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Invasive pulmonary aspergillosis is a common fungal infection in the com- 
promised host. The outcome has been generally poor and, until recently, most 
reports are derived from autopsy series. We report nine patients with leukemia 
and the characteristic clinical presentation of pulmonary infarction. There is 
histological evidence that infarction is due to fungal invasion of the pulmonary 
arterial system with distal hemorrhagic infarction, cavitation, and mycetoma 
formation. This complete evolution was detected in six patients, none of whom 
had previous cavitary pulmonary disease. Therapy included amphotericin B 
(9 patients), aerosolized nystatin (6 patients), and 5-fluorocytosine (5 patients). 
Complete resolution of the pulmonary lesions occured in six patients with 
a subsequent median survival of 13.5 months (range: 5-32+ months). Three 
patients died with continuing pulmonary infiltrate. Despite the antifungal 
chemotherapy, resolution seemed to correlate best with recovery of circulating 
neutrophils. 
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SPERGILLOSIS IS ONE OF THE deep mycotic A infections which occur in the compro- 
mised host.2,6*13,17,19,23,z4 Aspergillosis is second 
only to candidiasis of the mycoses seen in can- 
cer  patient^.^^,^^,^^ In 1971, we reported a 
patient with acute leukemia who developed 
the syndrome of pulmonary infarction fol- 
lowed by cavitation and aspergillus mycetoma 
formation with subsequent resolution.'j We 
hypothesized that the infarction was due to 
pulmonary artery occlusion by invasive asper- 
gillus. Since our original case, six additional 
patients with aspergillosis and the identical 
chest x-ray findings have been 
Two were kidney transplant patients; the 
other four had leukemia or lymphoma. The 
published data were insufficient to determine 
whether the syndrome of pulmonary infarc- 
tion was present. Since our original report, 
we have cared for eight additional leukemia 
patients with pulmonary aspergillosis. The 
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purpose of this report is to discuss the clinical 
presentation and pathophysiology of this 
infection with its progression from vascular 
invasion and pulmonary infarction to cavita- 
tion and mycetoma formation. We will describe 
the successful medical management of this 
syndrome. 

MATERIALS AND METHODS 

From 1971 through 1974, nine patients 
with aspergillosis were cared for by the Hema- 
tology-Oncology Service at Wilford Hall 
USAF Medical Center in San Antonio, Texas 
(Table 1). Eight of these patients had acute 
and one chronic leukemia. There were five 
men and four women ranging in age from 2 1 
through 66 (median 32). Six patients had 
severely hypocellular bone marrows due to 
antileukemic chemotherapy at onset of infec- 
tion, two had frankly leukemic marrows, and 
one had a complete remission marrow. Seven 
of nine patients had granulocytopenia (neutro- 
phi1 counts less than 500 celVp1). Eight of 
nine had received broad spectrum antibac- 
terial chemotherapy immediately prior to or 
coincident with the onset of the mycotic in- 
fection. 

Sputum specimens were induced by inter- 
mittent positive pressure breathing apparatus 
and cultures of sputum and tissue were incu- 
bated at 25 C on Sabouraud's medium. Or- 
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FIG. 1 .  Chest radiograph, case 2, one week after onset 
of infection. 

ganisms were then stained with lactophenol 
cotton blue for  species ident i f i~a t ion .~  Histo- 
logical specimens were stained by the Gomori- 
methanamine-silver technique, looking for  
the characteristic uniform, 2 to 7 micron, 
septate hyphae.14 

Perfusion lung scans were performed using 
technetium 99m labeled macro-aggregated 
albumin. Xenon 133 gas was used for  venti- 
lation lung scans.s 

All patients were given amphotericin B 
by intravenous infusion over thirty minutes. 

