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It has been almost 2 years since we last met and the World around
us has changed, perhaps permanently. These past months have
been very tough for all of us and all have faced many challenges
and setbacks. Therefore, as everything limps back towards normal,
at INOS, we also hope that we can meet again, physically if possible
but definitely online, to exchange ideas and knowledge, and also
just to enjoy the comfort of old friends and colleagues.
It therefore gives me immense pleasure to announce the 3rd
Annual Conference of the Indian Neuro-Ophthalmology Society on
23rd and 24th of October 2021. This is the first conference of INOS
after the COVID pandemic and would be conducted in hybrid form.
The conference will see the participation of prominent neuroophthalmologists from all around the world who would join us
virtually. A physical “Hands-on” session is also planned for those
who would be interested.
We hope that the pandemic stays under control and we are able to
conduct at least few sessions in physical format.
Neuro-Ophthalmology practice has changed in the covid times
as we confront new presentations of old diseases and adjust our
examination techniques to the new situation. The conference
would be a synopsis of all that is evolving in Neuro-Ophthlamology.
This extravaganza of Neuro-Ophthlamology offers you the basics
and updates through plenary lectures, hands on
wet labs, free papers and interesting cases.
Looking forward for your participation.
Get vaccinated and stay safe!
Rohit Saxena, MD, PhD.
Secretary INOS.
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Editorial
Satya Karna.

Jaypee Hospital, Noida

Dear friends,
The Journal of Neuro-ophthalmology has recently published an online article in their Worldwide
Neuro-ophthalmology section on “Neuro-ophthalmology in India”, highlighting the growth of the
speciality in our country. It chronologically traces the history of evolution of neuro-ophthalmology
in India over the past five decades.
Neuroimaging has evolved by leaps and bounds, helping neuro-ophthalmology mature as a
superspeciality worldwide. This issue of INOS TIMES has a comprehensive article on the neuroimaging
techniques used in several neuro-ophthalmic disorders.
During the second wave of Covid-19, almost every ophthalmologist in the country saw a case of
rhino-orbito-cerebral mucormycosis, known by the layman term ‘black fungus’, causing devastating
complications including death. The current issue has a detailed review of the clinical features and
management of this deadly condition.
The emergence of several tertiary centres of excellence in ophthalmology in the last 50 years has
propelled the training programs in Neuro-ophthalmology in India. An exclusive survey of the various
training programs in major institutions in this issue, is likely to prove useful to ophthalmology
residents in choosing neuro-ophthalmology as a career, as also to their mentors to refine their
fellowship programs.
Hope you enjoy reading this issue and looking forward to contributions from all our readers for
future issues.

Dr. Satya Karna
satyakarna@yahoo.com
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Review

Neuroimaging Techniques in
Neuro-ophthalmology
Kishan Azmira, Somya Kumari, Naren Hemachandran,
Rebika Dhiman, Avneet Kaur, Swati Phuljhele, Rohit Saxena

Department of Ophthalmology, Dr R P Centre for Ophthalmic Sciences,
All India Institute of Medical Sciences, New Delhi, India

Introduction
Over the past few years, brain imaging
techniques have continued to evolve and the
advances have completely transformed the
understanding of neurosciences. These recent
advances in neuroimaging have provided
insight into the structural pathology and the
underlying causative microstructural processes
in several diseases including neuro-ophthalmic
disorders. While magnetic resonance imaging
(MRI) is the modality of choice for most of neuroophthalmic indications, computed tomography
(CT) is superior for the detection of calcification,
acute haemorrhage and in the evaluation
of bony lesions. Newer techniques like DWI
(diffusion weighted imaging), 3D-FIESTA (Fast
Imaging Employing Steady State Acquisition),
3D-CISS (Constructive Interference in Steady
State), MR spectroscopy and fMRI (functional
MRI) have proved to be a game-changer in
the management of certain neuro-ophthalmic
conditions. As a neuro-ophthalmologist,
understanding these techniques is imperative
as imaging protocol needs to be tailored
differently for each patient. In this article, we
briefly discuss these neuroimaging techniques
with emphasis on the recent advances and
their specific indications that are of interest to
a neuro-ophthalmologist.
Computed Tomography : It uses ionizing
radiation, i.e. X-rays to evaluate tissue density.
High density structures like bone appears
white and low density like air appears black.
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With recent advances, CT has moved from an
axial non-volumetric acquisition to a helical
volumetric acquisition with faster scanning
times. Volumetric data enables the usage of
multiplanar reconstruction (MPR), volume
rendering techniques (VRT). MPR helps in
evaluating the area of interest in multiple planes.
Axial (transverse), sagittal, coronal planes are
the commonly used orthogonal planes and
oblique planes can also be constructed along
any plane of interest. This is particularly helpful
in the evaluation of structures like optic nerve
and optic nerve canal. VRT helps to display a
3D projection of a volumetric data (Figure 1).
It helps to give an anatomical overview and
depicts complex anatomy which can be used
for surgical planning. This is particularly useful
in evaluation of vessels in angiography, bony
lesions of the skull.

Figure 1- 3D reconstruction of CT image showing multiple
repaired maxillofacial fractures
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NCCT (Non-contrast Computed Tomography): It is indicated in bony lesions and acute
haemorrhages. Fracture at orbital apex compressing the optic nerve and causing traumatic
optic neuropathy can be seen (Figure 2).(1) Disc
drusen showing calcification can be picked up.(2)
Orbitofrontal fibrous dysplasia involving bony
orbit and optic canal can cause compression
neuropathy which in CT scan appears as expansile bony mass with a characteristic ground
glass matrix.(3)

which were hyperdense and showed contrast
enhancement (Figure 3) and internal carotid
aneurysm as hyperdense mass causing bony
erosion of anterior clinoid and optic canal
narrowing.(4)

Figure 2- NCCT orbit showing right optic canal fracture
(yellow arrow).

