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INTRODUCTION
Although fungal rhinosinusitis is a rare
disorder but number of cases on record has increased
manifold during the last decades worldwide.1,2 There
are two basic types of fungal rhinosinusitis- invasive
and non-invasive. The invasive form may be of acute
invasive and chronic invasive. The non-invasive
fungal rhinosinusitis can be of three types- fungus
balls or mycetomas, saprophytic colonization and
allergic fungal rhinosinusitis.3,4 Invasive fungal
sinusitis (IFS) is one of the important cause of
morbidity and mortality in immunocompromised
patients.5,6 Invasive fungal sinusitis (IFS) is
commonly seen in uncontrolled diabetics,
debilitated, chronic renal failure, haematological
dyscrasias, immunocompromised patients such as
those receiving high doses of chemotherapy for
malignancy, using long term immuno-suppressive
drug after organ transplantation and those suffering
from immuno-suppressive diseases such as AIDS.7,13
Invasive fungal sinusitis is caused by predominantly
two classes of fungi Mucor and Aspergillus. The
literature has only 12 reported cases of mucormycosis
for all organs in AIDS patients.14,15,16
The yeast such as Candida albicans may
cause this disease, and Aspergillus flavus and
Aspergillus fumigatus being most widely isolated
molds. IFS caused by Zygomyces like Rhizomucor,
Rhizopus and Mucor, has also been observed. 8-10, 12,
13, 17-20
Moreover, IFS can be characterized by a rapid
vascular spread from the nasal and sinus mucosa into
the orbit, skull base and brain. In comparison to the
non-invasive type which usually has a good
prognosis, IFS is considered to be a potentially lethal
condition.19 In India, initially the disease was
prevalent only in north India21-24 but now reported
from other parts of the country as well.25-27 Though
species of Aspergillus is isolated from majority of
such cases, Dematiaceous hyphomycetes, Pseudallescheria boydii, Candida species, Fusarium species are
also reported from some cases.22,28 Chronic indolent

invasive sinusitis is more slowly destructive, usually
occurring in more immunologically normal patients.26
Mucormycosis refers to a spectrum of
diseases caused by order of mucorales, disease was
first described by Meyer 1815. In humans the most
common causative agent being of the rhizopus
species. Mucorales are predominantly found on
decaying organic material and also act as
opportunistic
pathogens
causing
an
acute
angioinvasive infection seen primarily in the
immunocompromised.29 Baker introduced the term
''rhinocerebral mucormycosis'' as a malignant form of
cephalic mucormycosis with a high mortality rate.
Mucormycosis is an infrequent disease with an
annual incidence of 0.4–1.7 cases/ 1,000,000
population and worldwide distribution.30.
Pathophysiology:
Various literature have shown a seasonal
variation in concentration of airborne fungal spores in
outdoor and indoor air during the summer period.
Several authors31-39 have found a positive correlation
between average temperatures and airborne spore
concentration. Epidemiological studies37,40 confirmed
an increased seasonal rate of occurrence of IFS
during the summer caused by the Mucor species.
Finally, a relationship between environmental fungal
concentration and incidence of invasive fungal
infections in hematologic patients has been noted.41–43
Function of nose consists of humidifying
and warming the air during inspiration and also in
filtering the larger particles, such as airborne fungal
spores.44 Some anatomical abnormalities, such as
anterior septum deviation, could create or increase an
airflow turbulence facilitating fungal spore
deposition.46,47 Nasal obstruction may leads to
impaired ventilation with consequent inflammation
and alteration of mucociliary clearance.44, 45
Invasive aspergillosis with intra-orbital and
intra-cranial spread usually is fatal and necessitates
prompt diagnosis and treatment.48 It usually involves
the species Aspergillus fumigatus and Aspergillus
flavus. The maxillary sinus is the most common sinus
to be affected. Invasive cranio-orbital aspergillosis
originating in the sphenoid sinus is rare and
associated with poor outcomes.49 Invasive
aspergillosis originating from the paranasal sinuses
can cause an intra-cranial growth mainly along the
skull base and larger vessels.50 Orbital invasion
readily occurs due to breach of thin bony partition of
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lamina papyracea leading to proptosis and gradual
loss of vision.
