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Abstract : Objective- Acute invasive fungal rhinosinusitis
(AIFR) is a rapidly progressive disease, which usually
develops in patients with uncontrolled diabetes mellitus (DM)
and immunocompromised patients. The purpose of this study
was to look retrospectively at the clinical profile, management
and outcome of these patients. Study design- Retrospective
chart review Settings- Tertiary care hospital Materials and
methods- A retrospective chart review was done of patients
diagnosed with AIFR between the years 2006 to 2011.
RESULTS- Among the 21 patients, 17 (80.9) had uncontrolled
diabetes mellitus. Nasal obstruction was the predominant
symptom (16 patients, 76.2 percent). Mucosal changes were
most commonly observed in the middle meatus (18 patients,
85.7 percent) and rhino-orbital disease was the most common
presentation (11 patients, 52.4 percent). The most common
causative fungal agent was Rhizopus (16 patients, 76.2
percent). Multiple surgeries were required in all except those
patients who underwent endoscopic debridement with orbital
exenteration. The mortality rate was 14.3 percent (3 patients).
Conclusions- Early and aggressive surgical debridement,
intravenous amphotericin B and prompt treatment of the
underlying disease are the mainstay of AIFR treatment.
Orbital involvement leads to higher mortality. Early orbital
exenteration in patients, when indicated, has a better
outcome because of reduced intracranial spread. Long term
follow up and multiple surgical debridements when required,
particularly in those who have not had orbital exenteration,
are essential for a good outcome.
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Introduction Acute invasive fungal rhinosinusitis (AIFR) is a
rapidly progressive disease, which usually develops in
patients with uncontrolled diabetes mellitus (DM) and
immunocompromised patients. It is rarely seen in individuals
with a normal immune system and is described as a clinical
entity characterized by infiltration of the mucosa, submucosa,
blood vessels or bone by mycotic organisms and may extend
to the orbit and intracranial structures.’ This entity needs early
diagnosis and management otherwise mortality rates could
range from 50 to 80%.°
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The term fulminant fungal rhinosinusitis is also used in literature
instead of AIFR because of the rapidly destructive and fatal
nature of the disease.® The disease is defined by a time course
of less than four weeks and with predominant vascular invasion.*
Multiple fungal species have been identified in patients with
AIFR. Aspergillus and Mucoraceae are the most common
pathogens.®¥ Successful treatment is based on early diagnosis,
treatment of underlying diseases, surgical debridement either by
endoscopic or external approach, and systemic administration of
amphotericin In this article we present the data on 21 cases with
histologically proven AIFR and review the current
literature on invasive fungal rhinosinusitis.
Materials and methods
A retrospective chart review was done of patients diagnosed with
AIFR attending the ENT outpatient clinic or Emergency depart-
ment in a tertiary care hospital and referral centre from 2006 to
2011. Demographic data, evaluation for diabetes mellitus or
underlying disease resulting in the immunocompromised state,
ENT examination, CT scan of paranasal sinuses and brain (if
done), identified fungal organisms, management and outcome of
the patients were reviewed.
Results
Of the 21 patients with AIFR, 15 were male and six were female.
The age of the patients ranged between 7 and 78 years with a
mean of 49 years. All the patients had an underlying disease
process that made them susceptible to fungal infection. Among
the patients, 17 (80.9%) had uncontrolled diabetes mellitus, two
had aplastic anemia, one patient had acute disseminated en-
cephalomyelitis and one patient had acute lymphoblastic leuke-
mia. Nasal obstruction was the predominant symptom (76.2%),
followed by nasal discharge (61.9%), headache (42.9%), fever
(38.09%), and facial swelling (4.77%). The most common eye
sign was proptosis, which was noted in 10 (47.6%) patients
(Table 1)
Table 1- Eye signs:



Eye signs Patients

Proptosis 10147 6%)
Perception of light- negative §
Frozen ey §
Pale disc 1
Perception of light- Negative & frozen eye 1
Restricted extraocular movements §

Nasal endoscopic examination revealed discoloration of the mucosa
and crusting, in 20 (95.2%) patients. Mucosal changes were most
commonly observed in the middle meatus (18 patients, 85.7%).
AIFR involved the middle turbinate
Involvement of the inferior turbinate (6 patients, 28.6%), inferior
septum (3 patients,
sphenoethmoidal recess (2 patients, 9.5 %) and roof (1 patient,

meatus (3 patients, 14.3%),

4.8%) were also observed.
Figure 1:

