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Abstract Acute invasive fungal rhinosinusitis (AIFRS)

is a rapidly progressive life threatening infection that is

seen most commonly among immunocompromised

patients. We present a case series of 18 patients clini-

cally and histopathologically diagnosed with AIFRS with

a mean follow-up of 9.11 ± 2.51 months (range 6–17).

Demographic data, apparent symptoms and signs,

underlying disorders, and outcomes are discussed. The

mean age was 39.56 ± 20.66 years (range 2–75). The

most common underlying diseases were diabetes mellitus

(50 %) and leukemia (44.44 %). Mucosal biopsy con-

firmed fungal invasion of the nasal mucosa in all cases.

The main fungi were Rhizopus oryzae (55.56 %), Ab-

sidia mucor (16.67 %), and Aspergillus fumigatus

(27.78 %). Headache and facial pain (77.8 %), facial

paresthesia (55.6 %), and ophthalmoplegia (33.3 %)

were the most common symptoms and signs. Computed

tomography and endoscopic findings showed various

stages of sinonasal (100 %), pterygopalatine fossa

(55.56 %), orbital (44.45 %), and cerebral (5.56 %)

involvement. All patients underwent serial surgical

debridement (3.78 ± 1.80 times; range 2–8) simultane-

ously with systemic antifungal therapy and proper

management of the underlying disease. The most

extreme case with brain involvement survived and

recovered with no evidence of recurrent disease fol-

lowing treatment. All patients were considered cured

after two endoscopic negative histopathologic evalua-

tions. Three patients (16.67 %) died, one from uncon-

trolled leukemia and two due to renal failure. AIFRS is a

potentially fatal condition, however, early diagnosis and

management of the underlying disease accompanied with
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systemic antifungal and aggressive serial surgical inter-

vention appears to be effective in reducing mortality in

most patients.

Keywords Invasive fungal rhinosinusitis �
Immunocompromised � Diabetes mellitus � Leukemia

Introduction

Fungal sinusitis can be categorized into non-invasive and

invasive groups. While non-invasive fungal sinusitis does

not exhibit the penetration of mucosa by hyphae, in inva-

sive fungal sinusitis hyphae do invade the mucosa. Acute

invasive fungal sinusitis (AIFRS) is considered the most

aggressive form of fungal sinusitis. It can be more com-

monly found in patients who are immunocompromised and

notably can lead to serious morbidity and mortality.

Immunosuppression in these patients can be a result of

widespread sources including hematologic malignancies,

diabetes mellitus, solid organ or bone marrow transplan-

tation, chemotherapy-induced neutropenia, and advanced

AIDS. Clinical presentation is usually significant with

sudden evolution of facial pain, fever, epistaxis, and nasal

congestion. Involvement of the orbit can result in attenu-

ation of vision, while extension into the sinus or intracra-

nial compartments can lead to proptosis or neurological

impairments, respectively [1, 2]. The development of the

disease occurs over a number of days, but no longer than a

few weeks, and can commonly lead to vascular invasion

and systemic dissemination [2]. Infection is often thought

to arise in the nasal cavity (commonly the middle turbi-

nate) and progress to the paranasal sinuses [3]. This sug-

gests involvement of multiple fungal agents, such as

Aspergillus species (commonly in neutropenic patients),

Zygomycetes (commonly in diabetic patients), Rhizopus

species, Absidia species, Mucor species, and Rhizomucor

species. Unlike the chronic variant, on non-contrast CT

scans of acute invasive fungal sinusitis, sinonasal hyper-

densities are not normally seen. CT scans have been most

useful in pinpointing bony changes. Other findings include

opacification of the sinus, mucosal thickening, bone dete-

rioration, and accumulation of fat on the exterior of the

sinus. Patients should be consistently surveyed for evi-

dence of any other issues. Disease extension past the

sinuses, particularly into the orbit and cranium, should be

paid close scrutiny.

