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Abstract
Mucormycosis is an aggressive fungal infection with high 
mortality rates, caused by the members of the mucarales 
order belonging to rhizopus, mucor and rhizomucor; less 
commonly cunninghamella, absidia, saksenaea and 
apophysomyces. The fungal sporangiospores are present in 
nature and found worldwide in soil, contaminated foods or 
decaying organic substances. Infection occurs either 
inhalation of these sporangiospores or direct inoculation of 
the fungi into the eroded skin and mucosa. They are 
angioinvasive organisms and cause thrombosis of the 
vessels with consequent infarction and tissue necrosis. 
There are different clinical types including; rhinocerebral, 
pulmonary, cutaneous, gastrointestinal and disseminated 
forms. The most common type is rhinocerebral form and 
the most isolated pathogen is  (90%).
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Introduction
Mucormycosis classically characterized as an opportunistic 

fungal infection, preferably effecting patients with uncontrolled 
Diabetes Mellitus (DM), patients receiving long-term 
chemotherapy due to haematological malignancies and in long-
term neutropenic patients, solid organ or hematopoietic stem 
cell transplantation patients, patients using long-term 
corticosteroids, hemodialysis patients receiving desferoxamine, 
patients with Acquired Immune Deficiency Syndrome (AIDS) and 
pregnancies, it can also rarely cause illness in immuncompetant
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hosts. The treatment is comprising of early diagnosis, aggressive 
surgical debridement of the necrotic tissues, proper dose of 
systemic antifungal therapy and management of concomittant 
predisposing factors [1]. Despite the conventional treatment 
modality mortality rates of mucormycosis remains high with 
ranging from 40%-80% depending on underlying conditions, 
sites and spread of infection [2]. In localized sinus infection, 
earlier tissue based diagnosis and surgical treatment may 
provide cure and lower mortality rates can be seen. But 
disseminated disease especially cerebral involvement is often 
associated with high mortality rates. In the present study we 
aimed to evaluate the efficiency of the topical antifungal 
treatment plus conventional therapy on improved survival, by 
presenting the clinical course of the six patients whom were 
treated with both systemic and topical Liposomal Amphotericin 
B (LAMB) after surgical debridement [3].

udy

Patients
In this study we evaluate the effectiveness of the added 

topical LAMB in six cases who were diagnosed as mucormycosis 
according to meticulous history, clinical signs and symptoms and 
radiological evaluation, retrospectively. Also confirmation of 
diagnosis by histopathology, culture, DNA isolation from the 
tissue and ITS1/ITS4 gene sequence analysis were done. The 
cases were evaluated in terms of demographic characteristics, 
presentation, signs and symptoms, predisposing factors, 
radiological findings, clinical and therapeutic outcomes (Tables 1 
and 2).
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1 51 F Uncontrolled type II DM Facial edema and pain
on the right maxillary
region after tooth
extraction

Renal transplantation Proptosis

2 65 M Uncontrolled type II DM Necrotic lesion on the
hard palate

Ischemic
cerebrovascular disease

Fever

3 70 M No known chronic
disease other than
chronic obstructive
pulmonary disease and
hypertension

Skin necrosis at the left
maxillo-zygomatic area

4 65 F
leukemia

Epistaxis

Facial edema and pain

Fever

5 4 F
leukemia

Epistaxis

Fever

Table 1: Demographic characteristics, predisposing factors and signs/symptoms of the patients.

Case Diagnostic methods Treatment modality Follow-up

Pathologic
diagnosis

Microbiologic
diagnosis

Surgical Therapy Medical therapy 6 years

1 1.ESC (Total
sphenoethmoidecto
my)

Systemic LAMB

2.Middle+Inferior
turbinate subtotal
resection

(7.5 mg/kg/day IV)

3.Left Orbital
exenteration

Topical (Diluated)
LAMB

2 1.ESC (Bilateral
sphenoethmoidecto
my)

Systemic LAMB 2 years

2.Partial hard palate
+subtotal septum
+inferior turbinate
resection

(7.5 mg/kg/day IV)

Topical (Diluated)
LAMB
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Case Age Gender Predisposing factors Signs/symptoms

Acute myelocytic

Acute lymphoblastic

Mucormycosis spp
spp

.

sppMucormycosis

Mucor

 
spp

.

uor 

Mucor

M
ucor 

Mucor 

Rhizopus oryzae

Mucor 
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3 1.ESC (total
sphenoethmoidecto
my)

Systemic LAMB

-

2.Skin resection
(Nasal dorsum+left
forehead+maxillo-
zygomatic region)

