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ARTICLE INFO ABSTRACT

Ohjective: Arcowelders | onbosis (AWP) is a less fibrogenic preumoconiosis with radiographic shadows
that can improve after Isolatlon from dusty environmenis. Therefore, carly diagnosis ks imponant. However, the
exact role of chest rdiogmph and computed omography (CT) for diagnosing AWP is noa fully understood. This
study was performed 1o assess the CT appearance of AWP wsing semi-quantitative methods and to compare the
findings with those of silicesis. The profusion of pulmonary abnormality on chest radiograph were also com-
parcd with the semi-quantitative CT score,

Materials and methods: Sixty-six patients with elinbcally diagnosed AWP were included and compared with 33
patlents with silicosls. The CT images were Interpreted according to the International Classification of HRCT for
Oecupational and Environmental Respiratory Discases (ICOERD). Data on the profusion score by chist madio-
graph were also companed with CT score,

Resirlts: l-defined centribobular nodules, ground-glass opacity (GGO) and centrilobular branching opacity were
more frequently abserved (p = 0.0031) in AWP, whereas well-defined rounded opacity (p < 0.0001), pro-
gressive massive fibrosis (p < 0.0001), and medinstinal hrmphadenopathy (p < 0.0001 ) were maore frequently
observed in silicosis. Regarding lung nodubes, there was a high comelation between the [O0ERD and CXR
profusion soores in silleosls, but CXR underestimated AWP.

Conclusion: [ll-defined centrilobular nodules, GGG and centrilobular branching opacity were more frequently
aberved in AWP than silicosis. Becawse these findings are difficult to detect by chest radiograph, CT chould be
considered for the assessment of patenits with suspected AWP.

Arc-welders pneumocaniois
Silicnsis

Crampated tomography
Chest radiograph

1. Introduction to be inert and to rarely cause fibrosis. Howewver, several researches

have demonstrated that some fibrosis can ocour from exposure to the

Arcowelders' pneumoconiosis (AWP) is a type of preumoconiosis
that is caused by chronic inhalation of fumes, which is mainly com-
prises iron oxide, during the welding procedure [1-3]. This condition
was first reported in 1936 by Doig and McLaughlin who assessed 16
electric arc welders dinically and radiologically and found that & of
them showed generalized fine mottling on both lung fields on chest
raciograph; the remaining showed less marked changes [1]. Subsequent
follow-up of the 15 patients for 9 years showed complete or partial
resolution of the chest radiograph abnormalities after isolation from
environmental exposure [5]. Therefore, iron oxide has been considered

* Correspanding author.
B-mail address: masashiebelle shiga-med ae |p (M. Takahashi).

hups:/dolorg 10,1016,/ cjrad . 2018,08.020

various materials in welding smoke other than iren exide [6-11].
Welding smoke contains a mixture of several kinds of fumes and gases,
such as nickel, asbestos, manganese, silica, bervllium, oxides of ni-
trogen and ozone, although some rescarchers have believed that iron
axide itself could cause fibrosis [6,9-11]. Barly detection of AWP is
crucial because early isclation from ooccupational exposure can con-
tribute to resolve the abnormality and reduce the risk of fAbrosis de-
velopment.

High resolution computed tomography (HRCT) plays an important
role in managing preumoconiosis, not only in detecting the lung
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parenchymal abrormalities but also in assessing its extent and severity.
This is especially applied in AWP because the chest radiograph is
generally believed to have limited value in demonstrating minimal lung
fibrosis. However, only few manuscripts have demonstrated the HRCT
appearance of AWP [12-14), and there have been no studies that as-
sessed the imaging difference between AWE and silicosis. This smudy
was performed to clanify the HRCT appearance of AWP in comparison
with that of silicosis using a semi-quantitative approach. The lung
parenchymal profusion score on chest radiograph were compared with
the semi-quantitative CT score, and their relationships were compared
between AWP and silicosis.

2. Materials and methods

This study was supported by the Ministry of Health, Labor and
Welfare Scientific Research Grant of Japan and was approved by the
institutional review board of Nagasaki University Hospital and in-
formed consent was waived from each subjects.