Figure 1: CT-PNS depicts rhino-orbital disease. Soft tissue density
is seen in left ethmoidal sinus and floor of left orbit involving the
inferior and medial rectus. CT PNS showed involvement of posterior
ethmoid sinuses (20 patients,
patients, 90.5%), anterior ethmoid sinuses (19 patients, 90.5%),
sphenoid sinus (14 patients, 66.7%) and frontal sinus in 10 patients
(47.6%). Bone erosion was noted in lamina papyracea (9 patients,
42.8%), floor of orbit (3 patients, 14.3%), roof of orbit (2 patients,
9.5%) and ethmoidal roof (1 patients, 4.8%). Intraorbital extension
was noted in 11 (52.4%) patients and intracranial extension was

noted in 1(4.8%) patients (table 2)

Table 2-Extension of disease in AIFR:

in 16 (76.2%) patients.

maxillary sinus (19

Disease extension Patients

Sinc-nasal disease 9(42.9%)
Rhing-orbital disease 11(52.4%)

Rhino-orbito-cerebral digease 1(4.8%)

Rhizopus species were found to be the causative agent in 16 (76.2%) patients as seen in table 3.

Table 3-Mycology in AIFR:

Mycology

Patients

Rhizopus arhizus

16(76.2%)

Rhizopus aghizius+ Aspergillus flavys

3

Mucor

Aspergillus flayipus

Aspergillus flavys

2
1
1

Antifungal therapy was initiated after a diagnosis of AIFR was made.
The various agents were used as shown in Figure 2 and various
surgeries were done as shown in Figure 3.
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Figure 2-Medical management:
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Figure 3 —surgical management:
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Amphotericin B was administered in all except 3 patients
who were not willing for Amphotericin B (Figure 2). Multi
ple surgeries were not required in endoscopic debridement
with orbital exenteration group as seen in figure 3.
Figure 4 shows a patient with rhino-orbital disease and the
outcome following management of AIFR

Figure 4: A-Patient with rhino-orbital disease, B- Post op
endoscopic debridement with orbital exenteration, C- With
ocular prosthesis (six months after orbital exenteration)
The overall mortality rate was 14.3 % (3 patients). The
mortality rate of patients with orbital invasion was66.7
percent (2 of 3). Two patients underwent multiple
surgeries between 0-3 months of follow up, 1 patient
between 3-6 months of follow up and one patient
underwent multiple debridements between 6-12 months of
follow up (Figure 5).
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Figure 5- Follow up:

Discussion

DeShazo et al described three forms of invasive fungal
rhinosinusitis:  granulomatous, chronic, and acute
fulminant. The term AIFR or fulminant fungal sinusitis is
used to describe fungal sinusitis in an immuno
compromised patient when vascular invasion is prominent
in histopathological examination and disease duration is
less than four weeks. Aspergillus and Mucoraceae are the
most common pathogens in AIFR.®¥ In chronic invasive
fungal rhinosinusitis (CIFR),



vascular invasion is absent or minimal and disease duration is more
than four weeks. Most patients with CIFR are immunocompetent.®
These fungal organisms are normally found in dust, soil and
sometimes in nasal mucosa. Aspergillus and Mucor can invade the
vessel walls, resulting in thrombosis and ischemia. The ketone
reductase system of fungi impairs the phagocytic function of
polymorphonuclear leukocytes and helps fungi to adapt to the
environment. These organisms may proliferate in paranasal sinuses
and cause ischemic
necrosis of the tissues and then spread to invade the eye and the
brain rapidly.®® Agents of mucormycosis primarily invade the nose,
lungs, and gastrointestinal system, whereas Aspergillus species
primarily invade the lungs and later spread to other organs.’ Early
diagnosis of AIFR is vital in immunocompromised patients, but
unnecessary mucosal trauma due to recurrent nasal examinations
and superficial biopsies from normal mucosa should be avoided as it
has been reported that Aspergillus can invade through these
mucosal lesions. An acidic environment and high glucose
concentration, such as in diabetic ketoacidosis, are ideal conditions
for Mucoraceae.® Disorders of iron metabolism or excessive iron
storage predispose to mucormycosis. Mucor spreads by
angio-invasion as this organism has predilection for the internal
elastic lamina of arteries. °In our study Rhizopus species was found
to be the most common causative agent (16 patients, 76.2%).
Aspergillus species were isolated in 2(9.5%) patients, Mucor in 2
(9.5%) patients and Rhizopus with Aspergillus species in 3(14.3%)
patients.(table 3) Mucormycosis was the most common infection in
our psatients and was in accordance with the study done by Peterson
etal