After premedication with intravenous diphen- 
hydramine and  hydrocortisone, a n  initial 
test dose of 10 m g  was followed by 50 mg, 
every other day. Six patients received aero- 
solized nystatin suspended in  either normal 
saline or 10% propylene glycol by intermittent 
positive pressure breathing apparatus.'*34 Five 
patients also received 5-fluorocytosine, 100 
m g l k g l d a ~ . ~  

CASE REPORT 

Case 2 
A 26-year-old woman presented to our service 

with lymphadenopathy, fatigue, and weight loss 
in July 1973. The diagnosis of acute myelomono- 
cytic leukemia was made based on bone marrow 
aspiration and biopsy. The patient was then treated 
with doxorubicin, cytosine, arabinoside, vin- 
cristine and prednisone. Seven days after initiation 
of chemotherapy, she became granulocytopenic 
(neutrophil count 500/p1) and remained so for 
nine weeks. With the onset of granulocytopenia, 
she became febrile and continued to have persis- 
tent fever through three courses of broad spectrum 
antibiotics including carbenicillin, gentamycin, 
methicillin, and clindamycin. Five weeks after 
initial chemotherapy, she developed increasing 
shortness of breath, pleuritic chest pain, and cough 
with scant sputum production. One week later she 
developed a right upper lobe infiltrate (Fig. 1) and 
amphotericin B, aerosolized nystatin, and 5-Fluoro- 
cytosine were begun empirically. This clinical and 
roentgenological status remained unchanged for 
another three weeks when a remission marrow 
was achieved and granulocytopenia resolved. Inter- 
vening problems included probable subdural 
hematoma and necrotizing enterocolitis. Shortly 
after remission was achieved, the chest x-ray showed 
organization of the infiltrate into a mycetoma 
within a cavity (Fig. 2). At this point, she had re- 

FIG. 3. Chest radiograph, case 2, three months after 
onset of infection. Marker in right lung field is an R 
which was misplaced on the film. 

FIG. 2. Chest radiograph, case 2, four weeks after onset 
of infection. 
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ceived 1 g of amphotericin. The lung lesion re- 
solved completely over the next two months after 
1.4 g of amphotericin B (Fig. 3). 

At the time of remission, she began to complain 
of low thoracic back pain and two weeks later a 
99m Technetium Polyphosphate bone scan showed 
increased radionuclide uptake at the 1 lth and 12th 
thoracic vertebrae. Thoracolumbar x-rays were 
normal at that time. The patient was treated with 
4000 rad 60 CO irradiation to this area, on the 
supposition that the lesion was a chloroma. She 
received excellent relief of pain. Five months later, 
however, she was readmitted with increasing back 
pain and abnormal spine tomograms. Exploratory 
surgery was performed and erosive lesions with 
the appearance of “bread mold” were seen in the 
transverse processes of T-11 and T-12 and in the 
intervertebral disc. Biopsy of the lesion showed 
aspergillus organisms and she was treated with 
anoth& course of intravenous amphotericin B 
(to a total of 3.1 g), topical amphotericin, topical 
nvstatin. and oral 5 Fluorocvtosine. Although 

FIG. 4. Coned-down radiograph of thoracic vertebrae 
1 1  and 12, case 2, one year after onset of infection. 

healing’of the back wound was protracted a id  
residual bone destruction can be seen (Fig. 4), the tients in whom arterial blood gases were ob- 
patient is now doing well in remission, 32 months tained had Pa02’s less than 70 mm Hg. (me- 
after the initial diagnosis of leukemia. dian 59, range 42-66). Perfusion lung scans 

RESULTS 

Clinical findings and outcome of the nine 
patients are tabulated (Tables 1 , 2  and 3). T h e  
initial clinical presentation of aspergillosis in 
all nine patients was that of pulmonary arterial 
occlusion. All nine patients had fever (greater 
than 38.5 C); eight had cough; seven com- 
plained of pleuritic chest pain. All seven pa- 

showed deficts consistent with pulmonary 
vascular occlusion in all four patients studied. 
In  the two patients who also had ventilation 
lung scans, areas of normal ventilation were 
seen in regions with perfusion defects. 

Six of the nine chest x-rays were normal 
at the onset of symptoms; however, all nine 
patients developed pulmonary infiltrates early 
in the course of the infection. Seven of these 
progressed to develop single o r  multiple cavi- 

TABLE l .  Patient Characteristics in Nine Leukemia Patients with Aspergillosis 

Status of Absolute granulocyte 
Case Typeof  bone mar- count at onset 
no. leukemia Sex Age row at onset (cells/pl) Previous antibiotic therapy 

