
Abstract. – Background and Objectives:
Mucormycoses are a group of invasive infections
caused by filamentous fungi of the Mucoraceae
family, with the rhinocerebral form of the disease
being the most common in large case series. In
the present paper we review the characteristics
of the rhinocerebral form of the disease.

Evidence and Information Sources: The pre-
sent review is based on the analysis of the cur-
rent literature on rhinocerebral mucormycosis.

State of the Art: Rhinocerebral mucormyco-
sis is associated with immunocompromised pa-
tient state, haemochromatosis, desferrioxamine
therapy and prolonged corticosteroid therapy.
Uncontrolled diabetes and increased serum iron
are regarded as the two leading predisposing
factors for the development of the disease. Cur-
rently, treatment for the disease is based on
three main principles; rapid reversal of underly-
ing predisposing factors, antifungal therapy with
amphotericin B and timely surgical intervention.

Perspectives: Antifungal drugs of the azole
group and new iron chelating agents – deferasirox,
deferiprone – have been supported as alternative
options to amphotericin B or as salvage therapy.

Conclusions: Rhinocerebral mucormycosis
requires a high level of awareness if early diag-
nosis and treatment is to be achieved. Large
scale evaluation of arising treatment options is a
mandatory course of action in the future re-
search of the disease.
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Introduction

Mucormycoses are a group of invasive infec-
tions caused by filamentous fungi of the Muco-
raceae family. Throughout the present paper we
will refer to infections caused by Mucorales as
mucormycosis in contrast to the term zygomyco-
sis. The latter is sometimes used in the relative
literature due to the previous classification of the
involved fungi1 and encompasses infections by
both Mucorales and Entomophthorales2. 
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Mucormycosis is an invasive fungal infection
first described by Paulltauf A in 1885. Based on
the clinical presentation and particular site of in-
volvement six manifestations of the disease can
be described: rhinocerebral, pulmonary, cuta-
neous, gastrointestinal, disseminated and local-
ized infections not otherwise belonging in the
previous categories3.

The causative agents of mucormycosis are the
filamentous fungi of the Mucoraceae family of the
order Mucorales, subphylum Mucormycotina1. The
most frequently isolated species is Rhizopus oryzae
followed by Rhizopus microsporus, and Absidia
corymbifera4. The remaining five families of the
Mucorales order have rarely been reported as caus-
es of mucormycosis4, with the exception of the
Cunninghamellaceae family whose members have
been isolated in a number of case reports. The in-
fection is acquired through the aerodigestive tract,
giving rise to various forms of the disease, with no
person to person spread reported5. 

Rhinocerebral mucormycosis is also referred
to as rhino-orbito-cerebral mucormycosis in the
respective literature to denote involvement of the
orbital structures.

In the present paper we review the characteris-
tics of the rhinocerebral form of the disease.
Table I provides a quick overview of rhinocere-
bral mucormycosis.

Epidemiology and Risk Factors

Infections by members of the order Mucorales
are primarily opportunistic infections and repre-
sent the third leading cause of invasive fungal in-
fections following Aspergillus and Candida
species6. 

Comprehensive incidence data, however, are
not available and reports on the incidence of mu-
cormycoses among the general population vary,
with Rees et al7 reporting an annual incidence
rate of 1.7 cases per million people in the United
States and Bitar et al8 reporting an average annu-
al incidence rate of 0.9 per million people in
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majority of rhinocerebral mucormycosis cases al-
though its role is not fully understood3.

Early studies by Chinn et al17 and Artis et al18

have proven that diabetic ketoacidosis impairs
chemotaxy and phagocytic activity of neutrophils
and increases available serum iron respectively.
These findings, however, do not adequately ex-
plain clinical data as neutropenic patients are pre-
disposed to pulmonary mucormycosis and dis-
seminated mucormycosis seems to be more com-
mon in the presence of deferoxamine treatment3. 

Available Serum Ion

Iron is required for the growth of a variety of
microorganisms, with its availability being espe-
cially important in the case of mucormycosis19 as
has been proved by the studies of Boelaert et al20

on Rhizopus oryzae models. In particular Boe-
laert et al have shown a marked growth increase
of Rhizopus oryzae in iron enriched serum. 

Of particular clinical importance are studies
by de Locht et al21 and Boelaert et al22 showing
that deferoxamine treatment for iron overload in
fact induces Rhizopus spp. growth as it is utilized
by the fungi as a siderophore. These results are
further supported by the works of Anand et al on
their animal models of rhinocerebral mucormy-
cosis23.

Disease Spread

The locoregional spread pathway of rhinocere-
bral mucormycosis has not been adequately de-
scribed. Thorough research of the relevant litera-
ture revealed only one study by Hosseini et al.24

Based on their observations in a series of 10 pa-

France. The latter also describes an increase in
incidence by 0.5 per million in the period 1997-
2006, providing further ground to claims of in-
creasing incidence by a number of researchers9,10.

