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Clinical Implication of Microscopic Anthracotic Pigment in 
Mediastinal Staging of Non-Small Cell Lung Cancer by 
Endobronchial Ultrasound-Guided Transbronchial Needle 
Aspiration

Microscopic anthracotic pigment (MAP) is frequently observed in endobronchial 
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) specimen in non-small 
cell lung cancer, but its clinical interpretation is not well-known. The aim of this study was 
to evaluate the clinical implication of MAP in mediastinal staging of non-small cell lung 
cancer. From May 2010 to July 2011, consecutive potentially operable non-small cell lung 
cancer patients who underwent EBUS-TBNA for mediastinal staging were recruited. Of the 
total 133 patients, 102 (76.7%) were male patients. Median age was 68 yr. Total 279 
mediastinal lymph nodes were sampled by EBUS-TBNA; station 4R (100, 35.8%) and 
station 7 (86, 30.8%) were the most common sites. Malignant lymph nodes were 100 
(35.8%). MAP was observed in 61 (21.7%) lymph nodes, and among them only 3 were 
malignant lymph nodes (P < 0.001). The lymph nodes with MAP were smaller (9.0 vs 10.8 
mm, P = 0.001) and showed low standard uptake values on FDG-PET (4.4 vs 4.7, 
P = 0.256). In multivariate analysis, MAP was negatively associated with malignant lymph 
node (adjusted OR, 0.12; 95% CI, 0.03-0.42; P < 0.001). In potentially operable non-
small cell lung cancer patients, MAP in endobronchial ultrasound-guided transbronchial 
needle aspiration specimens is strongly associated with benign mediastinal and hilar lymph 
nodes.
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INTRODUCTION

The introduction of endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA) was a great advance 
in diagnostic bronchoscopy, especially in mediastinal staging 
of non-small cell lung cancer (1-5). From the aspirate and tis-
sue cores of lymph nodes obtained by EBUS-TBNA, cytopatho-
logic examination can be performed in the clinically suspected 
mediastinal and hilar lymph nodes. Because of its high diag-
nostic yields and minimally invasive nature, EBUS-TBNA is 
considered as an alternative method to mediastinoscopy (6).
 According to the guidelines of invasive mediastinal staging of 
lung cancer (7), discrete lymph nodes on chest computed to-
mography (CT) or those with high F-18 fluorodeoxyglucose 
(FDG) uptake on positron emission tomography (PET) should 
be evaluated. Usually those lymph nodes are evaluated by EBUS. 
In some cases, although lymph nodes showed vivid FDG up-
take, cytopathologic results revealed no evidence of malignan-
cy, in other words false positive in PET. The most common causes 

are tuberculosis (8) and anthracosis (9).
 Anthracosis is a kind of pneumoconiosis, and the term of 
“anthracotic” is related with black pigment, mostly due to car-
bon particle. Usually the deposition of black pigment is located 
in the macrophages of the mucosa and submucosa. Anthraco-
sis is associated with active or old tuberculosis infection, smok-
ing, air pollution, and biomass (10, 11). Anthracosis itself is be-
nign disease, but anthracosis can confuse clinicians by appear-
ing as false positive PET in mediastinal staging of lung cancer. 
Unfortunately the clinical implication of anthracotic pigmenta-
tion in mediastinal lymph node of lung cancer is unknown. The 
aim of this study was to evaluate the clinical interpretation of 
the presence of anthracotic pigment in EBUS-TBNA.

MATERIALS AND METHODS

Study population
Patients who were admitted for lung cancer evaluation to Seoul 
National University Hospital from May 2010 to July 2011 were 
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recruited. Among them, consecutive patients who underwent 
EBUS-TBNA for mediastinal staging in potentially operable 
non-small cell lung cancer were included in this retrospective 
study. We excluded the patients who had distant metastasis 
and inoperable T4 disease based on the 7th TNM staging (12). 

