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Pneumothorax caused by the rupture of a mycetoma into the pleural space is rarely reported 
in patients undergoing intensive cytotoxic therapy for hematologic malignancies. We 
reviewed 46 episodes of mycetoma that developed in 43 patients undergoing antineoplas- 
tic therapy; six (1307o) of these episodes were further complicated by the occurrence of 
pneumothorax that developed after bone marrow recovery with return to normal granu- 
locyte count. Etiologic agents included Aspergillusfumigatus, Aspergillusfumigatus plus 
Blastoschizomyces capitatus, and Mucor (one case each). No pathogen was detected in 
the remaining three cases of pneumothorax. Four of the six patients died (7, 10, 27, and 
50 days after the onset of pneumothorax). Two of the six patients with pneumothorax 
died of massive hemoptysis, whereas only one of the 40 patients who did not develop 
pneumothorax died of hemoptysis. This suggests that both pneumothorax and hemopty- 
sis may represent the clinical expression of a more destructive course of invasive fungal 
diseases. 

In recent years pulmonary fungal infections have 
been increasingly reported in neutropenic patients 
with hematologic malignancies [1, 21. The clinical 
onset is not specific and usually includes unexplained 
fever and pulmonary infiltrates that progress despite 
broad-spectrum antibacterial therapy [2]. 

Death due to fungal infections may occur during 
prolonged neutropenia as a result of respiratory fail- 
ure due to diffuse pulmonary involvement or from 
multiorgan failure due to hematogenous fungal dis- 
semination [1]. Death may later result from lung-ball 
cavitary lesions or mycetomas, which may develop 
in patients who survive neutropenia [3-7] but suf- 
fer massive hemoptysis from the rupture of a major 
vessel [6, 8]. 

Pneumothorax may be a severe complication of 
pulmonary mycetoma [9] that has rarely been reported 
in patients with hematologic malignancies [10]. 

We describe our observations of six patients with 
acute leukemia who developed pulmonary myceto- 
mas complicated by pneumothorax. 
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Materials and Methods 

We reviewed the charts of all patients admitted to 
the Institute of Hematology of the University La 
Sapienza, Rome, between April 1982 and October 
1988 for bone marrow transplantation or cytotoxic 
therapy for hematologic malignancies. Patients were 
admitted to single-bed or double-bed rooms and re- 
ceived reverse isolation precautions. Selective intes- 
tinal decontamination was achieved with norfloxa- 
cin or sulfamethoxazole, in combination with oral 
amphotericin B. Nasal spray of amphotericin B was 
administered as prophylaxis against Aspergillus spe- 
cies or Mucor colonization of the nose and sinuses. 
Surveillance cultures were performed weekly on the 
urine, stools, and sputum as well as secretions from 
the nose, oropharynx, rectum, and vagina of these 
patients. Surveillance culture plates from swabs of 
sputum and nasal secretions were examined daily for 
at least 10 days to reveal the presence of Aspergillus, 
Mucor, or yeast. 

In the event of fever and neutropenia (<1000 poly- 
morphonuclear leukocytes [PMLs]/1L), antibiotics, 
usually a ,-lactam plus an aminoglycoside, were ad- 
ministered empirically. Amphotericin B (0.5-1.5 
mg/[kg d]) was administered to patients with unex- 
plained fever who were unresponsive to other anti- 
biotics [11]. Chest roentgenography was performed 
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at the onset of fever and throughout the febrile epi- 
sode to rule out pulmonary infiltrates. 

Pulmonary mycetoma was diagnosed when a chest 
roentgenogram revealed evidence of a cavitary le- 
sion showing the air crescent sign (figure 1) [4, 5]. 
Pulmonary mycetoma lesions were considered to be 
peripheral if they appeared in contact with the chest 
wall on standard chest X-ray films. On the basis of 
histologic and/or microbiologic data, we classified 
the etiology of pulmonary mycetoma as proven, 
probable, possible, or unknown. 

Proven etiology is histopathologic evidence of fun- 
gal invasion of the lung by isolation of the fungus 
from a lung biopsy or autopsy specimen. Proven 
Blastoschizomyces capitatus mycetoma was diag- 
nosed when multiple positive blood cultures were ob- 
tained and histopathologic evidence of pulmonary 
fungal invasion with minimal septate hyphal branch- 
ing and arthroconidia was noted [12]. 

Probable etiology is evidence on a chest x-ray film 
of pulmonary mycetoma, without histopathologic 
evidence or evidence from cultures of fungal inva- 
sion of the lung but with the suggestion of dissemi- 
nated fungal infection by culture and/or histopathol- 
ogy of other sites. 