Figure 3 – Meningioma. Lobulated homogeneously
enhancing mass in the sella, suprasellar location (arrow)
with a typical enhancing dural tail (dashed arrow).

CECT
(Contrast
Enhanced
Computed
Tomography): Iodinated intravenous contrast
agent is injected, in a patient with normal renal
function test. This is used for the evaluation
of various space occupying lesions. The
administration of iodinated contrast helps in two
ways: Firstly, it better delineates the mass from
the surrounding structures and thus identifies
the organ of origin and also the infiltration of
surrounding normal structures; secondly, to
assess the enhancement characteristics of the
mass per se to narrow down the differential
diagnosis. Ogbeide et al showed the uses of
CT scan in finding the causes for optic atrophy.
They identified cranial mass lesions with the
following radiological characteristics: pituitary
mass showing sella expansion and suprasellar
extension, adenoma as hypodense in CECT,
craniopharyngioma showed enhancement with
areas of chunky calcifications, meningiomas

MRI (Magnetic Resonance Imaging) is
the preferred imaging modality in neuroophthalmology due to high contrast resolution
and the added advantage of lack of radiation
exposure.(1) It is based on the principle that
the human body has protons which are weak
magnets. When tissue is exposed to a short
electromagnetic pulse, hydrogen ions rearrange
themselves. When the pulse subsides, they
return to their normal position radiating
energy. This is called relaxation. There are two
types of relaxation time in MRI. T1 relaxation,
also called as “Spin-Lattice relaxation time”
is the time required for the protons to come
back to the longitudinal magnetization. A T1
weighted sequence demonstrates differences
in the T1 relaxation times of tissues. It is one of
the basic pulse sequences in MRI and is used
to differentiate between water rich and fat rich
tissues. Water has a dark signal and fat has a
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bright signal in this sequence. This gives the best
anatomical detail. T2 relaxation is also called
as the “spin–spin relaxation time”. It is the loss
of the signal due to change in the coherence
between adjacent protons. A T2 weighted

sequence demonstrates differences in the
T2 relaxation times of tissues. It is commonly
used for identifying pathologies as it is good in
delineating areas with edema as water has a
bright signal.
Contrast enhanced MRI (CEMRI) uses
intravenous gadolinium that can be visualised
on T1 weighted images. Any lesion like tumour
or inflammation where the blood-brain barrier
has broken down appears bright on CEMRI.(1)
There are several protocols in MRI and we will
briefly discuss the ones that are relevant to a
neuro-ophthalmologist.

Figure 4 – Bilateral optic neuritis. Post gadolinium
T1 weighted fat suppressed image showing patchy
enhancement of bilateral optic nerves (arrows) with
extension till optic chiasm on the right side in a patient
with neuromyelitis optica

Fat suppression MRI: Fat gives a bright signal
that obscures other structures, for example,
orbital fat may obscure the visualization of the
optic nerve. Therefore in conditions where we
need to delineate the optic nerve or extraocular
muscles, fat suppression MRI is preferred.(1)
(Figure 4, 5). It can be of following types,

Figure 5– Typical imaging features of Idiopathic intracranial hypertension. Prominent CSF in bilateral optic nerve sheath
(arrows in A, C), flattening of the posterior sclera (dashed arrows in A), vertical kinking of the optic nerve (dashed arrow
in B), partial empty sella (arrow in B), prominent CSF space along bilateral oculomotor nerves (arrow in D), and around
bilateral gasserian ganglia of trigeminal nerve in Meckel’s cave (arrow in E)
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STIR (Short T1 inversion recovery): Intraorbital optic nerve is visualised clearly using
this sequence. They have low fat signal but a
high signal from water. It is indicated in optic
neuritis or glioma.(1) In 1986 Miller et al, drew
attention to the fact that high signal lesions
could be detected in about 85% of individuals with a clinical diagnosis of acute optic
neuritis using the STIR sequence.(5) Borruat
et al showed that STIR images have revealed
a 15-mm high signal segment which showed
contrast-enhancement indicating active inflammation making a diagnosis of toxoplasma optic neuritis.(6)
RARE Sequences (Rapid Acquisition with Relaxation Enhancement) are fat suppressed
and allows better resolution. Although the
inflammatory-demyelinating lesion in optic
neuritis is most often found in the intraorbital optic nerve, fat suppressed RARE reliably shows lesions of the intracanalicular and
intracranial nerve.(7)

FLAIR (fluid attenuation inversion recovery):
In T2 sequence, FLAIR suppresses signal
from bright cerebrospinal fluid (CSF) so that
pathologies like periventricular plaque of
demyelination in multiple sclerosis is detected.
(1)
Recommended imaging modality to exclude
demyelinating disease in optic neuritis is T1 MRI
with pre and post-contrast fat suppression of
the orbits to look for enhancement of the optic
nerve and T2-weighted FLAIR brain imaging for
periventricular demyelinating lesions (including
sagittal views of the corpus callosum).(8) In the
Optic Neuritis Treatment Trial (ONTT), it was
shown that patients with optic neuritis without
demyelinating lesions have fewer chances
of MS than those with lesions. Thus, MRI is
prognostic (but not definitive) for the prediction
of future MS in patients with ON.(8) Other
pathologies in the periventricular region like
tumors and ischemia are also well delineated
after suppressing signals from CSF in the brain
and spinal cord.(9)

