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1. INTRODUCTION
Sarcoidosis, which is a benign, multisystem, inflammatory dis-
order, remains a challenge for clinicians because of its unknown 

cause and heterogeneous clinical presentation.1 Although the 
frequency of sarcoidosis varies according to race, sex, and age, 
thoracic involvement occurs in 90% patients, and bilateral hilar 
lymphadenopathy is the most common thoracic manifestation.1–3 
The diagnosis of sarcoidosis is not standardized and not com-
pletely accurate.1,4 In general, the diagnosis of sarcoidosis is based 
on compatible clinical and radiographic images, the demonstra-
tion of nonnecrotizing granulomatous inflammation by tissue 
biopsy, and the exclusion of known causes that may incite granu-
lomatous reactions.1,4 Recently, the guidelines published by the 
American Thoracic Society suggested that lymph node biopsy 
is not necessary for patients who present with classic symptoms 
highly specific for sarcoidosis.4 The recommendations for lymph 
node biopsy for patients with asymptomatic bilateral hilar lym-
phadenopathies are not available because the key determinants 
of the probability of sarcoidosis are still uncertain.4 However, the 
regional prevalence of alternative infectious causes should be a 
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Abstract
Background: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is valuable for diagnosing pul-
monary sarcoidosis. We aimed to evaluate the diagnostic yield of EBUS-TBNA and cytology in sarcoidosis during the first 9 years 
at our institution.
Methods: Patients who underwent EBUS-TBNA for suspected sarcoidosis between January 2011 and November 2019 were 
identified retrospectively. EBUS-TBNA was performed with rapid on-site cytological evaluation of the samples. The final diagnosis 
was based on the pathology and/or cytology results, radiologic features, and clinical follow-up findings. The yield rate was analyzed 
annually.
Results: Eighty patients underwent 83 EBUS-TBNA procedures for suspected sarcoidosis. In total, 136 lymph nodes were sam-
pled. The mean number of lymph node stations sampled was 2.0 ± 0.6; the mean number of needle passes per lymph node was 
3.5 ± 0.8. Sixty-five patients were diagnosed with sarcoidosis, with a total of 68 procedures. Nonnecrotizing granulomatous inflam-
mation was detected in the EBUS-TBNA samples from 49/68 procedures (yield rate: 72.1%). Of 19 patients with sarcoidosis who 
did not obtain a pathological diagnosis with EBUS-TBNA, epithelioid cells and/or multinuclear giant cells suggestive of granuloma-
tous inflammation were detected in five. The sensitivity, specificity, positive predictive value, and negative predictive value (NPV) for 
pathological diagnosis of sarcoidosis using EBUS-TBNA were 72.1%, 100%, 100%, and 24.0%, respectively. On using cytology, 
the sensitivity and NPV increased to 79.4% and 26.3%, respectively. The yield rate did not increase until 2016.
Conclusion: EBUS-TBNA is useful for diagnosing sarcoidosis. Cytology resulted in an additional yield rate of 7.3%, which 
improved as the number of cases increased.
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major consideration when determining whether a biopsy should 
be performed. In Taiwan, histopathological proof is essential for 
establishing a diagnosis of sarcoidosis because of the high preva-
lence of tuberculosis.5 Endobronchial ultrasound (EBUS)-guided 
transbronchial needle aspiration (TBNA), which is a minimally 
invasive technique that can be used to approach mediastinal 
and hilar lymphadenopathy or mass lesions, is valuable to the 
diagnosis and staging of lung cancer.6,7 EBUS-TBNA has a lower 
diagnostic yield than surgical biopsy (mediastinoscopy or video-
assisted thoracoscopic surgery) for sarcoidosis.4,8 However, 
EBUS-TBNA remains the recommended technique for the his-
topathological confirmation of sarcoidosis because it is associ-
ated with better tolerance, fewer complications, and lower costs 
than surgical biopsy.2,4,9 The diagnostic yield of EBUS-TBNA for 
sarcoidosis reported by the American Thoracic Society guideline 
is 87%.4 EBUS-TBNA is an operator-dependent technique, and 
its diagnostic yield varies in the literature (range, 54%–93%).8 
The learning curve for this procedure is considerable; at least 40 
EBUS-TBNAs should be performed to gain proficiency.10 Rapid 
on-site evaluation (ROSE) can provide instant feedback regarding 
the adequacy of specimens, thus avoiding additional needle passes 
and reducing the number of complications associated with EBUS-
TBNA. However, the ability of ROSE to improve the diagnostic 
yield is unclear.11–13

