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Purpose: To correlate the clinical, radiological, and 
histopathological features in Covid-associated Rhino-orbito-
cerebral mucormycosis cases presenting with acute visual loss.

Design: Cross-sectional study.
Methods: Covid-associated Rhino-orbito-cerebral 

mucormycosis cases with unilateral visual loss, planned for 
exenteration, underwent orbital and ophthalmological ocular 
examination. The available radiological sequences, doppler 
ultrasonography and histopathology findings were correlated 
with clinical manifestations.

Results: The median age was 51 years and the male: 
female ratio was 3:1. All except one presented with unilateral 
ophthalmoplegia. The ocular media were hazy in 2 eyes. In 8 
eyes, retinal changes were suggestive of occlusion of CRA (6), 
combined occlusion of CRA and central retinal vein (1), and 
myopic degeneration with hypertensive retinopathy (1). The 
contralateral eye showed retinal ischemic changes in one patient. 
Radiological imaging showed orbital apex involvement in the 
10 affected eyes and one contralateral eye. Ipsilateral cavernous 
sinus thrombosis, diffusion restriction on MRI of optic nerve, 
internal carotid artery narrowing/thrombosis, and cortical 
watershed infarcts were seen in 8, 4, 4, and 2 cases, respectively. 
The blood flow in CRA and ophthalmic artery was absent or 
reduced in all the 10 affected eyes and in 1 contralateral eye. 
On histopathology, orbital fat necrosis, fungal hyphae, acute 
inflammation, granuloma formation, ischemic thrombosis of 
ophthalmic artery was observed in 10 specimens. CRA was 
patent in 9 and thrombosed in 1 eye. Optic nerve was ischemic 
in 8 and viable in 2 eyes.

Conclusion: Acute visual loss in ROCM cases is associated 
with orbital apex involvement and thrombotic ischemia of 
ophthalmic artery. Cessation of flow in CRA possibly occurs 
secondary to ophthalmic artery thrombosis.

(Ophthalmic Plast Reconstr Surg 2022;38:242–249)

Rhino-orbito-cerebral mucormycosis (ROCM) is a life-threat-
ening condition caused by fungi of the order Mucorales.1 

Recently, India witnessed an epidemic of ROCM cases following 
infection with SARS CoV-2. The reported primary symptoms in 
a multicentric study of 2716 COVID-associated ROCM patients 
were orbital/facial pain (23%), orbital/facial edema (21%), loss 
of vision (19%), ptosis (11%), nasal obstruction (9%), proptosis 
(6.5%), nasal discharge (6%), diplopia (2%), headache (0.9%), 
orbital/facial discoloration (0.8%), toothache (0.7%), loose teeth 
(0.1%), epistaxis (0.1%), and facial palsy (0.1%).2

The fungus, with its ability to adhere and to invade the 
endothelium of blood vessels, results in thrombus formation 
in the cavernous sinus, internal carotid artery (ICA), ophthal-
mic artery (OA), central retinal artery (CRA), or posterior cili-
ary arteries.3–6 Besides the direct spread, ICA may be invaded 
through retrograde extension from OA. Thrombosis of ophthal-
mic vessels can thus be a predictor of subsequent development 
of cerebral infarcts.7,8

Orbital involvement in mucormycosis occurs through the 
medial orbital wall, inferior orbital fissure, nasolacrimal duct, 
or by angioinvasion leading to vascular occlusion. The visual 
loss may be consequent to external compression of optic nerve 
at the orbital apex or luminal invasion of ocular blood vessels 
by the fungus.2

The study was conducted to correlate clinical, radiologi-
cal, and histopathological findings of patients with visual loss 
in ROCM cases. To the best of our knowledge, this is the first 
clinico-radiological-pathological study of acute blindness in 
COVID-19-associated mucormycosis.