Possible etiology is isolation of Aspergillus spe- 
cies, Mucor, Trichosporon species, or B. capitatus 
from the respiratory tract. 

Unknown etiology is the absence of any fungal 
isolation. Candida species are not usually recognized 
as a cause of a mycetoma, thus isolation of these 
species from the respiratory tract was considered to 
represent a colonization unrelated to the pulmonary 
infection. 

Statistical evaluation of the data was carried out 
by means of Student's t test and the Fisher exact test 
[13]. 

Results 

In this study, 46 cases of pulmonary mycetoma were 
diagnosed in 43 patients. In three cases, the lesions 
recurred, in two of these cases during periods of 
drug-induced neutropenia. 

Pneumothorax occurred in six (13 %) of the 46 epi- 
sodes of pulmonary mycetoma. The characteristics 
of the 43 patients who developed pulmonary myce- 
tomas are described in table 1. The only significant 
difference between the patients who developed pneu- 
mothorax and those who did not was fatal, massive 
hemoptysis, which occurred in two (33%) of six pa- 

Table 1. Characteristics of 43 patients who developed 46 
episodes of pulmonary mycetoma. 

Pneumothorax 

No Yes 
Patient characteristics (n = 40) (n = 6) 

Age (y) 
Median 39 39 
Range 9-69 25-51 

Sex 
Male 27 (67.5%) 5 (83%) 
Female 13 (32.5%) 1 (17%) 

Underlying disease 
Acute myelogenous leukemia 25 (62.5%) 4 (67%) 
Acute lymphocytic leukemia 14 (35%) 2 (33%) 
Aplastic anemia 1 (2.5%) 0 

Disease status* 
Newly diagnosed 25 (64%) 4 (67%) 
First relapse 9 (23%) 2 (33%) 
Second or greater relapse 5 (13%) 0 

Neutropenia, d (<500 PMLs/4tL) 
Mean 30a 26A 
SD 17 9 

PMLs/4L at the evidence of 
infiltrate 

<500 38 (95%) 6 (100%) 
500-1,000 2(5%) 0 

PMLs/tL at the evidence of 
cavitation 

<500 8 (20%) 2 (33%) 
>500 32 (80%) 4 (67%) 

Cavitary lesions on chest x-ray 
Single 26c 2c 
Multiple 14c 4C 
Peripheral 13c 3C 

Massive hemoptysis 1 (2.5%)b 2 (33%)B 

Intrahospital mortality 12 (30%)c 4 (66%)c 

NOTE. PMLs = polymorphonuclear leukocytes. 
* Aplastic anemia patient excluded. 
a VS. A p = .59 (one-sided Student's t test). 
b VS. B p = .0408 (Fisher's exact test). 
c vs. C P > .05 (Fisher's exact test). 

Table 2. Etiologies of 46 cases of pulmonary mycetoma. 

Etiology 

Pathogen Proven Probable Possible Unknown 

A. fiumigatus 3 (1) 3* 9 - 

A. flavus 0 0 3 - 

Mucor 1 (1) 0 0 - 

B. capitatus 2 it 0 - 

Aspergillus fumigatus 
+ B. capitatus 1 (1) 0 0 - 

Total 7 4 12 23 (3) 

NOTE. Cases with pneumothorax are in parentheses. 
* Positive blood cultures (two of three cases); histologic and 

microbiologic evidence from biopsy of skin lesion (one case). 
t Positive blood cultures. 
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Table 3. Clinical features and outcome of six patients with pulmonary mycetoma and pneumothorax. 

Etiology Dose of AMB 
Age/ (site of documented before PNX 

Case sex Disease X-ray finding infection) (total dose) Outcome 

I 37/M AML Multiple bilateral infiltrates evolving A. fumigatus (lung) 1,150 mg Resolution of PNX; patient died 
in lung ball lesions in the right (1,600 mg) 1 w later of massive 
middle, left upper, and lower hemoptysis; autopsy showed 
lung fields; CT also showed that PNX developed from 
nodular lesion in the right lung nodular lesion previously 
apex; development of a right seen at CT but not on 
PNX with 1/3 pulmonary examination of chest 
collapse roentgenogram 

2 25/M ALL Wedge-shaped infiltrate in the left Unknown 1,400 mg Resolution of PNX 
middle lung field evolving in a (2,050 mg) 
7 cm-diameter cavitation; develop- 
ment of a right PNX with 2/3 
pulmonary collapse 

