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ABSTRACT

iINTRODUCTION  Needle biopsy of enlarged lymph nodes is an accepted method for the diagnostic workup
of sarcoidosis, but the optimal endosonography-guided approach is yet to be determined.

0BJECTIVES The aim of our study was to assess the relative diagnostic yield of combined ultrasound-
-guided needle aspiration (CUS-b-NA), which includes endobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA) with endoscopic ultrasound fine-needle aspiration (EUS-b-FNA), as well as
the role of the cell block (CB) technique and lymph node localization in the diagnostic workup of sarcoidosis.
PATIENTS AND METHODS  This was a prospective multicenter study including consecutive patients with
clinical suspicion of stage | or Il sarcoidosis. CUS-b-NA with smears and CB technique were performed
in the whole study group. If a biopsy result was not conclusive, an invasive diagnostic workup and a
6-month follow-up were scheduled.

RESULTS  Out of 77 screened patients, 54 signed written consent and 50 were enrolled for the final analysis.
The overall sensitivity of EBUS-TBNA, EUS-b-FNA, and CUS-b-NA was 76.6%, 70.2%, and 91.7%, respectively.
There were no differences between EBUS-TBNA and EUS-b-FNA (P = 0.52) but CUS-b-NA had a higher diag-
nostic yield (P = 0.005 and P = 0.001, respectively). Adding the CB method to smear technique (P = 0.008)
and biopsy of the subcarinal lymph nodes increased the diagnostic yield (P = 0.001).

concLusions  The diagnostic yield of CUS-b-NA is higher than that of endosonographic techniques alone
in the diagnostic workup of stage | and Il sarcoidosis. The preparation of cytological material including
CB and the choice of the subcarinal lymph node station for the biopsy increase the diagnostic efficacy.

INTRODUCTION  Sarcoidosis is a chronic inflam-
matory disease of unknown etiology. Noncase-
ating granulomas in various organs, with pre-
dilection for mediastinal and hilar lymph nodes
and lungs, are characteristic of this disease."?
The diagnosis of sarcoidosis is based on a combi-
nation of clinical outcome, radiology findings, and
presence of noncaseating granulomas in involved
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organs confirmed by a cyto- or histopathological
examination.? ** Because granulomatous inflam-
mation can be observed in many other diseases
with similar clinical and/ or radiological features
(ie, tuberculosis, mycobacterial or fungal infec-
tions, pneumoconiosis, hypersensitivity pneumo-
nia, lymphoma, lung cancer, berylliosis, and also
sarcoid reaction, which may accompany or precede



WHAT'S NEW?

To the best of our knowledge, this is the first study in patients with lymph-
adenopathy suspected of sarcoidosis to investigate the diagnostic yield
of the combined approach with endobronchial ultrasound and endoscopic
ultrasound with the use of a single endobronchial ultrasound scope at the
same session. Commonly, transesophageal and transbronchial approaches
were used as a single alternative procedure. Moreover, data about the ef-
ficacy of endoscopic ultrasound with the use of ultrasound bronchoscope
in sarcoidosis are still poor. Our data showed that biopsy of the subcarinal
lymph nodes improved the diagnostic yield. Moreover, the analysis of the
techniques of processing specimens (smears and cell blocks) demonstrated
that their efficacy is comparable but when used together, it was greater.
Our results might be considered relevant in further analyses and helpful in
designing studies on minimally invasive diagnostic workup of patients with
lymphadenopathy suspected of sarcoidosis.

neoplastic disease), the exclusion of these condi-
tions is mandatory for the final diagnosis. In or-
der to avoid false-positive results of cytological
biopsy, at least 6-month follow-up after the his-
tological assessment is also necessary."®

During the last decade, the standard proce-
dure in the diagnostic workup of stage I and II
sarcoidosis became fine-needle aspiration (FNA)
of the enlarged mediastinal lymph nodes (trans-
bronchial needle aspiration [TBNA]/FNA) under
control of endobronchial ultrasound (EBUS) and
endoesophageal ultrasound (endoscopic ultra-
sound with the use of ultrasound bronchoscope
[EUS-b]).5 The advantage of these methods over
the conventional bronchoscopic techniques was
confirmed in a few studies.”""?

