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Abstract

Objectives: In Japan, benign asbestos pleural effusion (BAPE) has been eligible for
industrial accident compensation since 2003 as an asbestos-related disease despite
the lack of good criteria. We compiled a criteria into a checklist of essential items and
for excluding other diseases inducing pleural effusion as a diagnosis process.
Method: Thoracentesis was performed in order to confirm the presence of pleural ef-
fusion at the initial diagnosis, and 105 suspected BAPE patients were retrospectively
examined. We complied a checklist comprising the following diagnostic items: (a)
occupational asbestos exposure; (b) confirmation of exudate of pleural effusion; (c)
exclusion of pleural effusion with malignant tumors based on negative results of
CEA and hyaluronic acid, and cytology of pleural effusion; (d) exclusion of rheu-
matic, bacterial, and tuberculous pleuritis; (d) radiological findings for exclusion of
malignancies; and (e) histopathological findings based on thoracoscopy that exclude
malignancies (when thoracoscopy was not performed, there was confirmation that no
malignancies were present during 3-month follow-up observation). Cases that satis-
fied all items were defined as BAPE.

Results: Among the 105 suspected cases, there were five cases that had no occupa-
tional asbestos exposure; six cases in which transudate of on pleural effusion; one
case each of rheumatoid pleuritis and tuberculous pleuritis; and five cases of pleu-
ral mesothelioma based on chest radiography and histopathological findings within
3 months after initial diagnosis. Therefore, we excluded 18 cases from the 105 can-
didates and determined 87 cases of BAPE.

Conclusion: We consider that six items described above are suitable for diagnosing
BAPE.
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1 | INTRODUCTION

Benign asbestos pleural effusion (BAPE) is a non-malignant
pleural lesion induced by asbestos exposure, which is also
known as asbestos pleuritis. Eisenstadt' reported BAPE as a
new disease concept for the first time in 1964, and BAPE typ-
ically presents unilaterally and with a small volume of pleural
effusion.

Epler et al? reported diagnostic criteria such as (a) asbes-
tos exposure, (b) presence of pleural effusion by chest radio-
graph or thoracentesis, (c) no other causes except asbestos
exposure, and (d) no appearance of malignancy during a pe-
riod of 3 years from diagnosis. These criteria were generated
for prospective epidemiological observation, and clinical fol-
low-up for 3 years was set in order to exclude pleural meso-
thelioma. Hillerdal et al® showed that clinical follow-up for
only 1 year is sufficient if precise checking is followed by
diagnostic imaging such as chest computed tomography (CT)
scanning in 1989. However, other new criteria have not been
proposed since. Therefore, we cannot compare with standard
data described the previous studies.

It is speculated that the pathogenic mechanism of BAPE is
mechanical irritation of the visceral pleura by asbestos fibers,
obstruction of the lymphatic drainage of the parietal pleura
induced by pleural fibrosis,* or autoimmunity due to the ad-
juvant effect of asbestos fibers. However, the true mecha-
nism has not yet been established. It may be defined that the
inflammation of visceral pleura induced by asbestos fibers
induces BAPE.

In Japan, BAPE was approved in 2003 as an asbestos-re-
lated disease for industrial accident compensation. However,
this compensation to BAPE patients was judged despite the
lack of diagnosis criteria. It is suspected that some patients
with BAPE have been overlooked because there are no diag-
nostic criteria for BAPE. Therefore, we examined retrospec-
tively the diagnosis of BAPE based on occupational history,
pleura, chest images, and laboratory data of pleural effusion
together with data from reported BAPE patients.ﬁ‘8 We then
established a diagnosis manual for BAPE, and report the
findings.

2 | MATERIALS AND METHODS

From 2012 to December in 2019, 105 patients who were di-
agnosed with BAPE at the initial diagnosis at the Okayama
Rosai Hospital, Toyama Rosai Hospital, Yokohama Rosai
Hospital, and Tohoku Rosai Hospital in Japan, were exam-
ined retrospectively, and the validity of the diagnosis was
investigated. These cases were diagnosed as BAPE at the ini-
tial diagnosis based on data from laboratory and radiological
findings. However, we reinvestigated these cases based on
a checklist of proposed new criteria, and some cases were

deemed to be diagnosed incorrectly. Therefore, the remain-
ing cases were diagnosed definitely as BAPE. It was made
clear that BAPE should be diagnosed based on these proce-
dures containing these exclusion items.

