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Background
Invasive fungal infections are most prominent in diabetics or immunocom-

promised hosts, and early detection and treatment are essential in circumventing 
the high morbidity and mortality associated with this disease. There have been var-
ious reports of invasive fungal disease discovered in immunocompetent hosts1,2; 
however this chapter will focus on the more common disease processes seen in 
immunocompromised pediatric patients. However, there is limited data regarding 
IFR specifically in the pediatric population  the vast majority of published studies 
on IFR are comprised of adult patients. There are no studies currently that directly 
compare invasive fungal sinusitis between children and adults. As such, further re-
search will need to be conducted in order to delineate the differences, or determine 
whether or not there even are any differences in pediatric vs adult IFR. 
History

Fungal infections of the sinuses can be commonly divided into two distinct 
categories: noninvasive vs invasive. The first account of fungus causing sinusitis 
was published in 1791 by a French Surgeon by the name of Plaignaud at a hospi-
tal in Paris. He described the findings of a fungus tumor  of the maxillary sinus 
in a 22 year old soldier. Almost 100 years later, In 1897 Oppe first described a 
case of Aspergillus causing sphenoid sinusitis that caused bony erosion and spread 
intracranially. Forward another 70 years and in 1965 Hora was the first to delin-
eate the disease process into two broad categories with a non-invasive form of 
fungal sinusitis that behaved like chronic bacterial sinusitis, and an invasive form 
which had the appearance of a malignancy causing bony erosion. McGill in 1980 
described the fulminant form of invasive sinusitis that occurs in immunocompro-
mised patients3. 

The classification of fungal rhinosinusitis has been an evolving topic over 
the past 10-15 years with recent efforts geared towards creating a standardized no-
menclature and characterization of invasive fungal sinusitis into three categories:
 Acute (Fulminant) Invasive Fungal Rhinosinusitis (AIFR)
 Chronic Invasive Fungal Rhinosinusitis (CIFR)
 Granulomatous Invasive Fungal Rhinosinusitis (GIFR) 

Acute (Fulminant) Invasive Fungal Rhinosinusitis (AIFR)
The main characteristic of this category is the acute presentation and very 

aggressive onset and progression of symptoms, namely less than 4 weeks. This is 
commonly seen in immunocompromised hosts secondary to neutropenia, hema-
tologic malignancy, uncontrolled diabetes, chemotherapy, or immunosuppression 
for organ transplant recipients. Histopathology shows hyphal invasion of blood 
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vessels which leads to vasculitis, hemorrhage, and infarction. This has also been 
referred to as necrotizing fungal rhinosinusitis, as at times only necrotic tissue will 
be evident on physical exam with minimal inflammation. Most common species 
isolated are various Aspergillus species, or zygomycetes class fungi3. 
Chronic Invasive Fungal Rhinosinusitis (CIFR )

This is a slowly destructive process that typically occurs over a time period 
greater than 12 weeks. Similar to AFIFS this is commonly seen in immunocom-
promised hosts, however it differs pathologically as fungal hyphae can be seen to 
have massively infiltrated the tissues with much less vascular invasion, and overall 
inflammatory changes are minimal. Aspergillus fumigatus is the most common 
positive culture found in this category3. 
Granulomatous Invasive Fungal Rhinosinusitis (GIFR) 

The key differentiating factor for GIFS is that it is found in immunocom-
petent hosts. It is mainly found in Sudan, but also frequently reported in India 
and Pakistan. It has a similar time course to CIFS and is described to be longer 
than 12 weeks, with proptosis secondary to mass effect a characteristic feature. 
Histopathology shows a non-caseating granulomatous response with fibrosis, and 
Aspergillus flavus is the most common isolate3. 
Pathophysiology

The fungal spores that cause invasive fungal disease are generally sapro-
phytic – they derive their nourishment from decaying organic material. They are 
ubiquitous in the environment and generally do not cause any clinical symptoms 
in immunocompetent individuals. In neutropenic patients however the immune re-
sponse is impaired and tissue invasion by fungal hyphae commences. It is believed 
that the middle turbinate is exposed to the highest density of air flow, and is thus 
often the first structure affected. Angioinvasion will lead to thrombosis and tissue 
necrosis, which can then lead to more serious sequelae such as cavernous sinus 
thrombosis or carotid artery invasion causing pseudoaneurysm, eventually causing 
cerebral infarct, hemorrhage, and death. 
Clinical Presentation