Gradient Echo Imaging: Pulse sequences are
used for fast imaging of moving blood and
CSF. It has good sensitivity in detecting early
haemorrhages(blooming) anywhere along the
visual pathway.(9)
DWI (Diffusion weighted imaging) /ADC
(Apparent diffusion coefficient): It measures
aberrance in Brownian motion in water.(1) This
modality is used to detect extraocular muscle
involvement in Grave’s ophthalmopathy even
before conventional MRI can pick. The ADC
value will be higher in Graves eye disease(10).
Any retro chiasmal lesion due to ischemic or
haemorrhagic stroke causes homonymous
hemianopia.(8) These hyperacute ischemic
lesions appear bright on DWI. The DWI
differentiates the various phases of cerebral
infarction (e.g., hyperacute, acute, subacute
or chronic) and, in conjunction with apparent
diffusion coefficient technique (ADC), can
demonstrate restricted diffusion consistent
with ischemia. In the acute setting of ischemic
stroke, DWI and ADC MRI sequences can
discriminate reversible vasogenic edema
(bright signal on T2 and FLAIR, but no restricted
diffusion on DWI/ADC) as seen in posterior
reversible encephalopathy syndrome (PRES)
from less reversible cytotoxic edema (bright
signal on T2 and FLAIR with restricted diffusion
on DWI/ADC). In vasogenic edema the diffusion
of water molecules is increased, so the ADC is
elevated and DWI is hypointense. In contrast,
in cytotoxic edema the movement of water
from the extracellular to the intracellular
compartment produces restricted diffusion,
so the ADC is decreased and the DWI appears
hyperintense. The clinical importance for the
ophthalmologist is that DWI/ADC imaging in
homonymous hemianopia or cortical blindness
in patients with PRES may be prognostic for
recovery (i.e., the deficit is reversible), whereas
ischemic infarction with restricted DWI/ADC
might not recover.(8) Quddus et al in their study
diagnosed posterior ischemic optic neuropathy
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(PION), believed to be due to infarction in the
territory of the pial branches of the ophthalmic
artery, as restricted diffusion on DWI consistent
with acute optic nerve infarction.(11) DWI is also
used to distinguish a cyst from solid masses in
case of compressive optic nerve lesions.(9)
DTI (Diffusion Tensor Imaging): Diffusion
tensor imaging (DTI) is a complex variant of
DWI. It detects water movement in different
directions. If water can move equally in all
directions, it is known as isotropic movement.
Within white matter, however, water moves
more freely along the long axis of the axon
rather than perpendicular to the axon. This
anisotropic water movement can be used
to detect white matter fibre bundles such as
the corpus callosum and optic radiations.
Uses of DTI include determining if white
matter has developed normally, and if specific
white matter tracts are impacted by specific
pathologic conditions.(12)
3D-FIESTA (Fast Imaging Employing Steady
State Acquisition) and 3D-CISS (Constructive
Interference in Steady State): It is a three
dimensional higher resolution sequence to
investigate for cranial nerve palsy.(1) Small
intrinsic lesions like oculomotor nerve
schwannoma can be detected.(8) Hatase et al
demonstrated that the optic nerve complex—
the optic nerve, the perineural CSF space
and dural sheath could be readily obtained
with FIESTA sequence. Therefore optic
neuritis and perineuritis, both of which show
enlargement of the perineural CSF space,
can be differentiated using this sequence
where optic nerve swelling is evident in optic
neuritis but not in perineuritis. Cases of optic
atrophy and glaucoma show perineural CSF
space enlargement with normal optic sheath
circumference and a thinner optic nerve, while
optic nerve hypoplasia shows a smaller dural
sheath circumference without perineural CSF
space enlargement. In orbital apex syndrome,
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Figure 6- The T2WI 3D-CISS scan shows a well-defined
cystic lesion in the dilated fourth ventricle (yellow arrow).
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optic nerve compression can be seen. Coronal
FIESTA imaging of the orbit is capable of
delineating detailed structural changes in
the optic nerve complex and is of diagnostic
value for the differentiation of optic nerve
diseases.(13) The FIESTA sequence also has
been used for visualizing the cisternal parts of
the lower cranial nerves and it is possible to
show the trigeminal nerve and nearby vascular
structures in the cistern in cases of trigeminal
neuralgia. The optic and oculomotor nerves
can also be studied using CISS sequencing.(14)
3D–CISS scan is highly T2 weighted imaging
sequence with millimeter-thin sections that
allows greater conspicuity of finer structures
like intraventricular cyst, etc (Figure 6).
SWI (Susceptibility Weighted Imaging):
SWI is a technique that is very sensitive for
identifying areas of hemosiderin deposition
(haemorrhages which can be missed in NCCT)
and dystrophic mineralization within the brain.
This can be useful in the setting of traumatic
brain injury and neurocutaneous disorders
that result in dystrophic mineralization (such as
tuberous sclerosis complex and Sturge-Weber
syndrome) and evaluation of intracranial
neoplasms. If SWI is not available, a similar but
less-sensitive sequence known as gradientrecalled echo (GRE) or T2-star imaging can be
used.(15)
Angiography and Venography are useful for
diagnosing aneurysms, vascular stenosis, vessel
occlusions and dissections. In conventional
catheter angiography femoral catheterisation
is done, dye injected, and vessels are studied.
DSA (Digital Subtraction Angiography) removes
the background structures such as bones and
projects the contrast filled vessels. Due to the
advances in neuroimaging, it is no more a
first line investigation.(1) It is primarily used for
endovascular interventions and in treatment
planning.

