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 Introduction

Acute invasive fungal sinus disease (IFS) is an 
uncommon disease that often has rapid and 
destructive clinical progression. Primarily, a dis-
ease of the immunocompromised, IFS is typi-
cally associated with patients undergoing 
chemotherapy, stem cell transplantation as well 
as in patients with uncontrolled diabetes mellitus 
and patients using corticosteroids or other immu-
nosuppressive therapies (e.g., following organ 
transplantation) [1–3]. It is less commonly 
described in HIV-infected patients, in whom 
invasive aspergillosis rather than mucormycosis 
is usually described [4]. The estimated mortality 
of IFS varies markedly, with a range from 20% to 
80% with an estimated aggregate mortality of 
approximately 50% [5–7]. Invasive fungal sinus-
itis can also have profound effects on malignancy- 
related survival by delaying or resulting in 
dose-reduction in chemotherapy regimens [8]. 

Limited available interventions as well as slow 
development of new anti-fungal agents have led 
to incremental improvements in outcomes.

 Causative Organisms

The fungi responsible for IFS are ubiquitous in 
the environment, filling the niche of saprophytic 
microbes feeding on detritus. They can be found 
as colonizing and commensal organisms in 
humans as well, with invasive disease rarely 
developing, and typically in the setting of signifi-
cant immunosuppression. Many fungi can poten-
tially cause IFS; however, molds predominate as 
causative agents. The majority of causative molds 
belong to the Aspergillus genus and Zygomycetes 
phylum. Aspergillus species include A. fumiga-
tus, A. niger, and A. terreus among others [1, 6]. 
Of the Aspergillus species, A. fumigatus is the 
most commonly identified cause of invasive 
infection [9]. Pathogenicity of these isolates is 
attributed to smaller conidial size facilitating 
inhalation and penetration [10] as well as blunt-
ing host defenses including opsonization and 
complement activation [11].

The most common Zygomycetes causing IFS 
are from the Mucorales order and include impor-
tant genera such as Mucor, Rhizopus, and Absidia 
[1, 12]. These species are increasingly encountered 
in patients receiving Aspergillus-active antifun-
gals such as voriconazole or echinocandins [13]. 
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Fusarium species are also implicated in IFS, 
though less commonly than Aspergillus and 
Mucor [14].

 Acquisition of Infection

For an opportunistic pathogen to cause disease it 
must first reach the nasal sinus cavity, adhere to 
mucosal surfaces, and then bypass local and sys-
temic host defenses to invade tissue. Although 
the underlying immunodeficiency of the host has 
received much attention, increasingly studies 
have highlighted the roles of anatomic abnormal-
ities and environmental characteristics in facili-
tating disease pathogenesis [15].

The nasal mucosal membrane is the first phys-
ical and immunologic barrier in the infectious 
process [16]. Anatomic abnormalities such as a 
deviated nasal septum or nasal obstruction have 
been identified as predisposing host factors to 
developing IFS [15]. Specifically, it has been 
postulated that turbulent airflow as a consequence 
of these abnormalities, along with impaired ven-
tilation, helps facilitate fungal spore deposition 
on the mucosa [17]. The nasal cavity flora has 
been demonstrated to interfere with bacterial 
upper respiratory infections and can resist spore 
deposition, but in turn can be disrupted by anti-
microbial use [18]. Whether an altered composi-
tion of nasal microbiome is a permissive factor 
for invasive fungal infection remains to be shown. 
Nevertheless, studies have indicated that a pre-
ceding upper respiratory infection and prolonged 
antibacterial use are risk factors for IFS, likely 
due to the disturbance of the local microbiome 
[18]. With severe suppression in  local and sys-
temic innate host immunity, fungi can then invade 
in response to environmental cues, causing exten-
sive necrosis and tissue infarction depending on 
the angioinvasive ability of the fungus.