A recent systematic review showed that the most common presenting symp-
tom reported in the literature was facial swelling in approximately two-thirds of 
all cases, followed closely by fever, nasal congestion, and orbital findings includ-
ing ophthalmoplegia and proptosis. Facial pain and headache were also seen in 
almost half the cases4. Typically Aspergillus and Mucoraceae are the most com-
mon pathogens isolated, although other studies have reported Alternaria being an 
increasingly common finding as well5. Reports have shown orbital symptoms and 
neurologic sequelae such as cranial nerve involvement to be more commonly asso-
ciated with Mucor compared to Aspergillus. On fungal stain Mucor has the appear-
ance of wide non-septate hyphae with 90 degree branching, whereas Aspergillus is 
characterized by narrow septate hyphae with 45 degree branching6,7. See Table 1 
for the most common fungal species involved.  
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Table 1. Common Fungal Species Involved
Mucorales
Rhizopus arrhizus
Rhizomucor species
Absidia species
Aspergillus species
Aspergillus fumigatus
Aspegillus Niger
Dematiceous
Curvularia clavata
Alternaria species
Bipolaris Hawaiiensis
Yeast
Candida species

Workup
At times diagnosis of IFR can be challenging, and clinicians must always 

have a low threshold of suspicion for invasive fungal disease in immunocompro-
mised patients with sinus complaints, even despite a benign appearance at bedside 
with nasal endoscopy or on imaging studies. Gold standard of diagnosis for IFR 
remains as pathological examination on permanent sections, although this at times 
this is not an ideal option as it could potentially delay appropriate intervention, thus 
leading to increased morbidity and mortality in such an aggressive disease process. 
Frozen sections taken intraoperatively from multiple biopsy sites has been shown 
to have a high positive predictive value, specifically for Aspergillus and Mucor 
species, although Mucor tends to have a higher false negative rate on frozen sec-
tions, possibly in part due to it having a less organized structure making it more 
difficult to identify without the use of special stains compared to Aspergillus6,8. For 
endoscopic biopsies the most commonly involved areas are the middle turbinates 
followed by the septum, palate, and inferior turbinate in descending order9. Other 
studies that can be performed include serum Aspergillus galactomann and fungitell 
assay. Serum galactomann is an antigen released in invasive aspergillosis and can 
be present 5-8 days before clinical symptoms develop. This is limited however as 
it is specific to Aspergillus only10. Fungitell assay detects (1-3)-Beta-D-Glucan 
which is a cell wall component of all fungi with the exception of Cryptococcus and 
zygomycetes. It can have a sensitivity as high as 93% in detecting invasive fungal 
disease11,12. Neither of the above two laboratory tests have been studied specifi-
cally in the use of IFR however, so their utility is questionable. 
Imaging

Identifying non-invasive methods of diagnosis for IFR is very important both 
in order for early detection of disease as well as to avoid unnecessary invasive in-
terventions. The two most commonly used imaging modalities for IFR are CT and 
MRI. CT findings of IFS were initially reported to be mainly of bony destruction, 
however that is a late manifestation in the disease process and recent efforts have 
been geared towards discovering earlier findings, which have included extra-sinus 
manifestations such as severe unilateral thickening of the nasal cavity mucosa.
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Typical findings on CT thus include homogenous opacity in the involved 
sinuses, homogenous contrast enhancement, and extra-sinus extension and bony 
erosion depending on the extent of the disease. MRI findings include hypointensi-
ty on T1- and T2- weighted images with minimal enhancement on contrast studies, 
obliteration of periantral fat, and leptomeningeal enhancement with intracranial 
extension. In contrast, allergic fungal sinusitis CT images typically show heteroge-
neous opacification with areas of hyperattenuation, lack of contrast enhancement, 
and expansion of the involved sinuses and remodeling and thinning of the bony 
sinus walls. Allergic fungal sinusitis findings on MRI can include mixed low, inter-
mediate, and high signal intensity on T1- and characteristic low signal intensity or 
signal void on T2-weighted images, with the signal void being attributed to a high 
protein and low free-water content of the allergic mucin13,14. One study has shown 
sensitivities of CT and MRI to be similar, but MRI was found to be more sensitive 
in detection and diagnosis of AIFR15. It is likely that both imaging modalities are 
used in most patients, as although MRI is more sensitive, CT is usually needed for 
surgical planning and intraoperative guidance. 
Treatment

