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ABSTRACT

Invasive fungal sinusitis (IFS) is a highly aggressive infection that can affect hematologic patients. The classically described
general risk factors, however, do not fully explain the development of IFS in a small percentage of cases. This study examined
the impact of anatomic sinonasal factors and environmental factors on the development of IFS in high-risk patients. Medical
records and computed tomography (CT) scans of patients admitted to our institution who were at high risk of developing IFS
were retrospectively reviewed. Twenty-seven patients of 797 fulfilled the inclusion criteria. Patients affected by IFS were
compared with patients not affected to identify possible sinonasal and environmental risk factors of IFS. Seven patients were
excluded because of the lack of adequate radiological images. Six of the 20 eligible patients were assigned to the study group
of patients affected by IFS and the remaining 14 patients were assigned to the control group. All but one case developed the
infection during the summer with a significantly higher mean environmental temperature (p � 0.002). Anatomic nasal
alterations were found in all patients affected by IFS and were significantly more frequent than in the control group (p �
0.014). It would be advisable to have patients with hematologic risk factors of IFS, especially during the summer period, undergo
endoscopic nasal assessment. Furthermore, a CT finding of anatomic nasal alterations, such as anterior nasal septum deviation
causing nasal obstruction, should increase the suspicion of IFS in case of the occurrence of nasal symptoms.

(Allergy Rhinol 2:6–11, 2011; doi: 10.2500/ar.2011.2.0009)

Invasive fungal sinusitis (IFS) is extremely rare in
immunocompetent individuals.1,2 IFS almost ex-

clusively affects immunocompromised patients, such
as those suffering of hematologic malignancy and
undergoing allergenic bone marrow transplantation
(BMT) with an incidence ranging from 1.7 to 2.6%.3,4

Moreover, IFS can be characterized by a rapid vascular
spread from the nasal and sinus mucosa into the orbit,
skull base, and brain.

Multiple fungal species have been identified in pa-
tients with IFS, in particular, Aspergillus spp. (flavus,
fumigatus, terreus, and niger) and Zygomyces (Rhizomu-
cor, Rhizopus, and Mucor).5,6 The most common classi-
fication was defined by de Shazo et al.7,8 and it groups
IFS into three forms: granulomatous invasive, chronic
invasive, and acute fulminant. The severity of immu-
nodepression appears to be related to the clinical pre-
sentation and the rapidity of the disease progression.
In hematologic patients, the most frequent presenta-
tion is the acute fulminant form.8

Surgery combined with antifungal therapy has been
shown to be the gold standard of IFS treatment,4,5,9 but
mortality still remains elevated (47–80%).9–11 Because
of the rapid progression of the disease, it is commonly
accepted that promptness of treatment affects out-
come,9,12 but diagnosis still requires histopathological
evidence of fungal invasion of the nasal tissue.5 Hence,
the rapidity of disease progression makes clinical, en-
doscopic, and radiologic data fundamental diagnostic
tools to initiate prompt treatment. On the other hand,
radiological findings specific for IFS, such as bone de-
struction, occur late in the course of the disease. Some
authors have recently advocated the use of nasal en-
doscopy5,10,12 and frozen sections13 as a highly predic-
tive diagnostic tool.

Because of the rarity of this disease, it is difficult to
define proper treatment. Furthermore, the lack of
knowledge regarding the pathogenesis of IFS explains
the limited effectiveness of methods of prevention.

Although fungi are generally ubiquitous,14,15 only a
small fraction of hematologic patients develop IFS. For
this reason, the authors tried to point out possible
causes present at the level of the sinonasal tract that are
capable of fostering the development of IFS.

PATIENTS AND METHODS
Medical records of patients at high risk of developing

IFS (acute myeloid leukemia, acute lymphoblastic leu-
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kemia, severe aplastic anemia, and allogeneic BMT)
and admitted to the Institute of Hematology and Clin-
ical Oncology “Seràgnoli,” Sant’Orsola-Malpighi Hos-
pital, University of Bologna, Italy, between December
2005 and August 2009 were retrospectively reviewed.
Twenty-seven of 797 patients (3.4%) fulfilled the inclu-
sion criteria: presence of signs and symptoms possibly
related to IFS and/or severe and prolonged neutrope-
nia (�500/mm3, �10 days) and/or long-term cortico-
steroid therapy (0.5 mg/kg per day for �30 days).
Patients affected by IFS (histopathological evidence)
were assigned to the study group and patients without
sinonasal fungal infection were assigned to the control
group. Patients without a sinus computed tomography
(CT) scan were excluded.