MRA (Magnetic Resonance Angiography):
This is a non-invasive modality for the evaluation
of the vasculature. Multiple techniques are
available and include those that do not require
contrast injection and those that require
contrast injection. Non-contrast MRA uses
motion sensitivity of MR to visualise blood flow
within blood vessels. The two basic types of noncontrast MRA are TOF (time of flight) and phase
contrast (PC) sequences.(16) They can be used
for evaluating the carotid and vertebrobasilar
circulations.(1) In a case of transient monocular
visual loss (amaurosis fugax) due to ischemia,
MRA or CTA can be done to detect carotid
stenosis or dissection.(9) Because of reliance
on active flow they may miss thrombosed
aneurysm and aneurysms less than 3mm. They
also exaggerate the appearance of vascular
stenosis, as due to slow blood flow vessels
appears smaller. These pitfalls are taken care
of by CTA.(9)
CTA (computed tomographic angiography) is
the method of choice for detecting aneurysms.
However, it requires a contrast agent and
exposes the patient to radiation.(1) An acute
onset third nerve palsy due to rupture of
posterior communicating artery aneurysm
causes subarachnoid haemorrhage, presenting
as “worst headache of life”. In this scenario, an
emergency NCCT is done followed by CTA for
aneurysms.(8) There are two main types of 3D
displays: Shaded Surface Display (SSD) and
Maximum Intensity Projection (MIP). The SSD
shows surface anatomy with colour, in a threedimensional view. The MIP shows only the
blood vessel, without colour. The advantages
of CT angiography over MR angiography are
a shorter examination time, a superior image
resolution, harmless in patients with aneurysm
clips and pacemakers, and less claustrophobia.
CT angiography can also outline surgical
anatomy finer than MR angiography, and the
data are obtained faster and safer than with
DSA.(17)
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MRV (magnetic resonance venography):
MRV of the head is used to rule out sinus
stenosis or venous sinus thrombosis before
calling papilledema as idiopathic intracranial
hypertension (Figure 3).(8)
CTV (Computed tomographic venography):
They can be used to look for cerebral venous
sinus thrombosis in intracranial hypertension,
however MR venography being non-invasive is
the preferred modality. However, they are of
equal sensitivity.(18)
Functional MRI (fMRI): It can be performed
in retrochiasmal lesions when structural
imaging is negative but organic loss is
considered. It makes use of the Blood Oxygen
Level Dependent contrast (BOLD). The iron in
hemoglobin has a different magnetic signal
when carrying oxygen than when it is oxygen
free and this can be detected by the scanner.
This technique is used to identify the visual
cortex as the blood flow to the cortex increases
when it is being (neurovascular coupling). Once
the areas of cortical activation are identified by
fMRI, Diffusor Tensor Imaging (DTI) can be used

Figure 7- Functional MRI showing the visual pathway
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to find the white matter fibres that arise from
this cortex. Visual fMRI is mostly a research
tool, rarely used clinically.(15) (Figure 7) Clinically
it is used to map the visual cortex prior to brain
surgery for nearby brain tumors to avoid post
op vision defect.(19)
PET (Positron Emission Tomography): PET is
used by vision neuroscientists to understand
the anatomical correlates of visual function.
Neuro-ophthalmologists and orbital surgeons
use it to study the functional correlates of
human diseases such as cancers and metastatic
disease. Positron emission tomography can
also be useful in the study of visual pathways
involved in amblyopia and the oculomotor
nerve repair just after a stroke. PET has also
proved to be a successful tool to understand
the effects of pharmaceutical agents such as
neuroprotectants, as well as new and evolving
drugs for dementia, Alzheimer disease, and
various optic neuropathies.(17)
MRS (MRI spectroscopy): It is a functional
imaging based on the principle of nuclear
magnetic imaging. Magnetic Resonance (MR)
spectroscopy is a non-invasive test for measuring
biochemical changes in the brain within a small
region of interest. While magnetic resonance
imaging (MRI) identifies the anatomical location
of a tumor, MR spectroscopy compares
the chemical composition of normal brain
tissue with abnormal tumor tissue. Different
metabolites can indicate the type of pathological
lesion- like glioma has a lower N-acetyl
aspartate (NAA) levels and elevated choline,
lipid and lactate peaks while meningioma
has elevated alanine levels.(20) Thus, it can be
useful in differentiating between optic nerve
glioma and meningioma. This technique
can be useful in neuro-ophthalmology in
distinguishing various disorders like ischemic,
neoplastic, demyelinating, radiation necrosis,
inflammatory, and mitochondrial anomalies
affecting the visual pathway.(17)
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Neuro-imaging has come a long way from
plain radiographs to present day sophisticated
modalities. Being non invasive and at the same
time being able to unfold the internal structures
is a boon in itself. Very often ophthalmologists
may be the first clinician to suspect and
diagnose a bigger neurological problem by
these newer inventions which can be life saving
for the patient. Recent advancements in speed,
accuracy and resolution of neuroimaging have
revolutionized early anatomical and functional
diagnosis, prognosis and treatment of neuroophthalmological disorders.
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Rhino-orbito-Cerebral Mucormycosis
in COVID-19 Infections
Sameeksha H Tadepalli, Urmila Kumari, Usha Singh, Jaspreet Sukhija,
Manpreet Singh, Manu Saini,
Department of Ophthalmology, Advanced Eye Centre,
Post Graduate Institute of Medical Education and Research, Chandigarh

Introduction
Rhino-orbito-cerebral mucormycosis (ROCM)
has emerged as a devastating consequence of
the COVID-19 pandemic especially in India. It is
an infection caused by Mucorale fungi as they
invade the nasal cavity, the paranasal sinuses
and extend towards the orbit and intracranial
cavities through these regions. It is known to
occur in the setting of uncontrolled diabetes
and in immunocompromised states. The recent
steep rise in the number of patients affected,
has mirrored the rise of the second wave of
COVID-19 infections in India [1]. Young individuals
with seemingly no predisposing factors are
increasingly found to be affected. Often the
presenting signs may be subtle enough to be
missed by the untrained eye. A high index of
suspicion is essential to diagnose this condition
early. Early treatment translates to much better
outcomes in this devastating disease, where the
mortality has been previously reported to be
upto 50% (2).