Some studies showed an increase in the diag-
nostic yield while EBUS-TBNA and EUS-b-FNA
were performed in the same patient.”'” Howev-
er, the second technique was used in the second
session in case of failure of the first one. A study
with a small group (33 patients) showed useful-
ness and safety of EUS-b-FNA in the diagnostic
workup of stage I and II sarcoidosis."

Combined ultrasound needle aspiration
(CUS-b-NA) also defined as complete endosonog-
raphy is the recommended technique in minimal-
ly invasive staging of patients with lung cancer.'?
However, there are no data about the usefulness
of this method in investigating benign lymph-
adenopathy (including sarcoidosis).

Biopsies guided by EBUS and EUS-b are per-
formed with cytological 21- or 22-gauge needles
and obtained specimens are used to prepare cy-
tological smears. Flex 19-gauge needles or histo-
logical 25-gauge pro-core needles can be used to
obtain more tissue material, but a positive influ-
ence on the diagnostic yield was not shown."3"*

Diagnostic yields presented in the literature
are between 71% and 94% for EBUS-TBNA'# &
and between 73% and 96% for EUS-b-FNA."!'3

Although EBUS-TBNA allows biopsy of a ma-
jority of mediastinal (2R, 2L, 4R, 4L, 7) and hilar
(10R, 10L, 11R, 11L) lymph node stations in the

diagnostic workup of sarcoidosis, most frequently
subcarinal (station 7) lymph nodes are biopsied.
There are no data with regards to the preferable
lymph node stations to obtain the most diagnos-
tic material in biopsy.

There are also few studies validating the diag-
nostic yield of a cytological technique called cell
block (CB) for the diagnostic workup of sarcoid-
osis, in which material obtained with needle bi-
opsy, after fixation, is embedded in paraffin wax
and sectioned for microscopic evaluation.*’

The aims of the study were: 1) to evaluate
the diagnostic yield of CUS-b-NA in comparison
with EBUS-TBNA and EUS-b-FNA in identifica-
tion of granulomas in the enlarged intrathoracic
lymph nodes; 2) to evaluate the value of the CB
technique in the diagnostic workup of sarcoidosis
and its comparison with a standard smear tech-
nique; 3) to establish whether there is an associ-
ation between the lymph node station and diag-
nostic yield of the biopsy.

PATIENTS AND METHODS This was a prospective
multicenter study carried out in 3 pulmonary hos-
pitals in Poland: Pulmonary Hospital in Zakopane,
Department of Thoracic Surgery of Silesian Med-
ical University in Katowice, and Izerian Center
of Pulmonology and Chemotherapy in Szklarska
Poreba. The study design was approved by the bio-
ethical committee (no. 129/KBL/OIL/2017). All
patients received detailed information regard-
ing the study. The procedures, including the ex-
pected results and potential risks, were discussed
with patients, and their informed consent was
obtained.

The inclusion criteria were: age over 18 years,
clinical suspicion of stage I or II sarcoidosis, and
signed written informed consent. The exclusion
criteria were: lack of patient consent to undergo
endoscopic bioptic techniques or mediastinosco-
py (MS), contraindications to bronchoscopy, co-
agulation disorders, and pregnancy.

CUS-b-NA procedures were performed by 4 ex-
perienced endoscopists, mainly pulmonologists,
with the assistance of 2 endoscopy nurses. Pa-
tients were in the supine position, and conscious
sedation with midazolam (2.5-7.5 mg) and fen-
tanyl (0.05-0.1 mg) administered intravenously
was used. A pulse oximetry and electrocardiogra-
phy monitoring was mandatory and oxygen sup-
ply was provided when necessary. Flexible video-
bronchoscopes with an integrated convex ultra-
sound probe (BE-UC180F Olympus Medical Sys-
tems Corporation, Tokyo, Japan) enabling the as-
sessment of mediastinal and hilar structures were
used for all procedures. Both FNAs of the lymph
nodes, EBUS-TBNA and EUS-b-FNA, were per-
formed in 1 session in each patient. A cytolog-
ical 22-gauge 40-mm needle (NA-201SX-4022,
Olympus Medical Systems Corporation, Tokyo,
Japan) was used for biopsies.