MATERIALS AND METHODS
A non-randomized cross-sectional study was conducted af-

ter obtaining institutional ethical committee clearance (F.1/IEC/
MAMC/88/02/2021/No.384 dated 27/05/21) according to tenents of 
Helsinki as amended in 2013. Ten patients of ROCM, with acute loss 
of light perception in one eye, planned for exenteration, admitted into 
the mucormycosis ward of a large tertiary care hospital center, were 
enrolled for the study after obtaining written informed consent from 
June 1 to July 31, 2021. Only patients with positive RT-PCR of nasopha-
ryngeal swab for SARS-CoV-2 within the preceding 3 months, currently 
negative, were included. They were being treated with intravenous am-
photericin B liposomal (Amphonex-Bharat serums and vaccines ltd) (IV 
5mg/kg daily) and had undergone functional endoscopic sinus surgery, 
in the preceding 2 weeks or were scheduled for debridement.Critically 
ill patients unable to give consent were excluded from the study.
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History was taken, and bedside examination was performed. 
Vision was recorded using Snellen’s chart and fundus photographs were 
taken with smart phone and a +20D lens. Intraocular pressure was re-
corded using Schiotz tonometer. Radiological imaging such as contrast-
enhanced computerized tomography or magnetic resonance imaging 
(CE-MRI) with diffusion-weighted imaging (DWI), whichever avail-
able, of the orbit and brain were analyzed to see the extent of orbital 
invasion and involvement of cavernous sinus. Hyperintensity of optic 
nerve on DWI and signal drop on ADC map (apparent diffusion coeffi-
cient) was considered to represent ischemic optic neuropathy. Magnetic 
resonance time of flight angiography images were utilized for studying 
the flow in ICA and OA.

Additionally, color doppler imaging of both eyes was performed 
to record the ophthalmic artery: peak systolic velocity (OA-PSV) and 
central retinal artery: peak systolic velocity (CRA-PSV) using 7.5 MHz 
linear probe (Philips Medical Systems, Best, The Netherlands). OA-
PSV and CRA-PSV of 10 age-matched controls undergoing abdominal 
ultrasonography were also recorded after obtaining informed consent. 
None of the control group patients had a systemic disease that could 
influence vascular flow.

Histopathological sections of the exenterated orbit were evalu-
ated using Periodic Acid Schiff and Silver methenamine staining.

RESULTS
The median age of the 10 study participants was 51 years (rang-

ing 32–76 years), and the male:female ratio was 3:1. All were laboratory 

proven COVID positive on nasopharyngeal swab 15 to 35 days prior to 
diagnosis of mucormycosis. The severity of COVID-19 was mild in 6, 
moderate in 2, and severe in 2 patients. All the patients were diabetic, 
the median glycosylated hemoglobin on admission being 9.9 % (rang-
ing from 7% to 14.3%). Other comorbidities were hypertension (7/10), 
coronary-artery-disease (3/10), and hypothyroidism (1/10). There were 
no smokers in the cohort.

The clinical, radiological, and pathological findings are given in 
Table and Figs. 1–5.

Findings on Clinical Examination. Bilateral ophthalmoplegia was 
found in a single patient. He had total ophthalmoplegia with absence 
of light perception in right eye and partial ophthalmoplegia with vi-
sual acuity of log MAR 0.2 in the left eye (case number 6). Unilateral 
orbital involvement with partial or total ophthalmoplegia, relative affer-
ent pupillary defect, numbness of upper two-thirds of ipsilateral face 
in the affected eye was seen in the remaining 9 patients. Additionally, 
ipsilateral lower motor neurone facial nerve palsy was seen in one of 
these patients (case number 8) (Fig. 1B), and the best corrected visual 
acuity in the contralateral eye ranged from log MAR 0.0 to 0.3. There 
was no evidence of sensory or motor deficit elsewhere in the body in 
any of the patients.

Acute loss of vision was the presenting symptom of mucor-
mycosis in 6 eyes, while vision loss developed 7 to 13 days after ad-
mission for management of mucormycosis in the remaining 4 eyes of 
10 patients. Retinal changes were suggestive of central retinal artery 

