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Abstract To study the clinical presentation and manage-

ment outcomes in a series of patients with invasive rhino-

orbital-cerebral mucormycosis presenting to a tertiary care

center in central India. Medical records of eleven consec-

utive cases of invasive rhino-orbital–cerebral mucormy-

cosis were reviewed. All clinically diagnosed cases,

confirmed on microbiological examination were included.

Their demographic data, clinical manifestations, underly-

ing systemic conditions, microbiological and radiological

reports, medical treatments, and surgical interventions

were recorded and analyzed. There were nine male and two

female patients with mean age of 46.8 years. Uncontrolled

diabetes mellitus was noted in all patients. One patient had

history of renal transplantation. The common presenting

features were-ophthalmoplegia (73%), diminution of

vision, (64%) proptosis (36%) and periorbital swelling

(27%). CT scan/MRI revealed sino-orbital involvement in

eight cases and rhino-orbital-cerebral involvement in three

cases. Ethmoid sinus (100%) was the commonest paranasal

sinus involved. KOH preparation and histopathology

revealed broad aseptate filamentous fungi branching at

right angles with tissue invasion. Culture on sabouraud’s

dextrose agar showed growth of mucor species. All patients

received intravenous amphotericin B and had undergone

radical debridement of involved sinuses. The mean dura-

tion of follow up was 13 months. All survived except three,

who developed cerebral mucormycosis. Rhino—orbital-

cerebral mucormycosis is a fetal fungal infection requiring

multidisciplinary approach. Uncontrolled diabetes mellitus

is the main predisposing factor. Early diagnosis, reversal of

predisposing co-morbidities, aggressive medical and sur-

gical management are vital in managing this highly

aggressive disease.

Keywords Diabetes mellitus � Mucormycosis �
Orbital cellulitis � Orbital apex syndrome �
Ophthalmoplegia

Introduction

Mucormycosis is an acute, fulminating, often fetal fungal

infection caused by fungi of the family Mucoraceae and is

frequently seen in diabetic and immunocompromized

patients [1, 2]. The fungal hyphae of mucoraceae family

are angioinvasive, invades blood vessels, causes necrotiz-

ing vacuities and thrombosis resulting in extensive tissue

infarcts and necrosis [3]. The disease usually starts in the

nose and sinuses after inhalation of fungal spores. It pro-

liferates and spreads to the paranasal sinuses (sino-nasal

mucormycosis) and then to the orbit by direct extension or

through hematogenous rout (sino-orbital mucormycosis). It

can also spreads to the brain (sino-orbital–cerebral
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mucormycosis) which the commonest manifestation of

mucormycosis [4–7]. Poorly controlled diabetes, especially

with ketoacidosis and immunosuppression are the most

important risk factors [4, 7–9]. Although the primary site of

inoculation of fungus is nose and paranasal sinuses, the

patients can initially present to the ophthalmologist with

ocular signs and symptoms [5]. Therefore ophthalmologists

should be familiar with the clinical spectrum of disease, as

early diagnosis and aggressive management are crucial

elements in the management of this invasive sino-orbital

fungal infection [10].

Systemic Amphotericin B with surgical debridement of

sinuses, orbital exenteration and control of systemic con-

dition remains the main stay of treatment [11, 12]. How-

ever; there are reports of success with limited or no surgical

intervention in the orbit [3, 13–15].

In this study we evaluated the clinical characteristics

and treatment outcome of a series of 11 cases of invasive

sino-orbital mucormycosis with diabetes mellitus.

Materials and Methods

Eleven microbiologically confirmed cases of invasive

rhino-orbital-cerebral mucormycosis presenting between

October 2012 and September 2016 were retrospectively

reviewed from medical records. There clinical presenta-

tion, laboratory investigations and treatment outcomes

were analyzed. Comprehensive workup at presentation

included detailed history, comprehensive ocular examina-

tion, otorhinolaryngological and neurological examinations

to assess the extent and severity of the disease.

Table 1 Clinical presentation and treatment outcome of patients with rhino-orbital-cerebral mucormycosis

S.

No.