In each patient, 3 to 5 biopsies of at least 2
lymph node stations were taken transbronchially
as the first procedure and then also 3 to 5 biopsies
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FIGURE 2 Cytological smear of a lymph node sample
from a patient with sarcoidosis showing groups of
epithelioid histiocytes forming a granuloma (standard
hematoxylin and eosin staining; permission and image
courtesy of Department of Pathology, Pulmonary Hospital,
Zakopane, Poland)

of at least 2 lymph node stations were taken trans-
esophageally at the same session. EUS-b-FNA of
the subcarinal lymph node is presented in FIGURE 1.

The obtained tissue material was used to pre-
pare smears (at least 2 for each lymph node sta-
tion) and CBs (one for each biopsy method from
all biopsied lymph node stations) for cytology and
tuberculosis culture. Standard hematoxylin and
eosin staining was used for cytological smears.
Specimens for CBs were fixed with cytospin col-
lection fluid and then processed as histological
material. The analysis of cytological material was
performed by 2 independent pathologists. A spec-
imen with the lymph node tissue or/and pres-
ence of the granulomas was considered diagnos-
tic. A cytological presentation of the sarcoid gran-
ulomas is presented in FIGURE 2 (smear) and FIGURE 3
(CB). If it was not possible to establish a diagno-
sis due to lack or low number of cells, the speci-
men was considered nondiagnostic.

In case of a biopsy result negative for granulo-
mas, patients with a clinical diagnosis of stage I
sarcoidosis were scheduled for MS and those with
stage II for bronchoscopy with endobronchial mu-
cous biopsy (EBB) and transbronchial lung biop-
sy (TBLB), and if still negative, for transbronchi-
al lung cryobiopsy (TBLC)."® All enrolled patients
were followed for at least 6 months after biop-
sy. The study protocol was presented in FIGURE 4.

Statistical analysis  The sensitivity, specificity, ac-
curacy, positive predictive value, and negative pre-
dictive value (including 95% exact Cloper—Pearson
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FIGURE 1 Endoscopic ultrasound (EUS-b) of the lymph
node station 7 showing the typical pattern of lymph
nodes with marked capsules (arrow) (permission and
image courtesy of Endoscopy Unit, Pulmonary Hospital,
Zakopane, Poland)

FIGURE 3 Cell block section of a lymph node sample
from a patient with sarcoidosis showing a fragment of
granuloma formed of epithelioid histiocytes with

an asteroid body (arrow) (permission and image courtesy
of Department of Pathology, Pulmonary Hospital,
Zakopane, Poland)

confidence interval [CI]) were calculated using
the MEDCALC statistical software (MedCalc Soft-
ware Ltd., Ostend, Belgium). The MEDCALC soft-
ware and McNemar exact test were also used to
compare paired proportions. The bootstrap test
in the Statistica v13 environment (StatSoft Pol-
ska Sp. z 0.0., Krakéw, Poland) was used to com-
pare sensitivity and accuracy of the diagnostic
tests. The significance level was set at a P value
of less than 0.05.

RESULTS From November 2017 to September
2019, 77 consecutive patients suspected of sar-
coidosis were recruited to the study but 23 of
them refused to undergo the combined proce-
dure and bronchoscopy with TBLB/TBLC or
MS as confirmatory tests. Four patients sus-
pected of stage I sarcoidosis were excluded from
further assessment. In 3 patients with sponta-
neous remission of adenopathy suggesting in-
flammation, the obtained cytological materi-
al was inadequate to prepare CBs. One patient
did not agree to undergo combined procedure
but only EBUS-TBNA during the examination.
The final analysis was performed in 50 patients
(33 men and 17 women at a mean [SD] age of 42
[8.5] years) with the clinical diagnosis of stage
I sarcoidosis, 25 (50%), and stage II sarcoid-
osis, 25 (50%). A total of 12 patients (24%) in
stage I and 3 patients (6%) in stage II had typ-
ical symptoms of Léfgren syndrome. A total of
17 patients (34%) with stage II of the disease
presented a predominance of diffuse pulmonary



FIGURE 4  Flowchart of
patients enrolled in the
study

Abbreviations: CUS-b-NA,
combined ultrasound-
-guided needle aspiration;
EBB, endobronchial
biopsy; EBUS-TBNA,
ultrasound-guided
transbronchial needle
aspiration; EUS-b-FNA,
endoscopic ultrasound
fine-needle aspiration;
TBLB, transhronchial lung
biopsy; TBLC,
transbronchial lung
cryobiopsy

Patients with a clinical suspicion of
stage | or Il sarcoidosis

!