Most paramount to successful attenuation of infection is

prompt and aggressive medical care, surgical intervention,

and the treatment of underlying causes, such as neutropenia

and elevated blood sugars. The administration of systemic

antifungals (e.g., amphotericin B and posaconazole) and

vital surgical debridement are commonly necessary.

Mortality remains high (18–80 %), even in spite of modern

control mechanisms, and is particularly elevated in patients

for whom corrective measures to combat neutropenia are

unavailable [2–4]. It has been noted that the mortality of at-

risk patients who receive direct and diligent surveillance

can be as low as 18 % [4].

Methods and materials

We prospectively analyzed the outcomes of 18 patients

referred to the Department of Otorhinolaryngology from

the Departments of Hematology and Infectious Disease of

Mashhad University of Medical Sciences from January

2014 to March 2015. Age, sex, comorbidities, presenting

signs and symptoms, imaging results, pathology findings,

culture results, medical and surgical management approa-

ches, and disease outcomes were documented. Computed

tomography (CT) scans were obtained for all patients,

while magnetic resonance imaging (MRI) scans were used

when suspicions arose of orbital, cavernous sinus, or cra-

nial extension.

Biopsies were taken from all suspected patients for

histopathologic evaluation and culture analysis. The

histopathologic diagnosis was determined from the mor-

phology using hematoxylin and eosin (H&E), periodic

acid-Schiff, and Gomori’s methenamine silver staining

(Figs. 1, 2). The patients were considered to be positive

when the histopathologic findings showed fungal elements

invading the tissue and causing tissue necrosis. To obtain

cultures, the samples were inoculated in Sabouraud dex-

trose agar (SDA) with chloramphenicol (50 lg/mL). SDA

plates were incubated at 37 �C to enhance the growth of

fungi. All media were incubated for 2 weeks and were

examined daily. To study the morphologic characteristics

and identify fungal organisms, slide cultures were prepared

from each positive culture (Figs. 3, 4).

Fig. 1 Histopathological examination of a biopsy showing broad, not

septate hyphae with nearly right-angle branching after hematoxylin

eosin staining, characteristic of an agent of mucormycosis
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All patients were medically treated with amphotericin B.

Also after histology confirmed fungal invasion, patients

underwent serial endoscopic debridement until negative

biopsy results were obtained. The surgical plan was

determined by the extension of the infection so that we got

healthy border. All cases underwent endoscopic debride-

ment and those with skin or orbital involvement the com-

bined approach (endoscopy and open approach) was used

to eradicate infection. The extension of endoscopic surgery

from creating a common cavity including wide antrostomy,

complete ethmoidectomy, sphenoidotomy type III and draft

III to a partial resection of middle turbinate in limited

disease was varied. Underlying disorders were managed by

hematologists and infectious disease specialists.

Results

The mean age was 39.56 ± 20.66 years (range 2–75).

Demographic data is listed in Table 1. The most common

underlying disease was diabetes mellitus (50 %) and leukemia

(44.44 %). Mucosal biopsy confirmed fungal invasion to the

nasal mucosa, with Rhizopus oryzae (55.56 %), Absidia

mucor (16.67 %) and Aspergillus fumigatus (27.78 %) as the

main fungi. Headache and facial pain (77.8 %), facial pares-

thesia (55.6 %) and ophthalmoplegia (33.3 %) were the most

common symptoms and signs (Table 2). CT scan and endo-

scopic findings showed various stages of sinonasal (100 %),

pterygopalatine fossa (55.56 %), orbital (44.45 %) and cere-

bral (5.56 %) involvement. All patients underwent serial

surgical debridement (frequency 3.78 ± 1.80 times; range

2–8) simultaneously with systemic antifungal therapy and

control of the disease. The most extensive case with brain

involvement survived and recovered with no evidence of

recurrent disease following treatment. All patients were con-

sidered cured after two endoscopic negative histopathologic

evaluations. Three patients (16.67 %) died, one from uncon-

trolled leukemia and two due to renal failure not attributed to

fungal infection. Patients’ data are listed in Table 3.

