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CURRENT REVIEW 

Pulmonary Mucormycosis: 
Surgical Therapy 
Mark Tedder, MD, John A. Spratt, MD, Mark 
Stephen D. Tedder, MD, and James E. Lowe, 
Department of Surgery, Duke University Medical Center, Durham, 

Mucormycosis is an opportunistic fungal infection that 
commonly begins by invading the respiratory tract. The 
purpose of the present study was to define the clinical 
presentation of pulmonary mucormycosis and to evalu- 
ate current treatment regimens. Thirty patients treated at 
our institution and 225 cases reported in the literature 
were reviewed. For the combined groups, the mean age 
at presentation was 41 2 21 years and associated medical 
conditions included leukemia or lymphoma (37%), dia- 
betes mellitus (32%), chronic renal failure (18%), history 
of organ transplantation (7.6%), or a known solid tumor 
(5.6%). The in-hospital mortality was 65% for patients 

ucormycosis is usually an acutely fatal infection that M occurs primarily in patients who are immunocom- 
promised. The clinical conditions most commonly associ- 
ated with mucormycosis are hematologic malignancies, 
renal failure, or diabetes mellitus [l]. Five predominant 
clinical forms of the disease exist, which are, in decreasing 
frequency: rhinocerebral, pulmonary, disseminated, cuta- 
neous (particularly burn wounds), and gastrointestinal 
mucormycosis. Pulmonary mucormycosis occurs when 
susceptible individuals inhale pathogenic spores. Infec- 
tion may present as a bacterial pneumonia but rapidly 
progresses to a life-threatening illness in most patients. 
With increasing numbers of patients undergoing trans- 
plantation and high-dose cancer chemotherapy, it follows 
that more persons are susceptible and an increased num- 
ber of patients with mucormycosis might result. Such an 
increase has in fact been suggested based on postmortem 
data [2]. Pulmonary infection is the most common cause 
of morbidity and mortality in the immunocompromised 
patient, with mucormycosis being the third most common 
opportunistic pulmonary mycosis [3]. Because this condi- 
tion is relatively rare, most reports to date have consisted 
of either small series or isolated case reports. The purpose 
of the present study was to analyze the cases of pulmo- 
nary mucormycosis from our institution and in the liter- 
ature. The specific goals of the study were to characterize 
the clinical presentation of these patients, to determine 
any epidemiologic trends, and to determine the effects of 
medical and surgical treatment for this highly lethal 
disease. In addition, our results with 30 patients were 
compared with all other published reports. 
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with isolated pulmonary mucormycosis, 96% for those 
with disseminated disease, and 80% overall. The mortal- 
ity in patients treated surgically was 11%, significantly 
lower than the 68% mortality in those treated medically 
(p = 0.0004). The most common causes of death were 
fungal sepsis (42%), respiratory insufficiency (27%), and 
hemoptysis (13%). Pulmonary mucormycosis has a high 
mortality; however, antifungal agents appear to improve 
survival. In addition, surgical resection may pr'ovide 
additional benefit to patients with pulmonary mucormy- 
cosis confined to one lung. 

(Ann Thoruc Surg 2994;57:204!450) 

Material and Methods 
Patient Selection 
The medical records and all available radiographs of 
patients diagnosed with pulmonary mucormycosis at 
Duke University Medical Center between 1948 and 1991 
were reviewed. In addition, all English literature reports 
of pulmonary mucormycosis were collected. Approxi- 
mately 20% of these could not be used due to the 
incomplete clinical data provided. Several patient,; c were 
described more than once in the literature, and care was 
taken not to duplicate them in the analysis. All patients 
had the diagnosis established either by culture or histo- 
l o p  identification in tissue. Patients were excluded if 
they had microscopic evidence of colonization but mini- 
mal clinical evidence of infection, or if they had an 
incidental diagnosis made at postmortem examination. 
Similarly, patients were omitted if there was no histologic 
or culture proof of pulmonary involvement, even in the 
presence of mucormycosis infection elsewhere. Localized 
mucormycosis was defined as isolated pulmonary dis- 
ease, with disseminated disease defined as mucormycosis 
in two or more noncontiguous organs. 

Statistical Analysis 
Survival statistics were accumulated by treatment meth- 
odology, whereas trends were assessed by deter mining 
the survival and number of reported patients by decade. 
Categorical analysis (2 analysis or Fisher's exact test) was 
used to determine differences in mortality and frequency 
of premortem diagnosis between patients treated1 medi- 
cally and surgically. Statistical significance was defined as 
an a value of less than 0.05. Results are expressed as mean 
2 1 standard deviation. 

