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Purpose: Mucormycosis is a multisystemic, aggressive, and an opportunistic fungal infection. The most common type is rhi-
no-orbito-cerebral mucormycosis (ROCM) accounting for almost 40% of the cases. In this study, we analyzed the etiopatholo-
gy, clinical features, treatment outcome, and the factors associated with outcome in ROCM.

Methods: Case records of 52 patients of ROCM were analyzed. Clinical parameters, laboratory parameters, imaging find-
ings, treatment regime, and treatment outcome details were retrieved from each case record. The outcome measures were 
evaluated as treatment success and treatment failure. Univariate and logistic regression analyses were performed to identify 
factors associated with treatment outcome. 

Results: On univariate analysis, factors associated with poor treatment outcome were uncontrolled blood sugar, blood urea, 
diabetic ketoacidosis, duration of ocular symptoms, no perception of light at presentation, ptosis, conjunctival chemosis, rel-
ative afferent pupillary defect, two or more sinus involvement, bony erosion of orbital wall, intracranial extension, intraconal 
invasion, etc. On subsequent logistic regression analysis, factors that maintained significant association with poor treatment 
outcome were uncontrolled blood sugar (adjusted odds ratio [aOR], 1.17; p = 0.018), no perception of light at presentation 
(aOR, 10.67; p = .006), ptosis at presentation (aOR, 3.90; p = 0.03), conjunctival chemosis (aOR, 7.11; p = 0.024), relative affer-
ent pupillary defect (aOR, 10.60, p = 0.01), central retinal artery occlusion at presentation (aOR, 3.54; p = 0.021) and two or 
more sinus involvement (aOR, 4.90; p = 0.009).

Conclusions: The current study identified newer factors in the form of presenting ocular and radiological features as predic-
tors for aggressive systemic disease and poor treatment outcome. Future prospective studies are, however, needed to sub-
stantiate these associations.
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Mucormycosis is a multisystemic, aggressive and an op-
portunistic fatal fungal infection caused by the fungi Mu-
cormycetes and class Mucorales. The common forms of 
mucormycosis are rhino-orbito-cerebral (ROC), pulmo-
nary, cutaneous, gastrointestinal, disseminated, and isolat-
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ed renal mucormycosis. Among these, the most common 
type is ROC mucormycosis (ROCM) accounting for al-
most 40% of the cases [1-3]. The most common route of in-
fection is by invasion from the adjacent paranasal sinuses 
or direct traumatic inoculation into the orbit. After the 
fungal colonization in the sinonasal mucosa, it enters the 
orbit through the ethmoid and maxillary sinuses or via the 
nasolacrimal duct, and spread towards the brain occurs ei-
ther through ophthalmic artery, superior orbital fissure, or 
via cribriform plate. The spread of the infection to the 
frontal lobes and to the cavernous sinus occurs via peri-
vascular and perineural channels through the cribriform 
plate and the orbital apex [4,5]. 

ROC disease is seen almost exclusively in immunocom-
promised hosts. Approximately 60% to 80% of the cases 
occur in patients with diabetic ketoacidosis [6-9]. In this 
retrospective study, we analyzed the etiopathology, clinical 
features, and treatment outcome of patients with ROCM 
attending a tertiary care hospital. We also analyzed the 
factors affecting the final outcome with an emphasis on 
the ocular features that can predict the outcome.

Materials and Methods

Ethics statement

The study was conducted after the approval from the In-
stitutional Ethics Committee of the Jawaharlal Institute of 
Postgraduate Medical Education and Research, Puducherry, 
India (No. JIP/IEC/2020/183), and it adhered the ethical 
principles mentioned in the Declaration of Helsinki. Writ-
ten informed consent for publication (including the imag-
es) has been obtained from the parent of the patient.

