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Introduction

	 Pneumoconiosis is an occupational interstitial lung disease that 
causes fibrosis in lung parenchyma secondary to inhalation of in-
organic dust [1]. The local and systemic inflammatory response to 
dust is unclear [2]. Tumor necrosis factor alpha (TNF-α) is the best 
known cytokine that have been charged with lung fibrosis. While dust 
triggers to activate alveolar macrophages, also interleukin-1 (IL-1), 
platelet-derived growth factor (PDGF), transforming growth factor 
(TGF) and interleukin-6 (IL-6) released during the process of epi-
thelium damage, and these cytokines play role in epithelium dam-
age and systemic inflammation [3]. These cytokines also contribute 
to vascular damage and thrombus formation [4]. TNF-α suppresses 
anticoagulation and fibrinolysis. IL-6 is one of proinflammatory cy-
tokine that activate the coagulation process [5]. While reticulin fibers 
increase with fibroblastic activity, it induces fibrogenic activity. Re-
ticulin deposition has also been found to be associated with ischemic 
necrosis depending on the vascular injury [6].

	 It is unknown exactly whether pneumoconiosis is a risk for pul-
monary thromboembolism. In a study, D-dimer level was found to be 
high in patients with pneumoconiosis, and it was found that associat-
ed with PTE. It was reported that pneumoconiosis has been found to 
increase PTE 1.9 fold [7, 8]. Tissue damage due to OH- ion on silica 
surface can trigger vascular endothelial dysfunction and hypercoagu-
lation, and released cytokines may increase hypercoagulation [6, 9].
In this study, we aimed to investigate whether there is an associated 
between pneumoconiosis and PTE.

Materials and Methods
Data collection

	 The study was designed as a retrospective case-control study be-
tween January 2014 and December 2019 at Atatürk Chest Diseases 
and Thoracic Surgery Training and Research Hospital, Department 
of Occupational Diseases. The database was obtained from our hos-
pital database program. Although patient information was incomplete 
in database program, data was obtained from patient archive file. 
While searching pulmonary embolism diagnosis, we used ICD codes. 
Pre-diagnosis, last-diagnosis and final diagnosis were scanned from 
the database with ICD codes, and patients with PTE were detected. 
Our institutional review board approved this observational research, 
and informed consent was obtained from all patients. Keçiören Ed-
ucation and Research Hospital Ethics Committee approval was ob-
tained with the number of decisions/protocols 18 March 2021/718 for 
the study.
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Abstract
Background: The local and systemic cellular response to inorganic 
dust accumulating in pulmonary parenchyma is still unclear. While 
TNF-α, IL-6 and fibronectin release due to the dust exposure, cause 
epithelium cell damage, trigger fibrosis, develop the vascular endo-
thelial dysfunction and activate hypercoagubility, and it is resulted 
with thrombus formation. In our study, we aimed to determine wheth-
er pneumoconiosis plays a role in developing pulmonary thrombo-
embolism (PTE). 

Materials and methods: The universe of our study was 2136 pa-
tients. The number of patients diagnosed with pneumoconiosis was 
539. Patients separated into two groups. Group 1 was defined as 
patients who diagnosed with PTE with pneumoconiosis. Group 2 
was defined as patients who diagnosed with PTE without pneumo-
coniosis.

Results: We determined 126 (3.12%) patients diagnosed with PTE. 
15 (2.78%) patients who had pneumoconiosis were diagnosed with 
PTE. There was no difference between the mean age of groups 
(Group 1; n: 54,20 ± 11,38, Group 2; n: 63,87 ± 16,71, p: 0,148). 
There was no difference between two groups for D-dimer level and 
diagnostic method. In total, 17 (13,49%) patients had deep vein 
thrombosis. Silica dust was the dominant exposure agent, and 8 
(53,3%) patients had progressive massive fibrosis in Group 2. There 
was no correlation between Charson Comorbidity Index and PTE. 

