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ABSTRACr Saprophytic invasion of infarcted pulmonary tissue has received only passing refer-
ence in published reports.'-4 Five patients with colonisation of pulmonary infarcts by aspergillus
are described, with discussion of the clinical and histopathological features. The characteristic
features were widespread invasion of dead tissue by fungal hyphae, in three cases with liquefac-
tion resulting in the production of a cavitated lesion. There was no evidence that the vascular
thrombosis and the consequent infarction present in four cases were caused by the fungus. In two
cases the lesions were resected as possible peripheral cavitated tumours, and in two they were
incidental findings at necropsy in patients who had had carcinoma and received radiotherapy. In
the fifth case the clinical diagnosis was pneumococcal pneumonia but the possibility of primary
aspergillus pneumonia was raised.

Several species of aspergillus have been identified as
pathogens in man, Aspergillus fumigatus being the
most frequent. The syndromes described in associa-
tion with this organism are: as an allergen in bron-
chial asthma, bronchopulmonary aspergillosis and
bronchocentric granulomatosis, extrinsic allergic
alveolitis, aspergilloma, and invasive or necrotising
aspergillosis.45 In addition, A fumigatus may be
found as a commensal in sputum. We now suggest
that another category should be included-sapro-
phytic invasion of infarcted lung tissue in which
there is infiltration of the infarct by fungal hyphae
extending to the margins of viable tissue. It is im-
portant to differentiate this condition from primary
aspergillus pneumonia, a lesion that necessitates
antifungal treatment.

Case reports

CASE I
A 63-year-old diabetic, who smoked 20 cigarettes a
day, had been ill six weeks before admission to hos-
pital with a cough productive of purulent sputum,
pleuritic chest pain, and generalised malaise. Chest
radiography on admission (fig 1) showed a cavitated
peripheral opacity in the left mid zone, suggestive of
a peripheral carcinoma. FEV, was 1*6 litres (pre-
dicted 2-0 litres), FVC 2*8 litres (the predicted
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value), and FEV,/FVC 57% (predicted 70%).
Repeated samples of sputum gave negative results
on cytological examination for malignant cells. The
findings at fibreoptic bronchoscopy and the bron-
chial washings were normal. The Mantoux test
1:10 000 (OT) produced 15 mm of induration. The
patient was started on antituberculosis
chemotherapy but there was no radiological
improvement. No tissue was obtained from trans-
thoracic percutaneous needle biopsy and he was
referred for thoracotomy.
At operation there was a 4-cm nodule in the left

upper lobe, adherent to the overlying parietal
pleura. In the posterior segment of the resected
specimen there was an area of scarring about 3 cm in
diameter containing several small multiloculated
central cavities. The margins of the cavities con-
sisted of inflamed granulation tissue and fibrosis
with an appreciable inflammatory cellular infiltra-
tion, both acute and chronic.
The centre of the cavities contained necrotic lung

tissue showing widespread penetration by masses of
fungal hyphae, with the septate, branched mor-
phological structure of aspergillus. Adjacent arteries
showed recanalised thrombus, but a cross-section of
the unaffected subsegmental bronchus draining into
the area contained several small aggregates of fungal
hyphae.
The appearances were those of an organising true

infarct of the lung with saprophytic invasion by the
fungus.
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Fig 1 Patient 1: Chest radiograph showing a peripheral
cavitated opacity in the left mid zone.

CASE 2
A 64-year-old retired miner, a heavy smoker of 60
cigarettes a day with a long history of chronic bron-
chitis, was admitted with a two-week history of
cough and purulent sputum. Chest radiography
showed the changes of consolidation throughout the
left upper zone (fig 2). No pathogenic bacteria or
malignant cells were identified from sputum. After
two weeks of treatment with ampicillin there was
partial radiological clearing but his chest radiograph
still showed a rounded opacity lying in the apical
segment of the left lower lobe. FEV1 was 1*9 litres
and FVC 3*1 litres. Liver scanning, barium swallow,
and cytological examination of sputum gave normal
results.
The patient was referred for thoracotomy and

underwent left lower lobectomy for presumed bron-

chogenic carcinoma. At operation there was an ill-
defined mass at the apex of the left lower lobe,
adherent to the chest wall posteriorly, and a left
lower lobectomy was performed. There was a large
area of subpleural scarring in the apical segment of
the left lower lobe. The lung had been incised at that
point and contained a cavity filled with soft, cheesy
material. Thrombus was identified, occluding vessels
adjacent to the cavity. Microscopically, sections
confirmed an area of scarring in the apical segment
of the left lower lobe associated with a cavity. The
inner aspect of the cavity consisted of granulation
tissue extending out to the pleura. The cavity con-
tained infarcted lung that had been colonised by A
fumigatus. There was no evidence of tuberculosis or
tumour associated with the lesion. The blood vessels
around the lesion were thrombosed, some showing
recanalisation and others an associated inflamma-
tory reaction.

