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Abstract
Background:Acute invasive fungal sinusitis (AIFS) is an aggressive disease that
requires prompt diagnosis and multidisciplinary treatment given its rapid pro-
gression. However, there is currently no consensus on diagnosis, prognosis, and
management strategies for AIFS, with multiple modalities routinely employed.
The purpose of this multi-institutional and multidisciplinary evidence-based
review with recommendations (EBRR) is to thoroughly review the literature on
AIFS, summarize the existing evidence, and provide recommendations on the
management of AIFS.
Methods: The PubMed, EMBASE, and Cochrane databases were systematically
reviewed from inception through January 2022. Studies evaluating management
for orbital, non-sinonasal head andneck, and intracranialmanifestations ofAIFS
were included. An iterative review processwas utilized in accordancewith EBRR
guidelines. Levels of evidence and recommendations onmanagement principles
for AIFS were generated.
Results: A review and evaluation of published literature was performed on
12 topics surrounding AIFS (signs and symptoms, laboratory and microbiology
diagnostics, endoscopy, imaging, pathology, surgery, medical therapy, manage-
ment of extrasinus extension, reversing immunosuppression, and outcomes and
survival). The aggregate quality of evidence was varied across reviewed domains.
Conclusion: Based on the currently available evidence, judicious utilization of
a combination of history and physical examination, laboratory and histopatho-
logic techniques, and endoscopy provide the cornerstone for accurate diagnosis
of AIFS. In addition, AIFS is optimally managed by a multidisciplinary team
via a combination of surgery (including resection whenever possible), antifun-
gal therapy, and correcting sources of immunosuppression. Higher quality (i.e.,
prospective) studies are needed to better define the roles of each modality and
determine diagnosis and treatment algorithms.

KEYWORDS
antifungals, aspergillosis, fungus, immunosuppression, intracranial, invasive fungal sinusitis,
management, mucormycosis, orbit, outcomes, surgery, survival

1 INTRODUCTION

Fungal infections of the paranasal sinuses can occur on
a spectrum ranging from indolent to fatal. In the latter
case, termed invasive fungal sinusitis (IFS), fungal organ-
isms, which are ubiquitous in the environment, invade the
sinonasal epithelium, bone, and the vasculature, thereby
causing local necrosis and infarction of tissues, with subse-
quent spread of fungus to other areas. IFS primarily occurs
in immunocompromised patients; a study of over 800 IFS
patients reported that the predominant underlying comor-
bidities were types 1 and 2 diabetes (47.8%) and hemato-

logic disorders (39.8%).1,2 The literature has described the
most common pathogens as Aspergillus (69%), followed by
Mucormycetes (22%), Cryptococcus spp (4%), and Fusarium
spp (2%).3 IFS can be classified into acute IFS (AIFS) or
chronic IFS (CIFS), with AIFS having a more aggressive
course and CIFS with a more indolent course. AIFS neces-
sitates early diagnosis and consideration for urgent inter-
vention, given a high mortality rate (50%).4 This provides
a challenge to clinicians because symptoms of AIFS can
range from asymptomatic to mild symptoms, including
facial swelling, fever, and nasal congestion, to late-stage
findings, such as ophthalmoplegia, vision loss, proptosis,
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and stroke.4–8 As these symptoms vary and are nonspecific,
diagnostic testing is paramount to the diagnosis of AIFS.
There is currently no consensus on the diagnostic

algorithm for AIFS, with surrounding controversy given
limited high-quality evidence and varying protocols across
multiple centers and consortia. Furthermore, as a disease
process managed in a multidisciplinary fashion (otolaryn-
gology, infectious disease, ophthalmology, neurosurgery,
transplant medicine), each specialty has unique perspec-
tives regarding this condition, which may not overlap
across disciplines. The European Position Paper on Rhi-
nosinusitis and Nasal Polyps (EPOS) describes the two
most important diagnostic criteria for AIFS as rhinosi-
nusitis confirmed by radiologic imaging or showing tissue
destruction, and histopathologic evidence of fungal inva-
sion into mucosa, submucosa, blood vessels, or bone.2 The
International Consensus Statement in Allergy and Rhinol-
ogy: Rhinosinusitis (ICAR) suggests that imaging studies
including computed tomography (CT) can be used to
demonstrate mucoperiosteal thickening within the nasal
cavity, whereas magnetic resonance imaging (MRI) may
demonstrate bone erosion or orbital/intracranial involve-
ment. The statement also describes the use of histology
with frozen sections and nasal endoscopy as being criti-
cal with findings such as edema with violaceous or pale
mucosa, insensate mucosa, or necrosis of the mucosa
being indicative of AIFS.1 Last, the consensus state-
ment from Infectious Diseases Society of America (IDSA)
states that the criteria for proven invasive fungal disease
include histopathologic, cytopathologic, or direct micro-
scopic examination of hyphae, recovery of fungus by
culture from a sterile site, blood cultures yielding fungus,
serology for fungal antigens if applicable, and amplifica-
tion of fungal DNA by polymerase chain reaction (PCR)
if applicable.9 There is increasing evidence that radiologic
imaging of AIFS is more varied than previously described,
and the IDSA statement suggests that high-resolution CT
scan is preferred over other imaging modalities due to
the increased sensitivity, availability, and experience with
interpretation.9 As evident in the varying diagnostic cri-
terion across evidence provided from multiple specialties,
there is limited consensus on the diagnosis of AIFS.
In addition, there is controversy surrounding the treat-

ment of AIFS, given limited high-quality evidence govern-
ing diseasemanagement, varying protocols acrossmultiple
centers and consortia, and the multidisciplinary expertise
required for treatment. Currently, in the literature, both
the EPOS and the ICAR suggest that the mainstay treat-
ments for AIFS include surgical debridement, initiation of
antifungal therapy, and reversal of immunosuppression.1,2
In the case of surgical intervention, studies have shown
that the odds of mortality are decreased in patients who
underwent endoscopic or open surgery for AIFS.4 How-

ever, there is a lack of literature and guidelines regarding
the extent of resection required, the role of extended
surgical approaches, open vs. endoscopic vs. combined
approaches, or repeat resections after initial treatment.
In the case of antifungal therapy, there is consensus that
empiric systemic antifungals should be started in con-
firmed AIFS.1,2,10 However, there is ongoing discourse
regarding the use of preemptive antifungal therapy in high-
risk patients, length of antifungal therapy, and choice of
antifungals.10 Depending on the suspected fungal organ-
ism, amphotericin B, azoles, and caspofungin have all been
shown to be efficacious in reducing mortality.1,2,10 In addi-
tion to systemic therapy, it has also been reported that
transcutaneous retrobulbar injections of amphotericin B
have been used with varying success in managing fungal
invasion into the orbit.2 With regard to reversing immuno-
suppression, multiple guidelines recommend reversal of
the underlying immunodeficiency, but there is currently
no guidance on treatment options.1,10 The Recommenda-
tions of the Infectious Diseases Working Party state that
colony-stimulating factors and granulocyte transfusions
may be considered in selected patient populations on a
case-by-case basis, but the limited literature on the topic
has been mixed.2,10
To date, there are currently no evidence-based recom-

mendations on the diagnosis, prognosis, and treatment
of AIFS. Previous documents have described the main-
stay diagnosis, prognosis, and treatments for AIFS, and
many of the recommendations remain expert opinion at
best. The purpose of thismultidisciplinary consortium and
document is to thoroughly review the literature on AIFS;
summarize the existing evidence; and provide recommen-
dations on the diagnosis, prognosis, and management of
AIFS.

2 MATERIALS ANDMETHODS

The development of this article was performed using
the following methodology for an evidence-based review
with recommendations (EBRR).11 A group of multidis-
ciplinary authors spanning multiple institutions with
clinical and academic expertise in the diagnosis, prog-
nosis, and management of AIFS was recruited. Authors
with expertise in IFS were selected as senior authors
for each section. Authors conducted a systematic review
of the literature following Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines and using the following databases: Ovid MEDLINE
(1947−present), EMBASE (1974−present), and Cochrane
Reviews databases. Studies evaluating modalities of diag-
nosis, prognosis, and management for orbital, non-
sinonasal head and neck, and intracranial manifestations
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AIFS were included, with each subsection developed a pri-
ori by authors based on extensive review of the literature.
Studies that did not include orbital or intracranial man-
ifestations (i.e., limited to sinonasal involvement) were
also included. Data from all ages were included given the
paucity of literature on this topic. Pulmonary and skin
fungal infections, localized and/or noninvasive sinonasal
fungal infections (e.g., fungus ball), CIFS, and chronic
granulomatous IFS were excluded. Case studies were also
excluded. The search terms used for each section included
the following query header: “Acute AND (invasive fungal
sinusitis OR invasive fungal rhinosinusitis OR IFS)” and
relevant additional terms for the specified section (e.g.,
AND ENDOSCOPY). Studies were evaluated for quality
of research methodology and assigned a standard level of
evidence based on the 2011 Oxford levels of evidence.12
During the systematic review process, summary tables of
all included studies were developed with the following:
study, year of publication, level of evidence, design, study
groups, clinical endpoint(s), and conclusion. After evalua-
tion of each included study, an aggregate grade of evidence
was produced and recommendations were given based on
the American Academy of Pediatrics Steering Committee
on Quality Improvement and Management.13 Recommen-
dations accounted for aggregate level of evidence, as well
as the balance of benefit, harm, and costs. These recom-
mendations are summarized at the end of each section
and include the authors’ benefit–harm assessment and
value judgment. Recommendationswere compiled for iter-
ative review, in which recommendations were critically
evaluated based on the literature per EBRR guidelines.11
All sections underwent iterative review by two primary
editors (L.T.R., I.M.H., C.H.L., or E.C.K.) and were then
compiled by the senior author (E.C.K.). Discrepancies in
recommendations were raised during the iterative and sec-
ondary reviews, and all conflicts resolved between the
senior author (E.C.K.) and the author(s) who raised the
point. The final draft was then carefully reviewed by all
authors and consensus was reached. All authors approved
the final document after reviewof the final submitted draft.

3 SIGNS AND SYMPTOMS

A high index of suspicion for at-risk patients is important
for early diagnosis of AIFS, as the initial symptoms can be
nonspecific.14,15 The variance in reported signs and symp-
toms is due to stage of disease progression, extent of disease
involvement of tissues outside the sinuses and nasal cavity,
time to diagnosis,4 and quality of available data. This can
range from virtually no sinonasal symptoms in patients
identified close to infection onset to severe symptoms, such
as visual impairment, ophthalmoplegia, ptosis, and altered

mental status,16,17 with more widespread disease. Table 1
summarizes the evidence surrounding utilizing signs and
symptoms for AIFS diagnosis.

3.1 Physical signs and subjective
symptoms

Among identified studies, there is variability in report-
ing of symptoms. In some studies, fever was not reported
as a separate symptom, as neutropenic fever was the
trigger for otolaryngology consultation.14,24 Other studies
combined ophthalmoplegia, diplopia, vision changes, and
other ocular symptoms into a category such as “visual
dysfunction.”25,55 Similarly, the descriptions of pain (facial,
orbital, headache, etc.) are generally heterogeneous.26,31
A minority of articles did not provide information on
symptomprevalence. Despite heterogeneity, there is agree-
ment regarding common signs and symptoms. The highest
quality studies, which include signs and symptom preva-
lence, reported fever (41% to 67% of patients),3–7,19 facial
swelling (41% to 65%),4,5,7,8 facial pain (29% to 71%),4–6,8,56
nasal congestion (32% to 52%),4–7 ophthalmoplegia (17% to
51%),4,28 vision loss (18% to 68%),4–6,8,56 and proptosis (13%
to 63%)4,5,8,56 as the most common signs and symptoms.
A broader range of signs and symptoms occurs with

varying prevalence when including data from level 4
studies. Presentation can be grouped into general cate-
gories of constitutional, sinonasal, otolaryngologic, cranial
nerve, and ophthalmologic manifestations. Constitutional
symptoms included fever (ranging from 9% to 100% of
patients in identified studies),4,6,15,19,31,48–49,52 headache
(25% to 100%),33–34,43,53 and altered mental status (11%
to 27%).17,45,51 Sinonasal signs and symptoms reported
include nasal congestion (14% to 100%),4,22,48–49,52 nasal
crusting/eschar (8% to 90%),20,36,44,56 rhinorrhea (21% to
66%),6,19,20 necrotic mucosa (21% to 100%),28,29,53 and
septal perforation/ulceration (9% to 38%).35,46,51 Other
otolaryngologic signs and symptoms identified included
facial swelling (27% to 100%),7,35,47,51 facial/orbital/jaw
pain (14% to 86%),6,21,22,26,35 and palate ulceration (5% to
25%),20,28,33,35,45 with cough (up to 64%)53 and trigeminal
neuralgia (up to 25%)32 being noted less frequently.
Cranial nerve symptoms (25% to 49%),30,33,39,57 includ-

ing facial anesthesia (8% to 55%),5,7,15,31,37–38,56,58 palatal
anesthesia (up to 8%),15 and facial paralysis (25% to
44%),33,47 as well as ophthalmologic symptoms/symptoms,
which include loss of visual acuity (26% to 87%),17,26,30,38
proptosis (16% to 100%),35,45,47 ophthalmoplegia (17% to
60%),28,38,42,58 diplopia/extraocular muscle weakness (9%
to 50%),7,24,46,55 and ptosis (up to 100% in some series)26,35,45
frequently develop if the disease extends outside the
sinonasal cavity.
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1624 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

No articles were identified that described sensitivity,
specificity, or predictive value of AIFS symptoms. One ret-
rospective cohort study of high-risk patients with fever of
unknownorigin found that, although only thosewithAIFS
exhibited decreased visual acuity, no symptom was sig-
nificantly associated with AIFS diagnosis.19 Payne et al.38
described sensitivity and specificity of endoscopic signs for
AIFS in immunocompromised patients, such as middle
turbinate mucosal abnormalities (sensitivity, 54%; speci-
ficity, 88%), middle turbinate necrosis (37%, 97%), and
septal mucosal necrosis (29%, 97%). Additional compara-
tive studies such as prospective cohort studies would be
useful to refine our knowledge of symptoms as well as
determine whether specific signs and symptoms are pre-
dictive for early diagnosis of patients with AIFS among
high-risk populations.
Aggregate Grade of Evidence: B (Level 2: 2 studies;

Level 3: 13 studies; Level 4: 33 studies)

3.2 Timing and acuity of presentation

There is evidence to suggest that time since symptom
onset, which is related to extent of disease,24 also influ-
ences symptoms present at diagnosis. Although the time
course for AIFS has been defined as duration of symp-
toms progressing over less than 4weeks,59 few studies have
described the specific time course of the disease in detail.
Those not reporting this information typically utilized het-
erogeneous time intervals, such as days from neutropenia
or bone marrow transplant until diagnosis or days from
symptom onset to diagnosis or admission.14,23,33,41,48,50
When timing of disease progression was reported, the dis-
ease course occurred over days to weeks, with a large
fraction of disease-related mortalities occurring within the
first 4 weeks of symptoms.27,49,51,54
Aggregate Grade of Evidence: C (Level 3: 3 studies;

Level 4: 8 studies)

4 LABORATORY AND
MICROBIOLOGY DIAGNOSTICS

4.1 Fungal identification

4.1.1 Fungal culture and antifungal
sensitivity

Tissue fungal culture is an important component of
AIFS diagnosis and treatment.7,17,28,31,33,60,61 Intraopera-
tively collected tissue or aspirates, not swabs, maximize
yield.62 Most estimates of culture sensitivity have ranged

from 51.6% to 67%, with outlier estimates ranging from
36% to 90%.7,57,60,61,63–65 When reported, estimated speci-
ficity ranged from 40% to 85.7% (95% confidence interval
[CI], 57.2% to 98.2%).60,63 Organism identification reduces
invasive fungal infectionmortality by guiding empiric anti-
fungal choice, and phenotypic sensitivity testing helps
tailor therapy.56,64,66,67 Increased AIFS mortality has been
reported when fungi cannot be cultured.57,68
Organism-specific prognostic data are conflicting.

Some report poor prognostic associations for Aspergillus
spp7 or so-called “atypical” (non-Aspergillus spp/non-
mucormycete) molds,5 although the latter has not been
consistently reproduced.56 Others have identified57 or
suggested poorer outcomes with mucormycosis.27,68
Culture sensitivity may be decreased for mucormycetes
and non-Aspergillus spp/non-mucormycete molds.60,61,64
Turnaround time of at least 5 days is a limitation of
culture.60,63 Table 2 summarizes evidence surrounding
use of fungal culture and sensitivities for AIFS diagnosis.

Aggregate
Grade of
Evidence

C (Level 2: 2 studies; Level 3: 3 studies;
Level 4: 9 studies)

Benefit Fungal cultures are important for speciation as
different organisms have different
antimicrobial susceptibility profiles and
affect prognosis. When combined with
histopathology, the sensitivity and rate of
correct diagnosis is increased compared
with either alone.

Harm Tissue culture requires either a bedside
procedure or general anesthesia in the
operating room to acquire a sample, each
carrying its own morbidity. Cultures can
take up to 7 days to result and can yield no
growth.

Cost Delayed diagnosis.
Benefit–Harm
Assessment

When used to supplement histopathology,
fungal species identification carries a benefit
for diagnosis and management of AIFS.
Tissue samples for culture can be obtained
during the procedure to obtain samples for
histopathology with very little additional
morbidity.

Value
Judgment

Culture is important for fungal species
identification and to supplement
histopathology for improved diagnostic
accuracy.

Policy Level Recommendation: Recommend obtaining
tissue cultures whenever possible.

Intervention Obtain tissue samples for culture when
working up a patient for AIFS.
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1626 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

4.1.2 Direct microscopic examination of
tissue specimens

Direct microscopy of specimens with potassium hydroxide
(typically fluorescence microscopy) is frequently a compo-
nent of fungal cultures. It provides rapid information about
the presence of fungi and is analogous to intraoperative
examination (see section VIII: Pathology). The estimated
sensitivity ranges from 28.6% to 60%, and specificity ranges
from 33.3% to 100%.7,33,60 Direct examination can detect
fungus even in cases when culture and/or PCR are neg-
ative. A major drawback is the inability to determine
pathogen identity, because molds in tissue lack species-
identifying characteristics.69 Table 3 summarizes evidence
surrounding use of direct microscopic examination of
tissue for AIFS diagnosis.
Collectively, fungal culture, direct examination, and

antifungal susceptibility testing are recommended in cases
of AIFS and can detect cases missed by other assays.60
A single sample is usually sufficient for multiple assays,
including culture and PCR.

