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OBJECTIVES: This study aimed to investigate the additional diagnostic value of endobronchial biopsy (EBB) in the diagnosis of
pulmonary sarcoidosis.

MATERIALS AND METHODS: This retrospective cross-sectional study included 59 patients with a preliminary diagnosis of sarcoidosis
who were admitted to the Pulmonary Diseases Outpatient Clinic of a tertiary healthcare center between January 2005 and October
2012. The socio-demographic characteristics of the patients as well as clinical and radiological findings were recorded. All patients,
irrespective of the presence of an endobronchial lesion (EBL), underwent fiberoptic bronchoscopy (FOB); two to four specimens were
taken using EBB from the carina of the right middle lobe in the patients with EBL.

RESULTS: Of the patients, 39 (66.1%) had normal bronchoscopic findings, while 5 had EBL. Diagnosis was based on EBB in 11 patients
(18.6%). Six patients (15.3%) with normal bronchial mucosae were pathologically diagnosed by EBB. There was no statistically
significant relationship between the diagnostic ratio of EBB and disease stage, extrapulmonary involvement, FOB findings, elevated
lymphocyte rate in bronchoalveolar lavage (> 13%), a CD4/CD8 ratio of > 3.5, and serum angiotensin-converting enzyme (ACE) level
(p> 0.05).

CONCLUSION: EBB not only offers the advantage of a high diagnostic ratio in patients with mucosal abnormalities but also contributes
to pathological diagnosis in patients with normal mucosa. We recommend using EBB to support diagnosis with a low complication
rate for patients undergoing FOB with a preliminary diagnosis of sarcoidosis in healthcare centers, where endobronchial ultrasound
(EBUS) is unavailable.
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INTRODUCTION

Sarcoidosis is a systemic granulomatous disease of unknown etiology that primarily affects the lungs and lymphatic
system. Diagnosis is based on a compatible clinical presentation and imaging, as well as the presence of non-
caseating granulomas in biopsy specimens, by excluding other causes of granulomatous diseases [1,2]. Fiberoptic
bronchoscopy (FOB), which involves the acquisition of tissue specimens to eliminate other diseases, is a relatively
simple procedure with a lower complication rate than other surgical procedures and is the primary diagnostic tool
for sarcoidosis patients [1]. A pathological diagnosis can be achieved with the help of transbronchial lung biopsy
(TBLB) and/or transbronchial needle aspiration (TBNA) of mediastinal and hilar lymph nodes. In addition, a
compatible clinical presentation, imaging with lymphocytic alveolitis, and an increased ratio of CD4/CD8
lymphocytes support pulmonary sarcoidosis diagnosis in patients without a histopathological confirmation.

Today, with the introduction of real-time endobronchial ultrasound-guided TBNA (EBUS-TBNA) and transesophageal
endoscopic ultrasound-guided fine needle aspiration, a higher number of patients is diagnosed with sarcoidosis
[3-5]. Currently, endobronchial ultrasound (EBUS) is extensively used for mediastinal sampling; however,
conventional bronchoscopic techniques are still the first choice in the diagnostic algorithm of sarcoidosis cases in
many centers [1].
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The diagnostic efficiency of TBLB is particularly affected
by parenchymal involvement as evidenced by radiographic
studies, and patient compliance is a must for this
procedure. On the other hand, TBLB may lead to serious
complications including bleeding and pneumothorax. The
diagnostic value of endobronchial biopsy (EBB) is high in
the presence of bronchial mucosal lesions, although EBB
is recommended for patients without visible mucosal
lesions [6,7].

In this study, we investigated the additional diagnostic
value of EBB, which is a relatively simple diagnostic
procedure with a low complication rate, during FOB in
the diagnosis of pulmonary sarcoidosis.

MATERIALS AND METHODS

Study Population

This retrospective cross-sectional study included 59
patients with a preliminary diagnosis of sarcoidosis who
were admitted to the Pulmonary Diseases Outpatient
Clinic of a tertiary healthcare center between January
2005 and October 2012 (Figure 1). The study was
approved by the Celal Bayar University Scientific Research
Ethics Committee in Manisa (07.03.2011/0057), and a
signed consent form was obtained from each patient
before the procedure. None of the patients were on
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systemic steroid therapy or antibiotics. Patients who were
previously diagnosed with sarcoidosis and received
treatment or were under follow-up were excluded. Stage
0 patients were also excluded.

