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INTRODUCTION
Sarcoidosis is a multisystem granulomatous disease characterized by diffuse non-caseating granulo-
mas predominantly consisting of epithelioid cells and macrophages (1, 2). There have been numerous 
environmental associations proposed, but the exact etiology remains unknown. Sarcoidosis can affect 
many organ systems, but it most commonly affects the eyes, lungs, and skin. It frequently presents 
with hilar lymphadenopathy and pulmonary infiltrates (3). The clinical course is variable and can range 
from life- and organ- threatening manifestations to self-limiting diseases in some variants, including 
Löfgren’s syndrome, characterized by arthritis, hilar adenopathy, and erythema nodosum (1, 4). 

The diagnosis of sarcoidosis is based on clinical suspicion and radiographic findings and is supported 
by the histologic detection of non-caseating granulomas. Tissue biopsy is typically required to exclude 
etiologies with similar presentation, most notably infectious etiologies such as fungal infections or 
mycobacterial disease.

As pulmonary and mediastinal involvement is seen in 90% of patients with sarcoidosis, these areas 
are among the most commonly biopsied for tissue confirmation of the diagnosis. Transbronchial 
and endobronchial lung biopsies have a diagnostic yield of 62% in pulmonary sarcoidosis, with a 
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Abstract

Objective: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is a relatively safe and minimally invasive proce-
dure frequently used to investigate mediastinal lymphadenopathy of unknown etiology. Due to its safety in comparison to mediastinoscopy, 
which is the diagnostic gold standard, EBUS-TBNA can be used as the first-line diagnostic modality for approaching mediastinal lymphade-
nopathy in suspected sarcoidosis. In this study, we evaluated the diagnostic yield and safety of EBUS-TBNA for sarcoidosis at our institution. 

Methods: A retrospective review was performed for all patients who presented with mediastinal lymphadenopathy and underwent EBUS-TB-
NA for presumed sarcoidosis for a three-year period and subsequently diagnosed with sarcoidosis. Twenty-five patients were included, and 
parameters such as nodal station sampled, radiographic stage, adverse events, alternative diagnosis method, and symptoms were recorded.

Results: Thirteen of 25 patients had non-caseating granulomas on EBUS-TBNA with a diagnostic yield of 52%. Of 12 patients not diag-
nosed via EBUS-TBNA, a diagnosis was made in four patients (33%) via transbronchial lung biopsy, in three (25%) via mediastinoscopy, 
in one (8%) via video-assisted thoracoscopic surgery, in three (25%) with an elevated bronchoalveolar lavage (BAL) CD4/CD8 ratio and 
response to therapy, and in one (8%) via muscle biopsy. The average BAL CD4/CD8 ratio was 5.4 for all patients with sarcoidosis. All patients 
tolerated the procedure without major complications. 

Conclusion: EBUS-TBNA is a useful and minimally invasive tool for the diagnosis of sarcoidosis. It should be used as the first-line diagnos-
tic study in suspected sarcoidosis if mediastinal lymphadenopathy is present.
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relatively low complication rate (5, 6). When evaluating mediastinal 
lymphadenopathy for sarcoidosis, potential diagnostic tools include 
mediastinoscopy and endobronchial ultrasound-guided transbron-
chial needle aspiration (EBUS-TBNA) (7). Though mediastinoscopy is 
the gold standard for evaluating mediastinal lymphadenopathy of 
unknown etiology, it requires general anesthesia and has associated 
risks including recurrent laryngeal nerve injury, bleeding, and trache-
al injury (8). A second option for mediastinal nodal tissue sampling 
includes EBUS-TBNA. 

EBUS-TBNA utilizing a curvilinear ultrasound probe is a bronchoscop-
ic procedure used to visualize and biopsy mediastinal structures and 
pulmonary masses under real-time guidance (9). It has been shown 
to have a diagnostic yield of approximately 80% in previous studies 
on granulomatous diseases (6, 10, 11). EBUS-TBNA is a relatively safe 
procedure with potential complications including bleeding, vocal cord 
injury, and hypoxia, with minimal risks of major complications (12). 

The purpose of this study was to evaluate the diagnostic yield of 
EBUS-TBNA and its safety profile by performing a retrospective 
review of patients with confirmed sarcoidosis who underwent 
EBUS-TBNA at our institution. Additionally, we evaluated the diag-
nostic yield of each nodal station and the utility of concomitantly 
performing EBUS-TBNA with transbronchial biopsy and other bron-
choscopic procedures. 