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 1 study; Level
4: 2 studies)

Benefit Microscopic direct tissue examination can aid
in the diagnosis of AIFS.

Harm Sampling error can lead to a false negative
diagnosis. Potassium hydroxide,
Grocott–Gomori methanamine silver, and
hematoxylin–eosin staining may not
identify fungal elements and cannot provide
fungal species information.

Cost If fungal elements are not identified, there may
be a delay in AIFS diagnosis and treatment.

Benefit–Harm
Assessment

Direct examination of tissue for fungal
elements can provide a rapid diagnosis of
AIFS if fungal elements are seen.
False-negative results are possible, but this
can be worked around using direct
examination as a complement to culture,
PCR, and histopathology.

Value
Judgment

Direct examination can be used to promptly
identify fungal organisms in tissue during
the workup of AIFS.

Policy Level Recommendation: Recommend using direct
examination of tissue during the workup of
AIFS.

Intervention During the workup of suspected AIFS, direct
examination of tissue should be performed
in conjunction with cultures, PCR, and
histopathology.
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ROLAND et al. 1627

4.1.3 PCR

Broad-range PCR is an efficient diagnostic tool for inva-
sive fungal infections and for identifying the culprit fungal
species. The few studies specific to AIFS are consistent
with data across invasive fungal infection literature sup-
porting the use of molecular diagnostics as a complement
to traditional methods.70–74
A large retrospective review examining utility of broad-

range PCR in the diagnosis of AIFS found performing
PCR on resected tissue alone had a sensitivity of 85.0%
(95% CI, 70.1% to 94.3%), better than with tissue culture
alone (67.5%; 95% CI, 50.9% to 81.4%), whereas the speci-
ficities of both methods were 85.7% (95% CI, 57.2% to
98.2%). Together, PCR-positive culture had a diagnostic
sensitivity of 90.0% (95% CI, 76.3% to 97.2%) and speci-
ficity of 78.5% (95% CI, 49.2% to 95.3%).60 PCR provided
preliminary and final results with fungal identification to
the species level more expeditiously than culture.60 Raiesi
et al. reported 100% of their 33 AIFS patients had identi-
fication of fungal species with broad-range PCR compared
with 17 of 33 positive cultures. Using PCR as a complement
to culture may increase the ability to detect polyfungal
infections.60,74 Broad-range fungal PCR performed on tis-
sue is recommended as an adjunct to mycologic culture as
combining these assays increases sensitivity and decreases
turnaround time.
Serum PCR has been used in the workup of IFIs

and may adequately rule out invasive aspergillosis in
high-risk groups.72 Of 18 patients with AIFS proven on
histopathology, 6 (5 A flavus on culture, 1 no growth)
had positive serum PCR results.61 As data and clini-
cal assay availability of PCR and serum-based molec-
ular tests are limited, we cannot make recommenda-
tions regarding either for the diagnosis of AIFS. Table 4
summarizes evidence surrounding use of PCR for AIFS
diagnosis.

Aggregate
Grade of
Evidence C (Level 2: 1 study; Level 3: 3 studies)
Benefit Preliminary and final results are available

more quickly than culture. There is an
increased ability to identify fungal species,
including rare species that are difficult to
identify morphologically.

Harm Lack of diagnosis if the fungus has not been
sampled adequately.

Aggregate
Grade of
Evidence C (Level 2: 1 study; Level 3: 3 studies)
Cost Serum PCR requires blood draws and tissue

PCR requires tissue samples. Adding a
further blood draw to a hospitalized patient
may cause increased pain/morbidity, but it
can be added to the complement of blood
samples already being collected. Collecting
tissue samples requires either a bedside
procedure or general anesthesia in the
operating room, both of which carry risk
and morbidity.

Benefit–Harm
Assessment

Tissue is required to histopathologically
diagnose AIFS. Additional samples for PCR
would add little morbidity or risk and would
add the benefit of more expedient fungal
species identification.

Value
Judgment

PCR is complementary to culture.

Policy Level No recommendation: Insufficient data is
available to make recommendations on
serum/plasma-based molecular assays.

Recommendation: Recommend PCR testing
on tissue to identify fungal organisms when
evaluating and treating a patient for AIFS as
there is significant additional benefit with
little to no added morbidity.

Intervention When obtaining blood samples during patient
workup and tissue samples for
histopathologic diagnosis of AIFS, samples
should be obtained and sent for PCR testing
for fungal elements.

4.2 Serum biomarkers

4.2.1 β-D-glucan

Serum analysis for the fungal cell wall constituent (1,3)-
β-D-glucan (BDG) has been used to detect IFIs, although
data are conflicting on diagnostic accuracy.75 Several
antibiotics, bacteremia, and malignancy can cause false-
positive results and BDG is not specific to a fungal
species.31,75,76 Heterogeneous cutoffs (>151.5, >59, and
>30 pg/mL) have been used to examine diagnostic accu-
racy and prognosis in a limited number of patients,
often too small to calculate meaningful statistics.27,31,43
Although these tests may not be readily available at all
hospital systems, they are routinely used in the field of
infectious diseases and play a role in the diagnosis of
AIFS. As the data are limited, further study is needed to
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1628 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

TABLE 4 PCR.

Study Year LOE Study design Study groups Clinical endpoint Conclusion
Lieberman60 2021 2 Retrospective

review
52 patients with suspected
AIFS and available
culture and PCR results

1) Diagnosis
2) Fungal
identification

PCR complements culture in the
management of AIFS.
Preliminary results are
available faster with more
specific organism
identification.

Raiesi64 2021 3 Prospective
cross-
sectional

108 patients with
confirmed sinonasal
fungal infections, 33
with AIFS

1) Diagnosis
2) Fungal
identification

PCR allows for unambiguous
identification of most fungi
and for the identification of
rare species that may be
difficult to classify using
culture.

Badiee61 2016 3 Prospective
observational
cohort

31 patients with suspected
AIFS, 18 of those with
AIFS

Diagnosis Using specific PCR targeting
several species of fungi,
screening high-risk patients
with serum PCRs may aid in
early diagnosis.

Zhao74 2011 3 Assay
development

98 validated isolates tested
against 28 FFPE and 13
fresh specimens

Diagnosis PCR/reverse line blot may be
more sensitive than PCR alone
for fungal identification.

AIFS, acute invasive fungal sinusitis; FFPE, formalin fixed paraffin embedded; PCR, polymerase chain reaction; RLB, reverse line blot.

TABLE 5 Beta-D-glucan.

Study Year LOE Study design Study groups
Clinical
endpoint Conclusion

Wei31 2020 3 Retrospective
cohort

Patients with space-occupying
lesions in the nasal cavity and
sinuses where initial
diagnosis did not exclude
AIFS (11 of 98 with AIFS)

Diagnosis Serum BDG independently or
in conjunction with serum
GMmay aid in the diagnosis
of AIFS.

Gardner27 2021 4 Retrospective
review

21 patients with biopsy-proven
AIFS

Survival at 3
months

Serum BDG may aid in
diagnosis of AIFS.

Takahashi43
2011 4 Case series 4 patients with AIFS involving

the cavernous sinus and orbit
Resolution of
disease death

Serum BDG may aid in the
diagnosis of AIFS.

AIFS, acute invasive fungal sinusitis; BDG, beta-D-glucan; GM, galactomannan.

determine BDG utility in the diagnosis of AIFS. Table 5
summarizes evidence surrounding use of BDG for AIFS
diagnosis.

Aggregate
Grade of
Evidence C (Level 3: 1 study; Level 4: 2 studies)
Benefit Serum BDG may aid in the diagnosis of AIFS.
Harm Blood samples are required. There is a

non-negligible rate of both false positives
and false negatives that needs to be taken
into consideration.

Cost Missed diagnoses and false-positive results are
a risk.

Aggregate
Grade of
Evidence C (Level 3: 1 study; Level 4: 2 studies)
Benefit–Harm
Assessment

Serum BDG can add additional information
during the workup of AIFS. However, its
results are difficult to interpret individually
due to rates of false negatives and false
positives.

Value
Judgment

Consider using serum BDG in addition to
alternative methods of diagnosing AIFS.

Policy Level No recommendation: Further studies are
necessary to establish the accuracy of serum
BDG and its use in the diagnosis of AIFS

Intervention Consider obtaining serum BDG during the
workup of AIFS.
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ROLAND et al. 1629

4.2.2 Galactomannan

Like BDG, galactomannan (GM) is a fungal cell wall
component and established serum biomarker of invasive
fungal infections that can aid in, but is not sufficient for,
diagnosis of AIFS.7,19,27,68,77–79 Although frequently treated
as a biomarker for Aspergillus spp IFIs, GM cross-reacts
with a broad array of organisms including Fusarium and
mucormycetes.7,78 Reported cross-reactivity with β-lactam
antibiotics is disputed.23,76–78 A recent meta-analysis esti-
mated an area under the curve (AUC) of 0.65 for diag-
nosing AIFS with Aspergillus spp at a cutoff GM index of
0.5.80 Sensitivity was frequently estimated at 40% to 45%,
with outliers of 15.7% and 65%.7,19,27,61,68 Multiple studies
estimated GM specificity of ≥95%; one conflicting report
estimated 60% specificity.19,68,77,79
These data indicate GM can supplement diagnosis of

AIFS in combination with microscopy/histopathology
and culture/PCR. However, the assay does not iden-
tify the pathogen and may be susceptible to false
positives and false negatives. Table 6 summarizes
evidence surrounding use of galactomannan for AIFS
diagnosis.

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 3 studies; Level
4: 5 studies)

Benefit Serum GM can be used to aid in the diagnosis
of AIFS.

Harm Blood samples are required. It is more
associated with invasive Aspergillus
infections, which is one of many fungi that
may cause AIFS. There is a non-negligible
rate of false positivity that must be taken
into consideration.

Cost Missed diagnoses and false-positive results are
a risk.

Benefit–Harm
Assessment

When used as a part of the workup of AIFS,
serum GM levels can be useful to raise
suspicion and aid in diagnosis. Any harm
from missed diagnoses/false positives can be
tempered by using serum GM as a
supplement and not as the only method.

Value
Judgment

Use serum GM in addition to alternative
methods to diagnose AIFS.

Policy Level Option: Obtaining serum GM is an option in
the workup of AIFS.

Intervention Serum GM can be obtained as a supplement to
other, more well-established means of
diagnosis but should not be utilized as a
stand-alone diagnostic test for AIFS due to
significant limitations.

4.3 Prognostic biomarkers

4.3.1 Leukocyte counts

Neutropenia is defined as absolute neutrophil count
(ANC) <1000 103/μL, <500 103/μL, <100 103/μL, or
equal to 0 103/μL, depending on the study. Nonetheless,
the consensus is to approach all neutropenic patients
with high suspicion. Neutropenia or prolonged neu-
tropenia may be associated with increased mortality,
and ANC recovery may be associated with improved
survival.4,5,7,15,27,28,38,39,44,57,63,68,82–84 Notably, ANC >1000
does not preclude AIFS.17 Data are conflicting regard-
ing ANC’s prognostic utility, and no accepted level or
range has been surely associated with diagnosis or progno-
sis. Absolute lymphocyte count (ALC) may be associated
with all-cause mortality when <200.7 More studies are
needed to elucidate ANC and ALC as diagnostic and prog-
nostic variables for AIFS. Table 7 summarizes evidence
surrounding use of leukocyte count for AIFS diagnosis.

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 2 studies; Level
4: 12 studies)

Benefit ANC provides a great deal of information on a
patient’s level of immunosuppression. As
neutropenia may convey an increased risk of
AIFS, obtaining this lab may increase the
level of suspicion for AIFS. ANC trends in
neutropenic patients may provide useful
prognostic information. Obtaining an ANC
requires little increased morbidity.

Harm ANC trends may not apply to causes of
immunosuppression other than hematologic
malignancy. Some data are conflicting on
the prognostic utility of ANC.

Cost Relying on ANC to gauge level of suspicion or
provide a prognosis could lead to missed
AIFS diagnoses, sinus surgery for a tissue
sample in a patient who otherwise has low
suspicion for AIFS, and commitment to an
incorrect prognosis.

Benefit–Harm
Assessment

Using ANC and its trends as a complement to
other indicators of suspicion and diagnostic
modalities and considering it as a part of the
whole picture when assessing prognosis is
beneficial to planning the workup and
treatment of patients with proven or
probable AIFS. The benefit of raising
suspicion and obtaining tissue for
diagnosis/rule-out of AIFS (a disease that
can be rapidly fatal if diagnosis is delayed or
missed) may outweigh the risk and
morbidity of a sinus procedure.
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Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 2 studies; Level
4: 12 studies)

Value
Judgment

ANC levels should be obtained as part of the
workup and monitoring of patients with
probable or proven AIFS. This is particularly
important in those with hematologic
malignancies.

Policy Level Recommendation: Recommend obtaining and
trending ANC levels in patients with
probable or proven AIFS.

Intervention ANC levels should be used to complement
additional diagnostic modalities for AIFS.
ANC levels can be used to aid in the
prognosis of patients with AIFS in
conjunction with other modalities and
clinical judgment, but more studies are
needed to determine ANC-level cutoffs for
prognosis.

4.3.2 Serum glucose and hemoglobin A1C

A systematic review of 807 patients with AIFS demon-
strated diabetesmellitus (DM) prevalence of 47.8%, includ-
ing 23.1% who presented in diabetic ketoacidosis. These
patients also presented with other risk factors, including
39% with a hematologic malignancy, 27.6% with corti-
costeroid treatment, 6.3% with solid-organ transplanta-
tion, 2.3% with human immunodeficiency virus/acquired
immunodeficiency syndrome, and 1.2% with an autoim-
mune disease. However, prognostic analysis completed
on 398 patients found that DM was a positive prog-
nostic indicator in univariate and multivariate analyses
(p = 0.032; odds ratio [OR], 0.641, 95% CI; 0.427 to 0.962
and p = 0.003; OR, 0.492; 95% CI, 0.308 to 0.788) as
compared with other immunosuppressive diagnoses.4 A
review of 114 patients was concordant, reporting improved
survival at 1 and 3 months in patients with DM and a
higher hemoglobin A1C.5 Improved AIFS survival in dia-
betic patients is hypothesized to reflect protection from
the relative reversibility of their immune compromise,
as tight blood glucose (BG) control may be associated
with improved survival.33 Table 8 summarizes evidence
surrounding use of glycemic indices for AIFS diagnosis.

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 1 study; Level
4: 4 studies)

Benefit As elevated BG may be associated with
increased risk of mortality, trending BG for
tight control may improve disease-free
survival.

T
A
B
L
E

8
BG

an
d
gl
yc
em

ic
in
di
ce
s.

St
ud

y
(f
ir
st

au
th
or
)

Ye
ar

LO
E

St
ud

y
de
si
gn

St
ud

y
gr
ou
ps

C
lin

ic
al
en
dp
oi
nt

C
on
cl
us
io
n

Tu
rn
er
4

20
13

2
Sy
st
em

at
ic
re
vi
ew

80
7
pa
tie
nt
sf
ro
m
52
A
IF
S
st
ud
ie
s

Pr
og
no
st
ic
fa
ct
or
s

(s
ur
vi
va
l)

D
M
m
ay
be

as
so
ci
at
ed

w
ith

an
in
cr
ea
se
d
ra
te
of
su
rv
iv
al
.

W
an
de
ll5

20
18

3
M
ul
tis
ite

re
tr
os
pe
ct
iv
e

co
ho
rt
st
ud
y

Bi
op
sy
-p
ro
ve
n
A
IF
S
fr
om

3
ac
ad
em

ic
in
st
itu
tio
ns
(n
=
11
4)

1-
an
d
3-
m
on
th

su
rv
iv
al

D
M
m
ay
be

as
so
ci
at
ed

w
ith

im
pr
ov
ed

su
rv
iv
al
.

D
av
ou
di
7

20
15

4
Re
tr
os
pe
ct
iv
e
re
vi
ew

40
pr
ov
en

an
d
4
pr
ob
ab
le
A
IF
S

pa
tie
nt
sw

ith
he
m
at
ol
og
ic

m
al
ig
na
nc
ie
s

Su
rv
iv
al
at
6
an
d

12
w
ee
ks

El
ev
at
ed

BG
m
ay
be

as
so
ci
at
ed

w
ith

m
uc
or
in
fe
ct
io
n.

G
ur

28
20
21

4
Re
tr
os
pe
ct
iv
e
re
vi
ew

24
pa
tie
nt
sd
ia
gn
os
ed

w
ith

M
uc
or

1)
D
ia
gn
os
is

2)
D
is
ea
se
-s
pe
ci
fic

m
or
ta
lit
y

El
ev
at
ed

BG
m
ay
be

as
so
ci
at
ed

w
ith

m
or
ta
lit
y
in
di
ab
et
ic
pa
tie
nt
sw

ith
M
uc
or
A
IF
S.

Sh
an
ba
g3
3

20
19

4
C
as
e
se
rie
s

8
pa
tie
nt
sw

ith
A
IF
S

Su
rv
iv
al

C
on
tr
ol
lin
g
BG

m
ay
be

as
so
ci
at
ed

w
ith

an
in
cr
ea
se
d
ra
te
of
su
rv
iv
al
.

C
ho

39
20
15

4
Re
tr
os
pe
ct
iv
e
re
vi
ew

45
pa
tie
nt
sw

ith
A
IF
S

O
ve
ra
ll
su
rv
iv
al

D
M
m
ay
be

as
so
ci
at
ed

w
ith

an
in
cr
ea
se
d
ris
k
of
m
or
ta
lit
y.

A
IF
S,
ac
ut
e
in
va
si
ve
fu
ng
al
si
nu
si
tis
;B
G
,b
lo
od

gl
uc
os
e;
D
M
,d
ia
be
te
sm

el
lit
us
.

 20426984, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23132 by U

niversity O
f C

alifornia - Irvine, W
iley O

nline L
ibrary on [21/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1634 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 1 study; Level
4: 4 studies)

Harm Additional lab draws and/or needle sticks.
Cost Tight BG control requires a multidisciplinary

approach to close monitoring as well as
additional lab draws and/or needle sticks
and insulin.

Benefit–Harm
Assessment

Elevated BG may be associated with increased
mortality in diabetic patients with AIFS, a
rapidly fatal disease. Controlling BG is
critical not only for managing the patient’s
diabetes, but to increase the likelihood of
AIFS remission and survival.

Value
Judgment

Trending BG and maintaining strict BG control
should be part of the workup and treatment
plan for diabetic patients with AIFS.

