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Abstract

Objectives. To describe a 15-year single-institution experi-
ence of 41 cases of acute invasive fungal sinusitis (AIFRS),
identify clinical indicators predictive of AIFRS, and discuss
our approach to these high-acuity patients.

Study Design. Case series with chart review.

Setting. Tertiary referral center; The Pennsylvania State
University Hershey Medical Center.

Subjects and Methods. A retrospective review was performed
for AIFRS consultations between September 1999 and
March 2014. Variables reviewed included underlying condi-
tion, presenting symptoms, absolute neutrophil count, dis-
ease extent on examination, radiographic findings, medical
treatment, biopsy results, surgical treatment, and outcomes.
Univariate analysis was performed to determine variables
significantly associated with AIFRS. Outcome measures
were assessed and patient assessment algorithm developed.

Results. Of 131 patients evaluated, 41 were diagnosed with
AIFRS; 92.7% had an underlying hematologic malignancy.
Disease predictive variables included absolute neutrophil count
\500/mL (P \ .0001; sensitivity = 78%), mucosal abnormalities
of middle turbinate (P \ .0001; specificity = 88%) and septum
(P \ .0001; specificity = 97%), and specifically, necrosis of the
middle turbinate (P \ .0001; specificity = 97%). Twenty-five
AIFRS patients (61%) survived until discharge; 25% (n = 10)
expired secondary to AIFRS infection explicitly.

Conclusion. This series represents one of the largest single-
institution experiences of AIFRS published to date. Timely
diagnosis is necessary to improve patient outcomes and
limit morbidity. Maintaining a high index of suspicion in at-
risk patient populations, followed by prompt evaluation and
management, is crucial in suspected AIFRS. The presence or
absence of certain findings appear to correlate with biopsy
results and may aid in appropriately gauging clinical suspicion
for the presence of AIFRS.
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A
cute invasive fungal rhinosinusitis (AIFRS) is a

potentially deadly fulminant disease entity that pri-

marily occurs in the immunocompromised patient.

AIFRS most commonly occurs in individuals with hemato-

logic malignancies, particularly in patients who have

received bone marrow transplantation.1,2 Other compro-

mised patient populations at risk are those on chronic ster-

oids, poorly controlled diabetics, patients with AIDS, and

those undergoing chemoradiation therapy.3-5 The most

common predisposing factor is severe neutropenia (an abso-

lute neutrophil count [ANC] \500/mL) and/or functional

neutropenia.6

Multiple fungal organisms have been reported as causa-

tive agents in AIFRS; however, Aspergillus and Mucor are

the most common genera identified.4,6,7 Histopathologic fea-

tures required to diagnose AIFRS include fungi breaching

mucosal barriers and tissue necrosis. The fungi may be

noted to invade blood vessels, generating angiocentric

necrosis.8,9 Early presenting symptoms are often nonspecific

and may include fever, nasal obstruction, and rhinorrhea.

More concerning symptoms, such as vision changes, par-

esthesias, and other cranial neuropathies, often represent

late findings in patients with more advanced disease.

Endoscopic physical examination findings can range from

innocuous edematous, dry, or pale nasal mucosa in the early

phase to crusting and frank necrosis. Some patients present

with obvious extension beyond the sinonasal cavity.
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AIFRS can be a rapidly progressing infection that exhi-

bits high rates of morbidity and mortality despite advance-

ments in medical and surgical management. In a systematic

review of literature published between 1995 and 2012,

Turner et al found the overall survival rate of patients

treated for AIFRS to be 49.7%.10 Management of these

patients is multidisciplinary, with both medical and surgical

interventions needed. Surgical debridement of grossly

involved tissue is required for treatment of AIFRS, with

more advanced cases requiring serial and extensive resec-

tions often leading to significant morbidity. Early diagnosis

and aggressive surgical debridement have been identified as

positive prognostic factors.1,6,11,12 Therefore, maintaining a

high index of suspicion in at-risk patient populations, fol-

lowed by prompt biopsy and pathologic evaluation, is criti-

cal in accomplishing this. In addition, it is important to have

a clear understanding on the predictive and prognostic fac-

tors that underlie this condition to come up with more effec-

tive management strategies.

Accordingly, our institution employs a high-priority

approach to patients with concern for possible AIFRS to

expedite diagnosis and, as a result, optimize management.