METHODS

Patients
The medical records of all patients who underwent EBUS-TBNA for 
suspected sarcoidosis from January 1, 2011 to December 1, 2013 
were reviewed. Suspicion for sarcoidosis was based on symptoms, 
including cough, dyspnea, and extra-pulmonary symptoms, along 
with radiographic findings. Patients who had a previous proven di-
agnosis of sarcoidosis, had a suspected or diagnosed malignancy, 
a negative EBUS-TBNA result without a confirmatory test, or were 
lost to follow-up were excluded. Parameters such as age, symptoms, 
radiographic sarcoidosis stage, bronchoalveolar lavage (BAL) fluid 
CD4/CD8 lymphocyte ratio, biopsy results, other diagnostic proce-
dures, mediastinal nodal station sampled, and adverse events were 
collected. The study was approved by Institutional Review Board 
and Ethics Committee at the University of Kansas Medical Center. Ra-
diographic sarcoidosis staging was as follows: stage I, bilateral hilar 
lymphadenopathy (BHL) without pulmonary infiltrates; stage II, BHL 
with pulmonary infiltrates; stage III, parenchymal infiltrates without 
BHL; and stage IV, extensive fibrosis with distortion or bullae (13, 14).

Procedure
All endobronchial ultrasound (EBUS) procedures were performed by 
faculty at the University of Kansas Medical Center. Procedures were 
performed in a dedicated endoscopy suite. Prior to performing the 
procedure, a patient received topical and nebulized 0.5% tetracaine. 
Once this was applied, the patient was placed in the supine position, 
sedated by a staff anesthesiologist, and had either an laryngeal mask 
airway or endotracheal tube placed, depending on the patient’s 
anatomy and the location of nodal station to be biopsied. The EBUS 
bronchoscope was then advanced into the trachea, and all nodal 
stations were systemically identified. Nodal stations were chosen for 
biopsy at the discretion of the performing physician based on size, 

location, and presence of obscuring tracheal rings. At least three sep-
arate transbronchial needle aspirations (TBNAs) were performed at 
each biopsied location. The number of nodal stations biopsied was 
at the discretion of the performing physician. An on-site cytologist 
was present to evaluate each TBNA pass for quality and the presence 
of lymphoid tissue, and cell blocks were also prepared. Biopsy sites 
were evaluated for bleeding, and hemostasis was confirmed prior to 
the completion of the procedure. 

All EBUS-TBNA procedures were performed using a curvilinear EBUS 
bronchoscope (EB-1970UK; PENTAX medical, Tokyo, Japan). All TBNA 
specimens were collected using a disposable 22 or 25 gauge needle 
(Echotip® Ultra, Cook Medical, Ireland). The use of suction and num-
ber of featherings performed during each biopsy attempt were vari-
able and at the discretion of the performing physician. 

Statistical Analysis
Statistical analysis was not performed. Sensitivity analysis was per-
formed by comparing the number of patients diagnosed with a 
certain procedure by the total number of patients undergoing the 
procedure.

RESULTS
Twenty-five patients were identified who underwent EBUS-TBNA 
because of mediastinal lymphadenopathy for suspected sarcoidosis 
and were eventually diagnosed with sarcoidosis. Diagnosis was con-
firmed by finding non-caseating granulomas on biopsy specimens 
without associated infectious causes in the proper clinical scenario 
or was made on clinical grounds based on the response to cortico-
steroids, BAL CD4/CD8 ratio, and exclusion of other diagnoses. Full 
background information is shown in Table 1.

Of these 25 patients, 18 were men and 7 were women, with ages be-
tween 24 and 71 (mean, 54.5) years. Presenting pulmonary symptoms 
included 10 patients (40%) with cough and nine (36%) with dyspnea. 
Eight (32%) patients were asymptomatic, whereas four (16%) had ex-

Patient characteristics  Number

Female (Male)  7 (18)

Patient characteristics  Dyspnea 9

 Cough 10

 Extrapulmonary symptoms 4

 Asymptomatic 8

Radiographic stage Stage I 12

 Stage II 11

 Stage IV 1

 Unknown 1

Other procedures Concurrent TBB alone 2

 Concurrent EBB alone 5

 Concurrent EBB and TBB 4

Total patients  25

EBB: endobronchial biopsy; TBB: transbronchial biopsy

Table 1. Patient characteristics
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trapulmonary symptoms. Radiographically, most patients had Stage 
I disease (48%), followed by Stage II (44%) and IV (4%), whereas the 
stage was unknown in one patient (4%). Of all 25 patients, five under-
went concurrent endobronchial biopsy (EBB) alone, two underwent 
concurrent transbronchial biopsy (TBB) alone, and four underwent 
concurrent EBB and TBB.