Study design

We conducted a retrospective study of the case records 
of ROCM patients admitted from January 2019 to April 
2020. Case record details including demographic history, 
medical history, treatment details, laboratory parameters, 
and imaging findings were all retrieved for each patient. 
Ocular evaluation details retrieved for each patient includ-
ed best-corrected visual acuity (BCVA), intraocular pres-
sure, slit-lamp examination findings, and dilated fundus 
examination findings. Diagnosis of mucormycosis was es-

tablished for each patient based on the clinical evaluation, 
imaging (contrast-enhanced computed tomography 
[CECT]), histopathological examination, and microbiologi-
cal assessment of the samples. ROCM was categorized into 
three distinct stages based on the clinical features and level 
of disease extension. Stage I disease was defined as isolat-
ed sinonasal disease. Stage II disease had isolated rhino-or-
bital disease: difficulty in vision, ocular movement restric-
tion, proptosis, external/internal ophthalmoplegia, central 
retinal artery occlusion (CRAO), etc. Stage III had ROCM 
disease, with cerebral involvement indicated by cavernous 
sinus thrombosis, altered sensorium, or hemiplegia [10]. 
Inclusion criteria were stage II and stage III disease. Isolat-
ed sinonasal disease (stage I) cases were excluded from our 
study as this stage had no ocular clinical features at pre-
sentation.

On clinical diagnosis of mucormycosis, treatment with 
systemic amphotericin B was started in all the patients. 
Based on the clinical staging and nature of the surgery that 
the patients had undergone subsequently, patients were 
categorized into three different treatment groups: A, B, 
and C. Treatment A regimen included medical treatment 
and nasal debridement; B regimen included medical treat-
ment and nasal debridement with orbital exenteration; and 
C regimen involved only medical treatment. Patients with 
rhino-orbital disease (stage II) underwent either treatment 
A or B while patients with ROC disease (stage III) and 
those who were not willing for any surgery received treat-
ment C regimen.

The outcome measures for our study were evaluated as 
treatment success and treatment failure. Treatment success 
was characterized by systemic stability, metabolic control, 
and disease-free condition. Treatment failure was charac-
terized by disease progression to a severe condition, deteri-
oration of the physical condition, or death due to the infec-
tion [10]. 

Statistical analysis

The data were entered and analyzed using IBM SPSS 
ver. 26.0 (IBM Corp., Armonk, NY, USA). Descriptive sta-
tistics were represented using mean ± standard deviation 
for continuous variables. Nonparametric variables were 
analyzed using the chi-square and Fischer exact test. Com-
parison of means was performed using Student t-test for 
parameters showing normal distribution and Mann-Whit-
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ney U-test for nonnormally distributed parameters. Nor-
mality of distribution was assessed for all continuous vari-
ables using Shapiro-Wilk test. Linear regression analysis 
was performed on continuous variables including blood 
urea, random blood sugar, creatinine, age, and duration of 
symptoms to assess their impact on final outcomes. Signif-
icant variables on univariate analysis were further subject-
ed to logistic regression analysis after performing multi-
collinearity test. A p-value of less than 0.05 was considered 
statistically significant.

Results

Demographics

A total of 52 patients of mucormycosis with orbital or 
ocular involvement presented to Jawaharlal Institute of 

Postgraduate Medical Education and Research during the 
study period. Two patients had bilateral involvement. Thir-
ty-six patients (69.2%) were male and 16 patients (30.7%) 
were female. Mean age at presentation was 51.84 ± 14.06 
years (Table 1).

 Systemic status

Fifty-one patients (98.4%) had diabetes mellitus (DM) of 
which 33 patients (63.4%) were found to have uncontrolled 
sugars (>250 mg/dL) and 15 patients (28.8%) had diabetic 
ketoacidosis (DKA). Renal involvement in the form of 
acute kidney injury was found in 14 patients (26.9%), 
while hepatic failure was seen in four patients (7.7%). Eight 
patients had systemic hypertension while three had cardio-
vascular disease. Cerebral involvement (ROC or stage III 
disease) was seen in eight patients (15.4%). Stage II disease 
was seen in 44 patients (84.6%). The mean duration of sys-

Table 1. Baseline sociodemographic and clinical characteristics of all the patients

Characteristic Total
(n = 52)

Treatment success
(n = 19)

Treatment failure
(n = 33) p-value

Sex 
Male 36 (69.2) 14 (73.7) 22 (66.7) 0.758
Female 16 (30.7) 5 (26.3) 11 (33.3)