Cytological examination has a role in the diagnosis of sar-
coidosis. Recent studies have suggested that the addition of 
cell block cytology (CBC) and/or liquid-based cytology (LBC) 
can improve the diagnostic sensitivity of EBUS-TBNA.14–16 
Nevertheless, preparations for CBC increase the workload of 
the laboratory staff.17 Regarding LBC, investigations have not 
consistently indicated its superiority over conventional smear 
cytology in terms of the diagnostic yield.18,19 Additionally, LBC 
is not quick enough to meet the demands of ROSE, despite its 
simplicity.18 Moreover, the diagnostic yield of EBUS-TBNA 
could be increased with conventional smears if reviewed by a 
cytopathologist with expertise in pulmonary diseases.20 This 
study presents 9 years of experience with the diagnosis of sar-
coidosis at our institution and identifies factors that may influ-
ence the diagnostic yield.

2.  METHODS

2.1.  Ethics statement
This study was approved by the local institutional review board 
(TVGH IRB No.: 2019-11-008BC). The need for informed con-
sent was waived.

2.2.  Study design and population
This was a single-center, retrospective study. We reviewed 
patients who underwent EBUS-TBNA for mediastinal and/or 
hilar lymphadenopathy at our institution between January 2011 
and November 2019. Patients were referred for EBUS-TBNA if 
the mediastinal and/or hilar lymph node short axis was larger 
than 10 mm according to computed tomography (CT) results, 
if there was increasing fluorine-18 fluorodeoxyglucose uptake 
according to positron emission tomography-CT, or if the patient 
had lymphadenopathy of unknown cause. Patients with radio-
logically suspected sarcoidosis were enrolled in this study. Those 
who were referred for lung cancer staging or mediastinal mass 
and/or hilar lymphadenopathy favoring malignancy and those 
who were lost to follow up were excluded.

2.3.  Endobronchial ultrasound-guided transbronchial 
needle aspiration
Real-time EBUS-TBNA was performed using a convex probe 
EBUS bronchoscope (BF-UC260FW; Olympus Ltd., Tokyo, 

Japan). Procedures were performed by interventional pulmonol-
ogists or senior trainees supervised by an experienced interven-
tional pulmonologist. Nebulized 2% lidocaine (5 mL) followed 
by two puffs of 10% lidocaine spray were administered to the 
patients as topical anesthesia. A 1-mL aliquot of 2% lidocaine 
was instilled over the airways using the spray-as-you-go method. 
Patients who preferred to be sedated for the procedure received 
intravenous propofol and fentanyl, which were administered by 
an anesthesiologist.

The target lymph nodes were punctured with a dedicated 
22-gauge TBNA needle (NA-201SX; Olympus Ltd.). The num-
ber of lymph node stations sampled and the number of aspirates 
per node were at the discretion of the operators. The aspirated 
material was expelled on glass slides and examined for the pres-
ence of “worm-like” core tissue. The core tissue was separated 
and transferred to a container with formalin for histopathologi-
cal evaluation. The remaining lymph node aspirate material was 
smeared onto two slides. One slide was fixed with 95% etha-
nol for Papanicolaou staining, and the other was air-dried for 
ROSE. Cytological smears were stained using the Liu stain and 
interpreted by two experienced cytotechnologists certified by the 
Taiwan Society of Clinical Cytology. The adequacy of the sam-
ple was evaluated based on the presence of lymphocytes or lym-
phoid tissue, or when a specific diagnosis could be established. 
Granulomatous inflammation was diagnosed by cytology when 
the following criteria were fulfilled: clear background without 
necrosis; the presence of mature lymphocytes; and the presence 
of a tight aggregate of epithelioid histiocytes with or without 
multinuclear giant cells.21,22 Small groups of epithelioid cells or 
scattered epithelioid cells with lymphocytes without multinucle-
ated giant cells or necrosis were considered cytological findings 
consistent with sarcoidosis.22 When no specific diagnosis was 
determined based on the ROSE findings, at least three punctures 
per lymph node were performed. The slides with positive cyto-
logical results were evaluated by experienced cytotechnologists 
to confirm the tight aggregate of epithelioid histiocytes as an 
element of granuloma during this study.

