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Amyloid and the lower respiratory tract

Amyloidosis is characterised by the deposition in
many tissues of a histochemically specific substance
called amyloid, which is usually recognised by its
staining reaction with congo red and the subsequent
demonstration of green dichroism when examined
under polarised light.'
The classification of amyloidosis has evolved

arbitrarily over the last 50 years on the basis of the
sites of deposition and the presence or absence of
other diseases. The term "generalised" or "sys-'
temic" has been used when amyloid has been pres-
ent in multiple anatomical systems and "localised"
when it has been confined to one. The term "secon-
dary" has been applied to patients with a coexistent
disease that has appeared to be causally related,
including malignancy, syphilis, rheumatoid arthritis,
tuberculosis, and multiple myeloma.2 In the absence
of such disease the amyloidosis has been designated
"primary." The first detailed classification was
proposed in 1935 and included four groups:
(1) primary, (2) secondary, (3) secondary to multi-
ple myeloma, and (4) localised masses. At that time
the localised form was known to affect the eye,
bladder, urethra, pharynx, tongue, and respiratory
tract.3
The first report of amyloid localised to the lower

respiratory tract was by Lesser in 1877.4 Subsequent
sporadic reporting of respiratory amyloid has led to
the use of many classifications and descriptive titles.
A further complication is the fact that many sub-
groups of respiratory amyloid exist and there are
important differences in presenting symptoms, signs,
prognosis, and management. Prowse,5 Weiss,6
Spencer,7 Wilson et al,8 Himmelfarb et al,9 and
Rubinow et al'0 have all extensively reviewed local-
ised respiratory amyloid and have proposed their
own classifications. These, however, are conflicting
and in some instances confusing. To help clarify the
matter we reviewed 157 reported cases of localised
amyloidosis of the lower respiratory tract as well as
the reports on respiratory lesions in generalised
amyloidosis. This led us to propose the new
classification set out in the table, which we believe to
be both unambiguous and helpful in the clinical
approach to this disease as well as adequately
describing all the cases we reviewed.

Lower respiratory tract amyloidosis

A Generalised (systemic) amyloidosis*
(1 Primary
(2 Secondary

B Localised amyloidosis*
(1) Primary

(a) Tracheobronchial (i) Multifocal submucosal
plaques

(ii) Tumour-like mass
(b) Pulmonary (parenchymal) (i) Nodular-multiple or

solitary
(ii) Diffuse alveolar septal

(2) Secondary
(a) Tracheobronchial-plaques or tumour form
(b) Pulmonary (parenchymal)-nodular or diffuse

*Whether or not affecting hilar or mediastinal nodes.

Although there are only a few specific reviews of
reports of pulmonary lesions in primary generalised
amyloidosis, most patients apparently have deposits
in the lower respiratory tract." Histologically these
are similar to those seen in the localised diffuse
alveolar septal form, except for a few cases which
have been reported as having pulmonary
nodules.4 1213 Secondary generalised amyloid can
similarly affect the lower respiratory tract but it is
less common and infiltrates the lung to a lesser
extent. This is confirmed clinically as it is extremely
rare for patients with generalised secondary
amyloidosis to have any respiratory symptoms and
the chest radiograph is usually normal. Primary
generalised amyloidosis provokes an inflammatory
response in the surrounding lung tissue while this is
unusual in the secondary form.'4

In reviewing localised pulmonary amyloid we
excluded any cases with demonstrable lesions in
non-respiratory sites4 1213 and any which were
reported twice by different authors.'2'2 The remain-
ing 157 cases were then divided into two groups,
126 cases of primary localised amyloidosis and
31 which we called secondary. Six of the patients
had hilar or mediastinal node enlargement.5358
In the primary group there were 57 patients
who had tracheobronchial multifocal submucosal
plaques,59 1016-28535459-90 10 who had tracheo-
bronchial amyloid tumour-like masses,299'98 55 who
had discrete nodules in the pulmonary parenchyma
(that is, peripheral lung tissue), I 8-10 14 26 29-36 55- 57 77
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84 93 99-131 and four who had diffuse alveolar septal
lesions.10 26 37 58
Under secondary localised amyloid we grouped