(7.5 mg/kg/day IV)

3. Left Orbital
exenteration

Topical (Diluated)
LAMB

4. Subtotal septum
+Middle turbinate
resection

4 1.ESC (Bilateral
sphenoethmoidecto
my)

Systemic LAMB

-

2. Lateral rhinotomy
incision (partial
resection on the
skull base+partial
maxillectomy)

(7.5-10 mg/kg/day
IV)

3.Subtotal septum
+Inferior+Middle
turbinate resection

Topical (Diluated)
LAMB

5 1.Subtotal septum
+left inferior concha
resection

Systemic LAMB

1 year

2.Partial endoscopic
left medial
maxillectomy+total
ethmoidectomy
+middle mea
antrostomy

(3 mg/kg/day IV)

3.Partial middle
turbinate resection

Topical (Diluated)
LAMB

6
sphenoethmoidecto
my)

Systemic LAMB

-

2.Left middle
+inferior turbinate
subtotal resection

(7.5-10 mg/kg/day
IV)

3.Left Orbital
exenteration

Topical (Diluated)
LAMB

Predisposing factors
Five of 6 patients were immunocompromised and one patient 
had no known chronic disease other than chronic obstructive 

pulmonary disease and hypertension. Three patients were  
suffering from DM and had uncontrolled type II DM, two of 
these patients were using intensive immunosuppressive therapy 
due to renal transplantation and one had ischemic 
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Table 2: Diagnostic methods, treatment modality and outcomes of the patients.

1.ESC (total

spp .Mucor Mucormycosis 
Mucor spp.

Mucormycosis Mucor spp.spp .Mucor 

Mucormycosis
Mucor spp

.spp .Mucor 

Mucormycosis

Rhizopus oryzae

Rhizopus oryzae



cerebrovascular disease history. One patient had Acute 
Myelocytic Leukemia (AML) and one patient had Acute 
Lymphoblastic Leukemia (ALL). Age ranged from 4 to 70 years 
(mean age 51.17 years).

Clinical signs and symptoms
Chief complaint was facial edema and pain, fever and 

epistaxis. There were infraorbital anesthesia on involved check. 
Necrosis on the left maxillo-zygomatic area in one patient 
(Figure 1) and necrotic lesion on the hard palate in one patient 
(Figure 2) was present. On endoscopic examination all patients 
had black blood stained debris with necrosis in region of nasal 
septum, lateral wall of nasal cavity, inferior and/or middle 
turbinate or nasal floor (Figure 3). Two patient had periorbital 
edema, proptosis and altered vision in initial examination.

Figure 1: Necrosis on the left maxillo-zygomatic area a. 
preoperative, b. postoperative view.

Figure 2: Necrosis on the hard palate.

   Figure 3: Periorbital edema and proptosis on the left 
eye.

Radiological findings
Except pulmonary mucormycosis, imaging studies have no 

specific or sensitive sign for sinonasal mucormycosis [4]. The 
most common radiographic finding will be sinusitis, which 
cannot be differentiate from bacterial/viral infection. Non-
specific inflammatory soft tissue changes can be detected in 
Computed Tomography (CT) as indicators for mucormycosis 
correlated with nasal endoscopy. Bone destruction and osseous 
erosion are rare, but obvious signs of the disease that could be 
seen in late stages [5]. However, CT and Magnetic Resonance 
Imaging (MRI) scan of Paranasal Sinuses (PNS) and brain were 
obtained to define the extention of disease. Mucosal hypodense 
thickening both nose and PNS was seen in all six patients and 
bone destruction was present in 3 patients on CT scan (Figure 4). 
Also, inflammatory mucosal thickening and heterogenous soft 
tissue hyperintensities in PNS was present on MRI. 
Heterogenous signal and contrast enhancement in intraconal 
space and intraconal fatty tissues consistent with orbital sellulitis 
were seen in three patients [6,7].
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Diagnostic method
Biopsies from involved tissues were taken from all patients at 