Paultauf in 1885 reported a case of
mucormycosis with cerebral involvement.51 The main
route of fungal infection is inhalation. However, there
may be traumatic transmission in polytraumatized
patients mainly with the Apophysomyces elegans.
There are no reports of person-to-person
transmission.52, 53
Several clinical forms are described such as
rhino-orbito-cerebral, pulmonary, disseminated,
cutaneous and gastrointestinal54,55. Rhino-orbitocerebral is the most common form in diabetic
patients.56 Initially majority of patients complaint
about the typical symptoms of acute bacterial
rhinosinusitis but they deteriorate rapidly and do not
respond to conventional treatment. Such patients are
usually associated with diabetic ketoacidosis (DKA).
Acidosis inhibits iron binding of transferrin, resulting
in an increased proportion of unbound iron, which
may promote the growth of the fungus or it may also
be due to decreased neutrophil chemotaxis and
phagocytosis.56,57 Jung et al, in their case series,
reported 100% mortality with DKA, hence proving to
be the single most important detrimental factor. 58
Rhino-orbito-cerebral mucormycosis (ROCM)
is an aggressive form of disease causing a very high
residual morbidity and mortality due to the
angioinvasive property of the fungus. After infection
of nose and paranasl sinuses , organism causing
blood vessel invasion and leading to vascular
thrombosis with ischemic infarction and, haemorrhage necrosis and causing local destruction of the
affected organs. In addition, the resulting hypoxic
environment promotes fungal proliferation.57 The
disease in the nasal or sinus mucosa takes a rapidly
progressive course extending to neighbouring tissues,
including the orbit and sometimes to the brain.
A comprehensive review of patients with
mucormycosis showed that dissemination developed
in 23% of cases and was associated with 96%
mortality.59 Thus, early recognition of this disease
along with aggressive management and appropriate
antifungal treatment is critical for optimal
outcomes.60,61 Zygomycosis commonly presents as
either acute invasive or chronic invasive form. Cases
reported as fungus balls, saprophytic colonization and
allergic fungal sinusitis associated with zygomycosis
are quite rare.62 The probable reason for the high
incidence (61%) of zygomycosis from june to
september can be the high degree of humidity with an
optimal temperature range of 28-30°C during these
months in tropical areas, which is well suited for the
growth of mucorales. The extent of involvement by
zygomycosis determines the prognosis of the disease
significantly. As the fungal load in the tissue
increases, the survival rate decreases. The cases
where the patients had florid granulomatous

inflammation had a better prognosis. Castillo et al 63
have found that multinucleate giant cell granulomas
may be correlated with the disease with better
prognosis. Microscopically, all the cases of
zygomycosis show varying amounts of necrosis and
the necrotic tissue must be well sampled to identify
the fungal elements. Also, as the degree of
angioinvasion increases, the survival decreases.64 The
prognosis of patients with chronic rhino-orbitocerebral zygomycosis is significantly better than that
of acute rhino-orbito-cerebral zygomycosis. The
extent of involvement by zygomycosis also
determines the prognosis significantly. Using the
above variables, the histopathologists can help the
clinician in assessing the prognosis at the time of
tissue diagnosis and considering the risk/benefit ratio,
the clinicians can optimize the treatment accordingly.
