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Introduction

Rhino-orbital-cerebral mucormycosis is an opportu-
nistic and highly lethal infection; it is the most common 
clinical form of the disease. Although it is relatively 
rare, its incidence has increased1,2. 

It is an acute infection caused by saprophyte fungi 
of the Zygomycetes class, Mucorales order, which in-
cludes Rhizopus as the most common cause, followed 
by Rhizomucor (Mucor) and other species1,3.

It typically affects immunocompromised patients in 
90% of cases, being particularly found in patients with 
ketoacidosis-decompensated diabetes mellitus, in he-
matologic malignancies such as leukemia, in post-trans-
planted subjects and in other cases with neutropenia. 
Generally, it affects adult patients, with slight predis-
position for the male gender1-3.

Its pathophysiology is associated with microorgan-
ism virulence factors and host immunity factors in a 
determinate microenvironment. Mucorales are prone to 
spread through tissues, with high affinity to arteries, 

PERMANYER
www.permanyer.com

Contents available at PubMed
www.anmm.org.mx Gac Med Mex. 2016;152:688-98

Abstract

Mucormycosis is a lethal opportunistic fungal infection, described mostly in immunocompromised patients. A comparative 
cohort study was conducted to compare the evolution of the study group patients with rhino-orbital mucormycosis, in which 
a therapeutic protocol was instituted, in which the pterygomaxillary fossa is systematically surgically approached and orbital 
exenteration is performed or not based on the spreading of the infection to the orbital apex or the orbital fissure, with a his-
torical group where these criteria were not applied. Fifteen cases were included, eight in historic group A and seven in the 
study group B. Medical treatment was provided with control of the underlying disease (amphotericin B and low molecular 
weight heparin) as well as surgical treatment with extensive debridement including endoscopic ethmoidectomy and explora-
tion of the pterygomaxillary fossa, also performing orbital exenteration only in patients who presented orbital apex syndrome 
in group B. In group A, there was a mortality rate of 50%, in group B all patients were clinical cured; however, the two patients 
with hematologic diseases died of complications not related to the fungal infection. With the standardization of a diagnostic 
and therapeutic protocol, good results in healing and survival of patients can be obtained. (Gac Med Mex. 2016;152:688-98)
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causing extensive endothelial harm, which results in arte-
rial thrombosis with ischemia and necrosis of surrounding 
tissues; acidotic status of the host favors their growth3-5.

The disease starts in the nasal cavity and rapidly 
spreads to paranasal sinuses, with its progression con-
tinuing by direct or hematogenous spread to other 
structures through several routes, particularly by inva-
sion via the pterygomaxillary fissure, where nerves and 
blood vessels that are important to sinonasal irrigation 
are located, towards the palate and orbit through the 
orbital fissure; extension to the cavernous sinus and 
brain occurs via the orbital apex4,5. 

After pterygopalatine fossa and inferior orbital fissure 
invasion, regional vascular thrombosis occurs, which 
results in edema of the eyelids, chemosis and propto-
sis; ophthalmoplegia can occur secondarily to orbital 
infiltration through the superior orbital fissure, and in-
fection at this moment rapidly spreads to the retrobul-
bar space and orbital apex; optic nerve invasion and/
or retinal artery thrombosis result in irreversible loss of 
visual acuity, with potential thrombosis of the cavern-
ous sinus, which warrants early treatment in order to 
limit intracranial extension4. 

Clinical presentation includes unilateral nasal and 
orbital progressive signs and symptoms, facial pain 
and fever; rhinorrhea may be observed, with subse-
quent appearance of necrotic areas in the nasal mu-
cosa and adjacent tissues. Sinonasal and facial necro-
sis is caused by sphenopalatine artery branches 
thrombosis in the pterygopalatine fossa4,5.

Orbital involvement is found in 66-100% of cases; the 
degree of ophthalmoplegia is generally correlated with 
the severity of orbital inflammation4.

The diagnosis is confirmed with non-septate thick 
hyphae with right angle branching found on histopa-
thology analysis; culture is useful to determine the type 
of mycotic or over-aggregated infection and to guide 
the employed therapeutics4.

The diagnostic protocol should include imaging 
studies to characterize the lesion and to establish the 
disease extension. Computed tomography is unspecif-
ic, but it can demonstrate sinus involvement; magnetic 
resonance has more diagnostic sensitivity, since my-
cotic infections characteristically appear hypointense 
both in T1 and T2 sequences5. 