EBUS-TBNA was able to detect non-caseating granulomas in 13 
patients with a diagnostic yield of 52%. Patients who underwent 
EBUS-TBNA with EBB (n=5) had a diagnostic yield of 40%, while those 
who underwent EBUS with TBB (n=2) had a diagnostic yield of 100%. 
When EBUS-TBNA was combined with both EBB and TBB (n=4), there 

was a diagnostic yield of 75%. Other diagnostic modalities included 
muscle biopsy (1), video-assisted thoracic surgery (VATS) (1), medias-
tinoscopy (3), and clinical response to steroids (3). The average CD4/
CD8 ratio on flow cytometry of BAL specimen was 4, 6, and 5.4 in the 
EBUS-positive, EBUS-negative, and total patient population, respec-
tively. The sensitivities of EBB and TBB, when considered alone, were 
11% (1/9) and 67% (4/6), respectively, for the detection of granulo-
mas in sarcoidosis. Table 2 outlines the diagnostic yield at different 
stations sampled. Station 7 was most commonly sampled station 
with a diagnostic yield of 58%. The diagnostic yield for TBNA of me-
diastinal lymph nodes, 15 diagnostic sampling from 26 lympyh node 
stations (58%), was higher than that of hilar lymph nodes, with 4 fold 
diagnostic sampling from 16 hilar lymph nodes (25%). Table 3 dis-
plays the various diagnostic rates for EBUS-TBNA, EBB, and TBB.

Table 4 outlines the diagnostic sensitivity based on the number 
of stations sampled. The rate of the detection of granulomas on 
EBUS-TBNA increased if multiple nodal stations were sampled and 
was as high as 100% if three or four stations were sampled. There 
were no associated complications from EBUS-TBNA in any of our pa-
tients.

DISCUSSION
Our study showed that EBUS-TBNA alone had a diagnostic yield of 
52% for mediastinal lymphadenopathy associated with sarcoidosis. 
EBUS-TBNA is a safe procedure, and when combined with standard 
bronchoscopic modalities such as TBB and EBB, it can improve the di-
agnostic yield further for sarcoidosis. The diagnostic yield was 100% 
with only concurrent TBB and was 75% in patients who had under-
gone EBUS-TBNA, TBB, and EBB. This diagnostic utility is higher than 
what was calculated for TBB (67%) and EBB (11%) alone. Station 7 was 
the most commonly sampled station with a diagnostic yield close to 
the overall yield of EBUS-TBNA. Although sample size was low, lower 
paratracheal lymph nodes had a higher yield than hilar nodes. The 
diagnostic yield was significantly higher when three or more nodal 
stations were sampled and reached 100%. However, most patients 
had only one or two stations sampled, which may have contributed 
toward a lower overall yield. In patients not diagnosed with broncho-
scopic techniques, VATS, mediastinoscopy, muscle biopsy, or clinical 
grounds were used to establish the diagnosis.

A meta-analysis of previous studies showed a diagnostic yield of 
EBUS-TBNA for the sampling of mediastinal adenopathy in sarcoid-
osis to be between 54% and 93%, with a pooled diagnostic yield of 
79% (10). A recent retrospective study with a large sample size re-
vealed a diagnostic yield of 84% for EBUS-TBNA (14). Various studies 
have demonstrated that EBUS-TBNA has a diagnostic yield of approx-
imately 80–90% in detecting granulomas in suspected sarcoidosis 
(15-22). Our diagnostic yield of 52%, while lower than that in pre-
viously reported studies, is reflective of a real-world experience and 
might be due to the sampling of too few nodal stations in majority of 
the patients. It can be explained by multiple factors such as the use 
of a 25-G needle, which has not been studied for granulomatous dis-
eases, multiple providers with different skillsets, the learning curve 
associated with a training program, and fellow involvement. 

A key finding of our study was the improved diagnostic yield in me-
diastinal lymph nodes compared to hilar lymph nodes (58% vs. 25%). 
Additionally, our highest diagnostic yield was in patients who under-

   Number of patients 
Station Number of with non-caseating  Diagnostic 
sampled patients granulomas on FNA  yield

2R 1 0 0%

4R 5 3 60%

4L 1 1 100%

7 19 11 58%

10R 1 0 0%

11R 9 2 22%

11L 6 2 33%

2R: right upper paratracheal; 4R: right lower paratracheal; 7: carinal; 10R: right 
hilar; 11L: left interlobar; 11R: right interlobar; 4L: left lower paratracheal

Table 2. Diagnostic yield based on stations sampled

 Number of  Diagnoses Diagnostic 
Procedure samples made yield

EBUS 25 13 52%

EBUS+EBB 5 2 40%

EBUS+TBB 2 2 100%

EBUS+EBB+TBB 4 3 75%

EBB 9 1 11%

TBB 6 4 67%

EBB: Endobronchial biopsy; EBUS: endobronchial ultrasound-guided 
needle biopsy; EBUS+EBB: EBUS with EBB alone; EBUS+EBB+TBB: EBUS in 
combination with both TBB and EBB; EBUS+TBB: EBUS with TBB alone; TBB: 
transbronchial biopsy