We complied a checklist for diagnosing BAPE as given in
Figure 1, and judged retrospectively the validity of the diag-
nosis depending on this checklist for the 105 cases who were
diagnosed as BAPE at the initial diagnosis. The checklist was
basically complied based on (a) the presence of occupational
asbestos exposure for confirmation of asbestos exposure, (b)
pleural effusion findings with thoracentesis and exclusion of
other diseases in the criteria defined by Epler et al” in 1982.

1. In order to confirm asbestos exposure, we inquired con-
cerning occupational asbestos exposure. In the cases with
confirmed asbestos exposure, we inquired concerning the
age at first exposure, exposure term, and job duty, and
investigated the latent period from the first exposure to
the onset of BAPE. We designated cases as questionable
exposure to asbestos where pleural plaques appeared in
radiographs without confirmation of occupational asbestos
exposure. We, therefore, excluded these cases.

2. In order to exclude other diseases that might induce pleu-
ral effusion, we checked the past history and present ill-
ness. There were 15 cases with heart disease, two cases
with kidney disease, and one case with prostate cancer.
However, none of these cases were excluded because
these diseases were assessed not to cause pleural effusion.
In the next step, we examined the pleural fluid. Since pleu-
ral fluid results from inflammatory disease with asbestos
fibers, the fluid was confirmed to be exudative based on
Light's criteria.’

3. (a) For exclusion of cases with malignant pleural effusion,
cytopathological examination of the pleural effusion as
well as assay of carcinoembryonic antigen (CEA) and hya-
luronic acid in the pleural effusion were performed. (b) To
exclude rheumatoid pleuritis, rheumatoid factors (RFs) in
the serum and effusion were examined. (¢) For exclusion
of bacterial pleuritis, a bacterial check of the pleural effu-
sion was performed and we confirmed that lymphocytes
were more than half in the leukocytes of the pleural ef-
fusion. (d) Furthermore, to exclude tuberculous pleuritis,
adenosine deaminase (ADA) was checked, and a bacte-
rial smear and culture for tuberculosis were performed in
addition to polymerase chain reaction for Mycobacterium
tuberculosis (Tbc-PCR).

4. At chest imaging, the absence of irregular pleural thick-
ening and no tumorous mass were confirmed in order to
exclude pleural mesothelioma.'”

5. To exclude the early stages for pleural mesothelioma,
macroscopic findings based on thoracoscopy and biopsy
of the parietal pleura were checked. Histopathological ex-
amination had not been performed in some of the cases,
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Checklist for diagnosis of benign asbestos pleural effusion

MM/DD/YYYY
1 Name Date of birth / / Age years
Occupational asbestos histories
OVYes [ ] [ Unknown
2 Occupational asbestos exposure Exposure term R
3 Pleural effusion O Yes [ O bloody [ others  ( )} 1 None
[ Heart disease [ Kidney D [0 Collagen D [0 Malignan« (] None
4 Past history and present illness
O Thoracic surgery within 6 months [ Others ( )
HKLight's criteria
5 Pl | effusi 1. Effusion TP/Serum TP>0.5
eural efiusion 2. Effusion LDH/Serum LDH>0.6
3. Effusion LDH>Serum LDH 2/3
Exudate OYes [ONo . O T-protein ( ) g/dL
Effi
“sien g L ( ) UL
O T-protein ( ) g/dL
S
UM O LpbH ( ) U/L
Cytological result in PE O Class I O O LC II O Negative [ None
CEA in PE less than 5.0 ng/ml [0 Yes CEA ( )ng/mL [ None
HA in PE less than 100,000 ng/ml [0 Yes HA ( Ing/mL O None
Rule out rheumatism and other collagen O Yes Effusion RF( JIU/mL, Serum RF( JIU/mL O None
disease Others ( )
ADA in PE less than 40IU/L O Yes  Effusion AD, ( )u/L [ None
Lymphocytes in PE (%) O Yes Lymphocyte ( )% O None
Bacterial examination in PE Bacteria OPositvel O— C+ Ci+ C2+ C3+ ] [0 Negative
<§ Smear O Positive O Negative
o
o
g Culture O Positive [ Negative
@
o PCR [ Positive [ Negative
6 Chest radiological examination
Malignant signs by chest CT [ None O Yes
Pleural plaques O Yes O None
[ ]
7 Thoracoscopic examination O Yes O Pleural plagues [ None
[0 Susp of malignant chages
Pleural biopsy O Yes [ O Malignant findings 7¢O None
Pathological exam
BAPE O oK O NO O Pending
o MM/DD/YYYY ]
Registration date / / Confirmer