3 43/M AML Infiltrates evolving in cavitary A. fumigatus and 810 mg Partial resolution of PNX; 
lesion in the right lung and in the B. capitatus (930 mg) patient died 10 d later of 
left lower lung field; development (lung) disseminated B. capitatus 
of a right PNX with 2/3 pulmo- infection 
nary collapse 

4 37/M AML Infiltrate and subsequent 8 cm- Unknown 350 mg Resolution of PNX; patient died 
diameter cavitation in the left (1,200 mg) 50 d later of massive 
middle lung field; development of hemoptysis; no autopsy 
a massive right PNX 

5 51/F AML Large infiltrate in the right lower Unknown 650 mg Prompt resolution of PNX; 
lung field and a 1 cm-diameter (2,000 mg) pleural effusion disappeared 
lesion evolving in cavitation in after 2 mo under AmB 
the left upper field; development therapy 
of a small right PNX with 
massive pleural effusion 

6 36/M ALL Large infiltrate in the right upper Mucor 60 mg Resolution of PNX; patient died 
lung field evolving in a 5 cm- (disseminated (840 mg) 27 d later of disseminated 
diameter fungus-ball; a nodular infection) fungal infection and Pseudo- 
lesion was also seen in the left monas aeruginosa sepsis 
middle field; development of a 
small right PNX 

NOTE. AmB = amphotericin B; PNX = pneumothorax; AML = acute myelogenous leukemia; ALL = acute lymphocytic leukemia. 

tients with pneumothorax, versus one (2.5/o) of 40 
patients without this complication (P < .05). 

Documentation of infection with mycetomas is 
shown in table 2. Aspergillusfumigatus, A. fumiga- 
tus plus B. capitatus, and Mucor were the causes of 
infection that were histopathologically documented 
at autopsy in three patients who died a few days af- 
ter the occurrence of pneumothorax. In the remain- 
ing three cases, we did not isolate any fungi from 
a percutaneous lung biopsy specimen, from a pleural 
fluid culture performed long before the onset of 
pneumothorax (case 5), or from surveillance cultures 
(cases 2 and 4). 

Clinical features and outcome of the six patients 
who developed pneumothorax are addressed in ta- 
ble 3. In all of these patients, pneumothorax devel- 
oped spontaneously; no aggressive diagnostic or 
therapeutic procedures (i.e., lung biopsy, subclavian 
catheterization, or ventilatory assistance) were per- 
formed on them prior to the development of this 
complication. Chest roentgenograms revealed myce- 
tomas to be the possible cause of pneumothorax in 
three of the six patients (cases 3, 4, and 6) (figure 
1). In case 1, a small, peripheral lesion in the right 
apex of the patient's lung that had been identified 
on computed tomography scan ruptured, resulting 
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Figure 1A. Case 3. Chest x-ray showing pulmonary mycetoma and a noncavitary lesion in the right lung (arrows). 
Figure lB. Subsequent development of right pneumothorax (arrows) in case 3. 

in pneumothorax (figure 2). In the remaining two 
patients (case 2 and case 5), pneumothorax devel- 
oped in the hemithorax contralateral to a pulmonary 
lesion that had previously been detected on chest 
roentgenograms; computed tomography scans were 
not available for these patients. 

In the patients with mycetomas, systemic am- 
photericin B was initiated 4-13 days after the onset 
of fever, usually after pulmonary infiltrates were 
noted on chest roentgenograms and empiric antibi- 
otic therapy had been initiated. The majority of these 

patients responded to antifungal therapy with 
prompt disappearance of fever. A chest tube was also 
placed for drainage in four of the six patients with 
pneumothorax (cases 1, 2, 3, and 4); in the other two 
patients (cases 5 and 6), pneumothorax completely 
resolved during treatment with amphotericin B. 

Four patients (cases 1, 3, 4, and 6) died 7, 10, 50, 
and 27 days, respectively, after the occurrence of 
pneumothorax (table 3). Fatal, massive hemoptysis 
with acute respiratory failure occurred in two of six 
patients with pneumothorax (cases 1 and 4); in case 

Fiuet7 1 

Figure 2A 2B 
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Figure 2A. Case 1. Chest x-ray showing bilateral pulmonary lesions. Figure 2B. Development of a left mycetoma 
and right pneumothorax. Figure ZC Evidence of a new mycetoma in the left lung and in the right lung after chest 
tube drainage. Figure 2D. CT scan (antecedent to pneumothorax) showing a nodular lesion in the right lung apex that 
was undetected on chest x-ray. Figure 2E. The same lesion evolved into cavitation and caused pneumothorax, as documented 
at autopsy. 