We believe our criteria have in turn led to overall improved

patient outcomes when compared with what is described in

the literature. In this study, we present 15 years of experi-

ence at a single institution of 41 cases of acute invasive

fungal sinusitis, which represents one of the largest series

published to date. We aim to identify clinical indicators pre-

dictive of AIFRS and discuss our approach to these high-

acuity patients.

Methods

A retrospective chart review was performed for all sus-

pected cases of AIFRS in patients at The Pennsylvania State

University Hershey Medical Center from 1999 to 2014. The

suspicion arose from the otolaryngology consult service and

was based on immunocompetence of the patient and concern

for sinusitis. Approval was obtained from the Penn State

Hershey Institutional Review Board (STUDY00001011).

Forty-three variables were analyzed for each patient. These

included demographics, presenting symptoms, physical

examination findings, radiographic findings, procedures

performed, culture specimens, pathology, and patient out-

comes. The patients were then divided into 2 groups based

on whether they had biopsy positive AIFRS or not and

were compared to identify clinical indicators predictive of

AIFRS. Statistical analysis was performed between the 2

groups through both univariate and multivariate analysis.

The univariate analysis consisted of performing a chi-

square test for categorical variables and a Wilcoxon test

for continuous variables. A Bonferroni correction was

applied for all tests to hold the overall type I error rate at

5%. Thus, statistical significance was defined as P \
.0024 to account for post hoc tests. Multivariate analysis

was not performed given limitations in sample size.

Descriptive analysis was performed to assess clinical deci-

sion making and patient outcomes.

Results

Between 1999 and 2014, a total of 131 patients were evalu-

ated by the otolaryngology service with suspected AIFRS.

The mean age at time of evaluation was 49.4 6 16.38

years, with 60.3% being males and 39.7% female. The

majority of patients had an underlying hematologic malig-

nancy (90.1%), and the remainder had immunosuppression

in the form of history of organ transplantation (3.1%),

chronic steroid use (2.2%), diabetes mellitus (1.5%), AIDS

(1.5%), chemoradiation for solid organ malignancy (0.8%),

and aplastic anemia (0.8%).

Of the 131 patients evaluated with immunosuppression

and fever of unknown origin, 110 underwent endoscopic

tissue biopsy. The remaining 21 patients were not biopsied

owing to low clinical suspicion for AIFRS. None of these

patients subsequently developed AIFRS. Of the patients

with negative biopsies, 78.2% had no nasal endoscopy find-

ings concerning AIFRS. Clinical concern prompting biopsy

in 52.1% of these patients was an ANC \500/mL and in

27.5% positive computed tomography (CT) scan findings,

with the mean Lund-Mackay score of 11.8 (95% confidence

interval [95% CI], 8.4-15.7).

A total of 41 patients were found to have AIFRS accord-

ing to histopathologic criteria. Among these patients, 40

(97.5%) had a hematologic malignancy as their underlying

disease, and the remainder had a history of chronic steroid

use. At the time of diagnosis, the ANC was \500/mL in 34

(82.9%) patients, and 39% had undergone bone marrow

transplantation.

Fever was the predominant overall presenting symptom

among all patients evaluated, followed by facial pain, nasal

obstruction, and rhinorrhea. Figure 1 compares symptoms

present at the time of otolaryngology consultation between

disease-positive and disease-negative patients. Facial

edema, facial paresthesias, and ocular symptoms were seen

more in patients positive for disease. Loss of visual acuity,

gaze palsy, and diplopia were detected in 11 (26.8%)

patients with AIFRS, as compared with 3 (3.3%) of the

disease-free group. Likewise, facial anesthesia was seen in 6

(14.6%) AIFRS patients, compared with 2 (2.22%) non-

AIFRS patients.

Figure 1. Stratified presenting symptoms in patients evaluated
with suspected acute invasive fungal rhinosinusitis (AIFRS).
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In our series, the most common nasal endoscopic exami-

nation finding in AIFRS patients was middle turbinate

necrosis (36.6%), followed by septal necrosis (24.4%),

middle turbinate pallor (19.5%), and nasal floor necrosis

(17.1%). However, 12 (29.7%) patients with biopsy-proven

AIFRS had no concerning findings on nasal endoscopy.