HA : Hyaluronic acid , PE : Pleural effusion

FIGURE 1 Checklist for diagnosis of benign asbestos pleural effusion
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and no malignant tumor was confirmed in follow-up ob-
servation during a period of at least 3 months.

| RESULTS

All 105 cases suspected as BAPE at the initial diagnosis were
male and aged 60 to 96 years with the median age of 79 years
at diagnosis.

. One hundred cases (95.2%) were confirmed to have
occupational history of asbestos exposure and four cases
were suspected to have asbestos exposure with pleural
plaque imaging without definite occupational asbestos
exposure. One case was not confirmed to have occupa-
tional asbestos exposure and pleural plaques as indicated
in Figure 2.

. Differential diagnosis of pleural effusion was per-
formed according to the Diagnostic Approach to Pleural
Effusion.'! Thoracentesis was performed on all 105 cases
and 79% proved to be bloody effusion.

. Pleural fluids of 99 cases (94.3%) were proven to be
exudative. Among these, 55% satisfied all three items of
Light's criteria, 22% satisfied two items, and 17% satisfied

Total
105
Questionable Occupational history NO
< of asbestos > 1
4 YES 100
Transudate _|YES
NO 94 1 6
Malignant pleural
effusion > YES
NO 94 0
Rheumatoid pleurisy _|YES
NO 93 " 1
Tuberculous pleurisy | YES
NO 92 i 1
Pleural mesothelioma | YES
NO 87 . 5

FIGURE 2 Differential diagnosis of BAPE from other diseases

one item. Six cases (6%) that did not satisfy any item were
determined as transudative, and were excluded at this
stage.

. (a) Only one case showed more than 5 ng/mL of CEA,
and the malignant marker threshold was 6.5 ng/mL, but its
malignancy was denied. Two point four percent of cases
exhibited hyaluronic acid exceeding the 100 000 ng/mL
threshold, but did not exceed 120 000 ng/mL, and pleu-
ral mesothelioma was denied. For cytology, with regard
to Class III diagnosis, 4.9% of cases were Class III, but
they were mild (Class IIIa) and malignant tumors such as
mesothelioma were not observed during follow-up (Table
1). (b) One case with high levels of serum and effusion
RFs was later proven to be rheumatoid arthritis. This
case was diagnosed previously with rheumatoid pleuritis.
(c) One case with an ADA level in the pleural effusion
of 60.5 U/L was proven to be tuberculous pleuritis with
detection of Mycrobacterium tuberculosis (M. tb) after
2 weeks culture, despite negative results with Tbc-PCR
and interferon-y releasing assay (T-SPOT) as given in
Figure 2. (d) In regard to bacterial pleuritis, all cases pre-
sented negative in the bacterial test. The majority of cases
(97.5%) had more than 50% of lymphocytes among the
leukocytes in pleural effusion, and 3.5% increased in eo-
sinophils, but no case increased in neutrophils (Figure 2).

. For radiological examination, 97.5% of cases presented

with pleural plaques, but no pulmonary asbestosis. No tu-
morous thickening of the pleura was detected at the initial
diagnosis; however, three cases exhibited irregular pleural
thickening in 1-3 months of follow-up. Figure 3 shows
one of these three cases without positive findings in all
sites containing the left pleura except pleural effusion on
the left side with PET-CT. After 3 months, the left pleura
exhibited slight irregular thickening, and distinct narrow-
ing of the left thorax was present as shown in Figure 4. We
suspected left pleural mesothelioma and was diagnosed
definitively based on thoracoscopy as given in Figure 2.