Policy Level Recommendation: Recommend trending and
maintaining strict BG control in diabetic
patients with AIFS.

Intervention Trend and maintain strict BG control in
diabetic patients with AIFS.

4.3.3 C-reactive protein

C-reactive protein (CRP) has been analyzed as a prog-
nostic factor, yet data are conflicting and more studies
are needed.5,28,39,84 As such, we cannot make a recom-
mendation regarding CRP in patients with AIFS. Table 9
summarizes evidence surrounding use of CRP for AIFS
diagnosis.
Aggregate Grade of Evidence: C (Level 3: 1 study;

Level 4: 3 studies)

5 ENDOSCOPY

Bedside nasal endoscopy is widely used as a diagnos-
tic procedure during the initial work-up to evaluate the
nasal cavity when there is clinical concern for AIFS.
However, due to patient intolerance and inability to com-
pletely view the sinuses, there are obvious limitations in
practice. Abnormalities suggestive of AIFS have included
mucosal edema, discoloration (e.g., pallor or darkened tis-
sue), ulceration, and lack of sensation. In general, select
nasal endoscopy findings for AIFS are considered highly
specific, but have a wide range in reported sensitivity,
ranging from 49% to 75%.7,19,38,58,63,85,86
In the pediatric population, in which the decision for

general anesthesia for operative biopsies and debride-
ment may pose a higher threshold, the value of bed-
side endoscopy has also been investigated. Park et al.
demonstrated that, in the pediatric population, bedside T
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endoscopy did not correlate with ultimate diagnosis of
AIFS, whereas operative endoscopic abnormalities were
associated with the diagnosis of AIFS.86 However, Mulvey
et al. found diagnostic value in bedside endoscopy in the
pediatric population.58
Although nasal endoscopy has been discussed as a

diagnostic procedure in AIFS surveillance, routine surveil-
lance nasal endoscopy has not been widely studied in
the literature. Silveira et al. described repeat endoscopic
exams every 24 to 48 hours after surgical debridement
and found that 40% (14 of 35) of patients who had
undergone endoscopic debridement required further oper-
ative debridement after new mucosal abnormalities were
identified.58
Overall, the utility of nasal endoscopy appears to be high

when mucosal lesions are present in the regions of the
nasal cavity that can be tolerably and readily examined
at the bedside. However, mucosal changes on endoscopic
exam may indicate relatively late-stage disease. Further,
limitations of nasal endoscopy include inability to visual-
ize within the paranasal sinuses in nonoperated patients,
and in those that have had AIFS surgery subsequent
endoscopy (e.g., bedside) can be limited by crusting, pack-
ing, or debris. Given the low time and cost investment
of nasal endoscopy as well as high reported specificity of
mucosal lesions, nasal endoscopy is highly useful when
mucosal abnormalities are seen. However, in its current
utilization, nasal endoscopy lacks the sensitivity of an
optimal screening tool. Table 10 summarizes evidence
surrounding use of bedside endoscopy for AIFS diagnosis.

Aggregate
Grade of
Evidence C (Level 3: 1 study; Level 4: 6 studies)
Benefit Endoscopy affords efficient diagnosis when

mucosal abnormalities are present without
the need for general anesthesia.

Harm Minimal harm to the patient, given that
bedside assessment can be performed as
part of the physical exam. As sensitivity is
low, there is a risk of false-negative results,
especially for undissected sinuses where
deeper structures may be involved with
infection, leading to delay in definitive
treatment.

Cost Direct costs include standard processing of
endoscope hardware in facilities where
endoscopic equipment and appropriately
trained providers are available.

Benefit–Harm
Assessment

Benefit of direct visualization of the nasal
cavity and general ease of performance
likely outweighs harm.

Aggregate
Grade of
Evidence C (Level 3: 1 study; Level 4: 6 studies)
Value
Judgments

Given the reported high specificity, mucosal
abnormalities on endoscopic exam may help
expedite diagnosis and treatment. However,
a negative endoscopic exam in the setting of
high clinical suspicion for invasive fungal
disease warrants continued workup.

Policy Level Recommendation: Recommend endoscopy for
AIFS evaluation.

Intervention Bedside endoscopic evaluation is a
recommendation for AIFS work-up, given
the overall low-risk profile and ease of
execution. Specificity of this exam is high;
however, sensitivity is low, and a normal
endoscopy alone should not be used to rule
out disease.

6 BIOPSY

After initial endoscopic examination and imaging, biopsy
is often the next consideration in the workup algorithm
of AIFS. Bedside biopsy affords a relatively low cost and
efficient means of tissue sampling. Diagnostic yield in
suspected AIFS is highest when there are visible abnor-
malities on endoscopic exam.However, bedside biopsies in
patients with coagulopathy, thrombocytopenia, and other
medical comorbidities, as are often the case in AIFS, pose
challenges. In addition, minimal tissue is comfortably
obtained in an awake patient. In the absence of obvious
AIFS findings, biopsy is subject to sampling bias, thus fur-
ther limiting its diagnostic utility. In a review examining
four retrospective studies, authors concluded that evidence
in support of bedside biopsy to diagnose AIFS with high
fidelity is lacking.87
Most studies have investigated frozen section analysis of

bedside biopsies to assess for invasive fungal elements. The
most common anatomic biopsy site described is the mid-
dle turbinate. Ghadali et al. and Gillespie et al. reported
sensitivity of middle turbinate biopsy at 84% and 74%,
respectively.88,89 Silveira et al. investigated targeted bed-
side biopsies of mucosa with discoloration and reported
91% sensitivity, but a lower specificity was reported (73%)
when compared with the aforementioned studies.63
Fine-needle aspiration biopsy (FNAB) is another tool

that has been reported in the literature to aid in bed-
side workup of AIFS.90,91 Fine-needle aspiration can be
performedwith CT guidance, endoscopic guidance, or per-
cutaneously using anatomic landmarks. There were no
reported complications of FNAB in the literature.
In summary, bedside biopsy can provide additional data

to support the diagnosis of AIFS. However, the presence
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TABLE 11 Bedside biopsy.

Study Year LOE Study design Study groups Clinical endpoint Conclusion
Silveira63 2019 4 Retrospective

review
43 confirmed AIFS patients Diagnosis of AIFS on

bedside biopsy by
frozen section

Sensitivity of frozen section
biopsy 90.6%; specificity
72.7%; PPV 90.6%; NPV
72.7%, and accuracy 86.0%
(p < 0.0001).

Singhal90 2013 4 Retrospective
review

9 at-risk AIFS patients of
which 8 ultimately
diagnosed with AIFS

Diagnosis of AIFS on
bedside biopsy by
fine-needle aspiration
cytology

FNAB demonstrated fungal
hyphae in 8 of 9 patients,
which was confirmed on
permanent pathologic
sections

Ghadiali88 2007 4 Retrospective
review

14 patients who underwent
bedside biopsy analyzed by
frozen section, who were
ultimately confirmed to
have AIFS

Diagnostic accuracy of
bedside biopsy by
frozen section

Sensitivity 84% (95% CI,
0.52–0.96) with NPV 0.5
(95% CI, 0.12–0.88).

Gillespie89 2000 4 Prospective
cohort

25 patients with clinical
concern for AIFS, of whom
6 had confirmed AIFS on
permanent pathology

Diagnostic accuracy of
middle turbinate
biopsy by frozen
section

Sensitivity 75% (2 false
negatives) and 100%
specificity.

Abuzeid87 2022 5 Literature
reviewa

Included 4 retrospective case
series

Diagnosis of AIFS on
bedside biopsy

Limited role in evaluation of
AIFS.

aDowngraded due to review of 4 small case series.

of hyphae on frozen section or cytologic analysis does not
confirm invasive disease, and in patients without obvi-
ous mucosal changes on nasal endoscopy a biopsy may be
“random” leading to a false negative. It could be argued
that, when obvious mucosal changes exist (e.g., discol-
oration or necrosis), the patient should proceed directly to
the operating room for both tissue sampling and debride-
ment. Nonetheless, when feasible, either endoscopic tis-
sue biopsy or FNAB may help support the decision
to initiative appropriate treatment. Table 11 summarizes
evidence surrounding use of bedside biopsy for AIFS
diagnosis.

Aggregate
Grade of
Evidence C (Level 4: 4 studies; Level 5: 1 study)
Benefit Detection of fungal elements at the bedside

can better inform the need for surgical
debridement.

Harm There is limited tissue sampling that can be
performed given patient discomfort and
associated comorbid conditions, which limit
safe removal of tissue.

Cost Direct costs are attributable to frozen section
analysis. Biopsies obtained at the bedside
and waiting for histopathologic analysis may
delay operative debridement.

Aggregate
Grade of
Evidence C (Level 3: 1 study; Level 4: 6 studies)
Benefit–Harm
Assessment

In cases where the diagnosis of AIFS is
equivocal in an at-risk patient, bedside
biopsies, particularly in abnormal tissue,
may help gather more data in support of the
decision to perform surgical debridement.
This may be useful for diagnosis in patients
who are unstable for surgery.

Value
Judgments

Bedside biopsy may provide the most benefit
when used to rule in AIFS, or when mucosal
abnormalities can be sampled without
significant bleeding risk or pain. FNAB
serves as a minimally invasive alternative to
endoscopic bedside biopsy, but may not yet
be widely available.

Policy Level Option: Bedside biopsy is an option in the
workup of AIFS.

Intervention Bedside biopsy may serve a role where mucosa
can be sampled at the bedside with relative
ease, but there is a risk of both false-negative
and false-positive results. Care must be
taken for patients at elevated risk for
bleeding.

7 IMAGING

Cross-sectional imaging with CT and MRI play vital
roles as noninvasive diagnostic tests for the diagnosis
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1638 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

of AIFS, localize sites of infection to direct biopsy and
extent of surgical debridement, and provide prognostic
information.
Noncontrast CT of the paranasal sinuses is a com-

mon initial imaging modality used for assessment of AIFS
given fast imaging time, no requirement for intravenous
contrast administration, optimal evaluation of osseous
structures, and capacity for surgical navigation. Many CT
imaging findings have been implicated in AIFS, including
unilateral nasal mucosal thickening (80% to 91%), peri-
antral inflammation (22% to 38%), osseous erosion (0% to
57%), orbital involvement (13% to 28%), and intracranial
extension (0% to 14%).19,92,93 Silverman et al.94 reported
periantral inflammationwithout osseous erosion as poten-
tially the earliest CT imaging finding of AIFS. DelGaudio
et al.93 found preantral inflammation (22%) and retroantral
inflammation (9%) in a minority of their AIFS cases; how-
ever, these findings may have been underestimated as 11
of 23 patients had only coronal CT imaging. Additional
CT findings in this study included unilateral nasal soft tis-
sue thickening (91%), sinus mucoperiosteal thickening or
opacification (91%), bone erosion (35%), and orbital inva-
sion (26%), of which only unilateral nasal inflammation
was a statistically significant finding. Given the relative
low percentages of osseous erosion and extrasinus exten-
sion in their case series, DelGaudio et al. cautioned that
these findings may be found late in the course of dis-
ease. More recently, Middlebrooks et al.95 assessed 23 CT
imaging parameters and designed a CT-based predictive
tool utilizing bone dehiscence; septal ulceration; and peri-
antral fat, orbit, pterygopalatine fossa, nasolacrimal duct,
and lacrimal sac involvement, with presence of any one of
these seven features resulting in 95% sensitivity, 86% speci-
ficity, 87%positive predictive value (PPV), and 95%negative
predictive value (NPV) for AIFS.
Given its superiority in assessing soft tissue when com-

pared with CT, MRI provides valuable information regard-
ing enhancement characteristics of the sinonasal mucosa
and is more sensitive in the detection of inflammation
involving the extrasinonasal soft tissues, orbit, skull base,
and intracranial contents. In 2010, Safder et al.96 described
the “black turbinate sign” of sinonasal tissue with lack
of contrast enhancement (LoCE) on MRI corresponding
to devitalized mucosa from angioinvasive hyphae. Lagos
et al.19 reported LoCE (75% sensitivity, 84% specificity),
extrasinonasal extension (60% sensitivity, 89% specificity),

and orbit compromise (50% sensitivity, 95% specificity)
as MRI parameters significantly associated with AIFS.
Although the “black turbinate sign” is highly specific
for AIFS, Han et al.97 caution it is not an uncommon
imaging finding in immunocompetent patients without
AIFS, but benign regions of nonenhancement in the nasal
turbinates improve over subsequent series, have preserved
thin peripheral enhancement, often have thin internal
septa, and most frequently occur in the posterior inferior
turbinates.
Many studies have also assessed LoCE on MRI for its

prognostic value in the setting of AIFS.98–101 Seo et al.98
found LoCE on MRI in 17 of 23 (74%) of AIFS cases, with
13 of 23 (57%) having extrasinonasal LoCE. The 13 cases of
AIFS with extrasinonasal LoCE had a 100%mortality. Kim
et al.99 used LoCE on preoperativeMRI to determine surgi-
cal extent with residual or increasing extrasinonasal LoCE
on postoperative MRI found in all, and only nonsurvivors
in their series. In addition, Choi et al.100 reported LoCE
was an independent poor prognostic factor for disease-
specific survival, and Nam et al.101 reported LoCE of the
skull base as an independent negative prognostic factor. As
LoCE on MRI corresponds to devitalized tissue undergo-
ing coagulative necrosis, consideration is given to surgical
debridement of this tissue for disease clearance.
Groppo et al.102 compared CT and MRI in patients who

underwent operative endoscopy to rule out or diagnose
AIFS. The authors found MRI to have better sensitivity
than CT for the diagnosis of AIFS: 85% and 86% for MRI
compared with 57% and 69% for CT for the two observers,
respectively. However, the specificity (75% and 75% vs. 83%
and 83%), PPV (92% and 92% vs. 89% and 90%), NPV (60%
and 60% vs. 45% and 56%), and accuracy (82% and 83% vs.
65% and 74%) were similar for MRI and CT for the two
observers, respectively. Given the finding of better sen-
sitivity for the detection of AIFS, the authors concluded
that contrast-enhancedMRI should be the initial screening
imaging modality. In 2017, ACR Appropriateness Crite-
ria Sinonasal Disease for evaluation of suspected IFS was
revised to rate both MRI with and without IV contrast and
CT without IV contrast as “usually appropriate” tests and
stated: “MRI of the face and sinuses, including orbit and
brain, is the study of choice. CT may be a complemen-
tary study and useful for surgical planning.”103 Table 12
summarizes evidence surrounding use of imaging for AIFS
diagnosis.
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Aggregate
Grade of
Evidence C (Level 3: 1 study; Level 4: 9 studies)
Benefit Noninvasive, high accuracy.
Harm CT: low risk associated with radiation; MRI:

low risk associated with gadolinium-based
contrast agents; concern for treatment delay
when awaiting for completion of imaging as
imaging takes more time to be performed
and interpreted.

Cost MRI incurs higher economic and time costs
than CT.

Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

Noninvasive tests are invaluable in initial
screening of AIFS. Contrast-enhanced MRI
is likely more sensitive for the detection of
AIFS, better evaluates orbital and
intracranial extent, and may provide
prognostic information. CT is an acceptable
alternative screening test and useful for
surgical navigation.

Policy Level Recommendation: Recommend
contrast-enhanced MRI and CT.

Intervention Contrast-enhanced MRI is recommended as a
noninvasive screening test for AIFS, with CT
as an acceptable alternative. Both imaging
modalities play a complementary role in
diagnosis.

8 PATHOLOGY

8.1 Frozen section evaluation

The utility of frozen sections has been evaluated for rapid
diagnosis and for treatment planning for AIFS patients. A
recent systematic review by Kim et al. identified an over-
all sensitivity of 83.3% and specificity of 98.6% based on
the evaluation of nine total studies. Sensitivity was higher
when evaluating patients with Aspergillus (81.0%) when
compared with Mucor (75.4%).104 This is in accord with
other studies and is likely attributed to the decreased struc-
tural organization of Mucor compared with Aspergillus,
making it more difficult to visualize on frozen sections.

Subgroup analysis also showed higher diagnostic accuracy
within the same patient as compared with individual spec-
imens. Therefore, it was recommended to includemultiple
frozen specimens from a single case to reduce the like-
lihood of false-negative results.104 Foshee et al. did not
evaluate the diagnostic accuracy of frozen samples; the
authors stated that frozen specimens are important for
early diagnosis but are not routinely used to determine
“clear margins.”105 They found no difference in mortal-
ity if fungus was present at the “margins” as long as
debridement was performed on healthy, bleeding tissue.
Two studies, which may have had overlapping specimens
as they were conducted at the same institution, evaluated
the use of periodic acid–Schiff (PASF) for frozen section
(PASF-fs) staining.106,107 This is discussed inmore detail in
a subsequent section (“Miscellaneous pathology staining
techniques for diagnosis”).
Overall, use of frozen specimens appears to be valuable

as a means of rapidly and accurately identifying the pres-
ence of fungal elements and fungal invasion. Although
adverse effects have not been directly studied, the speci-
ficity of an intraoperative frozen specimen is quite high,
supporting that with its use there may be avoidance of
unnecessary delayed or extended surgery. Although the
side-effect profile associated with antifungal medications
can be concerning, the risk of false-negative results on
frozen sections is low, validating the need for this ther-
apy if the frozen section identifies AIFS. Intraoperative
frozen section evaluation for AIFS, on the other hand,
particularly when used for “margin” assessment, is met
with several technical and analytical challenges, which
contribute to the relatively low sensitivity of this test.
In their retrospective review of 309 frozen section speci-
mens, Gonzalez et al. found an overall error rate of 15%.108
Within the error group, 23.7% of cases were attributed
to sampling errors (defined as fungus being present in
permanent sections or when using special stains) and
76.3% were interpretive errors (a false-negative rate of
30% and a false-positive rate of 3%). Although sensitivity
varies between existing studies, intraoperative frozen spec-
imen results have the potential to aid in early diagnosis
of this devastating problem. Table 13 summarizes evi-
dence surrounding use of frozen sections for guiding AIFS
diagnosis.
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Aggregate
Grade of
Evidence C (Level 2: 1 study; Level 4: 11 studies)
Benefit Rapid and timely diagnosis for treatment

planning, especially for disease known for
rapid progression as well as intraoperative
disease mapping, which provides additional
prognostic information.

Harm Possible delay of treatment pending frozen
section interpretation for diagnosis.

Risk of incorrect diagnosis or incomplete
resection due to false negatives, with
increased intraoperative time.

Cost Direct and indirect costs of increased operative
time, and direct cost for real-time pathologic
interpretation.

