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Characteristics of pleural effusion due 
to amyloidosis
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José M. Álvarez-Dobaño2,3, María Elena Toubes2, Adriana Lama2,  
Nuria Rodríguez-Núñez2, Jorge Ricoy2, Carlos Rábade2, Tamara Lourido1,  
Luis Valdés2,3

Abstract:
The characteristics of patients with pleural amyloidosis (PA) are poorly known. A systematic review was 
performed of studies reporting clinical findings, pleural fluid (PF) characteristics, and the most effective 
treatment of PA. Case descriptions and retrospective studies were included. The review included 95 
studies with a total sample of 196 patients. The mean age was 63 years, male/female ratio was 1.6:1, 
and 91.9% of patients were >50 years. The most common symptom was dyspnea (88 patients). PF 
was generally serious (63%), predominantly lymphocytic, and with the biochemical characteristics 
of transudates (43.4%) or exudates (42.6%). Pleural effusion was generally bilateral (55%) and <1/3 
of the hemithorax (50%), although in 21% pleural effusion (PE) exceeded 2/3. Pleural biopsy was 
performed in 67 patients (yield: 83.6%; 56/67) and was positive in 54% of exudates and 62.5% of 
unilateral effusions. Of the 251 treatments prescribed, only 31 were effective (12.4%). The combination 
of chemotherapy and corticosteroids was effective in 29.6% of cases, whereas talc pleurodesis was 
effective in 21.4% and indwelling pleural catheter in 75% of patients (only four patients). PA is more 
frequent in adults from 50 years of age. PF is usually bilateral, serous, and indistinctly a transudate 
or exudate. A pleural biopsy can aid in diagnosis if effusion is unilateral or an exudate. Treatments 
are rarely effective and there may be definitive therapeutic options for PE in these patients.
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Amyloidosis  is  a  heterogeneous 
group of diseases in which normally 

soluble plasma proteins are deposited in 
the extracellular space in an abnormal 
insoluble fibrillar form.[1,2] The deposition 
of these proteins may disrupt the function 
of the organs affected. The most frequent 
forms of amyloidosis include the deposit 
of an abnormal protein  (i.e. hereditary 
amyloidosis, systemic acquired light chain 
amyloidosis [amyloid light chain (AL)]); excess 
deposition of a normal protein (i.e. reactive 
s y s t e m i c  a m y l o i d o s i s   [ A A ] , 
hemodialysis‑related beta‑2 microglobulin 
amyloidosis), whereas some have an unknown 

etiology (i.e., transthyretin amyloidosis in its 
normal form  [wild type], also known as 
senile amyloidosis, or amyloidosis related 
to atrial natriuretic peptide).[2] The type of 
amyloid protein that builds up (around 30 
have been described)[3] provides information 
about the organ affected and natural course 
of the disease and provides guidance about 
the therapeutic options available.

Primary systemic amyloidosis has a low 
incidence. In a review conducted between 
1950 and 1989, the general incidence 
adjusted for sex and age ranged between 
6.1  (1950–1969) and 10.5  (1970–1989) 
cases/million people/year.[4] Estimating 
the prevalence of pleural effusion  (PE) 
in patients with systemic amyloidosis is 
challenging. In a series of 636 patients with 
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amyloidosis followed up for 7 years, 6% exhibited large 
persistent PE, whereas PE was mild in 10%–15% of 
patients.[5] In contrast, in a study performed over 88 years 
involving 223 autopsies of patients with amyloidosis, 
no cases of pleural involvement were documented.[6] In 
the 1977–2004 period, a total of 23 cases of amyloidosis 
complicated with PE were reported in the scientific 
literature in English, of which 21  patients presented 
pleural amyloid infiltration.[5]

The aim of this systematic review was to document the 
clinical, radiological, and pleural fluid (PF) characteristics 
of patients with systemic amyloidosis complicated with 
PE, and evaluate the most effective approach to recurrent 
symptomatic PE.