Age/gender Presenting symptoms/signs Orbit/CNS involvement Paranasal sinuses

involved

Treatment given Outcome

1. 65/M DOV ophthalmoplegia Orbital apex syndrome, optic

atrophy

Ethmoid and

sphenoid

Sx debridement of

sinuses ? systemic

antifungal

Success

2. 38/F ophthalmoplegia Orbital apex syndrome Ethmoid sinusitis Sx debridement of

sinus ? systemic

antifungal

Success

3. 16/M Proptosis with

ophthalmoplegia

Orbital apex syndrome Ethmoid and

maxillary

Sx debridement of

sinus ? systemic

antifungal

Success

4. 60 M DOV,ophthalmoplegia,

periorbital swelling

Orbital apex syndrome,optic

atrophy

Ethmoid and

maxillary

Sx debridement of

sinuses ? systemic

antifungal

Success

5. 36/F DOV, proptosis, globe

displacement

Orbital cellulitis Frontal, Ethmoid,

maxillary

Sx debridement of

sinus ? systemic

antifungal

Success

6. 48/M DOV, ophthalmoplegia Orbital apex syndrome Ethmoid and

maxillary

Sx debridement of

sinus ? systemic

antifungal

Success

7. 52/M DOV, proptosis,

ophthalmoplegia

Orbital cellulitis with cerebral

infarcts

Ethmoid and

Maxillary

Sx debridement of

sinus ? systemic

antifungal

Failure

8. 15/M Periorbital swelling Orbital cellulitis Ethmoid Sx debridement of

sinus ? systemic

antifungal

Success

9. 62/M DOV, ophthalmoplegia

proptosis. Palatal perforation

Orbital apex syndrome CRAO,

cerebral infarcts

Ethmoid,

maxillary and

sphenoid

Sx debridement of

sinuses ? systemic

antifungal

Failure

10 65/M Periorbital swelling Orbital cellulitis Ethamoid Sx debridement of

sinuses ? systemic

antifungal

Success

11 58/M DOV, ophthalmoplegia Orbital apex syndrome, CRA

O,cerebral involvement

Ethmoid and

sphenoid

Sx debridement of

sinuses ? systemic

antifungal

Failure

CRAO central retinal artery occlusion, DOV diminution of vision, Sx surgical
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Initial investigations included complete blood counts,

blood sugar and serum creatinine. Diagnosis of

mucormycosis was made on the basis of demonstration of

broad aseptate hyphae with right angled branching on KOH

preparation of specimens obtained from the nasal cavity

and/or paranasal sinuses and culture reports. CT scan and/

or MRI of paranasal sinuses, orbit and brain were obtained

to assess the extent and severity of disease.

All patients received intravenous amphotericin B as

soon as a diagnosis of mucormycosis was confirmed; it was

given in dose of 1.0 mg/kg/day, dose was increased till a

total dose of 2.5 to 3 g. Maximum duration of therapy was

6 weeks. Renal functions were monitored during therapy.

Diabetes was controlled with insulin therapy.

Transnasal endoscopic radical debridement of involved

sinuses was done in all patients and specimen obtained was

sent for histopathology and culture.

The outcome for treatment was evaluated in terms of

treatment success and treatment failure. Treatment success

was defined as controlled metabolic status, stable and

disease free patient. Treatment failure was defined as

worsening of general condition and mortality due to

intracranial spread of the infection.

Results

There were nine male and two female patients, with mean

age of 46.8 years (range 15–65 years). Nine patients had

type II diabetes and two had type I diabetes. The duration

of diabetes ranged from 11 months to 7 years (mean

3.7 years). The lag time between onset of symptoms and

presentation ranged from 2 days to 11 days (mean-

4.7 days). The common presenting symptoms and signs

were-Ophthalmoplegia (73%), diminution of vision, (64%)

proptosis (36%) and periorbital swelling (27%). Two

patients developed partial optic atrophy and two had cen-

tral retinal artery occlusion. Palatal perforation was seen in

one patient (Table 1).

Uncontrolled diabetes was the commonest underlying

disease in all patients; one was on immunosuppressive

therapy for renal transplantation. KOH wet mount prepa-

ration demonstrated broad aseptate fungal hyphae with

right angled branching (Fig. 1). Culture on sabouraud’s

dextrose agar was positive for rhizopus in all cases. Lacto

phenol cotton blue mount revealed broad, aseptate hyphae

with rhizoids and sporangia (Figs. 2, 3, 4).