Benefit–Harm
Assessment

Likely benefit over harm.

Value
Judgments

Although sensitivity and negative predictive
value vary among studies, frozen sections
have a high positive predictive value and
specificity, supporting timely diagnosis and
subsequent treatment with surgical
debridement and antifungal medications.

Policy Level Recommendation: The use of frozen sections is
reasonable for initial diagnosis given its high
positive predictive value.

Intervention Preoperative and intraoperative frozen
evaluation is associated with high positive
predictive value and potential for avoidance
of surgical/treatment delays and may
provide advantages for guiding treatment
and for prognostic information.

8.2 Miscellaneous pathology staining
techniques for diagnosis

Various histopathologic evaluations other than frozen sec-
tions have been reported in the literature as potentially
accurate, efficient means of identifying AIFS. Several
small studies have evaluated the utility of special stains
and evaluations of pathology sections. Montone et al.65
and Myoken et al.114 evaluated in situ hybridization for
identification of fungal species, proposing an alternative
method for patients with culture-negative results. Simi-
larly, Chatarantabut et al.115 proposed the use of PCR as a
faster, potentially more accurate way of identifying fungal
species, but they reported a low sensitivity for this method.
Currently, the “gold standard” for permanent section

analysis is hematoxylin–eosin (H&E) staining, and there
is no accepted or widely used alternative method. Addi-
tional studies, such as PASF, DiffQuik (DQ), and maspin
staining, may aid in the diagnosis of AIFS on either

frozen or permanent pathologic sections, but these are cur-
rently considered adjuncts and their use is inconsistent
across institutions. Modified PAS staining for frozen sec-
tions was able to identify fungus not otherwise visible on
frozen section H&E, decreasing the false-negative rate and
improving diagnostic accuracy in studies by Hennessey
et al.106 and Crist et al.107 Another readily available stain,
the DQ stain, was also incorporated into a frozen section
protocol by Gonzalez et al.,108 where the authors observed
that DQ staining subjectively improved the appearance
of fungal hyphae, with improved characterization of mor-
phology and presence of septations. DQ staining was also
performed more rapidly (5 minutes) in their experience
when compared with the PAS protocol (20 to 25 min-
utes) described by Crist et al.107 Last, maspin staining has
been shown to be significantly decreased in cases of fun-
gal sinusitis, and to an even greater degree in AIFS, with
a relatively good sensitivity (92%).116 It also may serve as
a biomarker of invasion as maspin plays a role in main-
taining intercellular adhesion and basement membrane
integrity in oncologic studies. Table 14 summarizes evi-
dence surrounding use of other staining techniques for
guiding AIFS diagnosis.

Aggregate
Grade of
Evidence C (Level 4: 8 studies)
Benefit Potentially improved sensitivity for

intraoperative frozen assessment using PAS
stain during frozen section and potentially
improved fungal identification in
culture-negative specimens using ISH.

Harm Risk of false-negative results.
Cost Indirect cost related to increased utilization of

different staining agents/processes, time of
additional workup.

Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

Although these methodologies are new and
not well studied, they may provide slightly
improved frozen section sensitivity and
fungal species identification when compared
with currently accepted techniques.

Policy Level Option: The use of supplemental
methodologies is an option for potential
decreased time to diagnosis and fungal
species identification, leading to improved
surgical and medical intervention.

Intervention The methods just described may be considered
in addition to the current practice of tissue
fungal cultures, H&E frozen section, and
permanent analysis, but should not be used
as the primary technique for diagnosis, due
to lack of sufficient research.
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1646 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

TABLE 15 Outcomes related to surgery vs. no surgery.

Study (first
author) Year LOE Study design Study groups

Clinical
endpoint Conclusion

Vaughan35 2018 2 Systematic review
and meta-analysis

175 patients with
rhino-orbito-cerebral
mucormycosis

Overall
survival

Overall survival of 59.5%. However,
patients who did not have surgery had
survival of only 21%, suggesting a
survival benefit in those receiving
surgery.

Turner4 2013 2 Systematic review 807 patients with AIFS Overall
survival

Surgery significantly improved survival
compared with no surgery.

Sun120 2010 3 Cohort study +
systematic review

90 solid-organ transplant
recipients with
rhino-orbito-cerebral
mucormycosis

Overall
survival

Improved survival with surgery +
amphotericin compared with
amphotericin and no surgery.

Jung121 2009 3 Cohort study 12 patients with
rhinocerebral
mucormycosis

Overall
survival

Seventy percent of operated patients
recovered, whereas only 1 of 2 (50%)
patients without surgery recovered.

Bhansali45 2004 3 Cohort study 35 patients with
rhino-orbito-cerebral
mucormycosis

Overall
survival

Treatment without surgery (i.e.,
amphotericin alone) significantly
worsened survival.

Blitzer54 1980 3 Systematic review 170 cases of paranasal
sinus mucormycosis

Overall
survival

Surgery compared with biopsy alone or
no surgery significantly improved
survival.

Chen68 2011 4 Cohort study 110 cases of invasive
fungal sinusitis

Overall
survival

Surgical debridement significantly
improved survival compared with no
surgery.

9 SURGERY

Surgery has become an essential component in the man-
agement of AIFS and is the mainstay for removal of
infected and necrotic tissue.119 The extent of surgical
dissection has been guided largely by the tenet of debride-
ment until the visualization of healthy, bleeding tissue.119
Recent publications have continued to explore the impact
of additional strategies on optimizing complete surgical
removal and improving clinical outcomes, including the
impact of surgical timing and early intervention, the initial
extent of surgery, the role of different surgical approaches,
and decisions aiding return to the operating room (OR).
This section comprehensively addresses these important

aspects of the surgical planning and management of
AIFS.

9.1 Survival with surgery vs. no surgery

An association between surgery and improved survival in
patients with AIFS has been consistently reported.4,35,45,
54,68,120,121 Earlier reports have suggested surgery pro-
vides improved survival outcomes compared with no
surgery.4,35,54,68,121 In addition, combination therapy with
surgery andmedical treatment has been reported to confer
improved survivalwhen comparedwithmedical treatment
alone.45,120 Table 15 summarizes evidence surrounding
outcomes of surgery vs. no surgery in AIFS.
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Aggregate
Grade of
Evidence

C (Level 2: 2 studies; Level 3: 4 studies,
Level 4: 1 study)

Benefit Surgery improves survival compared with no
surgery; intraoperative assessment of extent
of disease may inform care globally.

Harm Risks associated with surgery, potential
disfigurement from external approaches,
and medical factors complicating surgical
risks (e.g., thrombocytopenia increasing risk
of hemorrhage).

Cost Cost of procedure must be weighed with costs
of entire hospitalization with and without
surgery.

Benefit–Harm
Assessment

Preponderance of benefit over harm
depending on medical condition.

Value
Judgments

This is a rare disease with a paucity of
evidence investigating the impact of timing
of surgical treatment and extent of surgical
debridement on survival outcomes;
however, whenever debridement is
undertaken, there appears to be consistent
evidence of survival benefit. The literature
tends to be skewed toward reporting cases
treated with surgery.

Policy Level Recommendation: Surgical intervention is
recommended.

Intervention Surgical debridement of infected/necrotic
tissue should be considered in patients with
AIFS, if considered an appropriate surgical
candidate.

9.2 Surgical timing and impact of early
intervention

Traditionally, AIFS has been considered a surgical emer-
gency and a “race against time.” Several studies have
investigated the importance of surgical timing on out-
comes in patients with AIFS.20,23,35,45,48,51,54,121–126 Of
the 13 studies identified, 8 reported improved survival
with early treatment, 3 studies demonstrated no differ-
ence, and 1 study reported improved outcomes with late
treatment.20,23,35,45,51,54,121–126 Separately, Kennedy et al.
reported that most patients with a longer time from symp-
tom onset to diagnosis required more extensive surgery
than those diagnosed earlier.48 Although these combined
findings suggest a role for early surgical intervention, opti-
mal time to treatment remains unclear, as cutoffs for early
intervention ranged from 4 to 16 days.20,23,45,51,122–124,126
This finding is likely in part due to the differing meth-
ods of defining optimal time to surgery, with some studies
using time from symptom onset to surgery and oth-
ers from histopathologic diagnosis to surgery. To date,

there is no evidence to guide emergent (i.e., as soon
as possible) vs. urgent (i.e., waiting until the next day)
surgical treatment for AIFS, and the impact of time
from symptom onset to time of intervention. Table 16
summarizes evidence surrounding timing of surgery in
AIFS.

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 9 studies, Level
4: 3 studies)

Benefit Early surgical intervention may improve
survival outcomes and limit disease
progression.

Harm Emergent surgery status precludes appropriate
preoperative optimization and
surgeon/facility preparation.

Cost Theoretically increased costs of
emergent/urgent surgical utilization.

Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

Studies demonstrating improved survival with
early surgical treatment vary on the critical
time from symptom onset/diagnosis to
treatment. Given the aggressive nature of
the disease and its associated high mortality
rates, it is prudent to consider timely surgery
if medical condition permits.

Policy Level Option: Option for emergent intervention,
although there are no clear data to guide
early emergent vs. urgent surgical
intervention (or timing in general).

Intervention Early surgical intervention may benefit
patients with AIFS. The optimal time from
symptom onset to surgery remains unclear.

9.3 Initial extent of surgery

Guidelines to help determine appropriate extent
of initial surgical resection have not been
established.6,32,36,38,88,89,113,125,127–129 Preliminary reports
discussed the use of preoperative imaging demonstrating
extent of disease involvement; intraoperative visual-
ization of healthy, bleeding tissue; and intraoperative
margin assessment using frozen sections to assist with
the extent of initial resection.6,21,38,89,105,125,128–133 Those
studies reported that complete surgical resection improves
survival when compared with incomplete resection.6,89
However, the studies did not report the resectability of the
disease, which would be a confounding factor in guiding
extent of resection. Future studies are needed to determine
each method’s ability to accurately guide initial extent of
surgery, along with their impact on disease progression,
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recurrence, surgical morbidity, and overall survival.
Table 17 summarizes evidence surrounding initial extent
of surgery in AIFS.

Aggregate
Grade of
Evidence C (Level 3: 3 studies; Level 4: 7 studies)
Benefit Increases likelihood of complete surgical

resection, decreases resection of
nondiseased tissue, and there are fewer
explorations with more comprehensive
upfront surgery.

Harm Over-resection of potentially uninvolved
tissue.

Cost Minimal—increased OR time with frozen
sections.

Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

Complete surgical resection and local control
appears to provide survival benefit. Evidence
on preoperative imaging to assist with
surgical planning and surgical resection to
healthy tissue suggests these strategies may
reduce recurrence. However, this evidence is
limited. In addition, there is limited
evidence suggesting intraoperative frozen
sections can help guide the extent of surgical
resection; impact on survival is unclear.
Future studies are required to assess the role
of these interventions on outcomes.

Policy Level Option: Option for aggressive initial
debridement as opposed to targeted surgery.

Intervention Determine disease extent on preoperative
imaging findings; resection of tissue until
healthy, bleeding tissue is observed; and
consider frozen sections of surgical margins
to assist with extent of resection.

9.4 Role of extended surgical
approaches

The use of extended endoscopic surgery includes medial
maxillectomy, advanced frontal sinus approaches (e.g.,
Draf III), and dissection/debridement of the pterygomax-
illary and infratemporal fossae. Evidence of the impact
of these approaches on survival is limited. However, pre-
liminary evidence suggests extended approaches could
prevent disease progression and recurrence, and may
therefore provide improved survival outcomes, particu-

larly with extended maxillary sinus and pterygopalatine
fossa surgery.38,121,129,133–136 The impact of advanced frontal
sinus surgery on survival in patients with AIFS has not
been reported. Table 18 summarizes evidence surrounding
extended surgical approaches in AIFS.

Aggregate
Grade of
Evidence C (Level 3: 4 studies; Level 4: 3 studies)
Benefit Increases likelihood of complete surgical

resection in select cases where conventional
techniques may not be sufficient.

Harm Unique surgical risks associated with extended
approaches (e.g., palatal numbness with
pterygopalatine fossa dissection).

Cost Increased technical expertise and equipment
(e.g., drills) and increased operative time.

Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

Evidence suggests select patients requiring
extended endoscopic approaches have low
rates of disease recurrence. Many extended
approaches may be performed safely in a
minimally invasive manner.

Policy Level Option: Option for extended endoscopic
approaches for AIFS.

Intervention Extended endoscopic surgical approaches (e.g.,
pterygopalatine/infratemporal fossa
dissection, modified Lothrop) may be
helpful adjuncts in removal of all diseased
tissue.

9.5 Evidence for open
maxillectomy/resection

Open maxillectomy has been reported in cases deter-
mined not amenable to endoscopic resection.137–141 The
rate of survival in patients undergoing open maxillec-
tomy is highly variable, suggesting significant variability
in outcomes based on the nature of the condition.137–141
Studies by Ramadorai et al. and Ardeshipour et al. showed
favorable outcomes, with survival rates of 90% and 100%,
respectively.139,141 In addition, the lone survivor undergo-
ing open maxillectomy in the study by El-Naaj et al. had
the most extensive disease, suggesting additional factors
that may play a role in survival in patients undergo-
ing open maxillectomy.137 Table 19 summarizes evidence
surrounding open resection in AIFS.
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Aggregate
Grade of
Evidence C (Level 4: 5 studies)
Benefit Increases likelihood of complete surgical

resection, particularly when the palate,
external nose, and premaxillary soft tissues
are involved.

Harm Increases morbidity, aesthetic deformity, and
residual functional defects, with uncertain
survival benefit.

Cost Costs of rehabilitation (e.g., obturator, free flap
reconstruction).

Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

Open maxillectomy appears to be an
acceptable option to achieve complete
resection in patients requiring extensive
surgical resection that is not amenable to
endoscopic approach.

Policy Level Option: Open maxillectomy is an option for
AIFS.

Intervention Consider open maxillectomy for patients with
disease extension that cannot be treated
with endoscopic surgery alone, such as
involvement of the palate and premaxillary
soft tissues.

9.6 Survival outcomes for open vs.
endoscopic approaches

The appropriate surgical approach remains unclear in
many patients with AIFS. Alejandro et al. reported
no survival differences between open, endoscopic, and
combined approaches.20 A systematic review by Turner
et al. and a retrospective review by Kasapoglu et al.
reported improved survival with endoscopic compared
with open resection.4,133 In contrast, a case series by Sohail
et al. found improved survival in patients undergoing a
combined approach compared with endoscopic surgery
alone.142 When considering the differences in survival
between approaches, it is important to acknowledge biases
that may exist between open and endoscopic surgery. For
instance, patients with limited disease may be amenable
to endoscopic surgery. In addition, patients undergoing
open approaches may have more extensive disease upfront
and, therefore, worse outcomes, regardless of approach.
Alternatively, these patients undergoing an open approach
may have more extensive resection in certain cases, lead-
ing to improved outcomes compared with the endoscopic
approach at the expense of higher postoperativemorbidity.
Without strong evidence to suggest that an open approach
consistently provides superior outcomes, future studies
controlling for patient disease factors, including disease
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location and extent, organisms involved, and host immu-
nity status, are required to better understand the optimal
role of each approach. Table 20 summarizes evidence
surrounding open vs. endoscopic surgical approaches for
AIFS.

Aggregate
Grade of
Evidence

C (Level 2: 1 study; Level 3: 2 studies; Level
4: 1 study)

Benefit Endoscopic: Improved visualization,
minimally invasive approach.

Open: Direct access, improved vascular
control.

Harm Endoscopic: Inability to clear certain areas
(e.g., premaxillary soft tissues, palate).

Open: Risk of over-resection, decreased
visualization, and aesthetic and functional
sequelae.

Cost Endoscopic equipment and technical
expertise.

Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

Studies reported improved or similar survival
rates with endoscopic compared with open
resection. Reasons for this may include
increased disease progression in cases
requiring open surgery. Endoscopic
approaches should be considered in all cases
as primary surgical treatment. However,
given evidence that open approaches can
provide similar survival outcomes compared
with endoscopic approaches, it is
recommended to perform open or combined
procedures in select cases whenever
diseased tissue cannot be completely
removed through endoscopic approaches.

Policy Level Recommendation: Endoscopic surgery
recommended when indicated.

Intervention It is reasonable to consider endoscopic
resection whenever possible, and to consider
combined or open surgery in more advanced
cases that are not amenable to complete
resection with endoscopic techniques.

9.7 Scheduled return to OR

Optimal survival of AIFS requires local surgical control,
medical therapy, and reversal of underlying factors.4,6,36,89
To improve local control and completely resect recurrent or
incompletely removed tissue, multiple surgeries are often
required.21,33,63,143–146 The number of surgeries reported
per patient has ranged from 1 to 7, with variations in T
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time to repeat surgery based on patient factors and clinical
judgment (range, 1 to 76 days).21,32,33,127,145,146 In addition,
Kashkouli et al., Tarkan et al., Silveira et al., and Wu
et al. reported conflicting evidence on the impact of multi-
ple surgeries on survival.33,63,146–148 In patients undergoing
repeat surgery, factors including postoperative endoscopy,
postoperative imaging, and assessment of tissue pathology
margins have been reported to assist with the decision to
return to surgery.33,63,125,143–149 Future studies should assess
the impact on recurrence and survival of each technique
used to aid in the decision to return to the OR. Table 21
summarizes evidence surrounding scheduled returns to
the OR for AIFS.

Aggregate
Grade of
Evidence C (Level 3: 9 studies; Level 4: 4 studies)
Benefit Timely re-evaluation of disease progression

and improved local control as needed.
Additional benefits include characterization
and debridement of additional involved
tissue.

Harm Unnecessary repeat surgical debridement or
anesthesia time and risk of damage to
uninvolved intracranial or intraorbital
structures.

Cost Increased costs with additional procedures.
Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

AIFS is a disease with high mortality and rapid
progression. Given reports of improved
survival with complete local control,
methods to monitor completeness of
surgical resection and the need for OR
return (i.e., postoperative endoscopy and
postoperative monitoring of permanent
section tissue margins) are recommended.
Patient-specific risk factors (e.g., diabetes
mellitus or hematologic malignancy) and
the involved fungal organisms may also
affect the context and subsequent risk for
disease progression necessitating return to
the OR for a “second look.”

Policy Level Recommendation: Return to OR
recommended when clinically appropriate.

Intervention Use postoperative infection parameters (e.g.,
fevers, complete blood counts, C-reactive
protein, etc.), clinical exam/symptoms (e.g.,
pain), follow-up imaging, nasal endoscopy,
and histopathology of permanent section
surgical margins to guide decision if/when
return to OR is indicated.

