
Introduction

Sarcoidosis is a multisystem granulomatous dis-
ease of unknown etiology with a mortality of 1-5%

(1). The lung is often involved, and enlarged paratra-
cheal or hilar lymph nodes are present in up to 85% of
patients (2). Enlarged mediastinal lymph nodes may
also represent malignancy and a quick diagnosis is im-
portant. Diagnostic tissue is essential and most often
obtained by conventional bronchoscopy and bron-
choalveolar lavage (BAL), transbronchial needle aspi-
ration (TBNA), transbronchial lung biopsy (TBLB)
or a CT guided fine needle aspiration (CT-FNA) (3).
However, a number of patients remain undiagnosed
despite these investigations, and commonly the next
step to get a tissue diagnosis is mediastinoscopy which
is an invasive surgical procedure that poses a small but
significant risk to the patient (4).
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Less invasive methods have emerged including
endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA), and most recently endobronchial ul-
trasound-guided transbronchial fine-needle aspira-
tion (EBUS) which is a well established method for
mediastinal staging of lung cancer (5-8). Although
the echo image in EBUS may give a clue to whether
a suspicious looking lymph node is malignant or not
(9) it is still of paramount importance to obtain tis-
sue for cytological or histological diagnostics. We
have used EBUS routinely for three years and the
aim of this study was to assess the value of EBUS for
the diagnosis of sarcoidosis.

Methods

During a 36 months period ( January 2006 to
December 2008) 601 patients underwent EBUS at
our institution. All patient charts and pathology re-
ports were reviewed retrospectively. In accordance
with Danish law the local ethics committee waives
review and consent requirements in follow-up stud-
ies. The indication for EBUS in 293 patients was
mediastinal staging of lung cancer and in the re-
maining 308 the indication was an undiagnosed ra-
diologically suspicious lesion in the lung parenchyma
(n=195), enlarged lymph nodes in the mediastinum
(n=89), a suspicious tumor in the mediastinum or
pleural disease (n=24). All 308 patients had a previ-
ous chest CT and bronchoscopy with biopsy, bron-
choalveolar lavage and depending on our pulmunol-
ogists judgement a TBLB or TBNA but remained
undiagnosed.

All EBUS examinations were performed in
general anesthesia (larynx mask) with a linear scan-
ner (BF-UC160F, Olympus). Enlarged paratracheal
or hilar lymph node stations 2, 3, 4, 7, 10 and 11 ac-
cording to Mountain et al. (10) were systematically
identified and punctured. Fine needle aspiration was
performed with a 22G needle (NA-201SX-4022,
Olympus) during real-time EBUS. Two aspirations
were performed from each lesion to ensure that the
biopsy contained sufficient material. Aspirated ma-
terial was expelled onto glass slides and smeared for
cytological examination and expelled into saline for
preparation of cell blocks for histological examina-
tion. Rapid on-site evaluation was not performed.
Instead, all biopsies were reviewed the following day

by an experienced pathologist, and classified as “ma-
lignant”, “benign” or “nondiagnostic” as shown in
Figure 1.The latter group was further subdivided in-
to biopsies with adequate cell sample (presence of
lymphocytes) or inadequate cell sample without
lymphatic tissue. The cytological diagnosis of epith-
eloid cells and giant cells without a background of
necrosis in addition to relevant clinical findings pro-
vided the diagnosis of sarcoidosis. Patients without a
definite diagnosis after EBUS were referred for more
invasive investigations or followed in the outpatient
clinic and were subsequently referred for more inva-
sive procedures if their CT-scan did not demonstrate
regression of the lesion.

Results

There was no operative mortality or any surgi-
cal complications during EBUS and all patients were
discharged from the hospital on the day of surgery.
Of all 308 patients 43 (14%) were eventually diag-
nosed with sarcoidosis. All were Caucasian with a
median age of 53 years (range 27 to 75 years) and 23
were men (64%).

Thirty-three (77%) were diagnosed with EBUS.
In the remaining 10 patients (23%) EBUS did not
provide adequate tissue samples in 4 (9%) and for
the last 6 patients (14%) EBUS provided adequate
tissue but not the final diagnosis. Nine of these 10
patients were later diagnosed with sarcoidosis fol-
lowing mediastinoscopy and the last patient was di-
agnosed after thoracoscopy.

Six-teen patients (37%) had lesions in the lung
parenchyma. In these patients a final diagnosis by
EBUS was possible in 10 (63%) and in the remain-
ing 6 patients, four had adequate tissue samples but
without a definite diagnosis and two patients had in-
adequate tissue samples. In the remaining 27 pa-
tients (63%), who all had enlarged mediastinal
lymph nodes without lung parenchymal involvement
EBUS of provided the diagnosis in 23 cases (85%).
In the remaining four patients, two had inadequate
tissue samples and two had adequate tissue samples
but without a definite diagnosis. EBUS was better to
establish the diagnosis in patients with enlarged me-
diastinal lymph nodes compared with isolated lung
parenchymal involvement (85% vs 63%) but not sig-
nificant. Fisher´s Exact Test, p < 0.05). Prior to our
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EBUS examination 9 out of the 27 patients with en-
larged mediastinal lymph nodes had undergone a
conventional broncoscopic TBNA and 5 of the 16
patients with lung parenchymal involvement had a
TBLB but all remained undiagnosed.

During the same period our pulmonologists
diagnosed 93 patients with sarcoidosis by bron-
coalveolar lavage in 40%, by TBLB in 27%, TBNA
in 21% and by EBUS in local anaesthesia/sedation
in 2%.