 Risk Factors and Pathogenesis

Several conditions are associated with diverse 
defects in the innate, more so than the adaptive 
immune system, which predispose to IFS. Thus, 

a heterogeneous population of patients is at risk 
including those with poorly controlled diabetes 
mellitus, chronic corticosteroid use, iron over-
load, HIV/AIDS, stem cell or organ transplant 
recipients, and patients with cancer [5]. 
Furthermore, practices such as inhaled cocaine 
abuse can cause erosion of nasal mucosa and 
structural abnormalities which then facilitate fur-
ther fungal deposition and invasion [19]. Sporadic 
cases of IFS in apparently immunocompetent 
patients have been rarely reported [20, 21].

Hyperglycemia, secondary to diabetes melli-
tus or glucocorticoids use, results in a decrease 
in neutrophil and macrophage chemotaxis, 
impaired phagocytosis, and decreased oxida-
tive and non- oxidative killing of fungi [22]. 
Furthermore, the acidemia of diabetic ketoacido-
sis (DKA) has been demonstrated to enhance the 
angioinvasion of Mucorales [23]. Ketoacidosis 
due to elevations of β-hydroxybutyrate in DKA 
facilitate Mucorales growth while further attenu-
ating neutrophil- mediated responses. This is due 
to facilitation of fungal adherence to endothe-
lium as well as disruption of host functions that 
lead to elevated free iron levels [24]. Iron over-
load and use of exogenous iron have been well 
described as an independent predisposing cause 
for mucormycosis [25, 26] and is part of the con-
stellation of physiologic derangements seen in 
DKA.

Patients with hematological malignancies in 
particular have long been identified as being at 
risk for IFS due to primary dysfunction of the 
immune system as well as immunosuppression 
from cytotoxic chemotherapy. Cases of IFS have 
been described even during induction treatment 
shortly after the diagnosis of a primary hemato-
logical malignancy. This is further exacerbated 
by relapsed or recalcitrant disease, necessitating 
additional cycles of cyto-reductive chemother-
apy. Hematopoietic stem cell transplant recipi-
ents can have a degree of neutropenia compounded 
by lymphocyte dysfunction and lymphopenia due 
to their immunosuppressive regimens used to 
prevent graft vs. host disease. Despite improve-
ments in antifungal armamentarium, the inci-
dence density of IFS has not decreased in this 
patient population.
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 Clinical Presentation

There is marked variation in the presenting symp-
toms, partially depending on the degree and 
perhaps the nature of the underlying immunosup-
pression. There may be few, if any, symptoms 
early in the clinical course which results in IFS 
misdiagnosed as a bacterial or viral upper respi-
ratory tract infection. Symptoms can include, but 
are not limited to, fever, facial swelling, nasal 
congestion, facial pain, and headaches. A study 
from Thailand comparing 35 patients with IFS 
with 65 patients who had orbital complications of 
bacterial sinusitis found no significant differ-
ences between the two groups with regard to 
these nonspecific symptoms, although the IFS 
group had significantly higher incidence of diplo-
pia and cranial nerve involvement [27]. Of note, 
fever was present in only one-third of patients 
with IFS, and the absence of fever or leukocytosis 
does not exclude IFS.  Tissue with angioinva-
sion may be discolored and have a red, viola-
ceous, or black appearance; the presence of 
discolored mucosa is suspicious for mucormyco-
sis. Involvement can be seen in the nasal cavity 
and turbinates as well as facial lesions, including 
necrosis of the nasal bridge. However these find-
ings, while typical for IFS, are not solely reliable 
for early diagnosis and their absence does not 
rule out disease. Necrotic eschars may be seen in 
only 50% of patients in the first 3  days of the 
onset of infection [22].

Patients with IFS often have invasion into 
contiguous structures [1] and present with addi-
tional complaints. There is a significantly higher 
rate of ocular symptoms associated with IFS, as 
noted above, indicative of invasion into the orbit 
and/or cavernous sinus [22, 27]. Fungal invasion 
into the orbit tends to be unilateral can result in 
decreased visual acuity, and dysfunction of 
extraocular movements. Such patients will often 
have proptosis and chemosis with periorbital and 
orbital edema with a cellulitis appearance (see 
Fig. 15.1). Sense of smell may be lost as well but 
may not necessarily reflect nerve dysfunction. 
Careful examination of the oral cavity, including 
the gingiva and hard palate, may demonstrate 
ulcerations and eschars as evidence of extending 