Identifying patients at-risk for AIFR is critical in order to make an
early diagnosis. Poorly controlled type 1 diabetes mellitus,
malnutrition, excessive storage of iron in haematological diseases
and diseases resulting in immunosuppresed state like hematologic
malignancies, aplastic anemia, long term steroid use and acquired
immunodeficiency syndrome are predisposing factors for the
development of AIFR.®% There is an increased risk of developing
AIFR in bone marrow and solid organ transplantation patients, due
to use of chemotherapeutic agents and immunosuppressive
drugs.® Neutropenic patients are more likely to have invasive
Aspergillosis than Mucor.™ The most common predisposing factor in
our study was poorly controlled diabetes mellitus. Patients with
diabetes may succumb rapidly to the disease because of late
diagnosis.™*
The initial symptoms of AIFR are often non-specific. Localizing
symptoms like facial pain, nasal obstruction, rhinorrhea, and
headache are variably present in 20-60% of patients.***¥ As the
disease progresses, symptoms like facial swelling, ophthalmoplegia,
loss of visual acuity, proptosis, and change in mental status may
occur.™* The most common symptom in bone marrow transplant
patients is fever which does not respond to broad-spectrum
antibiotics.*® In our patients, nasal obstruction was the most
common symptom at the time of presentation, followed by nasal
discharge, headache, fever, and facial swelling. These observations
were in consistent with the study done by Susli et al.’® A
combination of 2 or more of the above mentioned symptoms were
the most common presentation of patients in our series. The most
common eye sign was proptosis which was noted in 10 (47.6%)
patients (table 1). Symptoms related to orbital involvement or
cavernous sinus disease, ulcerated necrotic tissues in the hard
palate or gingiva, suspicious mucosal lesions in the nasal cavity, or
abnormal features in CT scan should raise suspicion of AIFR.
(315 Therefore diabetic and immunocompromised patients with
history of nasal symptoms and eye symptoms should be evaluated
immediately to rule out AIFR.
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Disease limited to the nasal cavity occurs during the
earlier stages of AIFR, therefore rigid nasal endoscopic
examination should be performed in immunocompromised
patients with fever (not responding to antibiotics) or with
localizing symptoms. Alteration in appearance of nasal
mucosa is the most consistent sign. Granulation,
ulceration, whitish discoloration (ischaemia) and blackish
discoloration (necrosis) of nasal mucosa can be seen on
nasal examination.™ Gillespie et al.®

reported that mucosal abnormalities were most
commonly seen on the middle turbinate (67%), followed by
the septum (24%), hard palate (19%), and inferior
turbinate (10%). Siislii et al*® reported septum as the most
common site of involvement . Decreased sensation of
nasal mucosa and decreased bleeding are important signs
suggestive of fungal invasion. In the present study,
characteristic mucosal lesions were observed in 20
(95.2%) patients and were most commonly observed in
the middle meatus followed by middle turbinate. Although
immunocompromised state and haematological disorders
limit the endoscopic examination, rigid nasal endoscopic
examination is mandatory in suspected patients as
anterior rhinoscopy alone may be normal in early cases.™
Computed tomography (CT) of nose and paranasal
sinuses should be considered in the evaluation of patients
with suspected AIFR, however, in early stages of the
disease CT findings may be non-specific and CT without
nasal endoscopic examination may delay the diagnosis.
Susli et al*®demonstrated that they had patients with
normal CT findings while characteristic mucosal lesions
were noted on endoscopic examination. Del Gaudio et
al'® reported unilateral nasal mucosal thickening( 91% of
cases in their study) as an early CT finding which was not
typical in bacterial or viral rhinosinusitis. However in our
series unilateral sinonasal involvement was seen in 38.1
%. A review of the literature reveals that CT findings such
as oedema of nasal cavity soft tissue, sinus
mucoperiosteal thickening, bone erosion, orbital invasion,
facial soft tissue swelling, and periantral soft tissue
infiltration are all findings suggestive of AIFR.
(8161718) Osseous erosion and bony destruction are
obvious signs of the disease
and are noted in late stages of AIFR.“*'” However bony
erosion and destruction may not be present in the late
stage of the disease as these fungi tend to extend along
the vessels without bony destruction. CT scanning with
contrast is preferred to assess bone changes while
magnetic resonance imaging (MRI) is preferred to assess
intracranial and intraorbital extension of the disease.'® CT
should be performed in both axial and coronal planes at
<3 mm intervals to assess disease involvement and its
extension.’® Unfortunately, there are no standard
diagnostic imaging criteria of AIFR.* Howells and
Ramadan proposed early evaluation by MRI in patients at
risk due to rapid progression of the disease and
nonspecific findings obtained with CT.? In this study, the
most common sinus involved was posterior ethmoid
followed by maxillary sinus and the most common bone
erosion was noted in lamina papyracea followed by the
floor of orbit. Intraorbital extension was noted in 12
(57.1%) patients and intracranial extension was noted in 1
(4.8%) patient.
Histopathological examination of biopsy tissue is required
to confirm the diagnosis of AIFR. Hyphal forms within the
submucosa, with or without angiocentric invasion, and
tissue necrosis with minimal host inflammatory cell
infiltration are the criteria for histopathological diagnosis of
AIFR.?' |dentified mucosal abnormalities and suspicious
lesions should be biopsied at the time of nasal
endoscopy.



