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CT differentiation of enlarged mediastinal lymph node due to 
anthracosis from metastatic lymphadenopathy: a comparative 
study proven by endobronchial US-guided transbronchial needle 
aspiration
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PURPOSE
Anthracosis often results in mediastinal nodal enlargement. 
The aim of this comparative study was to evaluate if it is pos-
sible to differentiate endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA) proven anthracotic 
lymph nodes from malignant lymph node enlargement by 
means of multislice computed tomography (MSCT). 

METHODS
We compared the MSCT findings of 89 enlarged lymph 
nodes due to anthracosis with 54 malignant lymph nodes 
(non-small cell lung cancer 75.9%, small cell lung cancer 
18.5%, and non-Hodgkin lymphoma 5.6%). The lymph 
nodes were assessed for density (calcification, fat, and necro-
sis), shape (oval, round), contrast enhancement, and contour 
(sharp, ill-defined). 

RESULTS 
Malignant lymph nodes showed significantly greater axis di-
ameters (P < 0.001). Both anthracotic and malignant nodes 
were most often oval (86.5% of all malignant nodes vs. 81.5% 
of all anthracotic nodes, P = 0.420) and showed confluence 
in a remarkable percentage (28.1% vs. 42.6%, P = 0.075). 
Anthracotic nodes showed calcifications more often (18% vs. 
0%, P < 0.001). Malignant lymph nodes showed a signifi-
cantly greater short and long axis diameter (P < 0.001), and 
they had a higher frequency of ill-defined contours (27.8% vs. 
2.2%, P < 0.001) and contrast enhancement (27.8% vs. 5.6%,  
P < 0.001). Nodal necrosis, which appeared in one third of 
the malignant nodes, was not observed in anthracosis (35.2% 
vs. 0%, P < 0.001). Confluence of enlarged lymph nodes was 
seen in malignant lymph nodes (42.6%), as well as in lymph 
node enlargement due to anthracosis (28.1%, P = 0.075).

CONCLUSION
Our results show that there are significant differences in 
MSCT findings of malignant enlarged lymph nodes and be-
nign lymph node enlargement due to anthracosis. 

A nthracosis is characterized by alterations not only of the lung 
parenchyma and bronchioles but also of the lymphatic system, 
resulting in chronic lymphadenopathy and nodal enlargement 

(1). Since finding of enlarged mediastinal lymph nodes on computed 
tomography (CT) may raise the suspicion of metastasis in patients with 
a known primary neoplasm (2, 3), and lymph node anthracosis may 
appear as false positive on positron emission tomography (PET) (4–6), it 
can confuse clinicians in staging of lung cancer patients. 

The aim of this comparative study of endobronchial ultrasound-guid-
ed transbronchial needle aspiration (EBUS-TBNA) and chest CT was 
to evaluate whether it is possible to differentiate enlarged anthracotic 
lymph nodes from malignant lymph node enlargement by means of 
CT. To the best of our knowledge, this study seems to be the first to deal 
with the differential diagnosis of enlarged anthracotic and malignant 
lymph nodes in this setting. 

Methods
Patients

This comparative study on lymph node enlargement due to anthraco-
sis and metastatic disease was designed as a follow-up examination to 
our recently published study on CT findings in mediastinal lymph node 
anthracosis (1). For this purpose we performed an analysis on 49 con-
secutive patients with EBUS-TBNA confirmed diagnosis of lymph node 
anthracosis and 30 consecutive patients with malignant lymph node 
enlargement without any finding of anthracotic pigment. The main 
inclusion criterion for patients with anthracosis was a deposition of 
anthracotic material in the cytological specimen; an additional bron-
choscopic finding indicating anthracofibrosis as bronchial narrowing 
or anthracotic tattoos was not mandatory. The study was approved by 
the ethics committee of our university and was compliant to the Health 
Insurance Portability and Accountability Act of 1996.

Computed tomography
Contrast-enhanced multislice CT examinations were carried out us-

ing two state-of-the-art CT systems (Siemens Somatom 64, Siemens 
Medical Solutions, and Toshiba Aquilion 64, Toshiba Medical Systems). 
Images were obtained at full inspiration predominantly during the ve-
nous phase using a 64×0.75 mm slice collimation with a tube voltage 
of 120 kV. The tube current (mA) was adjusted in relation to patient at-
tenuation by means of the Care Dose® modus (Siemens Medical Solu-
tions) or the Sure Exposure® modus (Toshiba Medical Systems). The 
reconstruction slice thickness was 3–5 mm; in general reconstruction 
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planes comprised the axial, coronal, 
and sagittal views. 