ischemia or necrosis. Erosion through bony and 
mucosal structures is occasionally seen, gener-
ally in late and progressive IFS.  Patients with 
infraorbital nerve involvement can exhibit pares-
thesia in the malar/V2 distribution of the trigem-
inal nerve. Decreased sensation or paresthesias 
over the forehead and/or upper cheek suggest 
involvement of V1 or V2 and may occur from 
orbital apex or cavernous sinus invasion. Rarely, 
invasion into the central nervous system (CNS) 
can result in meningitis with associated symp-
toms of confusion, seizures, headache, and 
nuchal rigidity [5, 7]. Patients will need close 
monitoring and examination as the pace of dis-
ease progression can range from as short as 
hours (especially for Mucorales) to as long as 
days or weeks.

Invasive mold infection beyond the sinuses is 
often concurrently found in immunocompromised 
patients who present with IFS; however, it is poorly 
described in the literature. In these instances, pul-
monary involvement can be seen in addition to 
extension into the orbit or cranium [28] and is seen 
in over half of IFS cases [29]. Cutaneous involve-
ment in IFS is usually a consequence of contiguous 
extension out of the sinuses into the skin but can 
also be rarely seen in remote sites [30].

Fig. 15.1 A woman with relapsed acute myeloid leuke-
mia and resultant 2  months of neutropenia presented 
complaining of 1 week of right-sided headaches with right 
eye photophobia and facial swelling. She was found to 
have sino-orbital mucormycosis due to Rhizopus species. 
Note the extensive orbital cellulitis and proptosis due to 
invasive fungal sinusitis with orbital invasion

15 Invasive Fungal Sinusitis in Immunocompromised Hosts
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 Diagnostics

As symptoms can be nonspecific with significant 
overlap between viral or bacterial infections, cli-
nicians must maintain a high index of suspicion 
for IFS in immunocompromised patients. Timely 
diagnosis is important for improved patient out-
comes. Radiology studies, early ENT evaluation 
with procurement of material for microbiology 
and histopathological studies are all essential for 
diagnosis and to aid decision-making.

When IFS is suspected, a computed tomogra-
phy (CT) scan of the sinuses is usually the first and 
easiest diagnostic imaging test to obtain. Plain film 
radiography may demonstrate air-fluid levels 
when sinusitis is suspected, but its role has been 
superseded by CT scan except in resource- limited 
settings. The most common early finding on CT is 
sinonasal mucosal thickening that is often unilat-
eral [31]; however, this is a nonspecific finding 
that can be seen in all forms of rhinosinusitis. 
Characteristic invasion into soft tissue can be 
missed on CT, and bony destruction occurs late in 
the clinical course. Magnetic Resonance Imaging 
(MRI) is a more sensitive tool for determining 
early IFS changes in the soft tissue [32], evaluating 
for necrotic tissue that can be correlated with nasal 
endoscopy findings (see Fig. 15.2). Loss of con-
trast enhancement with gadolinium is strongly 
suggestive of tissue ischemia secondary to angio-
invasion by fungal organisms [33] (see Fig. 15.3). 
An MRI can help establish the extent of disease by 
assessing for any intracranial or cavernous venous 
involvement, or invasion into other surrounding 
structures. This then helps determine appropriate-
ness and extent of surgical excision. Persistent 
areas with loss of contrast enhancement on repeat 
imaging after debridement have been associated 
with worse outcomes [32].

Despite its usefulness, radiographic imaging 
will only indicate the extent of disease but cannot 
identify the causative etiology. Therefore, defini-
tive diagnosis based on examination of tissue cul-
ture and pathology is required to guide the need 
and type of systemic antifungal therapy. 
Evaluation by an ENT specialist when IFS is sus-
pected should be considered a surgical emer-
gency, given the potential for rapid disease 
progression. Specifically, nasal endoscopy with 

biopsy is essential in the workup and manage-
ment of these patients. Examination can be 
directed by radiographic findings toward the foci 
of greatest disease burden. Macroscopic findings 
of ischemic or necrotic tissue on nasal endoscopy 
are suggestive for IFS. The middle turbinate was 