Assessment

The demographic characteristics of the patients were
recorded. Chest X-ray images and computed tomography
(CT) scans were obtained. The presence of hilar and
mediastinal lymphadenopathy and extrapulmonary
lymphadenopathy (LAP) were noted. Patients with
suspected extrapulmonary sarcoidosis by clinical and
laboratory findings were evaluated for extrapulmonary
involvement. Serum angiotensin-converting enzyme (ACE)
levels, 24-h urinary Ca*? output, tuberculin skin test (TST),
and pulmonary function test (PFT) results were also
recorded. The findings of PFT used to identify obstructive
and restrictive lung diseases were normal. Based on chest
X-ray radiological findings, patients were staged as 0: No
radiographic abnormality (adenopathy or infiltrates), I
bilateral hilar adenopathy without interstitial parenchymal
infiltrates, Il: bilateral hilar adenopathy with interstitial
parenchymal infiltrates, lll: interstitial parenchymal
infiltrates without hilar adenopathy, and 1V: pulmonary
fibrosis [1]. Radiologic staging was performed according
to chest computed tomography findings.

88 patients with sarcoidosis

Excluded 29 patients
EE—
20 patients: no EBB
- 9 patients: inadequate diagnostic
criteria
v

59 patients with sarcoidosis were evaluated

N

37 patients with clinical 11 patients with EBB

i jic*
radiographic diagnosis diagnosis

1 patient with TBLB
diagnosis

10 patients with
diagnasis via biopsy of
other organs

Figure 1. Methods for the diagnosis of sarcoidosis.

*The pathologic diagnosis was done with both EBB and TBLB in one patient.
EBB: endobronchial biopsy; TBLB: transbronchial lung biopsy.
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Bronchoscopy

Fiberoptic bronchoscopy was performed under local
anesthesia with midazolam and lidocaine. Bronchoalveolar
lavage (BAL) was performed in the right middle lobe using
20 cc portions of sterile saline with a total amount of 120
cc. Patients with left lung involvement underwent BAL
through the left lingula. TBNA was performed with a
22-gauge needle in patients with mediastinal and hilar
LAP when present in the CT scan. Afterwards,
transbronchial lung biopsies were performed in
parenchymal involvement areas. Two to four EBB
specimens were taken from the abnormal mucosae; if
abnormal bronchoscopic findings were not present, two
to four additional EBB specimens were taken from the
main carina and right middle-lower lobe carinas. FOB
findings were classified as a: normal, b: blunt carina, c:
extrinsic compression, d: endobronchial lesion, e:
submucosal involvement, and f: hypervascularity. TBLB
and TBNA could not be performed in all patients due to
high complication rates, patient unwillingness,
incompliance or procedure-related hypoxia. CD4/CD8
ratio was not studied in a group of patients due to the
unavailability of laboratory facilities.

Diagnostic Criteria

The pathological diagnostic criterion was the presence of
non-caseating epitheloid cell granulomas in biopsy
specimens taken during FOB. In patients with clinical and
imaging findings compatible with sarcoidosis without non-
caseating epitheloid cell granulomas, positive diagnostic
criteria were as follows: a: bilateral hilar LAP b: elevated
serum ACE and 24-hour urinary Ca*? output, c: negative
tuberculin skin test (TST), d: lymphocytic alveolitis or
increased CD4/CD8 lymphocytes. These patients were
included in the group in which diagnoses were based on
clinical and radiological data.

The histopathological examination of bronchoscopic
specimens eliminated the presence of tuberculosis in
these patients by microbiological inspection.

Statistical Analysis

Statistical analyses were performed with Statistical Package
for the Social Sciences 15.0 (SPSS, Inc., Chicago, USA).
Descriptive data were expressed as median with range or
mean with standard deviation, according to the distribution
of the parameters. Disease stage, extrapulmonary
involvement, FOB findings, BAL lymphocyte predominance,
CD4/CD8 ratio of > 3.5 and blood ACE levels were
compared with EBB. The chi-square test was used and p
values < 0.05 were considered to be statistically significant.

RESULTS

Fifty-nine patients who were diagnosed with sarcoidosis
were evaluated between January 2005 and October 2012.
Forty-eight patients (81.4%) were females and 11 (18.6%)
were males. The mean age was 45.9 + 11.2 (range 24 to
66) years. Forty-four patients (74.6%) were housewives.