Fig. 2 Histopathological examination of a biopsy showing dichoto-

mously branched septate hyphae after hematoxylin eosin staining,

characteristic of an agent of aspergillosis

Fig. 3 Microscopic appearance of Aspergillus fumigatus in culture

Fig. 4 Microscopic appearance of Rhizopus oryzae in culturing
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Discussion

AIFRS is the most aggressive form of fungal infection,

with a high rate of morbidity and mortality, yet there is no

standardized protocol for the management of this disorder.

In this study, we have prospectively examined disease

progression in and outcomes of patients with this infection

who were referred to our department for head and neck

surgery. We devised and used a particular plan to manage

patients with AIFRS using a protocol developed with the

help of specialists in the departments of hematology and

infectious diseases at our university. Serial debridements

were performed until negative culture results were

achieved and histological examination was normal.

Patients subsequently underwent periodic ambulatory

endoscopic evaluation each month to ensure the eradication

of disease.

AIFRS presentation may be variable, so studying dif-

ferent case series and case reports can help provide insight

into the symptomatology of this condition. The most

common presenting symptoms of our patients were head-

ache and facial pain (77.8 %), facial paresthesia (55.6 %),

and ophthalmoplegia (33.3 %). In a case series with six

patients by Abu El-Naaj, symptoms, such as pain mim-

icking sinusitis, facial swelling, oral or dental pain, and

fever were seen in most patients [5]. Kursun et al. reported

fever (79 %), periorbital cellulitis (75 %), and periorbital

oedema (70 %) as the most frequently encountered signs

and symptoms in their study [6]. The most common

symptoms in the 14 cases reported by Ketenci et al. [7]

were fever, facial edema, facial pain, and nasal obstruction.

On initial examination, nine (64 %) patients had cutaneous

and/or palatal necrosis (three had both palatal and skin

necrosis). Of these, five (35 %) also had ophthalmoplegia

and blindness. Four (29 %) patients also had facial palsy

[7]. In a review article by Turner et al. that analyzed 52

studies comprising a total of 807 patients, the most com-

mon presenting symptoms in patients with AIFRS were

swelling (64.5 %), fever (62.9 %), and nasal congestion

(52.2 %) [8].

In our study, the most common underlying disorders

were diabetes mellitus (50 %) and leukemia (44.44 %). We

had one case of systemic lupus erythematosus (SLE) with

an extended mucormycosis infection and altered mental

status that finally died of renal failure. Another patient in

our case series was undergoing chemotherapy for non-

Hodgkin’s lymphoma (NHL). In the Kursun et al. series,

the most common underlying disease was diabetes melli-

tus, and to a lesser extent, hematological malignancies and

chronic renal insufficiency [6]. In three other studies, the

Table 1 Demographic data for 18 patients with invasive fungal

sinusitis

Variable Number Frequency (%)

Total cases 18 100

Sex

Male/female 7/11 38.9/61.1

Underlying diseases

Diabetes 9 50

Diabetic ketoacidosis 7 38.9

New onset diabetes 2 11.1

Hematologic malignancy (AML/ALL) 8(4/4) 44.4(22.2/22.2)

Autoimmune disorders (SLE) 1 5.6

Chemotherapy (NHL) 1 5.6

Disease extension

Orbit 8 44.4

Intracranial 1 5.6

Hard palate 10 55.6

Skin 3 16.7

Surgical therapy

Endoscopic 15 83.3

Conventional 1 5.6

Combine 2 11.1

Orbital exenteration 2 11.1

Antifungal therapy

Amphotericin B 15 83.3

Voriconazole/Posaconazole 2.7 11.1/38.9

Outcome

Survived 15 83.3

Recovery without morbidity 12 66.7

Recovery with sequel 6 33.3

Mortality 3 16.7

Table 2 Presenting sign and symptoms among AIFRS patients

Sign or Symptom Number Frequency (%)