The rhinocerebral form of the disease has been
the most common in large case series11, account-
ing for 30% to 50% of all cases of mucormycosis3

and has been predominantly associated with
poorly controlled diabetes mellitus and diabetic
ketoacidosis12,13. Other risk factors include im-
munocompromised state due to organ transplan-
tation, hematologic malignancies, chronic corti-
costeroid treatment and haemochromatosis14. In-
terestingly though mucormycosis seems to be a
rare occurrence in patients with AIDS15.

Rhinocerebral mucormycosis in patients with-
out the aforementioned predisposing conditions
is regarded as a rare occurence, although it may
not be so uncommon as was previously believed.
A review of the published english-language liter-
ature revealed more than 70 cases in which none
of the known risk factors was present. Further-
more Elinav et al in their respective paper16 re-
port an estimated 9.06% of all mucormycosis pa-
tients had no predisposing conditions.

Pathophysiology

Impaired neutrophil and phagocyte response
and increased available serum iron are the two
underlying conditions in the majority of mu-
cormycosis patients.

Diabetic Ketoacidosis

Diabetic ketoacidosis is uniformly recognized
as the commonest underlying condition in the
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Invasive fungal infection

Cause: Rhizopus oryzae (Mucorales spp)
Patients in risk: Diabetic patients, Neutropenic patients, Patients with hematologic malignancies,

Increased serum iron
Clinical presentation: Initially sinusitis / orbital cellulitis. Characteristic necrotic eschars of hard palate or

nasal cavity
Diagnosis: Diagnosis is clinical. Histopathologic examination of biopsy specimens for confirmation
Treatment: Amphotericin B based treatment with surgical debridement and reversal of 

predisposing conditions.
Prognosis: Localized disease has good prognosis. Extension of disease and especially CNS

involvement worsen prognosis significantly

Table I. Rhinocerebral mucormycosis in a glance.



tients, Hosseini et al regard the pterygopalatine
fossa as a reservoir of the disease through which
it can spread to neighboring structures including
the retroglobal space of the orbit and infratempo-
ral fossa.

On the contrary angioinvasion by the fungi has
been studied to a greater extent25 and is consid-
ered central to its ability to cause tissue necrosis
and dissemination3. Of special interest are find-
ings by Ibrahim et al indicative of possible en-
dothelial cell damage even by dead Rhizopus
oryzae, although the mechanism remains un-
known25.

Clinical Presentation

Rhinocerebral mucormycosis most commonly
presents in an acute setting, reminiscent of sinusi-
tis or periorbital cellulitis3. Facial pain and unilat-
eral facial swelling are also important parts of the
clinical picture of the patient with variable grade
fever being present although not in all cases26.

The only disease specific finding described in
the relative literature is blackened necrotic es-
chars of the nasal mucosa or palate. However, in
large case series it has been noted in less than
half of the patients27. Furthermore, it should be
noted that initial appearance of the inflamed
nasal mucosa may be normal28. An erythematous
phase develops at a later stage and the formation
of necrotic eschars rather represents local disease
progression with blood vessel thrombosis and tis-
sue infarction14. Moreover, ulceration of the hard
palate should be interpreted as a sign of disease
extension from the sinus rather than expected as
an early sign of the disease3.

The clinical picture may further progress to
include unilateral opthalmoplegia representing
involvement of the orbital contents either by in-
fection or vascular compromise2. Contralateral
ophtalmoplegia suggests cavernous sinus throm-
bosis3, although bilateral rhinocerebral mu-
cormycosis albeit rare29 should be considered. 

Progression of the infection to central nervous
system is heralded by development of confusion
and disorientation2, with bloody nasal discharge
also reported as a potentially early sign of dis-
ease extension to the brain3. Central nervous sys-
tem damage may also result from cavernous si-
nus thrombosis and internal carotid artery en-
casement leading to cerebral infractions30 and
hematogenous dissemination of the disease to
other organ sites31.

Contrary to the aforementioned clinical pre-
sentation, the few cases of chronic rhinocerebral
mucormycosis that have been described32 most
commonly present with ophthalmologic com-
plaints and a clinical course varying from weeks
to months. Furthermore, internal carotid artery
and cavernous sinus thrombosis seem to be more
common in this group of patients32.

Diagnosis

Early diagnosis of rhinocerebral mucormycosis
is considered a step of grave importance for the
appropriate management of the patient3. Symp-
toms compatible with mucormycosis in a predis-
posed patient call for prompt initiation of treat-
ment33 while appropriate steps are taken towards
confirmation of diagnosis, a course of action
unanimously supported in the relevant literature3.

Histopathological examination of surgical spec-
imens can confirm the clinical diagnosis with the
appearance of right-branching aseptate hyphae,
which are considered typical of mucor species,
along with evidence of angioinvasion and tissue
necrosis34. Fungal cultures can provide further
confirmation. However, a large number of false
negative results have been reported compared to
direct histopathological examination35. Speciation
and susceptibility tests can also be ordered, al-
though this information is more of scientific and
epidemiologic interest with no clinical implica-
tions as the treatment plan is uniform in all cases2.