Since the middle turbinate is the most common site of invasion,
Gillespie et al®? recommended superficial mucosal biopsies in case
of mucosal changes. However Suslu et al suggested deep
diagnostic biopsies of suspected lesions in operating room with
presence of electro-cautery.™®

Frozen sections are highly specific and sensitive in the early
diagnosis of AIFR, especially in case of mucormycosis.> Frozen
section examination helps in early diagnosis and management.
@329 1n our study fungal culture and biopsy of suspicious lesions
were done simultaneously during nasal endoscopic examination.
Diagnostic criteria for AIFR are presence of clinical and radiological
findings of rapidly progressing sinusitis in at risk patients and typical
endoscopic findings such as discoloration, granulation, ulceration of
nasal mucosa and purple- black crusting. Definitive diagnosis is
established by histopathologic observation of hyphal forms in
mucosa, submucosa, blood vessels, or bones of the sinuses and
cultures of biopsy materials.®*® Necrosis and neutrophilic
recruitment can be observed in the infected tissues.®

The mainstay of treatment should include antifungal agents,
aggressive surgical debridement and prompt treatment of the
underlying systemic disease.%?2) |n mucormycosis, primary
antifungal therapy is amphotericin-B (amp-B). The optimal dosage is
not known, but the commonly administered doses are 1 mg/kg/day
for amp-B, 5 to 7.5 mg/kg/day for amp-L (liposomal form), and
amp-B lipid complex. The duration of treatment is tailored to each
individual according to resolution of the clinical signs of infection and
radiological findings and as well as according to the status of
underlying disease. This period is usually six to eight weeks.?” The
safe cumulative dose of Amphotericin B is 2-3 gram.?® The Lipid
formulation of amphotericin B is preferred because it is less
nephrotoxic and can be safely administered at higher doses for a
longer period of time than conventional amphotericin B.
Posaconazole may be an option of antifungal prophylaxis if
amphotericin B cannot be used for prolonged periods in patients
who are on immunosuppressive medications.?’ In our patients,
amphotericin-B was administered in doses of 0.5-1.5 mg/kg/day and
Liposomal amphotericin was administered in doses of 3.0-5.0 mg/
kg/day. The cumulative dose of 2.0-
3.0 gm of amphotericin B was given in our study. Suslu et al*
advised administiration of amphotericin B before the exact
histopathological report. In our study we too started Amphotericin B
on the basis of clinical features and positive fungal smear report
before histopathological diagnosis. Eliashar et al also®® advocated
local antifungal therapy, but according to Kasapoglu F et al, local
therapy has no effect.”®
Early aggressive sinonasal debridement should be performed in all
patients with biopsy-proven AIFR. Debridement of necrotic tissue
should be done until bleeding bone and soft tissue surfaces are
reached. In case of abundant necrosis radical excisions should be
preferred to limited endoscopic debridement.?! Successful outcomes
have been reported with endoscopic surgery by various studies.
(152530 Early limited endoscopic debridement can also be done on
the basis of clinical, radiological findings and positive fungal smear
report, as we did in our study. Jiang and Hsu® performed only
endoscopic surgery in nine patients and reported that one patient
died due to carotid artery occlusion while eight patients survived
(88%). Park et al*®reported that seven of nine patients treated by
endoscopy alone survived. In our study endoscopic debridement
was done in 18(85.7%) patients.
Monitoring patients with nasal endoscopy is essential for diagnosing
recurrent or residual disease. In our study, two patients underwent
multiple surgeries between 0-3 months of follow up, one patient
between 3-6 months of follow up and one patient underwent multiple
debridements between 6-12 months of follow up (figure 5). This
shows that there is a need of long term follow up in these patients.
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Both in the early and late stages of AIFR, surgical
debridement should be combined with medical treatment.
