to the “cytology”

Fig. 2. Forest plot of the diagnostic yield of transbronchial needle aspiration (TBNA) in sarcoidosis (random effects model). The squares
represent the percentage yields and the horizontal lines represent the 95% CIs. The diamond and horizontal line at the bottom represents
the pooled prevalence and 95% CI of the pooled prevalence.
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needle. Hence, the 19G histology needle should be used
for performing TBNA in sarcoidosis. Endobronchial ultra-
sound can improve the diagnostic yield of TBNA by pro-
viding “vision” beyond the tracheobronchial wall, and the
convex probe allows real time sampling of the mediastinal
and hilar lymph nodes. The diagnostic yield (79%) of
EBUS-TBNA surpasses any other bronchoscopic investi-
gation (BALF, EBB, TBLB) in diagnosis of sarcoidosis.3

In fact, in the only randomized controlled trial comparing

conventional with EBUS-guided TBNA in sarcoidosis,
the yield of EBUS-TBNA was significantly higher.38

Thus, wherever available, EBUS-TBNA is preferred over
conventional TBNA for sampling mediastinal lymph
nodes. However, the technology is fairly expensive, both
as an initial investment and per procedure, especially in
the developing countries, and is also not available at all
centers. Conventional flexible bronchoscopy, on the
other hand, is available at most centers, and the results

Fig. 3. Funnel plot comparing the proportion versus the standard error of the proportion. The circles represent the individual studies, and
vertical line indicates the summary proportion, and the slanting lines represent the 95% CIs. Asymmetry about the pooled line is consistent
with the presence of publication bias.

Fig. 4. Forest plot of the diagnostic yield of combined transbronchial needle aspiration (TBNA) and transbronchial lung biopsy (TBLB) in
patients with sarcoidosis (random effects model). The squares represent the percentage yields and the horizontal lines represent the
95% CIs. The diamond and horizontal line at the bottom represents the pooled prevalence and 95% CI of the pooled prevalence.
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of this meta-analysis suggests that the combination of
TBNA and TBLB can provide diagnostic yield approach-
ing EBUS-TBNA. EUS-FNA has shown promise in di-
agnosis of sarcoidosis.53-55 The limitations of EUS-FNA
include inability to perform additional procedures like
TBLB or EBB at the same time, and difficulty in ac-
cessing paratracheal, hilar, and interlobar nodes, espe-
cially on the right side, given the fact that these nodes
are usually enlarged in sarcoidosis.

Sarcoid granulomas can involve any part of the respi-
ratory tract, and EBB can also add to the diagnostic yield
of TBNA and/or TBLB.12,24,56,57 The yield is highest with
abnormal appearing mucosa (54–91%), although 20–40%
of normal appearing mucosa can also show evidence of
granuloma on histology.12,24,56,57 TBLB is, however, the
most commonly performed bronchoscopic procedure in
diagnosis of sarcoidosis.58-60 This is because of the fact
that even patients with stage I sarcoidosis with normal
chest radiographs invariably demonstrate granuloma on
surgical lung biopsy.61 The yield of TBLB is higher in
stage II versus stage I, as demonstrated in this study and
previous studies,58-60 and at least 6 biopsies in stage II and
8–10 in stage I give an optimal yield.62,63 In this system-
atic review, most of the individual studies performed 4–5
biopsies, which is also the usual practice in our center.
Unlike TBNA, TBLB is associated with complications,
the major being pneumothorax and hemoptysis. The risk
of bleeding following TBLB is higher in immunosuppressed
and uremic patients.64 In a study of 540 patients, the com-
plication rate was 0.18% in those who did not undergo
TBLB, compared to 2.0% in those who underwent TBLB.65

In another study, the risk of pneumothorax following TBLB
was 1.8% when fluoroscopy was used,66 and increased to
2.3–2.9% without fluoroscopy.11,66 In this meta-analysis,
the cumulative incidence of major complications due to
TBLB in sarcoidosis was about 3%, with none being fatal.

Finally, the results of this meta-analysis are limited by
the presence of significant clinical and statistical hetero-
geneity, although we used the random effects model for
minimizing the effects of heterogeneity.15 Another limita-
tion of the analysis was the small number of patients in
the individual studies, although we did try to minimize this
by including only studies with sample size of at least 11
patients. We also performed sensitivity analyses to in-
vestigate the cause of heterogeneity by including only pro-
spective studies, which did decrease the heterogeneity, sug-
gesting that the nature of the study was one of the major
factors contributing to heterogeneity.

Conclusions

In conclusion, the results of this study suggest that TBNA
is an efficacious and safe procedure in diagnosis of sar-
coidosis. The efficacy of TBNA in sarcoidosis is enhanced

by use of large bore needle. The diagnostic yield is further
enhanced if TBLB is performed in addition to TBNA,
albeit at minimal increase in risk of complications. Hence,
a combination of TBNA and TBLB should be routinely
employed in diagnosis of sarcoidosis, wherever EBUS-
TBNA is not routinely available.