Other laboratory diagnostic modalities include
molecular detection of zygomycetes which has
been available for some time now36. However, the
results so far have been less than promising36.
Cerebrospinal fluid analysis has also been report-
ed as helpful in the diagnosis in few reports37,
however isolation of the fungi from blood cul-
tures and cerebrospinal fluid should not be con-
sidered the norm3. 

Imaging methods are of little help during the
early stages of rhinocerebral mucormycosis with
thickening of the sinus mucosa or extraocular
muscles being described as an early sign sugges-
tive of the disease3.

CT scans can be used to evaluate the progres-
sion of disease2 although correlation with the
clinical findings may not always be accurate26.
MRI scans may be more accurate in evaluating
the extent of disease due to fungal invasion of
soft tissues2. Both CT and MRI scans, however,
should be frequently obtained due to the rapidity
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of disease progression and are indispensible for
appropriate planning of surgical interventions38.

Treatment

Treatment for rhinocerebral mucormycosis is
based on three main principles: reversal of under-
lying predisposing conditions, prompt initiation
of antifungal therapy and surgical intervention
when appropriate3.

The Role of Surgery
Surgical intervention has been associated in

large series with favorable outcome13,39. Howev-
er, no formal guidelines have been formulated as
to the timing and extent of appropriate surgical
management40. 

Reed et al41 advocate an “aggressive-conserva-
tive” approach with frozen section guided surgical
exploration, sparing uninvolved orbital structures
while Nithyanandam et al13 support a more ag-
gressive approach with early excision of infected
structures. Although orbital exenteration has been
reported as helpful even in the context of intracra-
nial spread2, the topic of orbital exenteration has
not been adequately studied41 thereby necessitat-
ing individualization of surgical intervention.

Irrigation of the surgical site with ampho-
tericin B solution has also been proposed based
on the vaso-occlusive nature of the infection
which leads to reduced delivery of antibiotics to
infected areas27. 

Antifungal Therapy
Although amphotericin B deoxycholate (AMP)

remains the only licensed antifungal agent for mu-
cormycosis, lipid formulations of amphotericin B
are considered a safe and efficient alternative40.
Liposomal amphotericin B (LAMP) in particular
has been proved superior to AMP in a retrospec-
tive study9, while amphotericin B lipid complex
(ABLC) has been reported to be effective as part
of a combination treatment with caspofungin41.

Members of the azoles drug group have also
been used in the treatment of mucormycosis in-
fections with varying results. Itraconazole has
known in vitro activity against the Mucorales or-
der, however in vivo its effectiveness is limited to
the Absidia species thus limiting its clinical
use40. On the contrary the clinical role of
posaconazole as primary treatment has been sup-
ported by a number of researchers42 despite
mixed laboratory evidence of its effectiveness40

and is generally regarded as salvage therapy for
mucormycosis43.

Iron Chelation Therapy
Deferasirox and deferiprone are new iron

chelators, which in contrast to deferoxamine can-
not be utilized by the fungi as siderophores19.
According to the research of Ibrahim et al both
deferasirox and deferiprone have been proved to
be effective agents against mucormycosis in ani-
mal models. Furthermore deferasirox has also
been used successfully as salvage therapy in a
case of rhinocerebral mucormycosis44 opening up
new areas of clinical research.

Adjunctive Therapies
Case reports support the role of granulocyte

stimulating factor45 and hyperbaric oxygen46 in
treating patients with mucormycosis although
further research is required to determine their
place in a comprehensive treatment plan.

Treatment Strategy
Reversal of underlying predisposing condi-

tions is of paramount importance. Euglycemia
should be restored rapidly and any immunosup-
pressive conditions reversed if possible40. The
surgical approach should be based on the clinical
state of the patient with timely interventions for
appropriate debridement of infected areas41.

Absence of supportive clinical evidence on
the effectiveness of various combination treat-
ments47, elevates polyene based therapy as the
main course of action. Recommended starting
doses for the lipid formulation of amphotericin
are 5-7.5 mg/kg/day with higher dosages (up to
10 mg/kg/day) recommended for CNS involve-
ment40. Iron chelation therapy and posaconazole
should be considered in cases of refractory in-
fection or polyene intolerance40.

Regarding the duration of treatment, Spellberg
et al40 specify the resolution of immunosuppres-
sion, radiographical signs and clinical sympto-
matology as the objectives of treatment.

Prognosis
Cases of localized sinonasal rhinocerebral mu-

cormycosis have been reported to have low mor-
tality rate (10%)13. Progression of the disease is
associated with worse prognosis, with CNS in-
volvement considered fatal48. 

The overall prognosis however has improved
considerably over the past fifty years49, with re-
ported mortality rates of about 40%3,50. 
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In conclusion, rhinocerebral mucormycosis re-
mains still a poorly understood disease with high
mortality rate. Presently, the triad of clinician’s
awareness, prompt initiation of treatment and
timely surgical intervention represent the mondus
operandi against the disease.

Continued research into the pathology of the
disease and large scale evaluation of arising treat-
ment options are mandatory future directions in
the area of rhinocerebral mucormycosis. 
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