Methods

A systematic review methodology based on the principles 
of the PRISMA study[7] was used. As we did not find a 
series large enough within the scope of this study, all the 
cases described in the literature were included.

Selection criteria
Inclusion criteria were all cases of amyloidosis and 
PE (pleural amyloidosis [PA]) of any age, irrespectively 
of the type of publication, except for abstracts of 
communications presented in conferences and editorials, 
reviews, or letters to the editor that did not report a new 
case.

Sources of information
Several public databases were searched by year of 
publication. Full‑text articles in English, Spanish, French, 
Italian, or Portuguese were reviewed. A literature search 
was performed on the following online databases: 
Medline (through Pubmed interface), Embase, Scopus, 
and Web of Science. The literature search was carried out 
between January 1 and September 15, 2021. The following 
search terms were used following adaptation to each 
database: “amyloidosis” AND “PE.” In addition to the 
electronic databases consulted, a manual search was 
performed of the reference lists of the articles included.

Data collection process
Data  f rom se lec ted  s tudies  were  extrac ted 
electronically  (Microsoft Excel 2016, Microsoft Corp, 
USA). The information collected included: authors, 
year of publication, number of cases in the series, age, 
gender, type of amyloidosis, cough, dyspnea, chest pain, 
laterality and size of PE, recurrence of PE, appearance 
of PF, description of whether it is a transudate/exudate, 
number of red blood cells and leukocytes/mm3, 
lymphocyte percent count, segmented and mononuclear 
cells, total protein and lactate dehydrogenase  (LDH) 
ratio in PF/blood (S), LDH in PF, triglycerides, pleural 

biopsy results  (and type of biopsy used to establish a 
diagnosis), treatments received and patient’s response, 
complications, and final outcomes.

Methodological quality of individual studies
Since only one or a few cases were reported in the 
articles reviewed, their quality was not evaluated in 
relation to study type, internal validity, generalizability, 
heterogeneity, and precision.

Outcomes of interest
The measures of interest included the demographic 
characteristics of patients, clinical symptoms, associated 
diseases, biochemical behavior of PF, patient’s response 
to the different treatments established, and final clinical 
outcomes.

Statistical analysis
Due to the wide heterogeneity and descriptive nature of 
the studies, a simple descriptive analysis  (proportion, 
median, and range) of each outcome of interest was 
performed.

Results

A total of 95 articles published over a period of 
63 years were included, representing a final sample of 
196 patients with PA. Figure 1 shows the flow chart of 
the article selection process.[8‑102]

Clinical and demographic characteristics
Table  1 provides a description of the clinical and 
demographic characteristics of the 196 patients included 
in the study. Figure  2 presents the age distribution. 
The mean age was 63 years (range, 16–92), though this 

Electronic database and manual search (n = 849)

Excluded (n = 593)
• Duplicated 342
• Abstract 151
• Not language 90
• Editorial 1
• Patents 7
• Retracted 1
• Note 1

Abstract screening and search (n = 256)

Excluded (n = 121)
• Not criteria (n = 114)
• Not language 7

Full-text screening and search (n = 135)

Excluded (n = 40)
• Not criteria (n = 40)

Reports for synthesis (n = 95)

Figure 1: PRISMA flowchart of evidence synthesis
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information was only available for 148 patients (75.5%). 
Although PA was identified in some patients in the 
second decade of life, it was more frequent in patients of 
advanced age (91.9% [136/148] were older than 50 years). 
The majority of patients were male  (87/142; 61.2%). 
The most frequent respiratory symptoms included 
dyspnea  (88  patients), chest pain, and cough  (20 
each) [Table 1]. There are limited data for the 54 patients 
of the Binder series,[95] since this group was extracted 
from a larger series that also included cases of pericardial 
effusion.