21. Subjects

A total of 66 arc welders who were seen at 3 institubes (i.e., Chugoku
Rodo Eiseikyoukai, Okayama-Rosai Hospital, and Hokkaido-Chuo-Rosai
Hospital) were analyzed. The cases who visited each instiute for a
regular health check for workers who had histories of fume dust ex-
posure were consecutively collected from Jul 2014 to May 2015, All
were men, with a mean age of 64.3 years (range, 4984 years), who
were exposed to dust fumes for a mean duration of 35.9 years (range,
9-55 years). All these subjects have been diagnosed at each institute as
AWP based on occupational history and clinical findings. Por compar-
ison, 33 cases of silicosis were recruited from 1 institute (Okayama-
Rosai Hospital). The cases who visited an institute for a regular health
check for workers who had histories of silica dust exposure were con-
secutively collected from Oct 2014 to Jan 2015, 30 subjects were men
and 3 were women with a mean age of 74.0 years (range, 58-83 years)
and who were exposed to silica dust for a mean duration of 37.8 years
(range, 848 years). In both the AWP and silicosis groups, there were 16
and 0 current smokers (mean Brinkman Index (B1): 664.0), respectively;
41 (mean Bl: 764.0) and 26 (mean Bl: 852.3) ex-smokers, respectively;
and 9 and 7 never-smokers, respectively.

2.2, Imaging studies

All the subjects in both the AWP and silicosis groups underwent
digital chest radiograph and CT for the purpose of regular health check,
according to the Japanese workplace health management system. The
CT machines used were Alexion TSX-032A/1J (Toshiba Medical
Systems, Japan); TSX-302A/1A Aquilion PRIME (Toshiba Medical
Systems, Japan); and Light Speed VT (GE Health Care, USA). A supine
helical CT acquisition was performed at full inspiration without con-
trast injection. Axial images were reconstructed contiguously 1- or 2-
mm and 5 mm slice thickness, On thin-section CT, an algorithm with
high spatial resolution was wsed for image reconstruction; the images
were displayed with window width (1500 HU) and levels (=550 o
=700 HU) that were appropriate for visualizing the pulmonary par-
enchyma. Posteroanterior digital chest radiographs were obtained using
the following svstems and technbeal factors: Velocity U (Fuji Film
Medical, Japan): 125-135kY, 125-200mA, 30 msec; DR CALENO HC
50 (5E) (Fuji Film Medical, Japan): 125 kV, 100 ma, 2060 msec; and
EX0-80G (Toshiba Medical Systems, Japank 125kV, 200-250 mA,
28-36 msec. CT and chest radiograph were displayed in a 3-megapixel
LCD medical-grade, gray-scale monitor (Radiforce GS 320, Eizo,
Japan).

Furopean Josrral off Radiology 107 (2018) 98-104

2.3, Imaging analysis

a) Semi-quantitative analysis of CT Andings:

Chest CT was interpreted with a semi-quantitative system using the
International  Classification of HRCT for Occupational and
Environmental Respiratory Diseases (ICOERD), with some mod-
ifications [15,16]. The grade of each CT finding was judged based
on the reference images of the ICOERD by consensus of 2 chest
radiologists with cxperience of 34 and 28 years, respectively. The
anonymized images of the AWP and silicosis cases were mixed and
randomly displayed on the mondtor.

The definitions of each CT finding were as follows [15,16]:

a Well-defined rounded micronodule: less than 5 mm, well-defined
margin, intralobular distribution mav be variable (Grade 0-3).

b Poorly-defined centrilobular micronodule, ground-glass opacity
{GGO), or branching linear structure: less than 5 mm, ill-defined
border, 2-3mm from the lobular borders, or intralobular
branching structure without normal tapering (Grade 0-3).

« Diffuse to regional GGO: GGO extent of larger than 10 mm (Grade
0-3).

d Large opacity: well-defined nodule larger than 10 mm (Grade 0,
A-C, details will be described in the fellowing section).

¢ Honeycomb: clustered cystic air spaces, typically of comparable
diameters in the order of 3-10mm but occasionally as large as
25mm; wsually subpleural and is characterized by well-defined
walls (Grade 0-3).

f Reticulation: interlobular septal thickening and intralobular lines
{Grade 0-3).

2 Emphysema, bullac: focal areas or regions of low attenuation,
usually without vigible walls; a rounded focal lucency or area of
decreased attenuation, =10mm in diameter, and bounded by a
thin wall {Grade 0-3).

h Pleural plaque, thickening, calcification: well-demarcated areas of
pleural thickening, seen as elevated flat or nodidar lesions that
often contain calcification.

i Mediastinal or hilar lymphadenopathy: bilateral, multiple en-
largement of lymph nodes larger than 10 mm in the short axis.