Headache 11 61.11

Facial numbness 10 55.55

Ophthalmoplegia 6 33.33

Proptosis 5 27.78

Facial pain 4 22.22

Fever 4 22.22

Visual loss 4 22.22

Diplopia 3 16.67

Palatal necrosis/ulcer 3 16.67

Nasal discharge 2 11.11

Facial nerve palsy 2 11.11

Orbital cellulitis 2 11.11

Altered mental status 2 11.11

Nasal congestion 2 11.11
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most common predisposing factor and leading concomitant

diseases was also diabetes mellitus [7, 9–13]. Turner et al.

found the presence of diabetes, hematologic malignancies,

corticosteroid use, renal or liver failure, organ transplan-

tation, AIDS, and autoimmune disease in 47.8, 39.0, 27.6,

6.6, 6.3, 2.3, and 1.2 % of their patients, respectively [8].

All patients in our cohort were treated with a combination

of antifungal medications and surgery. The majority

received intravenous amphotericin B and underwent serial

endoscopic resection with a mean frequency of 3.78 ± 1.80

times. Posaconazole was used only in two patients with

extensive Aspergillus fumigatus disease and elevated crea-

tinine secondary to amphotericin B and voriconazole use.

According to different studies, this is a routine approach

when treating patients affected by this kind of fungal infec-

tion [5–10]. However, in one study cottonoid pledgets

soaked in amphotericin B solution were placed in the nasal

cavity after surgery [9]. In our study, most surgeries were

performed endoscopically, and serial debridements and

endoscopic follow-up evaluation were carried out each

week. In a review article by Turner et al. [8], most patients

were treated with a combination of surgery and antifungal

treatment. In this review, endoscopic and open approaches

were used 46.4 and 41.4 % of the time, respectively, while in

our experience 83.34 % of cases underwent an endoscopic

approach. We used combined endoscopic/open approaches

and only open approaches 11.11 and 5.55 % of the time,

respectively. In the Turner et al. [8] review article, orbital

exenteration was required in approximately 20 % of cases,

which is comparable to our series (11.11 %), and liposomal

formulations of amphotericin B were administered to nearly

15.0 % of patients. Unfortunately, this option was not

available in our department.

Confirmation of the diagnosis of AIFRS requires the

presence of fungal elements within the submucosal tissues

of the infected nasal cavity and paranasal sinuses. Many

fungal species cause invasive fungal infection including

Rhizopus, Mucor, Rhizomucor, and Aspergillus. The most

common invasive fungal organisms confirmed by culture in

our case series were Rhizopus oryzae (55.56 %), Asper-

gillus fumigatus (27.78 %), and Absidia mucor (16.67 %).

All other studies that we review here reported only the

Mucorales species [5–7, 9, 10]. Even Turner et al. [8] did

not mention the individual fungal species. Only in one

publishing review article from Iran, Rhizopus species were

the most common, followed by Mucor species (51.7,

17.2 %, respectively) [11].

Despite medical and surgical improvements in the man-

agement of this kind of infection, mortality and morbidity

rates remain high. In our case series, the mortality rate among

patients with a mean follow-up of 9.11 ± 2.51 months was

16.67 %, of which two deaths were caused by renal failure.

Table 3 Patients’ data list

No Age Sex Underlying disease Fungal type Medicine Surgery Surgical frequency Sequel Out come