The treatment of rhino-orbital-cerebral mucormycosis 
requires the combination of surgical treatment, medical 
therapy with amphotericin B, and reversion of the ke-
toacidotic or immunosuppressed state2.

Aggressive surgical debridement is a fundamental 
element of treatment that considerably increases survival, 

and it is essential for the removal of necrotic tissue, for 
the reduction of fungal spore concentration and to fa-
cilitate antifungal agents’ action5. 

Orbital exenteration appears to improve survival in 
patients with progressive orbital involvement; however, 
there is controversy on the indications for practicing this 
procedure and its influence on disease progression4. 

The mortality rate currently ranges from 35 to 40% in 
spite of opportune treatment, depending on the under-
lying disease and other variables. In patients with he-
matological disease or post-transplanted subjects, 
mortality increases by up to 65-90%; other indicators 
of poor prognosis include cutaneous or palatal necro-
sis, bilateral disease, intracranial extension and treat-
ment initiation delay1,3. 

Material and methods

The objective was to assess the evolution of the 
study group of patients with rhino-orbital mucormyco-
sis, in which a therapeutic protocol was implemented 
where the pterygomaxillary fossa is systematically ex-
posed and orbital exenteration is performed if there is 
infection extension to the orbital apex, or exenteration 
is not performed if extension is limited to the orbital 
fissure, versus a historical group where these criteria 
did not apply. 

A comparative cohort study was carried out between 
the study group and a historical group. The cases of 
patients with confirmed histological diagnosis of inva-
sive rhino-orbital mucormycosis attended at the Dr. 
Manuel Gea González General Hospital in the Division 
of Otorhinolaryngology and Head and Neck Surgery 
were assessed: group A, from a first historical period 
(treated within the period encompassed from January 
2008 to December 2012), and study group B (treated 
within the period encompassed from January 2013 to 
December 2014).

At inclusion, all patients underwent otorhinolaryngo-
logical assessment as the diagnostic protocol, which 
included nasal endoscopy, ophthalmological evalua-
tion, contrasted tomography, magnetic resonance, as 
well as imprint of direct mucosal smear, sinonasal mu-
cosa biopsy and culture to corroborate the diagnosis. 

In both groups, based on clinical and imaging find-
ings, patients were staged in the following groups: a) 
those with orbital involvement limited to the orbital fis-
sure (orbital fissure syndrome) and those with orbital 
involvement extended to the orbital apex (orbital apex 
syndrome) with or without cavernous sinus thrombosis 
(intracranial extension).
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All patients were provided the same medical man-
agement, which included metabolic/hematologic con-
trol, systemic antifungal treatment (amphotericin B at 
1-1.5 mg/kg/day doses), nasal irrigations every 8 h with 
amphotericin B 50 mg/500 ml physiological saline and 
enoxaparin 1 mg/kg/day (except in patients with hema-
tological conditions and those in the historical group).

All patients underwent surgical debridement by means 
of nose and paranasal sinuses endoscopic surgery or 
combined endoscopic and external surgery, prior to 24 
h of admission. Patients in the historical group (group A) 
underwent necrotic tissue debridement, with orbital ex-
enteration if they had any kind of orbital involvement, and 
radical maxillectomy in the cases of extensive maxillary 
or palatal involvement. Patients of study group B under-
went pterygomaxillary fossa debridement by means of 
endoscopic removal of the maxillary sinus posterior wall; 
those without ophthalmologic involvement or extension 
limited to the superior orbital fissure (group B1) had no 
orbital exenteration practiced, whereas patients with 
ophthalmologic involvement extended to the orbital apex 
(group B2) had orbital exenteration practiced in collab-
oration with the Oculoplasty Department.

All patients granted informed consent for treatment. 
The results are presented with descriptive statistics.

Results

Demographic data

Historical group A was comprised by 8 patients (4 
males and 4 females), with ages ranging from 18 to 78 
years (mean age of 48 years).

Study group B was comprised by 7 adult patients (4 
males and 3 females [1.5:1 ratio]) with ages ranging 
from 23 to 74 years (mean age of 52 years).

Clinical presentation

In historical group A, all patients had some immuno-
suppression-determining comorbidity at the moment of 
diagnosis: diabetes mellitus (newly onset or poorly 
controlled) in 7/8 patients (87.5%) or hematological 
disease in 1/8 patients (12.5%).

In study group B, all patients had some immunosup-
pression-determining comorbidity at the moment of 
diagnosis: diabetes mellitus (newly onset or poorly 
controlled) in 5/7 patients (71.4%) or hematological 
disease in 2/7 patients (28.6%).

