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Introduction

Benign asbestos pleural effusion (BAPE) is a type of 
asbestos related lung disease (ARLD). It is a rare non-
malignant pleural disease first described in 1964 (1). It is a 

frequent manifestation of asbestos exposure in the pleura. 
In China, asbestos exposure was generally high, although 
it has decreased over the last few decades (2). We are now 
experiencing an epidemic of ARLD that is the legacy of 
occupational exposure of the last few decades. The reported 
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prevalence of BAPE is not clear, however it has likely 
increased over time (3,4).

In 1982, Epler et al. (4). advocated diagnostic criteria 
for BAPE. Later, Hillerdal and Ozesmi (5) described some 
additions and modifications to these criteria. According to 
the criteria, an asbestos exposure history is critical for the 
diagnosis, however the interval between initial exposure and 
the disease varies greatly from between 5.5 up to 28 years  
(6,7). The clinical characteristics of BAPE are always 
based on case reports or case series and seem to be non-
pathognomonic. Typically, patients with BAPE have no 
symptoms, while symptomatic patients may develop acute 
inflammatory pleuritis with chest pain, fever, and bloody 
pleural fluid (PF). Although an increasing number of cases 
have been reported recently, few prospective studies are 
available (6,8,9). Therefore, the diagnostic approach for 
BAPE is challenging and remains unclear to physicians. 
Delayed diagnosis or misdiagnosis may lead to significant 
morbidity and potential mortality (8,9).

To better characterize BAPE and outline its diagnostic 
processes, the comprehensive clinical data of 11 consecutive 
patients with BAPE was collected and analysed in the 
prospective study. Importantly, a multidisciplinary practical 
diagnostic approach for BAPE was introduced.

Methods

Patients

Four hundred and 82 consecutive patients who were treated 
at Guangzhou Institute of Respiratory Health, the First 
Affiliated Hospital of Guangzhou Medical University 
between January 2013 and January 2018 were scanned using 
high-resolution chest CT and had PF, but those without 
asbestos exposure were excluded from this study. Twenty-
one suspected cases with BAPE were identified but only 
11 had complete clinical information. Therefore, a total 
of 11 patients were included in the study. The inclusion 
criteria (4,5) for enrolment of the patients were as follows: 
(I) asbestos exposure; (II) exudative effusion; (III) PF 
confirmed by chest CT with or without other ARLD [pleural 
plaques, diffuse pleural thickening (DPT)]; and (IV) at least 
2-year follow-up assessments. Other pleural diseases such 
as lung cancer, malignant pleural mesothelioma (MPM), 
and tuberculous pleuritis were excluded after pleural biopsy, 
pleuroscopy, cytological analysis and laboratory testing. 
The study was approved by the institutional  Review  Board 
of the First Affiliated Hospital of Guangzhou Medical 

University. Informed consent was obtained from all 
participants. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Exclusive diagnosis

BAPE is diagnosed by exclusion. Prior to further laboratory 
testing and imaging examination for BAPE, it is necessary to 
review the patient’s asbestos exposure, medical and surgical 
history to identify the potential causes. The common 
aetiology of PF including malignant pleural effusion (MPE), 
tubercular pleural effusion (TPE), parapneumonic pleural 
effusion (PPE) and pleural parasitic infestation (PPI) (10) 
were excluded by laboratory tests (11).

Pleural biopsy and thoracentesis procedure

Pleural samples were acquired by combined ultrasound-
guided cutting needle biopsy and standard pleural  
biopsy (11). Thoracentesis was performed by trained chest 
physicians using the standard technique. The procedure 
was suspended if spontaneous cessation of fluid drainage 
occurred or if the patient feel discomfort with exacerbation 
of symptoms or vagal manifestations.

Laboratory testing

Biochemical analysis, bacterial, fungal and mycobacterial 
culture, gram staining, and cytological examinations were 
performed for all PF samples using standard methods.

Multidisciplinary team (MDT) members and approach for 
BAPE diagnosis

MDT members included physicians, thoracic radiologists, 
and pathologists. They discussed a suspected BAPE case 
from their specialty perspectives. At least 2-year follow-up 
was conducted if nonspecific treatment was taken. 