1 27 Female SLE Rhizopus o Am Combined 5 Disfigurement Survived

2 61 Female Diabetes Rhizopus o Am Endoscopic 4 No Dead

3 20 Female AML Aspergillus f Am/PO Endoscopic 2 No Survived

4 2 Female ALL Aspergillus f Am Endoscopic 3 No Survived

5 28 Female AML Rhizopus o Am/PO Endoscopic 4 No Survived

6 40 Female Diabetes Rhizopus o PO Endoscopic 4 Visual loss Survived

7 13 Male ALL Aspergillus f VO Endoscopic 2 No Survived

8 47 Male AML Aspergillus f Am/PO Endoscopic 3 No Dead

9 60 Female AML Absidia m Am Conventional 2 Disfigurement Dead

10 48 Female Diabetes Absidia m Am Endoscopic 6 Facial palsy

Visual loss

Survived

11 70 Male Diabetes Rhizopus o Am Endoscopic 3 No Survived

12 28 Female ALL Aspergillus f Vo Endoscopic 3 No Survived

13 75 Male Diabetes Rhizopus o Am Endoscopic 2 No Survived

14 20 Male ALL Rhizopus o Am Endoscopic 2 No Survived

15 43 Female Diabetes Absidia m Am Combined 3 No Survived

16 64 Male Diabetes Rhizopus o Am Endoscopic 8 No Survived

17 30 Female Diabetes Rhizopus o Am/PO Endoscopic 5 Disfigurement

Visual loss

Survived

18 35 Male NHL Rhizopus o Am/PO Endoscopic 7 Visual loss Survived

Am Amphotericin B, PO Posaconazole, VO Voriconazole, Aspergillus f Aspergillus fumigatus, Rhizopus o Rhizopus oryzae, Absidia m Absidia

mucor
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One was an SLE patient with a fungal infection that extended

to the forehead, cheek skin, and both orbits, and showed

evidence of cerebritis (presenting with altered mental status).

This patient’s fungal infection was considered to be under

control after 5 surgical debridements and antifungal therapy,

but the patient finally died due to renal failure under dialysis.

The other mortality was in a patient with AML and diabetes

whose fungal infection was under control. This patient did

not complete his treatment protocol for leukemia and died

from his underlying disorder. The underlying disorder of the

patients who died was leukemia (AML) and SLE. Each of

these cases exhibited a certain species of fungus, namely

Rhizopus oryzae, Aspergillus fumigatus, or Absidia mucor.

The survival rate reported in the literature is variable and

ranges from 20 to 80 % [3, 6–11, 14, 15]. In the six reported

cases by Abu El-Naaj, the mortality rate was even higher

than 80 %; five patients died due to their underlying illness

and one died due to uncontrolled spreading of mucormyco-

sis. Surprisingly, the only surviving case was the one with the

most extensive form of the disease with brain invasion who

clinically recovered with no evidence of recurrent disease

following the surgical management [5]. The overall survival

rate of the 807 cases that were reviewed by Turner et al. was

49.7 % while ours was 83.3 %. This significantly higher

survival rate may be due to early diagnosis, aggressive sur-

gical debridement [14, 16, 17], and amphotericin B [17, 18]

use, which have been reported as improving prognosis.

Hematologic malignancy [9, 14], advanced ages [17], and

extension to the cranium [17, 19, 20] or orbit [21] are among

negative prognostic factors that may cause fluctuations

between outcomes of various reports. Our favorable results

as compared with other studies may be due to close obser-

vation and early diagnosis of susceptible patients, who

underwent diagnostic endoscopy whenever there were

sinonasal symptoms and fever of unknown origin. Other

factors included early management and aggressive serial

debridement even for patients with low a platelet count (the

mean platelet count of patients with hematological malig-

nancies at the time of first debridement was 30,000), the

presence of invasive aspergillus spices into the study, and

irrigation of the sinonasal cavity with low concentrations of

H2O2 (1 %). The age of patients, underlying diseases, level

of extension of the infection, and medical treatment

approaches were comparable to the Turner review article [8].

It seems that early diagnosis with clinical suspicion of

this kind of infection among diabetic and immunocom-

promised patients who possess facial pain, discomfort or

paresthesia, facial swelling or cellulitis, fever, and new

onset of progressive sinusitis over a period of hours or days

should be kept in mind, and immediate management with

antifungal therapy as well as rapid initiation of surgical

debridement could affect the prognosis of the patients and

improve the potential for survival.

Conclusion

AIFRS can be successfully treated with a combination of

serial endoscopic surgical debridements and antifungal

medications. The endoscopic approach is suitable for

patients diagnosed in the early stages of the disease and

provides a less traumatic option for those patients who are

already in poor condition. Open surgery should be pre-

ferred in the presence of intraorbital extension, palatal, and/

or intracerebral involvement. Reversing the underlying

disease process and immunosuppression is as important as

the surgical and antifungal treatment.
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