The lungs were divided into a wtal of & zones, according to the
following boundaries on the right and left: 1) upper (U), at the level of
the arch of the aora and above; 2) middle (M), from the arch of the
aorta down to the infertor pulmonary vein; and 3) lower (L), inferior
pulmonary vein and below, including the diaphragm. The CT findings
in each zone were assessed to obtain the cumulative score for grading.
The semi-quantitative scores were compared between AWP and sili-

COSIS.

b} Assessmeent of lung profusion abnormality by chest radiograph.
Chest radiograph was assessed in accordance  with  the
Pneumoconiosis Law Classification System of Japan [17]. In this
system, the radiographic findings of the chest were classified as ei-
ther 1 of the 7 profusion (PR) categories (i.e., PR O, 1, 2, 3, 4A, 4B,
and 4C), which was equivalent to the International Classification of
Radiographs of Pneumoconioses developed by the International
Labour Organization. The absence of radiographic signs of pneu-
moconiosis was designated as PRO, whereas the presence of pneu-
moconiosis abnormalities was designated as PR1 to PR4. Chest
radiographs with opacities that measured up to 10 mm were cate-
gorized as PR1, PR2, or PR3, depending on the increasing profusion,
Small opacity profusion was recorded on a 12-point scale from 0/ —
to 3/ +, where 0/ = indicated no abrormality in both lungs and 3/
+ signified the highest concentration of small opacities, Rounded
and irregular opacities were independently asseseed based on these
categories. Large opacities, which were defined as having > 10-mm
longest diameter, were classified as PRA and sub-categorized into A,
B, or C, depending on the increasing size of the opacity; category A
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for up to 50 mm, B for larger than 50 mm bt léss than 1/3 of one
hemithorax, and C for larger than 1/3 of one hemithorax. The size of
a large opacity was determingd by the longest diameter of a single
lesion or by the cumulative longest diameters of several large opa-
cities, relative to the area of the upper 3rd of the right lung field.
The chest radiographs were independently fnterpreted by 2 chest
radiclogists with 34 and 28 vears of experience, respectively; if
there was discordance, the final decision was made by consensus.
The anonymized chest radiographic images of the AWP and silicosis
cases were mixed and randomly displayed on the monitor. To
eliminate recall bias, an interval of 1 month from the €T reading
session was allotted. The chest radiograph PR category for small
rounded opacity was correlated with the ICOERD score, and the
correlation was compared between AWP and silicosis,

24, Sttistical analysis

The interobserver agreement for the chest radiograph PR category
was assessed by Cohen's kappa coefficient; values < 0 as no agreement,
0-0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as
substantial, and 0.81-1 as almost perfect. The original 12-point scales
by the chest radiologists were converted into 5 grades (PR O, 1, 2, 3 and
4) for statistical analysis. Comparison of the incidence of the CT find-
ings between AWP and silicosis was assessed by the chi-square test. The
relationship between the PR and ICOERD scores was compared between
AWP and silicosis using analysis of covariance (ANCOVA) In the
ANCOVA model, interaction terms and PR scores for the AWP and si-
licosiz groups were included. In these analyses, a p value = (.05 was
considered  statistically significant. These statistical tests were per-
formed using MedCale ver 100002 (Medcale Software, Manakerke,
Belgium).

3. Results

3.1. The incidence of each computed tomography finding (Toble | and
Figs. 1 and 2}

The incidence of poorly defined centrilobular nodule/GGO or
branching opacity was significantly higher in AWP than in silicosis (307
66 vs. 5/33, p = 0.0031). On the other hand, the incidence of well-
defined rounded nodule was significantly higher in silicosis than in
AWP (25/33 vs, 5/66, p = 0.0001). Large opacity and mediastinal or
hilar lymphadenopathy with/without caleification were significantdy
maore frequent in silicosis than in AWP (14,33 vs. 4/66, p < 0.0001
and 27/33 vs. 10/66, p < 0.0001, respectively). There was no differ-
ence between AWP and silicosis in terms of reticulation, honeycomb,
diffuse GGO, emphysema, and pleural plaque. The lung distribution
tended to be diffuse for poorly-defined centrilobular nodule/GGO or
branching opacity and more in the upper and middle lung ficlds than in
the lower lung field for well-defined rounded nodule both in AWP and

Table 1
Incidence of cach CT findings in the cases with AWP and silicosis.
AWP Silioosis
(= 66) n = E3)
Well defined reand nodule 5 5 P - 00000
Poorly defined oemtrilobular nodule, 1] 5 F = (0031
G0, branching opacity
Large opacity 4 14 P < 0000
Teticulation 17 ¥ P =072
Hemiryoomb 2 1 P o= 1000
Diffase GGO 10 a8 P = 02714
Empliysema 43 17 P = (L1528
Peural plague =] 1 P o= 10000
Mediaseinal amd hilar 10 [6) ZMET) P == Qe

lymphadenapathy (with calc.)