In ROCM, the organisms spread by direct
extension along the injured vessels. Infection
typically originates in the nasal or oral mucosa,
spreads to the paranasal sinuses, and enters the orbit
via the ethmoid and maxillary sinuses or via the
nasolacrimal duct.67 Intracerebral extension may
occur from the orbit via orbital apex, orbital vessels,
or via cribriform plate.67 Diabetes predisposes to this
infection, as is seen in the majority of instances of
ROCM (60%–81%) in different series.31, 65, 66, 68
Factors associated with poor survival in
ROCM include (i) delay in diagnosis and treatment,
(ii) hemiparesis, (iii) bilateral sinus involvement and
(iv) facial necrosis.31 Yohai et al reported survival of
63% of patients with a lag time from 7 to 12 days and
44% in those with a lag time of 13 to 30 days.31
Clinical presentation:
It is believed that in most cases, the fungi
enter the body by inhalation of aerosolized spores (3–
11 mm) through the sinuses with infiltration and
spread along neurovascular structures. The infection
can progress rapidly and erode through the bony
walls of the sinuses into the orbit, retro-orbital area,
skull base and extending into the brain. Thrombosis
of the cavernous sinus, carotid arteries and jugular
vein indicate a very poor prognosis. In patients with
intracranial involvement, fatality rates can excess
80% with death occurring in less than 2 weeks from
initial onset if mucormycosis cannot be successfully
treated. Mucormycosis has various clinical
presentations and may appear in pulmonary,
cutaneous, disseminated, gastrointestinal and rhinoorbito-cerebral forms, but the latter is the most
common one.69The term rhino-orbito-cerebral
zygomycosis (ROCM) refers to the entire spectrum
of the disease, which usually starts in the sinonasal
tissue (limited sinonasal disease), progresses to the
orbits (limited rhinoorbital disease) and finally affects
central nervous system (rhinocerebral disease).65,70
Black eschar and necrotic debris in the nasal cavity
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are the usual endoscopic findings69 but its absence
does not rule out the disease. The mucormycosis is a
more fatal acute fungal infection for mankind, with
mortality rate from 15 to 34%.71
The rhino-orbito-cerebral form is clinically
confirmed with low fever, unilateral or bilateral
rhinorrhea, unilateral facial pain, change in the visual
accuracy and in the ocular movements. Through nasal
cavity or paranasal sinuses, the mucormycosis may
spread to the orbit through the nasolacrimal duct,
natural dehiscences in the lamina papyracea or
through arteries and veins in the orbital wall. The
orbital involvement may produce chemosis and
proptosis.70When there is orbital involvement, the
complaints are of blepharoptosis, diplopia and visual
impairment. On physical examination, there may
appear unilateral or bilateral rhinorrhea, proptosis,
chemosis, periorbitary cellulitis, alteration of the
intrinsic and extrinsic ocular movements and
amaurosis. The nasal endoscope may show necrotic
lesions in the nasal mucosa.69The infection may get
disseminated to the central nervous system (CNS)
through the orbital apex, the cribriform plate or
through thrombosis of arteries that irrigate the central
nervous system. The CNS involvement is
characterized by a change in the conscious level,
convulsions and/or hemiplegia with a worse
prognosis.70A potential intracranial complication of
mucormycosis is the cavernous sinus thrombosis
(CST). Complete cavernous sinous thrombosis occurs
after carotid artery occlusion. Once this condition
reaches cerebral ischemia and death ensue. The first
description of this affection was made by Duncan in
1821.72 The initial complaints of the cavernous sinus
thrombosis are of retro-orbital pain, periorbital
edema, chemosis, proptosis, palpebral ptosis and
diplopia. Such symptoms are not specific and may be
present in other affections as in the orbital cellulitis.
However, the presence of sepsis, paralysis of cranial
nerves and bilateral ocular involvement are important
signs for the CST. The CST diagnosis is made with
the help of clinical signs and computerized
tomography and/or the nuclear magnetic resonance
(NMR), and the latter is more sensitive to the
diagnosis. This examination may reveal direct signs
of CST such as changes in the signal intensity, the
size and contour of the cavernous sinus and indirect
signs like the thickening and enhancement of the
contrast on the lateral wall of the cavernous sinus.73
The CST occurs mostly due to the infections of the
paranasal sinuses, mainly the ethmoid and the
sphenoid. 74 The agent that most commonly causes
the CST is the staphylococcus aureus, but this
affection may also be caused by other bacteria or
fungi.72 Thus to prevent CST, the diagnosis must be
early with aggressive therapy.

