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Fifty-three studies, involving more than 8,000 patients and 
evaluating 23 potential predictive factors, were included. 
Major predictors in an unselected population, as well as in 
patients with suspected/known lung cancer, included lymph 
node size (short axis length  ≥ 2 cm), presence of abnormal 
endoscopic findings, subcarinal and right paratracheal loca-
tion, and the use of histological needle by an experienced 
bronchoscopist. Stage I and sampling of more than one 
lymph node stations were the only predictors of a successful 
TBNA result in patients with suspected sarcoidosis.  Conclu-

sions:  The diagnostic yield of TBNA depends on selected 
clinical and procedural features. Knowledge of factors that 
predict a positive TBNA result may help optimize the diag-
nostic success of the procedure in different clinical settings. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 The role of transbronchial needle aspiration (TBNA) 
for the diagnosis of mediastinal adenopathies/masses, as 
well as for lung cancer staging, is well established. It is a 
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 Abstract 

  Background:  Transbronchial needle aspiration (TBNA) is a 
safe and useful sampling technique for the diagnosis of me-
diastinal adenopathies/masses, but its accuracy seems to be 
influenced by selected clinical and procedural aspects.  Ob-

jectives:  We performed a systematic review to identify the 
main predictors of a successful transbronchial aspirate ac-
cording to different clinical settings.  Methods:  We searched 
Medline and Embase for all studies evaluating predictors of 
TBNA diagnostic yield, published up to February 2012. Two 
authors reviewed all titles/abstracts and retrieved the full 
text of articles that are potentially relevant to identify studies 
according to predefined selection criteria. The methodolog-
ical quality of studies was assessed through the revised Qual-
ity Assessment of Diagnostic Accuracy Studies tool. Evidence 
synthesis was graded according to overall number of stud-
ies, patients involved and methodological features.  Results:  
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safe, low-cost, minimally invasive sampling technique, 
performed while carrying out diagnostic bronchoscopy, 
avoiding separate staging procedures and some unneces-
sary surgical approaches. However, against very high 
specificity (96–100%), the sensitivity of TBNA varies 
greatly in the published literature. To date, two meta-
analyses of data on TBNA accuracy for lung cancer stag-
ing have been performed: one reported an average pooled 
sensitivity of 76%, ranging from 14 to 100%  [1] , while the 
other, restricted to studies including patients with non-
small cell lung cancer, provided two separate estimates 
according to low or high prevalence of mediastinal dis-
ease, 39 and 78%, respectively  [2] . Such variability is all 
the more surprising when we consider that the included 
studies involved only subjects with suspected/known 
lung cancer. Therefore, it is likely that TBNA sensitivity 
for the diagnosis of lymphadenopathies/masses due to 
benign or still unknown conditions varies even more 
widely, because of the higher heterogeneity of the study 
population.

  Besides the underlying clinical setting, the reasons for 
variability on TBNA accuracy appears to be related to 
both differences in methodology and to a number of oth-
er selected factors, evaluated as predictors of a successful 
aspirate in several investigations. These include selected 
baseline clinical characteristics, as well as procedural as-
pects. Further factors were analyzed in selected clinical 
conditions, such as lung cancer, sarcoidosis and tubercu-
losis.

  However, the results on such predictors have often 
been conflicting and the real value of each one has not yet 
been defined. Therefore, the aim of the present systematic 
review is to summarize the available literature to identify 
the main predictive factors of a positive transbronchial 
aspirate according to different clinical conditions.

  Materials and Methods 

 Search Strategy and Study Selection 
 We searched Medline and Embase for all original studies eval-

uating factors predicting TBNA diagnostic yield in patients with 
mediastinal lymphadenopathies/masses, published up to February 
2012, using a combination of free text and MESH terms related 
to TBNA and diagnostic studies. The electronic search was supple-
mented by hand searching the bibliography of relevant articles.

  The following criteria were established for inclusion: (1) obser-
vational/interventional studies evaluating factors influencing the 
yield of TBNA in mediastinal lymphadenopathies/masses; (2) 
studies with sample size  ≥ 10; (3) studies with full text in English.

