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Background: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is an effective technique used to precisely
detect enlarged mediastinal lymph nodes. The efficacy of EBUS-TBNA versus standard modalities for the diagnosis of sarcoidosis remains
to be elucidated. In this meta-analysis, we compared the efficacies of these methods.

Methods: We searched PubMed, Embase, The Cochrane Library, Wanfang, Cpvip, CNKI, and the bibliographies of the relevant references.
We analyzed the data obtained with Revman 5.2 (Nordic Cochrane Center, Copenhagen, Denmark) and Stata 12.0 software (Stata
Corporation, College Station, TX, USA). The Mantel-Haenszel method was used to calculate the pooled odds ratio (OR) and 95%
confidence intervals (Cls).

Results: Sixteen studies with a total of 1823 participants met the inclusion criteria, and data were extracted regarding the
diagnostic yield of each approach. The ORs for EBUS-TBNA versus transbronchial lung biopsy (TBLB) for the diagnosis of
sarcoidosis ranged from 0.26 to 126.58, and the pooled OR was 5.89 (95% CI,2.20-15.79, P=0.0004). These findings indicated
that EBUS-TBNA provided a much higher diagnostic yield than TBLB. The pooled OR for EBUS-TBNA + TBLB + endobronchial
biopsy (EBB) versus TBNA + TBLB + EBB was 1.54 (95% CI, 0.61-3.93, P = 0.36), implying that there was no significant
difference between their diagnostic yields. However, clinical heterogeneity was reflected in the nature of the studies and in the
operative variables.

Conclusions: The results of this meta-analysis suggest that EBUS-TBNA + TBLB + EBB could be used for the diagnosis of sarcoidosis,
if available. At medical centers without EBUS-TBNA, TBNA + TBLB + EBB could be used instead.

Key words: Bronchoscopy; Diagnostic Yield; Endobronchial Ultrasound-guided Transbronchial Needle Aspiration; Meta-analysis;
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Data collection

We first searched PubMed, Embase, and The Cochrane
Library for systematic reviews reporting the diagnostic yield
of EBUS-TBNA versus standard bronchoscopy for sarcoidosis.
No systematic reviews were found. Next, two authors
independently searched PubMed, Embase, The Cochrane
Library, Wanfang, Cqvip, and CNKI using the following search
terms: sarcoidosis AND (“endobronchial ultrasound-guided
transbronchial needle aspiration” AND “transbronchial
needle aspiration”) OR (“endobronchial ultrasound-guided
transbronchial needle aspiration” AND “endobronchial
biopsy”’) OR (“‘endobronchial ultrasound-guided transbronchial
needle aspiration” AND “transbronchial lung biopsy”)
OR (ultrasound AND biopsy) OR bronchoscopy OR
“endoscopic ultrasound-guided fine needle aspiration” OR
endosonography. We retrieved all related studies, and the
references were hand-checked for other relevant publications.

Study selection

The initial database created from the electronic search was
screened by two reviewers without blinding. Disagreements
were resolved via discussion between the reviewers.
Studies were included if they met the following criteria:
(1) evaluation of the diagnostic yield of EBUS-TBNA
versus standard bronchoscopy for sarcoidosis; (2) use of
a retrospective, prospective, or randomized controlled
trial (RCT) study design; (3) use of a sample size of >20;
and (4) availability of absolute numbers or the potential to
derive them from the data reported in the primary studies.
Studies were excluded for the following reasons: they (1) did
not use EBUS-TBNA or standard bronchoscopy to diagnose
sarcoidosis, (2) were reviews or abstracts, or (3) contained
insufficient or duplicate data.

Data extraction and quality assessment

Two investigators independently extracted data from
the primary studies. Data were recorded on a standard
data extraction form. The absolute diagnostic yields of
the different biopsy methods were extracted from the
selected articles. Two authors independently assessed the
quality of each included study using the risk of bias tool in
Review Manager 5.2 software (Nordic Cochrane Center,
Copenhagen, Denmark). This tool consists of a series of
questions with possible responses of “low risk,” “high risk,”
or “unclear” and is used to assess study bias. Specifically,
we considered the biases of surgical-related characteristics,
including the major lymph node stations sampled, the sizes
of lymph nodes sampled by TBNA, the number of lymph
nodes sampled by TBNA, the number of passes made using
TBNA, the sample number for TBLB, the locations of TBLB,
and the sample number for endobronchial biopsy (EBB). We
defined a provision of the above items to be low risk and
others to be unclear. Any disagreements were resolved by
reaching a consensus or by arbitration.

Statistical analysis
All statistical analyses were performed using Review

Manager 5.2 statistical software and Stata 12.0 statistical
software (Stata Corporation, College Station, TX, USA).
We extracted the dichotomous data from the data presented
in each primary study for each sarcoidosis diagnosis. We
compared the diagnostic yields of the EBUS-TBNA and
standard bronchoscopic modalities by calculating the
odds ratios (ORs) and 95% ClIs for each study and then
pooling the data using the random-effect or fixed-effect
model to calculate a pooled efficacy and CI. We assessed
the influence of statistical heterogeneity on the pooled
estimates of the individual results using the I test. An I
value of >50% indicated significant heterogeneity. A value
of P < 0.05 was considered significant for the Chi-square
test of heterogeneity. We performed sensitivity analysis in
which a subgroup analyses of the retrospective studies versus
nonretrospective studies (including RCT and prospective
studies). Sensitivity analysis was also conducted in which
the studies were grouped based on whether rapid on-site
evaluation (ROSE) had been performed. The presence of
publication bias was evaluated by generation of a funnel plot,
in which the OR was plotted. We also assessed publication
bias via Begg’s test and Egger’s linear regression test using
Stata 12.0.

