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Invasive Aspergillus Rhinosinusitis in Patients with Acute Leukemia 

George H. Talbot, Anna Huang* From the Infectious Diseases Section, Department of Medicine, 
and Mary Provencher University of Pennsylvania School of Medicine; and the Infection 

Control Section, Hospital of the University of Pennsylvania, 
Philadelphia, Pennsylvania 

Invasive aspergillus rhinosinusitis is a potentially lethal complication of chemotherapy-induced 
neutropenia in patients with acute leukemia. The majority of cases are caused by Aspergillus 
flavus. The infection is difficult to diagnose early but should be suspected when a neutropenic 
patient develops persistent fever without a known source, symptoms of rhinitis or sinusitis, cuta- 
neous findings over the nose or sinuses, symptoms and signs of orbital or cavernous sinus disease, 
or an ulcerating lesion of the hard palate or gingiva. Careful anterior rhinoscopy followed by 
computed tomography of the sinus helps establish the diagnosis, which should be confirmed by 
histologic study and culture of biopsied material. Early treatment with aggressive surgery, high- 
dose amphotericin B and 5-fluorocytosine, and possibly white blood cell transfusions may pro- 
duce a cure if the patient's bone marrow recovers. Newer antifungal agents offer promise for 

prophylaxis and treatment of this infection. 

Patients with acute leukemia are at risk for invasive asper- 
gillosis as a consequence of intensive chemotherapy, which 
produces prolonged neutropenia [1]. The lung is the most com- 
mon site of aspergillus infection, but the liver, spleen, brain, 
heart, pericardium, and other body sites are involved in a sub- 
stantial minority of cases [2]. Invasive aspergillus rhino- 
sinusitis is an important variant, since it may herald or be 
coincident with pulmonary disease and often indicates a poor 
prognosis. 

We describe our experience with invasive aspergillus rhino- 
sinusitis (hereafter termed simply aspergillus rhinosinusitis) 
in patients with acute leukemia over a 10-year period, and 
we review the literature to emphasize the often-subtle pre- 
sentation, the difficulties in both diagnosis and treatment, and 
the outcome of this infection. 

Methods 

Beginning in 1979, patients hospitalized for acute leuke- 
mia were located on a single unit in our institution. Nosoco- 
mial infection surveillance, conducted by the Infection Control 
Section after 1982, consisted of daily visits to the unit by an 
infection control practitioner (M.P.) and frequent (at least 
twice-weekly) ward rounds by the hospital epidemiologist 
(G.H.T.). Since invasive aspergillosis was considered a prob- 
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lem, persistent fever or symptoms/signs localized to the nose 
or sinuses during neutropenia (absolute neutrophil count 
[ANC], <500/mm3) usually prompted further evaluation, in- 
cluding otorhinolaryngologic consultation, nasal fungal cul- 
ture, and radiographic studies. These data, plus information 
dating to January 1979 that had accrued during earlier studies 
of invasive pulmonary aspergillosis [1, 3-10], were used to 
identify cases of aspergillus rhinosinusitis. 

Hospital records were reviewed for those admissions dur- 
ing which aspergillus rhinitis and/or sinusitis or invasive as- 
pergillosis at any body site developed. When aspergillus 
rhinosinusitis (with involvement at either or both of the indi- 
cated anatomic sites) was present, the following data were 
collected: duration of fever (a daily peak oral or axillary tem- 
perature of >100?F); duration of neutropenia; duration of an- 
tibiotic therapy; signs and symptoms referable to the nose, 
sinuses, or paranasal tissues; antifungal therapy (duration, 
total dosage, and concomitant use of two or more therapies); 
findings at surgery and/or autopsy; and descriptive informa- 
tion from the pertinent hospitalizations. 

Cases of aspergillus rhinosinusitis were defined by the pres- 
ence of histologic evidence (tissue invasion by characteristic, 
acutely branching, septate hyphae) or microbiologic evidence 
of aspergillus in the sinuses (premortem or postmortem) or 
the nose plus clinical or radiographic findings of a nasal le- 
sion and/or sinusitis. Probable cases were those occurring in 

patients who had both a nasal swab culture yielding Asper- 
gillus and clinical sinusitis but no clinical evidence of inva- 
sive aspergillosis on nasal examination. Patients with a positive 
nasal culture but no nasal or sinus findings were not consid- 
ered to have aspergillus rhinosinusitis, even if invasive pul- 
monary aspergillosis was documented. The day of diagnosis 
was designated as the first day of hospitalization on which 
a sinus or nasal specimen that subsequently yielded Asper- 
gillus species by culture or histology was obtained. 
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The aspergillus infection was classified as cured if on follow- 
up examination there was no further microbiologic, histologic, 
or radiographic evidence of fungal disease; as stable if no 
significant change occurred after the time of diagnosis; and 
as progressive if there was evidence of local spread or dis- 
seminated aspergillosis on postmortem examination. Leuke- 
mia status included the categories of remission (<5 % blasts 
on bone marrow examination), refractory (residual disease 
on the most recent bone marrow biopsy), and nadir (no recov- 
ery from chemotherapy and no residual leukemic cells on the 
most recent bone marrow examination). 

Results 

In the 10 years from 1979 through 1988, 13 patients with 
acute leukemia (patients 1-13) developed aspergillus rhinosinu- 
sitis; one other patient (patient 14) met our definition for a 
probable case (table 1). Patient 4 was the subject of a previ- 
ous case report [10]; patients 1-10 and 13 have been included 
in various other articles [4-10]. Eight patients were male and 
six were female. The patients' ages ranged from 22 to 75 years 
(median, 42 years). The types of underlying leukemia included 
acute myelogenous leukemia (AML, eight patients), acute 

lymphocytic leukemia (ALL, four), and acute undifferentiated 
leukemia (two). Patients were admitted for induction chemo- 
therapy (four cases), relapse of leukemia (seven, including 
one following syngeneic bone marrow transplantation), refrac- 
tory leukemia (two), and untreated leukemia (one). The an- 
nual incidence of aspergillus rhinosinusitis ranged from 0 to 
8.2% (median, 3.4%) among individual patients admitted one 
or more times during each calendar year for diagnosis and/or 
treatment of leukemia (table 2). Because the number of pa- 
tients was relatively small, we also calculated rates based on 
a denominator of leukemia patient hospital days. The num- 
ber of cases per 1,000 patient-days ranged from 0 to 2.0 (me- 
dian, 0.76). 

Aspergillus rhinosinusitis was diagnosed late in the patients' 
hospitalizations (median, 23 days; range, 8-50 days). Patients 
were neutropenic for 7-42 days (median, 17 days) before di- 
agnosis. 

All 14 patients were febrile before and at the time of diag- 
nosis (table 3). Headache, epistaxis, and cough were noted 
in at least half of all cases. Erythema and swelling of paranasal 
tissues were noted in 21% and 36% of patients, respectively. 
Additional localizing symptoms, including sinus pain, nasal 
discharge, and a sensation of nasal congestion, occurred in 

Table 1. Characteristics of 14 patients with aspergillus rhinosinusitis. 