10 MEDICAL THERAPY

10.1 Systemic antifungals

Systemic antifungal therapy represents one of the pillars
of management of AIFS. However, limited data exist com-
paring types of antifungals employed specifically among
patients who have AIFS. Many of the treatment principles
have been extrapolated from data published comparing
antifungals among patients with invasive fungal infec-
tions in general. Furthermore, many of the available
studies did not analyze patients who had mucormy-
cosis and aspergillosis separately.3,4,6–8,15,20,21,23,33,37,36,39,
41,44,52,56,57,68,84,86,89,99,101,105,122,141,144,145,148–158 Table 22 sum-
marizes comprehensive evidence surrounding systemic
antifungal therapy for AIFS.
The three main classes of antifungal agents for the treat-

ment of invasive fungal disease are polyenes, triazoles,
and echinocandins. Themost important polyene in routine
use is amphotericin B. This is available as amphotericin
B deoxycholate or as lipid-based formulations of ampho-
tericin B and can be administered as intravenous therapy
or topical therapy. The main side effect of amphotericin B
is nephrotoxicity, which can be substantially reduced with
use of lipid-based formulations,167 and potentially further
with adequate hydration.168,169 Other side effects include
electrolyte disturbances21 and infusion-related reactions.32
Triazoles include voriconazole, posaconazole, and isavu-
conazole. These are available as both IV and oral therapies.
The main side effect of triazoles is hepatotoxicity,170 and
thus monitoring of hepatic enzymes is important. Other
side effects specific to voriconazole include vision changes,
neurologic toxicity, skin toxicity, and cardiac toxicity.171
Echocandins includemicafungin, caspofungin, and anidu-
lafungin. These are typically administered IV. Adverse
events are generally mild, including local phlebitis and
abnormal liver function tests.172

10.2 Empiric therapy

Once suspicion of AIFS is high, empiric therapy
with amphotericin B should be initiated promptly to
shorten the delay in treatment.39,99,156 This is primar-
ily because of high mortality rates seen amongst AIFS
patients.5,23,24,45,51,63,122,125,173 A large study amongst
patients with mucormycete infection of any variety (e.g.,
pulmonary) reported that a delay of more than 6 days
before initiation of treatment resulted in a twofold increase
in mortality at 12 weeks.66
The basis for use of amphotericin B as empiric therapy

is based on expert recommendation174 and first principles
that amphotericin B has broad-spectrum coverage of both
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Mucorales and aspergillosis. On the other hand,Mucorales
have innate resistance to some azoles, which are a first-
line therapy for aspergillosis.175 There were seven series,
which reported use of empiric antifungal therapy before
confirmation of fungal species. Three studies reported use
of amphotericin B,36,52,152 whereas the other four either
used a variety of antifungals68 or did not give further details
on which antifungal agent was used.7,99,101 When ampho-
tericin B is used, liposomal amphotericin B is recom-
mended in view of the increased risk of renal injury with
other formulations.167 Although empiric antifungal ther-
apy may be considered if suspicion of AIFS is adequately
high, it is ultimately up to the involved surgeons to obtain
a tissue sample to confirm the diagnosis of AIFS, if con-
sidered indicated. Once an organism is identified, targeted
antifungal therapy can then be employed. Table 23 sum-
marizes evidence surrounding empiric antifungal therapy
for AIFS.

Aggregate
Grade of
Evidence C (Level 4: 7 studies)
Benefit Delay in treatment appears to have a

significant impact on survival and thus
empiric antifungals are suggested to
improve overall survival.

Harm Risks associated with use of empiric
antifungals include additional toxicity
associated with early initiation of
antifungals (renal toxicity, hepatotoxicity,
electrolyte disturbances, and
infusion-related reactions).

Cost Cost of antifungals must be weighed with costs
of delayed treatment and its impact on
prognosis.

Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

There is a paucity of evidence investigating the
use of empiric antifungals and their impact
on survival outcomes. In view of the
aggressive nature of disease and the impact
of delay in treatment, many studies
recommend use of empiric antifungal
therapy.

Policy Level Option: Option to start empiric antifungals
based on clinical suspicion and in the setting
of relevant medical comorbidities. The
overall evidence to suggest efficacy of
empiric antifungals in IFS is low as data
were abstracted from studies in
pulmonology.

Aggregate
Grade of
Evidence C (Level 4: 7 studies)
Intervention Empiric antifungals are an option for patients

with high clinical suspicion for IFS,
especially in those with relevant medical
comorbidities. Lipid-based amphotericin B
is recommended in view of susceptibility of
both mucormycosis and Aspergillus AIFS
and decreased toxicity associated with lipid
formulations.

10.3 Systemic antifungals for
aspergillosis

Aspergillus spp. are common causative organisms in AIFS.
Voriconazole has traditionally been recommended as the
first-line therapy. This is borne out of a randomized con-
trolled trial including 277 patients treated for invasive
aspergillosis; a successful outcome was seen in 52.8% of
patients in the voriconazole group, but in only 31% of
patients in the amphotericin B deoxycholate group.67 How-
ever, this cohort only included 25 patients with sinus
or cerebral invasive aspergillosis. Among AIFS patients
specifically, there were only two case series that com-
pared amphotericin and voriconazole, and both had
a mix of mucormycosis and aspergillosis patients.39,41
In a study by Monroe et al., a subgroup analysis of
aspergillosis patients was performed and there was a trend
toward improved mortality among patients undergoing
voriconazole treatment, but it did not reach statistical
significance.41 Most other Aspergillus AIFS series reported
a variety of antifungal treatment. Among AIFS patients
in general, there were many series that reported use
of voriconazole.20,21,101,145,154,155 Voriconazole is typically
administered IV initially and then stepped down to oral
therapy depending on clinical, biochemical, and radiologic
features.
Isavuconazole and posaconazole have also been iden-

tified as alternatives for invasive Aspergillus infections.
Two randomized controlled trials were performed among
patients with invasive aspergillosis of any variety, and
not specifically among patients with AIFS. The two tri-
als showed similar outcomes with a potentially improved
side-effect profile when compared with voriconazole.176,177
Among AIFS patients, Durand et al. reported a 60% clin-
ical success rate and 70% overall survival with use of
isavuconazole alone, although this cohort had a mix of
mucormycosis (34%) and Aspergillus (42%) patients.158
Posaconazole was used in a number of AIFS series not
specific to Aspergillus.154,156
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Whenever azole resistance is seen, liposomal ampho-
tericin B remains an alternative monotherapy as well. A
prospective study showed response rates of about 50%with
use of liposomal amphotericin B among patientswith inva-
sive aspergillosis of all varieties.178 Among patients with
AIFS, there were two retrospective case series and one sys-
tematic review analyzing liposomal amphotericin B.4,8,23
Liposomal amphotericin B was shown to provide a sig-
nificant improvement in survival compared with other
antifungals in a systematic review by Turner et al.4; how-
ever, this did not reach significance in the multivariate
analysis.
Echinocandins have not been well studied among AIFS

patients but may be considered as part of combination
therapy strategies. A recent systematic review analyzing
caspofungin in invasive aspergillosis identified low levels
of evidence, suggesting it may likely be safe and effica-
cious, but concluded that additional prospective studies
are needed.179
Combination antifungal therapy is not routinely rec-

ommended but can be considered as salvage therapy in
very severe cases of Aspergillus AIFS. In a randomized
controlled trial of combination therapy of voriconazole
plus anidulafungin vs. voriconazole alone in invasive
aspergillosis, there was a suggestion of improved out-
comes among patients with combined therapy.180 Among
AIFS patients, there have been six case series mak-
ing this comparison and they showed no difference
in survival.3,56,68,84,105,149 Combination antifungal therapy
with triazole and echinocandin as well as liposomal
amphotericin and echinocandin have been used, but tri-
azole and liposomal amphotericin are often favored for
central nervous system infections.181,182

10.4 Systemic antifungals for mucorales

Unlike in aspergillosis, the Mucorales order of organ-
isms has shown innate resistance to voriconazole,27 and
thus a recently published guideline recommended liposo-
mal amphotericin B as first-line therapy.183 Should central
nervous system (CNS) involvement be seen, the dose deliv-
ered can be increased up to 10 mg/kg. Although most
mucormycosis AIFS series reported use of amphotericin
B,26,45,47,125,137,161,160 there are only three publications that
compared amphotericin B to other antifungals. Two retro-
spective case series compared and showed no difference
in survival, whereas one large systematic review showed
a significant difference in survival in the univariate anal-
ysis when comparing liposomal amphotericin with other
antifungals.4,8,23 These series did not separate Aspergillus
from mucormycosis.

For patientswho are intolerant or refractory to liposomal
amphotericin, isavuconazole and posaconazole are both
potential options due to their activity against Mucorales.
Although both drugs have been shown to be effective as
salvage therapy among patients with mucormycosis of all
varieties,184,185 only isavuconazole has been shown, in a
small number of patients in the Isavuconazole in the Treat-
ment of Renally Impaired Aspergillosis and Rare Fungi
(VITAL) study, to be effective as primary treatment for
mucormycosis of all varieties.185 Manesh et al. reported a
series of 12 AIFS patients withmucormycosis who received
posaconazole—66.6% achieved complete clearance of dis-
ease with a 0% mortality rate (median follow-up of 9
months).163
There is significant debate over the benefit of combi-

nation therapy in the initial treatment of mucormycosis.
A small, retrospective study in 2008 showed a survival
benefit for combination therapy with amphotericin and
an echinocandin compared with amphotericin alone,
although the number of patients in the combination group
was small.165 However, this was not borne out in other
larger retrospective series among AIFS patients in gen-
eral (including patients infected with bothMucor spp. and
Aspergillus spp).68,84,149 There is also interest in using an
azole with activity against mucormycosis (posaconazole
or isavuconazole) in combination with amphotericin. The
benefit of such a strategy remains unclear, as a number
of studies in AIFS patients of mixed etiology showed no
significant differences in survival with polyene given in
combination with triazoles.68,84,105 One benefit of early
combination therapy with an azole is that, if patients are
intolerant of liposomal amphotericin, it can be held or
stopped and the patient will still be on active therapy, with-
out needing to wait several days to reach steady-state levels
if an azole was only started at that point.
Induction therapy with liposomal amphotericin is usu-

ally continued for at least 3 weeks before stepping down to
an oral azole.186 Oral azole therapy is then continued for a
prolonged duration of therapy, at least 3 to 6 months184,185
and oftenmuch longer, depending on the immune status of
the patient (e.g., if immunosuppression is reversible). The
decision as to which azole for stepdown therapy should be
made on an individual basis, taking into consideration the
side-effect profile of the drugs (e.g., isavuconazole does not
prolong the QT interval), the need to monitor levels (e.g.,
there is more data and clinical experience for therapeu-
tic drug monitoring with posaconazole), fungal minimal
inhibitory concentrations if available (although these are
not clearly associated with outcomes), and whether or not
there is concern for development of breakthrough invasive
fungal infections while on long-term azole therapy. This
latter point is notable because isavuconazole has recently
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been linked to breakthrough fungal infections, especially
in patients who are solid-organ transplant or hematologic
malignancy patients.187,188

10.5 Systemic antifungals for atypical
organisms

AIFS caused by rare or atypical fungal pathogens, such
as Fusarium, Scedosporium, Alternaria, Paecilomyces, and
Scopularopsis spp., should be treated in conjunction with
an infectious diseases specialist and guided by existing
expert consensus guidelines.189 There were no AIFS case
series focusing specifically on these atypical organisms,
although some larger series included occasional patients
with these atypical organisms.7,20,52,86,144,152,154,156 There
are several novel antifungal agents in different stages of
development, such as orotamide olorofim and the gly-
cosylphosphatidylinositol inhibitor fosmanogepix, which
have activity against resistant and atypical organisms190,191
and may be future options in the treatment of AIFS.

Aggregate
Grade of
Evidence C (Level 3: 3 studies; Level 4: 50 studies)
Benefit Almost all series in the literature reported use

of antifungals in treatment of AIFS, except
palliatively treated patients. Antifungals
appear to improve survival compared with
no antifungals, although no direct
comparison was possible.

Harm Risks associated with antifungals include
potential renal toxicity, hepatotoxicity,
electrolyte disturbances, and
infusion-related reactions.

Cost Cost of antifungals must be weighed with costs
of entire hospitalization with and without
antifungals.

Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

There is a paucity of evidence investigating the
types of antifungals and their impact on
survival outcomes. Most series report use of
some form of antifungals.

Policy Level Recommendation: Recommend use of
antifungals in AIFS, although there are no
conclusive data on specific antifungal
medication.

Intervention Antifungals should be initiated in all patients
with AIFS. Type of antifungal employed
should be decided in conjunction with
infectious disease specialists, with
consideration of the suspected fungal
pathogens involved.

10.6 Duration of therapy for AIFS

There is a paucity of evidence that has compared treatment
duration for AIFS because endpoints are not standard-
ized and practice patterns vary. At a minimum, therapy
should be continued until all clinical and radiologic abnor-
malities have resolved with no microbiologic evidence of
infection, and the involvement of an infectious disease spe-
cialist can help determine the duration of medical therapy.
Factors such as disease extension (i.e., intraorbital, cav-
ernous sinus, intracranial), smoking status, absence of a
rhinologist on the treatment team, low absolute neutrophil
count, hematologicmalignancy, recent chemotherapy, and
delayed time to surgery can be correlated with treatment
duration.52,44(p19),89,150 Although there are no definitive
and consistent recommendations for duration of medical
therapy, Table 24 demonstrates reported experiences with
duration of systemic antifungal therapy in AIFS, mostly
ranging from 3 weeks to 12 months, and summarizes evi-
dence surrounding the duration of antifungal therapy for
AIFS.

Aggregate
Grade of
Evidence

C (Level 3: 3 studies, Level 4: 18 studies,
Level 5: 1 study)

Benefit Appropriate duration of medical therapy will
improve disease control and survival.

Harm There are risks of potential adverse events with
any duration or prolonged medical therapy,
especially in patients with weak tolerance to
such medications.

Cost Overall cost of medical therapy should be
considered, which includes the direct cost of
medications and the indirect cost of
hospitalization or management of adverse
events.

Benefits–
Harm
assessment

Benefit likely outweighs costs and adverse
risks for patients who meet candidacy and
show good tolerance.

Value
Judgments

There is a paucity of evidence investigating the
exact duration of medical therapy for this
rare disease. The duration of medical
therapy depends on each patient’s clinical
presentation, and all will benefit from a
multidisciplinary discussion.

Policy Level No recommendation: No clear evidence for
duration of medical therapy needed for
AIFS as the data are currently limited.

Intervention No clear consensus exists regarding the exact
duration of medical therapy and thus no
definitive evidence-based conclusions can
be drawn with the existing literature.
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10.7 Topical antifungals for AIFS

The efficacy of topical antifungals, such as amphotericin
irrigations, although reported for chronic rhinosinusitis, is
notwell studied in theAIFS literature. There are only Level
IV and V studies that mentioned their use after sinonasal
surgical debridement and in conjunction with systemic
therapy for treatment of AIFS. No study has attributed
their success for local disease control or survival to topi-
cal amphotericin B treatment. Although the reported dose
for antifungal irrigation is variable, one in vitro study
reported that 200- and 300-μg/mL amphotericin B solu-
tions induced failure of the subcultured fungi to grow at 5
and 6 weeks, respectively.157 According to the current data,
no recommendation can be given regarding the utility of
topical antifungals forAIFS. Table 25 summarizes evidence
surrounding topical antifungal therapy for AIFS.

Aggregate
Grade of
Evidence D (Level 4: 4 studies)
Benefit Amphotericin B nasal irrigation or packing

may help with local disease control.
Harm There have been no reported harms of topical

antifungals, except that it could theoretically
worsen sinonasal symptoms.

Cost There is minimal cost of topical antifungal
therapy.

Benefits–
Harm
Assessment

There are no direct harms or benefits reported
from topical antifungal therapy, so it is
unclear whether there would be a
preponderance of benefit over harm.

Value
Judgments

No recommendations can be given due to the
low levels of evidence, but balance of
increased sinonasal morbidity in the setting
of potentially fatal disease should be
considered.

Policy Level Option: There are no clear evidence-based data
for these treatments, which are low cost and
low risk.

Intervention It is optional to implement topical antifungal
treatment for local management of AIFS (in
combination with IV/oral medical
treatments), although there are currently no
evidence-based benefits.

10.8 Novel agents for AIFS

Briefly, use of immunomodulating agents to combat fun-
gal infections in patients with hematologic malignancies
or similar risk factors represents an evolving frontier of T
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1680 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

research and include granulocyte colony stimulating factor
(G-CSF), interferon, and cellular immunotherapies.3,4,39
Overall, the use of immunomodulating agents to combat
fungal infections is still in an exploratory stage.

11 MANAGEMENT OF EXTRASINUS
EXTENSION IN AIFS

11.1 Retrobulbar/intraorbital
antifungals for orbital involvement

Retrobulbar antifungal injections have been increasingly
described as an adjunct to surgical debridement and
a potential orbit-sparing treatment for AIFS over the
past two decades. Case reports and series have reported
outcomes and treatment algorithms for both transcuta-
neous retrobulbar amphotericin B (TRAMB) injection and
orbitotomy with amphotericin B irrigation205–210 under
direct visualization, but highly powered studies of intraor-
bital antifungal treatment are limited. Such retrobulbar
injections are typically performed with liposomal ampho-
tericin B in a 1- to 4-mg/mL concentration. After local
anesthetic administration, 1 mL of amphotericin B is
injected into the retrobulbar space, typically along the
medial orbital wall, and directed into the area of disease.
The patient is then monitored for orbital compartment
syndrome by the clinician for 5 to 10 minutes and then by
the nursing staff. Frequency ranges from multiple injec-
tions daily to every 48 to 72 hours, based on clinical
response and imaging.211,212
In a study of 50 patients with AIFS split into groups

based on the introduction of a TRAMB protocol in 2015,
Ashraf et al. demonstrated a decreased relative risk of
orbital exenteration in the TRAMB group in a multivari-
ate analysis. There was no mortality difference between
the two groups, despite a significant difference in rates
of orbital exenteration (36.4% before 2015 vs. 9.1% after
2015, p = 0.014). The complication rate was 4.3%, and
included orbital inflammation, orbital compartment syn-
drome, and retrobulbar hemorrhage.211 Arreenich et al.
also evaluated retrobulbar amphotericin B injection in 36
patients with AIFS. No significant difference in rates of
orbital exenteration or overall survival was found between
the injection and control groups on bivariate analysis
(p = 0.19 and p = 0.10, respectively).212 Although promis-
ing, studies on retrobulbar antifungal injections are limited
by variability of treatment protocols and small sample
size. Table 26 summarizes evidence surrounding use of
intraorbital antifungal treatment for AIFS.