CASE 3
A 54-year-old man, who smoked over 40 cigarettes
a day and had a four-month history of hoarseness,
breathlessness, and dysphagia with a weight loss of
over 6 kg, was noted to have a hoarse voice, club-
bing of the fingers, and small lymph nodes in the
neck on examination. Radiological investigations
showed an abnormal left hilum with slight indenta-
tion of the anterior wall of the oesophagus caused by
enlarged mediastinal glands. At bronchoscopy the
left vocal cord was paralysed and the left upper-lobe
bronchus was seen to be narrowed because of
extrinsic pressure from enlarged glands. No biopsy
specimen was taken. He received a course of
radiotherapy with little radiological response.
Three years later the patient was readmitted with

a six-week history of increasing breathlessness and
signs of a pleural effusion. He deteriorated and died
shortly afterwards. The left pleural cavity was oblit-
erated by white tumour tissue encasing the entire
surface of the lung. There was extensive tumour in
the pericardial cavity enveloping the pulmonary ves-
sels with partial obstruction. On section of the left
lung a tumour was found arising from the left
upper-lobe bronchus at its origin and infiltrating cir-
cumferentially from the hilum, surrounding the
main bronchus, major pulmonary veins, and arteries
and extending peripherally around the smaller bron-
chi. The main tumour mass measured about 10 cm
in maximum diameter and extended out to the
pleural aspect, which was covered by tumour tissue.
Distal to the tumour there was patchy consolidation.
Histologically the tumour consisted of islands of
moderately well-differentiated mucin-secreting
adenocarcinoma surrounded by dense reactive
fibrous tissue. In addition, there was extensive nec-
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rosis of the lung with thrombosis of larger branches
of the pulmonary artery, probably as a consequence
of radiotherapy. The arteries showed old organised
thrombus in their lumina and in some areas there
was recanalisation. There was saprophytic invasion
of the infarcted tissue by fungal hyphae with actively
growing aspergillus eroding through dead cartilage
and necrotic bronchial walls (fig 3). There were no
metastatic deposits either in the liver or in lymph
nodes and sections of the other organs showed no
important histopathological features.

Fig 2 Patient 2: Chest radiograph on
admission showing the changes of
consolidation throughout the left upper zone.

Fig 3 Patient 3: Infarcted lung tissue with
invasion by colonies ofAspergillus fumigatus
(methenamine-silver preparation, original
magnification x 125).
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CASE 4
A 75-year-old man with chronic bronchitis, who
smoked 10 cigarettes a day, developed a cavitating'
lesion in the right mid zone. As he was unfit for
operation, he underwent a course of radiotherapy in
view of the presumed diagnosis of bronchogenic car-
cinoma. He was admitted a year later with an acute
respiratory infection and subsequently died.
At necropsy some fine fibrous adhesions were

noted in the right pleural cavity overlying the lateral
surface of the right middle lobe, which contained an
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Fig 4 Patient 5: Chest radiograph on admission with
consolidation shadowing in the right upper zone.

irregular necrotic tumour mass measuring 5-5 cm in
maximum diameter. Microscopically, the tumour
had the histological structure of a moderately dif-
ferentiated squamous carcinoma. The upper lobe
contained an area of infarction measuring 5 cm in
maximum diameter with early cavitation. Micro-
scopically there was extensive invasion of infarcted
tissue by fungal hyphae with the morphological
characteristics of aspergillus. Vessels proximal to the
infarct showed organising thrombus.

CASE 5
A 78-year-old railway driver had been ill for three
weeks before being admitted to hospital with a pro-

ductive cough, right-sided pleuritic chest pain, and
increased exertional dyspnoea. He had received a

year's course of antituberculosis chemotherapy sev-
eral years previously, although the diagnosis had not
been confirmed bacteriologically. His chest film at
that time had shown minor fibrotic changes with
calcification at both apices. Thereafter he had been
seen regularly for some years but was later dis-
charged from routine follow-up.
On admission he looked ill, was dyspnoeic at rest,

and had a fever of 38°C. Scattered crepitations were
audible and the chest radiograph showed
inflammatory shadowing in the right upper zone (fig
4). The sputum was purulent and yielded a growth

Fig 5 Patient 5:Chest radiograph shortly before death
showing well-marked cavitation in the right upper zone.