Fig. 15.2 MRI of the head of the patient in Fig.  15.1. 
There is hypodense material within the right nasal passage 
concerning for necrotic tissue. There is destruction of the 
medial wall of the right orbit

Fig. 15.3 MRI of the head with contrast of the patient in 
Fig. 15.1. There is a large hypodense mass within the right 
maxillary sinus. The loss of contrast enhancement in the 
posterior right maxillary sinus as well as nasal cavity is 
highly suggestive of tissue necrosis, suggesting an angio-
invasive infection
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the most common site of abnormality in over 
two-thirds of cases [34]. After samples are col-
lected for further analysis, local debridement of 
necrotic tissue can be done.

Tissue obtained from biopsy of these areas 
should be sent for rapid pathology review by fro-
zen section, and for culture. Samples should be of 
adequate amount to allow such evaluation and 
should be placed in saline for frozen section 
(also in saline or sterile cup for culture). Formalin- 
fixed samples should also be sent for permanent 
sections. Frozen section techniques for tissue can 
be done quicker than conventional methods [35] 
to help facilitate early diagnosis by identifying 
the presence of invading fungal hyphae in the 
sample. Small size case series indicate that this 
approach generally has a sensitivity of 60–80% 
and a specificity approaching 100% [34, 36]. Our 
own institutional experience with frozen section 
is excellent with 26 out of 27 cases showing evi-
dence of IFS (>96% sensitivity) [1]. Beyond the 
fresh frozen section, histopathology techniques 
include fixation and processing with special 
staining such as Gomori methenamine silver 
(GMS), though they take longer than a day. 
Occasionally, characteristic fungal morphologies 
are distorted during the fixation process which 
may make identification of fungal more challeng-
ing. However important clues for organism iden-
tification can be found, specifically if there is 
evidence of perivascular or perineural invasion 
[37]. Samples sent for microbiology should not 
be swabs but should be tissue biopsies, placed in 
a sterile cup or saline and rapidly delivered to the 
microbiology laboratory. The microbiology labo-
ratory should be alerted not to grind all the tissue 
prior to plating, as grinding can decrease the 
chance of growing molds. Traditional identifica-
tion of fungal organisms comes from microscopic 
examination of growth from fungal cultures.

 Laboratory Testing

Cultures remain the gold standard for confirming 
fungal growth and identification. However, the 
utility of cultures in early diagnosis remains 
limited as molds grow slowly or not at all [29], 
even when invasive tissue disease is seen on 

biopsy [38]. Given these limitations in pathological 
and microbial identification of fungi, there is an 
urgent need for non-culture-based diagnostics 
that can be done on a timely basis and can be 
used to supplement other clinical evidence to 
diagnose specific fungal infections.

A number of commercially available labora-
tory tests for fungal biomarkers could help as 
adjunct diagnostics in cases of possible IFS, 
though data on their performance remain limited. 
Many yeasts and molds have (1-3)-β-d-glucan as 
a component of their fungal cell wall which can 
be detected in serum. This test has shown utility 
in detecting invasive yeast and mold infec-
tions (although not mucormycosis) with an esti-
mated sensitivity of 76.8% and specificity of 
85.3% [39, 40]. There are limited data to suggest 
that trends in (1-3)-β-d-glucan can be used for 
evaluating response to therapy [41]. False posi-
tive (1-3)-β-d-glucan tests have been associated 
with factors that include blood transfusions, 
gauzes containing glucan, and some antibiotic 
suspensions.

Galactomannan is another fungal cell wall 
component found in hyalohyphomycetes, includ-
ing Aspergillus species, also detected in serum. 
Like the (1-3)-β-d-glucan assay, a negative result 
does not rule out disease, especially in patients 
who are already receiving mold-active antifun-
gals [42]. Galactomannan is a useful adjunct 
diagnostic for invasive aspergillosis but does not 
detect Mucorales. Choi et al. identified a sensitiv-
ity of 91.3% and specificity of 71.7% [43], 
though other studies note poorer results, ranging 
from 20% to 60% sensitivity and specificity [6, 
44]. False positives can occur in the presence of 
other, usually non-pathologic, fungi such as 
Penicillium and Paecilomyces species.

