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Sarcoidosis is a chronic systemic disease of unknown origin that is 

characterized by the formation of noncaseating granulomas in various 

organs, predominantly in the lungs. Granulomas are the pathologic 

hallmark of the disease and usually occur in the bronchial submucosa 

allowing bronchoscopic diagnosis by the use of a variety of diagnostic 

modalities to assess the airway in sarcoidosis.1,2 The bronchial mucosa 

in sarcoidosis may appear normal, inflammation with miliary or large 

nodules containing noncaseating granulomas may be present, and, less 

commonly, yellowish nodules with a cobblestone appearance may be 

observed.2,3 Occasionally, endobronchial granulomas form a mass-like 

lesion that can obstruct the bronchial lumen.4

Endobronchial involvement is common and granulomas are found anywhere 

in the respiratory tract with positive endobronchial biopsy findings in 

up to 40 to 70 % of patients.3–7 Bronchial biopsy may identify granulomas 

in approximately a third of cases with a normal mucosa because the 

granulomas are usually located in the airways. In the presence of mucosal 

lesions, diagnostic yield of bronchoscopic biopsies may be as high as 75 %.3–6

Although endobronchial disease is frequent in sarcoidosis, data 

concerning the clinical characteristics and prognosis of such patients 

is missing. The clinical features and prognosis of endobronchial disease 

have not been reported in the literature. Data relevant to patients 

with endobronchial sarcoidosis are limited with proximal bronchial 

involvement leading to bronchial stenosis or narrowing. The prognostic 

implications of endobronchial disease have only been assessed as a 

determinant of a factor causing stenosis.5,7 

In this review, the main aim is to discuss the clinical features of 

endobronchial disease in regard to prognosis and extrapulmonary organ 

involvement in sarcoidosis.

Endobronchial Involvement in Sarcoidosis
Endobronchial involvement is not an uncommon sequela of sarcoidosis. 

Bronchoscopy can provide valuable information regarding the type, 

extent, and location of endobronchial disease for visible lesions and 

thereby allows histopathologic confirmation. Even when the airway 

mucosa appears normal, the diagnostic yield of bronchial biopsy may 

reach to 30 %. 

Sarcoidosis confined to the airway may present with cough, wheeze, 

and dyspnea out of proportion to the parenchymal radiologic changes.8 

Bronchial stenosis or narrowing are more frequently detected later 

in the course of the disease, mainly affecting the proximal parts of the 
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segmental or lobar bronchi. However, superficial endobronchial lesions 

of sarcoidosis may not lead to significant symptoms. Although the 

superficial granulomas remain clinically silent, they may lead to notable 

changes in the laboratory findings. The prognosis and extrapulmonary 

organ involvement in these patients are also significantly different from 

those without histopathologically evident endobronchial sarcoidosis.9

The classic anatomic distribution of sarcoidosis is along the 

bronchovascular bundles and lymphatics.10 Therefore, the bronchial 

mucosa is often involved in sarcoidosis, 40 % of patients with stage I and 

approximately 70  % of patients with stage II and III have noncaseating 

granulomas in bronchial biopsy specimens.2,10,11 Due to the airway 

centered granulomas, even with a normal appearing mucosa, sarcoid 

granulomas are identified by bronchial biopsy in approximately a 

third of cases, while diagnostic yield rises to 75  % in the presence of 

mucosal abnormalities.3–7 Shorr and colleagues have shown that 71  % 

of sarcoidosis patients had bronchial abnormalities and even in patients 

with normal appearing airways, granulomas can be identified in 30 % of 

cases.3 Patients with endobronchial disease may show significant clinical 

differences from those without airway involvement. The laboratory 

findings including serum angiotensin-converting enzyme (ACE), calcium 

and 24-hour urinary calcium are significantly different. Extrapulmonary 

organ involvement and the disease prognosis are also more severe in 

patients with endobronchial disease exhibiting distinctive and contrasting 

features. The most frequent bronchoscopic finding of endobronchial 

disease was miliary infiltration (38  %) followed by nodular (26  %)  