Diagnosis
Only nine cases[10,30,35,77,78,82,83,90,94] (4.6%) met the diagnostic 
criteria for primary amyloidosis (plasma cell proliferation, 
organ damage related to amyloidosis, positive 
Congo Red amyloid staining in some tissue, 

and evidence of amyloid light chain on electron 
microscopy).[10] Pleural biopsy was performed in 67 patient 
[(28 by closed pleural biopsy[18,30,33,34,38,39,41,42,45,47,49,55,60,61,88] 
a n d  3 0  b y  p l e u r o s c o p y  ( m e d i c a l  o r 
surgical)[8‑10,20,29,30,37,41,51,55,62,65,72,73,75,76,78,79,81,83,84,87,88,90,92,93,97,99], 
in 9  cases the type of biopsy was not detailed.
[14,22‑24,67,70,74,96,98]] Amyloid PE was confirmed in 56 patient 
[21 by closed pleural biopsy[18,30,33,34,42,45,47,49,60,61] and  29 by 
pleuroscopy;[8‑10,20,29,30,37,41,51,55,62,65,72,73,75,76,78,79,81,83,87,88,90,92,93,97,99] 
t h e  t y p e  o f  b i o p s y  w a s  n o t  a v a i l a b l e  i n 
6 cases (12%).[22‑24,58,91,96]] The diagnostic performance of 
closed pleural biopsy and pleuroscopy was 75% (21/28) 
and 96.7%  (29/30), respectively. Table  2 shows the 
etiology of all cases of amyloidosis complicated with 
PE, number of patients with pleural involvement, and 
the type of diagnostic biopsy employed.

The most frequent forms of amyloidosis were 
primary systemic amyloidosis  (138; 70.4%), senile 
amyloidosis  (32; 16.3%), and reactive systemic 
amyloidosis  (16; 8.2%). Amyloidosis secondary to 
hemodialysis[55] and hereditary amyloidosis[8] were 
considered separately. In 7  cases  (3.6%) the type of 
amyloidosis was not mentioned.[15,17,75,86,87]

Pleural effusion
PE was bilateral in 59/107 patients (55%), right sided in 36 
(34%)[8,9,11,14,17,20,22,27,29,32‑34,37,41‑43,45,48,51,55,56,65,67,76,79,83,86,88,91,94,99,101] 
and left sided in 12 (11%).[13,23,24,30,35,38,46,60,69,81,97] PE was not 
identified as unilateral or bilateral in 89 cases (45%). The 
size of PE was documented in 92 cases (47%). PE was small 
in 46 patients (50%) (<1/3 of the hemithorax), moderate 
in 27 (30%) (>1/3 and <2/3 of the hemithorax), and large 
in 19 (21%) patients[17,19,30,33,35,40,43,46,50,59,64,72,76‑78,80,81,92,94] (>2/3 
of the hemithorax).

Diagnost ic  thoracentes is  was  performed in 
122  patients  (62.2%). PE appearance was described 
in 44  cases  (22%): PF was serous in 28  (63%), milky 
in 6  (14%),[10,21,48,54,61,91] hematic in 6  (14%)[27,30,31,55,81] and 
serohematic in four patients (9%).[44,76,77,86] The smell of 
PE was not described in any fluid. The biochemical 
characteristics and nucleated cell count in PF were 
available for 95 cases (48.5%) [Table 3]. Lymphocyte count 
was >50% in 44% of patients (30/68). In accordance with 
Light criteria, PF was a transudate in 53 cases (43.4%) and 

Table 1: Demographic and clinical findings of 
patients with pleural amyloidosis
Characteristics Data Comments
Age, years (196 cases), 
median (range)

63 
(16-92)

Although the age of one patient 
was 16 years[24], 91.9% of patients 
(136/148) were older than 50

Gender (male/female) 87/55 Proportion 1.6/1
Dyspnea (yes/no) 88/0 In 108 cases it was not clear 

whether patients had dyspnea
Cough (yes/no) 20/1 No cough[13]

Chest pain (yes/no) 20/5 No chest pain[13,15,69,71,98]
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Figure 2: Age group distribution of patients with pleural amyloidosis