Duration 
of Duration 

fever (d) of 
neutro- Total dose 

Patient: Day of Before peniat Aspergillus of AmB Outcome of 
age/gender Leukemia status* diagnosist Total diagnosis (d) Method of diagnosis species Therapy? (mg) aspergillosisll 

1: 37/M AUL, induction 30 23 12 23 Nasal histology and culture flavus AmB 2,010 Cure 

2: 30/M APML, induction 18 53 17 17 Nasal histology and culture flavus AmB, Rif, WBC 3,000 Cure 

3: 66/M AML, relapse 14 22 13 14 Sinus histology and culture flavus AmB, Rif 590 Progression 
4: 22/F ALL, second relapse 20 23 7 10 Nasal histology and culture flavus AmB 1,980 Stable 

5: 29/M ALL, refractory 8 13 7 7 Swab of nasal lesion flavus AmB 1,000 Cure 

6: 51/M AUL, induction 29 29 22 23 Swab of nasal lesion; flavus AmB, WBC 310 Stable 

autopsy sinus culture 

7: 51/M AML, relapse 23 24 18 11 Gingival histology and niger AmB 160 Progression 
culture 

8: 42/M ALL, relapse 
First 24 13 11 12 Nasal histology and culture flavus None 0 Cure 
Second 27 NA# NA 17 Nasal histology and culture flavus AmB, WBC 1,010 Progression 

9: 37/M AML, relapse 50 36 33 42 Nasal histology and culture flavus AmB, WBC 1,430 Progression 
10: 57/F AMML, first relapse 47 31 26 40 Nasal histology and culture flavus AmB, Rif, WBC 655 Progression 
11: 48/F AML, refractory 33 30 19 25 Sinus histology and culture Unspecified AmB, 5-FC 1,557 Progression 
12: 24/F AML, relapse after 28 39 15 28 Nasal histology and culture flavus AmB, Rif, 1,275 Progression 

BMT 5-FC, WBC 

13: 75/F AML, untreated 10 16 14 9 Swab of nasal lesion flavus AmB 140 Stable 

14: 44/F AML, induction 21 52 20 18 Nasal culture niger AmB, Rif, WBC 1,514 Stable 

* AUL = acute undifferentiated leukemia; APML = acute promyelocytic leukemia; AML = acute myelogenous leukemia; ALL = acute lymphocytic leukemia; AMML = 
acute myelomonocytic leukemia; and BMT = bone marrow transplantation. 

t Day of hospitalization on which specimen that subsequently established diagnosis was obtained. 
t ANC <500/mm3. 
? AmB = amphotericin B; Rif = rifampin; WBC = white blood cell transfusion; 5-FC = 5-fluorocytosine. 
II See text for definition of outcomes. 
# NA = not available. 
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Table 2. Attack rates for aspergillus rhinosinusitis. 

No. of No. of cases 
leukemia No. of per 1,000 

No. of patients Incidence leukemia leukemia 
Year cases at risk* (%) patient-days patient-days 

1979 0 35 ... 1,402 0 
1980 3 46 6.5 1,847 1.6 
1981 2 40 5.0 1,578 1.3 
1982 4 49 8.2 1,972 2.0 
1983 2 38 5.2 2,141 0.9 
1984 0 41 ... 2,099 0 
1985 0 48 ... 2,294 0 
1986 1 47 2.1 2,310 0.43 
1987 1 29 3.4 1,303 0.76 
1988 1 37 2.7 1,323 0.75 

* Individual patients admitted on one or more occasions during a calendar year for 
diagnosis and/or treatment of leukemia. 

Table 3. Signs and symptoms at diagnosis of aspergillus rhino- 
sinusitis in 14 patients. 

Sign/symptom No. of patients (%) 

Fever 14 (100) 
Cough 9 (64) 
Epistaxis 7 (50) 
Headache 7 (50) 
Nasal discharge 6 (43) 
Sinus pain 6 (43) 
Sore throat 6 (43) 
Swelling of paranasal tissues 5 (36) 
Eye pain 4 (29) 
Nasal congestion, stuffiness 4 (29) 
Erythema of paranasal tissues 3 (21) 
Toothache 3 (21) 
Postnasal drip 2 (14) 
Earache 1 (7) 
Pressure sensation 1 (7) 

a minority of patients. Other symptoms typical of sinusitis 
in nonimmunocompromised hosts were seen in this popula- 
tion as well. 

Physical findings were often nonspecific (table 4). Crust- 
ing of the nasal mucosa or septum was seen most often 

(eight of 14 patients). This lesion either progressed to a 
more typical eschar or was found to overlie an ulcer in which 

Aspergillus was subsequently demonstrated by histologic or 

microbiologic analysis. Close examination of the nasal mucosa 
sometimes revealed early lesions of aspergillus rhinosinusi- 
tis, such as dusky or frankly necrotic-appearing mucosa, 
hyperemic nasal passages, and edematous mucous mem- 
branes. Tenderness over the sinuses was noted in only five 
patients. Only two patients were described as having any na- 
sal discharge; in one case it was bloody and in the other clear. 
Other abnormalities were less frequent. 

In the majority of patients, the diagnosis of aspergillus 
rhinosinusitis was established by a combination of histologic 

Table 4. Physical findings at diagnosis of aspergillus rhinosinu- 
sitis in 14 patients. 

Finding No. of patients (%) 

Crusting of nasal mucosa 8 (57) 
Sinus tenderness 5 (36) 
Nasal ulcer 4 (29) 
Oral ulcer/plaque 4 (29) 
Necrotic/dusky nasal mucosa 3 (21) 
Deviated nasal septum 3 (21) 
Hyperemic nasal mucosa 2 (14) 
Nasal discharge 2 (14) 
Facial/nasal tenderness 2 (14) 
Oral erythema 2 (14) 
Edematous nasal mucosa 1 (7) 
Perforated nasal septum 1 (7) 
Nasal plaque, white 1 (7) 

and microbiologic examination of tissue, as follows: (1) Nine 
patients (patients 1-4, 6, 8-10, 12) had nasal lesion biopsies 
that were diagnostic on both histologic and microbiologic 
grounds. Four of these patients had developed invasive pul- 
monary aspergillosis earlier in their hospitalizations; one was 
found to have invasive pulmonary aspergillosis after the na- 
sal biopsy. Cultures of sinus specimens from two of these pa- 
tients yielded the same Aspergillus species as had that of the 
nasal specimen; three others had clinical histories suggestive 
of sinusitis. (2) Three patients had positive nasal cultures in 
the context of clinical sinusitis (patient 14) or a nasal lesion 
(patients 5 and 13). (3) One patient (patient 11) underwent 
nasal and sinus debridement, with diagnostic histopathology 
from both sites. (4) One patient (patient 7) had a diagnostic 
oral lesion along with facial lesions and abnormal sinus radi- 
ographs. 

Of the 13 cases with microbiologic evidence of aspergillus 
rhinosinusitis, 11 were caused by Aspergillusflavus and two 

by Aspergillus niger. 
Treatment regimens varied greatly (table 1). All but one 

patient (patient 8) received amphotericin B. The wide range 
in the total dose of amphotericin B-from 140 mg to 3 g- 
reflected in part that the administration of empiric amphoteri- 
cin B for prolonged fever during neutropenia did not become 
standard practice in our institution until mid-1983, after many 
of these cases were seen. The average daily dose ranged from 
0.4 to 1,.0 mg/(kg d); however, these figures reflect the aver- 

age for an entire course of amphotericin B, which often in- 
cluded a substantial period of "empiric" therapy at a lower 

dosage range. Patient 8 had resolution of his nasal lesion with 
debridement and recovery of his ANC. During a subsequent 
relapse of his leukemia, he had a recurrence of aspergillus 
rhinosinusitis in the same location and was treated unsuccess- 

fully with amphotericin B and white blood cell (WBC) trans- 
fusions. Four patients were given rifampin sometime after 

starting amphotericin B; the duration of rifampin treatment 
was 3-17 days. One patient received amphotericin B plus 
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5-fluorocytosine (5-FC). One additional patient first received 
5-FC in combination with amphotericin B but then was 
switched to rifampin and amphotericin B for fear that the 
5-FC was prolonging her neutropenia. Half of the patients 
received WBC transfusions along with antifungal medications. 
These transfusions were given daily for 5-18 days. 

We grouped the episodes by the response of aspergillus 
rhinosinusitis to treatment and then compared these groups 
with regard to the ultimate status of the underlying leukemia. 
Of the four episodes in which aspergillus rhinosinusitis was 
cured (group 1), two involved patients who were in clinical 
remission at the end of antifungal therapy, and two involved 
patients with refractory leukemia. (Of note, one of these 
patients-patient 8-actually received no antifungal chemo- 
therapy; this patient had a relapse of invasive aspergillosis 
at a later date.) Group 2 included those episodes in which 
infection remained stable locally and no new sites of asper- 
gillosis developed following diagnosis of rhinosinusitis. Of 
the four episodes in this category, one occurred in a patient 
in partial remission, two in patients with hypocellular bone 
marrow following chemotherapy, and one in a patient not 
treated for leukemia. During seven episodes, there was 
progression of infection (group 3). In two episodes the bone 
marrow had not yet recovered from chemotherapy; in the re- 
mainder the patient had refractory leukemia. Aspergillus 
rhinosinusitis was a contributing factor in or the cause of seven 
deaths. 