ResuLts

Study characteristics

We collected 1178 records from PubMed, Embase, and The
Cochrane Library and 113 records from Wanfang, Cpvip,
and CNKI. We excluded 231 duplicates from the initial 1291
records. Screening of the titles, abstracts, publication types,
and full texts of the remaining 1060 records resulted in the
identification of 28 qualifying studies. Finally, we obtained
16 studies for the systematic review and meta-analysis.[*72!
The process of identifying eligible studies is summarized in
Figure 1. A total of 1823 participants in the 16 studies had a
confirmed diagnosis of sarcoidosis. The main information
from the 16 articles is summarized in Supplementary Table 1.
Among these studies, seven were retrospective,®!0:14.18-21]
five were RCTs, 131317 "and four were prospective. 1215161
The participants were from Japan, Africa, Australia, Korea,
China, India, America, Canada, and Poland. The ages of the
participants were homogeneous. Among all of the studies,
11 included patients with Stage I or II sarcoidosis,!*8-1517:181
four included those with Stage I, II, or II1,['*-2T and only one
study included those with Stage I, II, III, or IV.'Y) Among
all of the studies, 11 used a 22-gauge needle to perform
EBUS-TBNA,®71417181 and two studies used a 21-gauge
needle.>!¢1 Most of the biopsied nodes were larger than
10 mm. The majority of the studies biopsied lymph node
stations 4 and 7. Only five studies used ROSE.*7%10.% Study
quality was generally good [Supplementary Figure 1].

Meta-analysis results

We analyzed the different procedures utilized for sarcoidosis
diagnosis. One analysis included a sufficient number of
studies to perform subgroup analyses on the different
sarcoidosis stages, study designs, and protocols. The
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Figure 1: Flow diagram of individual studies screening. A preferred reporting items for meta-analyses flow diagram detailed the search, identification,

and screening.

funnel plot and results of Begg’s test and Egger’s test of
publication bias are presented in the supporting information
section [Supplementary Figure 2].

Endobronchial ultrasound-guided transbronchial needle
aspiration versus transhronchial lung biopsy

The random-effect model was used in this analysis
(P<0.00001, 2=93%). The diagnostic yields of EBUS-TBNA
and TBLB were 83.1% and 38.1%, respectively. The OR for
EBUS-TBNA versus TBLB for the diagnosis of sarcoidosis
ranged from 0.26 to 126.58, and the pooled OR was
5.89 (95% CI, 2.20-15.79, P = 0.0004) [Figure 2]. These
results indicated that EBUS-TBNA had a much higher
diagnostic yield than TBLB.

Seven studies were included in the analysis of the use of
EBUS-TBNA versus TBLB for diagnosis of Stage I and II
sarcoidosis. The pooled ORs for Stages I and [T were 16.99 (95%
CI,4.93-58.58, P<0.00001) [Supplementary Figure 3a] and
6.56 (95% CI, 4.31-9.98, P < 0.00001) [Supplementary
Figure 3b], respectively, indicating that EBUS-TBNA was
more effective than TBLB for diagnosis of both stages
(especially Stage I).

Endobronchial ultrasound-guided transbronchial

needle aspiration versus transhronchial lung

biopsy + endobronchial biopsy

Six articles were included in the meta-analysis of EBUS-TBNA
versus TBLB + EBB. High heterogeneity (P < 0.00001,
P =92%) was detected among these studies. The pooled OR for
EBUS-TBNA versus TBLB + EBB was 2.07 (95% CI, 0.68-6.37,
P=0.20) [Figure 3]. Thus, the diagnostic yield of EBUS-TBNA
was not significantly better than that of TBLB + EBB.

Only two studies were included in the analysis of the
use of EBUS-TBNA versus TBLB + EBB for the
diagnosis of Stage I and II sarcoidosis. The pooled ORs
for Stages I and II were 21.25 (95% CI, 2.43-185.88,
P=0.006) [Supplementary Figure 4a] and 5.55 (95% CI, 0.19—
161.62, P = 0.32) [Supplementary Figure 4b], respectively,
indicating that EBUS-TBNA was more effective than
TBLB + EBB for the diagnosis of Stage I sarcoidosis only.

Endobronchial ultrasound-guided transbronchial needle
aspiration versus conventional transhronchial needle
aspiration

Seven articles included in this meta-analysis showed no
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significant heterogeneity (P = 0.73, I/ =0). The diagnostic ~ Endobronchial ultrasound-guided transbronchial

yields of EBUS-TBNA and conventional transbronchial  needle aspiration versus transbronchial needle

needle aspiration (¢cTBNA) were 79.9% and 51.6%,  aspiration + transbronchial lung biopsy + endobronchial
respectively. The pooled OR for EBUS-TBNAversus cTBNA  pjgpsy

was 3.22 (95% CI, 2.09-4.96, P < 0.00001) [Figure 4].

' Only two studies were included in this analysis. These studies
Therefore, EBUS-TBNA was more effective than cTBNA

showed no significant heterogeneity (P = 0.21, FF =37%).

for the diagnosis of sarcoidosis. We concluded that TBNA + TBLB + EBB had much greater
Endobronchial ultrasound-guided transbronchial efficacy than EBUS-TBNA for the diagnosis of sarcoidosis,
needle aspiration versus + transbronchial lung withan OR 0f0.34 (95% CI, 0.17-0.68, P=0.002) [Figure 5b].

biopsy + endobronchial biopsy . . .
Five articles were included in this meta-analysis, Endobronchial ultrasound-guided transbronchial needle

The diagnostic yields of EBUS-TBNA and aspiration + transhronchial lung biopsy + endobronchial
EBUS-TBNA + TBLB + EBB were 82.7% and 89.7%,  Diopsy versus transhronchial lung biopsy + endobronchial

respectively. The pooled OR for the two groups was  DIOpSY
0.55(95% CI,0.39-0.78, P=0.0007) [Figure 5a]. Therefore, Three articles were included in this meta-analysis. The pooled
EBUS-TBNA + TBLB + EBB were more effective than OR of EBUS-TBNA + TBLB + EBB versus TBLB + EBB