Fig. 1 a Photograph of patient with left eye proptosis and ophthal-

moplegia. b KOH mount showing broad aseptate fungal hyphae with

right angled branching. c CT Scan coronal image showing opacifi-

cation of ethmoid and maxillary sinus on left side. d CT axial image

showing proptosis left eye with orbital fat stranding and opacification

of ethmoid sinus. There is evidence of ill defined soft tissue density at

the orbital apex with bulky left cavernous sinus
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CT scan/MRI, revealed signs of paranasal sinusitis with

spread to orbital. The ethmoid (100%) and maxillary

sinuses (55%) were most commonly involved followed by

sphenoid (36%). One patient had frontal, ethmoid and

maxillary sinusitis with osteomyelitis and discharging sinus

along inferior orbital margin (Fig. 3a, b). Diffuse

enhancement at orbital apex was seen in seven patients

presenting with orbital apex syndrome (Figs. 1, 2).

Out of eleven, eight patients responded to systemic

amphotericin B and sinus surgery. Vision did not improve

in patients with central retinal artery occlusion and optic

atrophy.

Three patients presented very late (8th, 11th and 13th

day), had high blood sugar levels, developed ketoacidosis

during treatment. One patient was on immunosuppressive

therapy as well, for renal transplantation. These patients

developed cerebral infarcts, and could not be saved.

The hospital stay of patients ranged from 12 to 47 days

with average of 28.5 days. The mean duration of follow up

was 13 months (range 6 months to 2 years).

Discussion

Mucormycosis is considered as an emergency owing to the

rapidly aggressive and invasive nature of the fungus [16].

In India, the prevalence of mucormycosis is approximately

0.14 cases/1000 population [9]. It can present in various

forms depending on the immunological status of the host.

Rhino-orbital-cerebral mucormycosis (ROCM) is the most

frequent (51.9%) presentation [7].

The infection begins with inhalation of the spores into

the oral and nasal cavity. In persons with an intact immune

system infection rarely develops because the fungal spores

are phagocytized by macrophages. However, in individuals

with uncontrolled diabetes mellitus and in immunocom-

promized patients with severe neutropenia, infection

develops as their immune system is weak [17]. From here

infection spreads to the paranasal sinuses and to orbit via

ethamoid and maxillary sinuses or through nasolacrimal

duct resulting in orbital cellutiltis [18]. The infection may

extend posteriorly to the orbital apex, leading to orbital

Fig. 2 a, b Photograph of patient with right eye total ophthalmople-

gia with subconjunctival hemorrhage and ecchymosis. c Axial MRI

T2W image showing signs of ethmoid and sphenoid sinusitis with

involvement of orbital apex. d Lactophenol cotton blue mount with

rhizoids and sporangia
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apex syndrome. The fungus may gain access to the cav-

ernous sinus and to the brain parenchyma through cribri-

form plate, orbital apex or orbital vessels [18, 19].

In a review of 175 patients of sino–orbital mucormy-

cosis, males were more commonly affected (68.5%) and

mean age of 43 years. The common signs and symptoms in

orbital involvement were periorbital swelling (27%),

decreased vision (20%), ptosis (18%), and ophthalmoplegia

(15%) [18]. In our study mean age was 46.8 years and

males were more commonly affected (82%). The common

presenting signs were ophthalmoplegia, proptosis, perior-

bital swelling and decreased vision. Four patients presented

with orbital cellulitis and seven with orbital apex syn-

drome. Yohai et al. and Ferry et al. reported proptosis and

ophthalmoplegia in the majority of their patients. Bhadada

et al. reported six patients of ROCM with type I diabetes

mellitus. Proptosis and ptosis were the most common

symptoms [20].

Similar to our study, Jiang et al. reported a series of

eleven patients with ROCM presenting with orbital apex

syndrome [21].

In a comprehensive review of 929 cases of mucormy-

cosis, diabetes (36%), hematological malignancy (17%)

and solid organ or haemopoetic cell transplantation (12%)

were the most common risk factors and ROCM was the

most common clinical manifestation [17].

Mucormycosis is known to cause of central retinal

occlusion (CRAO) [22]. Qingli et al. reported acute loss of

vision due to CRAO and Bullock et al. in one of two cases

reported acute obstruction of the retinal and choroidal

circulations in orbital mucormycosis. Similarly in this

study two patients had acute loss of vision due to central

retinal artery occlusion.

Diagnosis of invasive rhino orbital mucormycosis is

made by typical clinical presentation and by detection of

broad aseptate hyphae with right-angled branching in KOH

Fig. 3 a Photograph of patient showing facial cellulitis with

discharging sinus along inferior orbital margin and globe displace-

ment on left side. b CT Coronal image showing opacification of

frontal, ethmoid and maxillary sinus with erosion of floor and medial

orbital wall on left side. c Lactophenol cotton blue mount with broad

aseptate hyphae and sporangium d Photograph of the patient after

treatment
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mount which is pathognomonic of mucormycosis [5]. In

this study, broad aseptate fungal hyphae with right angled

branching were demonstrated in all patients on KOH smear

and culture and lacto phenol cotton blue stain.

