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Abstract
Mucormycosis (MM) is a deep, opportunistic mycosis caused by filamentous fungi included in the order Mucorales that belong to
the class Zygomycetes of fungi. It is recognized as one of the most rapidly progressive lethal form of fungal infection in human
beings with a high mortality of 70–100%. The term osteomyelitis designates inflammation of the bone and its marrow cavity.
Osteomyelitis and Mucormycosis have been known to be associated with intraosseous gas collection. However these have
never been noted in the paranasal sinuses. These gas-forming infections can be caused by strict aerobic or facultative
anaerobic bacteria such as Klebsiella, Escherichia coli, Salmonella, Streptococcus, and Staphylococcus. Their coexistence with
fungal infections can lead to dreadful complications. This report highlights a rare case of Mucormycosis of the paranasal sinuses
in an immunocompromised man with associated gas forming osteomyelitis of the facial bones. This report also emphasizes on
the importance of a prompt and early management in such a condition due to the rapidly progressing bony osteomyelitis with
gas- forming organisms that are co-existent with fungal infections along with a review of relevant literature.

INTRODUCTION
Mucormycosis (MM) is a deep, opportunistic mycosis
caused by filamentous fungi included in the order Mucorales
that belong to the class Zygomycetes of fungi. It is
recognized as one of the most rapidly progressive lethal
form of fungal infection in human beings with a high
mortality of 70–100% .2,5 Among the conditions
predisposing to MM are Diabetes Mellitus, malnutrition,
haematological malignancies, neutropenia, burns, surgical
procedures, occlusive dressings, antibiotics , long term
steroid therapy and immunosuppressive therapy. 4
The term osteomyelitis designates inflammation of the bone
6
and its marrow cavity. Osteomyelitis and Mucormycosis
have been known to be associated with intraosseous gas
collection. Intraosseous gas collection is usually observed in
various pathologic conditions, including osteomyelitis due to
certain gas-forming organisms (known as emphysematous
osteomyelitis), osteonecrosis, postoperative and
posttraumatic conditions.9
Bone involvement as a part of Mucormycosis is most
commonly seen with the rhino cerebral form. Involvement of
other bones such as femur, spine and temporal bones has
also been reported in literature.4 However emphysematous
changes associated with Mucormycosis induced

osteomyelitis is thought to be extremely rare. The presence
of gas forming osteomyelitis of the maxillary bones due to
Mucormycosis of the paranasal sinuses has not yet been
reported in literature.
We present in this report a case of Mucormycosis of the
naso-orbital region in a known diabetic with gas forming
osteomyelitis of the facial bones with a review of relevant
literature.

CASE REPORT
A 50 year old male farmer from a low socioeconomic, rural
background presented to the emergency department of a
tertiary referral centre in Bangalore, South India with a 10
days history of pain, swelling and progressive loss of vision
in the right eye associated with a week long history of
headache and facial pain. He was a diagnosed case of, poorly
controlled, non insulin dependent diabetes mellitus
(NIDDM) since 8 years on irregular treatment with oral
hypoglycemic drugs.
On clinical examination there was facial fullness over the
cheek bones bilaterally. They were tender on palpation along
with facial soft tissue crepitus. On Anterior rhinoscopy
extensive foul smelling blackish crusts over the floor of the
nasal cavity along with septal perforation involving the
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anterior part of the cartilage was seen. The oral cavity
showed extensive erosion of the hard palate which was
covered with foul smelling slough. A detailed
ophthalmological examination confirmed total internal
ophthalmoplegia with complete loss of vision and proptosis
of the right eye. The left eye however maintained a normal
visual acuity.

Figure 2

Fig-2. A contrast enhanced computerized tomography
(CECT) of the paranasal sinuses (PNS) revealed bilateral
extensive PNS infection with features suggestive of bilateral
maxillary bony osteomyelitis with multiple air filled pockets

Blood investigations revealed elevated blood sugars
(280mg/dl) and low serum potassium levels (3.4Meq/dl).
Urine ketone bodies were present significantly and the
Arterial Blood Gas (ABG) analysis indicated a state of
severe uncompensated metabolic acidosis. Nasal crusts were
sent for microbiological investigation. Potassium hydroxide
(KOH) preparation of the sample revealed thick aseptate
fungal filaments strongly suggestive of zygomycosis (Fig-1).
Figure 1

Fig-1. Potassium hydroxide (KOH) preparation of the nasal
crusts showing thick aseptate fungal filaments suggestive of
zygomycosis.