EBUS-TBNA for the diagnosis of sarcoidosis. was 5.91(95% CI,1.72-20.37, P=0.005) [Figure 5c]. Thus,

EBUS-TBNA TBLB 0Odds Ratio 0dds Ratio

Study or Subgroup _ Events Total Events Total Weight M-H. Random. 95%Cl Year M-H. Random, 95% CI

9.1.1 Retrospective

Nakajima T 2009 32 35 14 35 81%  16.00(4.09,62.53] 2009

Plit M 2012 N 37 29 37 8.4% 1.43[0.44, 461] 2011 el

Hong G 2013 28 3 11 31 80%  16.97[4.19,68.79] 2013 —

LiYH 2015 2 23 24 35 66%  10.08[1.20,84.62] 2015 —

Tong B 2015 2 47 29 62 91% 1.00[0.47,2.14] 2015 ==

Dziedzic DA 2015 549 653 128 653 09.5% 21.65[16.28,28.79] 2015 &

Subtotal (95% CI) 826 853 49.7%  6.45[1.58,26.38] R o

Total events 684 235

Heterogeneity: Tau®= 2.69; Chi*= 70.40, df= 5 (P < 0.00001); F= 93%
Test for overall effect: Z= 2.59 (P = 0.009)

9.1.2 Non retrospective

Navani N 2011 23 27 8 27 81% 13.66 [3.56,52.43] 2011 ..
OkiM 2012 51 54 19 52 8.2% 29.53[8.10,107.69] 2012 =
PlitM 2013 45 49 33 49 B84% 5.45(1.67,17.83] 2013 —=

LiKS 2014 27 29 8 22 75% 23.63[4.41,126.58] 2014

Goyal A 2014 16 28 97 141 9.0% 0.60(0.26,1.39] 2014 Sl

Gupta D 2014 41 55 78 112 91% 1.28[0.62,2.64] 2014 T

Subtotal (95% CI) 242 403  50.3% 5.34 [1.43, 19.90] i

Total events 203 243

Heterogeneity: Tau®= 2.33; Chi*= 43.57, df= 5 (P < 0.00001); F=89%
Test for overall effect: Z= 2.49 (P =0.01)

Total (95% CI) 1068 1256 100.0% 5.89 [2.20, 15.79] -
Total events 887 478

Heterogeneity: Tau*= 2.64; Chi*= 153.82, df= 11 (P < 0.00001); F= 93%
Test for overall effect: Z= 3.53 (P = 0.0004)

Test for subaroun differences: Chi*= 0.04. df=1 (P=0.85). F=0%

0.01 04 10 100
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Figure 2: Forest plots of the EBUS-TBNA versus TBLB for sarcoidosis diagnosis. The OR for each individual study is represented by a square
with a horizontal line (95% C/). The diamonds represents the pooled OR of the studies. Twelve trials were analyzed for the pooled overall
diagnostic yield. EBUS-TBNA had a much higher diagnostic yield than TBLB. The ORs showed no significant differences between the retrospective
and nonretrospective studies. CI: Confidence interval; EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration;
TBLB: Transbronchial lung biopsy; OR: Odds ratio.

EBUS-TBNA  TBLB+EBB Odds Ratio Odds Ratio
Study or Subarou Events Total Events Total Weight M-H.Random.95%Cl Year M-H. Random. 95% ClI
Navani N 2011 23 27 9 27 151% 11.50[3.04, 43.46] 2011 e
Bartheld MB 2013 36 56 72 136 181% 1.60[0.84,3.04] 2013 ™
Hong G 2013 28 3 12 31 148% 14.78[3.67,59.50] 2013 —_—
Goyal A 2014 16 28 96 118 17.2% 0.31[0.13,0.74] 2014 ——
Tong B 2015 22 47 16 21 159% 0.28(0.09,0.87] 2015 —
Dziedzic DA 2015 549 653 183 340 18.9% 453([3.36,6.11] 2015 -
Total (95% CI) 842 673 100.0% 2.07 [0.68, 6.37] <
Total events 674 388
ity: Tau? = : Chif= = < - F= + + + +

= PO e g1
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Figure 3: Forest plot of EBUS-TBNA versus TBLB + EBB for the diagnosis of sarcoidosis. Six trials were analyzed for the pooled overall diagnostic
yield. The diagnostic yield of EBUS-TBNA was not significantly better than TBLB + EBB. C/: Confidence interval; EBUS-TBNA: Endobronchial
ultrasound-guided transbronchial needle aspiration; TBLB: Transbronchial lung biopsy; EBB: Endobronchial biopsy.
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the diagnostic yield of EBUS-TBNA + TBLB + EBB was
significantly higher than that of TBLB + EBB.

Endobronchial ultrasound-guided transbronchial needle
aspiration + transbronchial lung biopsy + endobronchial
biopsy versus transbronchial needle aspiration +
transhronchial lung biopsy + endobronchial biopsy

The pooled OR for EBUS-TBNA + TBLB + EBB versus
TBNA + TBLB + EBB was 1.54 (95% CI, 0.61-3.93,
P = 0.36) [Figure 5d]. The diagnostic yields of
EBUS-TBNA + TBLB + EBB and TBNA + TBLB + EBB
were 90.9% and 86.2%, respectively. Thus,
EBUS-TBNA + TBLB + EBB had a higher diagnostic
yield than TBNA + TBLB + EBB. However, this difference
was not significant.