The time elapsed since symptom onset until the patients 
sought medical attention or diagnosis was established 

was 4-30 days, with a mean of 22.8 days, which was 
similar in both groups.

All historical-group A patients had unilateral rhino-or-
bital involvement; 50% occurred clinically with ophthal-
mologic symptoms (proptosis, ophthalmoplegia), 
37.5% with sinonasal symptoms and 12.5% with fever.

In study group B, all patients had rhino-orbital in-
volvement at presentation, all of them unilaterally: 4 left 
cases (57%) and 3 right cases (43%). Five patients 
(71.4%) had ophthalmic symptoms as initial manifes-
tation (proptosis, ophthalmoplegia, blindness); in 2 
patients (29%), the initial manifestation was persistent 
fever. Only one patient had sinonasal symptoms (14%). 
Three patients experienced disorientation/alterations of 
the state of alertness. Two patients also displayed pe-
ripheral facial paralysis (29%).

In group A, mucosal or facial skin necrosis was 
found in 100% of cases; in group B, nasal endoscopy 
showed overt mucosal necrosis, characterized by 
blackish scabs in 4/7 (57%) and mucosal pallor/discol-
oration in 3/7 patients (43%), with clinical suspicion 
being determinant for them. 

In all sinonasal mucosa cytology imprints or biopsies 
that were taken, the test for fungi reported broad hy-
phae consistent with Mucor. In the culture for fungi, 
Rhizomucor grew in 13/15 (86.6%), Rhizopus in 1/15 
(6.6%) of group B and invasive aspergillosis in 1/15 
(6.6%) of group A patients.

Extension of disease

All historical group A patients had unilateral rhino-or-
bital involvement: 4/8 had orbital fissure syndrome 
(50%) and 4/8 had orbital apex syndrome (50%). 

In group B, disease orbital extension involved orbital 
fissure syndrome in 4 patients (57%, group B1) and orbit-
al apex syndrome in 3 patients (43%, group B2) (Fig. 1).

All patients displayed sinus involvement on imaging 
studies. The most commonly reported findings in the 
skull tomography were mucosal thickening and partial 
unilateral occupation by paranasal sinuses soft tissue 
density. Most affected paranasal sinuses were, in de-
creasing order: maxillary sinus (100%), anterior eth-
moidal sinus (87%), posterior ethmoidal sinus (53%), 
sphenoidal sinus (26.5%) and frontal sinus (13%).

Tomography axial slices showed that in 100% of 
cases there was pterygomaxillary fossa involvement, 
whereas in 3/15 cases (20%) there was also dissemi-
nation to the infratemporal fossa (Fig. 2).

In 14/15 patients, facial or orbital soft tissue thicken-
ing was also revealed by tomography. 
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Figure 1. Orbital apex syndrome, with chemosis, mydriasis, ophthal-
moplegia and blindness.

Figure 2. Computed axial tomography, where etmoidal sinus and 
orbital apex occupation with extension to the right cavernous sinus 
by mucormycosis is observed.

Paranasal sinuses and affected tissue hypointensi-
ties were observed in magnetic resonance T2 se-
quences in all patients; cavernous sinus thrombosis 
was identified in 7 patients (46.6%) who were experi-
encing alertness state alterations and orbital apex syn-
drome.

Surgical treatment and type  
of practiced surgery

Group A patients had necrotic tissue surgical de-
bridement practiced, with endoscopic ethmoidectomy 
and/or sphenoidotomy, external radical maxillectomy 
to 3/8, endoscopic medial maxillectomy to 1/8 and 
orbital exenteration to 4/8 (50%): to 2 patients with 
orbital apex syndrome and to other 2 patients with 
orbital fissure syndrome.

In group B, all patients underwent necrotic tissue 
surgical debridement by means of endoscopic eth-
moidectomy and/or sphenoidotomy, with endoscopic 
medial maxillectomy and maxillary sinus posterior wall 
removal for pterygomaxillary fossa exploration; 5/7 pa-
tients also underwent sublabial approach for maxillary 
sinus debridement (Fig. 3).

One patient in group B with wide extension to the 
infratemporal fossa required a combined external ap-
proach with lateral rhinotomy plus endoscopic surgery 
of the nose and paranasal sinuses. One patient in 
group B underwent debridement and hard and soft 
palate partial surgical resection due to infection exten-
sion to this area. 