  Exclusion criteria were: (1) observational/interventional stud-
ies evaluating factors influencing the yield of TBNA also for pul-

monary/endobronchial lesions, where the outcome of interest was 
not available separately for mediastinal lymphadenopathies/mass-
es; (2) observational/interventional studies on endobronchial ul-
trasound (EBUS)-TBNA or computed tomography fluoroscopy-
guided TBNA.

  Two independent authors firstly reviewed all titles/abstracts to 
identify potentially relevant articles. Then, the study selection, 
based on a full-text review, was performed according to the above 
predefined inclusion/exclusion criteria, and disagreements were 
resolved by discussion.

  Data Extraction and Methodological Quality Assessment 
 Two reviewers independently extracted information on study 

design, population, number of subjects, primary outcome, size of 
needle utilized, predictive factors evaluated and relative results.

  We assessed the studies for methodological quality using the 
revised Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool  [3] . Since its publication in 2003, it has been 
widely used. More than 200 review abstracts in the Database of 
Abstracts of Reviews of Effects mention this tool, and it has been 
cited more than 500 times. The QUADAS tool is recommended 
for use in systematic reviews of diagnostic accuracy by the Agency 
for Healthcare Research and Quality, Cochrane Collaboration, 
and the UK National Institute for Health and Clinical Excellence 
 [3] .

  It consists of 4 key domains that discuss patient selection, index 
test, reference standard, flow of patient selection, timing of the in-
dex tests and reference standard. Through specified questions, 
each domain is assessed about risk of bias, and the first three items 
are also assessed in terms of concerns about applicability.

  Synthesis of Evidence 
 Because of the absence of a standardized tool for our review 

question, we summarized evidence according to the overall num-
ber of studies, patients involved and methodological features 
(sample size and statistical analysis), into the following three 
groups: (1) evidence of a predictive role, when the majority of stud-
ies/patients involved suggested a predictive role; (2) evidence of no 
predictive role, when the majority of studies/patients involved re-
ported no statistically significant results; (3) inconsistent/insuffi-
cient evidence, when a similar number of studies/patients involved 
reported conflicting results or data were too scanty (i.e.  ≤ 1 study 
without statistical analysis and/or with very small sample size). Ev-
idence of a predictive role was further divided into two levels: 
‘strong’ when studies with statistical analysis were  ≥ 2 and/or the 
number of patients involved was >500, and ‘weak’ in the remaining 
conditions. For the main stations of sample (7, 4R, 4L and 10/11) 
we calculated a weighted average of the overall pooled estimates of 
diagnostic yield.

  Results 

 Search Results and Characteristics of Included Studies 
 The first search identified 827 references. After initial 

screening based on title/abstracts, 743 articles were ex-
cluded because they were not relevant and the remaining 
papers were retrieved for detailed full-text evaluation. Of 
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these, 31 did not fulfill eligibility criteria and, thus, 53 
original studies were included ( fig. 1 ). Their main char-
acteristics and results are summarized in  table  1 . Five 
were randomized clinical trials, 29 were observational 
prospective studies and 19 were retrospective chart re-
views. Statistical analyses were performed in 28 studies.

  The application of the QUADAS-2 tool revealed an 
overall low methodological quality.  Figure 2  presents the 
judgments on risk of bias ( fig. 2 a), concerns about appli-
cability ( fig. 2 b) for each domain, and the final summa-
rized proportion of studies deemed as at ‘low’ or ‘high’ 
risk of bias and having ‘low’ or ‘high’ concerns regarding 
applicability to the review question ( fig. 2 c). Overall, five 
studies were judged at ‘low risk of bias’ and seven as hav-
ing ‘low concerns about applicability’ and, out of these, 
one study met both the conditions.

  Data Synthesis 
 The high heterogeneity and characteristics of studies 

prevented any data pooling; therefore, we have described 
results for major predictors according to different clinical 
contexts and provided a synthesis of evidence, as previ-
ously reported ( table 2 ).