Biopsy
EBUS-TBNA was performed using a 

linear array 7.5 MHz ultrasonic bron-
choscope (CP EBUS, Olympus Medi-
cal Systems) with a 90° angle of view. 
TBNA was performed under real-time 
ultrasound-guidance using a 22G nee-
dle (model NA 201 SX 402, Olympus 
Medical Systems).

Image evaluation
The retrospective evaluation was 

performed consensually by two board 
certified radiologists (J.K. and R.K.). 
Lymph node enlargement was de-
fined as showing a size of more than 
7–11 mm on the short axis based on 
the American Thoracic Society (ATS) 
definitions (7). Enlarged mediastinal 
lymph nodes were assessed for densi-
ty (calcification, fat, necrosis), shape 
(oval, round) and contour (sharp, 
ill-defined). Nodal necrosis was consid-
ered present when an enlarged lymph 
node showed ill-defined low-attenua-
tion areas. Noticeable lymph node en-
hancement was determined as nodal 
density >60 HU in CT. The evaluation 
comprised a correlation of CT findings 
and EBUS-reports to determine which 
lymph nodes in CT had been aspirated 
by TBNA. 

Statistical analysis
Descriptive data were presented as 

means with ranges, if appropriate; cat-
egorical data were given as counts and 
percentages. We performed t tests, chi-
square tests, and Fischer’s exact test by 
means of a specialized computer algo-
rithm (MedCalc© Software) to correlate 
different CT findings such as lymph 
node size, shape, contour, etc., with 
the histological findings in EBUS-TB-
NA. Significance was set at a P value of 
less than 0.05. 

Results 
Of 79 retrospectively enrolled pa-

tients, cytologically-confirmed an-
thracosis (Fig. 1) was diagnosed in 
89 lymph nodes in 49 patients. In all 
patients EBUS-TBNA was performed 
because of the a priori diagnosis of me-
diastinal lymph node malignancy on 
previous chest CT. 

Anthracosis patients had a mean age 
of 65.7 years (range, 29–88 years) with 
a 0.69:0.31 predominance of the male 
gender (Table 1). The control group 
(n=30) had a comparable age distri-
bution (mean age, 65.9 years; range, 
19–96 years) and gender ratio (0.6:0.4). 
The groups were not significantly dif-
ferent in terms of age (P = 0.940) or 
gender (P = 0.546).

Retrospective analysis of the elec-
tronic health records of 49 patients 
with lymph node enlargement due 
to anthracosis revealed that seven pa-
tients had accompanying malignancy 
(five cases of bronchial cancer, two cas-
es of non-Hodgkin lymphoma). In 26 
patients severe nicotine abuse was doc-
umented and only two patients had 
occupational exposure to dust. 

In the control group, EBUS-TBNA re-
vealed malignancy in 54 lymph nodes: 
18 non-small cell lung cancer not oth-
erwise specified (33.3%), 10 small cell 
lung cancer (18.5%), nine squamous 
cell carcinoma (16.7%), nine adeno-
carcinoma (16.7%), five large cell lung 
cancer (9.3%), and three non-Hodgkin 
lymphoma (5.6%). 

As presented in Table 2, the most 
common site of lymph node aspira-
tion was ATS region 7 (54/143 nodes, 
37.9%). Additionally, EBUS-TBNA was 
more often performed on the nod-
al regions on the right side (68 vs. 21 
nodes). This held true for anthracot-
ic lymph nodes as well as malignant 
nodes. 

The short axis of the histological-
ly-proven anthracotic lymph nodes 

Table 1. Sample characteristics 

	 Anthracosis 	 Malignant 

Patients, n	 49	 30

Examined lymph nodes, n	 89	 54

Age (years), mean	 65.7	 65.9

Gender (male:female)	 0.69:0.31	 0.6:0.4

Age and gender distribution was not significantly different between the study groups (P = 0.940 and P = 
0.546, respectively).

Figure 1. EBUS-TBNA in an enlarged anthracotic lymph node. Cytologic specimen shows a 
fibrous fragment of a lymph node with deposition of anthracotic pigment in macrophages and 
in the extracellular space. Papanicolaou staining, 12x10.



had a mean diameter of 11.1±3.98 mm 
(6–23 mm), while the long axis had a 
mean diameter of 16.5±6.09 mm (8–31 
mm). Malignant lymph nodes showed a 
mean short axis diameter of 15.3±6.43 
mm (5–36 mm) and a mean long axis 
diameter of 21.6±9.07 mm (4–45 mm). 

The differences regarding short and 
long axis diameters were found to be 
statistically significant (t=4.938 and 
t=4.046, respectively; P < 0.001).