Figure 2 compares physical examination findings between

the 2 groups. All patients received a sinus CT scan as part

of their evaluation, and in general, findings were consistent

with some form of sinonasal inflammatory process

(Figure 3). Seven patients with AIFRS were not severely

neutropenic; however, the mean Lund-Mackay score was

12.1 (95% CI, 9.3-16.4).

Univariate analysis of variables predictive of AIFRS

revealed 5 variables significantly associated with AIFRS

(Table 1). These included ANC \500/mL, mucosal

abnormalities of middle turbinate and septum, and specifi-

cally, necrosis of the middle turbinate. The sensitivities and

specificities for each were also calculated and are included

in Table 2.

Of the patients diagnosed with AIFRS, 37 (90.2%)

underwent endoscopic debridement, and the majority

(92.7%) were found to have disease limited to the sinonasal

Figure 2. Stratified nasal endoscopy findings in patients evaluated
with suspected acute invasive fungal rhinosinusitis (AIFRS). IT, infer-
ior turbinate; MT, middle turbinate.

Figure 3. Stratified computed tomography (CT) scan findings in
patients evaluated with suspected acute invasive fungal rhinosinusi-
tis (AIFRS).

Table 1. Variables Stratified by IFS Status Tests.a

No IFS (n = 90) IFS (n = 41) P Value

Age .1423

No. 90 41

Mean 6 SD 47.9 6 16.22 52.7 6 16.46

Median 50.0 54.0

Range 11.0-78.0 8.0-84.0

Sex .2597

Female 32 (36) 19 (46.3)

Male 57 (64) 22 (53.7)

BMT .9157

No 54 (60) 25 (61)

Yes 36 (40) 16 (39)

Pain .0177

No 44 (48.9) 11 (26.8)

Yes 46 (51.1) 30 (73.2)

Headache .0692

No 63 (70) 22 (53.7)

Yes 27 (30) 19 (46.3)

Epistaxis .8573

No 78 (86.7) 36 (87.8)

Yes 12 (13.3) 5 (12.2)

Facial edema .0099

No 80 (88.9) 29 (70.7)

Yes 10 (11.1) 12 (29.3)

Fever .2537

No 21 (23.3) 6 (14.6)

Yes 69 (76.7) 35 (85.4)

Nasal obstruction .1017

No 49 (54.4) 16 (39)

Yes 41 (45.6) 25 (61)

Rhinorrhea .4009

No 51 (56.7) 20 (48.8)

Yes 39 (43.3) 21 (51.2)

ANC at diagnosis \.0001

No. 90 41

Mean 6 SD 3.3 6 10.51 0.5 6 1.62

Median 0.5 0.0

Range 0.0-75.0 0.0-10.0

MT involvement \.0001

No 78 (87.6) 19 (46.3)

Yes 11 (12.4) 22 (53.7)

MT pallor .2042

No 79 (88.8) 33 (80.5)

Yes 10 (11.2) 8 (19.5)

MT necrosis \.0001

No 86 (96.6) 26 (63.4)

Yes 3 (3.4) 15 (36.6)

Septum \.0001

No 86 (96.6) 29 (70.7)

Yes 3 (3.4) 12 (29.3)

CT side .4907

Bilateral 70 (78.7) 30 (73.2)

Unilateral 19 (21.3) 11 (26.8)

(continued)
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cavity. Patients underwent radical surgical debridement of

the affected areas with wide margins until normal-

appearing, vascularized tissue was encountered. Thirty-one

patients required debridement limited to sinonasal cavity; 5

patients required maxillectomy; and 1 patient required intra-

cranial debridement. No patients required orbital exentera-

tion or facial soft tissue resection. Nine patients required

.1 surgical debridement. Intraoperative sinonasal cultures

were positive for Aspergillus in 16 patients and Mucor in

7. Other genera included Curvularia, Alternaria, and

Zygomycetes.

Of the 41 patients with AIFRS, 25 (61%) survived until

discharge, and 1 of these patients had extrasinus progression

of disease. No patient relapsed after discharge from the hos-

pital. The overall AIFRS-specific mortality rate was found

to be 24.3% (10 patients). Of these, 4 patients chose pallia-

tive treatment based on poor overall prognosis. Two patients

chose to terminate surgical management after initial debri-

dement secondary to extension of disease and the long-term

morbidity that removing affected tissue would imply.