and erythematous (18  %) lesions while 16 patients (16.3  %) had mixed 

type of lesions.9

Previous studies have primarily investigated the clinical implications and 

treatment of bronchial stenosis due to endobronchial granulomas. Few 

studies have emphasized the functional and bronchoscopic features of 

endobronchial sarcoidosis but they have not reported the clinical and 

prognostic consequences of superficial mucosal involvement.3,5,7,12 They 

included a small number of patients with stenotic bronchial lesions. The 

authors have provided a broad description, evaluation and treatment 

options for bronchial stenosis or narrowing due to sarcoidosis. Chambellon 

et al. have also emphasized the need for early treatment, since a delay in 

treatment beyond 6 months did not lead to improvement in the lesion.7 

Yanardag et al. have defined the clinical features of endobronchial 

involvement and its correlation with prognosis.9 In these patients, 

extrapulmonary organ involvement was more frequent compared with 

patients without endobronchial disease. Pulmonary function tests and 

diffusion capacity per unit lung volume (DLCO/VA) were not significantly 

different between the two groups. ACE, serum, and urinary calcium levels 

were higher than subjects without endobronchial lesions (see Table 1). 

Endobronchial sarcoidosis appears to be a significant factor for progressive 

and advanced disease. These patients had approximately four times a 

worse prognosis than patients without endobronchial involvement. 

The severe prognosis is probably associated with the high granuloma 

burden caused by endobronchial lesions. This finding is also supported 

by the raised levels of serum ACE, serum, and urinary calcium reflecting  

the high granuloma burden.9 In the Yanardag study, endobronchial lesions 

did not lead to stenosis or narrowing and were superficial or had a normal 

mucosal appearance.9 Presence of endobronchial involvement may 

implicate a severe and a progressive disease. These findings emphasize 

the significance of bronchoscopic biopsies in regard to prognosis and 

thereby a progressive disease. The above result is unique because previous 

studies have reported that only proximal stenotic bronchial lesions would 

be an indicator of serious disease.3–6,13,14 Endobronchial disease carries a 

potential risk for progressive disease in sarcoidosis patients in regard to a 

worse prognosis and a more frequent extrapulmonary organ involvement. 

Advanced pulmonary sarcoidosis develops in 5–6 % of all patients and 

radiologically evident pulmonary fibrosis develops in approximately 

Table 1: Clinical Features of Patients with and without 
Endobronchial Involvement in Sarcoidosis9

Characteristics  EB (-) (n=46)  EB (+) (n=44) p Value
Demographics  
Age, years 31.2±5.1  37.2±10.6  0.639

Male patients  17  24  0.869

CXR pattern
Stage I  14  12 

Stage II  22  24

Stage III  10  8

Spirometry
FEV1, % predicted  74.2±14.4  76.1±12.6  0.076

FVC, % predicted  80.9±13.2  84.4±14.1  0.072

TLC, % predicted  82.4±18.3  78±19.2  0.09

DLCO/VA, % predicted  86.1±7.87  84.6±9.1  0.08

Laboratory 
Serum Ca, mg/dL  9.29±0.71  10.86±0.84  0.01

Urinary Ca, mg/day  244.9±32.4  319.6±34.8  0.01

Serum ACE, IU/L  37.3±15.1  51.4±14.3  0.01

Data are presented as mean±SD or %. *Initial radiologic stage of the patients. ACE = angiotensin-
converting enzyme; CXR= chest X-ray; DLCO/VA = diffusion capacity per unit lung volume;  
EB = endobronchial involvement; FEV1 = forced expiratory volume in 1 second; FVC = forced 
vital capacity; TLC = total lung capacity. 

Table 2: Clinical Features of Patients with Limited, 
Diffuse, and without Endobronchial Involvement in 
Sarcoidosis9

Characteristics  NEI (n=50) LEI (n=24) DEI (n=24) p Value
Demographics
Age, years  31.2±0.70  39.1±2.1  36.4±2.3  0.32