Table 3. Diagnostic yield of different bronchoscopic procedures

 Number of  Number of Diagnostic 
 sampled stations patients Yield

 1 10 50%

 2 12 42%

 3 2 100%

 4 1 100%

Table 4. Diagnostic yield based on the number of stations 
sampled per patient
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went nodal sampling of three stations or more. Trisolini et al. (23), in 
a prospective study, found that paratracheal and subcarinal lymph 
nodes had higher yields than hilar nodes. They also found improve-
ment in the diagnostic yield when two or more nodal stations were 
sampled. Sampling of multiple nodal stations has an association with 
better overall diagnostic yield and should be employed when sam-
pling mediastinal and hilar lymphadenopathy of unknown etiology. 

Several authors have evaluated the diagnostic utility of EBUS-TBNA 
in combination with other bronchoscopic procedures. The current 
standard for obtaining tissue to diagnose sarcoidosis is by TBB, which 
has a lower diagnostic yield (50–75%) than EBUS-TBNA (80%) (6, 24). 
EBB has the lowest diagnostic yield ranging from 30% to 60% but is 
noted to be up to 90% when mucosal abnormalities are present (14, 
19, 25). In one large retrospective study, Dziedzic et al. (14) compared 
EBUS-TBNA, TBB, and EBB for the evaluation of sarcoidosis and found 
that when EBUS-TBNA was combined with TBB, the diagnostic yield 
increased from 84% with EBUS-TBNA alone to 89% with the combina-
tion. Various studies have also shown an improved diagnostic yield if 
other bronchoscopic modalities were utilized with EBUS-TBNA to di-
agnose sarcoidosis (26-28). It is important to note that although TBB 
has a higher diagnostic yield in more advanced stages, it can show 
granulomas even in patients with normal parenchyma on high-reso-
lution computerized thomography (CT) scans (28). Therefore, TBB has 
become the standard of care for all stages. From the available data, 
it can be inferred that EBUS-TBNA, despite its high diagnostic yield, 
should be combined with TBB and/or EBB to maximize the detection 
of non-caseating granulomas of sarcoidosis. 

EBUS-TBNA is a relatively safe procedure with a low complication 
rate (29, 30). While all our patients underwent the procedure with 
the assistance of an anesthesiologist, it can also be performed under 
conscious sedation. Potential complications can include hypoxemia, 
hypotension, bleeding, pneumothorax, cardiac arrhythmias, bron-
chospasm, and laryngospasm (31). In our study, only one patient had 
reported a sore throat after the procedure; no other complications 
were noted. In one multicenter study, the complication rate for vari-
ous bronchoscopic procedures was 1% with a very low mortality rate 
of 0.02% (31). In a meta-analysis evaluating the effectiveness and 
complication rate of EBUS-TBNA, it was found that no studies report-
ed serious complications. However, three studies reported having 
observed agitation, cough, and presence of blood at the puncture 
site (12). In another retrospective study analyzing 3123 patients un-
dergoing EBUS, the complication rate was found to be low at 0.16% 
that included pneumomediastinum with empyema, mediastinal 
abscess, fever lasting longer than 24 h, infection of a bronchogen-
ic cyst, and pericarditis (7). These data suggest that EBUS-TBNA is a 
safe procedure when compared to mediastinoscopy, with an associ-
ated morbidity rate of 1% and mortality rate of 0.05%, or VATS, with 
an associated morbidity rate of 4% and mortality rate of 2% (8, 32). 
These surgical procedures carry a high expense and significant com-
plication rate which should lead to EBUS-TBNA being the first-line 
diagnostic study in the sampling of mediastinal lymphadenopathy 
of unknown etiology.

This study has several limitations, the most notable of which are its 
retrospective design and small sample size. Further, we had no con-
trol group available for comparison. Additionally, not all patients un-
derwent EBB or TBB with EBUS-TBNA. The effectiveness of using all 

three modes of diagnosis can be better evaluated with a larger sam-
ple size of patients undergoing all three procedures in one setting. 

CONCLUSION
EBUS-TBNA is a safe and effective procedure when it comes to eval-
uating mediastinal lymphadenopathy. Its role in lung cancer is well 
established. It should be widely used to sample mediastinal lymph-
adenopathy of unknown etiology when a diagnosis of sarcoidosis is 
suspected. Sampling of multiple nodal stations and performing con-
comitant EBB and TBB will improve the diagnostic yield. Sampling of 
mediastinal lymph nodes using TBNA appears to be higher yield than 
sampling of hilar lymphadenopathy. 
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