Discussion

AIFRS is a potentially devastating opportunistic infection

that affects immunocompromised hosts. The prognosis of

AIFRS in the absence of treatment is very poor; it is rapidly

fatal in 50% to 80% of untreated patients.11 Treatment of

AIFRS includes the use of antifungals and aggressive surgi-

cal debridement. Surgical debridement serves multiple pur-

poses, including reducing fungal load, providing specimen

for culture, and allowing increased penetration of antifungal

medication by removing affected poorly vascularized

tissue.12 Timely diagnosis and aggressive surgical and medi-

cal therapy have been shown to improve outcomes and

decrease the amount of debridement required and long-term

morbidity.5

Accordingly, our divisional philosophy in managing

these patients is that neutropenic patients are considered

urgent consultations when they have fevers of unknown

origin and symptoms of rhinosinusitis or CT findings demon-

strating a sinonasal inflammatory process. Otolaryngology

evaluation of all patients consists of a detailed history and

pertinent physical examination, including nasal endoscopy.

Frozen-section biopsies are obtained in patients with clinical

suspicion for AIFRS, based on risk factors and/or endoscopic

findings. The pathology department is alerted prior to obtain-

ing biopsies, and specimens are hand-delivered to the labora-

tory to prevent delay in processing and review. If AIFRS is

diagnosed on frozen section, the patient is urgently scheduled

for operative intervention, and medical management is initi-

ated. Patients who are not biopsied or who have initially nega-

tive biopsies but with clinical concern for probable AIFRS are

followed with serial endoscopies until suspicion is alleviated.

It has been reported that middle turbinate biopsies have a

sensitivity of 75% to 86% and a specificity of 100% for the

diagnosis of AIRFS.11,12 Additionally, the middle turbinate

has been found to be the most common site of invasion, fol-

lowed by the maxillary and ethmoid sinuses, making middle

turbinate biopsy an effective means of diagnosis.11,13 The

symptoms of this invasive disease are very difficult to dif-

ferentiate from those of bacterial or viral sinusitis, making it

difficult to make an early accurate diagnosis. As a result,

many disease-free patients are subjected to a full workup of

AIFRS, including a middle turbinate biopsy procedure for

diagnostic purposes.

In this study, we retrospectively report the experience at

1 tertiary care facility with this challenging disease over 15

years. We endeavored to gain information to make more

accurate decisions regarding patient selection for biopsy for

definitive diagnosis. Forty-one patients included in this

series were diagnosed with AIFRS; this represents one the

largest data sets published to date. Cho et al and

Middlebrooks et al have published series with comparable

case numbers; yet, patients with hematologic malignancies

Table 1. (continued)

No IFS (n = 90) IFS (n = 41) P Value

CT nasal mucosal edema .1187

No 59 (65.6) 21 (51.2)

Yes 31 (34.4) 20 (48.8)

CT ethmoid thickening .0081

No 25 (27.8) 3 (7.3)

Yes 65 (72.2) 38 (92.7)

CT maxillary thickening .1458

No 18 (20) 4 (9.8)

Yes 72 (80) 37 (90.2)

Prophylaxis treatment .4539

No 27 (30) 15 (36.6)

Yes 63 (70) 26 (63.4)

GM-CSF treatment .0019

No 72 (80) 22 (53.7)

Yes 18 (20) 19 (46.3)

Abbreviations: ANC, absolute neutrophil count; BMT, bone marrow trans-

plantation; CT, computed tomography; GM-CSF, granulocyte macrophage

colony-stimulating factor; IFS, invasive fungal sinusitis; MT, middle turbinate.
aValues in n (%) unless indicated otherwise. Bold indicates significance at

Bonferroni-corrected P value (.0024).

Table 2. Sensitivity and Specificity of Each Variable Significantly
Associated With IFS (in Percentages).