Male patients  18  12   0.19

Radiologic stage*
Stage I  17  7  8 

Stage II  21  12  10

Stage III  12  5  6

Spirometry
FEV1, % predicted  72.6±12.8  76.1±12.4  74.1±11.2  0.26

FVC, % predicted  80.2±14.6  79.6±9.8  82.1±12.6  0.49

TLC, % predicted  81.2±15.2  77.9±13.9  79.8±14.3  0.28

DLCO/VA, % predicted  84.3±7.81  80.7±6.9  82.7±8.6  0.34

Laboratory 
Serum Ca, mg/dL  8.98±0.91  9.16±0.62  9.12±0.68  0.064 

Urinary Ca, mg/day  256.4±36.6  258.2±32.7  259.6±34.8  0.062

Serum ACE, IU/L  36.56±2.42  53.56±3.69  59.8±4.32  0.001

Data are presented as mean±SD or %. *Initial radiologic stage of the patients.9 ACE = 
angiotensin-converting enzyme; DEI = diffuse endobronchial involvement; DLCO/VA = diffusion 
capacity per unit lung volume; FEV1 = forced expiratory volume in 1 second; FVC = forced 
vital capacity; TLC = total lung capacity. LEI = limited endobronchial involvement; NEI = no 
endobronchial involvement. 
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10 %.15,16 No study has comprehensively surveyed all potential risk factors 

for persistent sarcoidosis. While no specific risk factors for advanced 

pulmonary disease have been identified, numerous factors like old age, 

lupus pernio, splenomegaly, or multiple organ involvement have been 

defined for progressive and/or advanced disease.17–21 The Yanardag 

study is exclusive for demonstrating that endobronchial involvement is 

a significant risk factor for progressive and advanced disease.9 Treatment 

of sarcoidosis is based on the premise that suppression of granuloma 

formation results in preservation of organ function and minimization of 

advanced disease or long-term fibrosis,12,21–23 which may be considered 

as the supporting evidence for these findings. The prognostic differences 

between patients may be due to the variable kinetics of granuloma 

formation in each individual.

Tetikkurt et al. have reported that patients with no endobronchial involvement 

(NEI), limited endobronchial involvement (LEI), and diffuse endobronchial 

involvement (DEI) have shown significant differences in regard to clinical 

features (see Table 2), extrapulmonary organ involvement, and prognosis. 

Pulmonary function tests, DLCO/VA, serum and urinary calcium levels were 

not significantly different between the three groups in this study while ACE 

was significantly higher in the LEI and DEI groups than the NEI group. This 

finding implicates a higher granuloma burden in the LEI and DEI patients. 

The prognosis was approximately seven times worse in the DEI group while 

it was four times worse in the LEI group than the NEI group. Extrapulmonary 

organ involvement was more frequent and severe in the LEI and DEI group 

compared with the NEI patients contributing to the worse prognosis. The 

higher the granuloma burden, caused by diffuse endobronchial disease, 

in a patient the worse the prognosis is and the extrapulmonary organ 

involvement is more severe. This is supported by the fact that patients with 

DEI showed the most unfavorable clinical implications compared with the 

LEI and NEI groups.9 Extrapulmonary organ involvement may also depend 

upon the burden of noncaseating granulomas in sarcoidosis.

Although sarcoidosis that is progressive or chronic does not always 

eventuate in fibrotic disease, presence of endobronchial involvement 

whether limited or diffuse, identified by bronchoscopy, may be a 

significant marker for severe prognosis. Apart from the diagnosis, fiber 

optic bronchoscopy should be performed in every sarcoidosis patient 

for the identification of severe prognosis with multiple biopsies taken 

from different sites even if the bronchial mucosa appears normal. The 

effect of limited or diffuse endobronchial sarcoidosis leading to more 

severe extrapulmonary organ involvement and more progressive disease 

is supported by the fact that current treatment options are targeted at 

suppression of granulomas.9,12,23 

Endobronchial involvement, either limited or diffuse, appears to be a 

potential risk factor for advanced disease in sarcoidosis. On the other 

hand, endobronchial disease may also lead to severe organ involvement 

in sarcoidosis. As bronchoscopic diagnosis of endobronchial lesions is 

an easy procedure, pulmonologists should routinely use bronchoscopy 

and obtain multiple mucosal biopsies for the diagnosis of endobronchial 

sarcoidosis for identifying patients under a potential risk for a worse 

prognosis. Bronchoscopy will thereby be useful for the diagnosis of 

endobronchial involvement necessitating a close follow-up for the 

early identification of progressive disease in such patients without any 

delay in treatment. In conclusion, endobronchial disease identified by 

bronchoscopy is a significant determinant of a worse prognosis and 

severe extrapulmonary organ involvement in sarcoidosis. n

1. Statement on sarcoidosis, Am J Respir Crit Care Med, 
1999;160:736–55.

2. Chapman JT, Mehta AC, Bronchoscopy in sarcoidosis:  
diagnostic and therapeutic interventions, Curr Opin Pul Med, 
2003;9:402–7.