Laboratory diagnosis:
Immediate diagnosis and treatment are
essential. Diagnosis of aspergillosis is reached by
histopathology, fungal mount and culture, which
allows species identification.75 Histopathology shows
acute angled branching septate fungal hyphae with
tissue invasion. A. fumigatus is the most common
organism in immunocompetent patients. 75 Fungal
cultures are essential to know the sensitivity of
various anti-fungal agents for various species. Newer
diagnostic
markers,
including
Aspergillus
galactomanan (GM) and β-glucan, are also available
nowadays along with polymerase chain reaction
(PCR) based assay in high risk patients having
neutropenia or bone marrow transplant recepients.
The diagnosis of mucormycosis can be made
by direct microscopy, histopathological examination
or by culture on sabaroud’s agar. Cultures are often
negative and positive results alone are not sufficient
to diagnose zygomyces as these fungi can be grown
from specimens taken from uninfected mucosal and
skin surfaces. Demonstration of tissue invasion on
histopathology is mandatory for diagnosis.65, 76
Infected tissue biopsy can reveal the distinctive
hyphae characteristics like broad, ribbon-like,
irregularly shaped aseptate, and in many cases, with
non-dichotomous
and
right-angle
branching,
pathognomonic for zygomyces. The diagnostic
confirmation, even if there is a negative imaging
study, is the histopathological report, which
demonstrates angioinvasion by the irregular broad
aseptate hyphae that branch at right angles.77
Radiological diagnosis:
Computed tomography (CT) and MRI
usually show extensive sino-orbital and skull base
lesions.78 Only small series of patients with
zygomyces have been described. The gold standard
imaging method is contrast-enhanced computed
tomography (CECT) which shows opacification of
sinuses, edema of the mucosa, bone destruction, soft
tissue swelling and swelling of extraocular muscles.79
Initial CT imaging is generally not impressive and
shows nonspecific, sinus mucoperiostal thickening or
fluid collection. Perisinusal soft tissue infiltration
may be an early CT finding in patients with
rhinocerebral mucormycosis.80 CT scan is able to
demonstrate the extent of disease in paranasal
sinuses, orbit and intracranially accurately. Patients
with cerebral aspergillosis have multiple lesions, an
irregular ring of contrast enhancement, and
hypointensity of the ring on T2- weighted MR
images. Abnormal enhancement of the optic nerve
and sheath with infiltrating enhancing soft tissue
within the intra-orbital fat is seen in intraorbital
lesions.80 Clinicians should not forget that bone
destruction can be a late finding and patients with
early rhino-orbito-cerebral mucormycosis may have
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normal CT and MRI picture. Also, surgical
exploration with biopsy of the areas should always be
performed to confirm invasive mycosis in high-risk
patients.81

of Amphotericin B with Posaconazole. Posaconazole
has been suggested for secondary prophylaxis in
patients at high risk of relapse. But the utility of
Posaconazole is limited by the need for a high fat diet
and side effects like hepatotoxicity. Local irrigation
with antifungal agents has been advocated by some
authors.
Amphotericin B has a broad spectrum of
activity against Candida spp., Aspergillus spp.,
Cryptococcus spp., Fusarium spp., Mucorales, and
endemic fungi. 90, 91 Triazoles are the only fungicidal
drugs against Aspergillus spp., and echinocandins
against Candida.91 In contrast to other triazoles,
posaconazole has activity against Zygomycetes
including Mucor spp., Rhizopus spp., and
Cunninghamella spp. The lipid complex and
liposomal form of amphotericin are alternative drugs
used in cases with impaired renal function.