Given the historically high mortality rates of invasive fungal rhinosinusitis, 
an aggressive multidisciplinary approach is typically utilized with serial surgical 
debridements and concomitant systemic antifungal therapy. Recent advances have 
led to the development of lipid formulation amphotericin as well as new azoles, 
in particular voriconazole which has generally replaced itraconazole as the drug of 
choice. Both amphotericin as well as the azoles work by targeting ergosterol, a key 
component of the fungal cell wall16. Caspofungin is an echinocandin which is being 
utilized more commonly as well, which functions by targeting cell wall biosynthesis. 

Surgical management typically consists of debridement of affected tissue to 
varying degrees, generally with removal of all devitalized tissue until healthy bleed-
ing margins are reached. Recent evidence appears to show that aggressive surgical 
excision is key  following confirmation of diagnosis by endoscopic biopsy, radical 
resection is typically undertaken (e.g. medial maxillectomy, ethmoidectomy, sep-
tectomy, etc) followed by repeat trips to the operating room every other day for 
continued surveillance, biopsies, and debridements until the disease is eradicated. 

Just as important, if not more, than medical and surgical management is re-
versal of neutropenia. In fact one large retrospective study reported that recovery of 
absolute neutrophil count, or ANC, was the most predictive indicator of survivall5,17. 
Collaboration with other clinical teams including Hematology/Oncology and Infec-
tious Disease is paramount in developing an effective multimodal therapy.
Survival Outcomes

Historically survival outcomes have been very poor for invasive fungal sinus 
disease, in part due to the evolving characterization of the various pathophysi-
ological differences, overall rarity of the disease, and lack of standardization in 
treatment algorithms and protocols. Of note, diabetics have twice the survival rate 
compared to non-diabetic immunocompromised hosts, likely due to the differenc-
es in severity of the underlying disease processes. 
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Despite the above, surgery has been found to be an independent predictor for 
improved survival in patients with AIFR. Data is conflicting regarding outcomes 
based on endoscopic vs external surgical approaches, with one author achieving 
excellent outcomes via external approaches specifically in the pediatric popula-
tion, while others report either no difference or improved outcomes with endo-
scopic approaches4,5,18. This is likely due to differences in surgical technique as 
well as degree of debridement, and further studies with larger datasets and stan-
dardization of operative interventions will need to be conducted. 

Early detection can at times assist in reducing the extent of disease and long 
term morbidity, although no difference in overall survival was found, possibly in 
part due to the underlying disease process more than the IFR7. 

Patients with intracranial and ethmoid sinus involvement in particular have 
been shown to be significantly at higher risk for death from AIFR. This is likely due 
to the propensity for direct spread from the ethmoid either intracranially or into the 
orbit. Given the high likelihood of mortality within 6 months for patients with IFR 
invasion in the above areas, discussion with patients regarding realistic outcomes 
and careful consideration of extensive surgical debridement is warranted19. 

Limited studies have shown that survival rates are not necessarily correlated 
with the type of fungus isolated (Aspergillus vs Mucor), but instead to the initial 
underlying disease process leading to an immunocompromised state (see Table 2) 
as well as the extensiveness of the fungal invasion20. 

Table 2. High Risk Conditions for Pediatric Invasive Fungal Sinusitis
Aplastic Anemia
Congenital Leukemia
Leukemia
Poorly controlled diabetes
AIDS
Corticosteroid Therapy
Chemotherapy
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