Case Reports 

Case 5 

Description. A 29-year-old man with pure red blood cell 
aplasia of infancy (Blackfan-Diamond syndrome) had been 
treated with steroids and transfusions until remission at age 
6. In the spring of 1982 he developed ALL. Examination on 
admission revealed a tender left posterior molar. An otorhi- 
nolaryngologic evaluation was obtained because of a history 
of epistaxis for several weeks, occasional purulent rhinorrhea, 
and chronic nasal obstruction. Bilateral septal crusting was 
found without ulceration, other lesions, or evidence of sinus 
disease. However, sinus radiographs showed bilateral muco- 
periosteal thickening of the maxillary sinuses and clouding 
of the right ethmoid sinus. Following tooth extraction, the 
patient received two courses of chemotherapy, and his ALL 
went into remission. 

Two months later he was admitted in relapse with cough 
and fever, and antibiotic treatment was started. His hospital- 
ization was complicated by herpes simplex virus (HSV) in- 
fection of the nasal vestibule and the mouth. The initial 
symptoms and signs of this infection raised concern about 
aspergillosis. Sinus radiographs taken early during this hos- 
pitalization showed right maxillary mucosal thickening; when 
repeated at the time of the herpetic infection, radiographs 

showed acute inflammation with clouding and mucosal thick- 
ening of the left ethmoid and the maxillary sinuses, as well 
as edematous soft tissues within the left nares. With his leuke- 
mia in partial remission, the patient was discharged and con- 
tinued to receive antileukemia chemotherapy on an outpatient 
basis. 

One month later he was readmitted with fever and neutrope- 
nia. The perianal area was tender and erythematous without 
an obvious abscess. Blood cultures yielded Escherichia coli, 
but antibiotic treatment did not eliminate the fever. On hospi- 
tal day 5 the patient developed clear rhinorrhea; tenderness 
over the left maxillary sinus progressed to involve the left eth- 
moid within 48 hours. Sinus radiographs showed opacifica- 
tion of the left maxillary, ethmoid, and sphenoid sinuses. 
Examination revealed crusting and ulceration of the left sep- 
tum and the inferior nasal turbinate as well as ulcers on the 
gingiva and tongue. Cultures of swab specimens of the nasal 
mucosa yielded A. flavus; therapy with amphotericin B was 
started on hospital day 11. As the neutrophil count normal- 
ized, the fever, sinus symptoms, and nasal ulcers began to 
resolve. The patient was given a total of 1.0 g of amphoteri- 
cin B. His leukemia persisted despite further chemotherapy. 
Two months after his positive nasal culture, he was admitted 
in septic shock and died within 24 hours. 

Postmortem examination revealed persistent leukemia, mild 
bronchopneumonia of the left upper lobe, infiltrating rectal 
adenocarcinoma, and macronodular cirrhosis of uncertain eti- 
ology. Cultures of blood, maxillary sinus, ethmoid sinus, and 
lung were sterile. There was no microscopic evidence of pul- 
monary aspergillosis. 

Comment. Although the appearance of nasal ulceration 
in a profoundly neutropenic, febrile patient is highly sugges- 
tive of aspergillus rhinosinusitis, this finding is not pathogno- 
monic [11]. As is illustrated by this case, HSV infection of 
the nasal vestibule can, on occasion, mimic aspergillus rhi- 
nosinusitis [11]. However, the appearance of multiple, very 
painful ulcers that also involve the upper lip and intervening 
skin suggests HSV infection as opposed to aspergillus rhino- 
sinusitis. Other infections that can mimic aspergillus rhino- 
sinusitis include those caused by the agents of mucormycosis, 
Fusarium species, Pseudomonas aeruginosa, and Pseudal- 
lescheria boydii [11, 12]. It is important to identify P. boydii 
since it might be impossible to distinguish this organism from 
Aspergillus in tissue specimens and since it is generally resis- 
tant to amphotericin B. 

Case 7 

Description. A 51-year-old man developed AML in 
November 1980; in March 1982 he was admitted in relapse. 
Early in his hospitalization the patient became febrile and was 
given broad-spectrum antibiotics. Complications included 
right nasal epistaxis and bilateral apical cavitary pneumonias 
with hemoptysis. On hospital day 29 amphotericin B and WBC 
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transfusions were added to the empiric regimen for possible 
fungal pneumonia. The diagnosis of aspergillosis was made 
when cultures of expectorated lung tissue subjected to Grocott 
staining yielded aspergilli. The results of otorhinolaryngo- 
logic examination were normal at this time; sinus radiographs 
revealed possible mild periosteal elevation of the lateral mar- 
gins of the right maxillary sinus. After bone marrow recov- 
ery the patient received a total dose of 2 g of amphotericin B. 

In August 1982 he was readmitted with relapsed leukemia 
and disseminated herpes zoster. No active lesions were detected 
by chest radiography. Broad-spectrum antibiotic treatment for 
fever was started. When the patient became neutropenic on 

hospital day 12 after chemotherapy, an erythematous area de- 

veloped under the left nares, along with ipsilateral epistaxis. 
By hospital day 22 the patient had left facial swelling and a 
black eschar on the roof of his mouth. Biopsy of gingival tissue 
demonstrated septate hyphae consistent with aspergillosis. 
Computed tomography (CT) of the sinus showed thickening 
of the left maxillary sinus mucosa. Despite amphotericin B 

therapy, the patient's condition deteriorated, with increased 
interstitial markings on chest radiographs and growth of Asper- 
gillus species in cultures of expectorated sputum. The addi- 
tion of WBC transfusions was of no benefit; the patient died 
on hospital day 28. On autopsy there was extensive invasive 

pulmonary aspergillosis. The sinuses were not examined to 
confirm their involvement in the fungal infection. 

Comment. Invasive pulmonary aspergillosis preceded oro- 
facial aspergillus infection in this patient. Ipsilateral epistaxis 
and mild inflammatory changes on sinus radiographs during 
the earlier hospitalization suggest that aspergillus rhinosinu- 
sitis was present in addition to pulmonary disease. During 
his final period of hospitalization, the patient developed con- 
tralateral disease heralded by localized cutaneous erythema. 
Weingarten and colleagues have emphasized that the first 
manifestation of aspergillus rhinosinusitis can be cutaneous 
erythema and/or swelling, usually painless [13]. Although the 

diagnosis was established by biopsy of gingival tissue, the max- 

illary sinus probably was involved because the hard palate 
forms the floor of that sinus; involvement of the palate and 

gingiva has been described [14]. 

Case 8 

Description. A 42-year-old man presented with relapsed 
ALL in October 1982. Neutropenia and fever occurred 10 

days after reinduction chemotherapy and persisted for 13 days. 
On hospital day 24 a 1-cm necrotic eschar in the left nares 
was discovered and debrided; no underlying ulcer was seen. 
This lesion contained acutely branched, septate hyphae, and 
a culture of a specimen of the lesion yielded A. flavus. Anti- 

fungal chemotherapy was not initiated because the patient's 
neutrophil count was increasing and radiographs of the sinuses 
and chest were normal. Over the next 10 days, the nasal lesion 
healed; bone marrow examination demonstrated remission. 

During the next 4 months, the patient experienced inter- 
mittent nasal congestion, epistaxis, and occasional blood- 
streaked rhinorrhea. Repeated examinations showed a sep- 
tum deviated to the left and some crusting and mucus; the 
nares and paranasal tissues were benign. Cultures of fungal 
nasal swab specimens were sterile. Sinus radiographs showed 
persistent mild clouding of the right ethmoid sinus, thought 
to represent mucoperiosteal thickening and chronic sinusitis. 