Age (yr) 51.84 ± 14.06 (8–74) - - 0.700
Associated systemic disease and laboratory 

characteristic
Diabetes mellitus 51 (98.1) 19 (100) 32 (97.0)
Uncontrolled blood sugar (>250 mg/dL) 33 (63.4) 7 (36.8) 26 (78.8) 0.008*

Diabetic ketoacidosis 15 (28.8) 3 (15.8) 12 (36.4) 0.030*

Random blood sugar at presentation 266.85 ± 129.02 19 (100) 33 (100) 0.041*

Urea 48.19 ± 29.40 19 (100) 33 (100) 0.034*

Creatinine 1.41 ± 1.13 19 (100) 33 (100) 0.580
Hypertension 8 (15.4) 3 (15.8) 5 (15.2) 0.841
Renal failure (e-GFR) 14 (26.9) 4 (21.1) 10 (30.3) 0.043*

Hepatic failure 4 (7.7) 2 (10.5) 2 (6.1) 0.980
Duration of systemic symptom† (day) 13.12 ± 6.98 (2–45) 19 (100) 33 (100) 0.312
Duration of ocular symptom‡ (day) 7.28 ± 3.46 (1–16) 19 (100) 33 (100) 0.034*

Stage of disease
Stage II (rhino-orbital) 44 (84.6) 15 (78.9) 29 (87.9) 0.443
Stage III (rhino-orbito-cerebral) 8 (15.4) 4 (21.1) 4 (45.5)

Values are presented as number (%), mean ± standard deviation (range), or mean ± standard deviation.
e-GFR = estimated glomerular filtration rate. 
*Statistically significant; †Fever, nasal discharge, headache, etc.; ‡Blurring of vision, ptosis, proptosis, etc.



359

AK Deb, et al.  Rhino-orbito-cerebral Mucormycosis

temic symptoms was 13.12 ± 6.98 days whereas the mean 
duration of ocular symptoms was 7.28 ± 3.46 days. 

Uncontrolled blood sugars at presentation (p = 0.008), 
presence of DKA (p = 0.03), blood urea levels at presenta-
tion (p = 0.034), and duration of ocular symptoms (blurring 
of vision, ptosis, proptosis, etc.) at presentation (p = 0.034) 
were all associated with poor treatment outcome on uni-
variate analysis (Table 1). However, we could not find any 
significant association of the treatment outcomes with ei-
ther the duration of systemic symptoms (fever, nasal dis-
charge, headache, etc.) at presentation or at the stage of the 
disease (stage II or stage III).

Ocular assessment

Ocular assessment details at presentation are shown in 
Table 2. BCVA at presentation was 20 / 200 or better in 14 
patients (26.9%), hand movements (HM) to 20 / 200 in 12 
patients (23.1%), and no perception of light (NPL) in 22 pa-
tients (42.3%). One patient with bilateral involvement had 

NPL vision in both eyes. Vision could not be assessed in 
four patients due to altered sensorium. NPL vision at pre-
sentation was associated with poor treatment outcome  
(p = 0.001) on univariate analysis. Ptosis was noted in 40 
patients (76.9%) and proptosis in 43 patients (82.7%) at pre-
sentation. Presence of ptosis was associated with poor out-
come (p = 0.006) on univariate analysis. Relative afferent 
pupillary defect (RAPD) was noted in 29 patients (55.8%) 
and it was also associated with poor treatment outcome  
(p = 0.008) on univariate analysis. CRAO was seen in 16 
patients (30.8%), cilioretinal artery occlusion in one pa-
tient, proliferative diabetic retinopathy (DR) in nine pa-
tients (17.3%), nonproliferative DR in 12 patients (23.1%). 
Presence of CRAO was associated with poor treatment 
outcome (p = 0.021). However, DR status was not associat-
ed with poor treatment outcome.