In group B, three patients with cavernous sinus 
thrombosis and who were diagnosed with orbital apex 

syndrome (group B2) also had orbital exenteration 
practiced in collaboration with the Oculoplasty Depart-
ment of the Ophthalmology Division from our hospital.

Four patients (57%) of group B required a second 
surgical intervention in the operating room, with necrot-
ic tissue debridement margins being broadened by the 
endoscopic route. All patients had postoperative de-
bridements practiced at the office.

In patients who underwent exenteration, once the 
tissues were healed, had an ocular prosthesis adapted 
(Fig. 4).

Surgical specimens obtained during the procedures 
were sent to the Pathology Department; in 100% of 
patients was the invasive mycosis diagnosis confirmed.

Medical treatment

In group A, all patients were treated with amphoter-
icin B at a 1 mg/kg dose, with the treatment being 
discontinued when 2 g were accumulated.

In group B, all patients were treated with amphoter-
icin B at 1-1.5 mg/kg doses. Amphotericin B cumula-
tive dose ranged from 2.165 to 4.540 g, with an aver-
age of 2.972 g. Antifungal treatment duration was 
determined based on the presence or absence of ne-
crosis and on the results of biopsies taken at the office, 
with treatment being discontinued when no necrosis or 
hyphae were found in tissue.

Three diabetic patients had nasal and soft tissue 
bacterial overcolonization, with gram-negative bacteria 
such as multiresistant Acinetobacter baumanii complex 
being cultured, which drove the Infectology Department 
to add antibiotic management (cephalosporins and 
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Figure 4. Ocular prosthesis.Figure 3. Endoscopic surgery, where nasal lateral wall necrosis is 
observed.

carbapenems). In both groups, diabetic patients re-
ceived insulin for metabolic control, while patients with 
hematological conditions received chemotherapeutic 
treatment.

Patient’s hospital length of stay, including their stay 
at the Intensive Therapy Unit, ranged from 32 to 54 
days, with a mean of 40 days, which was similar in both 
groups. 

Treatment complications

The incidence and severity of the adverse effects 
reported in our patients was: fever in 4 patients (26%) 
after amphotericin B administration, which could be 
controlled with antipyretics (2 patients in group A and 
2 patients in group B); transient elevation of nitrogen 
compounds was also observed. 

Evolution

In group A there was a disease-related mortality of 
50%; it should be highlighted that patients with apex 
syndrome who did not undergo exenteration did not 
survive, whereas among those who had the procedure 
practiced, 50% did survive (Table 1).

Among the patients who underwent maxillectomy 
there was a trend towards cure (Table 2).

In all treated patients of study group B (group B1 
100% and group B2 100%) was mucormycosis clinical 
and bacteriological cure achieved. In this group there 
was no mortality directly associated with mucormyco-
sis. Orbital differentiated surgical management should be 
highlighted. All 5 patients with diabetes mellitus survived 
free of disease. The two patients with hematological 

conditions died a few weeks after treatment completion 
for other causes unrelated to mycosis (Tables 3 and 4).

Exenterated patients were rehabilitated with ocular 
prostheses. 

Discussion

Over the past few years, we have observed an in-
creased incidence of mucormycosis cases, which has 
been acknowledged by other authors and creates the 
necessity to establish a standardized diagnostic-ther-
apeutic protocol. Our group implemented the currently 
used protocol since two years ago, after analyzing our 
own previous experiences and those published by oth-
er authors, in an attempt to revert the pathophysiolog-
ical aspects of this lethal disease. The most important 
changes to the protocol were the selection of patients 
in whom exenteration is performed and the perfor-
mance of endoscopic maxillectomy with maxillary sinus 
posterior wall resection instead of external radical max-
illectomy, which we had observed to be a favorable 
prognostic factor and that allowed to continue remov-
ing a main infection reservoir, but reducing surgical 
treatment-associated mortality and increasing patient 
survival1-3.

In our series, 87.5% of patients in group A and 71% 
in group B had decompensated type 2 diabetes mel-
litus with ketoacidosis as immunocompromise factor, 
and neutropenia due to some hematological condition 
in 12.5% of group A and 29% of group B. Similar to 
our case series, Zygomycosis in its rhino-orbital-cere-
bral form is more commonly observed in patients with 
diabetes, while the pulmonary form is more frequently 
observed in patients with hematological neoplasms1,6.
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Table 1. Evolution according to disease extension and treatment (group A)