3. Shorr AF, Torrington KG, Hnatiuk OW, Endobronchial biopsy for 
sarcoidosis: a prospective study, Chest, 2001;120:109–14.

4. Corsello BH, Lohaus GH, Funahashi A, Endobronchial mass 
lesion due to sarcoidosis: complete resolution with steroids, 
Thorax, 1983;38:157–8.

5. Shorr AF, Torrington KG, Hnatiuk OW, Endobronchial involvement 
and airway hyperreactivity in patients with sarcoidosis, Chest, 
2001;120:886–6.

6. Ianuzzi MC, Rybicki BA, Teirstein AS, Sarcoidosis, New Engl J 
Med, 2007;357:2153–65.

7. Chambellan A, Turbie P, Nunes H, et al., Endoluminal stenosis of 
proximal bronchi in sarcoidosis: bronchoscopy, function, and 
evolution, Chest, 2005;127:479–81.

8. Olsson T, Bjornstad-Pettersen H, Sterjenberg NL, 
Bronchostenosis due to sarcoidosis: a case of atelectasis and 
airway obstruction simulating pulmonary neoplasm and chronic 
obstructive pulmonary disease, Chest, 1979;75:663–6.

9. Yanardag H, Tetikkurt C, Bilir M, et al., Clinical features and 
prognostic significance of endobronchial sarcoidosis, BJMMR, 
2015;9:1–7.

10. Hunninghake GU, Costabel U, Ando M, et al., ATS/ERS/WASOG 
statement on sarcoidosis: American Thoracic Society/European 
Respiratory Society/World Association of Sarcoidosis and 
Granulomatous Disorders, Sarcoidosis Vasc Diffuse Lung Dis, 
1999;16:149–73.

11. Lynch JP, Kazerooni EA, Gay SE, Pulmonary sarcoidosis, Clin 
Chest Med, 1997;18:755–86.  

12. Udwadia ZF, Pilling JR, Jenkins PF, et al., Bronchoscopic and 
bronchographic findings in 12 patients with sarcoidosis 
and severe or progressive airways obstruction, Thorax, 
1990;45:272–5.

13. Petrache I, Moller DR, Mechanism of therapy for sarcoidosis. 
In: Baughman RP, ed. Sarcoidosis, New York: Taylor and Francis, 
2006;671–87.

14. Torrington KG, Shorr AF, Parker JW, Endobronchial disease 
and racial differences in pulmonary sarcoidosis, Chest, 
1997;111:619–22.

15. Baughman RP, Teirstein AS, Judson MA, et al., Clinical 
characteristics of patients in a case control study of sarcoidosis, 

Am J Respir Crit Care Med, 2001;164(10 Pt 1):1885–9.
16. Moller DR, Pulmonary fibrosis of sarcoidosis. New approaches, 

old ideas, Am J Respir Cell Mol Biol, 2003;29(Suppl. 3):S37–41.
17. Bjermer L, Thunell M, Rosenhall L, Stjernberg N, Endobronchial 

biopsy positive sarcoidosis: relation to bronchoalveolar lavage 
and course of disease, Respir Med, 1991;85:229–34. 

18. Judson MA, Baughman RP, Thompson BW, et al., Two year 
prognosis of sarcoidosis: the ACCESS experience, Sarcoidosis 
Vasc Diffuse Lung Dis, 2003;20:204–11.

19. Judson MA, Baughman RP, Worsening of pulmonary sarcoidosis, 
Curr Opin Pulm Med, 2014;20:508–16.

20. Chappell AG, Cheung WY, Hutchings HA, Sarcoidosis: a 
long-term follow up study, Sarcoidosis Vasc Diffuse Lung Dis, 
2000;17:167–73.

21. Mana J, Salazar A, Manresa F, Clinical factors predicting 
persistence of activity in sarcoidosis: a multivariate analysis of 
193 cases, Respiration, 1994;61:219–25.

22. Baughman RP, Costabel U, du Bois RM, Treatment of sarcoidosis, 
Clin Chest Med, 2008;29:533–48.

23. Baughman RP, Nunes H, Therapy for sarcoidosis: evidence-
based recommendations, Expert Rev Clin Immunol, 
2012;8:95–103.

Tetikkurt_FINAL.indd   29 31/01/2016   16:10