0 1994 by The Society of Thoracic Surgeons 
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Table 1. Associated Conditions in Patients Diagnosed with 
Pulmonaru Mucormucosis 

No. of Patients 
Duke Literature All 

Condition (n = 30) (n = 225) (n = 255) 

Hematologic disease 9 86 95 (37)" 
Leukemia 9 79 88 (35) 

Acute 6 61 67 (26) 
Chronic 3 18 21 (9) 

Lymphoma 0 7 7 (3) 
Aplastic anemia 0 5 5 (2) 
Multiple myeloma 0 5 5 (2) 
Diabetes mellitus 12 70 82 (32) 

Type I 5 29 34 (13) 
Type I1 7 41 48 (19) 

Renal failure 
History of organ 

Kidney 
Heart 
Liver 
Bone marrow 

Recent operation 
Solid tumor 

6 
transplant 6 

6 
0 
0 
0 
0 
2 

38 
14 
7 
2 
2 
2 

16 
11 

a Numbers in parentheses are percentages 

Results 
Clinical Presentation and Treatment 
Thirty patients at our institution and 225 in the literature* 
fulfilled the criteria for a diagnosis of pulmonary mucor- 
mycosis. The mean age of the 255 patients was 41 % 21 
years (range, neonate to 81 years), with a male to female 
ratio of 7:3. Sixty-eight percent of patients were white, 
whereas 22% were black, and 10% Asian or Hispanic. The 
most common associated conditions were hematologic 
malignancies, diabetes mellitus and renal failure (Table 1). 
In addition, 39% of patients had other significant concur- 
rent infections. Pneumonia was the most common event 
that prompted patients to seek medical attention (Table 
2). Many patients underwent pharmacologic therapy just 

* Complete reference list available upon request 

Table 2.  Event Precipitating Hospitalization for Patients with 
Pulmona y Mucormycosis 

No. of Patients 

Event 
Duke Literature All 

(n = 30) (n = 225) (n = 255) 

Pneumonia 22 105 127 (61)" 
Diabetic ketoacidosis 6 19 25 (12) 
Chemotherapyb 0 19 19 (9) 
Renal failure 2 15 17 (8) 
Lung abscess 2 2 4 (2) 
Bum 1 3 4 (2) 

a Numbers in parentheses are percentages. 
sis complicated admission for chemotherapy. 
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Table 3. Presenting Symptoms in Patients with Pulmonary 
Mucormucosis 

No. of Patients 
Duke Literature All 

Symptom (n = 30) (n = 225) (n = 255) 

Cough 7 61 68 (50)" 
Fever 8 44 52 (38) 
Chest pain 7 29 36 (26) 
Malaise 8 21 29 (21) 
Dyspnea 5 21 26 (19) 
Hemoptysis 3 19 22 (16) 
Asymptomatic 1 11 12 (9) 

a Numbers in parentheses are percentages. 

before acquiring pulmonary mucormycosis. Antibiotics 
had been administered to 81% of patients, whereas 47% 
were receiving steroids, and 32% had recently received 
chemotherapeutic agents. Ten patients were receiving 
deferoxamine, an aluminum and iron chelator. 

Cough, fever, and pleuritic chest pain were the most 
common presenting symptoms (Table 3), but none were 
specific for mucormycosis. Physical findings were indis- 
tinguishable from those of bacterial pneumonia (Table 4), 
with fever and rhonchi being the most common. The 
chest roentgenogram usually revealed either a pulmonary 
infiltrate or nodular mass, but was normal in 19% of 
patients (Table 5). A premortem diagnosis was most 
commonly made by bronchoscopy (Table 6). Sputum 
analysis, although frequently employed, rarely lead to a 
diagnosis. Open lung biopsy, surgical extirpation, trans- 
thoracic needle aspiration, and bronchoalveolar lavage 
were less frequently employed. 

The mean interval from hospitalization to diagnosis was 
18 -t 18 days (median, 10 days; range, 1 to 105 days). The 
infection was confined to one lung at diagnosis in 53% 
(131/246) of patients, limited to the mediastinum and 
lungs in 4% (10/246), and disseminated in the remaining 
43% (105/246) of patients. The primary site of organ 
involvement was identified in 67 of the 105 patients with 
disseminated disease, and was pulmonary in 79% (53/67). 
Thirty-four patients had disseminated disease with an 
unknown primary site, whereas 4 patients had isolated 
rhinocerebral and pulmonary mucormycosis. 