Data analysis

The complete clinical information of 11 patients with BAPE 
were prospectively collected and analysed. This included 
symptoms, asbestos exposure history, laboratory findings, 
diagnostic process and follow-up. Continuous variables 
were presented as median and range, and qualitative 
variables as numbers and percentages.
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Results

Characteristics of patients with BAPE

MDT members and their roles in the diagnosis of BAPE 

are listed in Table 1. In total, the complete clinical data sets 
of 11 patients with BAPE were collected and analysed. 
The clinical characteristics of the 11 patients with BAPE 
are summarized in Table 2. The patients were all men with 

Table 1 MDT members and their roles in the diagnosis of BAPE

Specialist Roles

Respiratory physicians Collection of clinical data of patients, thoracentesis, follow-up; communicate findings with MDT

Pathologist Pathological analysis for biopsy specimens and provision of pathological diagnosis

Thoracic radiologist Radiological findings interpretation

MDT, multidisciplinary team; BAPE, benign asbestos pleural effusion.

Table 2 Demographic and clinical characteristics of 11 patients with BAPE

No.
Age (y)/

sex
Smoking 
history

Chief complaint 
(duration)

Asbestos 
exposure

Misdiagnosis
Side of 

PE
Chest CT findings

Pathology of 
pleura biopsy

Follow-
up (mth)

1 53/M Y Asymptomatic Paper mill,  
15 y/20 ya

PPE Right PE, calcified, DPT Lymphocytic 
infiltration

25

2 56/M Y Cough and 
excessive 

sputum (2 w)

Copper wire 
plant, 15 y/26 y

PPE Left PE, pleural 
plaques, DPT, 
consolidation

Eosinophilic 
infiltration

29

3 51/M Y Progressive 
shortness of 
breath (2 y)

Chemical plant, 
20 y/10 y

TPE Bilateral PE, DPT, rounded 
atelectasis, 

consolidation

Lymphocytic 
infiltration

34

4 67/M N Asymptomatic Construction,  
30 y/10 y

TPE Left PE, calcified, DPT, 
pleural plaques

Noncaseating 
granulomas

24

5 66/M Y Asymptomatic Steel production, 
12 y/30 y

TPE Right PE, DPT, rounded 
atelectasis

Lymphocytes 
infiltration

38

6 77/M N Cough, shortness 
of breath (1 mth)

Construction,  
30 y/25 y

MPE Left PE, DPT, 
consolidation

Eosinophilic 
infiltration

36

7 61/M Y Shortness of 
breath (1 y)

Plumbing,  
23 y/8 y

TPE Right PE, DPT Eosinophilic 
infiltration

31

8 58/M Y Fever, shortness 
of breath (1 mth)

Construction,  
30 y/12 y

PPE Bilateral PE, DPT, rounded 
atelectasis, 
asbestosis

Lymphocytic 
infiltration

48

9 70/M Y Shortness of 
breath (1.5 y)