Aggregate
Grade of
Evidence C (Level 3: 1 study, Level 4: 1 study)
Benefit Injection route allows for delivery of

antifungals directly to the infected space
(i.e., orbit), especially in select regions of
disease involvement, for local bioavailability
while limiting systemic side effects.
Injection may be performed at bedside.

Harm Risk of orbital compartment syndrome,
infection/inflammation, or traumatic injury
to surrounding neurovascular structures.

Cost There is a minimal cost of intraorbital
antifungal therapy.

Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

There is limited evidence for use of intraorbital
antifungal therapy, with no standardized
protocols (e.g., dose, timing) and no seeming
advantage for orbital preservation. There is
limited harm for patients with complete
vision loss and ophthalmoplegia.

Policy Level Option: Option to consider
retrobulbar/intraorbital antifungal therapy
for patients with orbital involvement of
AIFS.

Intervention Retrobulbar/intraorbital antifungal therapy
may be considered for patients with orbital
involvement of AIFS for limited disease,
although a thorough discussion of all
orbit-directed treatment options should be
undertaken.

11.2 Role of orbitotomy for debridement

Orbitotomy and orbital debridement as an alternative to
orbital exenteration have been described in case reports
and series207,210,213–216; however, this intervention lacks
uniform, highly powered studies and requires further
research.

11.3 Role of orbital exenteration

The role of orbital exenteration is the principal dilemma
in management of the orbit in AIFS, and multiple stud-
ies have identified orbital involvement as a risk fac-
tor for poor overall survival.155,173,217,218 Orbital involve-
ment in AIFS has been reported in the literature to
be 50% to 74%,4,57,155,216,217 and rates of orbital exenter-
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ROLAND et al. 1681

TABLE 26 Retrobulbar/intraorbital antifungals.

Study (first
author) Year LOE Study design Study groups Clinical endpoint Conclusion
Ashraf211 2021 3 Case–control

study
50 patients with AIFS
split into pre-2015
(conventional
treatment) and
post-2015 (TRAMB)
groups

Risk of exenteration,
overall survival

Decreased relative risk of
exenteration in the
TRAMB group when
controlling for
cofounders (RR, 0.28;
p = 0.049). No difference
in mortality in the pre- or
post-2015 groups.
Complication rate was
4.3%.

Arreenich212 2021 4 Cohort study 36 patients with AIFS Risk of exenteration,
overall survival

No significant difference in
rate of orbital
exenteration between
control and injection
groups (p = 0.19). No
significant survival
difference between the 2
groups (p = 0.10).

ation range from 17% to 59%.12,13,18–22,45,57,147,155,165,216,219
Systematic reviews and cohort studies have evaluated the
impact of orbital exenteration on overall survival. Of these
seven studies, five identified no significant improvement
in overall survival from orbital exenteration.4,57,147,165,216
However, in a systematic review of 292 patientswith orbital
mucormycosis, Hargrove et al. found that orbital exen-
teration improved survival in patients with fever higher
than 101.5◦F (p = 0.047). Of note, patients who developed
fever were less likely to survive overall (s = 0.0031).220
Sen et al. performed a retrospective analysis of 2826
patients with novel coronavirus disease-2019 (COVID-
19)–associated rhino-orbito-cerebral mucormycosis (137
patients with follow-up >3 weeks), in which orbital exen-
teration did not improve survival or disease progression in
patients with sinonasal and orbital involvement. However,
orbital exenteration was associated with improved sur-
vival/lack of disease progression in 16 exenterated patients
with intracranial involvement (p= 0.03).217 Last, although
Kashkouli et al. did not find that orbital exenteration
improved overall survival, the mean time of symptom
onset to death was significantly longer in patients who
underwent orbital exenteration vs. those who did not
(80.5 vs. 39.9 days, p = 0.009).147 Although selection
bias and sample size continue to limit the study of this
disease, these findings overall suggest a limited role of
orbital exenteration in improving overall survival in AIFS.
Table 27 summarizes evidence surrounding the role of
orbital exenteration for AIFS.

Aggregate
Grade of
Evidence C (Level 2: 3 studies, Level 4: 4 studies)
Benefit Complete clearance of infected orbital

contents and control of disease process
before retrograde spread into the skull base.

Harm Complete vision loss, cosmetic deformity often
requiring reconstruction or future
rehabilitation (e.g., prostheses), requires
general anesthesia.

Cost Long-term costs to patient may be high (e.g.,
ongoing care, protheses, social
considerations).

Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

There is limited evidence to suggest a survival
benefit with orbital exenteration for AIFS.
Exenteration may be morbid and
disfiguring. The indication for orbital
exenteration in an infected eye with intact
vision remains unclear.

Policy Level Option: Option to consider orbital
exenteration for patients with orbital
involvement of AIFS.

Intervention Consider orbital exenteration for patients with
AIFS with orbital involvement leading to
complete vision loss and/or
ophthalmoplegia, although it is equally
important to discuss that there may not be a
survival benefit.
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11.4 Intracranial debridement

Intracranial extension has been reported as a poor
prognosticator in AIFS.4,101,121,221–224 In patients who
undergo intracranial debridement, risks of surgery remain
high, including cerebrospinal fluid leakage, vascular
injury, and morbidity associated with resection of brain
parenchyma.225 Although mortality associated with AIFS
is high, surgery may provide improved outcomes in select
cases. For instance, Bakhshaee et al. reported a case
of AIFS with brain involvement that survived without
recurrence after surgical debridement.37 With few studies
reporting the utility of intracranial debridement on sur-
vival in AIFS patients with intracranial extension, there
appears to be an uncertain role for surgery in limiting
recurrence and improving survival,226–229 particularly con-
sidering the challenge of skull base reconstruction after
tissue resection from direct sinus-to-brain invasion in the
setting of critical illness, active infection, coagulopathy,
and the potential need for repeated debridement.

Aggregate
Grade of
Evidence D (no dedicated studies)
Benefit Complete resection of intracranial disease,

which may translate to improved survival.
Harm Significantly increased morbidity given entry

into intracranial space (e.g., cerebrospinal
fluid leak, intracranial infection).

Cost Increased costs compared with no surgery.
Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

Conflicting evidence regarding impact of
intracranial debridement on overall survival.

Policy Level No recommendation: Unable to make a
recommendation for intracranial surgical
resection.

Intervention Given that intracranial extension in AIFS is a
consistently reported poor prognosticator,
surgery may provide improved survival in
select cases with otherwise poor prognosis,
although it is important to counsel patients
on risks and possible lack of benefit and
share in joint decision-making with other
treating teams.

12 REVERSING
IMMUNOSUPPRESSION

12.1 Diabetic control

Diabetes is a frequently reported comorbidity with a preva-
lence of 9% to 52% in patients with AIFS.39,57,105,144,196,210,230
However, the role of diabetes mellitus as a prognostic fac-

tor for AIFS is unclear.230 Several studies reported negative
overall survival in patients with diabetes, implicating the
depressed humoral and cellular immune responses230 or
elevated glucose as mechanisms of tissue invasion.133 In
one retrospective review of 45 cases of AIFS in 2004, Parikh
et al. reported a 40% disease-specific mortality in those
with diabetes with increased incidence of intracranial
spread (60%), orbital involvement (60%), and neurologic
sequelae (66%) among survivors compared with 18% in
other immunosuppressive hematologic malignancies.83 In
another retrospective review of 34 patients with AIFS in
2020, Vengerovich et al. reported a 76% overall mortality
in patients with diabetes compared with 47% overall mor-
tality in nondiabetic patients, thus supporting diabetes’
association with poor outcomes.56
The literature is inconclusive, however, with several

cohort studies reporting no statistically significant associ-
ation between diabetes and overall mortality of patients
with AIFS.48,68,105,133 Immunosuppression in diabetes is
considered more reversible than other etiologies.57,210
Therefore, few cohort studies reported improved mortal-
ity outcomes in patients with diabetes compared with
other causes of immunosuppression. In one retrospective
review of 55 patients with AIFS, Hirabayashi et al. reported
improved mortality outcomes in the setting of diabetes
on bivariate analysis (odds ratio [OR], 0.26; p = 0.04).57
Similarly, a retrospective case series of 45 patients with
AIFS demonstrated that, on univariate analysis, diabetes
was significantly associated with overall survival vs. those
without (hazard ratio [HR], 0.29; p = 0.01).39 The litera-
ture assessing mortality outcomes of diabetic patients in
AIFS is confounded and requires further study. Table 28
summarizes evidence surrounding glycemic control in
AIFS.

Aggregate
Grade of
Evidence C (Level 3: 1 study, Level 4: 7 studies)
Benefit Control of hyperglycemia and its associated

vascular effects, reversal of
immunosuppression.

Harm Side effects of medical management.
Cost Costs associated with pharmacologic

management of diabetes.
Benefit–Harm
Assessment

Moderate benefit and little harm.

Value
Judgments

The evidence supporting management of
diabetes in patients with AIFS is mixed.
Although increased incidence of
intracranial spread and orbital involvement
has been described in patients with
unmanaged diabetes, other studies
suggested little mortality benefit. However,
the overall cost and harm is low and
potential benefit is high.
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TABLE 29 Leukocyte infusions.

Study (first
author) Year LOE

Study
design Study groups

Clinical
endpoint Conclusion

Monroe41 2013 4 Case series 29 patients with
AIFS

Overall survival G-CSF or granulocyte infusion was
not associated with overall
survival on univariate analysis
(HR, 1.0; p = 0.98).

Parikh83 2004 4 Cohort
study

43 patients with
45 cases of
AIFS

1) Overall
mortality

2) Disease-specific
mortality

G-CSF or direct granulocyte
transfusion given in 51% of
patients (13% disease-specific
mortality in G-CSF patients vs.
10% overall).

Goering231 1988 4 Cohort
study

18 immunocom-
promised
patients with
AIFS

1) Overall survival
2) Neutrophil
recovery

Granulocyte transfusion
administered to 72% of AIFS
patients, with an overall mortality
of 30%.

Aggregate
Grade of
Evidence C (Level 3: 1 study, Level 4: 7 studies)
Policy Level Recommendation: Recommend reversing

immunosuppressive effects of uncontrolled
diabetes.

Intervention Strict control of glycemia has a low risk profile
and is a recommendation for potential
reversal of immunosuppression caused by
hyperglycemia.

12.2 Leukocyte infusions

Neutropenia has been reported to be a risk factor for the
development of AIFS68 and a negative prognostic factor
of disease-specific survival in those patients.84,231 Leuko-
cyte infusions for the treatment of neutropenia are rarely
performed and are usually in combination with G-CSF–
primed donors.232 Recovery of absolute neutrophil count
has been associatedwith improved overall survival inAIFS
patients,233,234 but few studies have evaluated the efficacy
of direct leukocyte infusion for management of neutrope-
nia in patients with AIFS. Cohort studies reported overall
mortality rates of 26% to 30% with containment of infec-
tion after granulocyte transfusion, providing support for
this treatmentmodality.83,231 However, in one cohort study
of 29 patients with AIFS, granulocyte infusion was not
associated with improved overall survival on univariate
analysis (HR, 1.0; p = 0.98).41 Overall, there are very few
high-quality studies of leukocyte infusion therapy for AIFS
patients in the literature, and this intervention requires fur-
ther study. Table 29 summarizes evidence surrounding the
role of leukocyte infusions in AIFS.

Aggregate
Grade of
Evidence C (Level 4: 3 studies)
Benefit Recovery of absolute neutrophil count,

reduction in mortality, and containment of
infection.

Harm Injection-site morbidity and associated drug
reactions.

Cost Costs of infusions and associated therapy.
Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

Leukocyte infusions for the treatment of
neutropenia are rarely performed and are
usually in combination with G-CSF–primed
donors. The literature has very few
high-quality studies of leukocyte infusion
therapy alone for AIFS patients.

Policy Level Option: Option for leukocyte infusions in AIFS
treatment.

Intervention Leukocyte infusions can be considered in
patients with neutropenia, likely in
combination with G-CSF.

12.3 Granulocyte colony stimulating
factor

G-CSF is indicated in patients with neutropenia, which
occurs often after undergoing chemotherapy treatment,
by stimulating growth and differentiation of neutrophil
progenitor cells.235,236 As such, it is a viable therapy in
neutropenic patients for the management of AIFS with
a reported overall response rate of 50% to 90%.57,237 Few
cohort studies suggested that positive G-CSF response
was a favorable prognostic sign of AIFS, with one multi-
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institutional review of 114 patients with AIFS showing
a 70% reduction in 1-month mortality but no significant
difference in 3-month mortality with immunostimulat-
ing therapies.83,89,233 However, multiple cohort studies
conversely indicated that G-CSF was not a predictor of
short-term survival6 or overall survival.41 In one system-
atic review of 103 pediatric AIFS patients in 2016, Smith
et al. concluded that G-CSF treatment was not a predictor
of overall mortality.18 Although G-CSF is a promising the-
oretical adjunctive therapy for neutropenia, its efficacy in
the setting of AIFS requires further investigation. Table 30
summarizes evidence surrounding the role of G-CSF in
AIFS.

Aggregate
Grade of
Evidence B (Level 3: 1 study; Level 4: 4 studies)
Benefit Stimulation of neutrophil progenitor cells with

potential increase in neutrophil count.
Harm Injection-site morbidity and associated drug

reactions.
Cost Costs of infusions and associated therapy.
Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

Although G-CSF is a promising theoretical
adjunctive therapy for neutropenia, its
efficacy in the setting of AIFS requires
further study.

Policy Level Option: Option for G-CSF in AIFS treatment.
Intervention G-CSF may be considered in AIFS patients for

management of neutropenia.

12.4 Other immunomodulating agents

Interferon-γ can enhance antifungal activity of
macrophages and polymorphonuclear neutrophils
and may reduce fungal burden in murine aspergillosis.238
There are successful clinical applications of interferon-γ
as adjunctive therapy in immunocompromised patients
with aspergillosis.239–241 Cellular immunotherapy, such as
adoptive transfer of anti-Aspergillus T cells has been tested
in clinical studies with results showing enhanced control
of Aspergillus antigenemia and reduced mortality.242
D-Chimeric antigen receptor (CAR) T cells with speci-
ficity for β-1,3-D-glucan and effective against A fumigatus
are also under development.243 Overall, the use of
immunomodulating agents to combat fungal infections is
still at an exploratory stage. Table 31 summarizes evidence
surrounding the role of other immunomodulating agents
in AIFS. T
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. Aggregate

Grade of
Evidence C (Level 1: 1 study; Level 4: 1 study)
Benefit Enhancement of antifungal macrophage and

neutrophil activity, enhanced control of
infection, and reduced mortality.

Harm Side effects of specific agents.
Cost Economic costs of exploratory

immunomodulating agents.
Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

Interferon-γ, anti-Aspergillus T cells, and CAR
T cells have shown possible benefit in the
control of AIFS.

Policy Level Option: Option for several immunomodulating
agents that are still under investigation.

Intervention The use of other immunomodulating agents to
combat fungal infections is still in an
exploratory stage.

12.5 Posttransplant

Stem cell transplant (SCT), bone marrow transplant
(BMT), and solid-organ transplant are immunosuppres-
sive conditions that may predispose to the development
of AIFS. Patients with prolonged neutropenia are can-
didates for SCT or BMT, which subsequently increases
the susceptibility of these patients to AIFS.180,244 In con-
trast, solid-organ transplant susceptibility is largely due to
the postoperative immunosuppressive regimen.245 Cohort
studies have reported overall mortality for patients with
AIFS after receiving SCT or BMT to be 33% to 100%.52,246,247
In a case–control study of 46 patients with AIFS, Chen
et al. concluded that SCT was not an independent prog-
nostic factor of AIFS (p = 0.68).68 Kennedy et al. similarly
reported no statistically significant association between
BMT and AIFS on univariate analysis (p = 0.68).48
Two cohort studies have reported overall survival in

patients with AIFS after receiving a solid-organ transplant
to be 25% to 100%.11,27,83,155 However, these studies are
limited by sample size and do not report statistical signif-
icance. A cohort study of 45 patients with AIFS in 2015
showed that there was no statistically significant associa-
tion between patients with organ transplant and overall or
disease-specific survival (HR, 0.72; p = 0.75).39 The lack of
a statistically significant association between solid-organ
transplant and AIFS is supported by a study of 55 patients
with AIFS in 2019 (OR, 0.16; p= 0.12).57 Overall, the lack of
statistical significance limits the assessment of outcomes
in posttransplant AIFS patients. Table 32 summarizes
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TABLE 32 Posttransplant etiologies.

Study (first
author) Year LOE Study design Study groups Clinical endpoint Conclusion
Hirabayashi57 2019 4 Cohort study 55 patients with AIFS Overall survival Nine percent of patients received organ

transplant with an overall survival of
100%. Trend was toward improved
mortality outcomes, although not
statistically significant on bivariate
analysis (OR, 0.16; p = 0.12).

Tzelnick245 2019 4 Cohort study 4562 solid-organ
transplant
recipients

1) Surgical
intervention

2) Overall survival

AIFS developed in 0.04% of the
solid-organ transplant patients.

Kohashi246 2018 4 Case series 9 cases of E rostratum
sinusitis

Overall survival Five neutropenic patients receiving
stem cell transplant with 100%
mortality compared with 4
immunocompetent patients with
100% survival.

Trief155 2016 4 Cohort study 24 patients with
invasive fungal
disease of sinus
and orbit

Overall survival Eight percent of patients with sinus
involvement having received
solid-organ or HSCT; 100% survival
in transplant patients with only
sinus involvement compared with
0% survival in those with orbital
involvement; 25% posttransplant
overall survival.

Cho39 2015 4 Cohort study 45 patients with AIFS 1) Overall survival
2) Disease- specific
survival

No statistically significant association
between patients with organ
transplant and overall or
disease-specific survival (HR, 0.72;
p = 0.75)

Chen68 2011 4 Case–control 46 patients with AIFS
vs. 64 patients
with chronic
noninvasive
sinusitis

Overall mortality Thirteen percent of patients received
allogeneic stem cell transplant. Stem
cell transplant was not an
independent prognostic factor of
AIFS (50% mortality, p = 0.68).

Parikh83 2004 4 Cohort study 43 patients with 45
cases of AIFS

1) Overall mortality
2) Disease-specific
mortality

Mortality 0% in patients with
solid-organ transplants.