31 patients who had amyloid localised to the lower
respiratory tract and a disease state that is known to
be associated with amyloidosis.8 9 16 17 30 381-4 132-149
Among these were patients with tuberculosis,
syphilis, hypergammaglobulinaemia, and neoplasia.
There were 11 patients with an associated pulmo-
nary neoplasm. 16 17 30 381-4 In five of these patients an
anaplastic or carcinoid tumour was entirely
enmeshed by amyloid tissue and the possibility that
the tumour cells produce amyloid has been sug-
gested.384' It would be incorrect to assume there-
fore that a lung lesion where the biopsy specimen
shows amyloid is necessarily benign. If a biopsy
specimen is obtained from an isolated pulmonary
lesion it is important that it is fully sectioned and
examined in detail for'neoplastic tissue.
Although the lymphatic system is frequently

affected in generalised amyloidosis isolated deposits
affecting the lymph nodes are unusual.3' There have
been two case reports of isolated mediastinal node
deposits but in both patients the cervical nodes were
affected as well.3145 Hilar and mediastinal lym-
phadenopathy associated with localised pulmonary
amyloid is equally rare and the two case reports in
this issue (p 151 and p 153) bring the total number
to eight. The presence of hilar or mediastinal nodes,
or both, in association with a pulmonary lesion can
make the clinical picture confusing. Patients are
usually investigated for a pulmonary neoplasm and
occasionally receive inappropriate treatment as a
result.
The diagnosis of amyloid in the respiratory tract

may be difficult. It can simulate carcinoma, pulmo-
nary oedema, diffuse lung fibrosis, bronchiectasis,
tuberculosis, and many other cardiothoracic dis-
eases. To add to this problem there is the strong
likelihood that tracheobronchopathia osteoplastica
is a late sequela of tracheobronchial submucosal
amyloid.'7-22 Patients with the tracheobronchial
submucosal plaques frequently present with cough,
dyspnoea, stridor, or haemoptysis. The stridor and
haemoptysis may become life threatening as the dis-

23ease progresses. At bronchoscopy the submucosal
plaques of amyloid are seen as ridges and stenoses
and are shiny and pale owing to stretching of the
overlying surface epithelium. The chest radiograph
may be normal or show areas of atelectasis secon-
dary to obstruction by amyloid lesions that are dis-
tributed radially along the proximal airways. As a
result the patients frequently suffer from repeated
episodes of bronchial infection and may eventually
develop areas of bronchiectasis, leading to further
confusion in diagnosis.5 24 32

In contrast, the endobronchial tumour-like
masses are usually polypoid and solitary and occur
only in the major bronchi. As a result the clinical
features, radiographic changes, and macroscopic
appearance at bronchoscopy may be indistinguish-
able from those of an endobronchial neoplasm.29
Local biopsies or total resection, or both, as well as a
vigilant histology department may be needed to
make the correct diagnosis.

Patients with parenchymal lung nodules are usu-
ally referred to the physician because of an inciden-
tal finding on their chest radiograph. Occasionally
they have symptoms which are attributable to the
mechanical effects of a large pulmonary mass. The
pulmonary nodules are usually peripheral and sub-
pleural and range in size from 1 to 15 cm in diam-
eter. They grow slowly, may be solitary or multiple,
and may affect both lungs at the same time. Up to
one-third of the nodules cavitate or have
calcification, adding to the difficulties of making a
radiological diagnosis.91032 It may also be difficult to
make a histological diagnosis as a few nodules have
been described as being lamellated and granulomat-
ous."6 In the nodular (and diffuse) pulmonary form
needle aspiration and transbronchial biopsies pro-
vide relatively non-invasive methods of diag-
nosis.33 34 Surgical resection, however, is often
needed to obtain a satisfactory result.
Although the group of patients with diffuse pul-