  Lymph Node Station (ATS/IALCS) 
 Twelve studies involved unselected patients and, of 

these, six identified station 7 as the main predictor  [4–
8] , four identified station 4R  [5, 8–10]  and one identi-
fied hilar stations  [11] . Another four studies  [12–15]  did 
not find any significant statistical difference. Eleven 
studies evaluated this factor in patients with suspected/
known diagnosis of lung cancer. Station 7 was reported 
as the main predictor in three studies  [16–18] , station 
4R in two studies  [17, 19] , hilar stations in two studies 
 [20, 21] , station 3p in one study  [22]  and station 4 (4R + 
4L) in three studies  [16, 23, 24] . Two studies  [25, 26]  
did  not find any significant statistical difference. Six 
studies analyzed lymph node station as the predictor in 
patients with suspected sarcoidosis  [27–32] , but each 
one reported different results and the only investiga-
tion reporting statistical analysis showed no difference 
among the stations sampled  [30] . One study was per-
formed in patients with suspected tuberculosis and re-
ported the highest accuracy for station 7  [33] . The 
weighted average of the overall pooled estimates of di-
agnostic yield for stations 7, 4R, 4L and 10/11 is pro-
vided in  table 3 .

  Lymph Node Size 
 Out of seven studies that assessed this outcome in an 

unselected population, six reported higher sensitivity for 
lymph nodes  ≥ 2 cm in the short axis with a linear rela-
tionship with increasing size, when evaluated  [5, 9, 10, 
12–14] . Similar results were obtained in four out of seven 
studies, involving patients with suspected/known lung 
cancer  [20–22, 25] . The remaining studies reported no 
significant difference in TBNA sensitivity depending on 
the lymph node sizes  [34–36] . The only study performed 
on patients with suspected sarcoidosis did not detect any 
significant difference  [30] .

  Type of Disease 
 Out of eight studies that evaluated the type of disease 

as the predictor, seven reported higher sensitivity for ma-
lignant (excluding lymphoma) than benign lesions, such 
as sarcoidosis and tuberculosis  [10, 13, 14, 37–40] , while 
one study did not find any statistically significant differ-
ence based on the underlying disease  [12] .

  Operator Experience 
 Three of the five studies  [13, 39, 41–43]  in unselected 

populations and both studies in a lung cancer setting 
 [44, 45]  found higher sensitivity when TBNA was per-
formed by an experienced bronchoscopist or after any 

827 articles identified by
search strategy

(after duplicates removed)

743 excluded after screening
of title/abstract because not
relevant (i.e. studies on EBUS-
TBNA, review, case reports,
language other than English)

84 potentially relevant 
studies retrieved for detailed

(full text) evaluation

53 studies included in
qualitative synthesis

31 studies excluded because:
- 8 case reports
- 6 review articles
- 11 studies not fulfilling all
 inclusion criteria or not
 reporting primary outcome
 of interest
- 4 studies reporting outcome
 of interest including also for
 patients with bronchogenic
 masses or peripheral
 pulmonary nodules
- 2 studies reporting outcome
 of interest in a too-specific
 population (i.e. patients
 diagnosed with human
 immunodeficiency virus
 and superior vena cava
 syndrome)

  Fig. 1.  Flow chart of study selection. 
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Table 1.  Characteristics and results of included studies

Study Design Population Patients, n Predictors  evaluated Results (p values, if calculated/reported)

Arslan [4], 2011 RCT Unselected 60 Lymph node station Station 7

Ceron [9], 2007 PCS Unselected 732 Lymph node station Station 4R
Lymph node size >2 cm
Number of needle passes 3–4
Needle size 19-G

Harrow [45], 1989 RCR Suspected/known lung cancer 633 Operator experience Operator with more experience
Tumor cell type SCLC

Schenk [53], 1989 PCS Suspected/known lung cancer 29 Type of specimen Combined specimens1

Aliyali [37], 2008 PCS Unselected 22 Type of disease Underlying malignancy

Cetinkaya [38], 2004 PCS Unselected 60 Type of disease Underlying malignancy

Stoll [19], 2010 RCR Suspected/known lung cancer 262 Lymph node station Station 4R

Darjani [15], 2011 PCS Unselected 39 Lymph node station No difference (p > 0.5)
Gender No difference (p = 0.37)

Herth [6], 2004 RCT Unselected 200 Lymph node station Station 7

Bilaceroglu [33], PCS Suspected tuberculosis 84 Lymph node station Station 7
2004 Type of density No difference (p > 0.05)

Type of specimen Histological specimens

Khan [39], 2011 RCR Unselected 473 Operator experience Improvement of about 25% in 4 years
Type of disease Underlying malignancy