the time of suspicion and were diagnosed as “angioinvasive 
mucormycosis” based on histopathological examination [8]. Also, 
microbiological examination for fungal identification from the 
biopsy samples, Matrix Assisted Laser Desorption Ionization-
Time  
MS (database v 3.0) system and/or Sanger DNA sequencing was 
used. Before processing for VITEK MS identification, specimens 
were cultured on Sabouraud dextrose agar and incubated at 25°
C for up to two weeks. Fungal proteins were extracted from the 
culture using the VITEK MS Mould Kit. To confirm the 
identification, sequencing of Internal Transcribed Spacer (ITS) 
region using ITS1/ITS4 primer pair was carried out [9]. 12 PCR 
amplicons were purified from the agarose gel using QIAquick Gel 
Extraction Kit and were sequenced using the same primers and 
ABI Prism Big Dye Terminator v3.1 kit (Applied Biosystems, USA) 
in both directions. Sequence products were uploaded to ABI 
Prism 310 Genetic Analyser and nucleotid sequences were 
blasted against the NCBI database with a similarity cut-off of ≥ 
99%. If two or more species fulfilled these criteria, the mould 
was reported at the genus level. In our patients, direct DNA 
isolation from the tissue and ITS1/ITS4 gene sequence analysis 
were done in five patients and five of them identified as Mucor 
spp. Only in one patient tissue culture was done and fungal 
colonies were isolated, therefore MALDI-TOF MS and DNA 
isolation from the tissue and ITS1/ITS4 gene sequence analysis 
were done and identified

Treatment modality
Surgical debridement, systemic and topical administration of 

Liposomal Amphotericin B were done to all patients. Treatment 
with systemic LAMB (7.5 mg/kg/day) via Intravenous Route (IV) 
was commenced since the suspicion of mucormycosis and the 
dose was increased up to 10 mg/kg/day if necessary, in addition 
to management of predisposing factors. Only in one case 
(pediatric patient) the systemic LAMB was used 3 mg/kg/day/IV. 
Also, surgical debridements were performed both by endoscopic 
and open approach surgery. Orbital exenteration was done in

three of 6 patients [11]. Hard palate resection in one patient and 
nasal dorsum skin, skin of the left forehead, skin on the maxillo-
zygomatic region resections in one patient were done in 
addition to endoscopic surgery. Either in endoscopic or open 
approach surgery, necrotic tissues were debrided until healty 
tissue was seen macroscopically. Only in one patient because of 
skull base invasion minimal mucor burden was left. After the 
completion of the surgery, lavage of the surgical field and 
placement of cottonoid pledgets soaked with diluated LAMB 
were done in all patients. Patients were examined daily and 
surgical field was irrigated four times in a day with diluated 
LAMB, with concentration of 1 mg/20 ml and volume 1 ml to 15 
ml, postoperatively. Three patients received either parenteral or 
topical diluated LAMB until they died (10th, 19th and 37th days). 
Three survived patients were received parenteral and topical 
diluated LAMB 103, 77 and 37th day, respectively. The home 
treatment with oral posaconazole in two patients and 
voriconazole in pediatric patient was continued up to the 
resolution of clinical signs and symptoms, normalization or 
stabilization of radiological abnormalities and resolution of 
underlying immunosuppressive condition [12].

Treatment outcomes
Despite aggressive surgical debridement, systemic and topical 

LAMB therapy, three of six patients had progressive disease and 
were died during treatment (10th, 19th and 37th days). And three 
patients were recovered with no evidence for recurrence or 
fungal infection. Follow-up period for the survived patients were 
1 to 6 years (mean 35 months). Moreover, the routine control of 
3 survived patients still continues [13].

Results
Mucormycosis is an opportunistic fungal infection. Fungal 

sporangiospore forms that are widespread in nature reach the 
respiratory tract and the oral cavity through inhalation, but the 
immunological system does not constitute a serious human 
disease except in rare cases who have risk factors. The spores 
taken by inhalation are phagocytosed by the mononuclear and 
polymorphonuclear system and then eliminated. In situations 
that cause phagocytosis dysfunction such as diabetic 
ketoacidosis, spores escape from the phagocytosis system and 
invade the vascular endothelium. As the vascular invasion 
occurs, acidosis in the microcirculation increases and the acidic 
environment allows the rapid growth of the fungal hyphae. 
Furthermore, in diabetic patients, the iron binding capacity of 
transferrin is reduced and the increased iron content facilitates 
the proliferation of fungi [14]. This situation predispose the 
development of mucormycosis in patients with 
hemochromatosis and hemodialysis patients with overloaded 
iron. Diabetes mellitus and consequently diabetic ketoacidosis 
are predominant (60%-80%) predisposing factor, especially in 
sinus mucormycosis (approximately two-thirds of cases). 
Hematologic malignancies and solid organ malignancies with 
chemotherapy, solid organ transplantations with continuous 
immunosuppressive therapy and bone marrow transplantations 
are other predisposing conditions. Especially in patients with 
these predisposing factors, spores initiate the disease by
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 Figure 4: Axial plane CT in bone window shows 
hypodense mucosal thickening in both maxillary sinuses 
bilaterally and nasal cavity, b  . Coronal T2 weighted MRI 
shows mucosal hyperintense inflamation in both maxillary 
sinuses and ethmoid cells.