Previous sinus disease, allergic rhinitis, anatomic fea-
tures predisposing nasal obstruction, and rhinosinus-
itis were considered local risk factors (Table 1). All
anatomic predisposing factors were defined by radio-
logical (CT) assessment. Septum deviation was classi-
fied in the anterior (deviation peak in the cartilage
septum) and posterior (deviation peak in the bony
septum). The septum deviation was considered clini-
cally relevant in case of (1) medical history of nasal
obstruction with clinical and radiological evidence of
septum deviation and/or (2) ostiomeatal complex ob-
struction related to a septal deviation (or spur). More-
over, the environmental features (i.e., temperature and
humidity) and the period of the year in which the
infection started were considered general risk factors.
In particular, the authors collected data regarding the
average daily mean temperature, minimum and max-
imum temperatures, and the average daily mean rela-
tive humidity retrieved from the Regional Meteorolog-
ical Service of Agenzia Regionale Prevenzione e

Ambiente Emilia Romagna, Italy, including the 2
weeks preceding the occurrence of symptoms. This
time cutoff was set considering all patients included to
be exposed to environmental conditions before their
hospital admission and symptoms development.

In all cases, the diagnosis of IFS was confirmed by
histopathological examination of biopsy specimens.
This group of IFS patients (6 cases) was compared with
the case control group (14 cases), which, although af-
fected by acute lymphoblastic leukemia, acute myeloid
leukemia, BMT, and severe aplastic anemia and suffer-
ing from nasal symptoms such as nasal obstruction,
rhinorrhea, facial pain, and pressure, did not develop
IFS.

In all patients, the treatment consisted of surgery and
systemic antifungal therapy. Surgery was character-
ized by transnasal endoscopic debridement of the ne-
crotic tissue until healthy and bleeding tissue was
reached. The study was approved by the Ethical Com-
mittee of our institution.

Statistical Analysis
Statistical analysis was performed using SPSS 13.0

for Windows (SPSS, Inc., Chicago, IL). The chi-squared
test or the Fisher’s exact test was applied, when appro-
priate, to evaluate the statistical significance of the
association between the categorical variables. The odds
ratio (OR) was obtained for statistically significant risk
factors by means of a 2 � 2 contingency table. The data
regarding temperature and humidity did not follow a
normal distribution function and, therefore, we used
the Mann-Whitney U test to detect significant differ-
ences between the two groups. A value of p � 0.05 was
regarded as statistically significant. The confidence in-
tervals (CIs) were set at a 95% level.

RESULTS
We retrospectively reviewed 27 patients presenting

nasal symptoms possibly related to rhinosinusitis who
were admitted in the Hematology Unit. Seven patients
were excluded due to the lack of radiological images.
Six of the 20 eligible patients were assigned to the
study group resulting to be affected by IFS and the
remaining 14 patients were assigned to the control
group.

The study group consisted of one woman (16.7%)
and five men (83.3%) having a mean age of 49.3 years
(range, 28–69 years) as is shown in Table 2. The etio-
logic agents were Zygomycetes in three (50%) patients,
Aspergillus spp. in two patients (35%) and Fusarium
solanii in one patient (15%). IFS began as acute IFS in
five patients and one case started as the granulomatous
invasive form.