Chin [20], 2002 PCS Suspected/known lung cancer 79 Number of needle passes 5–7
Number of needle passes 
with/without ROSE

Number of needle passes with ROSE 
(p = 0.005)

ROSE Yes (p < 0.001)
Number of needle passes 
in SCLC/NSCLC diagnosis

No difference (p = 0.13)

Lymph node station Station 10L
Lymph node size >3 cm (no statistical analysis)

Bilaceroglu [34], 1998 PCS Suspected/known lung cancer 138 Tumor location No difference (p = 0.22)
Tumor extent T3–T4 (p = 0.008)
Tumor cell type No difference (p not reported)
Endoscopic findings Abnormal (p = 0.004)
Lymph node stage No difference  (p = 0.25)
Lymph node size No difference (p = 0.25)

Martinez-Olondris
[23], 2008

RCR Suspected/known lung cancer 194 Lymph node station Station 4
Tumor cell type NSCLC

Morales [55], 1994 PCS Suspected sarcoidosis 51 Stage of disease Stage I

Tremblay [54], 2009 RCT Suspected sarcoidosis 50 Stage of disease Stage I

Trisolini [31], 2003 RCR Suspected sarcoidosis 55 Lymph node station Station 4R
Type of specimen Histological specimens

Schenk [24], 1987 PCS Suspected/known lung cancer 91 Lymph node station Station 4
Tumor cell type SCLC

Pauli [27], 1984 PCS Suspected sarcoidosis 193 Stage Stage I
Lymph node station Station 10/11 R/L

Ozbudak [28], 2011 PCS Suspected sarcoidosis 38 Lymph node station Station 4
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Table 1. (continued)

Study Design Population Patients, n Predictors  evaluated Results (p values, if calculated/reported)

De Castro [44], 1997 PCS Suspected/known lung cancer 80 Operator experience Operator with more experience 
(p < 0.001) or after a 1-year training 
period (p < 0.02)

Haponik [41], 1995 RCR Unselected 185 Operator experience After educational interventions 
(p < 0.005)

(proc.) Endoscopic findings Yes (p < 0.005)

Raveglia [42], 2006 RCR Unselected 50 Operator experience After an 18-month training period 
(p = 0.04)

Hsu [43], 2004 RCR Suspected/known lung cancer 66 Operator experience After a 3.5-year training period 
(p = 0.03)

Fernandez-Villar [12], PCS Unselected 580 Type of disease No difference (p = 0.07)
2010 Needle size No difference  (p = 0.4)

Lymph node station No difference (p = 0.3)
Lymph node size ≥2 cm (p = 0.0001; statistically 

significant in multivariate analysis)
Indirect signs Yes (p = 0.0001; statistically significant 

in multivariate analysis)
Age No difference (p = 0.7)
Sex No difference  (p = 0.9)

Harrow [21], 2000 PCS Suspected/known lung cancer 781 Tumor cell type SCLC (p = 0.034)
Lymph node size Linear relationship with lymph node 

size 0.5–0.9  up to  2–2.4 cm for SCLC 
and NSCLC (p < 0.01; statistically 
significant in multivariate analysis)

Lymph node station Station 11R
Needle size 19-G (p < 0.001)
Tumor location Right-sides (p = 0.01 to 0.002 in 

mediastinal stations and p = 0.13 to 0.3 
for hilar stations; statistically significant 
in multivariate analysis)

Kupeli [14], 2011 PCS Unselected 34 Lymph node station No difference (p = 0.33)
Lymph node size >2 cm (p < 0.05)
Type of disease Underlying malignancy (p = 0.005)

Sharafkhaneh [10], RCR Unselected 170 Lymph node station Station 4R (p = 0.003 among 
paratracheal stations)

2003 Lymph node size Linear relationship with lymph node 
size <2 cm up to >6 cm (p = 0.05)

Type of disease Underlying malignancy (p = 0.004)
Positive results from 
bronchial brushing

Yes (p = 0.01)

Endoscopic findings No difference (p not reported)

Rakha [40], 2009 RCR Unselected 187 Type of disease Underlying malignancy 
Tumor cell type SCLC
Number of needle passes No difference (p = 0.3)