 of Flight-Mass Spectrometry (MALDI-TOF MS) based VITEK

)

 as  Rhizopus oryzae [10].Rhizopus oryzae



invading the mucosa of the mouth or nasal cavity and sinuses. 
Fungal hyphaes enlarge the necrotic area by angioinvasion and 
perineural involvement by the way destroy the surrounding 
tissues [15]. Fungal emboli in small veins are also important for 
spreading. If not intervened, orbital and brain invasion develops 
in a short time. The predisposing factors in our cases were 
intensive immunosuppressive therapy due to renal 
transplantation, uncontrolled type II DM, AML, ALL. Only in one 
case there were no known chronic diseases other than chronic 
obstructive pulmonary disease and hypertension [16].

Rhinoorbitocerebral mucormycosis is a rare disease, but the 
increasing prevalence of DM, increased organ transplantation 
and associated immunosuppressive therapies are indicators of 
increased the incidence of the disease. In the literature, it is 
stated that mucormycosis has an increasing trend worldwide. 
Particularly in patients with predisposing conditions, complaints 
of acute developed headache, nasal obstruction and nasal 
discharge, unexplained fever, loss of vision, edema in the 
periorbital region and focal neurological deficits, rhinocerebral 
mucormycosis should be considered in the differential diagnosis 
[17]. Although the pathways of spread in rhinoorbitocerebral 
mucormycosis are not clearly known, generally course of the 
disease known as; initially involvement of the nasal mucosa, 
spreading to the paranasal sinuses (especially the ethmoid and 
maxillary sinuses), orbit and finally the intracranial fossa. 
Different clinical manifestations or clinical signs and symptoms 
of the disaese lead to think about the pathway that responsible 
of spread. Pterygopalatine fossa via pterygopalatine foramen 
considered as the potential conduit for the extensive disease 
(involvement of orbita, retrobulbar space, intracranial fossa and 
facial soft tissues) and might be percieved as the main reservoir 
for the mucormycosis [18].

Discussion
For diagnosis, complaints of patients with a predisposing 

factor should assessed carefully and a complete otolaryngologic 
examination should performed [19]. Deep biopsies should be 
performed rapidly in the presence of suspected lesions (black 
crusted, necrotic or ulcerative lesions) of the oral and/or nasal 
cavity, histopathological and microbiological examination of the 
samples should be conducted. Diagnosis can be confirmed by 
radiologically and pathologically, if the culture based diagnosis is 
impossible or not succeeded. Besides, the diagnosis is 
unfortunately postmortem in some cases [20].

In microbiological examination randomly segregated hyphae 
without septum seen by microscope and mucormycosis colonies 
on Sabouraud Dextrose Agar (SDA) medium should be seen for 
diagnosis. But conventional methods have low sensitivity and 
specifity in the diagnosis of mucorales family members [21]. 
Some investigational studies demonstrated that using 
Polymerase Chain Reaction (PCR)-based techniques on 
specimens can enhace diagnosis. The gold standard for the 
diagnosis of mucormycosis is the isolation of the agent in 
culture. Unfortunately, undelivered samples to microbiology 
laboratory is still an important problem. This may lead to delay 
in diagnosis and cause further increase in mortality and 
morbidity [22]. In cases whom zygomycosis is suspected, the

importance of mycological culture should be kept in mind by 
clinicans who perform surgical procedures for diagnosis and 
treatment. Along with the advances in molecular biological 
methods, techniques have been developed which can give rapid, 
sensitive and accurate results in the diagnosis of the pathogen. 
The vast majority of molecular methods are based on the ITS 
region that was selected as pan-fungal barcode by International 
Subcommission on Fungal Barcoding and ITS sequencing was 
found sufficient to identify the genus and species level of the 
Mucormycetes members [23].

Since early diagnosis and treatment are crurical in this 
disease, all microbiological, pathological and radiological 
methods should be used to confirm the diagnosis without 
delaying. The gold standard imaging method is contrast 
enhanced CT scan to show bone destruction, swelling of the soft 
tissue and extraocular muscles or opacification of paranasal 
sinuses and edematous mucosa. Also MRI can be used to assess 
involvement of soft tissues, demonstrate intracerebral infection 
and by enhanced images early vascular invasion may detect [24].