Medical management is directed towards the prompt
management of immunocompromised status and
antifungal therapy. This may include correction of acidosis
and hyperglycemia, or reversal of immunosuppresion
when possible. In neutropenic patients, granulocyte colony
-stimulating factor (GCSF) has been shown to be effective
in promoting bone marrow recovery and AIFR patients
also showed good prognosis with GCSF as reported by
Gillespie et al.™® High efficiency particulate filters and
prophylactic use of amphotericin nasal spray in
(r;tlegjzt)ropenic patients may play a role in preventing AIFR.
Kasapoglu et al®preferred open surgery in the presence of
intraorbital extension, palatal and/or intracerebral
involvement in their study. In this present study open
approach (partial or total maxillectomy) was performed in
case of palatal involvement. Alobid et al suggested that if
the underlying cause of immunodeficiency is reversible
then orbital exenteration was not mandatory in patients
with evidence of orbital disease.® Nityanandam et al
% classified their patients into sino-nasal, rhino-orbital and
rhino-orbito-cerebral disease and suggested that orbital
exenteration should be prescribed in advanced
involvement of orbit and conservative management can be
considered in patients with isolated extraocular muscle
involvement, preserved vision and in absence of
progression. In our study orbital exenteration was done in
seven (33.3%) cases and in this group, two patients died
due to non fungal related causes. Multiple surgeries were
not required in patients who underwent endoscopic
debridement with orbital exenteration. In all probability,
therefore, early orbital exenteration when indicated, leads
to a good outcome.

In our study, the mortality rate was 14.3 % ( 3 patients)
which was also the case in a study done by Parikh et
al™ Roden et al reviewed 929 reported zygomycosis
cases. They found the survival rate to be 61 % in cases
treated with amp-B, 57 % in those treated only with
surgery, 69 % in those treated with lipid amp-B, and 70 %
in those treated with surgery and amp-B.** Intracranial and
intraorbital extension increase surgical morbidity and
decrease the survival rate.® In our patient group,
intraorbital invasion was associated with a higher mortality
rate of 66.7 % (2 of 3) which was similar in a study done
by Kasapogulu et al .**We believe that successful
outcomes in our patients depended on early
commencement of systemic antifungal treatment (on the
basis of clinical and radiological findings and fungal smear
report), aggressive surgical debridement and with prompt
treatment of underlying disease.

Early diagnosis and management of AIFR, requires a
multidisciplinary team approach which includes the
otorhinolaryngologist , infectious disease specialist, a
pathologist, a radiologist, and a microbiologist.*®

Based on our experience of managing patients with AIFR
we suggest the following management protocol in patients
suspected to have AIFR.

PROTOCOD]T




Conclusions:

Diabetic and immunocompromised patients with history of nasal
symptoms and eye symptoms should be evaluated for the possibility
of AIFR at the earliest. As initial symptoms and radiological features
are nonspecific, rigid nasal endoscopic examination and biopsies
with fungal culture of mucosal and submucosal tissues from
suspected sites should be performed as early as possible. Based on
positive fungal smear report and suspected clinical features,
Amphotericin B should be administered. Early endoscopic
debridement is essential if disease is limited to sinonasal region to
limit further progression of the disease. Maxillectomy and orbital
exenteration may be required in cases of extensive necrosis
(intraorbital extension, palatal involvement). Orbital involvement
leads to higher mortality. Orbital exenteration, when indicated, leads
to a good outcome. Early and aggressive surgical debridement,
intravenous amphotericin B and prompt treatment of underlying
disease are the mainstay of AIFR treatment. Long term follow up
and multiple surgical debridements when required, particularly in
those who have not had orbital exenteration, are essential for a
good outcome.