Table 2: Etiology of pleural amyloidosis
Type of amyloidosis n Pleural involvement 

(n)
Closed biopsy 

(n)
Pleuroscopy 

(medical or surgical) (n)
Unknown type of biopsy* Necropsy

Hereditary 1 1 0 1 0
Primary systemic 138 41 19 17 5 0
Reactive systemic 16 9 2 6 1 0
Senile 32 0 0 0 2
Hemodialysis 2 2 0 2 0
Not described 7 3 0 3 0
*Studies do not mention what type of pleural biopsy was done
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an exudate in 52 (42.6%) cases.[103] This information could 
not be obtained for 17 patients (13.9%). Of the six patients 
with a milky PF, triglycerides were only determined in 
4 (values of 391, 300, 104, and 110 mg/dL).[10,21,54,61] PF 
culture was performed in 75 cases (38%) and was negative 
in all. Cytology was described in 48 patients (24%). In 
two cases, the diagnosis was established based on the 
analysis of the PF cell block.[58,91]

Of the 52 cases where PF was identified as an exudate, 
28 (54%) exhibited pleural involvement. Pleural biopsy 
of the 48 cases with unilateral PE demonstrated pleural 
amyloid infiltration in 30  (62.5%). Of them, according 
to Light criteria, 15 were exudates, 9 were transudates, 
and type of effusion was not described based on light 
criteria in 6 cases.[103]

Treatment of pleural effusion
In relation to the management of PE and its symptoms, 
we identified 251 treatments classified into 51 different 
therapeutic options. Response to treatment was defined 
as the total or partial control of PE or its symptoms. Only 
31 (12.4%) patients showed good response to treatment 
(6 with the first treatment administered,[15,20,32,44,54,83] 
14 with the second,[8,11,38,43,46,58‑60,77,79,80,84,86,96] 6 with 
the third[10,47,51,63,78] and 5 with the fourth treatment 
administered [28,40,48,66,67]). Table  4 details the most 
frequent treatments or procedures  (used in at least 
five cases). Only 7 options exceeded this cut‑off 
value, accounting for 77.7% of the treatments 
established  (195). Only 13  patients  (6.7%) benefited 
from these treatments.

Therapeutic thoracentesis, alone or associated with 
diuretics, was the most frequently used treatment (40 
and 48  times, respectively). This treatment was not 
effective for PE control, although the response to the first 
treatment was not documented in four cases. Diuretics 
in monotherapy were used in 32  patients, but they 
were effective only in one patient.[15] The combination 

of chemotherapy and systemic corticosteroids 
was administered to 27  patients. Eight patients 
improved  (29.6%),[10,44,46,60,80,83,84,86] progress was not 
reported in seven cases. Chest drainage was performed 
in 26  patients, without any patient having obtained 
a clinical benefit. Talc pleurodesis was performed in 
14  patients, with three patients having.[8,47,51] Finally, 
of the eight patients who received antibiotics in 
monotherapy, only one had a good response.[11] Other 
combination treatments were effective in 18  patients.
[20,28,32,38,40,43,48,54,58,59,63,66,67,77‑79,96] Indwelling pleural 
catheter  (IPC), alone or associated with another 
treatment, was used in four patients, with a favorable 
response in three patients.[28,63,79]

The incidence of treatment complications was 
low  (15  cases). Two patients had infection  (empyema 
after pneumonectomy due to giant amyloidoma[22] and 
chest wall cellulitis related to IPC, with good response 
to oral antibiotic therapy[28]), and pneumothorax was 
documented in 13  patients.[19,47,50,96] In one case there 
are doubts as to whether pneumothorax was actually a 
complication of the treatment or of the disease (as the 
authors describe).[10]

Table 3: Descriptive analysis of the parameters determined in pleural fluid
Parameter n Median Range Comments
Red blood cells 44 1710 30-25,200 Only one patient presented a red blood cell count>10,000 cells/mm3[41]