Fernandez-Villar [25], PCS Suspected/known lung cancer 207 Lymph node station No difference (p = 0.8)
2005 Lymph node size >2 cm (p < 0.0019; statistically 

significant in multivariate analysis)
Tumor location No difference (p = 0.3)
Endoscopic findings No difference (p = 0.6)
Indirect signs No difference (p = 0.08)
Tumor cell type SCLC (p = 0.02)
Positive/negative cytology No difference (p = 0.6)
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Table 1. (continued)

Study Design Population Patients, n Predictors  evaluated Results (p values, if calculated/reported)

Harrow [49], 1991 RCR Suspected/known lung cancer 157 Tumor cell type SMLC (p = 0.0000)
Tracheal appearance on 
bronchoscopy

Abnormal carina (p = 0.000)

Endoscopic findings Yes (p < 0.005)
Tumor location Right upper lobe (p = 0.001)

Soja [16], 2010 PCS Suspected/known lung cancer 84 Lymph node station Station 7 and 4 (p = 0.01)

Stratakos, [51], 2008 PCS Suspected/known lung cancer 77 Type of specimens Combined specimens (p = 0.00001 
compared with cytological and 
p = 0.019 compared with histological). 
Lung cancer specimens (p = 0.06)

Tumor cell type No difference (p = 0.79)

Diacon [5], 2007 PCS Unselected 245 Number of needle passes Diagnostic yield increased for all sizes 
and stations until 5 needle passes 
(R = 0.999)

Lymph node size >2 cm (p < 0.001)
Lymph node station Station 7 and 4R (p < 0.001)
Endoscopic findings Yes (p < 0.001)

Patelli [17], 2002 RCR Suspected/known lung cancer 
(NSCLC)

183 Needle size p not significant
Lymph node station Station  4R (p = 0.001) and 7 (p = 0.002)

Borekci [26], 2011 PCS Suspected/known lung cancer  
(SUV-max on PET/CT ≥2.5)

25 Lymph node station No difference (p = 0.18)
SUV-max value on 
PET/CT

SUV-max ≥5 (p < 0.05)

Tumor cell type No difference (p = 0.37)
Adequate or inadequate 
TBNA sampling

No difference (p = 0.09)

Hsu [35], 2007 RCR Suspected/known lung cancer
(SUV-max on PET/CT ≥2.5)

19 Lymph node size  No difference (p = 0.5)

Trisolini [29], 2004 RCR Suspected sarcoidosis 32 Stage of disease Stage I
Lymph node station Station 4L

Yarmus [50], 2011 RCT Unselected 68 ROSE No difference (p = 1)

Wang [8], 1984 RCR Unselected 136 Lymph node station Station 4R and 7
Endoscopic findings Yes

Medford [7], 2010 PCS Unselected 79 Pretest probability of 
malignancy

High pretest probability (p = 0.03)

Lymph node station Station 7 and 4
Tumor cell type No difference (p = 0.11)

Trisolini [11], 2010 RCT Unselected 138 ROSE No difference (p = 0.64)
Lymph node station 10/11R
Lymph node size 1.5–2 cm

Patel [46], 2007 RCR Unselected 217 Needle size 19-G (p < 0.001)

Shah [22], 2006 PCS Suspected/known lung cancer 129 Lymph node station Station 3p
Lymph node size >2 cm

How [36], 2008 RCR Suspected/known lung cancer 25 Number of lymph node 
stations sampled

No difference (p = 0.342)

Lymph node size No difference (p = 0.518)

Trisolini [30], 2008 PCS Suspected sarcoidosis 61 Stage No difference (p not significant; data 
not shown)
No difference (p not significant; data 
not shown)

Operator
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training program. The only study performed in the 
context of suspected sarcoidosis reported no statistical-
ly significant difference depending on the operators 
 [30] .

  Needle Size 
 A histology needle (19/18-G) was reported as a better 

predictor of a positive aspirate than a cytological one 
(21/22-G) in three out   of four studies in unselected popu-
lations  [9, 46, 47] , and in two  [21, 48]  out of three inves-
tigations performed in lung cancer patients. The other 
two studies  [12, 17]  did not find any statistically signifi-
cant difference according to needle size.