The patient was readmitted in June 1983 for relapsed leuke- 
mia. Fever shortly after admission responded to the addition 
of broad-spectrum antibiotics to the treatment regimen. Neu- 
tropenia was noted on hospital day 3 and persisted during the 
entire hospital course. On hospital day 7 the patient com- 
plained of transient bilateral maxillary pain, but findings on 
examination and sinus radiographs were normal. On hospi- 
tal day 25 he developed frontal headache and persistent fe- 
ver. Results of sinus and nasal examination and sinus 
radiographs were unremarkable. Three days later, with con- 
tinued headache and recurrent maxillary sinus pain, the pa- 
tient was noted to have crusting on the left middle turbinate 
at the same site as his previous aspergillus lesion. Repeat si- 
nus radiographs demonstrated clouding of the left maxillary 
sinus and thickening of the left frontal sinus mucosa. Treat- 
ment with amphotericin B was started. Nasal biopsy several 
days later established the diagnosis. Over the next week plain 
radiographs showed progression of sinus infection; the changes 
were more prominent on CT. The left middle turbinate (which 
had become necrotic), the left maxillary sinus, and the left 
ethmoid sinus were debrided on hospital day 37. 

The patient continued to do poorly, with residual leukemia 
in the bone marrow and persistent neutropenia. He developed 
bilateral pulmonary infiltrates on day 45. WBC transfusions 
were begun after the patient had received >700 mg of am- 
photericin B; however, paranasal disease progressed to 
necrotic facial lesions shortly before death on hospital day 
55. Postmortem examination was not performed. 

Comment. This patient first developed evidence of asper- 
gillus rhinosinusitis as his bone marrow was recovering from 
reinduction chemotherapy. Debridement of the involved na- 
sal tissue apparently controlled further spread of the infec- 
tion since his neutrophil count was normalizing. Relapse of 

aspergillus rhinosinusitis occurred shortly after relapse of 
leukemia. Recrudescent invasive aspergillosis, a well- 
described phenomenon [9, 11, 15-17], may appear early in 
the course of leukemic relapse, as is suggested in this case 

by the onset of bilateral maxillary pain on hospital day 7. Karp 
and colleagues have reported that intensive antifungal che- 

motherapy begun before neutropenia prevents relapse of in- 
vasive pulmonary aspergillosis [17]. A similar approach may 
be warranted in certain patients with prior aspergillus 
rhinosinusitis who are scheduled to undergo antileukemia 
treatment. 

CT of the head was useful since it made the degree of sinus 
involvement much more obvious than did plain sinus radio- 
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graphs [18, 19]. Earlier scanning, when the patient developed 
his frontal headache, might have demonstrated sinusitis and 
led to either earlier antifungal therapy or an earlier invasive 

diagnostic procedure. 

Case 10 

Description. A 57-year-old woman developed acute my- 
elomonocytic leukemia in December 1982. The fever noted 
on admission resolved with broad-spectrum antibiotic treat- 
ment but recurred in association with a left lower lobe pul- 
monary infiltrate. By the 26th hospital day, chest radiography 
demonstrated resolution of the infiltrate and a new right lower 
lobe nodular density; plain sinus radiographs showed cloud- 

ing of the right maxillary and ethmoid sinuses without bony 
erosion. Three days later the patient underwent fiberoptic 
bronchoscopy. Stains revealed no fungal elements, and sub- 

sequent cultures yielded only Candida albicans. On the fol- 

lowing day the patient became afebrile, with an ANC of 936/ 
mm3; she remained afebrile until her discharge 1 week later. 
She received no antifungal therapy at this time. Serial chest 

radiographs demonstrated a diminution in the infiltrate. 
Four months later the patient was readmitted with relapsed 

leukemia. Neutropenia and fever unresponsive to broad- 

spectrum antibiotic treatment began after chemotherapy and 

persisted throughout the remaining 7 weeks of hospitaliza- 
tion. On hospital day 12 an otorhinolaryngologic consulta- 
tion for epistaxis revealed dusky turbinates and a bloody nasal 

discharge. Chest radiography showed interstitial pneumoni- 
tis. Sinus radiographs demonstrated partial opacification of 
the maxillary, ethmoid, and sphenoid sinuses-findings sug- 
gestive of chronic sinusitis. The dusky mucosa improved over 
several days before the patient received a second course of 

chemotherapy. On the 22nd hospital day, there was an acute 
onset of right facial and perioral tenderness. Repeat sinus radi- 

ographs showed no changes. 
One week later, progressively worsening frontal headache 

developed. Sinus radiographs showed an air-fluid level in the 
left maxillary sinus. On hospital day 37 a black eschar and 

bloody crust were noted on the left middle turbinate, with 

accompanying sinus and periorbital tenderness. When the pa- 
tient refused a biopsy of the nasal lesion, amphotericin B treat- 
ment was started; however, her condition deteriorated, with 
the appearance of a new right middle lobe infiltrate and cough, 
worsening of her nasal symptoms and signs, and progression 
of sinus disease detectable by radiography. Culture and histo- 

logic evaluation of specimens obtained during nasal debride- 
ment on hospital day 47 demonstrated Aspergillus. Rifampin 
and WBC transfusions were added to the antifungal regimen 
after the patient had received 325 mg of amphotericin B, but 
she died on hospital day 53. Premortem bone marrow exami- 
nation showed residual leukemia. Postmortem examination 
was not performed. 

Comment. During the patient's second period of hospi- 
talization, the first sign of aspergillus rhinosinusitis was the 

dusky appearance of the turbinates, reflecting ischemia due 
to aspergillus vascular invasion. Berlinger has emphasized 
that the initial manifestation of this disease may be subtle evi- 
dence of tissue ischemia [11]. Further fungal proliferation led 
to thrombosis and the necrotic nasal lesion that appeared 3 
weeks later. Without recovery of the neutrophil count, aggres- 
sive debridement and antifungal treatment could not arrest 
the infection. 

This case illustrates an unusual radiographic finding in 

aspergillus rhinosinusitis: an air-fluid level. Presumably, the 
absence of neutrophils precludes the exuberant exudative reac- 
tion to infection that would ordinarily result in fluid [11]. This 

atypical feature, described occasionally [20], demonstrates 
that the clinician must maintain a high degree of suspicion 
regarding fungal infection in the neutropenic patient with acute 
leukemia. 

Case 11 

Description. A 48-year-old woman had myelodysplastic 
syndrome with progressively worsening pancytopenia and a 
severe transfusion requirement. Following a 14-day course 
of cytosine arabinoside, a bone marrow biopsy demonstrated 
AML. During hospitalization the patient developed bilateral 

pulmonary infiltrates and a Hickman catheter infection. Both 

problems had resolved when she was readmitted for chemo- 

therapy 1 month later. 
On admission she had epistaxis and multiple ecchymoses. 

Initial otorhinolaryngologic examination and sinus radiogra- 
phy yielded unremarkable findings. After two courses of che- 

motherapy, she had abrupt onset of left eye pressure and left 
neck pain on hospital day 25. A blood clot was noted on the 
nasal septum. CT of the head demonstrated left ethmoid and 
left maxillary mucosal thickening. Over the next 72 hours, 
the patient developed discomfort over the left ethmoid sinus 
and headache with persistence of the orbital symptoms. On 

hospital day 37, repeat head CT showed progression of sinus 
disease, which was diagnosed as invasive aspergillosis on bi- 

opsy 48 hours later. At the time, this patient had received >650 

mg of amphotericin B, which had first been given for persis- 
tent fever and neutropenia. Her infection progressed despite 
the addition of 5-FC to the regimen, and she developed left 

eye pain, extraocular muscle palsies, and diminished visual 

acuity plus bilateral upper eyelid swelling. She died on hos- 

pital day 46 after receiving >1.5 g of amphotericin B. No post- 
mortem examination was performed. 