EBUS-TBNA procedures
All EBUS-TBNA was performed using a real-time linear probe 
(BF-UC260F-OL8; Olympus, Tokyo, Japan). We used 22-guage 
needle (NA-201SX-4022; Olympus) for transbronchial aspira-
tion. The procedures were performed under local anesthesia 
(lidocaine) to the tracheobronchial tree and conscious sedation 
(midazolam). After detection of the target lymph nodes, punc-
ture was done based on bronchoscopists’ decision. The nodal 
station was classified according to the 7th TNM classification 
(13).

Specimen preparation of EBUS-TBNA
The tissue preparation of EBUS-TBNA has been described pre-
viously (3). In brief, the entire aspirate was expelled on glass 
slide, then we identified tissue core immediately and the tissue 
core was fixed in 10% formalin for the staining with hematoxy-
lin and eosin (HE). The remaining aspirate was smeared and 
fixed with 95% alcohol for the staining with Diff Quick and Pa-
panicolaou. Finally, remnants of aspirate were flushed with sa-
line and collected for cell block. Rapid on-site evaluation 
(ROSE) was not available in our institution.

Pathologic confirmation of lymph nodes
The malignant lymph node was defined as pathologic confir-
mation of malignant cells in EBUS-TBNA or surgical biopsy. 
And the benign lymph node was confirmed after surgical lung 
resection and mediastinal lymph nodes dissection, even though 

the results of EBUS-TBNA were benign. 

Definition of microscopic anthracotic pigment (MAP)
The presence of MAP was evaluated by the pathologists under 
the microscopic examination of aspiration and histologic speci-
men. Fig. 1 shows the representative pictures of MAP from EBUS-
TBNA specimens.  

Statistical analysis
P values were calculated using the Chi-square test or Fisher’s 
exact test for categorical variables and the Mann-Whitney U-
test for continuous variables. Odds ratios (ORs) were calculated 
from the binary logistic regression model in the multivariate 
analysis. We considered P value < 0.05 as statistically signifi-
cant. SPSS 19.0 (Chicago, IL, USA) was used for the analysis.  

Ethics statement
The protocol was reviewed and approved by the institutional 
review board of the Seoul National University Hospital (H-1110-
005-379). The board waived informed consent from participants. 
The study was conducted in accordance with the Declaration of 
Helsinki.

RESULTS

Baseline characteristics of 133 patients
Among the total of 133 potentially operable non-small cell lung 
cancer patients, 102 (76.7%) were male (Table 1). The median 
age was 68 yr. Ninety seven patients (72.9%) had smoking histo-
ry. During white light bronchoscopy, bronchial anthracotic pig-
ment was observed in 19 patients (14.3%) and none of 133 pa-
tients had any evidence of anthracofibrosis. The most common 
pathologic diagnosis was squamous cell carcinoma (44.4%) fol-

A B

Fig. 1. Microscopic anthracotic pigment in lymph node acquired from endobronchial ultrasound-guided transbronchial needle aspiration. Dark brown pigment was observed in 
the inflammatory cells in (A) aspiration cytology (staining with Papanicolaou) and (B) tissue core (staining with hematoxylin and eosin) from the same patient ( × 400).
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lowed by adenocarcinoma (42.9%). Most of the patients were 
clinical stage IIIA (36.1%) at the time of diagnosis. 
 Among 133 patients, 279 hilar and mediastinal lymph nodes 
were punctured (Table 2). Median short diameter on chest CT 
was 9.8mm and median standard uptake value (SUV) on PET 
was 5.8. The most common punctured nodal station was station 
4R (35.8%) followed by station 7 (30.8%). Among 279 lymph 
nodes, 100 (35.8%) were pathologically malignant. MAP was 
observed in 61 (21.9%) lymph nodes. 

Diagnostic yield of EBUS-TBNA in this population
We calculated the diagnostic yield of EBUS-TBNA using these 

133 patients and 279 lymph nodes. The sensitivity, specificity, 
positive predicted value (PPV), negative predicted value (NPV), 
and diagnostic accuracy were 94.0%, 98.2%, 98.4%, 93.2%, and 
95.9%.