Furopean Jowrmal of Radiology 107 (2018) 98-104
silicosis,

3.2, The aszexoment of PR by chest radiograph

The interobserver agreement on the PR categonies 0, 1, 2, 3, and 4
was substantial for both round opacity (x=0.748, 95% CI
0.654-0.858) and irregular opacity (x = 0.776, 95% CI 0.640-0.912).
The incidence of cach category is shown in Fig. 3. Large opacity was
found in 5% of the AWP cases (48, n = 2 and 4B, n = 1) and in 18% of
the silicosis cases (44, n = 6). The category for small rounded opacity
was higher in silicosis than in AWP.

3.3, Coerelation berween chest radiograph PR and CT scares (Figs. 4 and 5)

The chest radiograph PR for small rounded opacity was almost
lincarly correlated with the CT scores in silicosis, but it was under-
estimated in AWP. ANCOVA  showed borderline  significance
{p = 0LO77) of these two relationships.

4, Discussion

This study revealed that 1) the incidence of ill-defined centrilobular
nodule/GGO or centrilobular branching opacity was significantly
higher in AWP than in silicosis; 2) the incidence of large opacity and
mediastinal  lymphadenopathy  with/without calcification was sig-
nificantly higher in silicosis than in AWP; and 3) chest radiograph had a
tendency to underestimate the lung parenchymal profusion abnorm-
ality of AWP, compared with that of silicosis.

The pathological findings of AWP include the presence of pigmented
macrophages in the air spaces and interstitium, cloge to the center of
the acinus, with limited fibrosis. Thiz low component of fibrosis may be
seen as an ill-defined centrilobular opacity on CT. Akira et al. assessed
the thin-section CT findings of 21 arc welders and found that the most
common findings were ill-defined micronodules that were diffusely
distributed in the lungs (n = 15, 71.4%) [12]). Some of the micro-
nodules appeared as fine branching structures and tended to show
centrilobular distribution [12]. These ill-defined centrilobular micro-
nodules reflect the deposition of minute iron oxide particles along the
penvascular and peribronchial lymphatic vessels [1:2]. Han et al. ana-
lyzed the thin-section CT findings of BS arc welders with 3-30 vears of
exposure and found that the predominant CT findings were poorly-
defined centrilobular micronodules (n = 30, 35.3%)% branching linear
structure {(n = 18, 21.2%); and ground glass attenuation (n = 6, 7.1%)
[13]. Our results were basically consistent with previous two studies
and could confirm the consensus regarding HRCT appearances of AWP,
In this study, 45.5% (30,/66) of the arc welders demonstrated ill-defined
centrilobular nodule/GGO or branching abnormality on CT. The slight
differences in the incidence of these findings among these studies were
probably due to the reversible nature of AWP. Our cohort was based on
a regular health check for workers who had histories of fume dust ex-
posure and might have included both active and inactive workers,

One differential diagnosis of centrilobular ill-defined opacity and
branching opacity on thin-section CT is respiratory bronchiolitis [ 3],
which is similar to AWP in terms of the pathological findings of in-
fMammatory cell infiltration, which is often accompanied by pigment, in
the walls of the membranous and respiratory bronchioles and alveolar
ducts. Han et al. revealed that centrilobular ill-defined opacity on thin-
section CT was much frequently observed in AWP than in smokers [13].
In that study, the high percentage of smokers in the AWP cases might
cast doibt on whether the findings truly represented exposure 1o
welding and were not the results of smoking: however, the authors
suggested that the findings were mostly due to exposure to arc welding
because the rates of positive thin-section CT findings in the arc welders
were almost equal between smokers and non-smokers, In our present
study, all cases had smoking history; therefore, the influence of smoking
on the thin-section CT findings cannot be excluded. To solve this issue,
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Fig. 1. Comparisan of the CT score and the distribution of poorly-defined centrilobular micronadules, GGO, and branching linear structures within the longs betwesn
AWP (a) and silicosis (bl The height of each bar represents the average score for each lung zone. The lung distribution wended to be diffuse for poorly-defined

centrilobular nodule/GGO or hranching opacity both in AWP and sllicosis.

the CT findings should be compared between AWP and smokers, as
performed by Han et al. [13].