Comment. Fulminant invasive aspergillosis may involve 
not only the paranasal sinuses but also contiguous structures, 
such as the orbit [21-28], the ear [29, 30], the nasopharynx 
[31], the face [12], and the mouth, including the teeth and 

gums [13]. Ocular symptoms are particularly ominous be- 
cause they usually signal extension of infection from the 

paranasal sinuses into either the cavernous sinus or the orbit. 
Cavernous sinus involvement is usually complicated by cav- 
ernous sinus thrombosis, which produces proptosis, retinal 

This content downloaded  on Thu, 20 Dec 2012 09:20:49 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


RID 1991;13 (March-April) Aspergillus Rhinosinusitis 225 

venous engorgement, depressed consciousness, and often 
death. Involvement of the orbital apex causes unilateral ex- 
traocular muscle palsy and blindness. Another lethal but rare 

complication is exsanguinating hemorrhage from the involved 
sinus(es) [13]. 

Case 12 

Description. A 24-year-old woman developed erythroleu- 
kemia in September 1987. Although her history and physical 
examination revealed no previous or acute sinus disease, 
radiographs showed opacification of the right maxillary and 
ethmoid sinuses. Four days after receiving induction chemo- 

therapy, the patient developed fever and antibiotic therapy was 

begun, to which she responded. On hospital day 24 fever and 
diarrhea developed. After 48 hours of persistent fever, the 
administration of amphotericin B was started. Clostridium 

difficile toxin was detected in stool. On hospital day 29 the 

patient experienced transient right nasal pain; erythema of 
the right nasolabial fold was noted. Over the next 2.5 weeks, 
the ANC normalized as clinical remission was achieved, and 
the fever resolved. 

Three months later the patient was readmitted for syngeneic 
bone marrow transplantation. She had no complaints and, 
other than clear rhinorrhea, no physical findings related to 
the paranasal tissues during that hospitalization. 

In May 1988 the patient was admitted in relapse with fever 
and neutropenia. Otorhinolaryngologic examination found 

only a blood clot in the left nares. On hospital day 18 the 

patient complained of "nose stiffness"; sinus radiographs 
several days later demonstrated minimal mucoperiosteal thick- 

ening in the left maxillary sinus as well as cloudiness of the 

right maxillary and right ethmoid sinuses. Treatment with am- 

photericin B was begun empirically for suspected aspergillus 
rhinosinusitis. The patient received another course of chemo- 

therapy for residual leukemia. On hospital day 27 there was 
new nasal swelling and a yellow nasal discharge. A nasal swab 

specimen contained septate hyphae consistent with Aspergillus 
species, which subsequently grew in fungal culture. 5-FC and 
WBC transfusions were added to the treatment regimen for 

clinically worsened nasal congestion and facial erythema and 
edema. A left Caldwell-Luc procedure was performed when 
the condition did not improve despite an increased daily dose 
of amphotericin B (total dose, >800 mg). The patient remained 

neutropenic with hypocellular bone marrow. Rifampin was 
substituted for 5-FC to no avail. Progression of aspergillus 
rhinosinusitis with necrosis of nasal tissue was obvious be- 
fore death on hospital day 55. 

Postmortem examination revealed no histologic evidence 
of disseminated aspergillosis. A culture of a swab specimen 
of the left nares yielded A. flavus; cultures of the ethmoid and 

sphenoid sinuses were sterile. The sinuses were not exam- 
ined histologically. 

Comment. In contrast to patients diagnosed in the early 
1980s, this patient received amphotericin B empirically when 

she had minimal (if any) symptoms suggestive of aspergillus 
rhinosinusitis and far in advance of positive cultures or histo- 
logic specimens. If a leukemia patient remains febrile and neu- 
tropenic while taking broad-spectrum antibiotics, it has 
become standard practice to begin antifungal treatment be- 
cause of the high risk of fungal infection [32, 33]. 

This case illustrates the aggressive nature of aspergillosis 
in the neutropenic host, with continued progression of local 
disease despite surgical debridement, two-drug treatment for 
nearly 3 weeks, and WBC transfusions. While more exten- 
sive debridement earlier in its course might have helped con- 
trol the infection, this intervention was deemed inadvisable 
because of persistent pancytopenia. 

As a final note, it is worth emphasizing that a routine post- 
mortem examination may not involve careful evaluation of the 
sinuses. Improved communication with the pathologist should 
resolve this problem. 

Discussion 

Aspergillosis of the sinuses comprises a spectrum of dis- 
eases ranging from a benign, noninvasive form to an aggres- 
sively invasive type. A variety of classification schemata have 
been proposed. We believe it reasonable to define four basic 

types: saprophytic aspergillus colonization of a previously ab- 
normal sinus, allergic aspergillus sinusitis, subacute or chronic 
invasive aspergillus sinusitis, and fulminant invasive asper- 
gillus sinusitis. The pulmonary counterparts of these types 
are aspergilloma, allergic bronchopulmonary aspergillosis, 
chronic necrotizing pulmonary aspergillosis, and invasive pul- 
monary aspergillosis, respectively [34]. 

The first form is a low-grade, noninvasive infection that pre- 
sumably has a pathogenesis similar to that for pulmonary 
aspergilloma [22, 35-39]. The organism proliferates within 
a previously abnormal cavity but does not invade surround- 

ing bone or tissues and causes symptoms mimicking subacute 
or chronic bacterial sinusitis. Surgical excision alone usually 
results in cure [35, 38]. 

The second entity, allergic aspergillus sinusitis, is a recently 
described condition analogous to allergic bronchopulmonary 
aspergillosis [40, 41]. Patients present with symptoms of si- 
nusitis that are sometimes accompanied by nasal drainage of 
brownish mucus plugs. Most have asthma and nasal polyps; 
atopy is also common. Radiographs show opacification of one 
or more sinuses. At surgery, there is severe inspissation of 
mucus that histologically resembles the mucoid impaction of 

allergic bronchopulmonary aspergillosis. Katzenstein and co- 
workers have termed this material "allergic mucin"; it is charac- 
terized by aggregates of necrotic eosinophils, free eosinophil 
granules, nuclear debris, shed respiratory tract epithelial cells, 
and Charcot-Leyden crystals within a mucinous background 
[40]. Serum IgE levels are often elevated. Treatment with cor- 
ticosteroids and surgery should induce remission [41]. 

The third form is more aggressive, presenting subacutely 
or chronically. It is characterized by tissue invasion, often 
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resulting in bone destruction with extension into the orbit or 
the brain [21-28,42]. Affected individuals may be mildly im- 

munocompromised, as by diabetes mellitus, or apparently im- 

munocompetent. The course in these patients is not as 
fulminant as that in neutropenic hosts, and cure may be 
achieved with combined medical and surgical therapy. This 

process is analogous to chronic necrotizing pulmonary asper- 
gillosis [43]. 

At the most severe end of the spectrum is fulminant asper- 
gillus sinusitis [44], the subject of this review. In 1980 McGill 
and co-workers reported on four patients (three with acute 
leukemia and one with aplastic anemia) who had a more ag- 
gressive process than had previously been associated with 

paranasal aspergillosis [44]. Other similar reports soon fol- 
lowed [11, 13-15, 18, 45-48]. Patients at risk are severely neu- 

tropenic, although occasionally steroid therapy or other causes 
of qualitative neutrophil dysfunction may be responsible. This 
illness often progresses rapidly and may not respond to ag- 
gressive medical and surgical interventions. 

As with pulmonary aspergillosis [34], the boundaries of 
these syndromes may be blurred in individual cases [28]. Pa- 
tients with overlapping syndromes defy ready categorization, 
but undoubtedly their disease reflects unique situations in 
which the balance between host and parasite is tipped one 

way or the other. 

Epidemiology 

Molds of the genus Aspergillus are found widely in nature, 
especially where dead or decaying vegetable matter provides 
a suitable medium for growth. High levels of airborne spores 
result in ample opportunity for inhalation into the respira- 
tory tract of potential hosts. 

Laminar airflow rooms and other hospital mechanical air 
filtration systems may limit or virtually eliminate spores 
[49-52], but often considerable levels persist if less stringent 
measures for air quality control are used. Various hospital 
routines may increase the level of contamination. For instance, 
Rhame and colleagues described bursts of spores during 
housekeeping procedures [51]. 