1, postmortem examination of the patient's lungs 
showed evidence of hemorrhage into a cavity and 
into the bronchial tree of the left upper lobe. The 
cause of pneumothorax was rupture of a small cavi- 
tary lesion into the pleural space of the right lung 
apex (figure 2E). Multiorgan failure due to dissemi- 
nated fungal infection was the cause of death for 
two patients (cases 3 and 6). Pseudomonas aerugi- 
nosa septicemia also contributed to the death of one 
patient (case 6). 

Figure 3 shows the correlation between the evolu- 
tion of pulmonary fungal infections and the levels 
of circulating PMLs in the patients who developed 
pneumothorax. Pulmonary infiltrates appeared on 
chest roentgenograms during profound neutropenia 
(PMLs <250/LL). Pulmonary infiltrates evolved into 
cavitation when the PMLs reached values of 420- 
1900/4L (median, 615/4L). Pneumothorax always 
developed when the neutrophil count was more than 
3000/gL. 
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Discussion 

Fungal infections represent a growing problem in pa- 
tients with hematologic malignancies; in the setting 
of profound, persistent neutropenia, their frequency 
is particularly high, and the prognosis is poor [1, 2, 
14]. To prevent early fungal dissemination and death, 
the empiric use of amphotericin B has been recom- 
mended in neutropenic patients with fever and pul- 
monary infiltrates who do not respond to broad- 
spectrum antibiotics [15, 16]. In our study, 43 patients 
empirically treated with amphotericin B for the 
above reasons developed a lung-ball cavitation or 
mycetoma, but survived into the high-risk period of 
neutropenia; fungal invasion of these lesions was al- 
ways documented in those patients who eventually 
died and were autopsied. 

Aspergillus species, Mucor, and B. capitatus all 
cause pulmonary mycetoma. Our experience seems 
to confirm that the air crescent sign seen on chest 
roentgenograms is highly suggestive of pulmonary 
fungal infection, but not specifically diagnostic of 
aspergillus infection [21-23]. Cases of pulmonary 
mycetoma caused by B. capitatus, formerly named 

Trichosporon capitatum [17-20], are described else- 
where in the literature [12]. 

Our study also suggests two other considerations. 
Pneumothorax may represent an important source 
of additional morbidity occurring late in the clini- 
cal course of invasive pulmonary fungal diseases in 
leukemia patients; in our study, pneumothorax 
seemed to develop after bone marrow recovery, with 
return to normal values of circulating PMLs. Pneu- 
mothorax, as well as cavitation and hemoptysis, 
might therefore be secondary to tissue destruction 
caused by potent proteolytic enzymes released by the 
PMLs [5]. 

Massive hemoptysis represents a serious and of- 
ten lethal complication of mycetoma that develops 
in preexisting cavitary lesions in the immunocompe- 
tent host [24]; its frequency in leukemic patients with 
mycetomas, usually caused by pulmonary aspergil- 
losis, ranges from 0Oo to 27% [3, 4, 6, 25]. In our 
series of 46 episodes of mycetomas of various etiol- 
ogies, we observed three cases of massive hemopty- 
sis, all with a fatal outcome. Two of our six patients 
with pulmonary mycetoma and pneumothorax de- 
veloped massive fatal hemoptysis, versus only one 
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of the remaining 40 patients without pneumotho- 
rax; this may suggest that both pneumothorax and 
massive hemoptysis represent clinical expressions of 
a more destructive course of this invasive fungal dis- 
ease. This hypothesis needs to be validated by clini- 
cal studies on a larger series of cases. 

Our study also seems to show that no significant 
relationship exists between number (single or mul- 
tiple) and location (peripheral or central) of pulmo- 
nary mycetomas seen on chest roentgenograms and 
the development of pneumothorax (table 1). None- 
theless, we have found that pneumothorax could de- 
velop from pulmonary lesions undetected by stan- 
dard chest roentgenograms (cases 1 and 2) (table 3). 
Therefore, occurrence of pneumothorax in neutro- 
penic patients with fever who respond to amphoteri- 
cin B suggests the presence of an undetected myce- 
toma on chest roentgenogram. As shown in the 
present study and as previously reported [7, 26], a 
computed tomography scan may prove helpful in the 
detection of mycetomas. 

In conclusion, our observations suggest that pneu- 
mothorax may represent an additional cause of mor- 
bidity in leukemia patients with invasive pulmonary 
fungal infections. Since pneumothorax in some cases 
precedes massive hemoptysis, physicians caring for 
patients with this condition should be aware of this 
potentially fatal complication. 
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