A contrast enhanced computerized tomography (CECT) of
the paranasal sinuses (PNS) revealed bilateral extensive PNS
infection with features suggestive of bilateral maxillary bony
osteomyelitis with multiple air filled pockets. A nasal septal
perforation with mucosal ulcerations was noted on the nasal
septum and the hard palate. Extensive inflammation of
buccal mucosa on both sides was present along with
involvement of the soft tissue of the pterygopalatine fossa.
Orbital cuts revealed bilateral orbital cellulitis with the right
side being more affected than the left along with right optic
nerve sheath inflammation (Fig-2).
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In view of multiple air pockets a possibility of an anaerobic
infection was suspected along with the working diagnosis of
Mucormycosis with facial osteomyelitis. He was posted for
an endoscopic debridement of the crusts within the nasal
cavity under general anesthesia. Intra-operatively, abundant
black foul smelling crusts and necrotic tissue was found over
the floor of nasal cavity, lateral wall and the septum. The
cartilaginous part of nasal septum showed extensive necrosis
along with a perforation. Minimal cheesy material was
evacuated from within the maxillary and ethmoidal sinuses
on both sides. A bilateral Maxillary antrostomy, anterior and
posterior ethmoidectomy was performed endoscopically.
The Lamina propria was opened on both sides. Bilateral
inferior turbinectomy was also carried out in view of the
extensive necrosis and a formal Septoplasty was also
executed. Following this the hard palate was also debrided.
Pus and mucosal tissue from the maxillary antrum was sent
for a repeat microbiological and histopathological
evaluation. The Gram’s stain revealed numerous gram
negative bacteria and a few gram positive cocci. Aerobic
culture yielded Escherichia coli sensitive to carbapenem and
amino glycosides. No pathogenic organisms were isolated on
anaerobic culture.
A Mycological workup included a KOH staining, calcofluorwhite staining and culture of the tissue and pus sample.
Broad aseptate fungal filaments were seen on
KOH/calcofluor examination. Culture on Sabarauds
Dextrose agar yielded grayish white cotton candy like
colonies. These isolates were identified as Rhizopus species.
Histopathological findings confirmed evidence of fungal
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infection especially zygomycosis associated with vascular
invasion and extensive osteomyelitis of the bony fragments
(Fig-3).
Figure 3

Fig-3. 400X Haematoxylin and eosin stain of the tissue
obtained after endoscopic debridement shows features of
fungal infection by zygomycosis with evidence of vascular
invasion and osteomyelitis. Also seen are abundant gram
positive cocci and gram positive bacilli.

caused by filamentous fungi included in the order Mucorales
that belong to the class Zygomycetes of fungi. It is
recognized as one of the most rapidly progressive lethal
form of fungal infection in human beings with a high
mortality of 70–100%.2,5 Among the conditions predisposing
to MM are Diabetes Mellitus, malnutrition, haematological
malignancies, neutropenia, burns, surgical procedures,
occlusive dressings, antibiotics , long term steroid therapy
4
and immunosuppressive therapy. The site of Mucormycosis
can be determined by the nature of predisposing infection.
(Table 1)
Figure 4

Table 1- Relationship between predisposing condition and
the resulting predominant site of infection.

Post operatively patient was treated with intravenous
Amphotercin infusion in 5 percent dextrose solution at 50
milligrams per day for a total dose of 2 grams which was
completed in 6 weeks. Care was taken to avoid exposure of
Amphotercin to sunlight and the intravenous drip set was
adequately covered. Serum potassium levels were monitored
to look out for hypokalemia. Blood sugars were maintained
with subcutaneous insulin administration and oral
hypoglycemic agents. Weekly nasal endoscopy and removal
of crusts was performed along with saline nasal douching.
Antibiotic coverage for gram negative bacteria and
anaerobes was added and he was administered intravenous
metronidazole along with third generation cephalosporins.
He responded remarkably to the treatment and attained
complete recovery after 2 months of monitoring and
medications. Vision improved immediately after surgery and
reached normal visual acuity by one month. He was
followed up monthly over the next 6 months to observe for
any recurrence of disease. Follow up included monthly
diagnostic nasal endoscopy, vision tests and three monthly
KOH for nasal secretions which were subsequently negative
for fungal disease.