24  Clinical characteristics of the patients are shown in Table 1.

Table 1. Clinical characteristics of the patients

n (%)
TST Not yet 11 (18.6)
Anergic 37 (61.7)

to 10 mm 4(6.8)

11 to 15 mm 1(1.7)

> 15 mm 6(10.2)
Pulmonary function test Not yet 19 (32.2)
Normal 30 (50.8)

Obstructive disorder 4 (6.8)

Restrictive disorder 6(10.2)
Disease stage | 18 (30.5)
1l 38 (64.4)

1] 2(3.4)

\% 1(1.7)
Others organ involvement  No involvement 33 (55.9)
Erythema nodosum 20 (33.9)

Uveitis 4 (6.8)

Other 2(3.4)
Serum ACE level Not yet 18 (30.5)
Normal 13 (22.0)
Abnormal 28 (47.5)
24-h urinary Ca+2 Not yet 43(72.9)
Normal 14 (23.7)

Abnormal 2 (3.4)
Diagnostic methods Clinico-radiographic 37 (62.7)
EBB 11 (18.6)

TBLB 1(1.7)
Other organ biopsy 10 (16.9)

TST: tuberculin skin test; ACE: angiotensin-converting enzyme;
EBB: endobronchial biopsy; TBLB: transbronchial lung biopsy.

All patients underwent FOB. Thirty-nine (66.1%) had
normal bronchoscopic findings, while EBL was observed
in 5 patients. These five patients were all in stage Il. BAL
was performed in all 59 patients. CD4/CD8 ratio was
studied in 44 patients. Ten patients underwent TBLB,
while 46 underwent TBNA. EBB was performed in all 59
patients. The bronchoscopic findings of the patients are
presented in Table 2. No complications related to the
diagnostic procedures were observed.

Twenty-two patients (37.2%) were diagnosed with
sarcoidosis according to the pathological examination.
The diagnosis was based on EBB (non-caseating
granulomatous inflammation) in 11 patients (18.6%),
including EBB plus TBLB in one patient (1.6%), TBLB



Table 2. Bronchoscopic findings of the patients

n (%)
FOB findings (n= 59) No abnormality 39 (66.1)
Blunt main carina 6(10.2)
Extrinsic compression 7(11.9)
Endobronchial lesion 5(8.5)
Submucosal involvement 1(1.7)
Hypervascularity 1(1.7)
Findings supporting Yes 48 (81.4)
sarcoidosis in BAL
(lymphocytic alveolitis ~ No 11(18.6)
or increased CD4/CD8
lymphocytes) (n= 59)

Diagnosis with EBB* Normal bronchial mucosa 33 (55.9)
152 Non-caseating granulomatous 11 (18.6)
inflammation

Inflammatory alterations 15 (25.4)
Diagnosis with TBLB Yes 2 (20)
"n=10 No 8 (80)
CD4/CD8 ratio (n=44) >3.5 37 (84.1)

<35 7 (15.9)
Lymphocyte rate (n=59) >13 37 (62.7)

<13 22 (37.3)

* The pathologic diagnosis was done with both EBB and TBLB in one
patient. FOB: fiberoptic bronchoscopy; BAL: bronchoalveolar lavage;
EBB: endobronchial biopsy; TBLB: transbronchial lung biopsy.

alone in one patient (1.6%), and pathological specimens
from other organs in 10 patients (16.9%). In the remaining
37 patients (62.75%), the diagnosis was based on clinical
and radiological findings (Figure 1).
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Among the 39 patients with normal bronchoscopic findings,
6 patients (15.3%) had a pathological diagnosis by EBB.
The diagnosis was based on EBB in 5 of 20 patients (25%)
with abnormal bronchoscopic findings (endobronchial
lesion in 3 and mucosal abnormality in 2). However,
normal or abnormal bronchoscopic findings did not affect
the diagnostic accuracy of EBB (p= 0.369). There was no
statistically significant relationship between the diagnostic
accuracy of EBB and disease stage, extrapulmonary
involvement, FOB findings, lymphocytic alveoli in BAL
(= 13%), CD4/CD8 ratio of = 3.5, and serum ACE level
(p> 0.05). The characteristics of the patients who were
diagnosed by EBB are shown in Table 3. There was no
statistically significant difference in pulmonary function
tests between patients with normal or abnormal
bronchoscopic findings (p= 0.166).

The cell distribution of BAL revealed lymphocyte percentages
greater than 13 in nine patients (81.8%). Nine patients
(100%) in whom CD4/CD8 was studied had a ratio of > 3.5,
whereas seven of nine patients (77.7%) in whom serum ACE
level was measured had increased levels (Table 3).

Pathological examination of the EBB specimens showed
inflammation in 15 patients (25.4%). Nine of these
patients (60.0%) were in stage Il. Inflammatory alterations
in EBB specimens were not associated with disease stage,
extrapulmonary involvement, FOB findings, CD4/CD8
ratio of > 3.5, and serum ACE level (p> 0.05).