Nosocomial outbreaks of invasive aspergillosis [50-62] are 
often attributed, correctly or incorrectly, to an environmen- 
tal point source, such as a contaminated air vent or a demoli- 
tion project. Most outbreaks of invasive aspergillosis have 
involved the lower respiratory tract, but other sites (such as 
the skin) have also been reported [61, 62]. Outbreaks of 
rhinosinusitis alone have not occurred, but cases of asper- 
gillus rhinosinusitis have been documented during epidemics 
of pulmonary disease [53, 56]. 

The incidence of aspergillus rhinosinusitis in patients with 
acute leukemia has not been extensively documented. Viol- 
lier and co-workers at the University of Maryland reported 
21 cases over a 5-year period, representing 1.6% of the 1,331 
cancer and leukemia patients at risk [15]. Five percent of pa- 
tients with acute nonlymphocytic leukemia developed asper- 

gillus rhinosinusitis as opposed to 20% of 41 patients with 
ALL (P < .001) and 10% of 21 patients with chronic myelog- 
enous leukemia in blast crisis. Landoy et al. described four 
cases in 1 year at Roswell Park Memorial Institute, but no 
denominator was given [47]. The disease also occurs in chil- 
dren [46, 56]. Between 1977 and 1981 Berkow and colleagues 
reported five cases (four complicating acute leukemia); they 
found nine other cases in a review of the literature [46]. 

In our institution the annual incidence varied between 0 and 
8.2 %. During the first few years of the study period, we con- 
sidered invasive aspergillosis to be epidemic; this outbreak 
was tentatively attributed to demolition of a nearby building 
complex directly upwind of the hospital. Following the com- 

pletion of demolition and the institution of environmental con- 
trol measures (e.g., installing high-efficiency air filters, 
cleaning air vents, keeping windows closed), the incidence 
of disease decreased somewhat. However, increasingly liberal 
use of empiric amphotericin B beginning in mid-1983 may 
also have been a major factor in this decrease. 

Pathogenesis 

The pathogenesis of aspergillus rhinosinusitis is contingent 
upon both impairment of host defenses and exposure to Asper- 
gillus spores. Each condition is necessary but not sufficient 
alone for development of disease. 

Risk factors for aspergillus rhinosinusitis have not been ex- 
tensively studied. As for invasive pulmonary aspergillosis, 
prolonged neutropenia is probably of paramount importance 
in patients with leukemia [1]. Viollier et al. compared 21 cases 
of aspergillus rhinosinusitis with 31 cases of nonfungal si- 
nusitis in a cohort of 1,331 cancer patients [15]. Variables 

significantly associated (P < .001) with aspergillus rhinosinu- 
sitis included duration of neutropenia (mean, 42 days vs. 14 

days), antibiotic exposure (22 days vs. 9 days), and hospital- 
ization (22 days vs. 14 days). However, all of these parameters 
are covariate, and multivariate analysis was not performed 
to determine which parameters were independently associated 
with the development of the disease. 

Qualitative disorders of neutrophil function induced by che- 
motherapy, corticosteroid treatment, and leukemia itself prob- 
ably are important in patients who are not overtly neutropenic. 
The role of previous acute or chronic bacterial or acute viral 
sinusitis or rhinitis is unknown. We could not confirm that 

patients with invasive pulmonary aspergillosis were more 

likely than controls to have a history of sinus disease [1]. How- 
ever, mucosal cell abnormalities resulting from sinusitis might 
predispose patients to aspergillus rhinosinusitis during neu- 
tropenia. For example, alveolar macrophages are an impor- 
tant line of defense against pulmonary aspergillosis, acting 
to prevent germination of spores [63-68]. Perhaps the same 
holds true for upper respiratory tract macrophages. Indeed, 
studies in Wistar rats suggest that prior viral infection of the 
nasal airway enhances susceptibility to aspergillus rhinosinu- 
sitis [69]. If chemotherapy or previous infection induced 
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qualitative or quantitative defects in local macrophages, the 
ability of these cells to prevent spore germination might be 
impaired, with consequent sporulation and initiation of hyphal 
formation. In the absence of neutrophils, hyphal prolifera- 
tion could proceed unchecked [70]. 

Finally, prior aspergillus rhinosinusitis may place patients 
at particularly high risk for another episode due to either re- 
lapse or reinfection [15, 16]. Viollier et al. noted recrudes- 
cence in 11 (61%) of 18 first episodes successfully treated [15]. 

Exposure to spores is also a prerequisite for infection. That 
more patients are not infected is perhaps surprising. Possibly 
there are more subclinical or self-limited infections than are 
currently suspected or diagnosed. Alternatively, disease ini- 
tially may develop insidiously, becoming apparent only in 
those patients with severe and prolonged impairment of 
defenses. 

Young and co-workers noted that A. flavus is more likely 
to be recovered from the upper respiratory tract than is Asper- 
gillus fumigatus or other Aspergillus species [71]. This was 
certainly our experience and is a feature of other large series 
of cases [9, 15, 46]. Viollier and colleagues found that 14 
(67%) of 21 isolates were A. flavus [15]. However, Landoy 
et al. had a higher proportion of isolates that were A. fumiga- 
tus in their small series [47]. An unequivocal explanation has 
not been provided. The pattern observed probably relates to 
the differing diameters of Aspergillus spores, which determine 
where they are deposited in the respiratory tract. The spores 
of A. flavus are somewhat larger than those of A. fumigatus 
[51]. Studies of idealized particle disposition in the respira- 
tory tree indicate that particles the size of the former are more 
likely to lodge in the upper respiratory tract, whereas those 
the size of the latter are more likely to come to rest lower 
down [51]. We suspect that surface characteristics of the 
spores, which differ from idealized spheres, are also impor- 
tant determinants of localization. Regardless, once spores are 
deposited on the mucosa, they will proliferate if local and 
systemic conditions permit. 

Clinical Manifestations 

Aspergillus rhinosinusitis should be suspected in patients 
with acute leukemia who develop any of the following: (1) 
persistent fever without an obvious source during prolonged, 
severe neutropenia; (2) local nasal findings such as epistaxis, 
stuffiness, and clear or discolored nasal discharge, even in 
the absence of symptoms or signs localized to the sinuses; 
(3) typical symptoms of sinusitis, including local pain, con- 
gestion, and rhinorrhea; (4) cutaneous findings in the area 
of the nose or maxillary sinuses, including erythema, edema, 
or overt ulceration; (5) signs and symptoms of intracranial 
extension, in particular orbital involvement or cavernous si- 
nus thrombosis; and (6) an ulcerating, rapidly destructive le- 
sion of the hard palate or gingiva. 

In its incipient stages the infection is difficult to diagnose; 
lack of awareness of its varying presentations will almost cer- 

tainly result in delayed diagnosis and treatment. Understand- 
ing the anatomic relationships of the paranasal sinuses to 
contiguous structures is also essential [22, 72, 73]. In the clin- 
ical scenarios outlined above, appropriate studies should be 
undertaken at once to confirm clinical suspicions. Evalua- 
tions may initially be unrewarding and may have to be repeated 
if the complaints persist. It is also essential to remember that, 
as demonstrated in our series, antecedent antifungal therapy 
with amphotericin B does not preclude the development of 
aspergillus rhinosinusitis [74]. Disease may be indolent for 
days or weeks, erupting only if the patient's neutrophil count 
fails to recover. 

The first diagnostic step is careful questioning of at-risk 
patients to elicit information on the early symptoms of asper- 
gillus rhinosinusitis. When suspicious symptoms are uncov- 
ered, a focused physical examination should be performed 
and repeated as necessary [11]. After visual inspection of the 
face for erythema, edema, or discoloration, the eyes should 
be evaluated for proptosis, chemosis, oculomotor paresis, de- 
creased visual acuity, and retinal engorgement. The sinuses 
should then be palpated externally to elicit tenderness. The 
mouth must also be examined carefully, with special atten- 
tion to the hard palate. Berlinger eloquently described the im- 
portance of careful anterior rhinoscopy [11]. He emphasized 
the need to look carefully for small, insensitive areas of de- 
creased nasal mucosal blood flow, which precede the clear- 
cut findings of crusting, ulcer, or eschar. Nasal endoscopy 
with a fiberoptic or rigid rhinoscope may be particularly use- 
ful [75]. 