Complications

Not all of the studies clearly mentioned complication rates.
The following results were obtained using the available
data. A total of 15 patients experienced pneumothorax after
TBLB,*!"1 among whom at least two patients needed
drainage.” In addition, eight patients experienced bleeding
after TBLB,!"3 among whom at least four lost over 50ml
of blood.”” One patient developed a severe cough,! and
four developed minor bleeding after EBUS-TBNA, !5
however, the exact quantities of blood loss were not
specified. Further, seven patients experienced minor bleeding
after cTBNA, but no exact quantities of blood loss were
reported. 1315

Heterogeneity analysis results

Clinical heterogeneity was reflected in the nature of each
study, and significant statistical heterogeneity was also
detected (7 =93%). After excluding the studies by Plit et al.,
Goyal et al., Gupta et al., and Tong et al., the heterogeneity
was not significant (/2 =0, P = 0.52) [Supplementary
Figure 3¢].l'%1516200 Tn addition, we performed subgroup
analyses of the following comparisons: ROSE versus
No-ROSE and retrospective versus nonretrospective. The
results revealed the presence of significant heterogeneity
in both the ROSE (I’ =72%, P = 0.03) and No-ROSE
subgroups (I? =95%, P < 0.00001) [Supplementary
Figure 3d]. In subgroup analysis between the retrospective
and nonretrospective studies, the ORs did not significantly

differ (P = 0.85) [Figure 2]. Significant heterogeneity was
detected in both the retrospective and nonretrospective
groups (I =93%, P <0.00001; and > =89%, P < 0.00001,
respectively). Therefore, the heterogeneity was not solely
attributed to the study design.

Publication bias

The funnel plot was slightly asymmetric [Supplementary
Figure 2]. However, Begg’s and Egger’s tests did not
demonstrate significant publication bias (P = 0.304 and
P =0.223, respectively). Therefore, our meta-analysis did
not reveal evidence of significant publication bias.

Discussion

The results of this meta-analysis indicated that EBUS-TBNA
had an excellent diagnostic yield for sarcoidosis, especially when
combined with TBLB and (or) EBB. Therefore, EBUS-TBNA
should be performed for the diagnosis of sarcoidosis if it is
available. However, no significant difference in diagnostic
yield was observed between the EBUS-TBNA+TBLB + EBB
and TBNA + TBLB + EBB, although there was a trend toward
a higher yield in EBUS-TBNA + TBLB + EBB. Thus, further
study must be performed to obtain definitive conclusions.
As demonstrated in Table 1, the absolute diagnostic yield of
EBUS-TBNA + TBLB + EBB ranged from 86.4% to 100%,
while that of TBNA + TBLB + EBB ranged from 85.5% to
92.9%. Therefore, if EBUS-TBNA is not available, particularly
in developing countries, then clinicians should perform a
standard bronchoscopy. This suggestion had been previously
provided by Mondoni et al.?? EBUS-TBNA was found to be
more effective than TBLB for the diagnosis of Stage I and
II sarcoidosis (especially Stage I). Further, EBUS-TBNA
was more effective than TBLB + EBB for the diagnosis of
Stage [ sarcoidosis only. As most of the studies only included
patients with Stage I or II sarcoidosis, and the sample sizes
of patients in Stage III or IV were very small, so it is difficult
to draw conclusions regarding Stage III and IV sarcoidosis.
The ROSE technique guarantees that samples are handled
and processed in the best way.?)! However, no difference
was observed between the ROSE and No-ROSE subgroups.
These findings might indicate that all patients should undergo
EBUS-TBNA + TBLB + EBB, even if ROSE is available.

EBUS-TBNA CTBNA 0Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed. 95% Cl Year M-H. Fixed, 95% CI
Tremblay A 2009 20 24 14 23 102% 3.21([0.82,12.54] 2009 1
Zhang S 2011 26 30 33 40 16.1% 1.38[0.36,5.22] 2011 —E
LiKS 2014 27 29 18 28 5.4% 7.50[1.47,38.32] 2014
Goyal A2014 16 28 17 76 16.7% 4.63[1.84,11.64] 2014 —
Gupta D 2014 41 55 30 62 30.6% 3.12[1.42,6.85 2014 ——
LiYH 2015 22 23 10 12 24% 4.40[0.36,54.37] 2015 ]
Gnass 2015 23 30 20 34 18.6% 2.30[0.78,6.82] 2015 5
Total (95% ClI) 219 275 100.0%  3.22[2.09,4.96] @
Total events 175 142
Heterogeneity: Chi*= 3.62, df= 6 (P = 0.73); F= 0% b f ; |
Testforgover:/ll effect Z= 5'.30 P i IJAEIOIJI:H)') go 04 10 Rl
cTBNA EBUS-TBNA

Figure 4: Forest plot of EBUS-TBNA versus cTBNA for the diagnosis of sarcoidosis. Seven trials were analyzed for the overall pooled diagnostic
yield. EBUS-TBNA is better than cTBNA for the diagnosis of sarcoidosis. C/: Confidence Interval; EBUS-TBNA: Endobronchial ultrasound-guided
transbronchial needle aspiration; cTBNA: Conventional transbronchial needle aspiration.
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Figure 5: Forest plot of (a) EBUS-TBNA versus EBUS-TBNA + TBLB + EBB.EBUS-TBNA + TBLB + EBB was better than EBUS-TBNA for
the diagnosis of sarcoidosis. (b) EBUS-TBNA versus TBNA + TBLB + EBB. TBNA + TBLB + EBB was much better than EBUS-TBNA
(c) EBUS-TBNA + TBLB + EBB versus TBLB + EBB. The diagnostic yield of EBUS-TBNA + TBLB + EBB was significantly better than
TBLB + EBB. (d) EBUS-TBNA + TBLB + EBB versus TBNA + TBLB + EBB. EBUS-TBNA + TBLB + EBB had a higher diagnostic yield
than TBNA + TBLB + EBB. However, there was no significant difference. EBUS-TBNA group: EBUS-TBNA + TBLB + EBB, TBNA group:
TBNA + TBLB + EBB. C/: Confidence interval; EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration; TBLB: Transbronchial

lung biopsy; EBB: Endobronchial biopsy.

However, the sample size is too small to definitively make
this conclusion.