Clinical comparisons with MAP
We compared the clinical characteristics according to the pres-
ence of MAP (Table 3). Male (P = 0.043) and old age (P = 0.003) 
was associated with MAP but smoking history was not. Hilar 
and mediastinal lymph node with MAP were smaller than the 
lymph node without MAP (8.5 vs 10.1 mm, P = 0.001) but SUVs 
was not different (P = 0.256). In 61 lymph nodes with MAP, only 
3 (4.9%) showed malignant result (P < 0.001). In multivariate 
analysis using binary logistic regression, MAP was strongly as-
sociated with benign pathologic results (adjusted OR, 0.12, 95% 
confidence interval, 0.003-0.42, P < 0.001) (Table 4). 

Table 1. Baseline characteristics of 133 patients

Characteristics Values

Male sex 102 (76.7%)
Age median, yr (range) 68.0 (30-87)
Smoking history Never smoker

Ex-smoker
Current smoker

36 (27.1%)
54 (40.6%)
43 (32.3%)

Bronchial anthracotic pigment 19 (14.3%)
Pathologic diagnosis Squamous cell carcinoma

Adenocarcinoma
Large cell carcinoma
Adenosquamous carcinoma
Pleomorphic carcinoma
Non-small cell carcinoma, unspecified

59 (44.4%)
57 (42.9%)
4 (3.0%)
1 (0.8%)
1 (0.8%)

11 (8.3%
Primary mass location Right upper lobe

Right middle lobe
Right lower lobe
Left upper lobe
Left lower lobe
Unknown

51 (38.3%)
11 (8.3%)
35 (26.3%)
22 (16.5%)
11 (8.3%)
3 (2.3%)

Clinical stage IA
IB
IIA
IIB
IIIA
IIIB

25 (18.8%)
23 (17.3%)
8 (6.0%)

12 (9.0%)
48 (36.1%)
17 (12.8%)

Table 2. Characteristics of 279 punctured mediastinal lymph nodes

Characteristics Values

Lymph node size* median, mm (range) 9.8 (3.4-33.4)
Lymph node SUV median (range) (n = 228) 5.8 (1.4-31.9)
Nodal station 2R

2L
4R
4L
7
10R
10L
11R
11L

27 (9.7%)
2 (0.7%)

100 (35.8%)
34 (12.2%)
86 (30.8%)
20 (7.2%)
5 (1.8%)
3 (1.1%)
2 (0.7%)

Nodal station group 
   (n = 273)

Ipsilateral hilar group
Ipsilateral mediastinal group
Contralateral hilar/mediastinal group

21 (7.7%)
207 (75.8%)
45 (16.5%)

Pathologic result Malignant
Benign

100 (35.8%)
179 (64.2%)

Presence of microscopic anthracotic pigment 61 (21.9%)

*Lymph node size: short diameter on chest CT. SUV, standard uptake value.

Table 3. Characteristics of punctured lymph nodes according to the presence of mi-
croscopic anthracotic pigment

Characteristics

Microscopic anthracotic pigment

P value(+) 
(41 patients,  
61 nodes)

(-) 
(92 patients, 
218 nodes) 

Male sex 36 (87.8%) 66 (71.7%) 0.043
Age median, yr (range) 70 (57-87) 66 (30-83) 0.003
Smoking history
   Never smoker
   Ex-smoker
   Current smoker

7 (17.1%)
21 (51.2%)
13 (31.7%)

29 (31.3%)
33 (35.9%)
30 (32.6%)

0.147

Bronchial anthracotic pigment 11 (26.8%) 8 (8.7%) 0.006
Lymph node size* median, mm (range) 8.5 (4.7-17.5) 10.1 (3.4-33.4) 0.001
Lymph node SUV median (range)    
   (n = 228)

4.4 (1.7-11.6) 4.7 (1.4-31.9) 0.256

Pathologic results
   Malignant
   Benign

3 (4.9%)
58 (95.1%)

97 (44.5%)
121 (55.5%)

<0.001

Mann-Whitney U test was used to compare groups. *Lymph node size: short diameter 
on chest CT. SUV, standard uptake value.