General predisposing factors in all patients of the IFS
group were severe neutropenia (five patients under-

Table 1 Sinonasal risk factors considered
among patients

Anamnestic risk factors
History of chronic sinusitis
Allergic rhinitis
Use of nasal decongestants
Previous nasal fracture

Clinical and anatomical risk factors
Anterior septum deviation or anterior septal spur
Posterior septum deviation or posterior septal spur
Inferior turbinate hypertrophy
Concha bullosa
Paradoxical curvature of the middle turbinate
Hyperpneumatized agger cells
Hyperpneumatized ethmoid bulla
Haller cells
Nasal poliposis
Odontogenic maxillary sinus disease
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went allogenic BMT and one had recurrent acute my-
elogenous leukemia unresponsive to treatment) and
high-risk corticosteroid therapy that ranged from 9 to
34 days (mean duration of 16 days) before the IFS
development. None of the patients had diabetes. Five
patients had a concomitant invasive fungal pulmonary
infection. Of these, four cases had developed a pulmo-
nary infection before IFS and, in one case, it had de-
veloped after IFS. Previous pulmonary infections had
been successfully treated in three cases before IFS oc-
currence.

The main symptoms of IFS were characterized by
nasal obstruction (four cases), headache (three cases),
and retro-orbital pain (two cases), and the diagnosis
was generally achieved with a mean delay of 5.2 days
(range, 2–12 days). Preoperative diagnosis was per-
formed in all patients by a transnasal endoscopy and
radiological assessment with a CT scan (Figs. 1 and 2).
Microbiological assessment was performed in all cases
using a nasal swab but only case 5 (Table 2) had a
positive result (Fusarium spp.).

All but case 4 developed the infection over the sum-
mer. The average daily mean temperature and humid-
ity of the 15 days preceding the infection are reported
in Table 3. All patients of the IFS group were exposed
to outdoor environmental conditions during the 15
days before the symptoms occurrence.

Anatomic nasal alterations were found in all patients
affected by IFS (Table 3). Anterior nasal septum devi-
ation causing nasal or sinus obstruction was found in
all but one case. The possible initial location of the
disease could be identified in three cases at the level of
the head of the middle turbinate (Fig. 1 A). In these
three cases, a positive association between the side in
which the disease started and the side of the anatomic
nasal alteration was observed.

All patients were treated surgically and by antifun-
gal therapy. The surgical treatment was characterized
by a transnasal endoscopic approach, which permitted
resection of the anatomic structures presenting necro-
sis until healthy tissue was reached. Case 6 underwent
a combined transnasal endoscopic–external approach

Figure 1. (A) Endoscopic view of the left middle tur-
binate with invasive fungal infection (Fusarium spp)
involving the head of the turbinate (patient 5). (B) En-
doscopic view of invasive fungal infection (Rhizomucor)
involving the left middle turbinate, having a necrotic
appearance (patient 3).

Table 2 Study group characteristics

Patient 1 2 3 4 5 6

Sex M M M M F M
Age (yr) 48 28 69 59 55 37
Hematologic

disease
MF CML in BC AML AML AML SAA

aBMT Yes Yes Yes Yes No Yes
Steroid Yes Yes Yes Yes Yes Yes
Pulmonary IFI After Before Before Before Before No
IFS histology Acute

invasive
Acute

invasive
Acute

invasive
Acute

invasive
Acute

invasive
Granulomatous

invasive
Microbiology Aspergillus Rhizopus Rhizomucor Aspergillus Fusarium Mucor
Time to diagnosis 3 4 7 12 2 3
IFS-related

outcome
Good Disease

progression
Disease

progression
Disease

progression
Good Good

Time to diagnosis refers to delay time (in days) between the occurrence of symptoms and diagnosis.
aBMT � allogenic bone marrow transplant; Steroid � corticosteroid therapy; IFI � invasive fungal infection (before, preceding
IFS; after, after IFS); IFS � invasive fungal sinusitis; MF � idiopathic myelofibrosis; CML � chronic myeloid leukemia; BC �
blastic crisis; AML � acute myelogenous leukemia; SAA � severe aplastic anemia.
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(orbital exenteration) to remove diseased tissue located
at the level of either the lateral wall or the orbit.

Disease-free survival was 50% (three patients died
due to progression of IFS). However, the overall sur-
vival rate was 16.7% (1/6). Patients who were diag-
nosed before the 4th day after the occurrence of symp-
toms had a good disease-related outcome. All patients
who were diagnosed on the 4th day or later died due to
progression of IFS.