Not all of the studies clearly mentioned patient complications.
According to the available data, we have concluded
that the complication rate is higher for TBLB than
for (EBUS)-TBNA.

Although not all cases require a pathological diagnosis, it
is necessary to identify a noncaseating granuloma and to
exclude common infections that might cause granulomatous
inflammation, such as tuberculosis in epidemic countries.™
Lymphocyte markers in bronchoalveolar lavage fluid (BALF)
with a CD4/CD8 ratio of >4 support the diagnosis of
sarcoidosis.? However, more than half of biopsy-proven
cases have a ratio of <4.1>! Therefore, BALF examination
cannot completely replace pathological examination.
Although the serum angiotensin-converting enzyme level
is elevated in sarcoidosis patients, the specificity of this
marker is very low.”! A finding of the panda or lambda
sign on a gallium-67 scan also supports the diagnosis of

sarcoidosis; however, these signs are only observed in a
limited number of patients. Therefore, gallium-67 scanning
cannot replace histological examination.’”! Endoscopic
ultrasound (EUS)-fine needle aspiration (FNA) can also be
used to diagnose sarcoidosis. However, unlike EBUS-TBNA
or TBNA, additional procedures cannot be performed
following EUS-FNA. It is also difficult to access the
paratracheal, hilar, and interlobar nodes using EUS-FNA,
especially on the right side, which is where these nodes are
typically enlarged in sarcoidosis patients.?®!

As we all know, the tissues obtained by bronchoscopy are
very small, and surgical lung biopsy provides large tissue
samples. It cannot be denied that large tissue samples
acquired by surgical lung biopsy can allow doctors to
make more definite diagnosis. However, the procedure is
performed in the operating room under general anesthesia
and it has been associated with significant morbidity,
including prolonged air leakage, prolonged hospital
admission, and mortality.”)
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Table 1: The absolute diagnostic yield of the different modalities among the different studies

Studies Study design Number of EBUS-TBNA TBNA TBLB EBB TBLB + EBB EBUS-TBNA TBNA
patients, n (%) (%) (%) (%) (%) group (%) group (%)

Nakajima et al., 20091 Retrospective 35 91.4 - 40 - - - -
Tremblay et al., 2009 RCT 50 83.3 60.9 - - - - -
Navani et al., 2011012 Prospective 27 85 - 29.6 11.1 333 92.6 -
Zhang et al., 20111 Retrospective 50 86.7 82.5 - - 66.7 - -
Oki et al., 201201 Prospective 54 94 - 37 - - - -
Plit et al., 20121 Retrospective 37 84 - 78 27.0 - 100 -
von Bartheld et al., 20131 RCT 192 66 - - - 53 - -
Hong et al., 201314 Retrospective 31 90.0 - 35.0 6.0 39.0 94.0 -
Plit et al., 20131 Prospective 49 91.8 - 67.3 28.6 - - -
Gupta ef al., 20141 RCT 117 74.5 48.4 69.6 36.3 - 92.7 85.5
Goyal et al., 20141 Prospective 151 57.1 22.4 68.7 49.6 81.4 86.4 86.9
Li and Jiang, 2014013 RCT 57 93.0 64 36.4 5 - - 92.9
Dziedzic et al., 2015081 Retrospective 653 84.0 - 43.9 29.7 54.0 89.0 -
Gnass et al., 201517 RCT 64 76.7 58.8 - - - - -
Lietal., 20152 Retrospective 56 95.7 83.3 68.6 31.3 - - -
Tong et al., 20152% Retrospective 200 72.7 - 46.7 80.4 76.2 - -

EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration; TBNA: Transbronchial needle aspiration; TBLB: Transbronchial lung
biopsy; EBB: Endobronchial biopsy; EBUS-TBNA group: EBUS-TBNA + TBLB + EBB; TBNA-group: TBNA + TBLB + EBB; RCT: Randomized

controlled trial; — No data; %: Diagnostic yield of sarcoidosis.

The diagnosis of sarcoidosis requires specific clinical
findings, histological demonstration of noncaseating
granulomas, and exclusion of other diseases with similar
histological or clinical findings.? Although some patients do
not need to be biopsied, for example, those with a pulmonary
impairment that is too severe to undergo biopsy and those
with classic Lofgren’s syndrome, bronchoscopy is the
recommended procedure in most cases. At our center, most
patients suspected to have sarcoidosis undergo bronchoscopy.
However, the diagnostic yield of this procedure depends
largely on the surgeon’s experience.*” In this meta-analysis,
we have summarized the needle gauges used, node sizes
sampled, numbers of lymph nodes sampled by TBNA,
numbers of needle passes made, and sample number for
TBLB, sample number for EBB, etc., which might have
influenced the sizes of the tissues acquired [Supplementary
Table 1]. However, no articles included in this meta-analysis
provided detailed information on accurate tissue sizes.

Furthermore, one article discussed sample sizes on lung
biopsy that evaluated the diagnostic yields of cryo-TBLB and
flexible forceps biopsy. The authors found that cryo-TBLB
resulted in a very high diagnostic yield, and this result may
have been attributed to the large sample size studied.*”! In
this meta-analysis, although no data were analyzed regarding
the sizes of tissues acquired, approximately ten specimens
were obtained by TBLB in the Plit et al.l'% 2012 study,
which may have led to the high diagnostic yield observed
for this procedure. In one of the included articles, the authors
compared the diagnostic yields of EBUS-TBNA performed
with a 22-gauge needle and TBNA performed with a standard
19-gauge needle in patients with mediastinal adenopathy
and clinical suspicion of sarcoidosis. The total numbers of
passes per patient were similar, and the diagnostic yield of
EBUS-guided TBNA was superior to that of TBNA using

a standard 19-gauge needle.l Thus, slightly increasing
the sample size might not increase the diagnostic yield for
sarcoidosis, and proper needle guidance might be more
important. These findings are in agreement with those of our
meta-analysis. In general, the diagnostic yield was increased
for EBUS-TBNA. Nearly, 87% of sarcoidosis patients with
isolated mediastinal lymphadenopathy were spared from a
surgical lung biopsy. Further, TBLB yielded granulomas
in an additional 8-16% of patients when performed in
conjunction with EBUS-TBNA. EBB may also be useful,
especially in patients with visible mucosal abnormalities, but
it does not appear to increase the sensitivity of bronchoscopy
sufficiently to warrant routine use when combined with
EBUS-TBNA.BU According to the experience acquired
and research performed at our center, the combination of
these three methods (EBUS-TBNA + TBLB + EBB) in real
clinical practice achieves higher accuracy in patients with
a limited number of bronchial mucosal lesions, and EBB
may be more suitable for patients with increased bronchial
mucosal lesions.?"