Bibliography:

1. Berlinger NT. Sinusitis in immunodeficient and
immunosuppressed patients. The Laryngoscope. 1985 Jan 1;95
(1):29-33.

2. Waitzman AA, Birt BD. Fungal sinusitis. J Otolaryngol. 1994
Aug;23(4):244-9.

3. deShazo RD, O’'Brien M, Chapin K, Soto-Aguilar M, Gardner L,
Swain R. A new classification and diagnostic criteria for invasive
fungal sinusitis. Arch. Otolaryngol. Head Neck Surg. 1997 Nov;123
(11):1181-8.

4. Ferguson BJ. Definitions of fungal rhinosinusitis. Otolaryngologic
Clinics Of North America. 2000;33(2):227-35.

5. Alobid I, Bernal M, Calvo C, Vilaseca I, Berenguer J, Alés L.
Treatment of rhinocerebral mucormycosis by combination of
endoscopic sinus debridement and amphotericin B. Am J Rhinol.
2001 Oct;15(5):327-31.

6. Brandwein M. Histopathology of sinonasal fungal disease.
Otolaryngol. Clin. North Am. 1993 Dec;26(6):949-81.

7. Pagano L, Ricci P, Tonso A, Nosari A, Cudillo L, Montillo M, et al.
Mucormycosis in patients with haematological malignancies: a
retrospective clinical study of 37 cases. GIMEMA Infection Program
(Gruppo ltaliano Malattie Ematologiche Maligne dell’Adulto). Br. J.
Haematol. 1997 Nov;99(2):331-6.

8. Peterson KL, Wang M, Canalis RF, Abemayor E. Rhinocerebral
Mucormycosis: Evolution of the Disease and Treatment Options.
The Laryngoscope. 1997 Jul 1;107(7):855-62.

9. Eucker J, Sezer O, Graf B, Possinger K. Mucormycoses.
Mycoses. 2001 Oct 1;44(7 8):253-60.

10. Susli AE, Oretmenolu O, Siislii N, Yicel OT, Onerci TM. Acute
invasive fungal rhinosinusitis: our experience with 19 patients.
European Archives of Oto-Rhino-Laryngology. 2008 May 10;266
(1):77-82.

11. Parikh SL, Venkatraman G, Delgaudio JM. Invasive Fungal
Sinusitis: A 15-Year Review from a Single Institution. American
Journal of Rhinology. 2004;18(2):75-81.

12. Kennedy CA, Adams GL, Neglia JP, Giebink GS. Impact of
surgical treatment on paranasal

fungal infections in bone marrow transplant patients. Otolaryngol
Head Neck Surg. 1997 Jun;116(6 Pt 1):610-6.

13. Gillespie MB, O’'Malley BW, Francis HW. An Approach to
Fulminant Invasive Fungal Rhinosinusitis in the
Immunocompromised Host. Arch Otolaryngol Head Neck Surg.
1998 May 1;124(5):520-6.

14. Han DH, An S-Y, Kim SW, Kim D-Y, Rhee C-S, Lee CH, et al.
Primary and secondary fungal infections of the paranasal sinuses:
clinical features and treatment outcomes. Acta Otolaryngol Suppl.
2007 Oct;(558):78-82.

An Initiative of The Tamil Nadu Dr. M.G.R. Medical University
University Journal of Surgery and Surgical Specialities

15. Park AH, Muntz HR, Smith ME, Afify Z, Pysher T,
Pavia A. Pediatric Invasive Fungal Rhinosinusitis in
Immunocompromised Children With Cancer.
Otolaryngology -- Head and Neck Surgery. 2005;133
(3):411 -416.

16. DelGaudio JM, Swain RE, Kingdom TT, Muller S,
Hudgins PA. Computed Tomographic Findings in Patients
With Invasive Fungal Sinusitis. Arch Otolaryngol Head
Neck Surg. 2003 Feb 1;129(2):236-40.

17. Silverman CS, Mancuso AA. Periantral soft-tissue
infiltration and its relevance to the early detection of
Invasive fungal sinusitis: CT and MR findings. AJNR Am J
Neuroradiol. 1998 Feb;19(2):321-5.