FIG. 1. Clinical photograph shows (A) right partial ophthalmoplegia with periorbital abscess. B, Right infranuclear facial palsy. 
Fundus photograph. C, Right eye central retinal artery occlusion in right eye. D, Normal left eye. Doppler ultrasonography with 
PSV of (E) 0 cm/s in right central retinal artery (CRA) (F) 8.35 cm/s in right ophthalmic artery (OA) (G) 12.1 cm/s in left CRA (H) 
36.1 cm/s in left OA. I, Histopathology of right exenterated orbit depicts optic nerve ischemia with patent CRA showing red blood 
cells (inset) (HE, 40×). J, Coronal view of post contrast MRI shows right ethmoid sinus disease extending into the medial extraconal 
fat of right orbit seen as lack of contrast enhancement (marked with arrows). K, Time of flight (TOF) angiography image depicts 
nonvisualization of right internal carotid artery (ICA) as well as OA. Normal ICA and OA is seen on the left side (marked with 
arrows).
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occlusion (CRAO) in 6 eyes (Fig.  1C and 5B) and combined central 
retinal vein (CRV) and CRA in 1 eye (case 9). Bilateral myopic degen-
eration with grade 2 hypertensive retinopathy in absence of any defini-
tive sign of vascular occlusion was seen in case number 2 (Fig. 2C, D). 
In 2 eyes, the media were hazy in the affected eye. In one of these, there 
was no view of retina due to occlusio pupillae following chronic uveitis 
(Fig. 3B). In the other case, ischemic retina was hazily seen through an 
opalescent anterior chamber suggestive of orbital infarction syndrome 
(OIS) (Fig. 4H). The contralateral eye showed evidence of retinal isch-
emia in the form of cotton wool spots and arterial attenuation in case 
number 6 (Fig. 5C). In the remaining 8 patients, contralateral fundus 
appeared normal.

The intraocular pressure ranged from 14.6 to 20.6 mm of Hg in 
19 eyes of 20 cases and was 10.2 mm of Hg in the affected eye of case 
1 (Table).

Imaging findings on CT/ MRI (orbit and brain). Two patients had 
CE-CT and 8 had CE-MRI of the orbit and brain. Magnetic resonance 
time of flight angiography sequences were available in only 3 patients. 
Orbital apex was involved unilaterally in 9 cases and bilaterally in 1 
patient (Fig.  5E, F). Ipsilateral cavernous sinus thrombosis was pres-
ent in 8 cases. Diffusion restriction of optic nerve was seen in 4 of 8 
DWI sequences (Fig. 5G, H). ICA narrowing or thrombosis (Fig. 1K) 
on affected side was seen in 6 cases and infarction in cortical watershed 
areas of Anterior cerebral artery/middle cerebral artery and middle ce-
rebral artery/posterior cerebral artery was seen on the ipsilateral side 
in 2 cases.

Imaging Findings on Doppler Ultrasonography. The CRA-PSV 
was 0 in all the 10 affected eyes of 10 patients (Figs. 1E, 2G, 3H, 4E, 
5I). The OA-PSV was 0 cm/s in 5 and had flow ranging from 5.76 to 
13.1cm/s, in the remaining 5 eyes (Figs. 1F, 2H, 3I, 4F, 5J). The mean 
OA-PSV and CRA-PSV in age-matched controls was 33.06±4.30 and 
12.71±3.34cm/s, respectively. The CRA-PSV (Figs. 1G, 2I, 3F, 4C) and 
OA-PSV (Figs. 1H, 2J, 3G, 4D) were normal in the contralateral nine 
eyes. In contralateral eye of case number 6, CRA-PSV was 8.11cm/s 
(Fig. 5K) and OA-PSV was 9.55cm/s (Fig. 5L).

Findings on Histopathology. On histopathology, extensive orbital 
fat necrosis with the presence of broad aseptate fungal hyphae, acute 
inflammation, granuloma formation, ischemic thrombosis of OA 
(Fig. 5D) was seen in all the ten specimens. CRA was patent in 9 cases 
(Fig. 1I). Ischemic thrombosis of CRA along with fungal invasion of 
ocular coats was seen in the eye with OIS (case number 4) (Fig. 4J,K). 
In eye with occlusio-pupillae, acute inflammation and necrosis was seen 
in all the ocular coats with only retinal pigment layer being identifiable 
(case number 1) (Fig. 3D). Optic nerve ischemia was observed in 8 of 
10 cases (Fig. 1I), 2 being viable (case number 9 and 10).

DISCUSSION
The sudden onset blindness in ROCM has been histologi-

cally correlated with CRAO, OA necrosis, optic nerve infarction 
and direct optic nerve infection by mucormycosis.9–11 Orbital 
extension of mucormycosis may involve the orbital apex.  