If suspicious intranasal or hard palate lesions are identified, 
biopsy-from which specimens are cultured and subjected to 
silver staining- is essential [11]. A potassium hydroxide prep- 
aration from scrapings may provide a virtually instantaneous 
diagnosis. Radiologic evaluation is also mandatory. The role 
of plain sinus radiography has diminished. It may be useful 
as a baseline examination for acute leukemia patients with 
a history of sinus problems before chemotherapy-induced neu- 
tropenia [11]; however, the cost-effectiveness of such screen- 
ing has not been studied. When aspergillus rhinosinusitis is 
present, plain radiographs reveal mucosal thickening of vari- 
ous degrees (sometimes nodular) or partial or complete si- 
nus opacification [18, 20]. Because of the limitations of this 
technique, the anterior ethmoid and sphenoid sinuses are not 
well visualized [72]. Air-fluid levels are infrequent [18] but 
do occur [20]. This finding should prompt consideration of 
another diagnosis, especially bacterial infection. Bony ero- 
sion, occasionally seen on plain radiographs, is visualized 
better on CT [19]. 

When aspergillus rhinosinusitis is of any real concern, si- 
nus CT or magnetic resonance imaging (MRI) is desirable. 
In addition to providing information about the sinuses and 
nose, these techniques reveal contiguous areas of critical im- 
portance, such as the orbits, the cavernous sinuses, and the 
brain. The results elucidate the extent of disease, help deter- 
mine the best approach for diagnostic and/or therapeutic sur- 
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gical intervention, and give some indication of prognosis. 
However, CT does not distinguish aspergillosis from mucor- 
mycosis, other fungal infection, or even tumor. During active 
aspergillus rhinosinusitis, CT may show complete or partial 
opacification of the nasal airway and one or more sinuses [18]. 
Cutaneous edema over the maxillary area can also be seen. 
Destruction of bone is frequently detectable. When aspergil- 
losis penetrates the lamina papyracea, invasion of the orbit 
occurs. In the orbital apex syndrome, there may be subperi- 
ostitis and lateral displacement of a thickened medial rectus 
muscle, with similar changes in the optic nerve [18]. The op- 
tic nerve has indistinct outlines as it enters the orbital apex, 
which is of higher density than normal, and proptosis may 
be seen [18]. When the entire orbit is involved, the muscles 
and the optic nerve are obliterated. Ultimately, the globe it- 
self is destroyed. Intracranial extension with unilateral or 
bilateral cavernous sinus thrombosis can also occur. 

MRI has certain advantages over CT, in particular with re- 
gard to detection of soft tissue or mucosal disease. However, 
MRI is not especially accurate for bone destruction, so CT 
is the test of choice [22]. 

The growth of Aspergillus in routine nasal surveillance cul- 
tures correlates with concurrent or subsequent invasive pul- 
monary aspergillosis [3, 76]. For example, Aisner and 
co-workers found that a nasal culture yielding A. flavus or 
A. fumigatus had a positive predictive value of 91% for con- 
current or subsequent pulmonary disease [76]. The predic- 
tive value of a negative result was 85 %. Although a positive 
nasal culture may simply reflect contamination, recovery of 
A. flavus or A. fumigatus probably has a higher predictive 
value than that of A. niger or other Aspergillus species. In- 
deed, we believe that in neutropenic leukemia patients "coloni- 
zation" alone occurs rarely if at all in the sense of a stable, 
long-term relationship between host and parasite. Rather, it 
seems likely that a culture growing A. flavus or A. fumigatus 
without gross nasal involvement reflects early invasion not 
readily detected by the examiner. Landoy and co-workers share 
this view [47], which is corroborated by data showing that 
culture of Aspergillus from the sputum of severely com- 
promised patients correlates well with invasive pulmonary 
aspergillosis [4, 77, 78]. In addition, Aisner and colleagues 
found that careful reexamination of patients following a posi- 
tive nasal surveillance culture often revealed a small ulcer that 
had previously gone undetected [76]. Of note, however, Viol- 
lier et al. found relatively low predictive values [15]. Calcu- 
lated from their data, the positive predictive value was 58% 
and the negative predictive value 89 %. Since data on the spe- 
cies of the isolates from false-positive nasal cultures were not 
provided, no firm conclusion is possible. 

Thus, although a program of routine nasal surveillance cul- 
turing might facilitate early diagnosis of aspergillus rhinosinu- 
sitis, the cost-effectiveness of such a program is unknown. 
Therefore, we would not recommend its use except in special 
circumstances (e.g., an epidemic). 

Serologic methods for the diagnosis of aspergillus rhinosinu- 
sitis would be useful. Our retrospective evaluation of the de- 
tection of circulating Aspergillus antigen in leukemia patients 
with invasive aspergillosis was encouraging [9]. Twelve of 
the 22 patients with aspergillosis had nasal and/or sinus in- 
volvement; 10 of these 12 had detectable levels of circulating 
antigen. Other authors have reported successful diagnosis of 
invasive aspergillosis (not usually aspergillus rhinosinusitis) 
by antibody and antigen detection methods [79]. Unfortu- 
nately, however, these assays are not commercially available. 

Therapy 

Three modalities are available for the treatment of asper- 
gillus rhinosinusitis: antifungal agents, surgery, and WBC 
transfusions. No one of these alone may prove adequate for 
patients with progressive aspergillus rhinosinusitis during 
persistent, profound neutropenia. It is not yet clear exactly 
what combination(s) of these approaches constitute optimal 
therapy. What is clear is that success depends upon both 
early treatment and recovery of adequate neutrophil counts 
[11, 15, 80]. 

Amphotericin B remains the mainstay of antifungal ther- 
apy, despite its toxicities. Current dosing recommendations 
suggest the use of 0.7-1.5 mg/(kg-d) [45, 74, 80]. Unfortu- 
nately, doses in this range carry a high risk of nephrotoxicity 
[74, 81]. Assiduous attention to maintenance of intravascular 
volume may reduce this risk, but many patients cannot toler- 
ate this dosage for very long. 

Two other drugs, 5-FC and rifampin, have in vitro activity 
against Aspergillus [82, 83] and have been used clinically in 
combination with amphotericin B [74, 80, 84, 85]. The role 
of 5-FC has generally been limited, in part because of con- 
cern about its potential marrow toxicity. However, recent 
reports from Burch, Karp, and their co-workers at Johns Hop- 
kins Hospital suggest that its use should be expanded [17, 74]. 
These investigators report efficacy with acceptable toxicity 
in both the treatment of established invasive pulmonary asper- 
gillosis [74] and the prevention of recurrence in high-risk pa- 
tients [17]. 5-FC (150 mg/[kg-d] in four divided doses) with 
or without amphotericin B (1.0-1.5 mg/[kg-d]) successfully 
controlled disease in 13 of 15 patients with invasive pulmo- 
nary aspergillosis [74]. Similarly, when nine patients at high 
risk of relapse of invasive pulmonary aspergillosis were treated 
"prophylactically" with amphotericin B (1.0 mg/[kg.d]) and 
5-FC (to achieve serum levels of 30-60 .tg/mL), none had 
a recrudescence [17]. Treatment was begun 48 hours before 
chemotherapy and was continued until neutropenia resolved. 
In contrast, the one other patient deemed at high risk, who 
was not treated prophylactically, developed invasive asper- 
gillosis and died. The degree of toxicity of this regimen was 
deemed acceptable; seven patients developed transient, mild 
azotemia that resolved despite continuation of therapy. 