n Comorbidity Disease 
extension

Surgical 
treatment

Orbital 
exenteration

Mucormycosis 
cure

Disease-
related 
death

Non disease-
related 

intra-hospital 
death

1 Type 1 diabetes 
mellitus

Orbital fissure 
syndrome

Maxillectomy Yes Yes No No

2 Type 2 diabetes 
mellitus

Orbital apex 
syndrome

Ethmoidectomy 
and nasal tissue 
extensive 
resection 

No No Yes –

3 Type 2 diabetes 
mellitus

Orbital fissure 
syndrome

Maxillectomy No Yes No No

4 Type 2 diabetes 
mellitus

Orbital fissure 
syndrome

Endoscopic 
ethmoidectomy

Yes No Yes –

5 Type 2 diabetes 
mellitus

Orbital apex 
syndrome

Ethmoidectomy Yes No Yes –

6 Type 2 diabetes 
mellitus

Orbital apex 
syndrome

Maxillectomy Yes Yes No No

7 Acute leukemia Orbital fissure 
syndrome

Endoscopic 
ethmoidectomy, 
endoscopic 
medial 
maxillectomy

No Yes No No

8 Type 2 diabetes 
mellitus

Orbital apex 
syndrome

Endoscopic 
ethmoidectomy, 
sphenoidotomy

No No Yes –

Table 2. Cure with or without maxillectomy

Group Surgical treatment Mucormycosis 
cure

Disease-related  
death

Overall  
mortality 

A External or endoscopic maxillectomy with 
or without orbital exenteration

4/4 (100%) 0% 4/8 (50%)

External or endoscopic ethmoidectomy 
with or without orbital exenteration

0/4 (0%) 4/4 (100%)

In patients with hematological conditions, mucormy-
cosis constitutes the third cause of invasive mycosis, 
after candidiasis and aspergillosis; among our cases, 
only in one patient of group A was invasive aspergillo-
sis identified. This knowledge is useful for antimycotic 
medication selection. 

In patients with hematological conditions and mucor-
mycosis, acute myeloid leukemia cases are predomi-
nant, with neutropenia being one of the main risk fac-
tors for the development of this infection, and being 
difficult to revert. In the studied period, among our 
cases, one patient had acute leukemia in group A, 

whereas in group B, one patient had acute leukemia 
and another had aplastic anemia6,7.

Invasive fungal acute rhinosinusitis clinical presentation 
is unspecific, with frequent diagnostic delay. In our cases, 
ocular signs and symptoms were predominant both in 
group A and group B patients with diabetes, while fever 
was predominant in cases with underlying hematological 
conditions, which is why we consider that mucormycosis 
should be suspected and ruled out in every immunosup-
pressed patient with rapidly establishing ocular symp-
toms or persistent fever. Clinical suspicion, diagnosis 
and early treatment can improve patient survival2,4,7. 
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Table 3. Evolution according to disease extension and treatment (group B)

n Comorbidity Disease 
extension

Surgical 
treatment

Orbital 
exenteration

Mucormycosis 
cure

Disease-
related death

Non disease-
related 
intra-hospital 
death

1 Type 2 diabetes 
mellitus
Ketoacidosis

Superior orbital 
fissure 
syndrome

Endoscopic + 
sublabial* + 
pterygomaxillary 
exploration 

No Yes No No

2 Type 2 diabetes 
mellitus

Orbital apex 
syndrome

Endoscopic + 
sublabial + 
pterygomaxillary 
exploration

Yes Yes No No

3 Type 2 diabetes 
mellitus

Orbital apex 
syndrome

Endoscopic + 
sublabial* + 
pterygomaxillary 
exploration

Yes Yes No No

4 Type 2 diabetes 
mellitus
Ketoacidosis

Orbital apex 
syndrome

Endoscopic + 
sublabial* + 
pterygomaxillary 
exploration

Yes Yes No No

5 Type 2 diabetes 
mellitus

Superior orbital 
fissure 
syndrome

Endoscopic + 
lateral rhinotomy 
+ 
pterygomaxillary 
exploration

No Yes No No

6 Hematological 
disorder (acute 
leukemia)

Orbital cellulitis Endoscopic + 
sublabial + 
pterygomaxillary 
exploration

No Yes No Yes

7 Hematological 
disorder (aplastic 
anemia)

Superior orbital 
fissure 
syndrome

Endoscopic + 
sublabial* + 
pterygomaxillary 
exploration

No Yes No Yes

*Required surgical intervention.