FIG. 2. Clinical photograph (A) severe ptosis in right eye (B) limitation of extraocular movements of right eye. Fundus image shows 
myopic retinal degeneration and hypertensive retinopathy in (C) right eye and (D) left eye. CT scan images show (E) disease extending 
from the right ethmoid sinus into the ipsilateral orbit with involvement of extraconal as well as intraconal compartment and (F) right 
lacrimal sac region is also involved. Doppler ultrasonography showing PSV of (G) 0 cm/s in right CRA (H) 5.76 cm/s in right ophthalmic 
artery (OA) (I) 10.1 cm/s in left CRA (J) 34.0 cm/s in left OA. K, Histopathology of right exenterated orbit shows dense inflammation in 
the orbital tissue (long blue arrows) focally extending in the optic nerve sheath (short blue arrow). Few nerve twigs entrapped in the 
inflammation (green arrows) (HE, 200x).



Copyright © 2021 The American Society of Ophthalmic Plastic and Reconstructive Surgery, Inc. Unauthorized reproduction of this article is prohibited.

246 © 2021 The American Society of Ophthalmic Plastic and Reconstructive Surgery, Inc.

R. Goel et al. Ophthalmic Plast Reconstr Surg, Vol. 38, No. 3, 2022

The origin of the 4 recti muscles, optic nerve, ophthalmic artery, 
oculomotor nerve, abducens nerve and the nasociliary nerve are 
in close proximity in the apical region of the orbit. Thus the 
orbital apex syndrome results in visual loss of varying degree, 
ptosis, proptosis, total internal and external ophthalmoplegia 
and neuralgia of the ophthalmic nerve.12,13 Also, angioinvasion 
of the wall of OA, CRA, or posterior ciliary artery can lead to 
ischemic infarction of optic nerve and retina.14 Ischemia of the 
optic nerve may be a consequence of edema of the optic nerve 
in the optic canal due to compression of pial vascular plexus, 
supplied by branches of CRA, OA, and choroidal arteries.15 In 
our series, the constellation of clinical signs was suggestive of 
mucormycosis-related orbital apex involvement, unilateral in 9 
and bilateral in 1 patient.

The presenting visual acuity in acute CRAO (central 
retinal artery occlusion) ranges from log MAR 1.00 to count-
ing fingers in absence of cilioretinal artery and hand motions or 
worse in ophthalmic artery occlusion.16 There was loss of light 
perception in 10 eyes of 10 patients suggestive of ophthalmic 
artery occlusion in our study.

The typical fundus changes of acute CRAO are cherry 
red spot, posterior pole retinal opacity, box-car appearance 
of retinal arteries and veins, retinal arterial attenuation, optic 
disc edema, and optic disc pallor. Cherry red spot may not be 
detected in ophthalmic artery occlusion and in late stages of 
CRAO. In combined central retinal artery and venous vascular 
occlusion, the fundus exam shows superficial retinal whiten-
ing with cherry red spot and signs of venous obstruction, such 

as dilated, tortuous veins, intraretinal hemorrhages, optic disk 
edema, cotton wool spots, and marked retinal thickening.16 
Fundus findings in the study subjects were suggestive of CRAO 
in 6 eyes and combined CRAO with CRVO in 1 eye. There was 
no sign of vascular occlusion in 1 patient and in 2 eyes, fun-
dus details were not visible. CRA-PSV was 0 and OA-PSV was 
either 0 or reduced in all the 10 affected eyes. In the patient 
with bilateral disease, in the contralateral left eye, fundus find-
ings suggestive of retinal ischemia were seen and both OA-PSV 
and CRA-PSV were reduced. On MRI, there was extraconal and 
intraconal extension of disease in both orbits extending posteri-
orly to the orbital apices, right orbit more severely affected than 
the left. In addition, diffusion restriction of right optic nerve was 
seen (case number 6).

Ischemic thrombosis of OA was seen in all the 10 exen-
terated eyes, also evident in the 3 available magnetic resonance 
time of flight angiograms. Though CRA-PSV was 0 on doppler, 
the lumen was patent in 9 eyes on histopathology, the probable 
cessation of blood flow having occurred following thrombo-
sis of OA. Only 1 eye, having fungal invasion of ocular coats 
showed ischemic thrombosis of CRA on histopathology (case 
number 4). These findings indicate that thrombosis of OA led to 
compromised blood flow in OA, which after reaching a critical 
level resulted in complete cessation of blood flow in CRA.