EBUS-TBNA and EUS-b-FNA (CUS-b-NA)

!

Cytology (smears and cell blocks)

Sarcoidosis

No diagnosis
suspicion of stage |

No diagnosis
suspicion of stage Il

!

!

Mediastinoscopy

EBB+ TBLB/TBLC

! !

!

6-month follow-up

TABLE 1 Patient characteristics

Variable Value

Age, y, mean (SD) 42 (8.5)
Sex Male 33 (66)
Female 17 (34)
Short diameter of the lymph node, mm, mean (SD) 15.2 (6.2)
Sarcoidosis Stage | 25 (50)
Stage Il 25 (50)

Data are presented as number (percentage) unless otherwise indicated.

lesions, mostly micronodules on CT scans in the
upper and middle lobes, typical of sarcoidosis.
Patient characteristics are presented in TABLE 1.
In all patients, CUS-b-NA was performed in 204
mediastinal and hilar nodal stations in total, with
EBUS-TBNA as the first procedure. There were 90
mediastinal (station 7, 50; station 4R, 24; station
41, 14; station 2R, 2) and 13 hilar (station 10R, 4;
station 11R, 3; station 11L, 6) nodal stations biop-
sied by EBUS-TBNA. There were also 101 medias-
tinal stations (station 7, 50; station 4R, 8; station
41, 38; station 8, 3; station 2R, 1; station 2L, 1)
biopsied by EUS-b-FNA. The cytological materi-
al was prepared for smears and CBs in all cases.
Granuloma detection rate was as follows: EBUS-
-TBNA, 72% (36 out of 50 patients), EUS-b-NA,
66% (33 out of 50 patients), and CUS-b-NA, 86%
(43 out of 50 patients). In 7 patients (14%), spec-
imens were nondiagnostic due to a low number

of cells. In 1 patient (2%) with stage I sarcoid-
osis, a complete regression of adenopathy was ob-
served at 6-month follow-up and MS was not per-
formed. In the next 6 patients (12%) with stage
IT sarcoidosis, conventional bronchoscopic diag-
nostic workup was performed including EBB and
TBLB. In 4 patients (8%), granulomas were de-
tected by TBLB, and in 2 patients (4%), a partial
regression and stable clinical outcome of paren-
chymal micronodules and adenopathy at 6-month
follow-up were reported, so TBLC was not per-
formed in those patients. In all patients, tuber-
culosis cultures taken from all endoscopy biop-
tic methods were negative. A clinical and radio-
logical assessment at follow-up did not show any
signs of lymphoma, lung cancer, or other diseases
presenting granuloma reactions in lymph nodes.
A total of 15 patients (30%) with stage I sarcoid-
osis had a spontaneous remission of adenopathy.
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TABLE 2 Calculated sensitivity, accuracy, negative predictive value, and granuloma detection rate per patient of
endosonographic techniques in the diagnostic workup of stage | and Il sarcoidosis

Endosonographic technique  Sensitivity
EBUS-TBNA (S+CB) 76.6 (61.97-87.70)

Accuracy NPV GDR, %
78 (64.04-88.47)

21.43(13.99-31.39) 72

EBUS-TBNA (S) 55.32 (40.12-69.83) 58 (43.21-71.81) 12.5(9.41-16.41) 52
EUS-b-FNA (S+CB) 70.21 (55.11-82.66) 72 (57.51-83.77) 17.65(12.14-24.95) 66
EUS-b-FNA (S) 53.19(38.08-67.89) 56 (41.25-70.01) 12 (9.14-15.61) 50
CUS-b-NA (S+CB) 91.67(80.02-97.68) 92,16 (81.12-97.82)  42.86 (22.69-65.71) 86
CUS-b-NA (S) 76.6 (61.97-87.70) 78 (64.04-88.47) 21.43(13.99-31.39) 72
CUS-b-NA (CB) 68.09 (52.88-80.91) 70 (55.39-82.14) 16.67 (11.64-23.29) 64

CUS-b-NA (S+CB) stage | 100 (85.75-100)

100 (86.28-100) 100 96

CUS-b-NA (S+CB) stage Il 82.61 (61.22-95.05)

84 (63.92-95.46)

33.33(17.02-54.92) 76

Data are presented as percentage (95% Cl) unless otherwise indicated.