Fig. 1. All EBUS-FNA were classified as “malignant”, “benign” or “nondiagnostic”
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Discussion

EBUS is a relatively new diagnostic modality
which is less invasive and less expensive than more
invasive procedures because it allows investigation in
an outpatient setting. It is most often used for medi-
astinal staging for NSCLC but may also be useful in
patients with chest tumors who remain undiagnosed
despite conventional investigations by bronchoscopy
including bronchoalveolar lavage / TBNA/ TBLB or
CT-FNA (11). This type of undiagnosed patients
are often referred for more invasive procedures such
as mediastinoscopy, thoracoscopy or even thoracoto-
my which carry a small but definite risk to the pa-
tient, and they are costly. In a previous study we
demonstrated that in approximately 45% of such pa-
tients a valid diagnosis in general can be reached
minimally invasive by EBUS (11). In the present
study EBUS was able to establish the diagnosis in
77% patients with sarcoidosis. Others have used
EBUS to diagnose sarcoidosis in patients suspected
of sarcoidosis with higher yields of 83%-91% (12-
14). Our study is slightly smaller and demonstrates a
lower yield but, importantly, differs from the previ-
ous three studies because we used EBUS in patients
who had already been seen and evaluated by our pul-
monologists but remained undiagnosed. During the
same periode our pulmonologists diagnosed 93 pa-
tients with sarcoidosis supporting our statement that
patients in our study were highly selected. With TB-
NA Cetinkaya et al. demonstrated a yield of 76%
with prevalence of sarcoidosis of 35% in unselected
patients (15) whereas the prevalence of sarcoidosis in
our cohort was only 14% suggesting that most pa-
tients with sarcoidosis have already been diagnosed
by our pulmonologists. Despite the lower prevalence
our results demonstrate that the diagnostic yield of
EBUS remained high at 77% and it is not unlikely
that it would be even higher if we had used EBUS as
the primary investigation. One other study with a
more similar approach to ours demonstrated a yield
of 59% by EBUS in patients who had been investi-
gated by simple bronchoscopy but remained undiag-
nosed (16).

The diagnostic yield in EBUS depends on the
location of the lesion and is higher in central than
peripheral lesions (17) which is also confirmed in the
present study where the final diagnosis of sarcoido-
sis was established by EBUS in 85% of patients with

mediastinal lymphadenopathy but only in 63% of
the patients with lesions in the lung parenchyma.
Two out of four biopsies with inadequate tissue sam-
ples came from patients with a lesion in the lung
parenchyma and two patients with enlarged lymph
nodes had an inadequate tissue sample. The lower
diagnostic yield in lesions in the lung parenchyma
may be explained by interposition of aerated lung
tissue which disturbs the ultrasound image when tar-
geting the actual peripheral lesion.

Until now transbronchial lung biopsy (TBLB)
and bronchoscopic TBNA have been the primary
procedures to diagnose sarcoidosis with yields of 76-
91% (18-20) and 62-87% (15, 21) respectively.
However, both procedures are performed blindly be-
cause the targeted lymph node or lung lesion are not
visualized during biopsy or fine needle aspiration.
Instead, aspiration is guided only by knowledge from
prior CT imaging and, consequently, the technique
is considered difficult (22). In the present study we
used EBUS with real time ultrasound imaging of the
target which allows for a quick and reproducible di-
agnostic examination which is also easy to perform.
To illustrate this, previous investigators who focused
on the learning curve in EBUS concluded that the
number of investigations necessary to become expe-
rienced was just 10 (23).

Diagnostic yield for transbronchial lung biopsy
(TBLB) in patients with characteristic radiographic
findings of sarcoidosis without lung parenchymal in-
volvement is low but increases up to 75% in later
stages of the disease with involvement of the lung
parenchyma (24). In patients suspected to have sar-
coidosis but without the characteristic radiographic
findings TBLB has a diagnostic yield of just 30%
(25) and several severe complication have been re-
ported following TBLB including parenchymal lung
haemorhage and pneumothorax (18). CT-FNA is al-
so a minimal invasive procedure but is generally not
used for enlarged mediastinal lymph nodes. It is per-
formed primarily in patients with lung parenchymal
involvement where yield depends on the size of the
lesion (26) but it is generally low and the procedure
carries a risk of pneumothorax of 5.5% (27).

Mediastinoscopy has a high diagnostic yield for
sarcoidosis (28) but is an invasive surgical procedure
that poses a small but significant risk to the patient.
Approximately 0.6% of patients undergoing medi-
astinoscopy develop hoarseness due to perioperative
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damage to the recurrent laryngeal nerve (4). In ad-
dition, mediastinoscopy only allows biopsy of cen-
tral lymph node station station (10) but not perihi-
lar lymph nodes or lung parenchyma which may be
the only involvement of sarcoidosis. In contrast,
EBUS allows biopsies from such peripheral lymph
nodes and sometimes even from the lung parenchy-
ma as demonstrated in the present study (Figure 2).
Consequently, one may even suspect that the diag-
nostic yield of EBUS could be higher than medi-
astinoscopy but this is purely speculative and has
not been tested prospectively. Furthermore, EBUS
is considered a safe investigation and severe compli-
cations have never been reported (6, 29). Finally, if
needed, EBUS allows routine reexaminations with-
out exposing the patients of the increased risks of
complications associated with a re-mediastinoscopy.

In conclusion, we have demonstrated that
EBUS is also a valuable minimally invasive diagnos-
tic modality to establish the diagnosis of sarcoidosis
in patients with intrathoracic tumors who remained
undiagnosed after conventional work up – particu-

larly if patients have enlarged mediastinal lymph
nodes. In the vast majority of patients with sar-
coidosis this minimally invasive procedure provides
a final diagnosis without exposing the patient to the
risk of complications from more invasive proce-
dures. However, if EBUS does not provide the di-
agnosis patients must be referred for a more invasive
work-up.
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