Nucleated cells (cells/mm3) 63 4115 21-180,000 Only 6 patients presented>5000 cells/mm3[14,30,35,49,55,73]

Differential count
Lymphocytes 68 54% 10%-99% 30 (44.1%) patients presented a lymphocyte count >50%
Polymorphonuclears 49 13% 1%-80% Only 1 patient had a polymorphonuclear count >50%[92]

PF proteins (g/dL) 43 3 0.4-6.9 In 19 cases (41%) protein values were≥ng/dL
PF/S protein ratio 77 0.38 0.1-1.4 In 13 patients (17%) PF/S protein ratio was>0.5[18,30,33,34,36,37,42,48,68,73,74,93]

PF LDH (IU/L) 76 342.1 0.38-13,740 In 15 cases (19%) LDH was≥200[10,33,34,36,37,41,42,45,48,55,61,73,92]

P/S LDH ratio 62 61.3 0.12-106 In 16 cases (25.8%) P/S LDH was≤0.6[8,10,30,33‑36,41,45,54,64,66,68,80]

Triglycerides 8 190.3 1-391 5 cases with triglycerides≥110 mg/dL[10,21,61,68,74]

Cholesterol 8 37.6 1-103 Only one case presented>55 mg/dL[68]

Cytology 75 Diagnosis was based on analysis of the PF cell block in 2 cases[58,91]

Culture 48 Negative in all cases
LDH=Lactate dehydrogenase, PF=Pleural fluid, PF/S ratio=PF/serum ratio

Table 4: Treatments administered to of pleural 
effusion associated with amyloidosis
Treatment n Favorable* Unfavorable* Unknown
Therapeutic 
thoracentesis

40 0 36 4

Thoracic drainage 26 0 23 3
Diuretics 32 1[15] 31 0
Thoracentesis + 
diuretic

48 0 48 0

Antibiotic 8 1[11] 6 1
Chemotherapy + 
corticosteroids

27 8[10,44,46,60,80,83,84,86] 12 7

Pleurodesis¶ 14 38,47,51 2
*Favorable: Full or partial control of pleural effusion or its symptoms; 
unfavorable: No control of pleural effusion or its symptoms or recurrence, 
¶Different types of talc
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Discussion

The majority of publications about PA only report a 
case or few cases (between 1 and 5 cases), except for two 
articles, which report 35[47] and 54[95] cases, respectively. 
For this reason, assessing the clinical characteristics of 
patients, course of PE, or the most effective treatments is 
challenging. This systematic review is aimed at shedding 
light on these questions.

Primary systemic amyloidosis is the form where more 
cases of PE were reported  (41/138:  29.7%): however, 
the form of amyloidosis that proportionally causes 
more cases of pleural involvement is reactive systemic 
amyloidosis  (9/16:  56%). The pathophysiology of PE 
in patients with amyloidosis is unclear, and several 
mechanisms could be involved: First, the deposition 
of amyloid substances on the surface of the parietal 
pleura may cause the build‑up of fluid in the pleural 
space.[8,9] Amyloid deposits may also cause restrictive 
cardiomyopathy, which may induce PE derived from 
increased hydrostatic pressure within the pleural 
capillaries. Moreover, patients with primary systemic 
amyloidosis may develop chylothorax,[10] probably due 
to the deposition of amyloid substance in the lymph 
nodes. These three settings can be distinguished through 
PE analysis (exudates in the first option, transudates in 
the second option with elevation of natriuretic peptides, 
and triglycerides  >110  mg/dL in the last option) or 
by ultrasonography or a pleural biopsy. Identifying 
transudates and exudates in this type of systematic 
review is difficult since the appropriate tests were not 
always ordered; 25% of transudates could have been 
mistaken for exudates, especially in patients receiving 
diuretic treatment;[104] the PF of PA has no specific 
characteristics, and natriuretic peptide determination and 
ultrasound data are rarely documented. However, PE can 
be useful to demonstrate pleural involvement, as it has a 
good diagnostic performance (56/67; 83.6%. Pleuroscopy 
has a better diagnostic performance than closed 
biopsy [96.7% vs. 75%, respectively]). The drawback is 
that pleuroscopy is rarely performed (67/196; 34.2%).