18. Som PM, Curtin HD. Chronic inflammatory sinonasal
diseases including fungal infections. The role of imaging.
Radiol. Clin. North Am. 1993 Jan;31(1):33-44.

19. Aribandi M, McCoy VA, Bazan C 3rd. Imaging features
of invasive and noninvasive fungal sinusitis: a review.
Radiographics. 2007 Oct;27(5):1283-96.

20. Howells RC, Ramadan HH. Usefulness of computed
tomography and magnetic resonance in fulminant invasive
fungal rhinosinusitis. Am J Rhinol. 2001 Aug;15(4):255
—61.

21. Gillespie MB, O'Malley BW. An algorithmic approach
to the diagnosis and management of invasive fungal
rhinosinusitis in  the immunocompromised patient.
Otolaryngol. Clin. North Am. 2000 Apr;33(2):323-34.

22. Gillespie MB, Huchton DM, O’'Malley BW. Role of
middle turbinate biopsy in the diagnosis of fulminant
invasive fungal rhinosinusitis. Laryngoscope. 2000
Nov;110(11):1832-6.

23. Hofman V, Castilo L, Bétis F, Guevara N,
Gari-Toussaint M, Hofman P. Usefulness of frozen section

in  rhinocerebral mucormycosis diagnosis and
management. Pathology. 2003 Jun;35(3):212-6.
24. Pelton RW, Peterson EA, Patel BC, Davis K.

Successful treatment of rhino-orbital mucormycosis
without exenteration: the use of multiple treatment
modalities. Ophthal Plast Reconstr Surg. 2001 Jan;17
(1):62-6.

25. Kasapoglu F, Coskun H, Ozmen OA, Akalin H, Ener B.
Acute invasive fungal rhinosinusitis: evaluation of 26
patients treated with endonasal or open surgical
procedures. Otolaryngol Head Neck Surg. 2010 Nov;143
(5):614-20.

26. Paulgoering P, Berlinger NT, Weisdorf DJ. Aggressive
combined modality treatment of progressive sinonasal
fungal infections in immunocompromised patients. The
American Journal of Medicine. 1988 Nov;85(5):619-23.
27. Goldstein EJC, Spellberg B, Walsh TJ, Kontoyiannis
DP, Edwards J, lbrahim AS. Recent Advances in the
Management of Mucormycosis: From Bench to Bedside.
Clinical Infectious Diseases. 2009 Jun 15;48(12):1743
-1751.

28. Choudhury D, Ahmed Z. Drug-associated renal
dysfunction and injury. Nat Clin Pract Nephrol. 2006 Feb;2
(2):80-91.

29. Eliashar R, Resnick 1B, Goldfarb A, Wohlgelernter J,
Gross M. Endoscopic surgery for sinonasal invasive
aspergillosis in bone marrow transplantation patients.
Laryngoscope. 2007 Jan;117(1):78-81.

30. Jiang RS, Hsu CY. Endoscopic sinus surgery for
rhinocerebral mucormycosis. Am J Rhinol. 1999 Apr;13
(2):105-9.

31. lwen PC, Rupp ME, Hinrichs SH. Invasive Mold
Sinusitis: 17 Cases in Immunocompromised Patients and
Review of the Literature. Clinical Infectious Diseases.
1997 Jun;24(6):1178-84.



32. Trigg ME, Morgan D, Burns TL, Kook H, Rumelhart SL, Holida
MD, et al. Successful program to prevent aspergillus infections in
children undergoing marrow transplantation: use of nasal
amphotericin. Bone Marrow Transplant. 1997 Jan;19(1):43-7.

33. Nithyanandam S, Jacob MS, Battu RR, Thomas RK, Correa MA,
D’Souza O. Rhino-orbitocerebral mucormycosis. A retrospective
analysis of clinical features and treatment outcomes. Indian J
Ophthalmol. 2003 Sep;51(3):231-6.

34. Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA, Sarkisova
TA, Schaufele RL, et al. Epidemiology and Outcome of
Zygomycosis: A Review of 929 Reported Cases. Clinical Infectious
Diseases. 2005 Sep 1,41(5):634-53.

An Initiative of The Tamil Nadu Dr. M.G.R. Medical University
University Journal of Surgery and Surgical Specialities