Table 4. Presenting Physical Findings in Patients with 
Pulmonaw Mucormvcosis 

No. of Patients 

Sign 
Duke Literature All 

(n = 19) (n = 145) (n = 164) 

Temperature > 38°C 4 70 74 (56)a 
Rhonci 6 39 45 (34) 
Unremarkable 7 16 23 (17) 
Tachypnea 1 11 12 (9) 
Wheezes 1 9 10 (8) 

a Numbers in parentheses are percentages. 
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Table 5. Radiographic Findings at Presentation in Patients 
with Pulmonary Mucormycosis 

No. of Patients 

Duke Literature All 
Finding (n = 23) (n = 133) (n = 156) 

Infiltrate 
Mass 
Consolidation 
Cavitation 
Effusion 
Abscess 
Pneumothorax 
Normal 

18 
2 
1 
4 
2 
0 
0 
1 

62 
26 
10 
6 
8 
3 
2 

29 

a Numbers in parentheses are percentages. 

Only 44% (92/209) of patients with pulmonary mucor- 
mycosis were diagnosed premortem so that no effective 
treatment was gven in the majority. Of the 92 patients 
diagnosed antemortem, 61% received medical treatment 
with antifungal agents, 21% were treated surgically, and 
18% underwent combined medical and surgical therapy. 
Of the 36 surgically treated patients with localized dis- 
ease, 61% underwent lobectomy, 11% pneumonectomy, 
and 8% wedge resection. Twenty percent had an unspec- 
ified type of resection. 

Mortality Data 
The in-hospital mortality for the entire group was 80%. 
The overall mortality by associated medical conditions 
ranged from 93% for patients with renal failure to 60% for 
patients with diabetes mellitus and transplant recipients. 
The 11% mortality in patients treated surgically, with or 
without antifungal agents, was significantly lower than 
the 68% observed in those treated medically ( p  = 0.0004) 
(Fig 1). Fifty-three percent of patients had disease con- 
fined to the lungs. In this subset of patients, the mortality 
was 65%. Patients treated surgically had a significantly 
lower mortality than those treated medically (9.4% versus 
50%, p = 0.01; Fig 2). The most common causes of death 
were fungal sepsis and respiratory insufficiency, with 
hemoptysis and bacterial sepsis being less frequent fatal 
events (Table 7). Most literature sources reported survival 

Table 6. Diagnostic Modality Employed in Patients with a 
Premortem Diagnosis 

No. of Patients 

Method 
Duke Literature All 

(n = 13) (n = 79) (n = 92) 

Bronchoscopy 9 31 40 (43)" 
Surgical extirpation 2 10 12 (13) 
Open lung biopsy 1 10 11 (12) 
Sputum analysis 1 9 10 (11) 
Transthoracic needle aspiration 0 4 4 (4) 
Bronchoalveolar lavage 0 2 2 (2) 

a Numbers in parentheses are percentages. 
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60 - n 

8 
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% 
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68 

Ann Thorac Surg 
1994;571044-50 

p=0.0004 

Medical Surgical 
n=56 n=36 

Fig 1.  Mortality by treatment groups. 

as discharge from the hospital in good condition; hong- 
term survival data rarely were presented. In the 10 Duke 
survivors, 2 died within 1 year of other infections, with 
the remainder alive 1 to 14 years later. 

Trends 
The number of reports of pulmonary mucormycosis has 
progressively increased with time (Fig 3). Of all the 
associated conditions listed (Table l) ,  only patients with a 
history of organ transplantation increased as a percentage 
of all patients, comprising 10% in the 1980s. The only 
other precipitating event that increased was chemother- 
apy, which progressively rose from zero in the 1950s to 
13% in the 1980s. The incidence of pulmonary confined 
disease was remarkably stable, remaining between 41% 
and 45% for all decades. There was only a slight survival 
advantage for patients reported since 1970 compared with 
those reported before 1970 (Fig 4). This small improve- 
ment in survival may be related to an increased frequency 
of establishing the diagnosis premortem (Fig 5). Of inter- 
est, patients with diabetes mellitus treated surgically had 

50 
p.o.0 1 

50 

S 40 

g 30 

r 

n 

U 

% 

cd c 
b 20 

10 

0 
Medical Surgical 

n.30 n=32 
Fig 2. Mortality by treatment groups in patients with localized dis- 
ease. 
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Table 7. Causes of Death in Patients with Pulmonary 
Mucormvcosis 

No. of Patients 
Duke Literature All 

Cause of death (n = 18) (n = 128) (n = 146) 

Fungal sepsis 12 58 70 (48)" 
Respiratory failure 4 37 41 (28) 
Hemoptysis 0 19 19 (13) 
Bacterial sepsis 1 7 8 (5) 

a Numbers in parentheses are percentages. 

a significantly lower mortality than those treated medi- 
cally (Table 8). Analysis of the remaining variables failed 
to yield significant trends. 