Conjunctival chemosis was noted in 49 patients (94.2%). 
Corneal involvement was found in 36 patients: neurotrophic 
keratitis in 11 patients (21.5%), while 25 patients (48.1%) 
had exposure keratitis. Restriction of extraocular move-

Table 2. Ocular features at presentation

Variable Total Treatment success Treatment failure p-value
BCVA at presentation (n = 48) -

>20 / 200 14 5 9
20 / 200 (HMCF) 12 6 6
NPL 22 5 17

Signs and symptoms
NPL vision at presentation 22 5 17 0.001*

Proptosis 43 15 28 0.588
Ptosis 40 10 30 0.006*

Conjunctival chemosis 49 8 41 0.005*

Restriction of EOM 40 12 28 0.037*

Relative afferent pupillary defect 29 7 22 0.008*

Neurotrophic keratitis 11 3 8 0.726
Exposure keratitis 25 12 13 0.970
Central retinal artery occlusion 16 2 14 0.016*

Cilioretinal artery occlusion 1 0 1 -
Choroidal folds 1 0 1 -
Proliferative DR 9 1 8 0.074
Nonproliferative DR 12 4 8 0.583
Any DR stage 21 5 16 0.118

BCVA = best-corrected visual acuity; HMCF = hand movements close to the face; NPL = no perception of light; EOM = extraocular 
movement; DR = diabetic retinopathy.
*Statistically significant. 
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ments was noted in 40 patients (76.9%). Of these clinical 
features, presence of conjunctival chemosis was noted to 
be associated with a poor treatment outcome (p = 0.01) 
along with ptosis (p = 0.03) on univariate analysis.

Imaging findings

CECT was performed for all patients at or within 24 
hours of presentation. Thirteen patients had only single si-
nus involvement, while 39 patients had two or more sinus-
es involved. Paranasal sinus involvement on CECT is 
shown in Table 3. Bony erosion with the contiguous inva-
sion of the orbit was seen in 20 patients. Orbital apex in-
volvement was seen in seven patients, cavernous sinus in-
volvement in seven patients, and intracranial extension in 
six patients. Extraconal invasion and intraconal invasion 
were seen in 25 and 20 patients, respectively. Involvement 
of two or more sinuses (p = 0.024) and bony erosion of the 
orbital wall (p = 0.04) were associated with poor treatment 
outcome on univariate analysis (Table 3).

Microbiological profile

Diagnostic nasal endoscopy was performed in all the pa-
tients. Among them, 32 patients (61.0%) showed black-col-
ored crusts in the nasal cavity. Samples taken during diag-
nostic nasal endoscopy were sent for microbiological 
evaluation. Potassium hydroxide mount showed either 
broad aseptate hyphae or fungal elements in 26 patients. 
Fungal culture details were available for 40 patients. Cul-
ture was positive for fungal growth in 18 patients: Mucor 
sporangiophores (two patients) and Rhizopus sporangio-
phores (16 patients) (Table 3). 

Treatment

Liposomal amphotericin B was initiated empirically in 
all 52 patients. Owing to the renal toxicity of the drug, re-
nal adjustment of dosage was done in 14 patients. The full 
course of treatment was completed in 31 patients; 14 pa-
tients had expired before the completion of the course 
while seven patients were unable to afford the drug. Treat-

Table 3. Imaging findings and microbiological profile

Variable Total Treatment success Treatment failure p-value
Sinus and orbital involvement

Maxillary sinus 44 13 31 -
Ethmoidal sinus 39 13 26 -
Sphenoidal sinus 25 6 19 -
Frontal sinus 16 4 12 -
One sinus involved 13 9 4 0.024*

Two or more sinuses involved 39 10 29 -
Bony erosion of orbital wall 20 5 15 0.040*

Noncontiguous orbital involvement 37 11 26 0.110
Extraconal invasion 25 5 20 0.039*

Intraconal invasion 20 6 14 0.430
Orbital apex involvement 7 1 6 0.242
Intracranial extension 6 3 3 0.656
Cavernous sinus thrombosis 7 1 6 0.242

Microbiological culture profile 40 (100) 18 (45.0) 22 (55.0) -
Negative culture 22 (55.0) 9 (50.0) 13 (59.1)
Mucor 2 (5.0) 1 (5.6) 1 (4.5)
Rhizopus 16 (40.0) 8 (44.4) 8 (36.4)