Conclusion: In our study, presence of PTE in patients with pneumo-
coniosis suggests that pneumoconiosis has an effect on enhancing 
coagulation on vascular system.
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	 Patients diagnosed with pneumoconiosis are reported to be pre-
sented to hospital health committee for notification to the social 
security institution. Patients diagnosed with pneumoconiosis were 
reached from the medical board records’ archive. Patients, who were 
diagnosed with pneumoconiosis out of our hospital and hospitalized 
for a different reason, were identified from the hospital database with 
pneumoconiosis ICD codes.

	 In five-years period, 2136 patients were hospitalized in depart-
ment of occupational diseases. 126 patients were diagnosed with 
pulmonary embolism. Patients separated into two groups. Group 1 
was defined as patients who diagnosed with PTE and with pneumo-
coniosis. Group 2 was defined as patients who diagnosed with PTE 
and without pneumoconiosis. In this date range, 539 patients were 
diagnosed with pneumoconiosis (Figure 1).

	 Charson Comorbidity Index (CCI) score was calculated for each 
patient. CCI categorized in the two groups, as Score=0 and Score≥1. 
Patients D-dimer levels were recorded. If C-reactive protein (CRP) 
and erythrocyte sedimentation rate (ESR) analysis were performed 
at the time of diagnosis, these were also recorded. Patients who had 
transthoracic echocardiography (ECO) reports were noted.

PTE Diagnosis Criteria

1.	 Filling defect at the main pulmonary artery and/or segmental, sub-
segmental branches was determined with Computed Tomography 
Pulmonary Angiography (CTPA) that reported by a radiologist. 

2.	 If there was a contraindication for CT or CT was nondiagnostic, 
ventilation/perfusion scintigraphy  (V/Q SCAN)  was performed, 
and detection of mismatch defects compatible with medium or 
high probability for pulmonary embolism according to Prospec-
tive Investigation of Pulmonary Embolism Diagnosis (PIOPED) 
criteria reported by nuclear medicine specialist.

3.	 Patients diagnosed with pulmonary embolism with CTPA or V/Q 
SCAN were included in the study.

Statistical analysis

	 `Variables were analyzed with SPSS-15 version program. Nu-
merical variables that had homogeneous distribution analyzed with 
t-test and Pearson correlation, and categorical variables analyzed with  

chi-square test. Non-homogeneous variables analyzed with nonpara-
metric tests.

Results
Characteristics of patients

	 126 patients diagnosed with pulmonary thromboembolism were 
identified. 71 (56.3%) patients were male. The mean age was 62.72 
± 16.43 years. CCI score was 2.95 ± 2.03. COPD was most frequent-
ly accompanied. The average DD level of the patients was 1796.64 
± 1763.13 ngr / ml. Diagnostic method was performed with CTPA 
in 86 (68.3%) patients and with V/Q SCAN in 40 (31.7%) patients. 
Deep vein thrombosis (DVT) was detected in 17 (13.5%) patients. 
The number of patients with a genetic risk factor under 40 year-old 
was within 5 patients. 7 patients had history of surgical intervention. 
Pulmonary artery pressure (PAP) was 25 mmHg and above in 106 
(84.12%) patients (Tables 1 and 2).

	 There was no statistically significant difference in age, DD level, 
diagnostic method, and pulmonary arterial pressure among groups 
(Table 2).

Characteristics of patients with pneumoconiosis diagnosed 
with PTE

	 15 patients diagnosed with PTE had pneumoconiosis. PTE point 
prevalence was found 2.78% in pneumoconiosis patients.
The most common dust was silica. According to the ILO Internation-
al Classification of Radiographs of pneumoconioses, 8 patients had 
progressive massive fibrosis (PMF) (Table 3). Six patients with pneu-
moconiosis did not have comorbidity. In pneumoconiosis group, 12 
patients had CCI Score≥1, and 8 of these patients were found expo-
sure to silica dust. There was positive correlation between duration of 
exposure and CCI score, but this was not statistically significant (cor-
relation coefficient: 0.66; p: 0.07). No relationship was found between 
exposure agents and comorbidities (p: 0.476). There was no genetic 
risk factor in patients under 40 years-old with pneumoconiosis that 
developed PTE. One patient’s PAP was higher than 25 mmHg.