Mixed dust preumoconiosis (MDP) is another differential diagnosis.
MDP is a less fibrotic pneumoconiosis in the presence of low silica
content [15]. Hyalinization which is a hallmark for silicosis is not ob-
served in MDP and infiltrative fibrosis is found in the surrounding in-
terstitium [12]. Therefore chest radiograph shows ill-defined nodules
and CT shows irregular shaped nodular opacity [15], Usually mixed
dust fibrosis and silicotic nodules are coexisted in the lung field and
diffusely distributed ill-defined centrilobular nodule/GGO or branching
abnormality as observed in AWP is not demonstrated. Information re-
garding typical occupations asseciated with a diagnosis of MDP include
metal miners, quarry workers, foundry workers, pottery and ceramic
workers, and stonemasons is also helpful for making a diagnosis of MDP
[18].

Silicotic nodules tend to conglomerate and form a > 1-cm large
opacity, which is consistent with progressive massive fbrosis [19].
Additionally, hilar and mediastinal lvmphadenopathy with calcification
iz a radiologic hallmark of silicosis [19,20]. This study has demon-
strated that the incidences of both large opacity and lymphadenopathy

Well-defined rounded micronodule
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were significantly lower in AWP than in silicosis. Many researchers
have believed that large opacity and lymphadenopathy are due to the
strong fibrogenic property of inhaled silica [19). Silica-exposed mac-
rophages release fibroblast growth factor that facilitates the accumu-
lation of fibroblasts and fibroblast products, which, in tuen, induce in-
flammatory and fibrogenic reactions in the interstitium, alveoli, and
lymph node [20]. These fibrogenic reactions lead to the formation of
interstitial silicotic nodules that tend to conglomerate. Additionally, the
free-particulate silica that is not ingested by macrophages can enter the
perivascular lymphatic channels to be translocated to the draining
mediastinal lymph nodes and cause fibrosis [20]. On the other hand,
iron oxide itself is considered an inert material and has a low potential
to cawse fibrosis in both the lung and lymph node. The low incidence of
large opacity and lymphadenopathy in the imaging of AWP probably
reflected this pathological background. Arfield et al. analyzed the chest
radiograph of 661 British electric arc welders and found no case with
large opacity [21].

Thus AWP have been believed not develop fibrosis both in the lung
field and lymphnode, some researchers found that AWP can be asso-
ciated with fibrosis [6-11]. Akira et al. found that 2 of 21 arc welders

b. Silicosis
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Fig. 2. Comparison of the CT score and the distribution of well-defined rounded micronodules within the lungs between AWP (a) and silicosis (b). The height of each
bar represents the average score for each lung zone. The lung distribution tended 1o be more in the upper and middle lung fields than in the bawer lung field for well-

defined rounded nodube both in AWP and silicosis.
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profusion and CT score in cases with AWP and

503

L

L

L

O
S00o0 Ril=d: 501 [l
wa =Ea

D O 005 0050 1 [
i | i

1 X
Chest radiograph profusion

showed a pulmonary conglomerate mass on CT [12]. The fibrosis in
AWP iz suspected to develop from concomitant exposure to lrritants,
such as asbestos and silica [12]. Although the number of cases was
small, this study demonstrated that some AWP cases had large opacity
(466, 6.0%) and lymphadenopathy {10/66, 15.2%) on CT. Probably,
in these workers, the inhaled fumes contained some fibrogenic irritants
other than iron oxide.

The Ministry of Health, Labor and Welfare of Japan has established
the Pneumoconiosis Law in 1960 to protect the health and promote the
welfare of dust-exposed workers [17]. This law indicated the use of
chest radingraph to assess and classify the severity of pneumoconiosis,
and CT can be used only as a reference. However, this present study
demonstrated that chest radiograph had a tendency to underestimate
the detection of lung abnormalities of AWP, in comparison with sili-
cosis. This result may sccount for the less fibrogenic features of the lung
nodule in AWP. To avoid overlooking the presence of AWP, the use of
CT should be considered if a detailed work history on arc welding is
obtained early. Although most of the lung abnormalities of AWP were
reversible, some cases developed lung fibrosis. Therefore, early detec-
tion of AWP is extremely important to prevent the development of fi-
brosis and to protect the health of arc welders.