Kennedy48 1997 4 Cohort study 1692 bone marrow
transplant (BMT)
patients, 26
patients with AIFS
posttransplant

Overall mortality Incidence of AIFS 1.7% in BMT
patients, with a mortality of 61.5%.
BMT was not an independent
prognostic factor of AIFS infection
on univariate analysis (p = 0.68).

Choi247 1995 4 Cohort study 80 pediatric BMT
patients

Disease-specific
mortality

Aspergillus sinusitis with 4% incidence
in patients receiving BMT, with 0%
disease-specific mortality.

Drakos52 1993 4 Cohort study 456 BMT patients Disease-specific
mortality

Incidence of AIFS 2.6% in BMT
patients, with a disease-specific
mortality of 54%.
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evidence surrounding management of posttransplant
patients in AIFS.

Aggregate
Grade of
Evidence C (Level 4: 10 studies)
Benefit History of transplant is a clear source of

immunosuppression, allowing for stopping
immunosuppressive agents as a possible
intervention.

Harm Limited options for intervention to reverse
immunosuppression after transplantation
given risks of transplant rejection.

Cost Potentially high if rejection/failure occurs.
Benefit–Harm
Assessment

Balance of benefit and harm.

Value
Judgments

It is important to involve transplant team and
discuss with patient regarding the risks and
benefits of withholding immunosuppressive
agents, which may restore immune function
at the expense of transplant
rejection/failure.

Policy Level Option: Option to withhold
immunosuppressive agents in setting of
AIFS in the posttransplant state.

Intervention Clinical judgment should be exercised and
thorough discussion held with the patient
and transplant team regarding holding
immunosuppression in the setting of AIFS.

12.6 COVID-19

Elevated iron levels in COVID-19 patients are increasingly
implicated in the development of AIFS.217 Case reports
have reported the mortality of AIFS in post–COVID-
19-positive patients to be near 36% to 37%.29,153,256 One
retrospective cohort study reported that chronic disease
such as chronic kidney disease, leukemia, or immuno-
suppressive drugs were risk factors in the development
of COVID-19 infection in AIFS patients (p < 0.05).248
However, high-quality evidence regarding the overall sur-
vival of these patients is limited. In 2021, a cohort study
of 31 patients with rhino-orbital mucormycosis showed
that COVID-19 history was not a predictive factor of sur-
vival in patients with mucormycosis (p = 0.30).249 Two
multicenter cohort studies following 58 and 2826 COVID-
19–associated rhino-orbital mucormycosis patients found
overall survival to be 66% to 86%.216,217 In those stud-
ies, immunosuppressive corticosteroid use was a reported
independent risk factor for unfavorable clinical outcomes
and for the development of rhino-orbital mucormycosis

in COVID-19 patients.216,217 Table 33 summarizes evidence
surrounding COVID-19 as an etiologic factor in AIFS.

Aggregate
Grade of
Evidence C (Level 4: 3 studies)
Benefit Treatment of COVID-19, if indicated, is

potentially lifesaving. Understanding
COVID-19 as new risk factor allows for
possible preventive measures for patients at
higher risk for AIFS given other
comorbidities (e.g., diabetes, transplant).

Harm Limited options for intervention.
Cost Potentially high if infection becomes severe,

beyond whether AIFS develops.
Benefit–Harm
Assessment

Preponderance of benefit over harm.

Value
Judgments

AIFS related to COVID-19 is a very new
discovery and there is growing evidence in
this area. In addition, consideration of risks
of corticosteroids, which are commonly
used in severe COVID-19 infection in this
setting, should be discussed with the patient
and multidisciplinary team.

Policy Level Recommendation: Recommendation for
treatment of COVID-19.

Intervention Despite currently limited evidence, as more
treatments are developed for COVID-19, this
may eventually impact AIFS outcomes.

13 OUTCOMES AND SURVIVAL

AIFS outcomes have been historically poor,51,35,54 and
recent estimates for overall survival in adult and pediatric
AIFS patients range from 40% to 80%.4,5,18,83,250 However,
disease-specific survival is often higher,41,23,83 highlight-
ing that AIFS patients typically have significant associated
medical comorbidities. This section reviews the most
recent evidence regarding AIFS survival outcomes.

13.1 Underlying immunosuppression

Nearly all patients with AIFS present with some form
of underlying immunosuppression, with diabetes and
hematologic malignancies being among the most
common.4,5,18,83,250 Turner et al. reported patients with
diabetes had lower odds of mortality (OR, 0.492; overall
survival rate: 49.7%) in their systematic review of more
than 800 AIFS patients.4 In comparison those who under-
went an early diagnosis protocol had a disease-specific
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TABLE 33 COVID-19.

Study (first
author) Year LOE Study design Study groups

Clinical
endpoint Conclusion

Ravani249 2021 4 Cohort study 31 patients with
rhino-orbital
mucormycosis

Overall survival COVID-19 positivity 61.2% in study
group. COVID-19 history was not a
predictive factor of survival in
patients with mucormycosis
(p = 0.30).

Dave216 2021 4 Cohort study 58 patients with
rhino-orbital-cerebral
mucormycosis after
COVID-19 infection

Overall survival Overall survival 66%. Corticosteroid
use and uncontrolled diabetes were
predictive factors for unfavorable
clinical outcomes on bivariate and
multivariate analysis, whereas CNS
involvement was a predictive factor
for mortality on multivariate
analysis (p = 0.03).

Sen217 2021 4 Cohort study There were 2826 patients
with COVID-19–associated
rhino-orbital-cerebral
mucormycosis

Overall survival Overall survival 86%. Corticosteroid
use and diabetes are significant
predisposing factors for the
development of COVID-19 in ROM
patients.

survival rate increase from 57.1% to 83.5%.23 However,
diabetic ketoacidosis at presentation has been shown to
have significant associations with increased mortality.8
Hematologic malignancy patients appear to have worse
survival outcomes,5,7,250 with onemulti-institutional study
noting a 3.3-fold increased risk of death at 3 months.5 A
2018 epidemiologic study of inpatient hospitalizations in
the United States did not identify an association between
diabetes or type of immunocompromising illness with
AIFS infection, but the authors acknowledged that the
rates of immunocompromising conditions are likely
underreported in the database used.251 Furthermore,
overall survival appears to be related to progression or
recurrence of the underlying malignancy rather than
AIFS, as AIFS-specific survival tends to be higher in
these patients.23,83 Studies evaluating other causes of
immunosuppression are scarce with low numbers of
patients with associated conditions, but patients with
recent bone marrow transplantation have worse sur-
vival (61.5%),5,83 whereas human immunodeficiency
virus/acquired immunodeficiency syndrome and renal
transplant patients appear to have improved survival.144
Although neutropenia has traditionally been an associated
risk factor for development of AIFS, it does not appear to
be predictive of survival outcomes in AIFS patients.5,27
Nevertheless, recovery of ANC in neutropenic patients
appears to be an important prognostic factor.15,44,48,83
Table 34 summarizes evidence surrounding the impact of
the source of immunosuppression on survival in AIFS.
Aggregate Grade of Evidence: B (Level 2: 2 studies;

Level 3: 6 studies; Level 4: 6 studies).

13.2 Organism

The most common causative organisms for AIFS are from
theAspergillus genus andMucoraceae family (35% and 24%,
respectively).4,5,250Mucoraceae, which includeMucor,Rhi-
zopus, andRhizomucor, appear to bemore common among
diabetic AIFS patients, likely due to their affinity for
acidotic and high glucose environments.28,35,51 Less fre-
quently encountered organisms, such as Candida, Fusar-
ium, Scedosporium, can also less commonly cause AIFS,
and Wandell et al. found them to be independently associ-
ated with worse survival (HR of 3.1 at 1 month and HR of
2.4 at 3 months).5 However, Shintani-Smith et al. did not
find an association between fungal organism andmortality
in a U.S. national inpatient database.251 Survival outcomes
are variable between the included studies,4,5,7,56,144,250
and the impact of offending organisms on AIFS survival
remains unclear. Table 35 summarizes evidence surround-
ing the impact of the underlying organism on survival in
AIFS.
Aggregate Grade of Evidence: C (Level 2: 2 studies;

Level 3: 5 studies; Level 4: 3 studies).

13.3 Timing of intervention

Screening protocols aiming to reduce time to treat-
ment have been investigated in single institution stud-
ies with improvement in disease morbidity or survival
outcomes.14,23,24,63 Several studies have demonstrated
improved survival in patients undergoing surgery within
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TABLE 34 Causes of immunosuppression and impact on survival.

Study (first
author) Year LOE Study design Study groups

Clinical
endpoint Conclusion

Smith18 2016 2 Systematic
review

Pediatric AIFS
patients
(n = 103
patients in 12
studies)

Overall survival Mortality for pediatric AIFS was 46%.
The only presenting symptom of
facial pain was a negative predictor
of overall survival. Neutropenia
from an underlying malignancy
with an ANC <600 is the most
frequent setting of pediatric AIFS,
particularly if present for >2 weeks
before onset.

Turner4 2013 2 Systematic
review

AIFS patients
(n = 807
patients in 52
studies)

Overall survival Overall survival 49.7%. Univariate
analysis: renal/liver failure, altered
mental status, and intracranial
extension associated with worse
prognosis; diabetes, surgical
management, or receiving liposomal
amphotericin B associated with
improved prognosis. Multivariate
analysis: advanced age and
intracranial involvement were
independent negative factors;
diabetes and surgical management
were positive factors.

Shintani-
Smith251

2022 3 Observational
study

AIFS patients
(n = 340) from
2018 National
Inpatient
Sample

1) Overall survival
2) Patients’
demographics
and
comorbidities

Caucasian (50.8%), followed by
Hispanic (23.9%), Black (17.9%), and
other races (7.5%); 67.7% were
immunocompromised, with
diabetes/long-term insulin use in
55.8%. Mortality was 23.5%

Gardner27 2021 3 Retrospective
cohort

AIFS patients
(n = 21)

Overall survival Overall survival 71% and 52% at 1 and 3
months, respectively. Current
smoking and lack of rhinology
subspecialty involvement associated
with increased risk of death at 3
months. ANC, disease extent, and
fungus species showed no
significant difference in survival.

Burton250 2019 3 Ecological Adults with AIFS
in the National
Inpatient
Sample
database
(n = 979)

Inpatient
mortality

Mucormycosis, pneumonia,
hematologic disorders, and age (per
decade) associated with increased
odds of inpatient mortality on
multivariate analysis. Diabetes
associated with lowest odds of
inpatient mortality.

Wandell5 2018 3 Retrospective
cohort

Adult AIFS
patients
(n = 114)

Overall survival Hematologic malignancy, recent
chemotherapy, atypical organisms,
and cavernous sinus extension
associated with worse survival on
multivariate analysis. Increasing
HbA1C% and surgical debridement
associated with improved survival.
ANC was not associated with
prognosis. Immunostimulating
therapy associated with 70%
reduction in mortality at 1 month.

(Continues)
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1692 DIAGNOSIS, PROGNOSTICATORS, ANDMANAGEMENT OF AIFS

TABLE 34 (Continued)

Study (first
author) Year LOE Study design Study groups

Clinical
endpoint Conclusion

Fernandez23 2018 3 Retrospective
cohort

AIFS patients
(n = 19)

1) Disease-specific
mortality at 24
months

2) Time to
surgical
intervention

Disease-specific survival rate increased
from 57.1% to 83.3% after initiation of
early diagnosis protocol. Application
of protocol significantly reduced the
delay for diagnosis and appropriate
treatment by an average of 7.3 days.
Decreased interval from symptom
onset to surgery correlated with
improved survival.

Davoudi7 2015 3 Retrospective
cohort

AIFS patients
with
hematologic
malignancy
(n = 44)

1) All-cause
mortality

2) Disease-
specific
mortality

Relapsed and/or refractory
hematologic malignancy was
independent risk factor for 6- and
12-week AIFS-specific mortality.
Aspergillus infection was an
independent risk factor for 12-week
all-cause and disease-specific
mortality. ANC <100/μL and
lymphocyte count <200/μL were
associated with increased 12-week
IMS-attributable and 6-week
all-cause mortality,
respectively.

Raizada8 2018 4 Case series AIFS patients
with DM
(n = 22)

1) Overall survival
2) Radiographic
response to
treatment

Ketoacidosis at presentation associated
with mortality in diabetics.
Intracranial disease and decreased
hemoglobin associated with
mortality. No patients had radiologic
improvement at day 30 imaging
(including those who subsequently
improved).

Green15 2016 4 Case series Pediatric AIFS
patients
(n = 14)

Overall survival Likelihood of recovery of ANC to
normal levels was the only positive
prognostic indicator for survival.
Role of endoscopic sinus surgeries in
survival is indeterminate, as there
was no statistical difference between
the number of surgeries performed
and mortality.

Valera144 2011 4 Case series AIFS patients
(n = 32)

Overall survival Poor prognosis was related to the
extent of AIFS and to the underlying
disease. Patients with aplastic
anemia and diabetes had the worst
outcomes. Patients with AIDS/HIV
or renal insufficiency presented a
better prognosis, hematologic
malignancy had an intermediate
prognosis. Fungal organism did not
correlate with clinical
outcome.

(Continues)
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TABLE 34 (Continued)

Study (first
author) Year LOE Study design Study groups

Clinical
endpoint Conclusion

Süslü44 2009 4 Case series AIFS patients
(n = 19)

Overall mortality Mortality was 43% in patients treated
surgically. Aggressive surgical
debridement and intravenous
antifungal drugs are the mainstays
of AIFR treatment, but disease
prognosis depends on recovery from
the underlying disease. Recovery of
ANC appears to be the most
important prognostic factor.

Parikh83 2004 4 Case series AIFS patients
(n = 43)

1) Overall
mortality

2) Disease-
specific
mortality

Mortality from AIFS among diabetic
patients (40%) was significantly
higher than in HM (11%), long-term
steroid users (33%), and solid-organ
transplant patients (0%). Mortality
fromMucor was greater than
mortality from Aspergillus (29% vs.
11%), regardless of etiology of
immunosuppression. Recovery of
ANC is the most predictive indicator
of survival. All patients who had
their ANC return to normal
recovered from AIFS.

Kennedy48 1997 4 Case series BMT patients
with AIFS
(n = 26)

1) Overall survival
2) Effect of radical
vs. limited
surgery

Incidence of AIFS in BMT patients was
1.7%, and mortality was 61.5%. The
only statistically and clinically
significant predictor of outcome was
the presence of orbital and/or
cranial involvement. No significant
difference in outcomes based on
extent of surgical resection.

7 days of AIFS diagnosis (increased from 57.1% to
83.5%),20,23,51 and others have shown significantly worse
outcomes in patients with treatment delays of over 14
days from disease onset (increased death rate from 30.9%
to 33.3%).21,122 Table 36 summarizes evidence surround-
ing the impact of timing of intervention on survival in
AIFS.
Aggregate Grade of Evidence: C (Level 3: 6 studies;

Level 4: 2 studies).

13.4 Extent of disease involvement

Disease extension affects clinical decision-making and
patient outcomes in AIFS. Roxbury et al. proposed a stag-
ing system to stratify the extent of disease. They demon-
strated that patients with disease limited to the nasal
cavity were more likely to have complete surgical resec-
tion and improved survival.6 However, involvement of the
nasal septum or bilateral disease have been associated

with significantly worse outcomes.36,39,105,144,252 Patients
with extrasinus extension to the orbit (33% mortality),
skull base (50% mortality), cavernous sinus (HR of 2.7 at
1 month), and brain (100%mortality) appear to have worse
survival,3,5,41,49,173,211,253 yet only intracranial involvement
was independently associationwithworse prognosis in the
largest systematic review to date.4 Table 37 summarizes
evidence surrounding the impact of the extent of disease
involvement on survival in AIFS.
Aggregate Grade of Evidence: C (Level 2: 1 study;

Level 3: 5 studies; Level 4: 8 studies).

14 FOLLOW-UP AND SURVEILLANCE

In this review, no studies primarily evaluated timing of
disease surveillance as a primary outcome, as there are
limited data within this realm. Although more studies are
needed in this area, we summarize protocols mentioned in
several studies.
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14.1 Bedside endoscopy

Given the aggressive nature of disease, Gillespie et al.
recommended weekly nasal endoscopy after initiating
antifungal treatment and surgical debridement until rever-
sal of neutropenia and monthly endoscopy up to 3 months
after immune function recovery.89 Other studies similarly
recommend weekly or biweekly postoperative debride-
ment either in clinic or in the operating room until
disease control has been achieved.21,174 Otto et al. advo-
cated for longer follow-up with regular nasal endoscopy
and debridement until re-mucosalization and recovery of
normal sinus physiology are complete, as 62% of AIFS sur-
vivors in their series had significant scarring and sinus
obstruction on long-term follow-up, with some patients
experiencing complications or recurrencemore than 1 year
after initial surgery.254 Table 38 summarizes evidence sur-
rounding the use of bedside endoscopy for surveillance of
AIFS.
Aggregate Grade of Evidence: D (Level 3: 1 study;

Level 4: 2 studies; Level 5: 1 study).

14.2 Repeat/serial imaging

There is a paucity of information on appropriate follow-up
imaging for AIFS patients after initial treatment. Although
non-contrast CT is often utilized in the initial diagnostic
workup to evaluate bony erosion or evidence of soft tissue
extension,174 some studies have shown MRI with contrast
has better sensitivity and specificity for AIFS.99 Kim et al.
demonstrated that evidence of loss of contrast enhance-
ment on postoperative MRI within 4 weeks of surgery
was associated with poor prognosis.99 Given the risk for
long-term sequelae of aggressive surgical debridement to
treat AIFS, Monroe et al. recommended that imaging at
6 to 12 months during follow-up may be warranted.41
Table 39 summarizes evidence surrounding the use of
serial imaging for AIFS surveillance.
Aggregate Grade of Evidence: D (Level 4: 2 studies;

Level 5: 1 study).