Table 4. Cure in exenterated and non-exenterated groups (group B)

Group Disease 
extension

Surgical treatment Orbital 
exenteration

Mucormycosis 
cure

Disease-
related death

Overall mortality 
(non disease-

related) 

B1 Superior orbital 
fissure syndrome 
or without orbital 
involvement

Endoscopic + sublabial 
ethmoidomaxillectomy or 
lateral rhinotomy + 
pterygomaxillary 
exploration 

No 4/4 (100%) 0% 2/7 (28.5%)

B2 Orbital apex 
syndrome

Endoscopic + sublabial 
ethmoidomaxillectomy or 
lateral rhinotomy + 
pterygomaxillary 
exploration

Yes 3/3 (100%) 0%
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In half of group B cases where the disease was di-
agnosed at early stages, only mucosal pallor or violet 
areas, without necrosis, were observed by endoscopy; 
these findings, in the appropriate clinical scenario 
should suffice to raise clinical suspicion and to obtain 
cytology imprints or biopsies for mucormycosis early 
diagnosis and treatment4,6-9.

Orbital involvement is observed in 66-100% of re-
ported cases, which is consistent with 100% of our 
patients having ophthalmologic involvement and re-
quiring multidisciplinary protocol-based management4. 

Although this is a rapidly progressive condition, the 
timing for surgical debridement to limit its extension 
and to maximize the results is not clearly defined. Sur-
vival has been reported to increase by up to 35% if 
treatment is started within the first week of clinical 
presentation. In all our cases, surgery was performed 
within the first 24 h after the diagnosis was confirmed. 
In those patients who required a second intervention, 
it was carried out based on endoscopic clinical find-
ings, as well as on histopathological results obtained 
from repeated biopsies suggesting and confirming the 
persistence of infected necrotic tissue on sinonasal 
cavities6. 

Endoscopic surgery or external approaches com-
bined with endoscopic surgery enable accessing eth-
moidal cavities and the base of the skull to remove 
affected tissues, have less morbidity and comparable 
results to standard techniques; their diagnostic and 
therapeutic usefulness has been demonstrated in sev-
eral sinonasal ailments, including fungal infection. All 
patients in historical group A underwent external or com-
bined approaches with endoscopic surgery and maxil-
lectomy, while in group B radical maxillectomy was not 
required in any case. Anyway, regardless of the ap-
proach, repeated debridement may be required6,10. 

The pterygopalatine fossa is one of the most import-
ant routes for infection dissemination to the orbital, 
facial and intracranial regions, and can be a mucormy-
cosis infection reservoir site. In historical group A, 
greater survival was observed in patients who under-
went radical maxillectomy, which effectively exposes 
this fossa, and for this reason, systematically removing 
the maxillary sinus posterior wall by the endoscopic 
route was considered in group B in order to expose 
the pterygomaxillary fossa to remove the infected tis-
sue without a radical maxillectomy being performed, 
which yielded similar results with less morbidity4. 

The indication for orbital exenteration in patients with 
mucormycosis and orbital involvement is controversial. 
In some reports of patients with the same risk factors, 

when being exenterated, they have shown higher sur-
vival; however, this has not universally been observed. 
The decision for exenteration should depend on the 
immunocompromise state of the patient, on infection 
extension, and on patients’ informed decision. Unlike 
group A, where patients could undergo exenteration 
with any kind of orbital involvement, for study group B, 
our exenteration criteria were mainly based on the type 
of orbital involvement extension. Orbital exenteration 
was performed only in patients with orbital apex syn-
drome and cavernous sinus thrombosis, which rep-
resents a more advanced stage of the disease and 
implies higher risk of intracranial extension and, in ad-
dition, patients already have irreversible loss of the 
visual function; in the cases where there was only orbit 
fissure syndrome, fungal reservoir could be removed 
and disease progression stopped with pterygopalatine 
fossa and orbital fissure debridement, without exenter-
ation, with cure being achieved with this protocol in 
both B1 and B2 groups5,11,12.

In comparison with patients with orbital fissure, pa-
tients with orbital apex syndrome had more aggressive 
and extended infection compared with the rest of the 
cohort, and this is why their hospital stay was more 
prolonged, amphotericine B cumulative dose was also 
higher and more surgical procedures were required for 
necrotic tissue debridement5. 