Figure 1: Algorithm of group selection

Pneumo-
coniosis, 

N:15

Non-pneumoco-
niosis, N:111

p

Age, year, 
mean(SD)

54,20±11,38 63,87±16,71 0,148

Smoking pack-
year, mean(SD) 

29,19±18,35 31,73±16,58 0,925

Gender n(%) Male 15 (11,9) 56 (44,4) 0,000

Smoking behav-
iors, n(%)

Female 0(0,0) 55 (43,7)

Smoker 14(12,1) 46(39,7) 0,006

Comorbidities, 
n(%)

Non-smoker 1(0,08) 54(46,6)

COPD 2(1,6) 18(14,2)

HT and 
CAD

1(0,8) 21(16,7)

DM 1(0,8) 6(4,8)

TB 3(2,4) 5(3,9)

Table 1: Characteristics of patients diagnosed with PTE
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Comparison of CCI scores in two groups

	 There was no statistical difference between two groups in regards 
to the CCI score=0 and the CCI score≥1 (p: 0.654) (Figure 2) Patients 
whom CCI score was 0, there was no significant difference in DD and 
CRP levels between the two groups (p: 0.211; p: 0.582, respective-
ly). Patients who had CCI score≥1, there was no significant differ-
ence between groups in DD, CRP and PAP levels. The CCI score was 
higher in without pneumoconiosis group and there was a significant 
difference between the two groups (1.60 ± 1.18 in the group with 
pneumoconiosis; 3.13 ± 2.06 in the group with non-pneumoconiosis; 
p: 0.006).

Discussion
	 According to literature knowledge, our study is the first study that 
shows, PTE may develop independently from comorbidities in pa-
tients diagnosed with pneumoconiosis.

	 In the large series of patients examined with suspicion of PTE, 
the prevalence of PTE was reported 10-35% [10]. In our study the 
frequency of PTE was found 6.95%. This frequency doesn’t represent 
the population, because patients who hospitalized in our department 
were included in our study. Low prevalence may be related to selec-
tion bias. We found the point prevalence of PTE in pneumoconiosis is 
2.78%, and we couldn’t find any literature to compare it.

	 It is unclear whether pneumoconiosis causes pulmonary embo-
lism. In only one study is indicated that pneumoconiosis increases 1,9 
fold PTE [8].

	 Researches have shown that in patients with silicosis and other 
pneumoconiosis, perivascular fibrosis and muscularization caus-
es damage to the pulmonary arterial structures adjacent to the ter-
minal bronchus which is resulting in vascular stasis [11]. Peripheral 
vein hypoxemia also trigger the pathway that is resulted with local  

Pneumoconiosis, 
N:15

Non-pneumoco-
niosis, N:111

p

CRP, mg/L, 
mean±SD

10,46±17,43 7,57±18,65 0,376

ERS, 
mm/saat, 
mean±SD

32,20±13,66 26,62±23,46 0,007

D-dimer, 
ng/mL, 

mean±SD
1849,80±1535,02 1789,04±1799,81 0,616

PAP, mmHg, 
mean±SD

42,46±15,70 37,43±15,31 0,803

Diagnostic 
Method, 

n(%)

Spiral CT 11(8,7) 75(59,5) 0,450

V/P Sintig-
raphy

4(3,2) 36(28,6)

Location of 
Thrombosis 

in CTPA, 
n(%)

Central 3(3,5) 8(9,4) 0,183

Segmental/
subseg-
mental

9(10,6) 65(76,5)

PIOPED, 
n(%)

Inter-
mediate 

probability
3(7,5) 23(57,5) 0,562

High prob-
ability

1(2,5) 14(35,5)

CCI Score 
Category

CCI 
Score=0

3(2,4) 17(13,6) 0,654

CCI 
Score≥1

12(9,6) 93(74,4)

Present 
DVT, n(%)

0(0) 17(13,5) 0,085⁕

Present Ge-
netic Risk, 

n(%)
1(0,7) 5(3,9) 0,093⁕

Present sur-
gery history 

n(%)
2(1,6) 5(3,9) 0,479⁕

Embolism 
under 40 
years old

2(1,6) 14(12,6) -

Present 
genetic risk 
factor under 
40 years old

0(0,0) 5(3,9) -

Table 2: Comparison of variables in patients with pneumoconiosis and 
without pneumoconiosis