TABLE 1 Laboratory findings in pleural effusion

CEA in PE less than 5.0 ng/mL Lymphocytes dominant in PE

YES 98.8% YES 96.5%

NO 1.2% NO 3.5%
HA in PE less than 100,000 ng/ Exclusion of RA pleuritis

mL

YES 97.6% YES 96.4%

NO 2.4% NO 3.6%
Cytology in PE ADA in PE less than 40 IU/L

Class I 30.5% YES 98.8%

Class II 64.6% NO 1.2%

Class IIT 4.9%

Abbreviations: HA, hyaluronic acid; PE, pleural effusion.
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FIGURE 3 PET-CT shows no positive lesions in the left thorax
with pleural effusion

FIGURE 4 Chest CT that was taken 6 mo after first visit shows
irregular pleural thickening in the left pleura. The left thorax becomes

smaller than the right thorax suggesting left pleural mesothelioma

6. Just after the initial diagnosis, thoracoscopy in three
cases among these five cases was performed but biopsy
results were negative. However, tumorous pleural thick-
ening appeared during the 3-month follow-up period,
and subsequent biopsy proved to be sarcomatoid pleural
mesothelioma. The other two cases complained of persis-
tent severe chest pain as a subjective symptom although
there were negative radiological findings. Pleural biopsy
with thoracoscopy was performed and these cases were

Journal of Occupational Health ¢ LEYM

proved to be the epithelioid type of pleural mesotheli-
oma. Therefore, we assessed the necessity of more than
3 months of follow-up after thoracentesis for the diagnosis
of BAPE.

Based on the exclusion criteria, we determined BAPE in-
duced by occupational asbestos exposure for 87 cases. All of
the final defined 87 cases were male and aged 60 to 93 years
with the median age of 79 years. In terms of the occupational
history, the main occupation was shipbuilder followed by
construction worker as indicated in Figure 5. The asbestos
exposure term ranged from 2 to 55 years with the median of
38 years. The latency period ranged from 18 to 73 years with
the median of 53.5 years.

4 | DISCUSSION

Pleural effusion comprises transudate occurring from im-
pairment of the flow of body fluid such as heart failure or
nephrotic syndrome, and exudate induced by local inflam-
mation extending to the pleura or by malignancies. BAPE
is visceral pleural pleuritis induced by asbestos fibers pen-
etrating the pleural cavity, and has been considered to be
an asbestos-related disease since the 1960s.' No new crite-
ria for BAPE have been determined, since Epler et al® de-
scribed criteria in 1982. In Japan in 2003, BAPE was added
to the list of asbestos-related diseases for which patients
were able to receive industrial accident compensation.
Although no new criteria were identified, compensation for
this disease was determined. Therefore, we present a new
checklist to use as a reference in diagnosing BAPE based
on a retrospective reinvestigation of the cases diagnosed as
BAPE at the initial diagnosis that screens out the misdiag-
nosed cases.

Although asbestos exposure history is a criterion reported
by Epler, we propose occupational history of asbestos expo-
sure in order to ensure asbestos exposure. For this reason,
there are no reports of BAPE induced by environmental as-
bestos exposure. Almost all cases were induced by occupa-
tional asbestos exposure. Based on the checklist, we excluded
five cases including four cases whose occupational history
of asbestos exposure was unclear from the 105 cases under
investigation. Although almost all cases (97.5%) presented
with pleural plaques, pleural plaques were considered as a
reference item only and occupational asbestos exposure was
considered more important.