This study had some limitations. First, in this cohort, pathological
proof was not obtained and the diagnosis of AWP was established only
by clinical findings and ocoupational history, As described above, the
possibility of disorders other than AWP, such as smoking-related dis-
easex, could not be confidently excluded because almost all of the
workers in this study were smokers. Second, the imaging protocol for
the workers was not fixed because the cohort was recruited from 3
different institutes. Therefore, the different technical factors of CT scan

\ silicosis,
Although there is an almest linear comelagion
T between the chest radiograph profusion and CT
seores in dilicosis, the chest radiograph profu-
slon score was underestimated in AWP.
. Analysis of covariance revealed borderline
= significance  of these 2 relationships
{p = 0LO77).

o
a
P e

might have influenced the incidence of each CT finding. Third, al-
though the ICOERD was used with some modificaden for semi-quan-
titative analysis, it did not contain enough imaging references, espe-
cially for ill-defined centrilobular nodules/GGO or branching opacity.
Therefore, subjective bias on the grading for each CT finding cannot be
completely excluded.

In conclusion, ill-defined centrilobular nodules/GGO and cen-
trilobular branching opacity were more frequently observed in AWP,
whereas well-defined rounded opacity, large opacity, and mediastinal
lymphadenopathy were more frequently observed in silicosis.
Regarding lung nodules, there was a high correlation between the CT
score and the chest radiograph PR for silicosis, but the chest radiograph
underestimated AWP. Therefore, in patients with suspected AWP, CT
should be considered for the detection of earlv-stage disease before
progression to fibrosis.

Author declaration

We confirm that the manuscript has been read and approved by all
named authors and that there are no other persons who satisfied the
criteria for authorship but are not listed. We further confirm that the
order of authors listed in the manuscript has been approved by all of us,
We confirm that we have given die consideration to the protection of
intellectual property associated with this work and that there are no
impediments to publication, including the timing of publication, with
respect to intellectual property. In so doing we confirm that we have
followed the regulation of our institutions concerning intellectual
propeny.

We further confirm that any aspect of the work covered in this



M. Takahads o al Furopean Jowrmal off Radiology 107 (2018) 98-104

Fig. 5. Images in a 71-year-old man who was employed as an arc-welder for 55 years,

{a) Chest radiegraph reveals no parenchiymal abnormality and was judged by bath chest radioleglsts to have a scare af O for lung profusion abnormality. (b—e) Thin-
section CT scans show numerous poorly defined centrilobular ground-glass nodules that are diffuscly distributed throughout the lung, The ICOERD score for poorly-
defined centrilobular micronodule, GGO, or branching linear struciure in this cate 5 10 (full soore i 18).
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Quantitative assessment for pneumoconiosis severity diagnosis

using 3D CT images

Koki Hino™', Mikio Matsuhiro ~, Hidenobu Suzuki =, Yoshiki Kawaia - Nobom Niki ™~
Katsuya Kato ~, Takumi Kishimoto ™, Kazuto Ashizawa ™

*1 System Innovation Engineering Graduate School of Advanced Technology and
Science The University of Tokushin
*2 Tokushima University
*3 Kawasaki Medical School
*4 Oleayama Rosai Hospital
*5 MNagasaki Universily

Prcumoconiosis is an occupational respiratory illness that occur by inkaling dust to the lungs. 240,000 participants are
screened for diagnosis of pneumoconiosis every vear in Japan. Radiograph is used for staging of seventy mie in
preumoconiosis worldwide. CT imaging is useful for the differentiation of requirements for industrial accident
approval because it can detect small lesions in comparison with radiograph. In this paper. we extracied lung nodules
from 3D preumoconiosis CT images by two manual processes and awtomatic process, and created a database of
preumoconiosis CT images. We used the database to analy #e, compare, and evahmie visual diagnostic resulis of
radiographs and quantitative assessmeni (number, size and volume) of lung nodules. This method was applied 1o
twenty five preumoconiosis patients. Initial results showed that the proposed method can assess severity rate in
preumoconiosis quantitatively. This study demonstrates effectivencss on diagnosis and prognosis of pneumoconiosis
in CT screening,

Key words: X-ray image, CT, Medical image processing
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ABSTRACT

Pneumoconiosis is an occupational respiratory illness that occur by inhaling dust to the lungs. 240,000 participants
are screened for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging of severity rate in
pneumoconiosis worldwide. CT imaging is useful for the differentiation of requirements for industrial accident
approval because it can detect small lesions in comparison with radiograph. In this paper, we extracted lung nodules
from 3D pneumoconiosis CT images by two manual processes and automatic process, and created a database of
pneumoconiosis CT images. We used the database to analyze, compare, and evaluate visual diagnostic results of
radiographs and quantitative assessment (number, size and volume) of lung nodules. This method was applied to
twenty pneumoconiosis patients. Initial results showed that the proposed method can assess severity rate in
pneumoconiosis quantitatively. This study demonstrates effectiveness on diagnosis and prognosis of pneumoconiosis
in CT screening.