Additional assays are available including 
quantitative, qualitative, and real-time PCR. PCR 
testing has been conducted on biopsied tissue as 
well as other sources including bronchoalveolar 
lavage fluid [45], serum [46], and even prior tis-
sue samples that have been formalin-fixed and 
embedded in paraffin [47, 48]. Molecular testing 
in tissue via PCR, immunochemistry, and in situ 
hybridization has the advantage of assessing 
broadly for specific genera or could utilize spe-
cific primers or probes to detect individual 
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species [47]. Limitations to these methods 
include variable sensitivities, ranging from 60% 
to 90%, and a lack of standardization in primers, 
reagents, and overall methodology. Nevertheless, 
methods of molecular testing of fungi in tissue 
are promising and deserve further study.

 Management

Not surprisingly, there are no randomized studies 
for the management of IFS in view of the rarity of 
the condition, the heterogeneity of afflicted hosts, 
site and degree of sinus involvement, offending 
fungi, comorbidities, and multiple concurrent sur-
gical and medical interventions. The literature 
reflects single-institution retrospective experi-
ences that encompass a limited number of patients 
that have significant variability in their presenta-
tion and prognostic factors. Therefore, such litera-
ture needs to be viewed with caution in light of 
significant publication and reporting biases. 
Nevertheless, surgical debridement continues to 
be regarded as an important part in the manage-
ment of IFS as a part of the standard of care [49]. 
The scope of surgery can be variable, ranging from 
attempts at local resection all the way to radical 
resection. Endoscopic and open surgery have been 
compared, and given the complexity and sequelae 
of open surgery, the endoscopic approach is pre-
ferred in patients with early, limited disease or 
with significant medical comorbidities [34, 50].

Earlier studies suggested reserving open sur-
gery for extensive disease, particularly with the 
involvement of the CNS or orbits [50, 51]. 
Surgeries in such cases have included maxillec-
tomy, orbital exenteration, and/or craniofacial 
resection. However, more recent data suggest that 
“radical” surgeries did not result in any statisti-
cally significant improvement in survival, espe-
cially in patients with limited life expectancy [1, 
5, 49]. Moreover, surgical resection of disease in 
such cases may be impractical when considering 
the morbidity and mortality of such extensive 
surgery, the underlying cytopenias that are often 
present, and the post-surgical complications that 
will arise. However, debridement of necrotic 
 tissue may be important therapeutically in rap-
idly progressive IFS due to mucormycosis, par-

ticularly in diabetic patients where chance of 
survival is good. Surgical resection (beyond 
biopsy for diagnosis and minor debridement of 
necrotic tissue) is usually not necessary in inva-
sive aspergillosis in diabetic or other minimally 
immunocompromised patients. The pace of 
aspergillosis is slower than in mucormycosis and 
these cases usually respond to antifungal therapy. 
As mortality from IFS in severely immunocom-
promised patients is still very high despite surgi-
cal intervention, a careful assessment of the risks 
and benefits of surgery should always be done.

Medical treatment of IFS focuses on address-
ing the active infectious process while simulta-
neously reversing the underlying immuno- 
suppression, if possible. Selection of antifungals 
should be heavily influenced by local epidemiol-
ogy with consideration for pharmacodynamics 
and adverse reactions [52]. For breakthrough cases 
on mold-active prophylaxis, changing class and 
initiation of broad-spectrum amphotericin B-based 
therapy, pending identification of the offending 
fungus seems prudent. Due to nephrotoxicity of 
amphotericin B-deoxycholate, liposomal ampho-
tericin is preferred, at a dose of 5  mg/kg/day. 
Higher dosages of liposomal amphotericin have 
been studied prospectively at doses of 10 mg/kg/
day [53] in patients with mucormycosis, including 
patients with IFS. No improvements in survival at 
12 weeks were detected; on the other hand, high 
dose liposomal amphotericin was associated with 
increased frequency of adverse reactions espe-
cially renal injury and electrolyte derangements.