of type III pneumococci. The peripheral blood
showed a neutrophil leucocytosis of 13-0 x 109/l.
The presumptive clinical diagnosis was pneumococ-
cal pneumonia and he was treated with parenteral
benzyl penicillin and ampicillin for 12 days. His
condition began to improve but his chest radiograph
showed progressive consolidation in the right upper
lobe with the development of early cavitation. He
produced copious quantities of purulent sputum that
contained eosinophils, andA ftumigatus was isolated
from repeated specimens. Serum precipitins to A
fumigatus were identified in the peripheral blood,
but there was a negative response to skin prick test
with extract ofA fiumigatus. As the patient's condi-
tion had gradually improved and his fever had
settled the antibiotics were discontinued, but his chest
radiograph showed well-marked cavitation in the
right upper zone (fig 5).A fumigatus continued to be
isolated from sputum in large numbers and aspergil-
lus precipitins were still present in his serum.
The possiblity of secondary necrotising aspergillus

infection was considered, but in view of his clinical
wellbeing it was decided to withold antifungal
treatment. Three days later he died suddenly.
At necropsy the main findings were confined to

the lung. The right upper lobe contained an exten-
sive infarct measuring 10 x 8 x 6 cm extending out
to the pleural aspect and involving the whole of the
apical segment. The bulk of the infarct had sepa-
rated to form a large central slough leaving a cavity
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Fig 6 Patient 5: Section ofthe right upper lobe at necropsy
showing an infarct, with separation and shrinkage around
its margins producing cavitation (scale indicates 2 cm).

(fig 6). Microscopically, both the corrugated mem-
brane lining the cavity and the central slough con-
sisted of fibrin, debris, and a felted network of
fungal hyphae (fig 7). There was no evidence of old
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cavity formation in the upper lobe. The upper-lobe
artery to this area showed laminated in-situ throm-
bus, but no thrombus was seen in the major pulmo-
nary vessels. Surrounding the infarct there was acute
bronchopneumonic consolidation, with evidence of
older changes of organisation in the posterior seg-
ment of the upper lobe. No specific cause was estab-
lished for the terminal episode, which appeared to
be unrelated to the fungal infected infarct and was
considered to be due to a sudden cardiac arrhyth-
mia.

Discussion

Although it is not recognised as one of the main
classical patterns of lung disease caused by aspergil-
lus,56 saprophytic invasion of infarcted pulmonary
tissue, of which we describe five examples, may be
more common than is appreciated. The characteris-
tic features in all five cases were widespread pene-
tration of dead tissue by proliferating fungal hyphae
with, in three cases, liquefaction and cavitation. This
differs from the necrotising form of opportunistic
invasive aspergillosis in that the tissue death came
first. In none of the cases did the appearances sug-
gest secondary necrosis of tissue as a consequence of
fungal growth originating primarily in airways, as is
seen in opportunistic invasive aspergillosis.347

In four cases there was evidence of old throm-
boembolism in vessels proximal to the areas of
infarction and well away from the saprophytic fungal
invasion of dead tissue. The fact that aspergillus can
saprophytically colonise infarcted tissue has been
known since 1856.1 9 In most cases colonisation of
infarcted lung tissue by aspergillus is an incidental
pathological finding, with no evidence of true parasi-
tic invasion.2 The fungus can also saprophytically
colonise and multiply on the surface of walls of pre-
formed lung cavities caused by tuberculosis, bron-

Fig 7 Patient 5: Infarcted lung tissue
invaded by colonies ofAspergillus fumigatus
(methenamine-silver preparation, original
magnification x 320).
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chiectasis, congenital cystic disease, emphysema,
suppuration, and neoplasia and even cavities result-
ing from other fungal infections, notably histoplas-
mosis, without actual penetration of adjacent lung
tissue.34 Possibly progressive excavation of infarcted
tissue by the fungus might lead to the formation of
an aspergilloma or mycetoma in the cavity so
formed, giving rise to the development of an
intracavitary fungal-ball colony. We have not found
a record of this in the published reports.
Primary aspergillus pneumonia is stated to occur

in the absence of the usual predisposing causes.34 10
In some instances the diagnosis has been claimed
simply because aspergillus has been found in sputum
in the presence of pneumonia." This alone gives
insufficient grounds for such a diagnosis; and poss-
ibly saprophytic invasion of infarcted pulmonary tis-
sue constitutes the basis for some reported cases of
fungal pneumonia in the non-compromised host,'2
which-if it exists-is a relatively infrequent occur-
rence.

We are indebted to Dr NW Home, City Hospital,
Edinburgh, for his invaluable help and assistance
and to Dr GJR McHardy, Mr PR Walbaum, and the
late Mr RJM McCormack for allowing us to study
patients under their care. We are grateful to Miss J
Holywell for typing the manuscript.
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