15 DISCUSSION

There are multiple modalities available to the clinician for
diagnosis of AIFS, including utilizing clinical signs and
symptoms, endoscopy, biopsy, laboratory testing such as
microbiology and histopathology, and imaging. As AIFS
is associated with a high mortality rate, prompt and accu-
rate diagnosis is paramount to appropriate management.
Herein, a multidisciplinary consortium has reviewed the
current literature regarding diagnosis of AIFS and pro-

vided recommendations based on benefits, risks, and costs
that can be assimilated into clinical practice.
The first and foremost step in the diagnosis of AIFS

is in recognizing the clinical signs and symptoms that
would prompt further workup. There is currently sparse
evidence on the utility of various symptoms for diagnosis
of AIFS given the heterogeneous presentations. Specif-
ically, there were no studies that identified sensitivity,
specificity, or predictive value of AIFS symptoms, but
studies did report fever, facial swelling, facial pain, and
nasal congestion as common symptoms, and ophthalmo-
plegia, vision loss, and proptosis as common signs. Other
studies assessed the prevalence of various constitutional,
sinonasal, otolaryngologic, cranial nerve, and ophthalmo-
logic manifestations of AIFS as described previously with
each sign and symptom having widely varying prevalence
depending on the study. With regard to timing and acu-
ity, AIFS is described as having a duration of symptoms
progressing in less than 4 weeks, with high mortality rates
within this time-frame.27,49,51,59,54
Endoscopy is a common diagnostic procedure used in

the workup of AIFS when there is clinical concern. Endo-
scopic findings have been shown to be highly specific
in the diagnosis of AIFS, with mucosal edema, discol-
oration, ulceration, necrosis, and fungal elements being
common findings. Although repeat endoscopic examina-
tion after debridement has been shown to be beneficial
in management, with one study showing 40% of the
patients who underwent a debridement required addi-
tional debridement, there is currently sparse literature on
the timing, duration, and frequency of routine surveillance
nasal endoscopy for those at risk of AIFS.58 Although a
positive endoscopy can aid in diagnosis of AIFS, a nega-
tive exam cannot exclude AIFS because mucosal changes
may indicate a later stage disease, especially in undissected
mucosa where deeper tissues may be infected, and due to
the low sensitivity of the exam (49% to 75%).7,19,38,58,63,85,86
As endoscopy is a relatively low-risk procedure that can be
performed at bedside and has a high specificity, it is rec-
ommended as part of the first-line assessment when there
is clinical suspicion for AIFS. Generally, local anesthetics
are avoided during the initial exam to evaluate mucosal
sensitivity.
Adjunctive to nasal endoscopy is bedside biopsy, which

can be done at the time of endoscopy. This can be done
through frozen section analysis to assess for invasive fun-
gal elements, with numerous reports describing themiddle
turbinate being a high sensitivity sampling site, especially
if mucosal discoloration is present.63,88,90 Risks to bedside
biopsy, albeit rare, are bleeding in patients with comorbid
conditions (e.g., thrombocytopenia) and treatment delay
while awaiting histopathologic analysis, and should be
considered in most patients given its utility in most cases.
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FNAB has also been described for the workup of AIFS,
with an apparently favorable safety profile. It is important
to note that, with either tissue sampling method, the mere
presence of fungal hyphae does not exclude or confirm
angioinvasive disease.
As with many other disease processes, CT plays a vital

role as a noninvasive diagnostic test for AIFS. In a study
by Middlebrooks et al., a CT-based predictive tool was
designed utilizing bony dehiscence, septal ulceration, and
involvement of the periantral fat, orbit, pterygopalatine
fossa, nasolacrimal duct, and lacrimal sac, with the pres-
ence of any of these features conferring a high sensitivity
(95%), specificity (86%), PPV (87%), and NPV (95%) for
AIFS.95 The studywas one of the first predictive tools in CT
as others studied the presence of CT findings in patients
with AIFS but did not explore in detail the diagnostic
utility of each finding.
Although associated with higher costs, MRI plays an

important role in assessment of soft tissue involvement
of patients with suspected AIFS when compared with
CT. Studies have described the “black turbinate sign”
with LoCE as corresponding to angioinvasive mucosal
infarction being highly sensitive and seemingly specific
for AIFS.19,96 Lagos et al. further described the presence
of extrasinus and orbital extension as MRI findings that
are highly associated with AIFS.19 However, one study
did describe the presence of LoCE in immunocompetent
patients without AIFS, cautioning the use of LoCE as
an indicator for immunocompetent patients.97 LoCE as
a prognostic indicator has been assessed by numerous
studies, and is associated with poor prognosis in those
with AIFS.98–101 As such, the presence of LoCE on MRI
should raise clinical suspicion and, in the properly selected
patient, be considered for surgical debridement given that
LoCE likely signifies tissue necrosis. In comparing CT
and MRI, studies have shown that MRI has better sen-
sitivity than CT, but similar specificity, PPV, NPV, and
accuracy for diagnosis of AIFS. The American College of
Radiology Appropriateness Criteria Sinonasal Disease was
revised in 2017 to state that both MRI with and without
contrast and non-contrast CT are “usually appropriate”
tests.103 Given the high accuracy and noninvasiveness of
each study andminimal risk, the evidence supports the use
of both CT and contrast-enhanced MRI (if not prohibiting
timely intervention), as both play a complementary role in
diagnosis.
Tissue culture and sensitivities provide important infor-

mation on planning treatment of AIFS based on organism.
Tissue fungal culture from operatively collected tissue has
been shown to have the highest yield.7,17,28,31,33,57,60–65 In
addition, direct microscopy of the tissue specimens also
allows for detection of fungal elements, but it may not
allow for precise identification of organism and suscepti-

bilities. PCR has also been shown to be an efficient adjunct
diagnostic tool for AIFS. It allows for more expedient
results and can be used in support of traditional techniques
and will likely play an increasing role in diagnosis.60
Current data on non-microbiology laboratory studies

such as leukocyte count and ANC, when used alone, have
been shown to be limited in prognostic utility because
there is no currently accepted level or range that can
be associated with diagnosis. It has been shown that
improved glycemic control with lower serum glucose and
HbA1C is associated with improved survival in patients
withAIFS.4,5 Thus, tight glycemic control is recommended
in patients with suspected AIFS.
In addition, frozen sections have been studied in the

setting of diagnosis of AIFS, showing high sensitivity
and specificity, with evidence that evaluation of multiple
specimens from a single patient can increase diagnos-
tic accuracy.104 Although the use of intraoperative frozen
specimens may extend operative time, the associated high
specificity and PPVmay validate its use to improve surgical
clearance. On the choice of staining technique, multiple
studies have validated the use of PASF-fs over H&E-fs
given its higher sensitivity. However, it is also important to
note that intraoperative frozen sections are not perfect—
Gonzales et al. described a 15% overall error rate of frozen
section samples in AIFS, with the majority of errors being
interpretive.
For management of AIFS, there are many treatment

options that clinicians may employ, including surgery,
medical therapy, reversal of immunosuppression, and var-
ious modalities to address orbital involvement. Herein,
this multidisciplinary, multicenter consortium reviewed
the current literature regarding management of AIFS
and provided recommendations based on benefits, risks,
alternatives, and costs that can inform clinical practice.
Some of the best evidence on management of AIFS to

date surrounds surgical debridement of infected/necrotic
tissue. It has been consistently reported in the literature
that surgery, aswell as surgery in conjunctionwithmedical
therapy, improves survival in patients with AIFS com-
pared withmedical therapy alone.4,35,45,54,68,120,121 With the
data available, surgical debridement of infected/necrotic
tissue for patients with AIFS is of critical importance,
with upfront discussion of goals of care to determine
extent of surgery and manage prognostic expectations. As
AIFS has an aggressive disease course, it has tradition-
ally been thought that early and timely surgery improves
outcomes. Although most of the literature supports this
statement, there are studies showing no difference in
outcomes between urgent treatment and nonurgent treat-
ment, and even one study showing improved outcomes
with delayed treatment.20,23,35,45,48,51,54,121–126 As such, opti-
mal time to treatment remains unclear, as each study had
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different time-points for “early” intervention, ranging from
4 to 16 days.
Although guidelines for extent of initial surgical resec-

tion have not been established, studies have shown
that complete removal of tissue through radical resec-
tion improves survival rates compared with limited
resection. With regard to surgical approaches, extended
surgical approaches may comprehensively manage the
affected surgical areas and prevent disease progression and
recurrence.38,121,129,133–136 We recommend extended endo-
scopic surgical approaches whenever conventional tech-
niques are not sufficient, but surgeonsmust appreciate the
unique risks associated with these extended approaches.
In cases not amenable to complete endoscopic resection,
open maxillectomy has shown variable survival outcomes,
although this is likely confounded by presenting extent
of disease.137–141 Open approaches, which may be rather
invasive and are thus associated with additional morbid-
ity, aesthetic deformity, and residual functional defects,
must be weighted with the patient’s overall health status
and aligned with goals of care. Intracranial involvement
is associated with poor prognosis overall and there is lim-
ited evidence suggesting benefit in resecting intracranial
disease, yet it represents an option and requires coun-
seling patients about its associated risks and potential
morbidity.226,227,229
As for surgical approach, there is currently no consen-

sus onwhether open, endoscopic, or combined approaches
confer survival differences.4,20,47,133 Given the evidence, we
recommend endoscopic resection whenever possible and
consideration for combined or open surgery in advanced
cases not amenable to endoscopic resection. With AIFS
having high potential for progression and recurrence, mul-
tiple debridements are common with reports that total
number of surgeries ranges from one to seven in various
series.21,33,36,127,145,146 However, there is conflicting evi-
dence on the impact of multiple surgeries on survival, and
return to surgery timing has not been reported.21,63,145,147
As such, we recommend the use of postoperative clinical
exams, follow-up imaging, endoscopy, and surgical mar-
gins to guide the need for repeated surgical intervention
when clinically indicated.
Complementary to surgical debridement is systemic

antifungal therapy, where empiric therapy with ampho-
tericin B is recommended once suspicion for AIFS is
heightened. One study showed that, in cases of mucormy-
cosis, delays exceeding 6 days before initiation of antifun-
gal treatment resulted in a twofold increase in mortality
at 12 weeks.66 Current guidelines recommend use of the
liposomal formulation of amphotericin B as it has broad
coverage for bothMucorales and aspergillosis, and reduces
risk of renal injury when compared with conventional
preparations.167,174,175

Azoles also play a role in AIFS management. In the
case of confirmed Aspergillus, the recommended first-
line therapy is voriconazole, with one randomized con-
trolled trial showing improved outcomes vs. amphotericin
B. However, these data are mostly from patients with
invasive pulmonary aspergillosis and only 25 of the
277 patients had AIFS.67 There are currently no data
comparing voriconazole to isuvaconazole or posacona-
zole for patients specifically with AIFS, but two trials
showed similar outcomes with improved side-effect pro-
files in those with invasive aspergillosis.176,177 In cases
of azole resistance, amphotericin B is the recommended
monotherapy, with a prospective study showing a response
rate of 50% with use of liposomal amphotericin B in
patients with invasive aspergillosis.178 Caspofungin has
also been described for use in combination therapy for
Aspergillus AIFS, with some evidence suggesting that it
is safe and effective.179 Combination antifungal therapy
is not routinely recommended and there is mixed evi-
dence regarding its efficacy in severe cases of refractory
Aspergillus AIFS.3,56,68,84,105,149,180 BecauseMucorales have
innate resistance to voriconazole, guidelines recommend
liposomal amphotericin B as first-line treatment, with dose
increases for CNS involvement.175,178 Topical antifungals
for AIFS have not been well studied in the literature, with
only low-level evidence showing no success in local disease
control or survival associated with topical amphotericin B
treatment.255 As such, no recommendation can be given on
the use of topical antifungals for treatment of AIFS.
There is currently limited evidence that defines duration

of medical therapy for AIFS, with most studies indicating
treatment until disease control (defined as resolution of
all clinical and radiologic abnormalities), treatment intol-
erance, or death. Factors that influence treatment time
include disease extension, smoking status, absence of a rhi-
nologist on the treatment team, low absolute neutrophil
count, hematologicmalignancy, recent chemotherapy, and
delayed time to surgery.20,27,221,196,233
Orbital involvement in AIFS has been reported to occur

in at least half of cases and is considered a risk factor
for poor overall survival.4,57,155,173,217,218 In patients with
orbital involvement, there have been studies on the use
of retrobulbar antifungals, orbitotomy for debridement,
and orbital exenteration. TRAMB injection and orbito-
tomy with amphotericin B irrigation has been described
in the literature as an adjunct to surgical debridement.
Ashraf et al. demonstrated a decreased relative risk of
orbital exenteration in patients who underwent TRAMB,
but no mortality benefit.211 However, another study, by
Arreenich et al., showed no significant difference in orbital
exenteration or overall survival with TRAMB. As such, fur-
ther studies must be done to validate the use of TRAMB
and determine the optimal treatment paradigm. Orbital
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exenterationhas also been reported in the literature to have
variable efficacy, with some studies showing no significant
improvement in survival4,57,147,165,216 and others demon-
strating survival benefit.217,220 Last, one study showed that,
although orbital exenteration did not improve overall sur-
vival, it did increase mean time of symptom onset to
death.147 In conclusion, orbital exenteration remains an
option for AIFS patients with an involved nonfunctional
eye, but without clear survival benefit.
As AIFS is a disease primarily of the immunocom-

promised, reversing immunosuppression is an impor-
tant component of treatment. Diabetes, as a source of
immunosuppression, is present in up to half of patients
with AIFS, and has been reported to decrease over-
all survival in AIFS,39,48,57,105,144,210,230 with compara-
tively worse outcomes compared with other sources of
immunosuppression.56,83 However, several cohort studies
reported no significant association or even improvements
in survival with diabetic AIFS, attributing this to the
fact that immunosuppression in diabetes is more readily
reversible than other causes.56,48,68,83,105,133 Although there
is no consensus on the impact of diabetes in mortality in
AIFS, tight glycemic control and rapid reversal of hyper-
glycemic states are critical for optimizing treatment in
affected AIFS patients.
Several modalities for actively reversing immunosup-

pression in leukopenic patients have been described in
the setting of AIFS, including leukocyte infusions, G-CSF,
and immunomodulating agents. Neutropenia has been
reported to be a risk factor in developing AIFS and is a neg-
ative prognosticator for survival.68,84,231 Accordingly, stud-
ies have shown that recovery of absolute neutrophil count
has been associated with survival in AIFS patients.233,234
As such, leukocyte infusions have been hypothesized to
increase survival; however, the data are limited, with
only a few studies showing containment of infection after
granulocyte infusion and one study showing no signifi-
cant improvement in overall survival.41,83,231 G-CSF has
also been described in the literature for increasing neu-
trophil counts, but the data are mixed and limited on use
in AIFS. There are few cohort studies showing promis-
ing prognostic signs and one multi-institutional review
showing a 70% reduction in 1-month mortality, but no dif-
ference in 3-month mortality.83,89,233 However, there are
multiple studies that showed no improvements in short-
term survival or overall survival with G-CSF treatment,
necessitating further investigation to assess efficacy.6,18,41
There are other immunomodulating agents that have been
described in the literature, such as interferon-γ, anti-
AspergillusT cell transfer, andD-chimeric antigen receptor
T cells, but these agents are largely in the exploratory
stage.238–243 To date, the evidence for active leukocyte
stimulation for AIFS is limited.

Another immunosuppressive state that has been studied
in the context of AIFS is posttransplantation. Patients who
undergo SCT or BMT have periods of prolonged neutrope-
nia, but studies have shown that neither BMT nor SCT
has significant associations with AIFS.48,68 For solid-organ
transplantation, cohort studies have shown no significant
association with AIFS.56,155 The literature has also impli-
cated COVID-19 as a source of immunosuppression in
AIFS, but the evidence remains very new, and there have
been suggestions that unfavorable outcomes are due to
immunosuppressive corticosteroid use in the setting of
COVID-19.29,153,216,217,248–249,256
As AIFS outcomes are guarded and estimates for

survival are between 40% and 80%, development
of long-term follow-up and screening protocols are
paramount.4,5,18,23,41,83,250 Currently, no consensus exists
in this area. Endoscopy has been recommended weekly
or biweekly until remucosalization, confirmation of
no progressive disease, and recovery of normal sinus
physiology.21,99,174 There is also currently a paucity of
information regarding imaging for AIFS patients after
treatment, but, given the long-term sequelae of AIFS,
there have been recommendations of imaging at 6 to
12 months for follow-up.41 Ultimately, a critical need
in AIFS research is utilizing criteria for endoscopic or
radiographic resolution of disease to guide duration of
medical therapy, thereby establishing protocols (e.g., akin
to cancer surveillance).
This evidence-based review has utilized the best avail-

able, up-to-date evidence on the principles and recom-
mendations surrounding the diagnosis, prognosis, and
management of AIFS, and leveraged the expertise of a
multidisciplinary group of specialists who treat this con-
dition. Nonetheless, there is currently a lack of consensus
owing to low-level evidence in many areas. Future areas of
investigation include, but are not limited to:

∙ Recommended timing for surgical debridement from
time of presentation to medical facilities.

∙ Optimal extent of surgery, including the value of being
aggressive with orbital and/or intracranial debridement.

∙ Optimal duration and dose of antifungal therapy, and
novel/alternative means to mitigate side effects related
to treatment.

∙ Quantifiable endpoints for adequate reversal of
immunosuppression.

∙ Understanding whether increased neutrophil count
translates into intact immune function.

∙ Prognosis and management strategies for COVID-19–
related AIFS.

∙ Long-term follow-up and surveillance protocol after
adequate AIFS treatment, and guiding duration of med-
ical therapy based on this.
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∙ The prognostic importance of the rate of evolution of
signs and symptoms.

∙ Pathophysiologic mechanisms for tissue and vascular
invasion by offending fungal organisms.

∙ Underlying differences in biologic behavior between
different fungal organisms.

∙ Optimal sites of inspection in endoscopy and sites for
bedside biopsy.

∙ Optimal timing of imaging, particularly in setting of dis-
ease progression (e.g., when should MRI be considered
to rule out subclinical intracranial involvement?).

∙ The utility of frozen sections as it applies to extent of
initial plan for surgical debridement.

16 CONCLUSION

In this evidence-based review we have explored the differ-
ent modalities used in the diagnosis, prognosis, and man-
agement of AIFS, and provided recommendations based
on the current level of evidence. As AIFS is an aggressive
disease, prompt diagnosis and treatment is paramount to
decreasing mortality. Diagnosis of AIFS consists of clini-
cal suspicion through signs and symptoms, endoscopy and
biopsy, imaging, culture and laboratory tests, and pathol-
ogy. All of these play an important role in diagnosis, as
invasive disease is hard to determine with a singular test.
Management of AIFS consists of surgery, medical ther-
apy with antifungals, reversing immunosuppression, and
management of orbital/intracranial extension. Although
some modalities have been more well-studied and widely
employed, each management option plays an important
role in treatment. Despite numerous attempts to determine
protocols across various subspecialities, the current level of
evidence for AIFS remains relatively poor and necessitates
further research.
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