  Number of Needle Passes 
 Three studies investigated this factor as a predictor in 

an unselected population: one found that diagnostic yield 
increased after the second needle pass  [9] , one reported 
the maximum yield from the third until the fifth pass, 
reaching a plateau after the sixth  [5] , and another one did 
not observe any statistical differences with the increasing 
number of passes  [40] . One study was performed in a lung 
cancer setting  [20]  and suggested the best diagnostic yield 
from the fourth to the seventh pass. The only study on 
patients with suspected sarcoidosis did not report any sta-
tistical difference  [30] .

Table 1. (continued)

Study Design Population Patients, n Predictors  evaluated Results (p values, if calculated/reported)

Age No difference (p not significant; data 
not shown)

Sex No difference (p not significant; data 
not shown)

Number of lymph node 
stations sampled

≥2 stations sampled (p = 0.01)

Number of needle passes No difference (p not significant; data 
not shown)

Lymph node size No difference (p not significant; data 
not shown)

Lymph node station No difference (p not significant; data 
not shown)

Adequacy of histology 
specimen

No difference (p not significant; data 
not shown)

Boonsargsuk [13], PCS Unselected 38 Operator experience No difference (p = 0.09)
2009 Lymph node size ≥2 cm (p = 0.03)

Type of disease Underlying malignancy (p = 0.01)
Lymph node station No difference (p = 0.38)

Baram [58], 2005 PCS Unselected 42 ROSE No difference (no statistical analysis)

Hermens [52], 2003 RCR Suspected/known lung cancer 264 Type of specimens Histological specimens (no statistical 
analysis)

Mehta [47], 1989 PCS Unselected 34 Type of specimens Histological specimens
Needle size 18-G

Wang [32], 1989 RCR Suspected sarcoidosis 61 Lymph node station Station 7 and 10

Katis [18], 1998 PCS Suspected/known lung cancer 76 Lymph node station Station 7
Endoscopic findings Yes
Tumor cell type NSCLC

Schenk [48], 1993 PCS Suspected/known lung cancer 55 Type of specimens with 
19-G needle

Combined specimens with 19-G 
(p = 0.0001)

Needle size 19-G

 NSCLC = Non-small cell lung cancer; PCS = prospective case series; RCR = retrospective chart review; RCT = randomized controlled trial; SCLC = small 
cell lung cancer. 

1 Histological and cytological.
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  Endoscopic Findings 
 The presence of abnormal endoscopic appearance was 

evaluated in nine studies  [5, 8, 10, 12, 18, 25, 34, 41, 49] , 
and six identified it as a relevant predictor.

  ROSE 
 Two randomized clinical trials and one observational 

study assessed the impact of ROSE (rapid on site exami-
nation) as the primary outcome, and all of them failed to 

detect any statistically significant difference in TBNA di-
agnostic yield with or without this technique  [11, 50] . The 
only study that evaluated ROSE in a lung cancer setting 
observed a significant increase of diagnostic yield when 
TBNA was performed with ROSE  [20] .

  Type of Specimen with Histological Needle 
 Of the studies investigating type of specimen with his-

tological needle, all six reported a higher diagnostic per-
formance for combined (both histological and cytologi-
cal) and histological specimens than that for cytological 
specimens  [33, 47, 48, 51–53] .

  Selected Predictive Factors in Patients with Suspected/
Known Lung Cancer 
  Cancer Cell Type . Out of twelve studies, six reported 

small cell type as the best predictor  [21, 24, 25, 40, 45, 49] , 
two identified non-small cell  [18, 23]  and four did not 
detect any statistically significant difference in TBNA ac-
curacy according to cell subtype  [7, 26, 34, 51] .

   Tumor Location . Two studies found a statistically 
higher yield when tumors were located on the right rath-
er than on the left side  [21, 49] , while another study did 
not report any significant difference. A PET SUV-max  ≥ 5 
 [26]  and a locally advanced tumor stage  [34]  were report-
ed as significant predictors, while central or peripheral 
tumor location and lymph node stage  [34]  did not sig-
nificantly influence TBNA results.

  Selected Predictive Factors in Patients with Suspected 
Sarcoidosis 
 Out of five studies  [27, 29, 30, 54, 55] , four reported 

stage I as a better predictor than stage II, while another 
one did not detect any statistical difference  [30] . The lat-
ter study found sampling  ≥ 2 lymph node stations as the 
only significant predictor.