Finally, this meta-analysis has limitations due to the presence
of significant clinical and statistical heterogeneity. RCTs are
well known to produce the best clinical research evidence.
However, only five RCTs were included in this meta-analysis;
therefore, subgroup analysis could not be performed.
This lack of RCTs might be due to limited application of
bronchoscopy for the diagnosis of pulmonary sarcoidosis.
Notably, the design of RCTs should be based on a sufficient
amount of data, including results from prospective and
retrospective studies and systemic reviews. If possible,
clinicians should carry out more RCTs in the future. Further,
there are limitations for diagnosing pulmonary sarcoidosis
by bronchoscopy for several reasons. First, different medical
centers have different medical device levels. Second,
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different doctors might have different surgical skill. In this
meta-analysis, we conducted sensitivity analyses in which
subgroup analyses were conducted to investigate the causes
of this heterogeneity. The Plit et al. 20121, Gupta et al.
201411, Goyal et al. 201416, and Tong et al. 20152% studies
contributed to part of this heterogeneity, probably because
of differing operative skills of the surgeons, differences in
the populations studied or another factor. In the Plit et al.l'?
2012 study, approximately, ten specimens were obtained via
TBLB, which could have led to the high diagnostic yield
determined for this procedure. The Gupta ef al. 201431 and
Goyal et al. 201419 studies were performed at the same
medical center, and EBUS-TBNA was first introduced to the
center at the time of this study. Moreover, the size of lymph
nodes sampled by TBNA, the numbers of lymph nodes
sampled by TBNA, the number of passes made using TBNA,
the major stations sampled, the sample number for TBLB, the
locations of TBLB, whether fluoroscopy was performed, and
the sample number for EBB were not uniform across studies.
Further, the sample sizes of some of the meta-analysis groups
were too small, which resulted in the reduced power of this
meta-analysis. In addition, data on confounding factors,
such as age and gender, were mostly unavailable and could
not be corrected by performing meta-regression analysis.
Those confounding effects might have influenced the results.
Therefore, the conclusions are not convincing.

Some of the challenges experienced in this study were due to
the fact that the diagnosis of sarcoidosis is extremely difficult,
even with pathological analysis of surgical biopsy tissue. In
addition, the diagnosis of sarcoidosis changes over the time.
Because EBUS-TBNA is a relatively new technology used
for the diagnosis of sarcoidosis, a very limited number of
trials have been performed particularly on Asian populations.
Therefore, we examined all relevant published studies
regardless of date published or level of research. Sarcoidosis
is diagnosed by excluding other nodular disorders, such as
tuberculosis and lymphoma, and there is no gold standard for
its diagnosis. In this meta-analysis, all of the patients were
diagnosed based on clinical/radiological findings and were
followed up for at least 6 months. We intended to analyze
the data included in the articles to evaluate the application
of different methods for the diagnosis of Stage I and II
pulmonary sarcoidosis; unfortunately, we could not obtain
additional information from these articles. Therefore, we
could not analyze other clinical characteristics associated
with bronchoscopy examination. It cannot be denied that
the combined use of EBUS-TBNA + TBLB + EBB would
be more expensive; however, the rate of misdiagnosis would
also be much lower; thus, we believe that their combined use
is very important for the diagnosis and subsequent effective
treatment of this disease. We agree that these data are truly
necessary, and the economic factors should be taken into
consideration in the future.

In conclusion, EBUS-TBNA +TBLB + EBB should be utilized
for the diagnosis of sarcoidosis if it is available. At medical
centers without EBUS-TBNA, TBNA + TBLB + EBB

can be used instead. All surgeons should obtain as much
experience with performing these procedures as possible to
achieve a high diagnostic yield and low complication rate. It
appears that more studies are necessary to determine whether
EBUS-TBNA +TBLB + EBB produce the same or a higher
diagnostic yield than routine bronchoscopy and whether it
reduces the complication rate.

Supplementary information is linked to the online version of
the paper on the Chinese Medical Journal website.

Acknowledgment
We thank Dr. Li KS and Tong B for giving us the unavailable
papers online.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Celada LJ, Drake WP. Targeting CD4(+) T cells for the treatment of
sarcoidosis: A promising strategy? Immunotherapy 2015;7:57-66.
doi: 10.2217/imt.14.103.

2. Hunninghake GW, Costabel U, Ando M, Baughman R, Cordier JF, du
Bois R, et al. ATS/ERS/WASOG statement on sarcoidosis. American
Thoracic Society/European Respiratory Society/World Association
of Sarcoidosis and other Granulomatous Disorders. Sarcoidosis Vasc
Diffuse Lung Dis 1999;16:149-73.

3. Agarwal R, Aggarwal AN, Gupta D. Efficacy and safety of
conventional transbronchial needle aspiration in sarcoidosis: A
systematic review and meta-analysis. Respir Care 2013;58:683-93.
doi: 10.4187/respcare.02101.