The value of hyperbaric oxygen therapy
(HBOT) has been related to direct antifungal activity
mediated through increased oxygen-based free
radicals, reversal of fungal growth promoting lactic
acidosis, restoration of phagocytosis and oxidative
burst of polymorphonuclear leukocytes, and
enhanced healing.89
An alternative treatment option that has been
used in cases where disease has spread intracranially
despite surgical and medical management has been
iron-chelating agents like Deferasirox. The use of
iron chelators as a salvage agent has been an area of
controversy as studies, which used iron chelators to
treat iron and aluminium overload in renal dialysis
patients reported an increase rate of mucormycosis
and therefore cited iron chelators as a risk factor for
angioinvasive mucormycosis.89 The rise in risk of
developing mucormycosis appears to be specific to
the use of Deferoxamine, which acts as an iron
siderophore for mucorales. Iron is required by
virtually all microbial pathogens for growth.
Deferoxamine enables the supply of previously
unavailable iron to the fungi enhancing virulence.89
In contrast, other iron chelators like Deferiprone and
Deferasirox do not supply iron to the fungus and
were shown to be fungicidal in-vitro.
Reversal of predisposing conditions is also
strongly recommended, like using granulocyte
colony-stimulating factor in hematological patients
with ongoing neutropenia, controlling hyperglycemia
and ketoacidosis in diabetic patients, and limiting
glucocorticosteroids to the minimum dose required.
Thus,
treatment
of
rhinocerebral
mucormycosis requires a multifaceted approach
which includes antifungal agents, surgical
debridement including exenteration of involved orbits
and correction of the underlying disease which
predisposes the individual to infection. 85, 86 However,
long-term complications like loss of oral and visual
function, disfigurement, diminished quality of life

Differential diagnosis:
The differential diagnosis of invasive fungal
sinusitis includes benign and malignant neoplasms,
syphilis, tuberculosis, sarcoidosis, wegner’s granulomatosis, lymphoma, mucopyocele, allergic fungal
sinusitis and rhinoscleroma. 82
Follow-up:
Regular
post-operative
follow-up
is
recommended in all the cases. Contrast CT scan and
nasal endoscopy is recommended to look for
recurrent disease every 3–4 months. Early diagnosis
of recurrent disease requires prolonged systemic
antifungal chemotherapy.82
Treatment:
Therapy guidelines have been recently
published.83 The disease requires extensive and
urgent surgical debridement and immediate first-line
antifungal treatment with liposomal or lipid- complex
Amphotericin B with a minimum dose of 5mg/kg/day
for a protracted period of 4–6 weeks. In-vitro and invivo evidence support rapid institution of liposomal
Amphotericin B as the main efficacious pharmacotherapeutic intervention.84 Impaired delivery of the
antifungal drugs to the site of infection because of
vascular thrombosis and limited aggressive surgery
because of the complex anatomy of the rhino-orbital
region cautions for early diagnosis and aggressive
management in such patients. Radical surgical
debridement is also required as pharmacological
agents are only fungostatic. Washburn has noted that
invasive fungal sinusitis frequently recurs despite
surgical debridement and recommended a prolonged
course of Amphotericin B exceeding 2 g for adults
after surgery.85, 86 If persistent or recurrent disease
develops, itraconazole 200–400 mg per day may be
added.87 Radical procedures like orbital exenteration
must be considered in all cases.87 Dhiwakar et al88 reported that orbital exenteration appears to be justified
for posterior orbital (retrobulbar, apical) diseases
regardless of the functional status of the eye, but is
not appropriate for anterior orbital (inferomedial)
diseases.
Although not currently used as first line
treatment, the concurrent use of Posaconazole, a
triazole antifungal drug has been shown to be
effective against mucormycosis and use has been
increasingly reported when Amphotericin B has had
to be discontinued due to adverse side effects.89 The
European
guidelines
strongly
recommend
Posaconazole for salvage therapy and support with
moderate strength combination of lipid formulations
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and psychosocial consequences together with their
impact on survival, force us to continue to redefine
management strategies for mucormycosis. Another
potential endpoint for clinical studies that needs to be
spotlighted is the duration and dosage of antifungal
therapy using single-drug or combination strategies.

therapy unit, salvage therapy with Posaconazole
along with reversal of predisposing factors is the best
treatment for invasive mycosis followed worldwide.
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