Petrochemical 
work, 24 y/20 y

TPE Right PE, calcified Eosinophilic & 
lymphocytic 
infiltration

28

10 52/M N Asymptomatic Electrical work, 
28 y/10 y

PPE Left PE, rounded 
atelectasis, 

consolidation

Granulocytic 
& lymphocytic 

infiltration

30

11 69/M Y Asymptomatic Glasswork,  
36 y/9 y

TPE Right PE, calcified, DPT Eosinophilic 
infiltration

28

a, duration of exposure/latency period. BAPE, benign asbestos pleural effusion; M, male; Y, yes; N, no; PPE, parapneumonic pleural 
effusion; PE, pleural effusion; DPT, diffuse pleural thickening; w, weeks; y, years; TPE, tubercular pleural effusion; mth, months; MPE, 
malignant pleural effusion.
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a median age of 61.8 years (range, 51–77 years). All the 
patients had a history of asbestos exposure and the median 
exposure duration was 24 years (range, 12–36 years). Among 
the patients, 8 (72.7%) had a smoking history. Unilateral 
effusions were found in 9 (81.8%) and bilateral effusions 
were detected in the remaining of the patients (18.2%). 
Six patients had respiratory symptoms including shortness 
of breath (n=4), cough (n=2), fever (n=1) and excessive 
sputum (n=1). The duration of these symptoms ranged 
from 2 weeks to more than 2 years. However, the other 
5 patients (5/11, 45.5%) were asymptomatic. Pulmonary 
physical examination revealed remarkably decreased breath 
sounds with dullness to percussion on the lateral or bilateral 
chests, without significantly positive signs. Six patients with 
BAPE were initially misdiagnosed as TPE. The diagnoses 
of 4 patients was similar to PPE and another patient was 
considered as having MPE.

Laboratory tests for peripheral blood cell (PBC) and 
serological examination

All patients had PBC analysis and serological examinations. 
Leucocytosis of peripheral blood (>10×109/L) was observed 
in 3 cases (cases 2, 7 and 11), and eosinophilia (>0.5×109/L)  
was not seen in these patients. No specific findings were 
observed in the serological examination, including liver 

function, thyroid function, interferon-γ release assays 
(IGRAs) and brain natriuretic peptide (BNP). No detected 
indication of connective tissue disease, such as antinuclear 
antibody, rheumatoid factor antibody, proteinase 3, 
myeloperoxidase and anticyclic citrullinated peptide 
antibody, were found. Carcinoembryonic antigen (CEA) was 
negative. Sputum smears and cultures for fungi, acid-fast 
bacilli and other bacteria were also negative. In addition, 
the test for parasite-specific IgG antibody was negative, and 
parasite eggs in the stool were not found in any of the stool 
samples. The results of the serological examination are 
summarized in Table 3.

Chest CT scans were performed on all patients. PF was 
found in all patients, in addition, pleural plaques, DPT, 
asbestosis, and round atelectasis were found in cases 5, 2, 
1, and 1, respectively (Table 2). CT images of typical cases 
(cases 1 and 3) of BAPE prior to thoracentesis are shown in 
Figure 1.

Invasive work-up

After routine tests for serological examination and 
chest CT scan, a thoracentesis and pleura biopsy were 
performed. PFs were collected for further analysis in all 
patients. Five patients had intrapulmonary involvement 
and intrapulmonary lesions presented as consolidation. 

Table 3 Blood examinations of 11 patients with BAPE

No.
WBC 

(×109/L)
Neutrophil 

(%)
PCT  

(ng/mL)
CEA  

(ng/mL)
LDH  
(U/L)

BNP  
(pg/mL)

ANA  
(U/mL)

PR3  
(U/mL)

MPO  
(U/mL)

ESR 
(mm/h)

IGRAs
G-test 

(pg/mL)

1 7.33 72.2 0.05 4.86 350 120 4.45 3.27 2.35 100 N 56

2 11.0 69.5 0.04 1.82 179 57.43 4.66 3.87 4.80 85 N 87

3 9.8 65.0 0.10 2.67 256 348.50 4.12 1.47 2.29 67 N 39

4 4.9 58.6 0.23 4.38 246 20.41 3.68 2.54 4.54 56 N 57

5 8.5 71 0.11 5.17 282 341.56 10.57 2.95 3.69 96 N 86

6 8.78 63 0.02 4.23 201 320.32 8.50 2.43 4.32 47 N 12

7 11.3 64 0.03 5.10 243 353.45 4.48 3.56 5.46 76 N 53

8 4.56 53 0.02 3.56 213 387.23 4.56 5.45 1.67 99 N 115

9 8.6 42 0.01 5.56 289 223.2 5.32 3.43 1.87 59 N 131

10 8.9 74 0.05 4.89 212 312.67 5.3 5.23 3.51 34 N 28

11 10.38 84 0.21 3.56 186 335 4.22 2.24 2.43 65 N 68

BAPE, benign asbestos pleural effusion; WBC, white blood cell; PCT, procalcitonin; CEA, carcinoembryonic antigen; LDH, lactate 
dehydrogenase; BNP, brain natriuretic peptide; ANA, antinuclear antibodies; PR3, proteinase 3; MPO, myeloperoxidase; IGRAs, 
interferon-γ release assays; N, negative.
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Bronchoscopy and transbronchial lung biopsy (TBLB) were 
performed in these patients, and there was no evidence of 
tuberculosis or malignancy.