  Selected Predictive Factors in Patients with Suspected 
Tuberculosis 
 One study assessed lymph node density on computed 

tomography scans as a predictor, but did not find any sta-
tistically significant difference  [33] .

  Sensitivity Analysis 
 We performed a sensitivity analysis excluding the 

eight studies with staging purpose only from the category 
‘suspected/known lung cancer’, in order to investigate the 
potential selection bias due to the different prevalence of 
disease in subjects with a previously known diagnosis of 
cancer. Some factors with a previous ‘strong’ evidence of 
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  Fig. 2.  Graphical display of the revised QUADAS-2 results accord-
ing to risk of bias ( a ), applicability concerns ( b ) and overall ( c ). 
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a predictive role, such as ‘endoscopic findings’, ‘type of 
specimen’, ‘needle size’ and ‘lymph node station’, became 
‘weak’, or there was ‘insufficient evidence’, since reducing 
the number of studies/patients involved meant the results 
failed to meet the evidence criteria, although there were 
not substantial changes.

  Discussion 

 The present systematic review provides an extensive 
description and synthesis of the main results from all 
published studies evaluating TBNA yield predictors for 
the diagnosis of mediastinal lymphadenopathies/masses. 
Major predictors in an unselected population, as well as 
in a suspected/known lung cancer clinical setting, includ-
ed: an increasing lymph node size, the presence of abnor-
mal endoscopic findings, underlying malignant condi-

tions, station 4R and 7 as the site of samples, and the use 
of histological needle by an experienced bronchoscopist. 
However, the type and duration of educational interven-
tions evaluated varied widely among studies. Despite the 
level of evidence about the last two ‘modifiable’ environ-
mental features being similarly strong, we actually believe 
that, in daily practice, having long-term endoscopic skills 

Table 2.  Synthesis of evidence

 Evidence of a predictive role Evidence of no 
predictive role

Insufficient/
inconsistent evidencestrong weak

Unselected Lymph node size Combined specimens1 ROSE
population Type of disease ‘Pre-test’ probability of 

malignancy
Gender

Operator experience Positive results from bronchial 
brushing

Age

Endoscopic findings
19/18-G needle size
Number of needle passes >3
Lymph node station 4R and 7

Suspected/
known lung
cancer

Lymph node size Number of needle passes >3 Lymph node stage Adequacy of  sampling
Operator experience ROSE Central/peripheral tumor

location
Number of lymph node
stations sampledEndoscopic findings Advanced local stage (T3–T4)

Small cell cancer type Cytology results PET/SUV ≥5
Right side of primary tumor
19/18-G needle size
Combined specimens1

Lymph node station 4R and 7

Suspected
sarcoidosis

Lymph node station sampled ≥2 Lymph node size Lymph node station
Stage I Operator experience Type of specimen

Number of needle passes
Age
Gender

Suspected
tuberculosis

Lymph node density at 
CT scan

Histological specimens
Lymph node station

 1 Histological and cytological.

Table 3.  Weighted average of overall pooled estimates of diagnos-
tic yield for the main stations sampled

Diagnostic yield, %

Station 7 69
Station 4R 70
Station 10/11 67
Station 4L 60
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and in-depth knowledge of mediastinal anatomy is the 
most important predictor. The choice of needle size 
should be dependent on clinical situations, because, al-
though the use of a histological needle has been shown to 
obtain a higher diagnostic yield, it requires a greater tech-
nical expertise and it should be employed only after the 
operator has completed a training period with cytology 
needles.

  Although the weighted average of pooled estimates of 
diagnostic yield for hilar stations was only slightly lower 
than that obtained for 4R and 7, it did not influence the 
overall synthesis of evidence, as it was derived without 
taking into account the study design. With reference to 
the number of needle passes, although data were limited, 
it is reasonable to conclude that it is necessary to perform 
at least three needle passes, up to a maximum of five, to 
obtain the best accuracy. Other predictors in patients 
with suspected/known lung cancer included selected fea-
tures of the primary tumor, such as the presence of a small 
cell subtype rather than non-small cell lung cancer, most 
likely due to the higher biological aggressiveness and low-
er adhesion of small cells, and also a right-side location. 
There was also little evidence on the role of ROSE in this 
setting. However, data from two randomized controlled 
clinical trials, primarily designed to assess the efficacy of 
ROSE for the diagnosis of hilar/mediastinal adenopathy 
in an unselected population, failed to detect a significant 
increase in diagnostic yield, although the median number 
of needle passes and bronchoscopy complication rates 
were significantly reduced when this technique was add-
ed  [11, 50] .