monary lesions may also present with an abnormal
chest radiogra'ph they more frequently complain of
increasing dyspnoea with no obvious cause. They
may have basal lung crepitations as their only clini-
cal sign but occasionally there is an associated
pleural effusion. The radiographic abnormalities
and clinical features are frequently confused with
those of pulmonary oedema, of both cardiac and
non-cardiac origin, and with pulmonary fibrosis. The
diagnosis is most frequently obtained at necropsy
and microscopic sections show the amyloid tissue to
be deposited in alveolar walls and septa as well as
around pulmonary arterioles.'0 26 37
The effectiveness of treatment for pulmonary

amyloid depends on the type. With tracheobronchial
submucosal plaques, repeated treatment with bron-
choscopic piecemeal resections is usually needed.27
Cure is rarely achieved and severe haemoptysis is a
common complication.28 In this respect the use of
bronchoscopic laser cautery may eventually prove to
be a better form of treatment. Recurrence after
excision of isolated masses, whether they are endo-
bronchial or pulmonary nodules, is very rare and
this is therefore the treatment of choice.35 In view of
the relatively benign nature of the pulmonary
nodules, however, careful observation may be all
that is required if histological examination has
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already provided evidence of amyloid without total
resection. This course would not be wise for a soli-
tary nodule as it would be difficult to differentiate it
from a neoplasm producing amyloid. In amyloidosis
many other forms of treatment have been used,
including corticosteroids, immunosuppressants, col-
chicine, and radiotherapy. In respiratory amyloid
they have been used particularly in the management
of tracheobronchial plaques and alveolar septal
infiltrations, but with only limited success.26363747
Newer approaches to treatment have concentrated
on drugs that break down the amyloid fibrils.
Amyloid consists of a matrix of fibrillary proteins

whose unique staining properties with congo red and
green birefringence with polarised light are due to
the structural arrangement of the fibrils in twisted
beta-pleated sheets.' All forms of amyloid have this
basic structure but the protein fibrils differ chemi-
cally. At least two major subunit proteins of
amyloid, AA and AL, can be distinguished by
immunochemical methods. Proteolysis of a serum
acute-phase protein, SAA, is thought to produce
protein AA, which is the major constituent of sec-
ondary amyloid. Protein AL, similarly derived but
from immunoglobulin light chains, is found in pri-
mary amyloid, amyloid secondary to multiple
myeloma, and the form associated with familial
Mediterranean fever.48-51

Despite the identification of these different pro-
teins, the pathogenesis of both generalised and local-
ised amyloidosis is unknown. We do not know
whether the deposition of protein follows excess
production, defective clearance, or a combination of
both.48 Localised genitourinary and laryngeal
amyloid and the only case of localised pulmonary
amyloid to be analysed have all shown AL pro-
tein.5152 The localised forms contain abundant
plasma cells and occur in tissues which, as well as
being in direct contact with environmental antigens,
are the sites of local immunoglobulin production.
Thus an abnormality of the local secretory immune
system, chronic local antigenic stimulation, local
abnormally functioning plasma cells, or increased
local vascular permeability for amyloidogenic pro-
teins are possible pathogenetic mechanisms. The
fact that the regional lymph nodes may be affected
suggests that either the amyloid protein itself or an
antigen causing chronic stimulation is transportable
in the local lymphatic system.
Pulmonary amyloid is likely to be more common

than is generally recognised. It can mimic various
diseases and should therefore be thought of when a
clinical diagnosis proves difficult to confirm on initial
investigation. The classification of amyloidosis is
certain to change as more is learnt about its nature
and the nature of the protein subunits. At present,

however, an anatomical classification such as we
have proposed remains useful as an aid to diagnosis
and management.

PJ THOMPSON
KM CITRON

Cardiothoracic Institute
London SW3 6HP
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