The radiological characteristics of PA are very similar 
to those of PE secondary to heart failure; thus, PA is 
generally bilateral  (55%), rarely left‑sided  (11%), and 
usually small‑sized (<1/3 of the hemithorax in 50% of 
cases). PF is normally serious, except for chylothorax, 
which PF has a milky appearance. Its smell has never 
been described, which suggests that it does not have 
any special characteristics. Determining whether PF is a 
transudate or an exudate is controversial. Unfortunately, 
the results of this study do not shed light on this 
question, as similar percentages were obtained. PF 
being a transudate or an exudate is probably related to 
the organ affected by amyloidosis. When amyloidosis 

involves the heart, it is a transudate and would cause 
heart failure. Conversely, when amyloidosis involves the 
pleura, it is an exudate. However, some authors postulate 
that amyloid deposits in the pleura are an incidental 
finding and do not play any role in the pathogenesis of 
PE.[33] This theory is refuted by the fact that a significant 
proportion of PEs with amyloid deposits in the pleura 
are exudates. In our opinion, amyloid pleural deposits 
should only be considered incidental findings in patients 
without PE. To the best of our knowledge, such event 
has never been reported. Nucleated cell count shows that 
PF usually is lymphocyte‑rich (44% with more than 50% 
of lymphocytes), a characteristic shared by PEs related 
to heart failure or long‑standing exudates. PF cytology 
and culture were generally negative, and the diagnosis 
was determined by cytology of the cell block of the PF 
in two cases.[58,91] Pleural biopsy has a high diagnostic 
performance when it comes to demonstrate pleural 
amyloid infiltration in unilateral PE and exudative 
effusions (62.5% and 54%, respectively), which supports 
its use on suspicion of PA.

Approaches to PE related to amyloidosis are very 
heterogeneous  (51 different therapeutic options were 
identified) and poorly effective in reducing the size of PE 
or its symptoms (12.4%). The most effective treatments 
were systemic administration of chemotherapy and 
corticosteroids (29.6%) and talc pleurodesis (21.4%). The 
management of PE with an IPC alone or associated with 
other treatments also had very positive outcomes (75%) 
but was only used in four patients. In the light of these 
findings, talc pleurodesis or IPC emerge as the definitive 
therapeutic options for PA. The only complications 
of this treatment are related to the management of 
PE (infections or pneumothorax) and are unrelated to 
adverse events of systemic treatments.

Our review has some limitations. The main limitation 
of the articles reviewed is that they are case reports 
documenting one or a few cases, while others are 
comparative trials. Therefore, it was not possible to 
assess the quality of the original studies in terms of 
internal validity, generalizability, and precision. The 
studies available adopt very different approaches, with 
some placing the focus on the clinical characteristics 
of patients, whereas others hone in on diagnostic or 
therapeutic aspects. Detailed data could not be collected 
due to the heterogeneity of studies. Therefore, it was 
not possible to classify some effusions or determine 
the patient’s response to a specific treatment. As it 
occurs with all rare diseases, publication bias is another 
limitation, as atypical cases or cases treated successfully 
are more likely to be published.

In summary, data are currently too limited for definitive 
conclusions to be drawn. Nevertheless, the data obtained 
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suggest that PA appears from 50  years of age and is 
slightly more frequent in men. PE is generally bilateral 
and involves less than a third of the hemithorax. PF 
is usually serous, may be a transudate or exudate, is 
generally lymphocyte‑rich and does not have a specific 
pattern. On suspicion of a PA in a unilateral or exudative 
PE, a pleural biopsy may help establish diagnosis. 
Therapies for PE are rarely effective. Further studies 
are necessary to determine whether there are definitive 
therapeutic options for PE in these patients.
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