Cause and pathogenesis
Fungi
of
the
order
Mucorales
and
Entomophthorales are the causative organisms.
The most frequently reported pathogens are
Rhizopus spp, Mucor spp, and Lichtheimia spp,
followed by Rhizomucor spp, Apophysomyces
spp, Cunninghamella spp, and Saksenaea spp.
[3,4]
Rhizopus Oryzae is most common organism
and responsible for nearly 60% of mucormycosis
cases in humans and also accounts for 90%
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of the Rhino-orbital-cerebral (ROCM) form.[5]
These ubiquitous fungi are, commonly found
colonising the oral cavity, throat, nasal cavity
and paranasal sinuses. But, infection manifests
in immunocompromised individuals due to
impaired phagocytic function. The fungi show
invasion into the surrounding tissues, nerves
and vessels resulting in thrombosis, ischemia
and necrosis of tissues.

Risk factors
1. Uncontrolled diabetes and ketoacidosis
are the most common and important
predisposing
factors
contributing
to
[3,6]
mucormycosis . Hyperglycaemia and low
pH, causes phagocyte dysfunction, impaired
chemotaxis and defective intracellular
killing by both oxidative and nonoxidative
mechanisms[7]. The acidic serum helps
promote the growth and reproduction of
mucor, by increasing the free iron[8,9].
2. Neutrophil and phagocyte dysfunction seen
in patients with hematological and solid
organ malignancies receiving chemotherapy,
solid
organ
transplant
patients
on
immunosuppression and hematopoietic
stem cell transplant patients, makes them
particularly susceptible to mucormycosis.
However, patients with AIDS (lymphocyte
dysfunction) did not seem to have an
increased susceptibility.[10]
3. Iron overload states like deferoxamine

INOS TIMES

therapy, multiple blood transfusions and
hemochromatosis, promote growth of the
fungus[11].
4. Mucormycosis has also been reported in
chronic kidney disease, liver cirrhosis and
malnutrition patients[12], patients receiving
long term systemic voriconazole[13].
5. COVID-19 infection has been positively
correlated with the increase in cases of
mucormycosis. As per a meta-analysis, as of
May 2021, 101 cases of mucormycosis have
been reported in patients with COVID-19, 82 of
which are from India[14]. Most cases presented
with concomitant COVID-19 infection or within
2-3 weeks of recovery. COVID-19 infection
affects both innate and adaptive immunity
and predisposes to secondary infections.
In addition, indiscriminate use of steroids
in the treatment of COVID-19 infection,
leading to uncontrolled hyperglycaemia

and precipitation of DKA has played a major
role. [15] Increase in cytokines (especially IL-6)
and concomitant acidosis in these patients
increases ferritin levels therefore increasing
free iron availability. Diabetes was present in
80% of cases, while corticosteroid treatment
was given for COVID-19 in 76.3% cases
according to this study.[14] Other factors
implicated are the use of Tocilizumab and
prolonged mechanical ventilation through
unclean oxygen humidifiers has also been
implicated.
A recent multicentric collaborative study on
COVID-19 associated Mucormycosis patients
presenting to ophthalmologists in India, compiled
data of 2826 patients collected from January
2020 to May 2021.[15] They found the mean age
to be 51.9 years with a male preponderance
(71%) Onset of symptoms of ROCM was usually
between day 10 and day 15 from the diagnosis
of COVID-19 with 56% developing symptoms

A: A patient with right orbital mucormycosis, showing mild proptosis, ptosis, eyelid erythema, limitation of all ocular
movements and a fixed dilated pupil. Anterior and posterior segments of the eye were normal. B: CT scan of orbit and
sinuses showing right ethmoid sinus involvement by a heterogenous hyperdense lesion with breakdown of the bone and
spill-over inflammation into the right medial orbit and orbital apex. C: Advanced mucormycosis with skin eschar, eyelid
erythema, congested eyeball, and opaque cornea. D: Patient with right maxillary sinus involvement, cheek erythema and
edema with skin eschar formation. . E: CT scan showing bilateral ethmoid and maxillary sinus mucormycosis showing a
heterogenous lesion, break-down of right infero-medial orbital wall and intra-orbital extension of infection.
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within 14 days after COVID-19 diagnosis. Of
these patients 57% needed oxygen support, 87%
received corticosteroids, Diabetes mellitus (DM)
was present in 78%.[15]

Clinical features of Rhino-OrbitoCerebral-Mucormycosis
Clinical manifestations correspond to the extent
of involvement. Initial symptoms are related to
nasal infection; nasal stuffiness, discharge and
epistaxis. Eventually dark eschar develops with
accompanying dark discharge.[16,17] It progresses
to headaches, cheek edema, erythema and
anesthesia with sinus involvement. Fungal
angioinvasion and neural invasion manifests
as necrosis and eschar formation, neural pain
or numbness in the involved nasal, paranasal
sinus, palate or skin.
Orbital involvement is secondary to invasion
from the adjacent maxillary and ethmoid
sinuses. Infero-medial orbit is often the first
to be involved.[16] Presenting ocular symptoms
are ptosis, pain, swelling limitation of ocular
movements, diplopia and/or vision loss.
Limitation of ocular movements and ptosis
is often marked, with accompanying afferent
pupillary defect. Proptosis is usually minimal.
Eyelid edema and erythema, conjunctival
congestion and chemosis may be absent or may
be seen to varying degrees. More severe orbital
inflammation may result in proptosis with
corneal exposure and epithelial defects or ulcers.
Posterior segment involvement in the form of
retinal vascular occlusions (commonly central
retinal artery occlusion) due to direct invasion
into the retinal vessels and embolization, may be
seen, especially with apical involvement. Optic
disc edema or pallor resulting from optic nerve
compression due to orbital inflammation may be
observed. Tortuosity of retinal vessels may also
be seen. Isolated of the orbital apex involvement
manifests as severe vision loss, pupillary
involvement, III, IV and VI cranial nerve palsies
with minimal proptosis or ocular inflammation.
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Intracranial extension manifests with bilateral
symptoms of vision loss, III, IV and VI cranial
nerve palsies or orbital congestion. Systemic
symptoms are severe headache, altered
sensorium, seizures, hemiparesis or focal
neurological manifestations may be seen.[8]