Pleural parameters in PF

Bloody effusion was found in one patient and eosinophilic 
pleural effusion (EPE) was confirmed in this patient; 
there were 11% of eosinophils in the PF (case 1). The 
median concentrations of lactate dehydrogenase (LDH), 
adenosine deaminase (ADA), proteins and CEA in the 
PF were 221.4 U/L (range, 189.8–11,325 U/L), 21 U/L 
(rang, 14–247 U/L), 48.3 g/dL (range, 35.2–53.2 g/dL) and  
3.46 mg/mL (range, 0.84–4.54 mg/mL), respectively 
(Table 4). PF TB-DNA, acid-fast bacilli smears and pleural 
effusion culture for fungi or bacteria were negative. The 
pleural biopsy specimens indicated fibrosis of the pleura, 
mesothelial cells, and lymphocytes (Figure 1). Asbestos 

bodies (ABs) and asbestos fibers were not found, and there 
was no evidence of tuberculosis or malignancy.

Moreover, positron emission tomography/computed 
tomography (PET/CT) was used to exclude the diagnosis 
of MPE (case 6).

Non-specific but symptomatic treatment after the initial 
diagnosis of BAPE

The MDT discussed with the suspected BAPE, non-
specific but symptomatic treatment was performed with 
strict follow-up after the initial diagnosis of BAPE. Physical 
examination with chest radiography, ultrasound and/or CT 
were conducted during the follow-up. The follow-up was 
≥24 months (mean 31.9 months, range, 24–48 months). All 
patients were in stable condition during the follow-up and 
did not receive any additional therapy. One patient showed 
regression of the PF. Figure 1 showed the follow-up chest 

Figure 1 Imaging and histological findings of two patients with BAPE. (A) Chest CT of case 1 showed PF (left), DPT, consolidation and 
pleural plaques (right). (B,D) Pleura biopsy specimens from case 1 and case 3 showed fibrosis of the pleura, mesothelial cells, lymphocyte 
(HE staining, ×200). (C) Chest CT of case 3 displayed PF (left), DPT, rounded atelectasis and consolidation (right). DPT, diffuse pleural 
thickening; PF, pleural fluid.
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CT of one of the patients (case 3).

MDT approach to diagnosing BAPE 

Multidisciplinary discussion involves several disciplines 
including respiratory specialties, pathology and radiology. 
Each of MDT members expressed his/her own opinions, 
and disputes were discussed until a consensus was reached. 
Their collaborative work culminated into the final diagnosis 
of a patient. A practical diagnostic approach for BAPE was 
developed and is shown in Figure 2.

Discussion

Data regarding BAPE comes primarily from a few case 
reports and a small series of patients (6,8,9). Early in 1996, 
Ferrer et al. (9). reported on 15 patients with BAPE in 
Spain. In 2015, Fujimoto et al. (6). retrospectively analysed 
the clinical features of BAPE in patients in Japan. Kato 
et al. (12). evaluated the pleural irregularities and pleural 
involvement of BAPE compared to MPM. However, no 
satisfactory diagnostic approach has been proposed and the 
diagnosis of BAPE remains a problem in contemporary 
clinical practice. In the current study, an MDT approach for 
the diagnosis of BAPE was introduced after summarizing 
the clinical features and laboratory data of 11 cases of BAPE 
patients.