Most lymph nodes with signs of 
anthracosis showed an oval shape 
(77/89 nodes, 86.5%); seven nodes had 

a round shape (7.9%) and five nodes 
had a polycyclic shape (5.6%). In the 
control group, a similar frequency of 
different shapes was found: 44 oval 
(81.5%), eight round-shaped (14.8%), 
and two polycyclic (3.7%). Shape dis-
tribution was not significantly differ-
ent between the groups (P = 0.438). 

Confluence of two or more enlarged 
lymph nodes was seen in 25 nodes 
with anthracosis and in 23 malignant 
nodes (28.1% vs. 42.6%, P = 0.075) 
(Fig. 2). Contrast enhancement was 
documented in five of the anthracotic 
lymph nodes and 15 of the malignant 
lymph nodes; this difference was sig-
nificant (5.6% vs. 27.8%, P < 0.001). 
A central hypodensity due to fatty 
involution was seen in two of the an-
thracotic lymph nodes and in none 
of the malignant nodes (2.2% vs. 0%,  
P = 0.52). Lymph node necrosis was 
not present in lymph node anthraco-
sis, but it was present in 19 of 54 ma-
lignant nodes, which indicated a sig-
nificant difference (0% vs. 35.2%, P < 
0.001) and a high positive predictive 
value (PPV=100%) for predicting ma-
lignancy (Fig. 3, Table 3).

CT revealed calcification-like hyper-
densities in 16 of 89 anthracotic nodes 
(18.0%, Fig. 4); this finding was not 
seen in any of the malignant lymph 
nodes (P < 0.001). Ill-defined lymph 
nodes were seen significantly more of-
ten in malignant nodes (15/54, 27.8%) 
than in anthracosis (2/89, 2.2%) (P < 
0.001; PPV, 88.2%). 

Discussion
There have been many studies 

to differentiate benign mediastinal 
lymph nodes from malignant ones. 
Most often a coherent appearance 
of malignancy and enlarged lymph 
nodes was demonstrated on CT (8, 9). 
Usually a short axis diameter > 1 cm 
is considered as the standard thresh-
old for a suspicious lymph node, but 
metastases have been found in up to 
20% of small nodes in patients with 
clinical stage cT1N0 and cT2N0, and 
only about 50% of the nodes with a 
diameter of 1.5 cm to 2 cm are met-
astatic (3). This results in low sensi-
tivities (50%–65%) and specificities 
(65%–85%) of CT in the assessment 
of mediastinal lymph-node involve-
ment (3). Moreover, it was shown that 
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Table 2. Distribution of EBUS-confirmed lymph nodes on ATS regions 

	 Anthracosis	 Malignant	 Total
ATS regions	 n (%)	 n (%)	 n (%)

2R	 3 (3.4)	 1 (1.9)	 4 (2.8)

2L	 1 (1.1)	 0 (0)	 1 (0.7)

4R	 8 (9.0)	 5 (9.3)	 13 (9.1)

4L	 5 (5.6)	 2 (3.7)	 7 (4.9)

7	 35 (39.3)	 19 (35.2)	 54 (37.8)

10R	 19 (21.3)	 12 (22.2)	 31 (57.4)

10L	 2 (2.2)	 5 (9.3)	 7 (4.9)

11R	 13 (14.6)	 7 (12.9)	 20 (14.0)

11L	 3 (3.4)	 3 (5.6)	 6 (4.2)

Total	 89 (100)	 54 (100)	 143 (100)

EBUS, endobronchial ultrasound; ATS, American Thoracic Society.

Figure 2. CT image reveals confluence of enlarged lymph nodes in ATS regions 4R/10R and 
4L/10L, some of them showing subtle calcifications.
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thoracic lymph node enlargement 
can also be found in multiple benign 
conditions such as granulomatous 
disease (10), pneumoconiosis (11), or 
even heart failure (12). In a recently 
published comparative study on 44 
heavy smokers and 44 nonsmokers 
we demonstrated that enlarged medi-
astinal lymph nodes may occur in up 
to 52% of heavy smokers, especially 
in those with severe bronchitis (13). 
In that study we assumed that lymph 

node enlargement in smokers may be 
caused by a deposition of anthracotic 
material and dust-induced response. 
Anthracosis is a form of pneumoconi-
osis which is not only caused by coal 
dust, but also by other environmental 
factors such as air pollution, biomass 
fuels used extensively for cooking 
(“hut lung”), and cigarette smoking 
(13–18). It has been recently demon-
strated that the presence of microscop-
ic anthracotic pigment in EBUS-TBNA 

of enlarged lymph nodes is negatively 
associated with lymph node malig-
nancy (19). The findings of the pres-
ent study confirm the hypothesis that 
anthracosis may result in considerable 
enlargement of mediastinal lymph 
nodes up to 23 mm in short axis diam-
eter. Nevertheless, the mean diameter 
of malignant enlarged lymph nodes is 
significantly larger than anthracotic 
lymph nodes. In addition, ill-defined 
margins are found significantly more 
often in malignant lymph nodes. This 
finding is in contrast to the report of 
Sakai et al. (20) indicating that the ill- 
defined margin of an enlarged lymph 
node is a relatively common feature in 
inflammatory changed lymph nodes 
(20). While some authors suggested 
nodal confluence as a reliable indica-
tor of malignancy (21), surprisingly in 
our study this finding was observed in 
nearly one third of the anthracotic en-
larged lymph nodes and no significant 
difference was found between the two 
groups in terms of nodal confluence.