2.4.  Data collection
Patient details, such as age, sex, chest radiography findings, chest 
CT findings, the greatest length of the sampled lymph node, and 
examination results, relevant to the diagnosis were recorded. 
The following characteristics of EBUS-TBNA were recorded: the 
number of lymph node stations sampled; the number of needle 
passes performed; anatomic location of the lymph node stations 
sampled; and major complications (defined as unplanned hospi-
talization, prolonged hospitalization, or death).23 The final diag-
nosis of sarcoidosis was based on compatible cytological and/or 
pathological findings and negative microbiological results. For 
nondiagnostic cases, the final diagnosis was established through 
additional examinations, including CT-guided biopsy, trans-
bronchial lung biopsy, mediastinoscopy, video-assisted thora-
coscopic surgery lung biopsy, and/or clinical and radiographic 
follow-up for at least 1 year.

2.5.  Statistical analysis
Categorical variables are presented as the proportion, and con-
tinuous variables are expressed as the mean ± standard deviation. 
The diagnostic yield was defined as the sensitivity for sarcoidosis. 
The sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of EBUS-TBNA for diagnosing 
sarcoidosis were calculated according to standard definitions. 
The overall and annual diagnostic yields were calculated sepa-
rately. A univariate logistic regression analysis was performed to 
assess the factors associated with the positive diagnostic yield of 
EBUS-TBNA. The statistical analysis was performed using SPSS 
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software version 24 (IBM SPSS Inc., Armonk, NY), and p < 0.05 
was considered statistically significant.

3.  RESULTS
From January 2011 to November 2019, 83 EBUS-TBNA pro-
cedures were performed for 80 patients with radiologically sus-
pected sarcoidosis. Two of the 80 patients underwent more than 
one EBUS-TBNA procedure because the diagnosis of sarcoidosis 
could not be confirmed without a second EBUS-TBNA proce-
dure. One of those patients underwent a third EBUS-TBNA pro-
cedure 2 years later because there was no significant regression 
of mediastinal and hilar lymphadenopathy. Three patients were 
finally diagnosed with tuberculous adenitis, three patients were 
diagnosed with reactive lymphadenopathy, and nine patients 
were lost to follow up. Sixty-five patients were eventually diag-
nosed with sarcoidosis (Fig. 1).

The characteristics of the patients and procedures are detailed 
in Table 1. The mean age of the patients was 55 years (range, 
26–80 years), and 42 (65%) were female. Based on radiological 
findings, 37 (57%) patients were considered to have stage I sar-
coidosis, and 28 (43%) patients were considered to have stage II 
sarcoidosis. During 68 procedures, 136 lymph nodes were sam-
pled. An average of 2.0 lymph node stations (standard deviation, 
0.6) were sampled by performing a mean of 3.5 needle passes 
(standard deviation, 0.8) per lymph node. Most punctures were 
performed at stations 7 and 4R. Nonnecrotizing granulomatous 
inflammation was found in 49 pathological samples obtained 
during 68 EBUS-TBNA procedures (yield: 49/68; 72.1%). 
Epithelioid cells and/or multinuclear giant cells were detected 
in 24 cytological samples obtained during 68 procedures (yield: 
24/68; 35.3%). We reviewed the 24 slides with positive cyto-
logical results during this study. Five were unavailable because 
of the absence of slides. Of the remaining 19 slides with posi-
tive cytological results, 12 exhibited a tight aggregate of epithe-
lioid histiocytes and variable numbers of lymphocytes with or 
without multinuclear giant cells without necrosis (yield: 12/19; 
63.2%), resulting in a diagnosis of granulomatous inflammation. 
Additionally, seven cases involved scattered or a small group of 
epithelioid cells, multinucleated giant cells, and variable numbers 

of lymphocytes without necrosis; these findings were considered 
consistent with sarcoidosis (yield: 7/19; 36.8%). Of 24 cases 
with positive cytological results, nonnecrotizing granulomatous 
inflammation was observed in the matched pathological samples 
of 19; the remaining five cases had nondiagnostic findings (eg, 
blood clots, lymphoid tissue, bronchial epithelium, etc.). Of 14 
patients who had negative pathological and cytological results, 
sarcoidosis was confirmed using video-assisted thoracoscopic 
surgery for two, mediastinoscopy for two, CT-guided biopsy 
for one, and transbronchial lung biopsy for one. The remaining 
eight patients with nondiagnostic cytological and pathological 
findings refused further EBUS-TNBA procedures and surgical 
intervention. Sarcoidosis was diagnosed after at least 1 year of 
follow-up; it was evidenced by the typical radiographic find-
ings of sarcoidosis, no obvious change in the mediastinal lymph 
node or lung parenchyma, or newly developed clinical or radio-
graphic manifestations suggesting an alternative diagnosis.4,24,25