Values are presented as number or number (%).
*Statistically significant.
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ment regimen A (medical treatment plus nasal debride-
ment) was given in 38 patients, regimen B (treatment A 
plus exenteration) in five patients, and regimen C (only 
medical treatment) in the remaining nine patients. Among 
these nine patients, four patients had cerebral involvement 
which was deemed unresectable, while five patients were 
unfit for surgery throughout their hospital stay. Nasal de-
bridement alone through the transnasal endoscopic route 
(functional endoscopic sinus surgery, FESS) was per-
formed in 26 patients. Partial maxillectomy was indicated 
in addition to local debridement in 12 patients. In three pa-

tients, maxillectomy was performed after FESS in a sec-
ond sitting owing to inadequate clearance of the disease. 
Primary exenteration (regimen B) combined with debride-
ment was performed in five patients. Neurosurgical drain-
age of abscess along with the transcranial injection of lipo-
somal amphotericin B was given in three patients. Lateral 
canthotomy was needed in one patient to provide relief 
from orbital compartment syndrome. Final outcome was 
poorer as the treatment regimen progressed from A to C (p 
< 0.001). Surgical management for all the patients has been 
depicted in a flowchart in Fig. 1.

52 L-AmpB initiated

19  
Treatment success

33  
Treatment failure

5 Poor visual
outcome

21 Amp B course  
not completed

12 Amp B course
completed

5 Exenterated

7 Status  
unchanged

14 Visual
improvement

14 Expired
7 Against  

medical advice

7 Inability to afford
treatment

Fig. 2. Flowchart showing treatment outcomes. L-AmpB = liposomal amphotericin B; Amp = amphotericin.

Fig. 1. Flowchart showing surgical management of the cases. FESS = functional endoscopic sinus surgery.

22 Debridement
completed

26 FESS + debridement

38 Surgical
management

12 Maxillectomy + debridement

4 Incomplete
debridement

3 Maxillectomy
5 Combined with

exenteration

3 Combined with
craniotomy

1 Combined with
canthotomy

6 Complete 6 Incomplete
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Outcomes

Overall, out of 52 patients, 19 patients (36.5%) had treat-
ment success while 33 patients (63.5%) had treatment fail-
ure. Only 31 patients had completed full course of treat-
ment while remaining 21 either expired (14 patients) or had 
taken discharge against medical advice (seven patients). 
All these seven patients had deterioration of their physical 
conditions during their stay in the hospital and were con-
sidered as treatment failure. Patient survival was, there-
fore, considered as 31 of 52 (59.6%). Out of the 31 patients 
who had survived, clinical improvement was seen in 19 
patients, while five patients required exenteration and the 
conditions remained unchanged in seven patients. BCVA 
at last follow-up in 31 patients completing the full course 
of treatment was 20 / 200 or better in 14 patients, HM to 
20 / 200 in six patients, and NPL in 11 patients. Vision sur-
vival (vision of HM or better) was, therefore, noted in 20 
of 52 patients (38.5%) and globe survival was noted in 26 
of 52 patients (52.0%). Improvement in the extraocular 
movements and ptosis was observed in 10 of 31 patients 
(32.3%). Resolution of RAPD was observed in five of 31 
patients (16.1%). Treatment outcome for all 52 patients has 
been shown in Fig. 2 and Table 4.

On univariate analysis, factors associated with poor 
treatment outcome were uncontrolled blood sugar (>250 
mg/dL), DKA, random blood sugar at presentation, blood 
urea, duration of ocular symptoms, NPL vision at presen-
tation, ptosis, conjunctival chemosis, RAPD, CRAO, two 

or more sinus involvement, bony erosion of orbital wall, 
etc. (Tables 1-3). Multicollinearity test was performed to 
detect any possible intercorrelations between the various 
independent variables that were found significant on uni-
variate analysis. However, none of the factors were found 
to be intercorrelated. Logistic regression analysis was sub-
sequently performed, and adjusted odds ratio (aOR) was 
calculated for each factor. Factors found to have significant 
associations with poor treatment outcome on logistic re-
gression analysis were uncontrolled blood sugar (aOR, 1.17; 
p = 0.018), NPL at presentation (aOR, 10.67; p = 0.006), 
ptosis at presentation (aOR, 3.90; p = 0.03), conjunctival 
chemosis (aOR, 7.11; p = 0.024), RAPD (aOR, 10.60; p = 0.01),  
CRAO at presentation (aOR, 3.54; p = 0.021), and two or 
more sinus involvement (aOR, 4.90; p = 0.009) (Table 4).