The use of antifungals is also fundamental for treat-
ment. Amphotericin B at 0.5-1.5 mg/kg doses with a 
cumulative dose of 2 g on average has been the basis 
of antimycotic treatment, and this was the range that 
was observed in study group A while in group B it was 
higher; however, we consider that the cumulative dose 
should not be established based on a fixed scheme, 
but should be objectively individualized based on re-
peated endoscopic assessments where tissue necro-
sis is no longer observed and based on fungus histo-
logical eradication demonstrated by repeated 
postoperative biopsies, as it was done in group B. On 
the other hand, less toxic formulations such as liposo-
mal amphotericin can deliver higher doses (5 mg/kg/
day) in less time, and the use of antifungal combina-
tions (amphotericin + posaconazole or echinocandins) 
can be useful in severe or refractory cases; the use of 
other antifungals (voriconazole) is recommended in 
cases caused by infections other than mucormycosis, 
such as invasive aspergillosis, which occurs frequent-
ly in patients with hematological disorders6,7,13.

Ischemic tissue creates a favorable environment that 
promotes fungal proliferation, and the poor blood sup-
ply by the thrombosis inherent to the disease prevents 



Gaceta Médica de México. 2016;152

696

Table 5. Published series of five or more cases with rhino-orbital mucormycosis with medical and surgical treatment that report 
the outcome (survival or cure)

Authors 
(period of study)

Cases Underlying disease Treatment Survival/mucormycosis cure

Reed et al. 41 Diabetes mellitus (83%), 
cancer (34%), corticosteroids 
(46%), neutropenia (12%) 
and transplantation (10%)

Amphotericin B or 
amphotericin with 
caspofungin + surgical 
debridement

14/34 (41%) with amphotericin 
monotherapy and 6/7 (86%) 
with combination therapy with 
caspofungin

Bhansali 35 Diabetes mellitus Amphotericin B + surgical 
debridement in 26/35 (74%)

21/35 (60%)

Rangel 22 Diabetes mellitus (20/22) Amphotericin B + 
debridement

15/22 (68%)

Süslü et al.
(2000-2006)

19 Hematological neoplasm, 
13/19; the rest, other factors

Amphotericin B + 
debridement (13/19) or 
amphotericin B without 
surgery (6/19)

Medical treatment + surgery in 
6/13 (46%)
No surgery in 0/6 (0%)

Bala et al.
(2010-2011)

17 Diabetes mellitus (74%) Liposomal amphotericin B 5 
mg/kg/day + debridement

15/17 (88%)

Nithyanandam  
et al. (1992-2000)

16 Diabetes mellitus Amphotericin B 0.7 mg/kg/
day + intraorbital 
amphotericin B + group A 
nasal-sinus debridement and 
group B nasal-sinus 
debridement + orbital 
exenteration

Group A 7/7 (100%)

Group B 1/9 (11%)

Total 50%

Prado et al.
(present study)
(2008-2012 and
2013-2014)

15 Diabetes mellitus, 12/15
Hematological condition, 3/15

Amphotericin B + 
amphotericin B irrigation 
surgical debridement 
according to extension, with 
or without exenteration, with 
maxillectomy or 
pterygomaxillary exploration

Historical group A 4/8 (50%)
Study group B 7/7 (100%)

Abedi et al.
(1957-1982)

14 Diabetes mellitus (9/14), 
leukemia (2/14), 
transplantation (2/14) and 
disseminated cancer (1/14)

Amphotericin B + surgical 
debridement

10/14 (71%)

Sun et al.
(2003-2007)

11 Solid organ transplantation Amphotericin B (LAmB or 
AmBd) + debridement)

7/11 (63.6%)

Pagano et al. 10 Hematological malignancies Amphotericin B + surgical 
debridement (4/6)

6/10 (60%)

Shpitzer et al. 10 Diabetes mellitus Amphotericin B + 
debridement

2/10 (20%)

Guevara et al.
(1973-2001)

9 Diabetes mellitus Amphotericin B + external or 
endoscopic debridement

5/9 (55.5%)

Ghafur et al.
(2000-2010)

9 Diabetes mellitus Amphotericin B + surgical 
debridement

7/9 (77.7%)

Kohn and Hepler 8 Diabetes mellitus Amphotericin B + surgical 
debridement (without orbital 
exenteration) and irrigations 
with amphotericin B

8/8 (100%) 

Talmi et al. 8 Hematological and other 
malignant neoplasms

Amphotericin B 0.5-1.5 mg/kg 
+ debridement 

5/8 (62.5%)

(Continued)
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Table 5. Published series of five or more cases with rhino-orbital mucormycosis with medical and surgical treatment that report 
the outcome (survival or cure) (Continued)

Authors 
(period of study)

Cases Underlying disease Treatment Survival/mucormycosis cure

Gorjón et al.
(1998-2006) 