The sensitivity, specificity, PPV, and NPV of EBUS-TBNA for 
diagnosing sarcoidosis are provided in Table 2. The sensitivity, 
specificity, PPV, and NPV of EBUS-TBNA for the pathological 
diagnosis of sarcoidosis were 72.1%, 100%, 100%, and 24.0%, 
respectively. With the addition of cytology, the sensitivity and 
NPV of EBUS-TBNA increased to 79.4% and 26.3%, respec-
tively. EBUS-TBNA alone was unsatisfactory for the cytologi-
cal diagnosis of sarcoidosis, with sensitivity, specificity, PPV, and 
NPV of 35.3%, 83.3%, 96.0%, and 10.2%, respectively.

From 2011 to 2019, the diagnostic performances of pathol-
ogy and cytology, individually and in combination, were evalu-
ated annually. However, the cases from 2011 to 2015 were 
pooled because the average number of cases per year was fewer 
than five during that period. In 2016, the increase in diagnostic 
yield became remarkable with the increase in the number of cases 
(Fig. 2).

Sex, age, number of punctured lymph nodes per procedure, 
radiological stage, number of needle passes per node, length of 
the sampled lymph node, and volume (ie, product of the width 
multiplied by height and depth) of the sampled lymph node were 
examined using a univariate logistic regression analysis; how-
ever, none of these factors showed a significant association with 
a positive diagnostic yield.

Fig. 1 Patients with mediastinal and/or hilar lymphadenopathy and suspected sarcoidosis undergoing EBUS-TBNA. *Two patients received more than one 
EBUS-TBNA procedure for confirming a diagnosis. Details available in the text. EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle aspiration.

CA9_V86N2_Text.indb   193CA9_V86N2_Text.indb   193 13-Jan-23   14:17:0113-Jan-23   14:17:01



194 www.ejcma.org

Shen et al. J Chin Med Assoc

4.  DISCUSSION
The pathological demonstration of noncaseating granuloma is 
crucial to establishing the diagnosis of sarcoidosis for patients 
with mediastinal and/or hilar lymphadenopathy observed using 
imaging.4 Granuloma can also be detected in cytological speci-
mens as well-defined, tiny nodules consisting of a tight aggregate 
of histiocytes with a round or elliptical shape and regular con-
tour. With an adequate specimen, whole morphological gran-
ulomas can be identified, even at low power.21 However, the 
identification of elements of granuloma, such as epithelioid cells, 
small lymphocytes, multinucleated giant cells, and the absence 
of a necrotic background, can be considered consistent with 
sarcoidosis when typical granulomas are not identified micro-
scopically.21,22 Although cytological findings of granulomatous 
inflammation are not specific to sarcoidosis, compatible radio-
logical features and the exclusion of alternative diseases can be 
used to make a diagnosis.1,26 During the present study, the sen-
sitivity, specificity, PPV, and NPV of EBUS-TBNA alone for the 
pathological diagnosis of sarcoidosis were 72.1%, 100%, 100%, 
and 24.0%, respectively. With the aid of cytology, the sensitivity 
and NPV increased to 79.4% and 26.3%, respectively. However, 
the specificity and PPV decreased slightly to 83.3% and 98.2%, 
respectively. Of 19 patients with sarcoidosis who did not receive 
a pathological diagnosis based on EBUS-TBNA results, typical 

cytological findings suggestive of sarcoidosis were observed in 
five patients, resulting in an additional diagnostic yield of 7.3%. 
EBUS-TBNA cytology alone was not satisfactory for diagnosing 
sarcoidosis; however, the sensitivity of the cytological diagnosis 
increased as the number of cases increased beginning in 2016 
(Fig. 2). Our data indicate the relevance of the increasing num-
ber of cases to the diagnostic yield of sarcoidosis and the useful-
ness of cytology for helping to determine the diagnosis.