Lymph node calcification was ob-
served significantly more often in 
anthracotic nodes than in malignant 
lymph node enlargement. The finding 
that lymph node calcifications were 
observed in one fourth of the anthra-
cotic lymph nodes is in accordance 
with the literature (1, 14, 22). There-
fore this finding might be judged as 
a reliable indicator for benign lymph 
node enlargement.

Table 3. CT findings in enlarged lymph nodes due to anthracosis or malignant conditions (control group) 

		  Anthracosis	 Malignant
		  n=89	 n=54	 P	 PPV (%)	 NPV (%)

Size (mm), mean±SD	 Short axis	 11.1±3.98	 15.3±6.43	 <0.001	 -	 -

	 Long axis	 16.5±6.09	 21.6±9.07	 <0.001	 -	 -

Shape	 Oval	 77 (86.5)	 44 (81.5)	 0.438	 36.4	 54.5

	 Round	 7 (7.9)	 8 (14.8)		  53.3	 64.1

	 Polycyclic	 5 (5.6)	 2 (3.7)		  28.6	 61.8

Margin	 Ill-defined	 2 (2.2)	 15 (27.8)	 <0.001	 88.2	 69.0

	 Confluence	 25 (28.1)	 23 (42.6)	 0.075	 47.9	 67.3

Contrast enhancement		  5 (5.6)	 15 (27.8)	 <0.001	 75.0	 68.3

Calcification		  16 (18)	 0	 <0.001	 0.06	 57.9

Fat		  2 (2.2)	 0	 0.527	 0	 61.7

Necrosis		  0 (0)	 19 (35.2)	 <0.001	 100.0	 71.8

Unless otherwise noted, data are presented as n (%). 
PPV, positive predictive value; NPV, negative predictive value.

Figure 3. CT image reveals an enlarged lymph node in ATS Region 7 showing central colliquation. 
Pulmonary mass is seen in the right lower lobe (EBUS-TBNA confirmed small-cell lung carcinoma).
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On the other hand lymph node ne-
crosis, which has been reported to be 
present both in malignancy (23, 24) 
and in nodal inflammation (25, 26), 
was seen in one third of the malignant 
lymph nodes compared with none of 
the anthracotic nodes. This would re-
sult in a PPV of 100%; and consequent-
ly, nodal necrosis might be interpreted 
as a strong indicator for nodal malig-
nancy. Nevertheless, this finding must 
be limited to the specific setting of our 
study. We report on a population with 
a very low incidence of tuberculosis. 
Tuberculosis is a well-known cause 
of necrotic mediastinal lymph nodes 
(27) and an association between an-
throcofibrosis and tuberculosis has 
been described in the literature (28). 
Therefore the finding of nodal necrosis 
as a strong indicator for nodal malig-
nancy cannot be generalized, at least 
for countries with a high incidence of 
tuberculosis.

In accordance with Volterrani et al. 
(29), malignant lymph nodes showed 
contrast enhancement significant-
ly more often in our study; however, 

other authors found contrast enhance-
ment to be typical for nodal inflamma-
tion as well (26). There were some lim-
itations to our study. First, the sample 
size was small, preventing generaliza-
tion of our results. Second, the study 
design was retrospective, and there-
fore, some clinical data may be ques-
tioned (e.g., percentage of smokers). 
Another problem resulting from this 
retrospective setting is the use of dif-
ferent reconstruction slice thicknesses, 
which might have influenced the di-
ameter measurements. Also, not all en-
larged nodes present on CT could have 
been evaluated. Therefore we consider 
our results preliminary. 

In conclusion, the results of the pres-
ent study show that there are some dif-
ferences in CT findings of malignant 
enlarged lymph nodes and lymph 
node enlargement due to anthracosis. 
While anthracotic nodes show calcifi-
cations more often, malignant lymph 
nodes are significantly more often 
ill-defined and show contrast enhance-
ment significantly more often. Nodal 
necrosis which appears in one third of 

the malignant nodes was not observed 
in anthracosis and seems to be a strong 
indicator for malignancy. 
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