Optic nerve hyperintensity on DWI has been used as 
an indicator of traumatic optic neuropathy with 27.6% sensi-
tivity (95% CI, 12.8%–47.2%) and 100% specificity (95% CI, 
87.9%–100%).17 DWI sequences available in 8 cases showed 

FIG. 3. A, Clinical photograph showing left total ophthalmoplegia. B, Left occlusion pupillae precluded retinal examination. C, 
Normal right fundus. D, Histopathology of left exenterated orbit shows acute inflammation and necrosis involving all ocular coats with 
only retinal pigment layer identifiable (black arrows) (HE, 40×). E, Postcontrast MRI shows left ethmoidal sinusitis with intra-orbital 
extension and area of lack of contrast enhancement within (long arrow) and left choroidal detachment (short arrow). Peak systolic 
velocity on doppler ultrasonography (F) 12.6 cm/s in right central retinal artery (CRA), (G) 30.6 cm/s in right ophthalmic artery (OA), 
(H) 0 cm/s in left CRA, (I) 0 cm/s in left OA.
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diffusion restriction of optic nerve in 4 of the 8 affected eyes, 
corroborating with ischemic necrosis on histopathology. In the 
remaining 4 eyes lacking diffusion restriction of optic nerve, on 
histopathology, 2 were viable and 2 had ischemic necrosis.

MRI has been reported to be more sensitive than CT in 
detecting mucormycosis.18,19 Loss of contrast enhancement of 
orbital tissue represents the presence of necrotic, unsalvage-
able nidus of fungal elements mandating debridement.20 The 
general management principles of ROCM include initiation of 
systemic antifungals, endoscopic debridement of necrotic sino-
nasal tissue, and reduction of immune suppression. A working 
algorithm proposes retrobulbar transcutaneous amphotericin 
B administration in diffuse or apical enhancement and exen-
teration in absence of enhancement following administration of 
contrast.21,22 Loss of contrast enhancement of tissues at orbital 
apex was seen in all 8 MRI sequences. In 2 cases where only 
CT scan was available, the decision to exenterate was based on 
clinical, doppler, and CT findings.

OIS is caused by ocular hypoperfusion due to steno-
sis of ≥90% of ipsilateral common or internal carotid and 
rarely OA.23 Patients with well developed collateral circula-
tion between internal and external carotid arteries or between 
the 2 ICA may not develop OIS even with total occlusion of 
ICA.24 Only 1 eye in our study developed OIS despite pres-
ence of thrombosis of OA in 10 eyes. Anatomical variation 
with limited ECA supply to the orbit and COVID-induced 

prothrombotic state have been cited as probable causes for OIS 
secondary to mucormycosis in a patient with COVID-19.25 
OIS did not manifest in the remaining 9 cases possibly due to 
good collateral circulation.

Cortical watershed infarcts occur at the border between 
cerebral vascular territories because of hypoperfusion and/or 
microemboli.26 Though ICA narrowing/thrombosis was seen in 
6 cases, cortical watershed infarcts were seen on MRI in only 
2 cases.

The limitations of our study were inability to perform 
ocular fluorescein angiography, visually evoked response, 
carotid doppler, and magnetic resonance time of flight angi-
ography in all the patients due to logistic restraints during the 
ongoing pandemic.

To conclude, in ROCM with orbital apex involvement, 
thrombotic ischemia of OA is a frequent accompaniment, pre-
senting as acute visual loss. MR sequences are the preferred 
imaging modality for ascertaining the extent of soft tissue 
and vascular invasion by the fungus. Reduction of OA-PSV 
on color doppler imaging can serve as a sign of impending 
ocular ischemia, in cases with orbital apex involvement and 
absence of other factors likely to affect blood flow. Color dop-
pler of OA and CRA can be employed as an adjunctive tool 
for diagnosis and monitoring of vascular occlusion in the 
event of nonvisualization of fundus or nonavailability of MR 
angiography.

FIG. 4. Clinical photograph showing (A) severe ptosis in left eye, (B) limitation of extraocular movements of left eye. Doppler ultraso-
nography with peak systolic velocity of (C) 9.7 cm/s in right central retinal artery (CRA) (D) 30.4 cm/s in right ophthalmic artery (OA) 
(E) 0 cm/s in left CRA (F) 0 cm/s in left OA. Fundus photography showing (G) normal right eye, (H) ischemic retina seen through hazy 
media in left eye. I, Postcontrast T1-weighted coronal MRI shows a small focus of lack of enhancement within the left superior oblique 
muscle (white arrow). J, Retinal necrosis with entrapped fungal hyphae (black arrow) in the choroid and retina (HE, 200×), K, Early 
thrombus in CRA (HE, 100×).
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