Triazole antifungals are a class of antifungal 
agents that deplete ergosterol from the fungal cell 
membrane. With their availability in both IV and 
PO formulations, they have an important role in 
bridging the initial management of IFS to long- 
term treatment. When dealing with invasive mold 
infections, the triazoles voriconazole, posacon-
azole, and isavuconazole/isavuconium sulfate 
offer good activity against many implicated 
organisms. Voriconazole has activity against both 
Aspergillus and Fusarium species but exhibits no 
activity against Mucorales [54]. The other new 
triazoles, posaconazole and isavuconazole, do 
have activity against both hyalohyphomycetes 
and Mucorales and are better empiric treatment 
options in IFS when no causative organism is 
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successfully identified [55]. Triazoles are known 
to have a significant number of drug-drug inter-
actions due to their inhibition of the cytochrome 
P450 system, and in turn can have their pharma-
cokinetics altered by the presence of other drugs 
that induce the P450 system [56]. This can be 
particularly challenging in transplant recipients 
taking immunosuppressive agents and HIV 
patients on therapy with anti-retrovirals. It is 
important to develop a closely coordinated, mul-
tidisciplinary and individualized therapy tailored 
to patient circumstances [57].

Combination therapy, typically of liposomal 
amphotericin with another antifungal class, has 
been reported in the literature with varying suc-
cess [1, 6]. While ineffective as monotherapy, an 
agent such as an echinocandin or terbinafine can 
improve outcomes when given as part of combi-
nation therapy [58–60]. Successful usage of local, 
retrobulbar injections of antifungals in selected 
cases of invasive sino-orbital infections in patients 
unable to tolerate intravenous amphotericin or as 
an adjunct to treatment of systemic amphotericin 
has been reported in small series [61–63].

It should be stressed that there are no clear 
definitions of antifungal breakpoints obtained 
in vitro for the fungi causing IFS. In vitro suscep-
tibility breakpoints are not based on clinical data, 
but rather on pharmacokinetic and epidemiologi-
cal concepts [64]. Care must be taken as results 
indicating in vitro susceptibility may not neces-
sarily correlate with clinical success [65].

 Adjunctive Therapies

Several strategies have been utilized to correct 
underlying the neutropenia found in many IFS 
patients. Granulocyte infusion has been used over 
several decades; however, results are drawn from 
experiences with small numbers of patients and 
have mixed outcomes [66]. In addition to having 
an unclear benefit, there are risks with therapy 
which include transfusion reactions, leuko-agglu-
tination reaction, or even pulmonary edema. 
Therefore, no firm recommendations exist regard-
ing use of granulocyte infusions but they may 
have a role in selected patients who fail to respond 
to initial surgical and anti-fungal interventions. 

Usage of granulocyte-stimulating factors to both 
resolve neutropenia and enhance neutrophil 
phagocytic activity against fungi has been shown 
to be successful in anecdotal reports [67, 68].

Use of hyperbaric oxygen therapy has been 
reported in small numbers with some degree of 
success. Hyperbaric oxygen therapy increases 
oxygen tension in tissues, leading to an increase 
in generation of oxygen-free radicals that can 
have fungicidal activity [69]. In vitro studies 
show inhibition of fungal growth in both asper-
gillosis and mucormycosis [70–72]. Limited 
data suggest that short-term survival is improved 
[71] though the effect on long-term outcomes is 
still unclear. No benefit has been found in cases 
of disseminated invasive fungal disease, suggest-
ing that its use should be limited to only local 
infections. Aside from pneumothorax, there are 
few contraindications or complications from 
hyperbaric oxygen therapy and it offers a rela-
tively low-risk adjunct to management with sug-
gestion for improved outcomes. However, its use 
is limited to institutions with the facilities to 
administer it.

 Reversal of Underlying 
Immunosuppression

As most IFS infections are associated with immu-
nocompromised hosts, controlling the underlying 
condition to help restore normal immune function 
should be an important part of the treatment along 
with concomitant medical and surgical manage-
ment. Patients with HIV/AIDS can be started on 
anti-retroviral therapy. Patients with immunosup-
pression from corticosteroids can be tapered off or 
transitioned to alternative non- steroidal therapy.