No statistically significant relationship was observed
between disease stage and extrapulmonary involvement,
FOB findings, non-caseating granulomatous inflammation
in EBB specimens, elevated lymphocyte percentage in
BAL (= 13%), CD4/CD8 ratio of > 3.5, and serum ACE
level (p> 0.05).

Table 3. Characteristics of patients who were diagnosed by EBB*

Disease Other organ FOB Lymphocyte CD4/CD8

stage involvement findings rate (%) ratio ACE level PFT

Il No EBL 213 11.00 Abnormal Restriction
Il No EBL <13% - - Normal

| No No abnormality >13 6.00 Normal -

Il No Extrinsic compression 213 17.8 - Obstruction
Il No No abnormality >13 4.00 Abnormal Normal

| No No abnormality >13 - Abnormal -

1l No Blunt carina >13 12.30 Abnormal Normal

Il Uveitis EBL <13 4.00 Normal Normal

Il Uveitis No abnormality >13 - Abnormal Restriction
1l Erythema nodosum No abnormality >13 4.49 Abnormal Obstruction
Il Erythema nodosum No abnormality >13 22.00 Abnormal Normal

*p> 0.05, Pearson chi-square. EBB: endobronchial biopsy; FOB: fiberoptic bronchoscopy; ACE: angiotensin-converting enzyme; PFT: pulmonary function

test; EBL: endobronchial lesion.
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DISCUSSION

The diagnostic ratio of EBB has been reported in a wide
range for patients with sarcoidosis [3,4,6-9]. This study
aimed to investigate the additional diagnostic value of
EBB in the diagnosis of pulmonary sarcoidosis. We found
the diagnostic accuracy of this technique to be 18.6%.
Kiter et al. [8] reported a 50% diagnostic accuracy for
EBB, which was considered to be related to the multicenter
and retrospective nature of their study. Also, Navani et al.
[4], Bjemer et al. [6] and Kieszko et al. [9] diagnosed
11%, 45%, and 40% of their study patients by EBB,
respectively [4,6,9]. In another study, in which the
majority of patients (64.7%) were Afro-American, Shorr et
al. [7] reported that the diagnostic ratio of EBB was 61.8%
with an additional diagnostic value of 20.6%. In a
multicenter study by Tournoy et al. involving 137 patients
with a preliminary diagnosis of sarcoidosis, [3] a total of
121 patients underwent FOB, and a definitive diagnosis
was achieved in 42% of these patients. The authors
reported that the diagnostic ratios of TBLB, EBB, and
TBNA were 54%, 20%, and 31%, respectively.

Although normal bronchial mucosa can be seen in
sarcoidosis patients, airway abnormalities have been
reported in up to 60% of patients [10]. These abnormalities
include mucosal hyperemia or edema, bronchial
distortion, bronchial constriction, and granulomas and
ulcerations [10]. Shorr et al. [7] found normal airways in
29.4% of patients, while Kiter et al. [8] reported that
37.1% of patients had no airway abnormality, as confirmed
by FOB.

In our study, we found normal bronchial mucosa in 39
patients (66.1%). However, we observed abnormal
mucosal findings in 33.9% of patients. There was no
statistically significant relationship between positive EBB
results and normal or abnormal airway anatomy. On the
other hand, Shorr et al. [7] observed a significant
correlation between positive EBB results and normal or
abnormal airway anatomy (p= 0.014). The authors also
reported positive EBB results in 75% of patients with
abnormal airway anatomy. However, they did not
differentiate endobronchial lesions and granulomas. These
results can be greatly attributed to the race of the subjects.

Ishii et al. [11] performed TBLB, BAL, and EBB in 18
Japanese patients who were primarily suspected to have
sarcoidosis with bronchoscopic normal mucosa findings.
The diagnostic ratios of TBLB and EBB were 61.1% (n=11)
and 5.5% (n=1), respectively. The authors observed
pulmonary involvement in all patients, as confirmed by CT
and BAL; however, none of the patients had FOB-related
complications. Extrapulmonary involvement was also seen
in five patients. The authors concluded that EBB in
combination with TBLB did not improve the diagnostic
ratio in sarcoidosis patients with normal bronchial mucosae.
Pulmonary sarcoidosis with endobronchial involvement
was attributed to the race of the subjects. In another study,
Shorr et al. [7] reported that the diagnostic ratio of EBB was

26 30% in patients with normal bronchial mucosae and higher

in patients with abnormal bronchial mucosae. In addition,
Torrington et al. [12] reported a 2.2 fold higher ratio for the
diagnosis of sarcoidosis in Afro-Americans using EBB.
Burke et al. [13] reported that a higher diagnostic ratio of
EBB was associated with increased granuloma density of
bronchial and lung tissues in this patient population. In our
study, we achieved a pathological diagnosis of sarcoidosis
in 15.3% of patients (n=6/39) with normal bronchial
mucosae as assessed by FOB, based on the EBB specimens
and the presence of non-caseating granulomas. Differences
in the diagnostic ratios of EBB across these studies may be
explained by the sample sizes and by the races of the
participants.