By confirming the exudate as inflammatory pleural ef-
fusion using Light's criteria classification,”
transudate were excluded. Ninety-three percent to 96% of
cases meeting this criterion were reported to have exudate.
Furthermore, the cases that did not satisfy this criterion were
determined to be transudative.

six cases with
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FIGURE 5 This figure shows the
number of occupational histories for 87

0 5 10 15 20 25
Shipbuilder
Construction worker ] 13
Insulation worker I -
Chemical worker 7
Sprayer I
Electrician 14
Pipefitter 14
Sailor 13
Asbestos material worker [ 3
Iron worker 13
Arc welder 12
Casting worker 12
Transporter 12
Dismantler 12
Firebrick layer 11
Warehouse worker 11
Automotive repair 11
Locomotive engineer 11
Asbestos sprayer 11
Elevator maintenance 11
Other 12

I 23 confirmed BAPE cases. Shipbuilder and
construction workers are main components
for BAPE cases as reported for asbestos-
related lung cancer or mesothelioma cases

For differential diagnosis to exclude malignant tumors,
we considered CEA, hyaluronic acid, and cytology data.
The CEA concentration in pleural effusion was reported to
be less than 1.8 ng/mL for BAPE'? and useful in identify-
ing BAPE. However, for mesothelioma, CEA is not helpful
in distinguishing from pleural mesothelioma because almost
all pleural mesothelioma cases were within normal limits.
The majority of pleural mesothelioma cases exhibited hyal-
uronic acid concentrations of greater than 100 000 ng/mL;
however, almost all BAPE cases exhibited concentrations of
less than 100 000 ng/mL.6 Fujimoto reported that three cases
among 87 cases with BAPE exceeded the concentration of
100 000 ng/mL, but those were less than 120 000 ng/mL.’
Our results regarding hyaluronic acid in pleural effusion were
consistent with this report and we assumed that there were no
cases that suggested mesothelioma. It is relatively easy to dif-
ferentiate malignant effusion using cytological examination.
Five cases showed Class III, which was difficult to judge, and
these were Class IIla. We denied malignancies from clini-
cal course. From these results, we judged that there were no
cases with findings suggestive of a malignant tumor.

At the next step, differential diagnosis of collagen disease
such as rheumatic pleuritis was performed. There was no case
affected by these diseases based on past history and present
illness. One case presented with high RFs in serum and pleu-
ral effusion, and was examined carefully at a later date. This
was likely rheumatic pleuritis from diagnosis of rheumatoid
arthritis,13 and was excluded. In addition, to exclude bacterial
pleuritis, we performed bacterial examination and assayed
the differential count of leukocytes in the pleural effusion.

There were no abnormal cases. Although the percentage of
lymphocytes in leucocytes in the pleural effusion was greater
than 50% in most cases, three cases presented with eosino-
philia. BAPE cases with eosinophilia were reported,14 and
these results did not affect this diagnosis.

To exclude tuberculous pleuritis, which presents with
many lymphocytes in pleural effusion, we performed ADA
assay and bacterial examination. Only one case showed a con-
centration of greater than 40 U/L (60.5 U/L) of ADA. It has
been reported that cases with ADA of greater than 40 U/L are
suspected to suffer from tuberculosis.'® This case presented
negative for Tbc-PCR in effusion and serum T-SPOT tests,
but culture of pleural effusion proved M. tb positive. We de-
termined that this was tuberculous pleuritis. We excluded 13
cases due to the results so far.

Finally, it is difficult to differentiate diagnosis between
BAPE and early stage pleural mesothelioma. Kato et al'® fo-
cused on the thickening of the mediastinal pleura for one of
the features of pleural mesothelioma, but no positive cases
presented with this indicator in 92 cases examined. Although
clinical symptoms during 3 months of follow-up presented
only as pleural effusion, two cases complained of severe
chest pain and three cases exhibited irregular pleural thick-
ening and narrowing of the affected thorax. In three cases
among them pleural biopsy was performed under thora-
coscopy. Visual change in the tumors was not observed in
these cases, and they were diagnosed with fibrinous pleuritis
based on biopsy. However, after manifestation of irregular
pleural thickening, the second pleural biopsy indicated pleu-
ral mesothelioma. The reason for this discrepancy was that
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the biopsied sites were thought not to be suitable for defi-
nite diagnosis. Two other cases had no positive radiological
abnormality but indicated persistent chest pain. We again
performed thoracoscopic biopsy and made a definite diagno-
sis of epithelioid mesothelioma. The diagnosis of these five
cases changed during the 3 months of follow-up, and we as-
sessed the necessity for a 3-month of follow-up observation
period after administering a pleural effusion test.