  Factors possibly influencing the TBNA results in pa-
tients with suspected sarcoidosis have been investigated 
in few small studies, and, of these, only one has evaluated 
this issue as the primary outcome, providing statistical 
analyses. In this study, sampling more than one lymph 
node station was the only variable significantly associ-
ated with the likelihood of a positive aspirate. This find-
ing was indirectly confirmed by Tremblay and colleagues 
 [56] , who performed a randomized trial to primarily 
compare the yield of EBUS-TBNA versus TBNA in sus-
pected sarcoidosis patients and suggested that the supe-
riority of EBUS-TBNA could have been related to the 
greater average number of lymph node stations sampled.

  The systematic and extensive search of the available 
literature as well as the large number of included studies 
and patients involved are the major strengths of this 
study. Moreover, the concordance of most results among 
studies is reassuring in terms of the reliability and valid-
ity of information obtained.

  However, the present review has several limitations. 
First, there was a baseline high heterogeneity among 
studies in terms of design, size of sample and outcome 
measure, assessed using patients or lymph nodes as the 
unit of analysis, various cytopathological criteria for 
classification of specimens and different definitions of 
test performance, including ‘diagnostic yield’, ‘accuracy’ 
and ‘sensitivity’. Furthermore, most investigations were 
not primarily designed as a diagnostic study, but report-
ed experiences from routine clinical practice, and only 
18 studies evaluated the role of predictors as a main end-
point. Thus, it is likely that the poor methodological 
quality of studies, as reported by the QUADAS-2 results, 
affects the validity of our findings. With reference to se-
lection bias, some studies did not state if there was a con-
secutive enrollment and some others made inappropri-
ate exclusions (i.e. patients with lymph node size <2.5 
cm). Moreover, most investigations enrolled patients 
with suspected/known selected clinical diagnoses, lead-
ing to an overestimation of sensitivity, since the proba-
bility of obtaining a positive result is closely related to 
the prevalence of lymph node involvement  [1, 2] . Fur-
thermore, several confounding factors could have affect-
ed the performance and interpretation of index tests, as 
TBNA was often performed within the same study by 
different operators with different needle types, sizes and 
number of passes, and ROSE was also occasionally add-
ed. Another relevant limitation is represented by the 
poor application of a reference standard test. Due to the 
high specificity of TBNA, positive results were generally 
assumed to be true positive and were not surgically con-
firmed; instead, negative results were verified by differ-
ent reference tests (i.e. mediastinoscopy, mediastinoto-
my, thoracotomy, video-assisted thoracoscopy, median 
sternotomy), leading to a potential verification bias, or 
by clinical follow-up alone when surgical staging was not 
indicated.

  In summary, conventional TBNA is a useful and safe 
diagnostic technique, but its accuracy has been suggested 
to be closely related to various underlying clinical and en-
vironmental factors. TBNA sensitivity could be excellent, 
if performed by an experienced bronchoscopist with a 
histology needle providing both cytological and histolog-
ical specimens, in patients with enlarged lymphadenopa-
thies (short axis length  ≥ 2 cm) in paratracheal or subcari-
nal regions, endoscopic findings and clinical suspicion of 
lung cancer, as well as quite low if none of these condi-
tions occurs.

  Despite the above-mentioned limitations, clinicians 
should take into account the information provided in 
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the present review in order to choose the more appro-
priate diagnostic test according to the selected clinical 
setting. Although, in recent years, EBUS-TBNA has 
been suggested to improve the diagnostic yield of con-
ventional TBNA  [57] , higher costs prevent its routine 
use in all bronchoscopy centers. Thus, TBNA still rep-
resents a very useful alternative procedure for the diag-
nosis of mediastinal lymphadenopathies/masses and it 

would be beneficial to obtain further data on its accu-
racy and predictors from large, high-quality investiga-
tions.
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