Keywords: pneumoconiosis, computed tomography, computer aided diagnosis

1. INTRODUCTION

Pneumoconiosis is an occupational respiratory illness that occur by inhaling dust to the lungs. 240,000 participants are
screened for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging of severity rate in
pneumoconiosis worldwide. The International Labor Office (ILO) provides a staging of pneumoconiosis using radiographs
[1]. Its advantages are relatively low cost, low radiation dose, and wide availability. However, the chest radiograph is
relatively insensitive for detecting early stage pneumoconiosis [2]. Chest CT scans are more sensitive than routine
radiographs in detecting pneumoconiosis. However, the utility of CT as a screening modality is still a question of debate
[3]. The reason is that CT scans are not recommended for routine surveillance due to the increased radiation exposure and
the lack of scoring scheme [4]. Since 1992, several classification or coding systems for evaluating pneumoconiosis in CT
studies have been reported [5]. We have analyzed the relationship between the size and frequency of lung nodules so as to
quantify the severity rate of pneumoconiosis so far [6]. We extracted lung nodules from 3D pneumoconiosis CT images
by two manual processes and automatic process, and created a database of pneumoconiosis CT images. We used this
database to analyze, compare, and evaluate visual diagnostic results of radiographs and quantitative assessment
(number, size and volume) of lung nodules. This method was applied to twenty pneumoconiosis patients. The results
showed that the proposed method can assess severity rate in pneumoconiosis quantitatively. This study demonstrates
effectiveness on diagnosis and prognosis of pneumoconiosis in CT screening.

2. MATERIALS AND METHODS
2.1 Materials

This study was approved by institutional review board in Nagasaki University. The scanning was carried out with 120 kV,
240mA, 1mm slice thickness, 512x512 matrix, pixel size of 0.625mm or 0.781mm, 1mm reconstruction interval, and

Medical Imaging 2018: Computer-Aided Diagnosis, edited by Nicholas Petrick, Kensaku Mori, Proc. of
SPIE Vol. 10575, 105753J - © 2018 SPIE - CCC code: 1605-7422/18/$18 - doi: 10.1117/12.2293436



FC13-H or FC52 convolution kernel. Private information that was contained in DICOM header information is replaced by
a DICOM anonymization system [7].

Pneumoconiosis was classified into 12 stages based on a guideline defined by ILO: 0/-, 0/0, 0/1, 1/0, 1/1, 1/2,2/1, 2/2, 2/3,
3/2, 3/3, 3/+. The total number of patients is twenty: stage 0/1 is five, stage 1/0 is five, stage 1/1 is five, and stage 2/2 is
five. The stages were certified by consensual decision of physicians.

2.2 Methods

2.2.1 Manual extraction of lung nodules

Extraction of pulmonary nodules was set under the conditions of window level - 500 and window width 1500 and extracted
using an axial plane. Extraction procedure was achieved in the order of right lung apex part, right lung bottom part, left
lung apex part and left lung bottom part. This procedure was repeated many times. Micro nodules was extracted twice by
one person. The period between the first time and the second time was more than 6 months or one week.

2.2.2 Detection of lung nodules

Our group has developed computer aided detection (CADe) and computer aided diagnosis (CADx) systems for lung cancer
CT screening [8][9]. This CADe has detection functions for multi diseases; lung nodules, pleural diseases, emphysema,
and osteoporosis [10][11][12]. In early stage of pneumoconiosis, a lot of small nodules are occurred, so this CADe is set
so that nodules from 1 mm to 3 mm can be detected. The CADe detection result on the first and second logical sums are
superimposed and newly reviewed, and if a nodule is detected, it is added to the database.

2.2.3 Quantitative assessment of pneumoconiosis

Severity rate in pneumoconiosis was assessed by number, size and volume of lung nodules. Assuming that nodules have
spherical shape, nodule size is defined by a diameter that is computed from nodule volume. The number of nodules was
counted by three dimensional labeling method.

2.2.4 Comparison and evaluation of the first and second manual extraction

To assess the inter-observer variability in the manual detection process, we computed precision, recall, and F scores based
on the first and the second manual extractions. Additionally, the coincidence rates by size of the lung nodules were
evaluated.