Variable Sensitivity Specificity

ANC, 500 vs .500/mL 78 64

Middle turbinate, yes vs no 54 88

MT necrosis, yes vs no 37 97

Septum, yes vs no 29 97

GM-CSF, yes vs no 46 80

Abbreviations: ANC, absolute neutrophil count; GM-CSF, granulocyte

macrophage colony-stimulating factor; IFS, invasive fungal sinusitis; MT,

middle turbinate.
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made up only 40% to 60% of their patient populations.7,13

We believe our data set to be unique, however, as 90.1% of

the total number of patients evaluated and all but 1 of our

patients diagnosed with AIFRS had an underlying hematolo-

gic malignancy as their predisposing factor. These patients

are not only neutropenic but typically thrombocytopenic as

well. While middle turbinate biopsy is a relative safe proce-

dure, it can be complicated by bleeding and hemorrhage in

patients with low platelet levels. Therefore, avoiding proce-

dures in patients with low clinical suspicion, especially in

our patient population, is paramount. Additionally, we hope

that our results will help to ensure that patients who have

signs and symptoms highly correlated with a positive biopsy

result will not be missed.

Review of our experience shows that while symptoms of

facial paresthesias and ocular dysfunction are rare, these

should alert clinicians, as these symptoms are more likely to

be associated with AIFRS. In addition, patients with middle

turbinate and/or septal mucosal abnormalities such as pallor

and especially necrosis warrant a biopsy, as these findings

were statistically significantly correlated with the presence

of AIFRS. ANC plays a significant role in decision to per-

form a biopsy as well. Overall, 60% of patients (n = 66)

biopsied had no significant nasal endoscopy findings.

However, clinical suspicion of AIFRS was high secondary

to severe neutropenia (ANC \500/mL) in 68.2% of these

patients. Patients without physical examination findings

who were not severely neutropenic but who had CT scan

findings concerning for a sinonasal inflammatory process

made up 23.6% of those biopsied, and 36.8% of these

patients were positive for disease. This is consistent with

previous studies, as Middlebrooks et al described a CT-

based model as their screening method for AIFRS with high

reliability (positive predictive value, 87%; negative predic-

tive value, 95%).13 In summary, the 3 criteria that procured

biopsies in the patient population examined of prevalence

were ANC \500/mL, mucosal abnormalities on nasal endo-

scopy, and CT scan findings concerning for a sinonasal

inflammatory process. Figure 4 outlines our assessment

algorithm. Adhering to this approach has yielded no false-

negative results in our experience. Our findings corroborate

previous studies and further prove that, despite a larger

series, there is no well-defined formula or protocol in the

diagnosis of AIFRS, making judicial biopsying a key ele-

ment to management of at-risk patients.

Our AIFRS-specific mortality rate was 24.3%. This

figure includes the 4 patients who chose palliation versus

management of their infection secondary to overall poor

prognosis and not due to extent of disease. After this adjust-

ment, our disease-specific mortality rate of patients who

chose to undergo treatment was 14.6%; to our knowledge,

this is one of the lowest published for a study of this size.

We believe that this success is in part due to aggressive

early diagnosis, as the majority of our patients had disease

limited to the sinonasal cavity and approximately one-third

with AIFRS were yet to develop gross mucosal aberrations

at the time of diagnosis. Our overall survival rates are simi-

lar to those reported in recent similar size studies, but our

large complement of hematologic malignancy patients is

significantly higher.7,13 Previous studies specifically exam-

ining AIFRS patients with an underlying hematologic

malignancy reported overall survival rates between 40% to

Figure 4. Algorithm of clinical suspicion for acute invasive fungal rhinosinusitis (AIFRS). ANC, absolute neutrophil count; CT, computed
tomography; FUO, fever of unknown origin; MT, middle turbinate.
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60%.1,11 Our lower mortality rate in this more challenging

patient population indicates that the proposed algorithm

appears to be a beneficial methodology in evaluating and

treating patients at risk for AIFRS.

Conclusions

AIFRS is a potentially rapidly fatal disease, warranting

timely diagnosis and management. Treatment of AIFRS

requires surgical debridement. Diagnosis in early phases of

infection lead to decreased patient morbidity and mortality;

thus, maintaining a high index of suspicion in at-risk patient

populations, followed by prompt evaluation and manage-

ment, is crucial in suspected AIFRS. The presence or

absence of certain findings correlate with biopsy results and

may aid in appropriately gauging clinical suspicion for the

presence of AIFRS. Severe neutropenia, septal and middle

turbinate mucosal abnormalities, and particularly middle

turbinate necrosis should raise suspicion of AIFRS in febrile

patients with hematologic malignancies.
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