DISCUSSION
Mucormycosis (MM) is a deep, opportunistic mycosis
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Our patient had poorly controlled non insulin dependent
diabetes mellitus which is a very common predisposing
factor for a fungal infection such as Mucormycosis. This
microbe causing Mucormycosis may be present in the oral
cavity, nasal passages, throat and stools of healthy patients
without any apparent clinical signs of infection. 6Although
several genera are associated with this disease, the most
common are Rhizopus, Rhizomucor and Absida. Rhizopus is
the predominant pathogen accounting for 90% of the cases
of rhino cerebral Mucormycosis. Mucormycosis of the rhino
cerebral type (39%)presents most commonly as an acute
infection followed by the pulmonary type (22%), the
disseminated and cutaneous type (16% each), the
gastrointestinal type (4%), and type at other locations (3%).2
Fungal infection usually originates from the paranasal
sinuses. This then invades the blood vessels and
subsequently spread through them. Once fungal hyphae enter
into the blood stream they can disseminate to other organs
such as cerebrum or lungs which can be fatal. Mucor hyphae
form thrombi within the blood vessels that reduce
6
vascularity to the tissues and cause necrosis. Disseminated
involvement of Mucormycosis is observed in diabetics with
ketoacidosis, which favours rapid proliferation of fungus and
6
its invasion into the orbit and cerebrum. (Fig- 4)
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Figure 5

Fig-4. Pathology of bone necrosis

extremely involved.8 In our patient hhistopathological
examination of the tissue biopsy revealed evidence of fungal
infection by Zygomycetes associated with vascular invasion
and extensive osteomyelitis of the bony fragments along
with abundant gram positive cocci and gram positive bacilli.
The pus Culture indicated the presence of abundant
Escherichia Coli. Till date Mucor has been associated with
2
gas formation only in case of emphysematous gastritis ,
where it occurred along with other gas forming bacteria such
as Escherichia coli.
The presence of air collections in the soft tissue could be due
to infectious and non infectious aetiology. It is
predominantly associated with infections due to anaerobic
pathogens like Clostridium, Bacteroides, and anaerobic
streptococci or mixed infections with aerobic and anaerobic
bacteria such as Klebsiella, Escherichia coli, Salmonella,
12
Streptococcus, and Staphylococcus. Therefore gas-forming
osteomyelitis can be associated with Clostridium,
Bacteroides, E. coli, Klebsiella, Streptococcus, and
Mycobacterium. 12