Comment 
The first report of a patient with pulmonary mucormyco- 
sis was by Paltauf in 1885 [4]. The first premortem 
diagnosis with successful recovery was described by Har- 
ris in 1955 [5]. The first surgical cure of pulmonary 
mucormycosis was by Dillon in 1958 [6]; however, the first 
medical cure (with amphotericin B) was not made until 
1972 by Medoff and Kobayaski [7]. 

Mycology 
Mucor species are ubiquitous, saprophytic fungi usually 
found in decaying food, soil, or manure, with no partic- 
ular geographic distribution. Microscopic examination re- 
veals broad (6 to 25 pm in diameter), nonseptate hyphae 
that branch irregularly at right angles, and are thin walled 
(Fig 6) .  Positive cultures are frequently seen after 24 hours 
of growth [l]. The most common genera is Rhizopus. 
Rhizopus arrhizus is responsible for approximately 90% of 
cases of rhinocerebral infection and more than 50% of 
pulmonary infections [8]. Absidia species are the second 
most frequent cause of pulmonary disease, whereas Rhi- 
zomucor are less common. 

Laborato y Diagnosis 
Mucormycosis is diagnosed by demonstrating pathogenic 
fungi in the tissues of a symptomatic patient. There is no 

51 
40 

20 

n 

122 

I 
1950s 1960s 1970s 1980s 

Fig 3. Cases of pulmonary mucormycosis reported in English, by de- 
cade. 

100 

Survival 

p = 0.37 
Pre-1970 vs. Post-1970 

29 

20 

0 
1950s 1960s 1970s 1980s 

Fig 4. Survival percentages of analyzed pulmonary mucormycosis 
cases by decade. 

consensus regarding the preferred staining method for 
tissue specimens, but hematoxylin and eosin, periodic 
acid-Schiff, and Gomori-methenamine silver stains have 
all been reported to be adequate for histologc evaluation 
[l]. Cultures of fresh tissue are more frequently positive 
than those of body fluids or necrotic tissue. Mucor species 
can easily be differentiated from those of Aspergillus, as 
the latter are significantly narrower, branch at acute 
angles, and have prominent septations. 

Serologic evaluation has shown acceptable sensitivity 
and specificity for many species but has only been em- 
ployed in isolated cases [9]. Currently there is no bio- 
chemical assay to determine early infection. 

Pa thogenesis 
In vitro studies have shown that human serum from 
normal subjects inhibits Rhizopus growth [lo]. Further- 
more, polymorphonuclear leukocytes attach to and injure 
hyphae [ll]. If these mechanisms are impaired, invasive 
infection can occur. Steroids inhibit the macrophage from 
controlling spore germination [ 121, and chemotaxis of 
polymorphonuclear leukocytes is impaired in diabetic 
patients [13]. Mucor species grow best in an acidic high 
glucose medium [14], which explains the susceptibility of 
diabetic ketoacidotic patients. 

loo] 80 

p = 0.001 
Pre-1970 vs. Post-1970 

60 

40 

20 

Premortem 
Diagnosis 

(%I 

- .  
1950s 1960s 1970s 1980s 

Fig 5. Survival percentages of pulmonary mucormycosis cases diag- 
nosed antemortem by decade. 
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Table 8. Mortality of Patients with a Prernortern Diagnosis 
and Localized Disease by Association 

Medical Surgical All 
Association (n = 30) (n = 32) (n = 62) 

Leukemia 3/10 111 4/11 
Diabetes mellitus 6/13” 1/23” 7/36 

Renal failure 314 012 316 
Solid tumor 011 011 012 

Organ transplant 113 015 118 

a p = 0.03 (medical versus surgical) by Fisher’s exact test. 