Discussion

DM is the most common risk factor for mucormycosis 
accounting for 60% to 80% of the reported cases of mu-
cormycosis worldwide. Other predisposing conditions in-
clude DKA, immunosuppressive therapy, chronic renal 
failure, cirrhosis, hematological malignancies, solid organ 
transplantation, and HIV infection [11,12]. In our study, 
DM was seen in 51 of 52 patients (98.1%), DKA in 15 of 52 
patients (28.8%), renal involvement in 14 of 62 patients 
(26.9%), and hepatic failure in four of 52 patients (7.7%). 
However, none of the patients that were diagnosed and 

Table 4. Logistic regression analysis to identify factors affecting treatment outcome

Factor Unadjusted OR p-value Adjusted OR p-value
Uncontrolled blood sugars 2.15 0.008 1.17 0.018
Diabetic ketoacidosis 3.33 0.030 2.18 0.070
NPL at presentation 19.74 0.001 10.67 0.006
Ptosis 5.78 0.006 3.90 0.030
Conjunctival chemosis 10.44 0.005 7.11 0.024
Frozen globe 3.73 0.037 2.96 0.060
Relative afferent pupillary defect 13.13 0.008 10.60 0.010
Central retinal artery occlusion 3.78 0.016 3.54 0.021
Bony erosion of orbital wall 3.32 0.040 2.41 0.120
Extraconal orbital involvement 3.40 0.039 2.00 0.080
Two or more sinus involvement 4.22 0.024 4.90 0.009

OR = odds ratio; NPL = no perception of light.
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treated at our center as orbital mucormycosis during the 
current study period had hematological malignancy or or-
gan transplantation as risk factors. This is unlike few other 
studies where these risk factors were noted as frequently 
as DM [6,13]. Similar to this study, Kashkouli et al. [14] 
had reported type 1 DM, type 2 DM, and renal failure in 
10 (15.9%), 33 (52.4%), and two of 63 cases (3.2%), respec-
tively. In another study by Yohai et al. [15] DM, DKA, and 
renal disease was present in 87 (60%), 43 (30%), and 21 of 
145 cases (14%), respectively. Uncontrolled blood sugars at 
presentation, in fact, was a factor associated with poor 
treatment outcome on both univariate analysis and logistic 
regression analysis in this study. Control of blood sugar 
levels is, therefore, very essential for successful treatment 
of a case of orbital mucormycosis. 

The signs and symptoms of ROCM depend upon the 
route of entry and the involved structures. Initial presenta-
tion may be in the form of loss of vision or nerve palsy 
causing restriction of extraocular movements and diplopia 
followed by ptosis, proptosis, internal ophthalmoplegia, 
and CRAO. Intracranial spread may cause severe head-
ache, altered sensorium, and finally death [11,16-18]. Ocular 
findings seen in this study were conjunctival chemosis 
(94.2%), proptosis (82.7%), ptosis (76.9%), restriction of ex-
traocular movements (76.9%), RAPD (55.8%), exposure 
keratitis (48.1%), NPL vision at presentation (42.3%), neu-
rotrophic keratitis (21.5%), CRAO (30.8%), proliferative 
DR (17.3%), and nonproliferative DR (23.1%). In the study 
by Bhansali et al. [19], where 35 cases were studied, the oc-
ular features noted were ophthalmoplegia (89%), proptosis 
(83%), loss of vision (80%), chemosis (74%), periorbital 
swelling (66%), CRAO (20%), etc. Kashkouli et al. [14] 
studied 63 cases, and the reported ocular features include 
proptosis (39.2%), extraocular movement abnormality 
(83.5%), frozen eye (55.7%), loss of vision (24.1 %), etc. The 
duration of ocular symptoms at initial presentation also 
served as a predictor for poor treatment outcome on uni-
variate analysis in our study. Delay in diagnosis and treat-
ment was noted to be associated with poor patient survival 
in prior studies as well [15,19].