When combined with amphotericin B, rifampin also has 
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in vitro activity against Aspergillus species [82, 83]. Published 
experience with rifampin treatment of invasive aspergillosis 
(usually in combination with amphotericin B) is limited [20, 
48, 80]. One case report documents the failure of combined 
rifampin and amphotericin B in the treatment of aspergillus 
rhinosinusitis [20]; this patient was apparently saved by the 
addition of WBC transfusions. Landoy et al. found no benefit 
of rifampin use in three patients [47]. In our experience, ri- 
fampin was not useful adjunctive therapy. However, the drug 
was not studied in a controlled fashion. Indeed, it was often 
added to the regimen late in the course of disease, when other 
therapies were faring poorly. Perhaps the new intravenous for- 
mulation of rifampin will be more useful. 

Our opinion is that 5-FC should be considered the first- 
line choice for combination with amphotericin B. Perhaps 
certain investigational antifungal agents (e.g., liposomal 
amphotericin B, itraconazole, SCH39304, and saperconazole) 
will have an improved therapeutic index. Initial experience 
with itraconazole and liposomal amphotericin B has been 
reported [86, 87]. Denning and co-workers described 21 pa- 
tients with invasive aspergillosis at various body sites who 
were treated with itraconazole; two of these patients had si- 
nus involvement [86]. One was a severely ill renal transplant 
recipient who did not respond; the other patient, who had 
no identifiable underlying disease, responded. Weber and 
Lopez-Berestein reported on seven patients with aspergillus 
rhinosinusitis who were treated with liposomal amphotericin 
B [87]. Five patients had an underlying hematologic malig- 
nancy, and therapy with conventional amphotericin B had 
failed in all seven. Five of the seven patients were cured; lev- 
els of toxicity and adverse reaction were acceptable. 

The role of surgery has been controversial. Some authors 
have considered early, extensive surgical intervention criti- 
cal [11, 46, 47], whereas others have relied on medical ther- 
apy [15]. It may be difficult to undertake surgery in a severely 
ill, neutropenic, and thrombocytopenic patient. A dearth of 
good studies and an absence of controlled studies have con- 
tributed to the uncertainty surrounding this point. Recently, 
Goering and colleagues published a case series that, though 
not definitive, lends support to advocates of aggressive sur- 
gery and antifungal chemotherapy [80]. Of 18 patients stud- 
ied retrospectively, 14 were bone marrow transplant recipients 
and four had acute leukemia. Infecting organisms included 
not only Aspergillus species but also Fusarium, Alternaria, 
and Pencillium species. The "combined-modality" treatment 
program consisted of early amphotericin B use (0.7-1.0 
mg/[kg'd]), extensive surgical debridement, and "liberal" use 
of granulocyte transfusions. Nine patients received an addi- 
tional antifungal agent, such as rifampin (four patients) or 
5-FC (nine). Eight of 13 patients with eventual recovery of 
neutrophil counts survived, with control of all local and sys- 
temic signs of fungal infection. 

Although these data are encouraging, three cautionary notes 
are warranted. First, Viollier et al. reported equally good or 

better results with medical therapy alone [15]. Second, as 
Goering and co-workers themselves point out, the results may 
not have been as good with A. flavus and Fusarium species 
as with other infecting fungi [80]. Finally, surgery in these 
patients may be complicated by severe or even fatal hemor- 
rhage from the operative site [14, 80] or by other problems 
such as aspiration pneumonia [80]. 

Use of WBC transfusions in invasive aspergillosis has not 
been studied in a controlled fashion, but some data, includ- 
ing those of Goering and colleagues, suggest their efficacy 
[20, 46, 80, 88]. In addition, WBC transfusions have been 
employed to control infection in patients with chronic 
granulomatous disease of childhood [89], and they appeared 
to stabilize disease in the case report of aspergillus rhinosinu- 
sitis alluded to above [20]. Furthermore, WBC transfusion 
makes intuitive sense, given the central role of quantitative 
and qualitative neutrophil disorders in the pathogenesis of in- 
vasive aspergillosis. However, WBC transfusions are time-con- 
suming, costly, and sometimes associated with adverse 
reactions, including noncardiogenic pulmonary edema in pa- 
tients concurrently or subsequently starting amphotericin B 
therapy [90]. In our experience, WBC transfusions were of- 
ten added to the regimen late in the course of disease, well 
past the point at which they might have been expected to be 
beneficial. The controlled trial necessary to establish the 
efficacy of WBC transfusions probably will never be per- 
formed. Our conclusion is that they have at least some role 
in patients not responding to maximal antifungal therapy and 
aggressive surgery but that they should be introduced with- 
out delay, before the patient is beyond saving. Use in other 
situations is a matter of clinical judgment. 

Another modality that may warrant further evaluation is 
hyperbaric oxygen. This speculation is based only on favora- 
ble data from a series of patients with rhinocerebral mucor- 
mycosis [91]. 

Ultimately, all present therapies are at best a holding strategy 
aimed at providing the patient's bone marrow with time to 
recover, at least partially. Without endogenous WBC produc- 
tion in adequate numbers, the patient's prognosis is bleak 
[11, 15]. 

Prevention 

Efforts at prevention of aspergillus rhinosinusitis can be 
directed toward three areas: enhancement of host defenses, 
reduction or elimination of exposure to Aspergillus spores, 
and prophylactic antifungal chemotherapy. All approaches 
have inherent limitations. 

For the patient with acute leukemia, enhancement of host 
defenses essentially means elimination or shortening of 
chemotherapy-induced neutropenia. Since most regimens for 
the treatment of acute leukemia aim for bone marroW abla- 
tion, this goal is difficult to achieve. Perhaps colony-stimulat- 
ing factor will have a role in some situations. Transfusion of 
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WBCs is another logical prophylactic measure but is not feasi- 
ble for the reasons mentioned above. Hence, for the time be- 

ing, prevention efforts must focus on the other two areas. 
Exposure to Aspergillus spores can be reduced or elimi- 

nated by reducing contamination from the source or by reduc- 
ing spore counts in patient-care areas. For example, Opal et 
al. described their efforts to control an outbreak of invasive 

aspergillosis on their unit [50] by erecting airtight barriers 
at the implicated construction site and preventing construc- 
tion workers from entering patient-care areas directly. In ad- 
dition, area decontamination with copper 8-quinolinolate was 
used. In other situations an environmental point source can 
actually be removed, as when contaminated intravenous arm- 
board wrapping material is implicated [62]. Spore counts in 
the hospital can be reduced by improving mechanical air filtra- 
tion systems [49-52]. High-efficiency particulate air filters 
can be placed in ventilation systems or directly in patients' 
rooms. (Portable units are available.) Duct work can be 
cleaned, windows closed, and housekeeping activities 
modified. For patients at especially high risk, laminar airflow 
rooms may be warranted, despite their cost. 

Prophylactic antifungal chemotherapy potentially offers a 
relatively easy and inexpensive solution. Unfortunately, the 
ideal agent is not yet available. Intravenous amphotericin B 
has been used infrequently because of its toxicity. However, 
the experience reported by Burch and co-workers suggests 
that "prophylactic" intravenous amphotericin B may be ap- 
propriate for patients with previous disease in whom another 
bout of neutropenia is anticipated [74]. Meunier-Carpentier 
and colleagues reported that an amphotericin B nasal spray 
formulated by the pharmacy at their institution prevented in- 
vasive pulmonary aspergillosis, presumably by preventing na- 
sal disease [92]. To our knowledge, the results of this intriguing 
but uncontrolled study have not been repeated, although 
Schmitt et al. have reported that aerosolized amphotericin B 
prevents invasive pulmonary aspergillosis in a rat model [93]. 

Some oral antifungal agents hold promise. Studies of 
fluconazole for prophylaxis of fungal infection during neu- 
tropenia are under way. The results will be of interest since 
some experimental data have suggested that ketoconazole, a 
related compound, might antagonize the efficacy of subse- 
quently administered amphotericin B [94]. As has been 
mentioned, itraconazole, saperconazole, and SCH39304 are 
additional candidates. 

Ultimately, the best approach to prevention may be to tar- 
get all three areas, with the choices made within each cate- 
gory determined by efficacy, ease, and cost. 
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