The control group included seven men (50%) and
seven women (50%) with a mean age of 41.4 years
(range, 22–57 years). General predisposing factors for
invasive fungal infection were severe neutropenia in
all patients and long-term corticosteroid therapy in 12
cases (85.4%). Three of 14 cases (21%) had a possible or
probable pulmonary fungal invasive infection, success-
fully treated with specific antifungal therapy in all
patients.

Figure 2. (A) Computed tomography (CT) scan of a
patient affected by right invasive fungal infection with
notable anterior septum deviation (arrow) causing na-
sal obstruction. (B) CT scan of a control group patient
(not affected by IFS), complaining of symptoms of
nasal obstruction. Nasal obstruction was related to
bilateral inferior turbinate hypertrophy (stars). Note
the absence of nasal septum deviation.

Table 3 Sinonasal and environmental risk factors

Patient Season T° T° Max T° Min H% Sep. Dev. Concha
Bullosa

Other Sinus
Disease

Case group
1 Summer 26 31 21 61 Yes Yes No Yes
2 Summer 22 28 16 60 Yes No Yes No
3 Summer 27 34 20 50 Yes No No No
4 Autumn 10 14 4 66 Yes Yes No No
5 Summer 24 30 18 62 Yes No No No
6 Summer 27 34 19 45 No No Yes Yes

Control group
7 Spring 19 24 13 58 Yes No No No
8 Winter 9 13 4 70 No No No No
9 Winter 5 9 3 81 No Yes Yes Yes

10 Spring 10 16 4 63 No No No No
11 Winter 9 13 4 70 No No No No
12 Summer 21 26 16 56 No Yes Yes No
13 Winter 1 3 �1 88 No No No No
14 Winter 6 9 3 91 No No No No
15 Winter 2 3 1 97 No No No No
16 Winter 6 10 3 89 No No No No
17 Winter 4 7 2 91 Yes No Yes Yes
18 Autumn 12 15 9 87 No No Yes No
19 Autumn 16 22 12 64 Yes Yes No Yes
20 Winter 5 12 �1 60 No No Yes No

”Sinus Disease” includes history of chronic sinusitis or allergic rhinosinusitis and “Other” includes other anatomical
alterations (anatomical risk factors listed in Table 1.).
T° � average mean daily temperature; T° Max � mean maximum temperature; T° Min � mean minimum temperature; H% �
average of mean daily relative humidity (all values are reported for the 15 days preceding the onset of nasal symptoms; temperature
is reported in Celsius degrees); Sep. Dev. � anterior septum deviation causing nasal obstruction.
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The nasal symptoms reported in this group were
nasal obstruction in 14 cases (100%), rhinorrhea in 4
cases (28.6%), and headache in 4 cases (28.6%). In all
cases, a trans-nasal endoscopy and CT were performed
but no evidence of disease was found. Symptoms oc-
curred in nine cases (64.3%) during the winter, in two
cases (14.3%) during the spring, in two cases (14.3%)
during the autumn, and only one case (7.1%) during
the summer. All of the 14 patients of the control group
were exposed to outdoor environmental conditions
during the 15 days before the symptom occurrence.
The average temperature and humidity of the 15 days
preceding the nasal symptoms and the anatomic nasal
alterations noted are reported in Table 3.

Comparison between the groups showed a signifi-
cant association of anterior septum deviation causing
nasal obstruction and IFS (p � 0.018; OR, 18.3; CI,
17.3–19.4), and other nasal anatomic alterations and
previous sinus disease did not reach statistical signifi-
cance. Age and previous pulmonary fungal invasive
infection were not significantly associated with IFS
(p � 0.17 and p � 0.12, respectively). Summer was
significantly associated with IFS (p � 0.002; OR, 65.0;
CI, 63.1–66.9). There was a significant difference be-
tween average daily mean temperatures (p � 0.002),
average maximum temperatures (p � 0.002), and aver-
age minimum temperatures (p � 0.003) of the 15 days
preceding the infection in the two groups. The average
mean humidity did not show a significant difference
between the two groups (p � 0.15).