Table 4. Multivariate analysis of malignant mediastinal and hilar lymph node adjusted 
for sex, age, smoking history, lymph node size, lymph node SUV, clinical T stage, and 
microscopic anthracotic pigment.

Variables Adjusted OR 95% CI P value

Male sex 1.98 0.60-6.47 0.260
Age 0.90 0.87-0.94 <0.001
Ever smoker 1.71 0.62-4.70 0.302
Lymph node size 1.13 1.01-1.27 0.041
Lymph node SUV 1.19 1.04-1.35 0.010
T stage
   T1a (reference)
   T1b
   T2a
   T2b
   T3
   T4

3.25
3.02
1.23
0.50
3.686

1.01-10.41
0.78-11.67
0.25-6.14
0.07-3.38
0.52-26.20

0.048
0.109
0.802
0.475
0.192

Microscopic anthracotic pigment 0.12 0.03-0.42 <0.001

Binary logistic regression was used to calculate adjusted OR. SUV, standard uptake 
value.
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DISCUSSION

This present study showed the clinical implication of MAP in 
mediastinal staging of non-small cell lung cancer. To the best of 
our knowledge, this is the first mention of anthracotic pigment 
in EBUS-TBNA specimen. The lymph nodes with MAP were 
metabolically active, which showed high FDG uptake, but usu-
ally were histologically benign. The false positive PET results 
could confuse the clinicians. As we mentioned above, the lymph 
nodes with MPA were small (median 8.5mm) but showed high 
SUV (median 4.4) in our study population. And only 3 (4.9%) 
were malignant lymph nodes. 
 Bronchial anthracotic pigmentation is a common finding of 
white light bronchoscopic examination. However, mediastinal 
lymphadenopathy caused by anthracosis was sparse in the lit-
erature review. Only a few cases were reported as a false posi-
tive FDG PET finding (9). Through our results, we could esti-
mate the prevalence of bronchial anthracotic pigmentation and 
MAP in non-small cell lung cancer patients. Among 133 patients, 
19 patients (14.3%) had bronchial anthracotic pigmentation 
and 41 patients (30.8%) had MAP in their hilar and mediastinal 
lymph nodes. The relatively high prevalence of bronchial an-
thracotic pigmentation and MAP could possibly be associated 
with tuberculosis (14). Several decades ago, Korea had a high 
burden of tuberculosis (15). 
 According to our results, hilar and mediastinal lymph nodes 
with MAP which showed small size but high SUV uptake, have 
significantly higher probability of being benign lymph nodes in 
non-small cell lung cancer. A possible explanation is false posi-
tive FDG-PET. The lymph nodes with MAP usually showed high 
SUV on PET, so bronchoscopists puncture those suspected lym-
ph nodes. In other words, the bronchoscopists usually punc-
tured that lymph node not because of discrete size but high 
FDG uptake. And another possible mechanism is that the ac-
cumulation of anthracotic particles could impair trapping ma-
lignant cells in lymph nodes. Murakami and Taniguchi (16) ob-
served impaired nodal function and shunt flow in lymph nodes 
with anthracosis. 
 There are some limitations in this study. As we collected these 
data retrospectively, we could not assess the macroscopic fea-
ture of aspirates with naked eye. So we could not evaluate the 
correlation between macroscopic and microscopic features. In 
a clinical setting where ROSE is not available, macroscopic fea-
ture of aspirate may be more important for the bronchoscopists. 
The second, the prevalence of anthracosis is varied in geograph-
ic and ethnic difference. So, further studies are needed for gen-
eralization. And the third, the possibility of false negative result 
in EBUS-TBNA. To clarify the accuracy of EBUS-TBNA in our 
data, we calculated the false negative rate as 6.0%. The authors 
considered that as an acceptable range for analysis.
 In conclusion, MAP in EBUS-TBNA specimen is strongly as-

sociated with benign lymph nodes in potentially operable non-
small cell lung cancer patients. 
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