We attempted to describe the clinical features of BAPE 
in 11 cases that were prospectively collected. An asbestos 
exposure history is one of the important diagnostic criteria 
for BAPE (4,5). However, the relationship with the type of 
occupation and the median latency period between asbestos 
exposure and BAPE development varied greatly. In a clinical 
investigation, Fujimoto et al. (6). found that in cases of 
shipbuilding (25/108), construction (20/108) and chemical 
facility (10/108) workers BAPE accounted for more than 
half of the cases. In previous studies (6,7,13), the interval 
between exposure and presentation of BAPE varied from  
5 years to more than 30 years. In the present study, all 
patients had a remarkable occupation exposure history. 
Construction was the most common occupational 
exposure (3/11), the median duration was 24 years (range, 
12–36 years) and the interval between exposure and the 
presentation of BAPE was 12 years (range, 8–30 years). 
The insidious onset of dyspnoea is the most common 
respiratory symptom associated with BAPE, typically 
beginning with exertional dyspnoea (14). Asymptomatic 
patients were more frequently (5/11, 45.5%) observed in 
our study than in previous reports (35/110, 31.8%) (6). 
Acute symptoms (such as fever) were also found in our study 
(case 8), and leucocytosis (>10×109/L) was also observed 
in 3 cases (cases 2, 7 and 11). Without careful assessment, 
these patients were easy to be diagnosed as PPE. Most 
patients had bilateral PF; however, some had only unilateral 

Table 4 Pleura effusion characteristics of 11 patients with BAPE

No. Eos (%) CEA (ng/mL) ADA (U/L) LDH (U/L)
Proteins  
(g/dL)

BNP (pg/mL) TB-DNA AFB smears
Culture of 
effusion

1 11 0.84 247 11,325 51.8 22.93 N N N

2 2 4.54 21 338 50.6 48.2 N N N

3 2.5 3.46 14 209 49.7 35.24 N N N

4 5 3.08 43.0 421.9 48.3 394.60 N N N

5 4.3 2.03 13.8 189.8 35.5 193.35 N N N

6 2 1.58 16.7 225.0 53.2 187.56 N N N

7 8 3.67 21.8 489.4 49.8 438.2 N N N

8 5.2 4.21 24.5 204.2 45.6 412.5 N N N

9 8.2 4.34 20.4 214.4 42.2 331.1 N N N

10 8.9 2.7 18 221.4 35.2 143.1 N N N

11 2.4 3.48 29.9 204.5 35.8 221.8 N N N

BAEPE, benign asbestos pleural effusion; Eos, eosinophils; CEA, carcinoembryonic antigen; ADA, adenosine deaminase; LDH, lactate 
dehydrogenase; BNP, brain natriuretic peptide; N, negative; TB-DNA, tuberculosis DNA; AFB, Acid-fast bacilli.



4344 Luo et al. MDT for diagnosis of BAPE

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2020;12(8):4338-4346 | http://dx.doi.org/10.21037/jtd-20-1119

effusion (5). However, in our study, unilateral effusions 
were seen in 9 patients (81.8%) and bilateral effusion was 
seen in the remaining patients (18.2%). Because of the 
lack of awareness, non-specific clinical characteristics and 
laboratory tests, most patients were initially misdiagnosed.

Current investigations on pleural effusions emphasize 
the use of a diagnostic algorithm or recommend the use of a 
stepwise approach (15,16). Thoracocentesis was performed 
to ascertain the nature of the PF and differentiate it from 
other conditions. Pleural effusions in the 11 patients 
were exudative according to Light’s criteria. Pleural 
effusions secondary to BAPE always can be presented 
as a hemorrhagic, lymphocytic exudate, with occasional 
eosinophilic fluid (5). The pleural effusion parameters 

were seen to be non-specific and extremely variable. The 
concentration of CEA in PF is a representative tumor 
marker and it plays a role in MPE differentiation. It is 
often positive in highly suspicious cases of MPE, although 
a normal level of CEA can also be found in malignant 
conditions (17). In this study, CEA in the serum and PF 
were observed at normal levels (<5 mg/mL). Other PF 
parameters, such as ADA and LDH, had rarely been 
evaluated in previous studies (5,6). In our study, the median 
level of fluid LDH ranged from 189.8 to 11,325 U/L. 
Therefore, prospective studies with a larger number of 
patients are required to investigate the actual diagnostic 
value of specific PF parameters. 