Imaging
Computed tomography (CT) or Magnetic
resonance imaging (MRI) both delineate the
extent of the disease. Nasal cavity fluid or
turbinate hypertrophy may be seen. An infarcted
turbinate may show lack of enhancement with
contrast referred to as the black turbinate sign.
[16]
Sinuses show heterogenous hyperdensity
within the cavity, advanced disease showing
bone destruction.
Orbital involvement begins as thickening of
periosteum adjacent to the involved sinus.
Orbital fat stranding and thickening of the
optic nerve sheath indicates inflammation.
Infero-medial orbital involvement is often seen
first, indicated by an ill-defined heterogenous
hyperdense lesion in this region and thickening
of medial and inferior recti.[16]. Further spread of
the lesion within the orbit can result in extreme
proptosis with optic nerve stretching and tenting
of the posterior globe. On MRI the lesions are
mildly hypointense on T1 weighted images and
have variable intensity on T2 weighted images.
Although a CT and MRI can both diagnose orbital
and intracranial inflammation, MRI shows better
tissue details and is therefore preferred.[8] MRI
has the disadvantage of longer acquisition time,
which is a deterrent in most cases. Contrast
enhanced CT is preferred in case of technical
and clinical limitations.
Patchy contrast enhancement is seen in the
initial stages. In areas with complete occlusion
of the feeder arteries, no contrast uptake is seen
[17]
in the sinus and orbital tissues. Non-contrastenhancing areas indicate necrotic tissues and a
high fungal load.[18] This helps guide the surgical
debridement. MR angiography further helps
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assess tissue perfusion and identify viable tissue.
Contrast enhancement indicates viable tissue,
justifying more conservative approaches.

Microbiological investigations
Direct microscopy, of sample is obtained from the
nasal cavity or paranasal sinus or from the edge of
the eschar is a quick and accurate test. A KOH or
calcofluor white mount shows aseptate or pauciseptate hyphae, with a wide angle of branching
(≥45-90 degree) and wide hyphae (6-16 μm).[16]
Histopathology shows fungal infiltration of the
tissues by hyphae, angioinvasion, haemorrhagic
infarction, coagulative necrosis, infiltration
by neutrophils and perineural invasion.[19]
molecular diagnostic techniques, PCR and
immunohistochemistry help in differentiating
it from aspergillosis.[20,21] Culture shows growth
of fluffy white, grey or brown cotton candy-like
colonies with coarse hyphae and interspersed
brown or black sporangia.[16]
Serological tests for antigen and b-antibody,
(1,3) D-Glucan and Galactomannan, PCR based
molecular identification, DNA sequencing based
on bar codes 18S, ITS, 28s, rDNA, MALDI-TOF can
aid in diagnosis.[22]

Management
Patients
presenting
with
ptosis,
ophthalmoplegia, decreased vision and nasal
symptoms, in the setting of uncontrolled
diabetes, immunocompromised status, history
or concurrent COVID-19 infection especially with
steroid administration need to be investigated
urgently. Ideally, a deep nasal swab and biopsy
must be obtained under endoscopic visualisation
and sent for microbiology and histopathological
examination. The patient must undergo a CT
scan of paranasal sinuses (PNS) and orbit in
the emergency setting to look for extent of
involvement.
Other haematological investigations such
as random blood sugar, serum electrolytes,

renal function tests complete blood count and
arterial blood gas (to rule out acidosis) must
be carried out.[23] Testing for COVID-19 by RTPCR is favoured. Patient must be admitted
and antifungal therapy must be started at the
earliest.

Medical management
The European Confederation of Medical
Mycology (ECMM) and Mycoses Study Group
Education and Research Consortium (MSGERC)
recommended guidelines for diagnosis and
management of mucormycosis.
Antifungal
treatment with a thorough surgical debridement
of involved tissues form the mainstay of the
management.[24] Systemic antifungals have to be
instituted at the earliest.
Amphotericin B is the drug of choice. It is
available in two forms:
1. Liposomal amphotericin B: Dose 5 mg/kg/
day (7.5-10 mg/kg/day in cerebral mucormycosis)
2. Amphotericin B Deoxycholate: Dose1-1.5
mg/kg/day
Dose adjustments are required in case of
renal impairment. This treatment is continued
for 2-4 weeks. This is followed by step down
treatment with azole antifungals; Isavuconazole
and Posaconazole. They may be used in
combination with Amphotericin B (first line- in
severe infections) or as a step-down treatment
after initial treatment with Amphotericin B.
They can be used as an alternative first line
treatment, in case of toxicity or non-availability
of Amphotericin B.[24,25]
1. Isavuconazole is administered at the dose of
200mg thrice a day for the first 2 days, followed by 200mg daily.
2. Posaconazole is given as 300mg twice a day
for one day followed by 300mg daily.
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Treatment is continued for 3-6 months or
until 6 weeks after the radiological and clinical
resolution or stabilisation.[16]
Retrobulbar amphotericin B can help resolve
limited orbital involvement, where vision and
globe preservation is desired.[26,27] Three to
five, 1ml injections (3.5mg/ml) given every
consecutive or every alternate day has shown
promising results.