Infection is related to host immunocompetence and the 
growth potential of these organisms in vivo [12]. Al- 
though spore inhalation may result in colonization, 
healthy individuals are not colonized, as inhaled spores 
are eliminated by pulmonary macrophages. In pulmonary 
mucormycosis, hyphae penetrate bronchial walls and 
invade blood vessels, particularly the arterioles. Vascular 
invasion with thrombosis and embolization may ensue, 
resulting in frank ischemia, hemorrhagic infarction, and 
tissue necrosis. Hyphae may also dissect between the 
internal elastic membrane and media of large pulmonary 
arteries, predisposing patients to severe or fatal hemop- 
tysis. 

Clinical Associations 
Mucormycosis has been reported only rarely in patients 
without a predisposing factor [ 15-19]. Numerous clinical 
conditions have been associated with mucormycosis, but 
the underlying mechanisms are usually neutropenia, im- 
paired phagocytosis, or local acidosis [ 1,201. Hematologic 
disorders predispose patients by relative neutropenia 
from chemotherapy, or absolute neutropenia as a result of 
the neoplasia. Metastatic solid tumors may also predis- 
pose patients to mucor infections [19], and transplant 
recipients are susceptible given their chronic state of 
immunosuppression. To date, there have been only 7 
human immunodeficiency virus-infected patients re- 

Fig 6 .  Photomicrograph of Rhizopus rhizopodiformis showing spo- 
rangiophores arising opposite the rhizoids. 

ported with mucormycosis [21-261. Four patients had the 
rhinocerebral form, while 1 each suffered from renal, 
cutaneoarticular, and pulmonary disease. Only 1 patient 
with rhinocerebral disease [23] and the single patient vvith 
isolated renal mucormycosis survived [25]. 

Recently, several patients taking deferoxamine hLave 
been reported to have developed mucormycosis [27-291. 
Deferoxamine is a chelating agent used in patients with 
iron overload, usually from renal failure. Siderophores 
can deliver chelated iron to iron-requiring microorgan- 
isms, thereby increasing their growth potential. Patho- 
genic mucor species produce very few siderophores so 
their infectivity may be greatly enhanced by the iron 
delivery from deferoxamine. Deferoxamine should be 
administered judiciously in these patients as they are 
already at an increased risk for mucormycosis from their 
chronic acidosis. 

Pulmonary Presentation 
Patients with pulmonary mucormycosis present with 
symptoms similar to those of a bacterial infection. In the 
present study, cough and fever were the most common 
complaints, followed by pleuritic chest pain and malaise. 
Hemoptysis occurred more frequently than in bacterial 
pneumonia. 

Radiographic assessment was usually nondiagnostic. 
Although abnormal in over 80% of patients, the chest film 
is rarely suggestive of a fungal etiology. In our experience, 
the most common findings were an infiltrate and a mass. 
Pulmonary consolidation, cavitation, or an effusion were 
seen less frequently, with no specific lobar predilection. 
Computed tomography has been reported to reveal a 
“halo” sign (pen-infiltrate low attenuation) and rim en- 
hancement after the administration of contrast [30] The 
”air crescent” sign, air between a radiodense parenchy- 
mal lesion and normal lung tissue, is most commonly 
from angioinvasive fungal infections. Although this may 
be seen in lung abscesses, tuberculomas, hematomas, 
echinococcal cysts, and cavitating neoplasms, in the irn- 
munocompromised host, it strongly suggests an opporiunis- 
tic fungal pathogen. Ventilationlperfusion scans and pul- 
monary arteriograms are frequently abnormal from 
vascular invasion and thrombosis. 

Most premortem diagnoses were established by bron- 
choscopy. Transbronchial biopsy was the most comrnonly 
employed technique; however, surgical extirpation, open 
lung biopsy, transthoracic needle aspiration, and bron- 
choalveolar lavage have also been effective [31]. 

Differential Diagnosis 
The present review has shown an increase in the number 
of reported cases of mucormycosis, while other studies 
have suggested the same trend [2, 141. The differential 
diagnosis of pulmonary mucormycosis includes bacterial, 
viral or other fungal pulmonary processes. Candida and 
Aspergillus are the two most common opportunistic pul- 
monary fungi. The clinical presentations of mucorm ycosis 
and aspergillosis are indistinguishable. 