When there is clinical suspicion of BAPE, obtaining a 

MDT approach to BAPE diagnosis

Clinical examination & CXR or chest CT

Thoracentesis and pleural biopsy

MDT discussion by respiratory
physicians, radiologist and pathologist

Respiratory symptoms & PE or
pleural involvement

Exposure Exudate

BAPE

PE with other 
ARLD

Fibrosis, mesothelial
cells, etc

Initial diagnosis of BAPE

MPE, TPE or other
confirmed diagnosis

≥2 years of follow-up

CEA, ADAect.
or biopsy

Figure 2 A practical diagnostic approach to BAPE diagnosis. The rectangle boxes state the examination or test procedures. The oval boxes 
state the results at upstream examination or test procedures. MDT, multidisciplinary team; BAPE, benign asbestos pleural effusion; CXR, 
chest X-ray; PF, pleural fluid; ARLD, asbestos related lung disease; CEA, carcinoembryonic antigen; MPE, malignant pleural effusion; TPE, 
tubercular pleural effusion.
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pleura biopsy specimen is mandatory. Either thoracoscopy 
or closed percutaneous pleural biopsy are acceptable 
and safe methods (14). However, in some cases, for the 
symphysis of the parietal and visceral pleura, attempting a 
thoracoscopy may fail. In this study, pleural samples were 
collected using a combined ultrasound-guided cutting 
needle biopsy and a standard pleural biopsy, without 
thoracoscopic assessment. Sufficient pleura biopsies were 
obtained. The sensitivity and accuracy reached up to 
88.6% and 93.8%, respectively (12), which were close to 
thoracoscopy examinations (11). Contrary to what might 
be expected, ABs or asbestos fibres are not usually found 
in the pleura, whilst they can be deposited in the lungs and 
sputum. Fibrosis of the pleura was considered to be the 
indirect pleural effects from the pulmonary asbestos fibres 
in the case reports (18). 

The diagnosis of BAPE is based on an asbestos exposure 
history, exudative effusion and an exclusion of other causes 
of the effusion. Because of its’ obscure exposure history, 
nonspecific clinical characteristics and PF, the definite 
diagnosis of BAFE has significant challenges. The diagnostic 
approach is rarely discussed; therefore a multidisciplinary 
assessment of its diagnosis is a valid approach. Here, we 
highlight the value of MDT discussion of the diagnosis of 
BAPE. 

In our present study, the clinicians collected clinical 
data when BAPE was suspected, an MDT approach was 
performed in the identified patients. The radiologists focus 
on other characteristics of benign asbestos pleural disease 
(pleural plaques, DPT and/or rounded atelectasis) excepting 
PF. When the physicians suspected BAPE. The presence of 
other radiologic characteristics of benign asbestos pleural 
disease assists in distinguishing BAPE from other idiopathic 
effusions. Some patients in our series combined with 
pleural plaques, and/or DPT, rounded atelectasis. When 
excessive pleural fibrosis was discovered in pleural specimens 
by a pathologist, a wide of other conditions (e.g., after 
tuberculous pleuritis, empyema, hemothorax, or irradiation) 
required exclusion. This was accomplished by discussing 
the clinical characteristics with all clinicians. After careful 
exclusion of alternative aetiologies, an optimized diagnosis 
was made to avoid unnecessary testing (e.g., internal 
thoracoscopy) and optimise patient management. The MDT 
approach for BAPE seemed to be practical in our study and 
the 11 patients were diagnosed after follow-up for ≥2 years. 

This study had limitations. Because this was a single-
center experience with a small number of patients, the 
characteristics BAPE were not fully addressed. A large, 

multicenter, prospective study is required to validate our 
findings.

In conclusion, in patients with unexplained PF, a high 
level of suspicion for BAPE should be considered, especially 
when combined with pleural plaques, DPT, and rounded 
atelectasis. The MDT-based diagnostic approach may allow 
clinicians to avoid the limitations of individual diagnosis 
and manage patients with a high degree of confidence.
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