EBUS-TBNA has been recommended as the method of choice 
for pathologically confirming clinically suspected sarcoidosis.4 
Recently, the guidelines published by American Thoracic Society 
in 2020 were used to review several studies, and it was con-
cluded that the diagnostic yield of EBUS-TBNA for sarcoidosis 
was approximately 87%.4 A systemic review and meta-analysis 
reported a pooled diagnostic accuracy rate of 79%.27 During our 
study, the overall yield of EBUS-TBNA alone for the pathologi-
cal diagnosis from 2011 to 2019 was 72.1%, which is obviously 
lower than the yield reported by many studies.4,8,27 After the first 
21 procedures performed from 2011 to 2015, which resulted in 
an average diagnostic yield of only 52.4%, a stepwise increase 
in the diagnostic yield occurred, reaching 92.8% in 2018. The 
improvement in the diagnostic yield may have occurred because, 
over time, the interventional pulmonologists became more pro-
ficient, staff members in the bronchoscopy room became more 
familiar with the collection and processing of specimens, and 
cytotechnologists and pathologists accumulated more experi-
ence with the samples obtained by EBUS-TBNA. Furthermore, 
EBUS-TBNA has been included as a benefit offered by Taiwan’s 
National Health Insurance since late 2015; therefore, more 
patients have been willing to undergo EBUS-TBNA as the 
front-line diagnostic procedure since 2016. The existence of the 
learning curve for EBUS-TBNA is well-established. Learning is 
heterogeneous and individualized; therefore, the exact length of 
the learning curve remains ambiguous, and the recommended 
minimum number of EBUS-TBNA procedures varies.28–30 It 
has been proposed that the minimum number of procedures 
required to gain proficiency and achieve an accuracy rate of 
90% ranges from 50 to 80.31 However, the previous investiga-
tions of the learning curve of EBUS-TBNA were largely based 
on the results of patients with lung cancer. To the best of our 
knowledge, studies of the learning curve involving patients with 
suspected sarcoidosis are limited. Kubicki et al suggested that a 
well-trained student can achieve comparable levels of effective-
ness when diagnosing sarcoidosis after independently perform-
ing 90 procedures.32 During our study, only 65 patients were 
diagnosed with sarcoidosis during 9 years using fewer proce-
dures than that suggested by Kubicki et al. However, we were 
able to achieve a compatible diagnostic yield. In 2019, only two 
cases of sarcoidosis with false-negative EBUS-TBNA results 
were observed in our department, thus leading to a decrease in 
pathological sensitivity from 92.9% in 2018 to 70% in 2019. 
The sensitivity of the pathological diagnosis of sarcoidosis in 
2018 was competitive at 92.9% if the sensitivity in 2019, which 
was influenced by only two cases with false-negative results, was 

Table 1

Baseline characteristics

Patient characteristics (N = 65)

Mean age, y 54.5 (14.4) 
Male/female sex (N) 23/42
Radiological stage  
 I 37 [56.9]
 II 28 [43.1]
 III 0
 IV 0
Mean number of LN stations sampled (N = 68)a 2.0 (0.6)
Mean number of needle passes per LN (N = 136)b 3.5 (0.8)
Location of lymph node stations sampled (N = 136)b

 Station 7 63 [46.3]
 Station 4R 43 [31.6]
 Station 11R 10 [7.4]
 Station 10R 9 [6.6]
 Station 4L 7 [5.2]
 Station 11L 3 [2.2]
 Station 2R 1 [0.7]
Complications (N)  
 Lymph node abscess 1

Data were present as number(standard deviation) or number [%].
aTwo patients received more than one EBUS-TBNA procedure for confirming a diagnosis. Details 
available in the text.
bNumber of lymph node were sampled.
EBUS-TBNA= endobronchial ultrasound-guided transbronchial needle aspiration; LN=lymph node.

Table 2

Diagnostic performances of EBUS-TBNA in the detection of sarcoidosis

 Sensitivity Specificity PPV NPV 

Per procedure (N = 74)a     
 Pathology 49/68 (72.1) 6/6 (100) 49/49 (100) 6/25 (24.0)
 Cytology 24/68 (35.3) 5/6 (83.3) 24/25 (96.0) 5/49 (10.2)
 Combined Pathology and Cytology 54/68 (79.4) 5/6 (83.3) 54/55 (98.2) 5/19 (26.3)

Data were present as proportion (%).
aPatients received EBUS-TBNA except those who were lost to follow up.
EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle aspiration; NPV = negative predictive value; PPV = positive predictive value.
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neglected. In our department, the interventional pulmonologists 
performed EBUS-TBNA not only for patients with sarcoidosis 
but also for patients with lung cancer or other malignancies. 
From 2011 to 2019, more than 800 patients underwent EBUS-
TBNA in our department. This number was sufficiently large 
and allowed interventional pulmonologists to achieve satisfac-
tory performance.