REFERENCES

1. Statement on sarcoidosis. Joint Statement of the American Thoracic
Society (ATS), the European Respiratory Society (ERS) and the
World Association of Sarcoidosis and Other Granulomatous Disor-
ders (WASOG) adopted by the ATS Board of Directors and by the
ERS Executive Committee, February 1999. Am J Respir Crit Care
Med 1999;160(2):736-755.

2. Chapman JT, Mehta AC. Bronchoscopy in sarcoidosis: diagnostic
and therapeutic interventions. Curr Opin Pulm Med 2003;9(5):402-
407.

3. Agarwal R, Srinivasan A, Aggarwal AN, Gupta D. Efficacy and
safety of convex probe EBUS-TBNA in sarcoidosis: a systematic
review and meta-analysis. Respir Med 2012;106(6):883-892.

4. Yasufuku K, Nakajima T, Chiyo M, Sekine Y, Shibuya K, Fujisawa
T. Endobronchial ultrasonography: current status and future direc-
tions. J Thorac Oncol 2007;2(10):970-979.

5. Schieppati E. [Mediastinal puncture thru the tracheal carina]. Rev
Asoc Med Argent 1949;63(663-664):497-499. Article in Spanish.

6. Wang KP, Terry P, Marsh B. Bronchoscopic needle aspiration bi-
opsy of paratracheal tumors. Am Rev Respir Dis 1978;118(1):17-21.

7. Haponik EF, Shure D. Underutilization of transbronchial needle as-
piration: experiences of current pulmonary fellows. Chest 1997;
112(1):251-253.

8. Dasgupta A, Mehta AC. Transbronchial needle aspiration. An un-
derused diagnostic technique. Clin Chest Med 1999;20(1):39-51.

9. Haponik EF, Cappellari JO, Chin R, Adair NE, Lykens M, Alford
PT, et al. Education and experience improve transbronchial needle
aspiration performance. Am J Respir Crit Care Med 1995;151(6):
1998-2002.

10. Hsu LH, Liu CC, Ko JS. Education and experience improve the
performance of transbronchial needle aspiration: a learning curve at
a cancer center. Chest 2004;125(2):532-540.

11. Khan A, Agarwal R, Aggarwal AN, Gupta N, Bal A, Singh N, et al.
Blind transbronchial needle aspiration without an on-site cytopatholo-
gist: experience of 473 procedures. Natl Med J India 2011;24(3):
136-139.

12. Gupta D, Mahendran C, Aggarwal AN, Joshi K, Jindal SK. Endo-
bronchial vis a vis transbronchial involvement on fiberoptic bron-
choscopy in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2001;
18(1):91-92.

13. Kmet LM, Lee RC, Cook LS; Alberta Heritage Foundation for Med-
ical Research. Standard quality assessment criteria for evaluating
primary research papers from a variety of fields. Edmonton: AH-
FMR; 2004. http://www.ihe.ca/documents/HTA-FR13.pdf. Accessed
January 31, 2013.

14. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7(3):177-188.

15. Deeks JJ, Higgins JPT, Altman DG. Analysing and presenting re-
sults. In: Alderson P, Green S, Higgins JPT, editors. Cochrane re-
viewers’ handbook 422. Chichester, UK: John Wiley & Sons; 2004:
68-139.

16. Fleiss JL. Analysis of data from multiclinic trials. Control Clin Trials
1986;7(4):267-275.

EFFICACY AND SAFETY OF CONVENTIONAL TRANSBRONCHIAL NEEDLE ASPIRATION IN SARCOIDOSIS

RESPIRATORY CARE • APRIL 2013 VOL 58 NO 4 691



17. Dear K, Begg C. An approach to assessing publication bias prior to
performing a meta-analysis. Stat Sci 1992;7:237-245.

18. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315(7109):629-634.

19. Harbord RM, Egger M, Sterne JA. A modified test for small-study
effects in meta-analyses of controlled trials with binary endpoints.
Stat Med 2006;25(20):3443-3457.

20. Begg CB, Mazumdar M. Operating characteristics of a rank corre-
lation test for publication bias. Biometrics 1994;50(4):1088-1101.

21. Wang KP, Fuenning C, Johns CJ, Terry PB. Flexible transbronchial
needle aspiration for the diagnosis of sarcoidosis. Ann Otol Rhinol
Laryngol 1989;98(4 Pt 1):298-300.

22. Morales CF, Patefield AJ, Strollo PJ Jr, Schenk DA. Flexible trans-
bronchial needle aspiration in the diagnosis of sarcoidosis. Chest
1994;106(3):709-711.

23. Leonard C, Tormey VJ, O’Keane C, Burke CM. Bronchoscopic
diagnosis of sarcoidosis. Eur Respir J 1997;10(12):2722-2724.
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