In our study, pathological examination of the EBB
specimens showed inflammatory alterations in 25.4% of
patients (n= 15). Despite the lack of non-caseating
granulomas, this finding supports the presence of
inflammation in sarcoidosis patients. However, this finding
alone does not allow us to achieve a pathological
diagnosis. In addition, biopsy specimens were likely to be
taken in the adjacent sites of granuloma in these patients.

The CD4/CD8 ratio was > 3.5 in all patients who were
diagnosed through EBB, while 81.8% of patients had
lymphocyte rates of > 13% in BAL and 77.7% of patients
had elevated serum ACE levels. These results thus suggest
that laboratory test results are supportive for sarcoidosis;
however, EBB is useful in the diagnosis of patients with
normal bronchial mucosae.

Pulmonary sarcoidosis may be accompanied by
obstructive or restrictive lung diseases in a varying range.
Granulomatous lesions and bronchial constriction by
lymph nodal compression may lead to obstructive lung
disease, whereas pulmonary parenchymal disease may
result in restrictive lung disease [10]. In our study, 10% of
patients (n= 40) had obstructive lung disease, while 15%
(n= 40) had restrictive lung disease, as assessed by PFT.
There was no relationship between radiological staging
and PFT variables. No significant difference in PFT
variables was observed among patients with normal or
abnormal bronchoscopic findings. A Case Control
Etiologic Study of Sarcoidosis (ACCESS) trial demonstrated
that 14% of patients had obstructive lung disease, while
30% had restrictive disease patterns [14]. Kieszko et al.
[9] found abnormal PFT results in more than half of the
patients with EBB positivity. Bjemer et al. [6] reported that
the inflammatory activity ratio was higher in European
patients with sarcoidosis and that bronchial involvement
may worsen the clinical course of the disease, leading to
an increased incidence of pulmonary dysfunction.
Consistent with these findings, 4 of 11 patients (36.3%)
diagnosed with EBB had abnormal PFT results in our
study.

No significant relationship between disease stage and
positive EBB results was observed. However, the diagnostic
ratio of EBB was higher (23.6%) among patients with stage
Il disease. Additionally, majority of the patients (81.8%)



who underwent EBB were in stage 2 (n=9). The diagnostic
ratio of EBB was lower (11.1%) in patients with stage 1
disease. In another study, Navani et al. [4] found stage Il
sarcoidosis in three of nine patients (33%). However, none
of the patients (n= 18) with stage | were diagnosed using
EBB. Only three patients (n= 27) with stage land stage I
disease were diagnosed using EBB. The authors suggested
that TBLB and EBB are used as an initial procedure in the
diagnosis of pulmonary sarcoidosis. Similarly, studies that
were conducted in Turkey reported the diagnostic ratios of
EBB to be 45%, 50%, and 68% in patients with stage I,
stage 1, and stage Il disease, respectively, indicating no
additional diagnostic value when used in combination
with TBLB [8].

The major limitation of the study was the lack of a
comparative analysis between EBB and another
bronchoscopic diagnostic technique, including TBLB. In
addition, TBLB could not be performed in all patients for
several reasons, including incompatible imaging findings,
lack of cooperation, patient’s unwillingness, and procedure-
related complications such as bleeding and pneumothorax.
Another limitation was the absence of a pathological
diagnosis, although we performed TBNA in 46 patients.
The diagnosis rate was 23.9% (11 of 46 patients) for
patients who were undiagnosed by TBNA but who
underwent EBB. This may be explained by inadequate
specimen collection and the absence of a cytologist in our
center.

In conclusion, despite the introduction of novel
bronchoscopic techniques, standard FOB is the primary
diagnostic tool for sarcoidosis patients. EBB not only offers
the advantages of a high diagnostic ratio in patients with
mucosal abnormalities but also contributes to pathological
diagnosis in patients with normal bronchial mucosae. Our
study results also suggest that EBB improves the diagnostic
ratio in sarcoidosis, even in the presence of normal
bronchial mucosae. We thus recommend that for patients
without evidence of parenchymal findings who do not
accept TBLB and who are undiagnosed by TBNA, EBB
may be used to support the diagnosis, with a low
complication rate, for patients undergoing FOB with a
preliminary diagnosis of sarcoidosis in healthcare centers
where EBUS is not available.
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