4. Nakajima T, Yasufuku K, Kurosu K, Takiguchi Y, Fujiwara T,
Chiyo M, et al. The role of EBUS-TBNA for the diagnosis of

sarcoidosis-Comparisons with other bronchoscopic diagnostic
modalities. Respir Med 2009;103:1796-800. doi: 10.1016/j.
rmed.2009.07.013.

5. 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;106:883-92. doi: 10.1016/j.
rmed.2012.02.014.

6. Krasnik M, Vilmann P, Larsen SS, Jacobsen GK. Preliminary
experience with a new method of endoscopic transbronchial real
time ultrasound guided biopsy for diagnosis of mediastinal and hilar
lesions. Thorax 2003;58:1083-6. doi: 10.1136/thorax.58.12.1083.

7. von Bartheld MB, Dekkers OM, Szlubowski A, Eberhardt R,
Herth FJ, in’t Veen JC, et al. Endosonography vs conventional
bronchoscopy for the diagnosis of sarcoidosis: The GRANULOMA
randomized clinical trial. JAMA 2013;309:2457-64. doi: 10.1001/
jama.2013.5823.

8. Tremblay A, Stather DR, Maceachern P, Khalil M, Field SK.
A randomized controlled trial of standard vs endobronchial
ultrasonography-guided transbronchial needle aspiration in patients
with suspected sarcoidosis. Chest 2009;136:340-6. doi: 10.1378/
chest.08-2768.

9. Plit ML, Havryk AP, Hodgson A, James D, Field A, Carbone S,
et al. Rapid cytological analysis of endobronchial ultrasound-guided
aspirates in sarcoidosis. Eur Respir J 2013;42:1302-8. doi:
10.1183/09031936.00128312.

10. Plit M, Pearson R, Havryk A, Da Costa J, Chang C, Glanville AR.
Diagnostic utility of endobronchial ultrasound-guided transbronchial
needle aspiration compared with transbronchial and endobronchial
biopsy for suspected sarcoidosis. Intern Med J 2012;42:434-8. doi:
10.1111/j.1445-5994.2011.02446.x.

11. Oki M, Saka H, Kitagawa C, Kogure Y, Murata N, Ichihara S, et al.

Chinese Medical Journal | July 5,2016 | Volume 129 | Issuc 13 I




20.

Prospective study of endobronchial ultrasound-guided transbronchial
needle aspiration of lymph nodes versus transbronchial lung biopsy
of lung tissue for diagnosis of sarcoidosis. J Thorac Cardiovasc Surg
2012;143:1324-9. doi: 10.1016/j.jtcvs.2012.01.040.

. Navani N, Booth HL, Kocjan G, Falzon M, Capitanio A, Brown JM,

et al. Combination of endobronchial ultrasound-guided transbronchial
needle aspiration with standard bronchoscopic techniques for the
diagnosis of stage I and stage II pulmonary sarcoidosis. Respirology
2011;16:467-72. doi: 10.1111/j.1440-1843.2011.01933 x.

. Li K, Jiang S. A randomized controlled study of conventional

TBNA versus EBUS-TBNA for diagnosis of suspected stage I and IT
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2014;31:211-8.

. Hong G, Lee KJ, Jeon K, Koh WJ, Suh GY, Chung MP, et al. Usefulness

of endobronchial ultrasound-guided transbronchial needle aspiration
for diagnosis of sarcoidosis. Yonsei Med J 2013;54:1416-21. doi:
10.3349/ym;j.2013.54.6.1416.

. Gupta D, Dadhwal DS, Agarwal R, Gupta N, Bal A, Aggarwal AN.

Endobronchial ultrasound-guided transbronchial needle aspiration
vs conventional transbronchial needle aspiration in the diagnosis of
sarcoidosis. Chest 2014;146:547-56. doi: 10.1378/chest.13-2339.

. Goyal A, Gupta D, Agarwal R, Bal A, Nijhawan R, Aggarwal AN.

Value of different bronchoscopic sampling techniques in diagnosis of
sarcoidosis: A prospective study of 151 patients. J Bronchology Interv
Pulmonol 2014;21:220-6. doi: 10.1097/LBR.0000000000000081.

. Gnass M, Szlubowski A, Soja J, Kocon P, Rudnicka L, Cmiel A, et al.

Comaparison of conventional and ultrasound-guided needle biopsy
techniques in the diagnosis of sarcoidosis: A randomized trial. Pol
Arch Med Wewn 2015;125:321-8.

. Dziedzic DA, Peryt A, Orlowski T. The role of EBUS-TBNA and

standard bronchoscopic modalities in the diagnosis of sarcoidosis.
Clin Respir J 2015. doi: 10.1111/crj.12304.

. Zhang S, Ma WX, Jiang SJ, Li YT, Wang YK. Diagnosis value of

fiberoptic in sarcoidosis (in Chinese). Int J Respir 2011;31:605-8. doi:
10.3760/cma.j.issn.1673-436X.2011.008.011.

Tong B, Xu Y, Zhong W, Zhao J, Chen M, Shao C, et al. The value
of bronchoscopy in the diagnosis of sarcoidosis (in Chinese).
Chin J Tuberc Respir Dis 2015;38:839-43. doi: 10.3760/cma.j.is

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

sn.1001-0939.2015.11.009.

LiYH, Guo WL, Li SY. The different biopsy methods of bronchoscopy
for the diagnosis of sarcoidosis (in Chinese). Guangdong Med J
2015;36:2551-3.

Mondoni M, Radovanovic D, Valenti V, Patella V, Santus P.
Bronchoscopy in sarcoidosis: Union is strength. Minerva Med
2015;106:1-7.

Mondoni M, Carlucci P, Di Marco F, Rossi S, Santus P, D’Adda A,
et al. Rapid on-site evaluation improves needle aspiration sensitivity
in the diagnosis of central lung cancers: A randomized trial.
Respiration 2013;86:52-8. doi: 10.1159/000346998.