Presence of ptosis, RAPD, CRAO, NPL vision at presen-
tation, and conjunctival chemosis were all significantly as-
sociated with poor treatment outcome on univariate analy-
sis. On logistic regression analysis, NPL vision at 
presentation (aOR, 10.67), conjunctival chemosis (aOR, 
7.11), and RAPD (aOR, 10.60) maintained significant asso-

ciation with poor treatment outcome. Presence of these oc-
ular features at presentation may serve as predictors of 
poor treatment outcome. The current study, therefore, 
identifies these ocular features as predictors that may her-
ald worsening of the systemic disease and, thereby, deter-
mine the need for more aggressive treatment in such cases. 
In the study by Kashkouli et al. [14], frozen eye (OR, 4.6) 
was associated with poor outcome on multivariate analysis. 
In the study by Bhansali et al. [19], presence of eyelid gan-
grene (p < 0.05) was related to poor survival.

CECT and magnetic resonance imaging are both invalu-
able tools for diagnosing and assessing the disease progres-
sion in ROCM [20]. Maxillary sinus (84.61%) followed by 
ethmoidal sinus (75%) were the two most affected sinuses 
in our study population—findings similar to the study by 
Abdollahi et al. [21]. In the study by Kashkouli et al. [14], 
ethmoidal sinus (74.6%) was most commonly affected fol-
lowed by the maxillary sinus (68.3%). Two or more sinuses 
were involved in 63.3% of cases in their study but this was 
not associated with poor treatment outcome. In contrast, 39 
patients (75%) in our study had two or more sinuses in-
volved on radiological imaging and this was a significant 
factor for poor treatment outcome in both univariate anal-
ysis (OR, 4.22) and logistic regression analysis (aOR, 4.90). 
Radiological findings can, therefore, serve as predictors of 
severe disease and guide the treatment course.

Vision survival was noted in 38.5% of patients and globe 
survival in 52.0% of patients in our study. Vision loss in 
ROCM can result from either CRAO, exenteration, or cav-
ernous sinus thrombosis [3-5]. In our study,16 patients had 
CRAO, and seven patients had cavernous sinus thrombo-
sis. CRAO was associated with poor treatment outcome on 
univariate analysis which, however, lost significance on lo-
gistic regression analysis. Indications of orbital exentera-
tion include progressive disease with proptosis, cranial 
nerve involvement, CRAO, etc. [5,14,22-24]. Exenteration 
can improve patient survival in cases with intracranial ex-
tension and rapid progression. However, survival may not 
improve if the patients already have aggressive disease pri-
or to exenteration [25,26]. In this study, five patients need-
ed exenteration and globe survival was noted in 26 of total 
31 patients that completed full course of medical treatment. 
We could not analyze the factors associated with globe 
survival or vision survival in our study. In the study by 
Kashkouli et al. [14], higher white blood cell count was the 
only factor that was found to be associated with the need 
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for exenteration. No other studies have evaluated the fac-
tors affecting vision and globe survival. Future prospective 
studies may, therefore, be planned to determine the factors 
that can affect the vision and globe survival in ROCM. 
Our current study showed a patient survival rate of 59.6%, 
which is comparable to the survival rates—73.3%, 70%, 
57%—of the studies done by Abdollahi et al. [21], Roden 
et al. [6], and Kashkouli et al. [14], respectively. However, 
one important aspect to be considered here is that the early 
stage I of the disease was not included in our study which 
has affected the survival rate in this study. More advanced 
diseases, stage II and stage III with poorer survival rates, 
were included in the study. Prompt diagnosis, early initia-
tion of treatment with systemic antifungals and surgical 
debridement of the sinuses are the key steps to a higher 
survival rate in ROCM. 

Strength of our study lies in its large sample size. Only 
few prior studies had equivalent or more sample size 
[14,15]. Also, the current study analyzed and identified oc-
ular and radiological features as predictors of aggressive 
systemic disease and poor treatment outcome. One limita-
tion of the study is the retrospective study design. Howev-
er, ROCM being a rare and aggressive disease, patient re-
cruitment and follow-up may be difficult for a prospective 
study design.

Patient survival, globe survival, and vision survival were 
59.6%, 52.0%, and 38.5%, respectively in this study. DM 
was the most common underlying systemic disease. High 
blood sugar at presentation, NPL vision at presentation, 
ptosis, conjunctival chemosis, RAPD, bony erosion of or-
bital wall, and two or more sinus involvement were the 
major predictors for poor treatment outcome.
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