Surgical management.
A thorough surgical debridement of all involved
and infiltrated tissues and sinuses (functional
endoscopic sinus surgery-FESS) has to be done
at the earliest.[28] Nonviable tissues may also be
identified as non-enhancing regions on a CEMRI
scan, which can guide the extent of debridement.
Post-operative dressings and sinus irrigation can
supplement the surgery.
Orbital exenteration may be required in case
of presence of extensive infiltration of orbital
tissues.[29] Generally lid sparing exenteration
leads to better wound healing and faster
rehabilitation. There are debatable indications
for exenteration, as survival outcomes are not
better in those undergoing this destructive
Orbital
exenteration
is
procedure.[28,30]
conventionally done in cases with no visual
potential, with diffuse orbital involvement, but
with the disease limited to the orbit without or
minimal extension to the cavernous sinus. In
cases where there is limited orbital involvement
with relative sparing of the visually vital
structures, a selective debridement or intraorbital amphotericin B injection may be tried.
Following conventional exenteration, routine
betadine and paraffin gauze dressing of the
socket is done.Patients are followed up closely
till complete healing of the wound after which an
imaging. Repoeat MRI of the orbits and sinuses
may be done anytime during the healing process
when inadequate response or recurrance is
suspected on clinical grounds. Thereafter a 3
monthly examination is scheduled
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Intra cranial extension of the disease confers
a very poor prognosis. It is mainly managed
medically. If there is abscess formation,
neurosurgical intervention may be needed for
drainage.[8]
A multicentric Indian study found that overall
treatment given was intravenous amphotericin
B in 73%, FESS/PNS debridement in 56%,
orbital exenteration in 15%, and both FESS/PNS
debridement and orbital exenteration in 17%
and Intra-orbital amphotericin B injection in
22%. Mortality At final follow-up was 14%.[15]

Systemic management
Reversal of the underlying predisposing factor is
equally important.[23] Reversal of hyperglycaemia,
DKA, neutropenia, immunosuppressed and iron
overload states has to be done swiftly. Prevention
of the predisposing states, maintenance of
personal and equipment hygiene go along way in
preventing the disease and hastening recovery.
Prophylactic Posaconazole is being considered
as an option for preventing the disease.

Disease burden and prognosis
Mucormycosis is known to have a high mortality
rate. ROCM form has a mortality rate of about
46% among people with sinus infections.[3]
A meta-analysis[31] revealed that the survival
rates in patients with chronic renal disease had
improved from 19% to 52%, and in patients
with leukaemia from 13% to 50% compared to a
previous analysis by Yohai et al. [2] Facial necrosis
and hemiplegia are poor prognostic indicators
(33% and 39% survival rates respectively). Early
commencement of medical treatment led to
better survival outcomes (61% if commenced
within first 12 days of presentation, compared
to 33% if after 13 days).[31]
Possible local sequelae include the partial loss
of neurological function, blindness and clotting
of intracranial or orbital vessels. Additional poor
healing in the surgical field predispose to post
exenteration socket-related complications.
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Conclusion
ROCM is a disease with devastating consequences.
A high index of suspicion is necessary, especially
in the setting of immunocompromised status
and recent COVID-19 infection. These patients
present with ptosis, ophthalmoplegia, proptosis
and vision loss accompanied by considerably
fewer inflammatory signs. Early diagnosis,
appropriate investigations and treatment is
the key. Prevention and control of systemic
predisposing factors goes a long way in improving
the outcome.
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Introduction
Neuro-Ophthalmology
is
an
important
subspecialty in itself that deals with the complex
disorders affecting vision loss, visual field defects,
and ocular motility. Diagnosis and management
of these conditions requires a dedicated
approach involving detailed history taking,
methodical examination, ocular and systemic
investigations, especially neuroimaging. Further,
many patients require co-ordination with ancillary
branches such as Neurology, Neurosurgery,
Neuroradiology and Neuro-Immunology.
Given this, a dedicated training program
in Neuro-Ophthalmology is necessary for
inculcating the necessary skills and attitude
for this important discipline. In this survey, we
attempt to report the patterns of training in the
Neuro-Ophthalmology subspecialty in India.
To the best of our knowledge, there is limited
information regarding Neuro-Ophthalmology
training in India.

Virender Sachdeva

respondents who were did not give consent to
participate in the survey. Data was collected
in the Excel sheet linked to the Google form
(attached toone of the investigators email).After
the completion of the survey, data thus collected
was thendelinked and stored safely in central
research office server of L V Prasad Eye Institute
GMRV campus.

Results
We received a total of eight (8) responses from
various training facilities.7 of theserespondents
wereworking in institutional setup and remaining
1was in academic set up.
Institutes offering fellowships

38%

Methodology
This
was
a
prospectivesurvey
based
observational study designed using Google
survey. The Survey link itself incorporated the
consent from the respondents prior to giving
any answers. We identified institutes providing
Neuro-Ophthalmology fellowship training (stand
alone or as a combined specialty) andinviteto
participate in the survey was sentvia email or
WhatsApponly to one faculty from each institute
to avoid confounding results. We excluded

62%

Combined

Individual

Figure 1: Pie chart showing combined vs. individual
fellowships
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Only 3 out of the 8 trainingfacilities offered
independent Neuro-Ophthalmology training
and the remaining 5 had combined fellowship
with paediatric Ophthalmology (figure 1).
Duration of the program, training certificate
and choice of fellowship:
Duration of the program varied at different
training facilities.6 of themhad long term
fellowship >1year fellowship, one had 1 year
independent
fellowship,1 had exclusively
short term fellowship up to 3 months, (figure
2). At the end of the program, seven of these
centresprovided a certificate of training.50 % of
them trained more than 2 fellows in a given year.
Only 3/8 respondents reported that candidates
kept Neuro-ophthalmology as priority in
top three choicesat the time of application/
fellowship selections at their centres. All of these
offered combined fellowship with paediatric
Ophthalmology.