Drent M, van Velzen-Blad H, Diamant M, Hoogsteden HC,
van den Bosch JM. Relationship between presentation of sarcoidosis
and T lymphocyte profile. A study in bronchoalveolar lavage fluid.
Chest 1993;104:795-800. doi: 10.1378/chest.104.3.795.

Nagai S, Izumi T. Bronchoalveolar lavage. Still useful in diagnosing
sarcoidosis? Clin Chest Med 1997;18:787-97. doi: 10.1016 S0272-
5231(05)70418-4.

Lieberman J. Elevation of serum angiotensin-converting-enzyme
(ACE) level in sarcoidosis. Am J Med 1975;59:365-72.

Israel HL, Albertine KH, Park CH, Patrick H. Whole-body gallium
67 scans. Role in diagnosis of sarcoidosis. Am Rev Respir Dis
1991;144:1182-6. doi: 10.1164/ajrccm/144.5.1182.

Annema JT, Veselic M, Rabe KF. Endoscopic ultrasound-guided
fine-needle aspiration for the diagnosis of sarcoidosis. Eur Respir J
2005;25:405-9. doi: 10.1183/09031936.05.00098404.

Dhooria S, Sehgal IS, Aggarwal AN, Behera D, Agarwal R. Diagnostic
yield and safety of cryoprobe transbronchial lung biopsy in diffuse
parenchymal lung diseases: Systematic review and meta-analysis.
Respir Care 2016. pii: Respcare.04488. doi: 10.4187/respcare.04488.
Costabel U, Hunninghake GW. ATS/ERS/WASOG statement on
sarcoidosis. Sarcoidosis Statement Committee. American Thoracic
Society. European Respiratory Society. World Association for
Sarcoidosis and Other Granulomatous Disorders. Eur Respir J
1999;14:735-7. doi: Published 1 October 1999.

Culver DA. Diagnosing sarcoidosis. Curr Opin Pulm Med
2015;21:499-509. doi: 10.1097/MCP. 0000000000000201.

.Chinese Medical Journal | July 5,2016 | Volume 129 | Issue 13




2 b £
g 2
Random sequence generation (selection bias) _ § & i 5
232
Allocation concealment (selection bias) -— % g i i ] g E i i
s 8§ ¢ 2 H
Blinding of outcome assessment (detection bias) _:] i E HE] § § : § §E 3
H 8
Incomplete outcome data atron oias) HIIHE
223 3
Selective reporting (reporting bias) _ § § § § g g i g g § g i
23fcirzgeazed
The number of lymphnodes aspirated amiane ;| @B @(0(@|2 |02 |eeree
. ozeac0a2015 |9 | @ |7 @D (S S S 2|2 @ 2 S
The node size of TBNA R O 00000 ®
Major node stations sampled by TBNA wanon @7 @ @00 002 |eeee
w0204 | (B9 907 e eeeeee
The number of TBNA passes oo @GO OGO OG0 e eee
The number of TBLB specimens us21 /000006 eesrnse
um205|@|O|®| @@ 22|22 e
The sites of TBLB naimato0 | @ 9| @ (@[22 |0(0|e|e|e] |®
The number of EBB specimens w2 | 91019/0/0/9/010/890 00
P (@0 |0|0|0]0|0]e[e]e8] [®
Other bias ran202|@ (9999990 eeree
; + + + { a2 |89 9 (690|700 eeere
0% 25% 50% 75% 100% wes| @@ @ @@ |e|e|e|e|e|e]|e®
eeeeeeez]e ®
| .Lownskofblas DUncleamskofhlas .Hlnh risk of bias | m:::: oee@eae|na|nln] |®

Supplementary Figure 1: Risk of bias of the 16 included studies. (a) Risk of bias graph of the 16 included studies. (b) Risk of bias summary.
The blank parts represent the studies that did not perform TBLB or EBB. The quality of studies was generally good. TBNA: Transbronchial needle

aspiration; TBLB: Transbronchial lung biopsy; EBB: Endobronchial biopsy.
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Supplementary Figure 2: The graphs of assessment of publication bias. (a) The open circles represent the studies included in this meta-analysis.
The line in the center indicates the summary OR. The funnel plot was slightly asymmetric. (b) Begg’s test of publication bias (P = 0.304).
(c) Egger’s test of publication bias P = 0.223. There was no evidence for a significant publication bias in our meta-analysis. SE: Standard error;
CI: Confidence interval; OR: odds ratio.
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Supplementary Figure 3: Forest plot of EBUS-TBNA versus TBLB for the diagnosis of sarcoidosis. (a) Stage I. The pooled OR for stage | was
16.99 (95% C/, 4.93-58.58, P < 0.00001); (b) Stage II. The pooled OR for stage Il was 6.56 (95% C/, 4.31-9.98, P < 0.00001). EBUS-TBNA was
better than TBLB for both stages (especially Stage I). (c) Except the Plit 2012, Goyal 2014, Gupta 2014, and Tong 2015 studies. After excluding
the study by Plit, Goyal, Gupta and Tong et al., the heterogeneity was not significant. (d) ROSE and No-ROSE subgroups. The heterogeneity in the
ROSE group was significant, and it is the same with No-ROSE subgroup. C/: Confidence interval; OR: Odds ratio; ROSE: Rapid on-site evaluation;

EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration; TBLB: Transbronchial lung biopsy.
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Supplementary Figure 4: Forest plot of EBUS-TBNA versus TBLB + EBB for the diagnosis of sarcoidosis. (a) EBUS-TBNA versus TBLB + EBB
for the diagnosis of Stage | sarcoidosis. (b) EBUS-TBNA versus TBLB + EBB for the diagnosis of Stage Il sarcoidosis. EBUS-TBNA was better
than TBLB + EBB only for Stage | sarcoidosis. CI: Confidence interval; EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle
aspiration; TBLB: Transbronchial lung biopsy; EBB: Endobronchial biopsy.
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