7 Hematological disease (7/7) 
and diabetes mellitus (3/7)

Amphotericin B + 
debridement

2/7 (28.5%)

Charfi et al. 7 Diabetes mellitus (6/7) Amphotericin B + 
debridement 

5/7 (71.4%)

Bhadada et al.
(2001- 2004)

6 Type 1 diabetes mellitus (6/6 Amphotericin B + 
debridement (5/6)

4/6 (66.6%)

Sachdeva 6 Diabetes mellitus (6/6) Amphotericin B + 
debridement (4/6)

4/6 (66.6%)

Arda et al.
(2007-2010)

6 Hematological disease 
(aplastic anemia and others)

Amphotericin B + surgical 
debridement

4/6 (66.6%)

Alobid et al.
(1995-2001)

5 Diabetes mellitus (5/5) Amphotericin B + 
debridement with 
exenteration (2/5) or 
endoscopic surgery (3/5)

5/5 (100%)

Toumi et al.
(1995-2007)

5 Diabetes mellitus (5/5) Amphotericin B (5/5) + 
debridement (4/5)

2/5 (40%)

Total 286 172 (60.1%)

LAmB: Liposomal Amphotericin B; AmBd: Amphotericin B deoxycholate

antifungal therapy from reaching the tissues and fight-
ing the infection. This situation can warrant the use of 
anticoagulants such as enoxaparine as ancillary ther-
apy to revert this aspect of its pathophysiology, al-
though performing a controlled study would be re-
quired to establish its usefulness. In addition, Seiffetal 
et al. considered that local irrigations with amphotericin 
B, by directly delivering an elevated concentration to 
involved tissues, are useful as coadjuvant therapy in 
the control of rhino-orbital fungal infections, particular-
ly in patients with reversible immunosuppression, as 
used in our patients of both groups10,14,15.

We agree with reports stating that successful treat-
ment of mucormycosis requires a multidisciplinary 
strategy where at least the following factors are cov-
ered to revert its pathophysiology: a) early diagnosis, b) 
reversion of predisposing systemic factors with control 
of the underlying condition (blood glucose control with 
acid-base status restoration in diabetic patients and 
immunosuppression status reversal in hematologic pa-
tients), c) early and adequate surgical debridement and 
d) prompt, adequate and sufficient antifungal therapy6.

Clinical and bacteriological cure of 100% of patients 
in group B contrasts with historical group A 50% mor-
tality, and is better than that reported in the literature, 

currently of 60-70%. We consider that this is largely 
due to the employed strategy, where treatment was 
standardized to revert the patophysiology of disease 
and to prevent and/or limit its natural progression to 
intracranial structures, thus individualizing medical 
treatment duration and surgical treatment extent based 
on disease extension, but reducing surgical treat-
ment-associated morbidity; however, 2 patients with 
hematological disease in group B died during hospi-
talization for causes related to their underlying condi-
tion, which highlights the importance of underlying 
conditions control for these patients’ survival6,10.

When in February 2015 a search was carried out in 
PubMed looking for published articles with the term 
Rhino-Orbital Mucormycositis and no limitations, it 
yielded 118 results, among which no controlled clinical 
trials were found, with the majority referring to isolated 
cases or series of 2-4 cases, and only 21 publications 
involving 5 or more cases being found. This study 
represents one of the investigations with the largest 
number of cases reporting patient evolution with med-
ical and surgical combined treatment, and is one of the 
few cohort studies ever conducted16-36 (Table 5).

This patient cohort (study group B), together with the 
cohort published by Khon28 of 8 patients surgically 
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treated without orbital exenteration, together with one 
of the 7-patient groups reported by Nithyanandam21, 
the cohort reported by Alobid35 with 5 patients treated 
with endoscopic surgery and the cohort reported by 
González37 with 4 patients, represents the only pub-
lished series with a successful treatment strategy in 
100% of cases with mucormycosis in its rhino-orbital 
form. These strategies, although with certain differenc-
es, have medical and surgical treatment focused on 
removing only irreversibly affected tissues with repeat-
ed resections or by means of endoscopy and ampho-
tericin B local (even intraconal) application as a com-
mon denominator21.28.35.37. 

This work shows the differences between both ther-
apeutic protocols employed; it offers useful criteria for 
rhino-orbital mucormycosis surgical management de-
pending on its extension in order decrease its mortal-
ity and limit the morbidity associated with surgical 
treatment.

Controlled clinical trials assessing different therapeu-
tic variables are required to determine the optimal 
management protocol and to consistently improve sur-
vival in this condition13.
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