Faculty training and rotation with allied
disciplines:
50 % of respondents reported that the training
centres had faculty with specialised training
in Neuro-ophthalmology. Only 2 of them
offered Neuro-ophthalmology fellowship in all
locations, rest all had at only few locations. 5 out
of 8 (including those offering combined ones)
had rotation among other subspecialities like
oculoplasty, medical retina and strabismus
ranging from 2 weeks to more than 1 month.
While 6 of these training centres reported
that neurologist/neuro - surgeon/neuro radiologist joined them for combined classes
for discussion and inputs, only3 had planned
rotation with above specialities as part of their
training program. Further, majority of them
offered 2-4 weeks of rotation with them.

Figure 2: Bar graph showing pattern of fellowship and duration
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Diagnostic training, surgical training, and
research:
Surprisingly, only 2 of 8 training facilities had
associated neuro-optometry program with
their institute/academic set up. Majority of
them (5 out of 8)reported that their fellows
had training/rotation ininvestigations like
automated perimetry, optical coherence
tomography (OCT), ultrasound B-scan, FFA
(fundus fluorescein angiography) and could
perform these investigations independently. The
duration ofrotation in ophthalmology rotation
ranged from 2-4 weeks in various places. All the
fellows were asked to interpret Neuro-imaging
before looking at the formal report in the
training programmes as a routine practice.5of
them had rotation/special classes/combined
Neuro-radiology session for interpretation of
neuroimaging (shown in figure 3).
All 7 centres offering long term fellowship
independent/ combined) provided
surgical
training in their curriculum.
At institutes
providing independent long term neuroophthalmology training, they were offered
adult cataract surgery. At all centres offering

combined pediatric and Neuro-Ophthalmology
fellowships, they were given surgical training in
pediatric cataract and strabismus surgery..
Stipend: In all the long term training programs,
trainees were paid provided and only short term
candidates were asked to pay fee.
Research and
participation:

conference

organization/

All training programmes had special emphasis
on research, with priority on case reports in
2 of responding centres. In all the fellowship
programs, all fellows were encouraged to attend
conferencesduring fellowship and 3 of the
programs encouraged trainees to participate
in both national and international conferences,
while remaining 5 encouraged for mainly
national conferences. All institutes /academic
centresconducted CME/specific workshop in
Neuro-ophthalmology either annually or once in
couple years.
Suggestions
pattern:

to

improve

their

training

Respondents provided following suggestions for

Figure 3: Bar graph showing synopsis of key observations in the study
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further improvement in the fellowship programs:
including rotation in Neurology, Neurosurgery
and adding training on procedures like lumbar
puncture, CSF analysis, temporal artery biopsy
-1, one respondent felt more work needs to
be done to popularise the program and 1 more
respondent felt present curriculum is adequate
with syllabus inline ofNorth American NeuroOphthalmology Society (NANOS).
Conclusion:The results of the above survey
were encouraging and suggest thatNeuroophthalmology is evolving as an independent
branch. It is gaining popularity especially as a
combined fellowship program with pediatric
ophthalmology, but more work needs to be done
to make it a well-structured, full-fledged course.
Efforts are to be made to popularise it among
next generation fellows and encourage them to
pursue as a career to serve patients across the
length and breadth of the country.
Few of the important observations from this
survey were:
-

Most of the places offered combined fellowship with Pediatric Ophthalmology, however
both short term and long term independent
fellowships were also available.

-

Only 3of the 8 institutes reported that their
Neuro-Ophthalmology fellowship program
either alone or as combined with Pediatric
Ophthalmology was popular and ranked in
one of the top 3 choices of the candidates.

-

All centres offering long term fellowship provided stipend and surgical exposure to the
trainees in adult cataract alone or combined
with pediatric cataract/ strabismus surgery.

-

Most institutes offered rotation in various
specialties, and exposure to training in Neurology, Neuro-surgery, and Neuro-radiology
by rotation/ combined classes.

-

Majority of them had enough exposure to
perform independent diagnostic testing like
automated perimetry, OCT, ultrasound, FFA.

-

All institutes/ academic set ups encouraged
fellows to participate in national/international conferences. clinical research and publications.

We hope that this information shall be useful
for the candidates interested in fellowship in
Neuro-Ophthalmology. We propose that further
strengthening of short term fellowships, focussed
CMEs, dedicated curriculum in residency/ postgraduate training shall increase interest in this
fast growing specialty.

Institutes

Type of
fellowship

1

Aravind Eye Hospital, Madurai

Independent Short Term (upto 3 months) 2-5

2

Dr Shroff Charity eye hospital

Combined

Long term (> 1 year)

Upto 2

3

Guru Nanak Eye Centre, Delhi

Combined

Long term (> 1 year)

2-5

4

L V Prasad Eye Institute, Hyderabad

Combined

Long term (> 1 year)

More than 5

5

RP Centre, AIIMS, Delhi

Combined

Long term (> 1 year)

More than 5

6

Sanjay Gandhi Postgraduate
Institute of Medical Sciences,
Lucknow

Independent Long term ( 1 year)

Upto 2

7

Sankara Nethralaya, Chennai

Independent Long term (> 1 year)

Upto 2

8

The Eye Foundation, Coimbatore

Combined

Upto 2
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Duration

Long term (> 1 year)
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Candidates
enrolled per year
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