1* Acute F 40 Hypocellular 65 Colistin, Kanamycin, Methacillin 

2 Acute F 26 Hypocellular 220 Carbenicillin, Gentamycin, 
Clindamycin, Methicillin 

3 Acute M 21 Hypocellular 200 Carbenicillin, Gengamycin 
Tetracycline 

4 Acute M 43 Hypocellular 130 Carbenicillin, Gentamycin 

5 Acute F 32 Remission 7500 None 

6 Acute M 23 Hypocellular 416 Cephalothin, Kanamycin 

7 Acute M 26 Hypocellular 160 Carbenicillin, Gentamycin, 
Methicillin 

8 Acute F 45 Leukemia <2710t Carbenicillin, Gentamycin 

9 Chronic 
lymphocytic M 66 Leukemia 360 Carbenicillin, Gentamycin 

* Previously reported.6 
t Patient was in acute blast crisis with 271,000 total WBC, < 1 %  granulocytes. 
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T A B L E  2. Clinical Characteristics of Nine Leukemic Patients with Pulmonary Aspergillosis 

Chest 
radiographs 

Per- Venti- Extrapul- 
Case Symp- fusion lation Subse- Method of diagnosis Species monary in- 
no. toms Pa02* scant scan$ Onset quent of aspergillosis identified volvement 

1 

2 

66 

N.P. 

+ N.P. N 

N.P. N.P. I 

I,Ca,M 

I,Ca,M 

Sputum culture 

Histology of 
vertebral biopsy 

Flavus 

Unknown 

None 

Vertebrae, 
inter- 
vertebral 
disk 

None 

None 

Brain, 
kidney, 
heart, 
thyroid, 
spleen 

None 

None 

None 

56 

N.P. 

42 

+ + I 

N.P. N.P. N 

N.P. N.P. I 

I,Ca,M 

I,Ca,M 

I 

Sputum culture 

Clinical presentation 

Post mortem lung 
culture & histology 

Flavus 

None 

Fumigatus 

54 

62 

60 

N.P. N.P. N 

N.P. N.P. N 

+ N.P. N 

I 

I,Ca,M 

1,Ca 

Sputum culture 

Sputum culture 

Post mortem lung 
histology 

Sputum culture 

Niger 

Fumigatus 

Fumigatus 

9 59 + + N I,Ca,M Fumigatus None 

* Arterial partial pressure of 02, mm Hg. 
t Indicates defects compatible with vascular occlusion. 
$ Indicates normal ventilation in areas of decreased 

N.P.-Not Performed; F-Fever; C-Cough; P-Pleuritic 
Chest Pain; N-Normal; I-Infiltrate; Ca-Cavity; M- 
Mycetoma. 

perfusion. 

ties and six of the seven with cavities developed 
fungus balls within them. 

Seven of the nine patients had positive 
cultures for aspergillus; five of these were 
obtained during life and two at autopsy. Cul- 
tures identified four cases with aspergillus 
fumigatus, two with A. flavus, and one with 
A. niger. Aspergillus was not identified in 

one patient who had the classic clinical pre- 
sentation described above (Case 4), and only 
histological evidence of the organism was 
noted in another patient (Case 2). Two post- 
mortem examinations (Cases 5 and 8) revealed 
invasion and occlusion of the pulmonary 
arteries by the fungus (Fig. 5) with distal hem- 
orrhagic pulmonary infarction. Cavities con- 

TABLE 3. Outcome and Therapy of Pulmonary Aspergillosis Infection in Nine Patients with Leukemia 

Sur- 
Ampho- vival 

Granulocyte tericin B fol- 
State of count at to onset Total lowing Granu- 

Outcome marrow at resolution of reso- ampho- Other infec- locyte 
Case of resolution or death lution tericin antifungal tion trans- 
no. infection or death (cell/$) (4 B (mg) agents (wks) fusion 

Resolution 
Resolution 
Resolution 
Resolution 
Death 
Resolution 
Death 
Death 
Resolution 

Remission 
Remission 
Remission 
Remission 
Remission 
Remission 
Hypocellular 
Leukemic 
Leukemic 

2800 
5300 
6200 
2700 
7800 
3300 

120 
240 
450 

0 
1000 
300 

0 

435 
3 100 

500 
450 

25 
450 

25 
430 

1680 

Nystatin 
Nystatin 5-FC 
Nystatin 5-FC 
None 
Nystatin 5-FC 
None 
None 
Nystatin 5-FC 
Nystatin 5-FC 

20 
208+ 
56+ 
52 

1 
200 

1 
0 

28 

Yes 
No 
No 
No 
No 
Yes 
No 
No 
No 

- 

100 
- 
- 
100 

5-FC-5-Fluorocytosine. 
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FIG. 5. Aspergillus 
hyphae invading pul- 
monary vessel. GMS 
stain. Postmortem spec- 
imen from case 8. 

taining mycetomata were seen within the areas 
of infarction. 