Abbreviations: CB, cell block; GDR, granuloma detection rate; NPV, negative predictive value; S, smear; others, see FIGURE 4

A partial regression of diffuse parenchymal lesions
in 7 patients (14%) with stage II sarcoidosis was
noted. At 6-month follow-up, all patients were in
a stable clinical condition.

Calculated sensitivity, accuracy, negative pre-
dictive value, and granuloma detection rate (GDR)
per patient are presented in TABLE 2. Specificity
and positive predictive value were 100% for all
methods.

Sensitivity, accuracy, and GDR of EBUS-
-TBNA and EUS-b-FNA are comparable (P = 0.52,
P =0.47, P = 0.63, respectively) whereas those
of CUS-b-NA were higher than those of EBUS-
-TBNA (P = 0.005, P = 0.004, P = 0.016, respec-
tively) and of EUS-b-FNA (P = 0.001, P = 0.001,
P =0.002, respectively).

Sensitivity, accuracy of CUS-b-NA was higher
in stage I than in stage II sarcoidosis (P = 0.04,
P =0.04, respectively).

Sensitivity, accuracy, and GDR of cytological
smears and the CB technique were comparable
(P=0.36,P=0.33, P =0.48, respectively). How-
ever, after comparing sensitivity, accuracy, and
GDR of the combination of smears and CB to
smears alone, the differences were significant
for all biopsy methods: EBUS-TBNA (P = 0.002,
P =0.001, P = 0.002, respectively), EUS-b-FNA
(P =0.003, P =0.004, P = 0.008, respectively),
and CUS-b-NA (P = 0.008, P = 0.006, P = 0.016,
respectively).

Sensitivity, accuracy, and GDR of CUS-b-NA
calculated per station were higher when the sub-
carinal lymph nodes were biopsied in comparison
with all other lymph node stations (P = 0.001,
P =0.001, P = 0.0001, respectively).

No procedure-related complications were not-
ed during CUS-b-NA biopsies.

DISCUSSION  Cytological confirmation is of great
importance in the diagnostic workup of sarcoid-
osis. Endosonography-guided biopsy techniques
have higher efficacy than conventional meth-
ods (EBB and TBLB).57""1¢ The preferred meth-
od of obtaining cytological material is EBUS-
-TBNA.'""® Transesophageal approach seems
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to be underestimated and used less often. Lit-
erature search showed no advantage of any of
these methods: both sensitivity and specifici-
ty of EBUS-TBNA and EUS-b-FNA are compara-
ble.”'%"" Choosing EBUS-TBNA over EUS-b-FNA
might be related with the preferences of pulmon-
ologists diagnosing sarcoidosis, as they are more
acquainted with the endobronchial rather than
endoesophageal approach.

In the current study, sensitivity and accuracy
76.6% and 70% for EBUS-TBNA, 78% and 72%
for EUS-b-FNA, respectively, did not differ from
those presented in the literature,’'""* and lack
of differences between sensitivity of EBUS-TBNA
and EUS-b-FNA was confirmed (P = 0.52).

A slightly lower than expected sensitivity of
EUS-b-FNA might be connected with group char-
acteristics. A relatively high percentage (50%)
of enrolled patients had stage II sarcoidosis and
only in this subgroup, false-negative results were
noted. A lower sensitivity and accuracy of CUS-
-b-NA in stage II subgroup influenced the result
of the entire group. The lower yield of CUS-b-FNA
in detecting granulomas in the smears might be
caused by the fact that CBs were prepared first
and smears were prepared second with the re-
maining material. The mean (SD) diameter of
visualized lymph nodes was 15.2 mm (6.2 mm)
and quite often normal-sized lymph nodes were
fibrotic and hard to puncture. Better efficacy of
EBUS-TBNA over EUS-b-FNA might be explained
by the bias related to the study design. Endoscopy
procedures were performed mostly by pulmonolo-
gists and EBUS-TBNA was preferred as the first
procedure. Considering the fact that one needle
was used for the whole CUS-b-NA procedure and
the first few biopsies were taken transbronchial-
ly, the material obtained by EUS-b-FNA might be
of slightly worse quality.