DISCUSSION
IFS is a rare infection having a poor prognosis, espe-

cially in severe immunocompromised patients. Gen-
eral predisposing factors are poorly controlled diabe-
tes, severe neutropenia (�500/mm3) with a duration of
neutropenia of �10 days, and long-term cortico-
therapy.5,11,14

Severe neutropenia and long-term corticosteroid
therapy frequently seen in hematologic disease render
these patients more prone to IFS in comparison with
the chronic and granulomatous IFS forms, which are
generally more frequently observed in diabetic pa-
tients.8 Common antifungal therapy is generally insuf-
ficient for controlling an aggressive disease course.
Therefore, methods of prevention should be improved
by the identification of potential risk factors. In our
series, disease-related survival was improved in those
patients receiving an early diagnosis whereas it was
poor (100% related mortality) in those receiving a de-
layed diagnosis, delayed treatment, and suffering from
nasal symptoms for at least 4 days.

Previously described general risk factors, however,
do not fully explain the development of IFS in only a
small percentage of cases. In our study, we considered

either anatomic sinonasal factors, classically described
as predisposing for sinusitis, or environmental factors
that probably contributed to fungal growth. Our re-
sults showed a greater incidence of anatomic nasal
alterations observed at CT scans in the IFS group, with
a statistically significant difference between the groups
(p � 0.014). In particular, anterior septum deviation
causing nasal or sinus obstruction was the primary
nasal alteration among the anatomic alterations consid-
ered and was the only one significantly associated with
IFS (p � 0.018; Fig. 2).

Several studies have shown a seasonal variation in
outdoor and indoor air concentration of airborne fun-
gal spores during the summer period, such as those of
Aspergillus species (A. terreus, A. flavus, and A. ni-
ger),15–18 Fusarium species,14,15 and Mucor species.17,19

Furthermore, other authors20,21 have found a positive
correlation between average temperatures and air-
borne spore concentration. Epidemiological studies19,22

confirmed an increased seasonal rate of occurrence of
IFS during the summer caused by the Mucor species.
Finally, a relationship between environmental fungal
concentration and incidence of invasive fungal infec-
tions in hematologic patients has been noted.23–25

The average daily mean temperature and mean max-
imum and mean minimum temperatures of the 15 days
preceding the occurrence of symptoms was greater in
the IFS group with a statistically significant difference
between the groups (p � 0.002, p � 0.002 and p � 0.003,
respectively). Our findings, such as the greater inci-
dence of IFS during the summer with significantly
superior mean temperatures in comparison with the
other group, may support the hypothesis of an associ-
ation between IFS development and exposure to envi-
ronmental conditions, such as mean and maximum
temperature.

Nasal function consists of humidifying and warming
the air during inspiration and also in filtering the larger
particles, such as airborne fungal spores.26 Although
the fluid dynamics of the nasal cavity are not com-
pletely known, some studies have pointed out that the
greatest airflow and the greatest air turbulence during
normal inspiration develop in the limited area between
the nasal septum and middle turbinate.26–28 Conse-
quently, this area may be the initial point of accumu-
lation of the fungal spores. This hypothesis could ex-
plain the finding of a middle turbinate involvement at
the beginning of the IFS course. Furthermore, some
anatomic anomalies, such as anterior septum devia-
tion, could create or increase an airflow turbulence
facilitating fungal spore deposition.28,29 Finally, the as-
sociated nasal obstruction leads to impaired ventilation
with consequent inflammation and alteration of muco-
ciliary clearance.26,27 The association between the site
of the infection and the site of the anatomic alteration
in all of the cases in our study is another finding that
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supports this hypothesis and the unilaterality at the
onset of IFS.

CONCLUSION
In conclusion, it would be advisable to have the

patients with hematologic risk factors of IFS, especially
during the summer, undergo endoscopic nasal assess-
ment. Furthermore, a CT finding of anatomic nasal
alterations, such as nasal septum deviation causing
nasal obstruction, should increase the suspicion of IFS
in case of the occurrence of nasal symptoms. However,
our retrospective study was based on a small group of
patients because of the rarity of the disease. A multi-
centric cohort study should be performed to confirm
our findings.
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