From the report by Metintas et al,'® in the 287 cases that un-
derwent thoracoscopy, 101 cases diagnosed with fibrinous pleu-
ritis by biopsy were examined more closely, and the rate of false
negatives was 18%. All of these cases presented as malignant
pleural diseases. Of the 142 cases exhibiting exudate as pleural
effusion, 30% to 40% could not be diagnosed based on histo-
pathological data using thoracoscopy. Of that group 8% to 12%
were found to have malignant pleural lesions and almost all cases
were diagnosed with pleural mesothelioma. The other 25% to
91% were classified as non-specific pleuritis and were treated as
idiopathic pleuritis. If a definite diagnosis is reported to be de-
termined, greater accuracy using invasive biopsy is required.17
For determining BAPE as a diagnosis by exclusion, we consider
that a 3-month follow-up period is necessary. Nevertheless, a
part of pleuritis in which definite diagnosis is not determined
after thoracoscopic biopsy is thought to be grouped as BAPE.
Using these criteria, we diagnosed 87 cases as BAPE.

Thus, when BAPE was diagnosed with (a) a history of
occupational asbestos exposure and (b) the presence of ex-
udate based on a pleural effusion test as the required main
items; and (c) negative results of CEA and hyaluronic acid
in pleural effusion, and cytology of pleural effusion for ex-
clusion of malignancy; (d) exclusion of rheumatic, bacterial
and tuberculous pleuritis; (e) exclusion of malignancy using
radiological images; and (f) exclusion of histopathological
malignancy using thoracoscopy (when thoracoscopy was not
performed, no malignant tumor was confirmed in follow-up
observation during at least 3 months) as required sub-items,
BAPE could be determined with a more than 95% if cytology
was class Ill. If some of these six sub-items are no, we should
carefully make a differential diagnosis.

The age of BAPE onset induced by asbestos exposure
has pointed out the relationship to the volume of asbestos to
which the patient was exposed. The number of incidences
increases and latency becomes short, if the exposure volume
of asbestos increases.'® The median age of BAPE onset was
66 years at our previous report,8 but increased to 79 years at
this report. Similar to previous reports, the history of occu-
pational asbestos exposure is approximately the same such
as No. 1 is shipbuilder and No. 2 is construction worker
as shown in Figure 5, and asbestos exposure in these types
of work was classified as moderate. The median exposure
term was 38 years and the latency from the first exposure
was 53.5 years, which was longer than that shown by pre-
vious data.>®!> As a reason for this, considered together

Journal of Occupational Health ¢ LEYM

with many cases of advanced-age patients, it was suggested
that the exposure dose was low when they worked with as-
bestos exposure. Workers were likely affected with BAPE
after a long latency period with a low dose of past asbestos
exposure.

On the other hand, five cases among those diagnosed as
BAPE at the initial diagnosis were determined as pleural
mesothelioma in their clinical course. The term of clinical
observation was between 1 and 3 months. The reason why
we did not confirm pleural mesothelioma was not that pleu-
ral mesothelioma changed from BAPE, but that we failed
to make a definite diagnosis of pleural mesothelioma at the
initial diagnosis due to the presence of only pleural effu-
sion without malignant findings such as tumorous pleural
thickening by chest CT and that definite diagnosis could be
performed during the progression of the disease. Although
we observed parietal pleura in three of the five cases using
thoracoscopy and performed a pleural biopsy under thora-
coscopy at the initial diagnosis, we failed to reach a definite
diagnosis.

If we do not detect malignant findings that suggest meso-
thelioma based on chest CT, we should pursue more precise
observation through thoracoscopy and perform a biopsy at
the proper site. In particular, in cases presenting with per-
sistent chest pain, we need to consider early stage pleural
mesothelioma based on Positron Emission Tomography-
Computed Tomography (PET-CT) scanning and perform bi-
opsy at suitable sites for final diagnosis.

As mentioned above, we are convinced that the presented
criteria such as occupational asbestos exposure, exudative
pleural effusion, tumor marker in pleural effusion, bacterial test
results, radiological findings and histopathological findings are
suitable for diagnosing BAPE, and it is valid that cases that
satisfied these criteria during the 3 months of follow-up be di-
agnosed as BAPE.
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