Histopathology of the biopsy will show narcotizing vac-

uities, with invasion of vessel wall with fungal hyphae.

Veins are relatively spared [23]. Alternate techniques for

tissue diagnosis include immunohistochemistry, poly-

merase chain reaction (PCR) for fungal DNA and in situ

hybridization [10].

CT scan and MRI provides evidence for mucosal

thickening, opacification of sinuses, orbital and intracranial

involvement [24]. In this study, nine cases of rhino-orbital

and three cases of rhino-orbital-cerebral mucormycosis

were identified by these imaging modalities. In a study by

Abdollahi et al. maxillary sinuses were the most frequently

involved sinuses (66.7%) followed by the ethmoid [25]. In

our study, ethmoid sinus was involved in all the cases

(100%).

Early diagnosis, prompt initiation of systemic antifungal

therapy, control of underlying systemic condition and

aggressive radical debridement of sinuses is the key in

improving outcomes and conservation of orbits, even in the

presence of total ophthalmoplegia and CRAO [26]. Exen-

teration is however, not required in all cases of orbital

mucormycosis [22]. Eight cases of sino-orbital mucormy-

cosis were managed successfully without exenteration as

reported by Kohn et al. All our patients received intra-

venous amphotericin B and transnasal endoscopic radical

debridement of sinuses was performed early therefore none

of the patient required exenteration.

Amphotericin B is the first-line drug for mucormycosis

[8, 27]. It should be initiated as soon as the diagnosis is

suspected. It is given in a dose of 1.0–1.5 mg/kg/day in

dextrose 5% solution intravenously. The liposomal

amphotericin B is more effective and less toxic facilitating

prolonged administration without side effects [28, 29]. Due

to financial constraints, our patients received the conven-

tional form of amphotericin B.

Fig. 4 a Photograph showing proptosis with periorbital swelling in left eye. b Axial CT scan showing left sided periorbital and orbital cellulitis

with opacification of ethmoid sinus. c Lactophenol cotton blue mount showing rhizoids and sporangia. d Photograph of the patient after recovery
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Medical management alone with anti fungal is not

effective because extensive vascular thrombosis and

ischemic necrosis prevents entry of antifungal agents in

adequate concentrations. Therefore radical debridement of

infected and necrotic tissue, with drainage of infected

paranasal sinuses should be performed early. It also mini-

mizes the fungal load in the tissue [17].

Early commencement of treatment is related to better

survival outcomes. Those presenting late with signs of

intracranial involvement tend to have a poorer outcome

[18]. Three patients presented very late (8th, 11th and 13th

day) had high blood sugar levels and ketoacidosis. One

patient was on immunosuppressive therapy for renal

transplantation. These patients had intracranial spread,

developed cerebral infarcts and could not be saved.

Mucorales have an affinity for acidic environments and

possess ketone reductase enzyme that allows them to thrive

in states of diabetic ketoacidosis [30]. Furthermore, these

organisms survive through acquisition of iron from their

hosts [16]. Therefore patients with diabetic ketoacidosis

have poor survival rate.

Yohai et al. in a systematic review of 145 cases reported

survival rate of 60%, following factors were associated

with a lower survival rate: delayed diagnosis and treatment,

hemiparesis or haemiplegia, bilateral sinus involvement,

leukemia, renal disease and treatment with deferoxamine.

In another review, Roden et al. reported survival rate 70%

in those treated with both systemic amphotericin B and

radical debridement.

This study showed a higher survival rate of 72.7%, as

patients were diagnose early and treated very aggressively

with intravenous amphotericin B and radical surgical

debridement of sinuses was done. Similar survival rate

(73.3%) was reported by Abdullah et al.

Conclusions

Invasive rhino-orbital-cerebral mucormycosis is a severe,

fatal infection requiring multidisciplinary approach.

Mucormycosis should be kept in mind when dealing with a

case of orbital cellulitis or orbital apex syndrome with

uncontrolled diabetes and immunodeficiency disorders.

Early diagnosis, urgent systemic antifungal therapy and

sinus debridement surgery are of extreme importance for

successful eradication of infection and patient survival.
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