2.2.5 Comparison and evaluation between visual diagnostic results of radiographs and quantitative assessment results of
CT images

Compared with the diagnosis obtained physicians' visual assessments based on radiographs, we investigated whether the
quantitative assessments based on 3D CT images can improve the classification of severity rate of pneumoconiosis.

3. RESULTS

Fig.1 shows three dimensional distributions of lung nodules that extracted by this method. In Fig.1 (a), (b), (¢), (d), (e) are
stage 0/1, (f), (g), (h), (1), (j) are stage 1/0, (k), (1), (m), (n), (o) are stage 1/1, and (p), (q), (1), (s), (1) is stage 2/2. Several
cases are found which do not coincide with diagnostic results mainly in cases of low severity rate. Table 1 shows evaluation
results of the coincidence rates by sizes of lung nodules from first and second extraction results. For small nodules from
2mm to 4mm in diameter, the coincidence rate was low, and the coincidence rate was high for nodules with 4mm or more.
This showed a similar tendency in other cases. Fig.2 shows the relationship between the number and volume of lung
nodules in each case. It is suggested that it may not be accurately in the disease type classification using radiographs. Fig.3
shows the results of calculating the average number and standard deviation of lung nodules for each type classification of
radiographs and CT images. Classification of CT images was classified according to the number of nodules. Table 2 shows
the results of comparisons with radiographs and CT classification. Mann-Whitney U test was performed for each type, and
comparison was performed at a signification level of 0.0083 (0.05 / 6) by the Bonferroni correction. As a result, there was
no significant differences in classification of radiographs, but significant differences were found in classification using CT
images. By quantitative assessment using CT images, there is a possibility that the severity rate of pneumoconiosis can be
accurately classified.



Stage 0/1

Fig.1 Three dimensional distribution of extracted lung nodules.

Table 1: Coincidence rate by size of lung nodules of first and second times (case 1/0(g)).

diameter[mm] : The number of. lung nodules : Coincidence rate

Final First Second First Second

0<d<1 0

1<d<2 1 0 1

2=d<3 75 51 68 0.654 0872

3<d<4 124 118 121 0944 0968

4=d<5 12 12 12 1 1

5<d<6 o 6 6 1 1

6<d<7 4 4 4 1 1

T<d<8 1 1 1 1 1

8<d<9 1 1 1 1 1

9=d<10 0
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Table 2: Comparison disease type classification with radiographs and CT

(a) Classification of radiographs (b) Classification of CT images
Radiographs CT images

clsineaton PV classifaton,__ P™Value
Stage 0/1-1/0 0.7540 CT 0/1-1/0 2.26E-19 *
Stage 0/1-1/1 0.1171 CT 0/1-1/1 1.59E-17 *
Stage 0/1-2/2 0.0090 CT 0/1-2/2 2.26E-19 ¥
Stage 1/0-1/1  0.0758 CT 1/0-1/1 0.0062 *
Stage 1/0-2/2 0.0090 CT 1/0-2/2 0.0040 *
Stage 1/1-2/2  0.1745 CT 1/1-2/2 0.0062 *

*:p < 0.0083 (0.05 / 6)

4. CONCLUSIONS

We extracted lung nodules from 3D pneumoconiosis CT images by two manual processes and automatic process. We used
this database to analyze, compare, and evaluate visual diagnostic results of radiographs and quantitative assessment
(number, size and volume) of lung nodules. By presenting the results of quantitative assessment using CT, it becomes
possible to more accurately classify severity of pneumoconiosis, and high diagnostic accuracy can be expected.
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A Computer Aided Diagnosis system for pneumoconiosis severity

using 3D CT images
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Pneumoconiosis is an occupational respiratory illness that occur by inhaling dust to the lungs. 240,000 participants are
screened for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging of severity rate in
pneumoconiosis worldwide. CT imaging is useful for the differentiation of requirements for industrial accident
approval because it can detect small lesions in comparison with radiograph. In this paper, we extracted lung nodules
from 3D pneumoconiosis CT images by two manual processes and automatic process, and created a database of
pneumoconiosis CT images. We used the database to analyze, compare, and evaluate visual diagnostic results of
radiographs and quantitative assessment (number, size and volume) of lung nodules. This method was applied to 25
pneumoconiosis patients. Initial results showed that the proposed method can assess severity rate in pneumoconiosis
quantitatively. And we analyzed the CT values and the distribution types of result. This study demonstrates
effectiveness on diagnosis and prognosis of pneumoconiosis in CT screening. .

Key words: X-ray image, CT, Medical image processing
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