Figure 2: Frequency of CCI score categories in pneumoconiosis and 
non-pneumoconiosis with PTE

Job history Values

Duration of dust exposure, year, mean(SD) 24,40±11,14

Job, n(%)
    Sand blasting

    Stone breaking
    Welder
    Digger

    Dental technician
    Road construction worker

4(26,7)
3(0,2)
1(6,7)
2(13,3)
2(13,3)
1(6,7)

Exposure Agent, n(%)
    Silica

    Welding fume and metals
    Silica and metals

    Coal dust

10(66,7)
1(6,7)
2(13,3)
2(13,3)

Present PMF, n(%) 8(53,3)

Table 3: Characteristics of job history of patients diagnosed with pneu-
moconiosis
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thrombosis [12]. A study examined on mousses reported that silica 
exposure increases pulmonary arterial vascularization and also causes 
endothelial thickening [13]. Erasmus Syndrome and silica-related re-
nal failure are well-known examples of pneumoconiosis related sys-
temic disorders. Studies have supported that inorganic dust exposure 
may related with systemic inflammation, autoimmunity and vascular 
damage [14-17]. The mechanism of vascular damage and hyperco-
agulability due to the inorganic dust exposure is unknown. Pneumo-
coniosis is associated with oxidative stress by activation of TNF-α. 
While a dust trigger to activate alveolar macrophages, not only TNF-α 
is secreted, but also IL-1, PDGF, TGF and IL-6are released during 
the process of epithelium damage. These cytokines have been play-
ing role in vascular damage and coagulation [3, 18]. In the light of 
these hypotheses; our study suggests that pneumoconiosis provides 
the basis for the development of thrombosis secondary to vascular 
dysfunction.

	 COPD is one of the facilitator comorbidity to increase the risk of 
PTE, such as cancer and oral contraceptive therapy [19]. However, 
we did not find a correlation between CCI score and in terms of em-
bolism in patients with pneumoconiosis and without pneumoconio-
sis. Also, there was no permanent genetic risk factor in patients with 
pneumoconiosis. These findings suggest that pneumoconiosis may 
have a independent risk for developing PTE alone.

	 Although DVT is presented in non-pneumoconiosis patients, the 
absence of DVT in patients with pneumoconiosis is supported the hy-
pothesis of pulmonary embolism originates de novo (DNPE), and it is 
thought that the mechanism of endothelial damage and vascular stasis 
due to the systemic inflammatory effect in pneumoconiosis [20, 21].
There are some evidences that the silica particles especially crystal-
line and nanoparticle silica forms pass into systemic circulation with 
lymphatic system or pass directly through to the vascular area with 
local endothelial damage [22, 23, 17].  Exposure to ultrafine particles 
have been shown to increase cardiovascular diseases and DVT. [24, 
25] In our study the most common exposure was silica dust and 5 pa-
tients were exposed to the freshly shattered silica particles. There are 
publications that freshly shattered silica has high piozeeletricity and it 
increases the inflammatory activity and endothelial dysfunction [26]. 
According to the literature knowledge, our study is the first study to 
investigate the effect of exposure agents on developing PTE, unlike 
the study conducted by Chen et al [8].

Conclusion

	 Exposure to the inorganic dust can trigger to local pulmonary vas-
cular damage, and it can lead to release systemic cytokines which are 
triggered the coagulation cascade and resulted with thrombosis. Pneu-
moconiosis could be an independent risk factor for developing PTE, 
but this assumption should be support with future investigations.
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Main Points
•	 The local and systemic inflammatory response to dust is unclear.

•	 Exposure to the inorganic dust can trigger to local pulmonary vas-
cular damage, and it can lead to release systemic cytokines which 
are triggered the coagulation cascade and resulted with thrombo-
sis.

•	 PTE may develop independently from comorbidities in patients 
diagnosed with pneumoconiosis.
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