The most important management modality of mucormycosis 
is immediate and radical surgical debridement along with 
appropriate systematic antifungal therapy [25]. If total 
debridement is not feasible, minimal mucor burden could be 
released. But, former data supports that radical surgical 
debridement can optimize cure rates and local control of the 
disease dramatically impacts survival rates in 
rhinoorbitocerebral mucormycosis. Amphotericin B must be 
initiated immediately since suspicion of mucormycosis. The 
studied first-line treatment for mucormycosis is amphotericin B 
and its lipid formulations and recently isavuconazole. 
Posaconasole is an other option sepecially studied for salvage 
therapy. During antifungal therapy the underlying predisposing 
condition should be tried to adjust, especially in the presence of 
uncontrolled DM [26]. The dose for classical amphotericin B is 
1-1.5 mg/kg/day. However, nephrotoxicity risk of classical 
amphotericin B, the lipid form can be preferable to reduce the 
risk, also the dosage can be increased up to 10 mg/kg/day. In 
our cases, five of six were treated with LAMB mg/kg/day/IV and 
the dosage was increased up to 10 mg/kg/day/IV when needed, 
whereas one pediatric patient was treated with 3 mg/kg/day/IV 
[27].

Also, there is no consensus in the literature about the 
duration of antifungal therapy. General suggestion for the 
recommended duration is to sustain the treatment until the 
time of response, which lasts at least 6-10 weeks. European 
Society for Clinical Microbiology and Infectious Diseases 
(ESCMID) and European Confederation of Medical Mycology 
(ECMM) Joints recommended to continue antifungal treatment 
until a complete resolution seen on radiological imaging. The 
effect mechanism of amphotericin B is related to its ability to 
form permeable channels in the cellular membrane of the 
pathogen, which leads to cell death. Its accepted that, delayed 
diagnosis and delayed treatment, in-complete surgical removal, 
disseminated infection especially involvement of central nervous 
system and pulmonary system infection are associated with 
higher risk of mortality [28]. Delaying systemic amphotericin B 
treatment also reported as an independent predictor for
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mortality in patients with hematologic malignancies. In localized 
sinus infection, earlier tissue based diagnosis and complete 
surgical debridement may provide cure and lower mortality 
rates. To increase the local effect of antifungal drugs topical 
application can be an option to decrease mortality rates. Topical 
application provides major tissue accumulation on the site of 
application. Therefore, to decrease the systemic absorption and 
toxicity, local irrigation can be delivered at a lower dose or can 
be delivered by diluation. The local irrigation with LAMB by 
surgical packing of orbit, nasal cavity and/or sinuses and chest 
wound for invasive fungal infections caused by the Mucoraceae 
family of fungi, was reported in the literature but dose, 
concentration, volume and duration of topical LAMB did not 
defined well and clearly [29]. A larger study with 30 patients 
who diagnosed as mucormycosis and whom infection was 
limitted to nose and sinuses was presented in literature. All 
patients underwent endoscopic surgery and were treated with 1 
mg/kg/day/IV amphotericin B. Also after surgical resection, 
amphotericin B solution was applied to nasal cavity by cottonoid 
pledgets for 15 minutes and topical treatment was lasted for five 
consecutive days, once daily. The overall survival rate was found 
60% and the authors point out that this survival rate showed 
improvement with less morbidity in comparision with the 
conventional treatment at their centre. In our six cases, all 
patients treated with topical diluated LAMB in addition to 
conventional treatment modality. In contrast to that study, five 
of six cases had mucormycosis not limitted to nose and sinuses. 
Neverthless three of them were survived. Even though we used 
topical antifungal therapy plus conventional therapy on a small 
number of cases, the mortality rate can be accepted lower for 
these patients with more extended disease. Due to the rarity of 
the disease there is no published datas with large series that 
compares conventional treatment with topical LAMB enhanced 
novel treatment modality. So that, well-designed controlled 
studies are needed to evaluate the response, define the effect 
on survival rates, to demonstrate the optimal dose and duration 
for the topical antifungal therapy [30].

Conclusion
In conclusion; early diagnosis, reversal of predisposing factors, 

aggressive surgical debridement and prompt administration of 
systemic antifungal therapy are critical steps for good outcomes 
in mucormycosis. Because of the aggressive nature of the 
disease, every possible effective treatment modality such as 
topical administration of LAMB may be considered. It is difficult 
to compare the benefit of this approach with conventional 
treatment modality by randomized-controlled trials, because of 
the rarity of the disease, presentation variety and patient 
comorbidities. In literature the improved outcomes of extensive 
invasive mucormycosis were reported in some case reports, in 
which combining topical and systemic antifungal therapy with 
aggressive surgical treatment. Finally, multicenter studies are 
needed to provide sufficient evidence for recommendation of 
additional topical antifungal therapy in the related guidelines.
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