The initial symptoms of rhino cerebral Mucormycosis are
consistent with either sinusitis or periorbital cellulitis that
include eye or facial pain and facial numbness, followed by
the onset of conjunctival suffusion, blurry vision, and soft
tissue swelling. Fever is variable and may be absent in up to
half of the cases. If untreated, infection usually spreads from
the ethmoidal sinus to the orbit, resulting in loss of extra
ocular muscle function and proptosis. Marked chemosis may
also be seen. The infection may rapidly extend into the
neighbouring tissues if not treated at the earliest .7 Our
patient presented with acute symptoms of headache, facial
pain, swelling and progressive loss of vision. The
examination findings of blackish slough in nasal cavity and
oral cavity were suggestive of fungal infection. The bilateral
tenderness and crepitus found over cheeks was unusual and
indicated some form of gas accumulation within the bones.
Since zygomycosis is not gas-forming1, this infection might
not have been from a direct result of a fungal infection. An
associated infection with a gas forming bacteria was
considered at the time of diagnosis as bone necrosis caused
by secondary bacterial infection in necrotic tissue is a
possibility.
Zygomycosis (ZM) is reported to cause osteomyelitis of
3
10
8
11
skull bones , tibia , cuboidal bones and vertebrae in
immunocompromised patients. As it spreads through the
perivascular spaces, bone destruction is an uncommon and
late finding in ZM even when the surrounding tissue is
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The imaging findings of rhino cerebral Mucormycosis on CT
and MR imaging are diagnostic. These include soft-tissue
opacification of sinuses with hyper dense material, nodular
mucosal thickening, and an absence of fluid levels in the
maxillary, ethmoidal, frontal, and sphenoid sinuses, in
decreasing order of incidence. Sinus contents have a variety
of MR signal characteristics, including T2 hyper intensity or
marked hypo intensity on all sequences, possibly secondary
to the presence of iron and manganese in the fungal
elements. Typically, proptosis occurs because of enhancing
soft-tissue masses crowding the orbital apex and the
cavernous sinuses. Thickening and lateral displacement of
the medial rectus muscle are characteristic of orbital
invasion from disease in the ethmoidal sinuses .Lack of
enhancement of the superior ophthalmic vein or ophthalmic
and internal carotid arteries may be seen and is related to
vasculitis and thrombosis.3 In our patient a contrast enhanced
computerized tomography (CECT) of the paranasal sinuses
(PNS) revealed bilateral extensive PNS infection with
features suggestive of bilateral maxillary bone osteomyelitis
with multiple air filled pockets. This finding is not common
for Mucormycosis of the paranasal sinuses.
The diagnosis of zygomycosis almost always requires a
histopathological evidence of fungal invasion of the tissues.
Obtaining a fungus in culture from a potentially infected site
is rarely sufficient to establish the diagnosis of
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Mucormycosis because the causative agent is ubiquitous,
may colonize normal persons, and is a relatively frequent
laboratory contaminant.
However, a microbiological study including culture of the
lesion is important to identify the organism. With the
emergence of many new species as pathogens, culture based
diagnosis will help establish a data.2 Histology of
zygomycosis characteristically shows hyphae that are wide,
non-septate, branching at right angles, and look empty when
5
haematoxylin and eosin stained.
Three principles in the patient management were followed.
Firstly, control of diabetes for which the patient was advised
insulin therapy and dietary restrictions. Secondly, removal of
the necrotic bone, which acted as a nidus of infection and
prevented the action of systemically, administered antifungal
6
drugs (due to thrombosis of blood vessels). Finally, an early
empirical parenteral antibiotic therapy with a broad range of
antibiotics covering Gram-negative and anaerobic bacteria1.
The antifungal drug of choice is amphotericin, preferably the
lipid formulation because adequate dosage can be delivered
with reduced renal toxicity. Newer antifungal agents such as
voriconazole and caspofungin have not showed significant
activity against Mucor in clinical and in vitro studies. The
new triazole antifungal agent, posaconazole, has been
compared with amphotericin B, voriconazole, and
itraconazole in vitro studies. This drug could have potential
for clinical development in the treatment of zygomycosis.
Surgical resection of the involved tissue along with
amphotericin improves survival and removes the nidus of
infection.5 Conventional treatment regimes with
amphotericin and newer antifungal medications do not
usually include simultaneous coverage specifically for gram
negative gas forming bacteria and on many occasions
surgical debridement is deferred if patient is mildly
symptomatic. If the osteomyelitis is left untreated, it allows
for the fungal infection to invade deeply as necrotic bony
tissue is a rich nidus for further infection leading to dreaded
complications at a much faster rat

CONCLUSION
This report highlights a rare case of Mucormycosis of the
paranasal sinuses in a relatively young diabetic with
associated gas forming osteomyelitis of the facial bones in a
very short duration of just 10 days. It most importantly
emphasizes the need for an immediate intervention and
management in such a case keeping in mind the possibility
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of a rapidly progressing bony osteomyelitis that can augment
the precipitation to fatal intracranial and intraorbital
complications in a much unexpected and rampant manner.
Conventional treatment regimes with amphotericin and
newer antifungal medications do not usually include
simultaneous coverage specifically for gram negative gas
forming bacteria and on many occasions surgical
debridement is deferred if patient is mildly symptomatic. If
the osteomyelitis is left untreated, it allows for the fungal
infection to invade deeply as necrotic bony tissue is a rich
nidus for further infection leading to dreaded complications
at a much faster rate. Hence the need for evaluation for co
existent gram negative bacterial infection and its subsequent
management with surgical debridement along with a multidisciplinary team approach to identify early complications
and sequelae is strongly recommended.
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