Two patients had known extra-pulmonary 
involvement. Case five had extensive organ 
invasion including brain, heart, kidneys, thy- 
roid, and spleen discovered at autopsy. Case 
two showed involvement of two thoracic verte- 
brae and the corresponding intervertebral 
disc space, diagnosed by biopsy during life. 

Six of the nine patients with pulmonary 
aspergillosis survived with complete resolu- 
tion of the fungus balls and closure of cavities. 
The median survival following resolution of 
the infection was 23 weeks. Five of the survi- 
vors had severe hypocellularity of their mar- 
rows at the onset of infection. Five achieved 
complete remission, with resolution of gran- 
ulocytopenia, immediately prior to resolution 
of the infection. The three patients who died 
had active leukemia (Case 8), severe hypo- 
plasia (Case 7) and apparent remission (Case 9), 
at the time of infection and at death. 

All nine patients received amphotericin B. 
The dose of amphotericin B, to the beginning 
of resolution in the survivors, was 0 to 1000 mg 
(median 100 mg). The total dose of ampho- 
tericin B in the survivors was 410-3100 mg 
(median 500 mg). The dose of amphotericin B 
in those who died was trivial (25-430 mg; 
median 25 mg). There was no apparent cor- 
relation between the use of more than one 
anti-fungal agent or granulocyte transfusion 
and survival. 

DISCUSSION 

The presentation as saprophytic aspergillo- 
sis mycetomata occurring in old cavitary lung 
disease has been widely r e p ~ r t e d . ~ . ~ ~  However, 

the occurrence of pulmonary infiltration fol- 
lowed by cavitation and mycetoma formation 
in patients with no prior pulmonary disease 
has only been recently ob~erved.~J. '~ The poor 
prognosis of invasive aspergillosis in the com- 
promised host has been well d o c ~ m e n t e d . ~ ~ ' ~ * ~ ~  
We previously postulated that this clinical 
syndrome might be ascribed to pulmonary 
infarction due to vascular occlusion by inva- 
sive aspergillus with subsequent distal cavita- 
tion and fungus ball formation.6 The evidence 
for this pathophysiological mechanism in- 
cludes the observation that sputum cultures 
were positive for aspergillosis before cavita- 
tion in three of our patients (Cases 6 , 7  and 9), 
that invasion of pulmonary arteries by asper- 
gillus with distal infarction, cavitation, and 
fungus ball formation was demonstrated at 
autopsy in two patients (Cases 5 and S), and 
that distant concomitant hematogenous spread 
occurred in 2 patients (Cases 2 and 5). 

All of our patients had initial clinical find- 
ings consistent with pulmonary embolism or 
infarction. This symptom complex in the com- 
promised host should raise a high index of 
suspicion of aspergillosis. Vigorous sputum 
induction, frequent cultures, and meticulous 
handling of specimens resulted in positive 
antimortem cultures in five of nine patients, 
in contrast to prior experience.'* Other tech- 
niques, such as bronchial brushings or trans- 
bronchial biopsy via bronchoscopy have been 
helpful in early diagnosis.12 

Recovery from granulocytopenia and re- 
mission of the underlying disease appeared 
to be the most important factor in ~urvival.'~ 
Five of six survivors had received either trivial 
doses or no amphotericin B by the onset of 
fever and decrease in the size of the pulmonary 
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lesion. Complete resolution occurred in the 
six surviving patients in our group without 
pulmonary surgery.12*28 

Direct extension of pulmonary aspergillosis 
to involve bone in the thoracic cage has been 
noted, but our case with apparent hemato- 
genous spread to the thoracic vertebrae and 
subsequent resolution of infection, with resid- 
ual x-ray changes, has not been previously 
recorded. 15*32 

These data are compatible with the hypothe- 
sis that patients with severe quantitative com- 
prise of granulocytes are at increased risk to 
develop invasive aspergillus infection mani- 
fested by hemorragic pulmonary infarction 
followed by cavitation and mycetoma forma- 
tion. This picture completely resolved with 
granulocyte recovery associated with anti- 
fungal therapy. Surgical management is not 
indicated. 
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