Patients with uncontrolled diabetes and/or 
diabetic ketoacidosis are a challenging popula-
tion as there are a number of physiologic derange-
ments at work that facilitate IFS. Aggressive 
glycemic control is an important part of treat-
ment. Reversal of acidemia by the administration 
of sodium bicarbonate has been shown to par-
tially block the ability of Rhizopus oryzae to 
invade endothelial cells, as well as to restore host 
iron chelation and neutrophil function. Sodium 
bicarbonate use is a treatment consideration even 
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in the absence of acidemia [24]. Treatment with 
iron chelators is a potential adjunctive therapy; 
however, caution is needed as some agents such 
as deferoxamine act as a siderophore for species 
of Mucorales and are historical causes of IFS 
[73–75]. New iron chelators such as deferasirox 
have no siderophore capability, but have not 
shown any benefit from their use as initial ther-
apy for mucormycosis in hematological malig-
nancy [76]. They still remain a potential therapy 
in other at-risk populations, especially in patients 
with uncontrolled diabetes and/or diabetic 
ketoacidosis.

Management of hematological malignancy 
patients with invasive fungal infections requires 
complex decision-making. It is common for the 
underlying malignancy to cause neutropenia and 
the production of non-functional phagocytic 
cells. Yet the treatment of leukemia and lym-
phoma by means of cytotoxic chemotherapy can 
have just as great a suppression on overall 
immune status. The challenge therein lies in 
determining the best time to re-initiate chemo-
therapy treatment. On one hand, some practitio-
ners opt to delay or even postpone antineoplastic 
treatment to allow time for treating and control-
ling the infection, at the risk of having the malig-
nancy becoming ultimately less amenable to 
chemotherapy. On the other hand, some proceed 
with early chemotherapy at the same time IFS is 
treated, in the hope of achieving cancer into 
remission sooner, allowing for earlier immune 
reconstitution and more effective clearance of 
infection. This carries the risk of having IFS 
worsen in the setting of heightened immunosup-
pression. In a case-control study, 57% of leuke-
mia patients with probable or proven invasive 
fungal disease had a delay in chemotherapy with 
a median of 11  days [8]. Additionally, 28% of 
them had a change in their chemotherapy, either 
an earlier switch to maintenance, transition to 
palliative treatment or reduction in dose of che-
motherapy. Decisions regarding timing of subse-
quent immune suppression in the setting of IFS 
should be made on a case-by-case basis.

 Treatment Duration and Follow-Up

There is no fixed duration of treatment for IFS 
as therapy is dependent upon the severity and 
extent of IFS, the causative fungus, and the 
magnitude of clinical improvement on antifun-
gal agents while reversing the underlying immu-
nosuppression. In immunosuppressed patients 
with IFS due to Mucorales, clinicians should be 
conservative with a high threshold for discon-
tinuing antifungal therapy as relapses of IFS off 
therapy often occur [77]. Similarly, there are no 
firm recommendations for frequency of follow-
up or repeat studies. At a minimum, patients 
should have resolution of radiographic evidence 
of disease. Treatment is typically given for 
months, with initial intravenous therapy for 
many weeks followed by months of oral anti-
fungal therapy.

We recommend routine outpatient follow-up 
on a monthly basis in patients undergoing treat-
ment for IFS.  An infectious disease specialist 
should be involved very early in the course of the 
disease and follow the patient closely, in con-
junction with their other specialists. Close fol-
low-up with otolaryngology initially is also 
helpful to monitor the endoscopic appearance of 
the nasal cavity and sinuses. Special attention is 
needed for monitoring changes in patient symp-
toms and tolerability of long-term antifungal 
therapy. If there are any concern signs or symp-
toms observed, repeat endoscopy should be per-
formed by the otolaryngologist. Monitoring of 
drug serum levels in patients on chronic azole 
therapy, especially voriconazole, can help moni-
tor compliance and adequacy of therapy. 
Although there are no data specifically for 
Aspergillus sinusitis, a baseline titer and moni-
toring of Aspergillus galactomannan trends can 
be useful to monitor therapeutic response [78]. If 
therapy is discontinued, patients should continue 
to have routine follow-up for monitoring for 
relapsed infection. Figure 15.4 depicts an algo-
rithmic approach to management of IFS in 
immunocompromised hosts.
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 Outcomes