The sensitivity (93.69%) of EBUS-TBNA for diagnosing sar-
coidosis reported by Sun et al. was higher than that reported 
by many studies; this is partially attributable to the addition 
of cytology to pathology for the diagnosis and the participa-
tion of an experienced cytologist.33 It has been proposed that 
the diagnostic yield of EBUS-TBNA can be further increased 
when the results are reviewed by a cytopathologist who spe-
cializes in lung diseases.20 The diagnosis of benign lung diseases 
may be more dependent on the experience of cytopathologists.34 
Cytology alone is not sensitive enough to diagnose sarcoidosis, 
with a sensitivity of 22% reported for one cohort.26 The addi-
tion of LBC can increase the diagnostic yield of EBUS-TBNA 
for cases of suspected sarcoidosis.26 Comparable with the diag-
nostic yield reported by Chee et al, the present study showed 
that the cytological sensitivity for sarcoidosis was 23.8% during 
2011 to 2015. The yield of EBUS-TBNA alone for the cytologi-
cal diagnosis of sarcoidosis increased to more than 50% begin-
ning in 2018, because the number of cases gradually increased. 
However, this study showed that the addition of LBC to deter-
mine the cytological diagnosis did not result in any benefits (data 
not shown). LBC samples are mostly stained with Papanicolaou 
stain, which is not designed to identify epithelioid cells or giant 
cells. Our data suggested that the increase in the number of 
cases improved the experience of the cytotechnologists; there-
fore, they became more proficient at recognizing granulomatous 
inflammation, even in conventional smears.

The benefits of ROSE for EBUS-TBNA remain debatable. A 
meta-analysis indicated that the use of ROSE failed to improve 
the diagnostic yield or reduce the procedure time of EBUS-
TBNA, but that it could lead to fewer needle passes during 
EBUS-TBNA and fewer additional bronchoscopic procedures to 
make a final diagnosis.13 To achieve a higher diagnostic yield 
with EBUS-TBNA for pulmonary sarcoidosis without ROSE, 

many investigations have recommended more passes for each 
patient.33,35 Sun et al reported higher sensitivity than many other 
investigations, with an average number of passes per patient of 
7.17.33 It can be expected that more passes lead to more time 
and probably more complications during EBUS-TBNA. At our 
institution, ROSE has been used since the introduction of EBUS-
TBNA. Although no definite benefit for the diagnostic yield of 
ROSE for sarcoidosis was observed, ROSE did provide the ade-
quacy of specimens in time, thereby avoiding additional needle 
passes and reducing the time spent performing EBUS-TBNA. 
Furthermore, EBUS-TBNA cytology specimens may serve as a 
feasible source of material for non-small cell lung cancer gen-
otyping because of its promising reliability, which can benefit 
patients without a viable biopsy sample.36 ROSE is beneficial for 
interventional pulmonologists and pathologists because it can 
ensure that adequate cells are obtained for molecular testing.

The present study had certain limitations. First, this was a 
retrospective study conducted at a single center. The number of 
patients was limited, and the diagnostic yield was based on a 
small sample size. Second, pathology slides were not reviewed 
by pathologists who specialized in lung diseases, especially 
benign lung diseases, which could have lowered the diagnostic 
yield. Third, cytopathologists who specialized in lung diseases 
were not immediately available during EBUS-TBNA procedures; 
however, ROSE and cytological examinations were performed 
by experienced cytotechnologists during this study. Fourth, the 
rate of finding a whole morphological granuloma using cytol-
ogy was lower than that reported by previous studies.22 Possible 
reasons why a whole morphological granuloma was rarely 
found during the present study include the relatively small nee-
dle size (22-gauge instead of 19-gauge),27,37,38 lack of core tissue 
for cytology smears, limited number of cases of sarcoidosis, and 
limited experience of the cytotechnologists. As they gain expe-
rience, our cytotechnologists may feel increasingly confident 
recognizing elements of granuloma, and even a whole morpho-
logical granuloma.

In conclusion, EBUS-TBNA is a valuable technique for diag-
nosing sarcoidosis. We found that interventional pulmonologists 
at our center have to overcome a steep learning curve to achieve 
a satisfactory diagnostic yield when the number of patients is 

Fig. 2 Diagnostic yield of EBUS-TBNA revealed increasing annually. EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle aspiration.
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limited. Cytology for conventional smears is helpful for diag-
nosing sarcoidosis, resulting in an additional diagnostic yield of 
7.3% during this study. An increase in the number of cases can 
help cytotechnologists recognize granulomatous inflammation. 
The diagnostic yield may further increase when both interven-
tional pulmonologists and pathologists become more familiar 
with EBUS-TBNA and the specimens indicating sarcoidosis.
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