In the present series, patients with an antemortem 
diagnosis did not have it made until an average of 18 days 
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after presentation. At least four factors may contribute to 
a delay in diagnosis. First, a low index of suspicion may 
delay initiation of the appropriate diagnostic evaluation. 
Fungal infections are usually not considered until conven- 
tional treatment for a bacterial process has failed. Second, 
until recently, tissue samples for fungal cultures were 
homogenized, a lethal process to many mucor species. 
Current tissue handling techniques, however, result in a 
higher yield of positive cultures. Third, 39% of patients 
had a concomitant bacterial or viral infection, 74% of 
which were bacterial pulmonary pathogens. Since many 
microbiology laboratories do not pursue additional patho- 
gens once one is identified, fungal cultures are not rou- 
tinely performed in patients with a diagnosed bacterial 
pneumonia. Finally, the pathogenic fungi usually cannot 
be identified with conventional culture techniques. There- 
fore invasive diagnostic procedures, with their attendant 
risks and complications, are usually required to obtain an 
adequate tissue sample. 

Suspicion of an opportunistic pulmonary infection 
should be high in any immunocompromised patient with 
a persistent fever and pulmonary process refractory to 
antibiotics. The rationale for an aggressive diagnostic 
approach was well summarized by Greene [32], who 
noted the high associated mortality, the nonspecific clin- 
ical and radiographic findings, the low diagnostic yield 
from sputum early in opportunistic infection, the fre- 
quency of concurrent diseases, and the inherent risks of 
treatment without a diagnosis. We believe the 39% coin- 
fection rate seen in the present study further warrants 
such an approach. There should be a low threshold for 
bronchoscopy, since this procedure was the most effective 
method of establishing a premortem diagnosis. 

Treatment and Prognosis 
In untreated patients, the disease causes progressive 
pulmonary dysfunction, but usually disseminates before 
respiratory failure occurs. The most frequent cause of 
death in this series of patients was fungal sepsis, followed 
by progressive pulmonary insufficiency and hemoptysis. 

Early treatment consisted of correcting predisposing 
factors, oral iodide administration, and desensitization 
[26]. Although Funada and associates [33] and Ikemoto 
[34] each reported a patient with pulmonary mucormyco- 
sis successfully treated with fluconazole, the most widely 
accepted medical therapy is amphotericin B [35]. Ketocon- 
azole and miconazole are ineffective [36]. 

When pulmonary mucormycosis is suspected, early 
diagnosis and aggressive treatment are imperative. Asso- 
ciated medical conditions should be optimized and appro- 
priate ventilatory support initiated. Diagnostic tests 
should be performed early and repeated as necessary 
until a diagnosis is established. Once diagnosed, the 
patient should be treated aggressively with amphotericin 
B. If the patient shows a rapid and sustained response, 
medical treatment and supportive care should be contin- 
ued. If the patient is an acceptable operative risk and 
clinical improvement does not begin within 48 to 72 
hours, consideration should be given to surgical resec- 
tion. 

Operative intervention plays an important role in the 
surgical candidate with isolated pulmonary mucormyco- 
sis and requires the removal of as much of the infected 
tissue as is feasible. Although a wedge resection may 
occasionally suffice, a lobectomy is usually required. A 
pneumonectomy may be necessary for proximal or exten- 
sive involvement. When the infectious process crosses 
tissue planes, pulmonary resection and debridementl 
resection of adherent structures is recommended. With 
progressive dissemination of infection, surgical therapy 
becomes increasingly less beneficial. 

The high mortality found in the overall group (80%) 
was striking. In patients with disease confined to the 
lungs (53% of the total), the mortality was slightly less 
(65%); it is this group that stands to benefit most from 
surgical therapy. In this subset of patients, there was a 
significant survival advantage from surgical intervention 
compared with medical management (see Fig 2). Previous 
reports have also suggested that surgery improves sur- 
vival [ 37-39]. 

Limitations of This Study 
This study was based on case reports and therefore suffers 
from being retrospective; it is also subject to selection bias, 
because successfully treated patients are more likely to be 
reported. Details of the clinical course were incomplete in 
some of the literature reports. Although not reflected in 
the data, radiologic and biopsy techniques have evolved 
over time. Because the data were not population-based, 
estimates of true incidence and mortality were not possi- 
ble. However, and our findings support those reported by 
others in isolated case reports. 

In summary, a pulmonary infiltrate in a patient refrac- 
tory to antibiotic therapy warrants an aggressive diagnos- 
tic approach including early bronchoscopy . Amphotericin 
B is the most effective antifungal agent, and when com- 
bined with adequate control of concurrent medical ill- 
nesses, can improve survival. Aggressive and early sur- 
gical intervention may further enhance survival in 
operative candidates with mucormycosis confined to one 
lung. 
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