Despite the advances made in treatment options 
in antifungal agents and testing, long-term out-
comes for patients with IFS still remain poor with 
1-year mortality of approximately 50% [5]. This 
is particularly marked in patients with hemato-
logical malignancies as they often require further 
chemotherapy for refractory underlying disease [1]. 
Several studies have assessed negative prognostic 
factors in IFS patients. Factors associated with 
poor survival were leukemia, prolonged periods 
of neutropenia ≥10 days, advanced age, concom-
itant renal disease, as well as delays in treatment 
[1, 5]. Area and extent of IFS has also been dem-
onstrated to have higher mortality [79]. For 
example, patients with IFS in only the lateral 
nasal wall had a mortality of 33%, but this figure 
climbed to 67% with involvement of the nasal 

septum and 100% when extending beyond the 
nasal cavity [80].

On the other hand, surgical or endoscopic 
debridement has been consistently shown to be a 
positive prognostic factor for patients with IFS 
[5, 49, 81] as it is associated with an earlier diag-
nosis and therefore earlier treatment for the dis-
ease [82]. It should be stressed that medical and 
surgical treatments are performed to manage the 
disease in the short term while attempting to 
reverse the underlying immunosuppression in 
patients who are immunocompromised.

 Conclusion

Despite advances in medical and surgical ther-
apy, IFS remains an opportunistic infection with 
a high morbidity and mortality. The disease most 
commonly occurs in patients with hematological 

High-risk patient with suspected invasive fungal sinusitis

Obtain urgent CT and/or MRI of sinuses and urgent ENT consultation
If clinically compatible with IFS, then obtain:

Empiric Antifungal Therapy: Urgent Nasal Endoscopy:

If improving, review microscopy and
laboratory testing for suspected organism

Re-assess response to therapy
within 10 days

Invasive Aspergillosis or Fusariosis
Septate hyphae with acute angle

branching of 45 degrees or positive
galactomannan for Aspergillus

Invasive Mucormycosis
Ribbon-like, pauci-septated

and broad hyphae

Suspected IFS due to
unidentified fungi

Without culture or biopsy
confirmation, treat empirically

Consolidation therapy Consolidation therapy

Additional Laboratory 
Tests:

If limited or no clinical
improvement, consider:

Reverse Underlying
Immunosuppression:

•  Liposomal Amphotericin B
   (5mg/kg) IV daily
•  Consider adding an Echinocandin
    if previously on Aspergillus-active
    triazole prophylaxis

•  Tissue biopsy with fungal
   staining
•  Debridement (local or
   extensive)

•  Hold chemotherapy
•  Taper corticosteroids
•  Treat hyperglycemia
•  Start antiretroviral therapy

•     *Voriconazole PO or

*Periodic monitoring of drug levels is recommended

•     *Posaconazole PO or
•     Isavuconazole PO

•     Posaconazole PO or
•     Isavuconazole PO

If no previous voriconazole prophylaxis

•  Serum galactomannan
•  Serum β-d-glucan
•  Debridement (local or
    extensive)

•     Increase liposomal
      amphotericin B to 7.5-
      10mg/kg/day
•     WBC transfusions
•     Hyperbaric oxygen
•     Deferasirox if iron overload

Fig. 15.4 Algorithm for evaluating and managing invasive fungal sinusitis
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malignancies, receiving chronic corticosteroids 
or other immunosuppressive therapies, or uncon-
trolled diabetes mellitus. Presenting symptoms 
and clinical signs lack sensitivity and specificity 
for IFS. Early CT and endoscopic-based diagno-
sis along with combined surgical and medical 
treatment are important for improved survival. To 
this end, physicians should have a high index of 
suspicion for IFS and low threshold for consulta-
tion to ENT for additional evaluation. During this 
period, the plan for reversal of immunosuppres-
sion should be discussed. Treatment plans should 
be multidisciplinary and personalized. Patients 
should be given routine follow-up to monitor 
response to therapy and to re-evaluate for disease 
progression as needed.
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