Our study showed high sensitivity (91.7%)
and accuracy (92.2%) of CUS-b-NA. Diagnos-
tic yield of this method was higher than that of
EBUS-TBNA and EUS-b-FNA alone (P = 0.005,
P =0.001, respectively). Does it mean that CUS-
-b-NA should be considered as the standard in



cytological diagnostic workup of mediastinal
lymphadenopathy? As this advantage of CUS-
-b-NA may be the effect of an increased number
of biopsies and summary of the results, further
studies are needed.

The combined endosonographic approach
seems to be a safe biopsy method. No compli-
cations were noted in our group. However, con-
sidering potentially increased complication risk
connected with higher number of biopsies, in our
opinion, CUS-b-NA should be reserved for pa-
tients with stage II sarcoidosis, especially when
lymph nodes are relatively small on computed to-
mography and obtaining biopsy material might
be more difficult.

There are not many papers*’ on the influence
of the tissue material preparation on the diag-
nostic yield of the biopsy method. In most cases,
cytological material obtained by needle biopsy is
used to prepare smears. In our study, we compared
diagnostic yields of these 2 cytological methods
(smears and CB) and we did not find differences
(P = 0.36). However, we managed to show an in-
crease of the diagnostic yield when these 2 tech-
niques were joined regardless of the biopsy meth-
od (P = 0.008). Most of studies did not show clear-
ly which cytological method, smear or CB, was
used.®71%16 Our data shows that CB preparation
should be considered as the recommendation in
the diagnostic workup of sarcoidosis.

The other clinical question we tried to answer
in this trial was whether there is an association
between the lymph node localization (station) and
diagnostic yield of the endosonographic biopsy.
Our results indicate an important role of the sub-
carinal lymph node station (7) biopsy in obtain-
ing cytological diagnosis of sarcoidosis. The diag-
nostic yield of CUS-b-NA would have been lower
if lymph nodes of station 7 had not been biop-
sied (P = 0.001). Perhaps biopsy of these lymph
nodes should be recommended as mandatory.
In current practice, biopsies of subcarinal lymph
nodes are performed most frequently either trans-
bronchially or transesophageally probably due to
its reachability.

Study limitations A relatively small number of
patients in whom final analysis was performed
is one of the disadvantages of our study. The re-
sults presented in our paper should be considered
for further meta-analyses and investigations in
larger groups of patients. It should be empha-
sized that the guidelines for invasive procedures
are rarely based on trials with a large number
of patients. More often, meta-analyses of many
small trials are made.

The GRANULOMA global study,® the largest
study on this topic including 354 patients (155
in the endosonography arm), was performed in
14 centers and 8 countries.

A very important paper by OKki et al'' which
implemented and stated a new EUS-b method
for the diagnostic workup of stage I and II sar-
coidosis was based on the analysis of 33 patients.

The other limitation of the study protocol was
the use of the same needle for the whole CUS-
-b-FNA procedure. As the ability of obtaining
the material decreases with the number of biop-
sies performed, it could influence the diagnostic
yield of the procedure/processing method used
as the second one.

Finally, there was lack of histological confirma-
tion in 3 patients (1 with stage I and 2 with stage
IT sarcoidosis). The final diagnosis of sarcoidosis
in these cases was based on clinical outcome, ra-
diology exclusion of the other diseases with gran-
ulomatous inflammation, and the radiological re-
mission at follow-up.

Conclusions  Even though both EBUS-TBNA and
EUS-b-FNA are efficient in stage I and II sarcoid-
osis, the diagnostic yield of CUS-b-NA is high-
er than that of any of those techniques used
alone. The preparation of cytological material
including CB technique and a choice of subcari-
nal lymph node station for biopsy increases di-
agnostic efficacy.
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