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Truly the next world war is upon us. The enemy is silent and 
invisible but just as lethal. It has the ability of stealth and 
creeps upon us hitting us when we least expect it. Just when we 
thought we have won and have the magic bullet, it has come 
back with greater vengeance. 

Our response has to be equally powerful. No time for 
complacency and definitely no time for doubt. It is a call to arms.

The propaganda of the enemy is not raining down as pamphlets 
from the sky but arising in our own minds. We ourselves are 
making up thoughts like “Covid fatigue” and “it is inevitable” to 
breakdown our resistance and weaken the resolve. It is playing 
games with our minds and making us let our guard down. 
We need to first win this internal war against doubt fear and 
fatigue.

Remember that while thousands have died and millions have 
been affected, but billions are still free from the disease. We 
and our friends and family have to be part of those billions who 
have to break the chain of transmission. Our resolve should be 
that I should not be affected and no one should get it from 
me. I should not be a danger to my friends and family due to 
reckless behavior. We have to fight the enemy at home and 
out in the open, at the workplace and at all times, relentlessly, 
without a break. The enemy can hide anywhere; everyone is a 
suspect; a potentially infected person, often unknowingly.

The power is truly in your hands. Keep them clean, use them to 
wear a mask at all times and keep appropriate distance from 
others. Always practice covid appropriate behavior even at 
home. Do your own work, regulate the entry of staff at home 
and in the clinic.

Keep yourself safe and be a part of this global 
war to save the world. 

Rohit Saxena MD, PhD.
Secretary INOS
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Editorial

Satya Karna.
Jaypee Hospital, Noida

Dear friends,

India has emerged as the world leader in manufacturing and supplying Covid Vaccines 
to many countries as well as implementing the world’s largest Covid vaccination 
program. Ironically, India has now the world’s largest number of new cases of Covid 19 
detected daily. 

This issue has a comprehensive article on the neuro-ophthalmic manifestations of 
Covid 19 disease. Several such cases would have presented to us during the ongoing 
pandemic.

Corticosteroids are a potent weapon in the hands of ophthalmologists. They are used by 
many in the management of Non-arteritic anterior ischemic optic neuropathy (NAION). 
This is debated repeatedly in most neuro-ophthalmic conferences. The review in this 
issue covers this controversy with a good number of references. 

Mitochondrial optic neuropathy, a term which was not in common usage a couple 
of decades ago, has gained popularity in recent times with the advancement in 
understanding of optic neuropathies at the molecular level. The third review in this 
issue summarises these disorders of the optic nerves in a concise manner.

Hope you enjoy reading this issue and looking forward to contributions of interesting 
cases in neuro-ophthalmology to feature in future issues.

Dr. Satya Karna,
satyakarna@yahoo.com
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ACROSS
2. A specific form of binocular vertical diplopia 

seen in bitemporal hemianopias

4. Eponymous sign for convergence induced lid 
nystagmus.

5. Histologically, an optic nerve glioma       is       a           
astrocytoma

7. Syndrome characterized by simultagnosia, 
optic ataxia and ocular apraxia

8. A combination of adie’s pupil, areflexia and 
segmental anhidrosis is  syndrome.

10. A combination of  VIth nerve palsy and post 
ganglionic Horner’s  is ____ syndrome.

11. A neuralgia in association with Horner’s syn-
drome (Hint: Close differential of carotid dis-
section)

13. A “knee” responsible for a junctional scoto-
ma.

14. In B scan, an echolucent area in the anterior 
intraorbital optic nerve is suggestive of papil-
loedema This is known as sign.

DOWN
1.  A tumor which has similar signal intensity in 

T1 and T2 images but enhances avidly with 
gadolinium. It is clinically associated with the 
Hoyt-Spencer triad.

3. Immunomodulator used to treat relapsing 
forms of multiple sclerosis.

4. Circumferential retinal folds in papilloedema 
are known as lines.

6. Lid retraction in Dorsal midbrain syndrome - 
sign

7. A nystagmus that would make you want to 
check for corneal sensations.

9.  A non-vestibular nystagmus that follows Al-
exander’s law.

12. The structure that one must carefully look at 
in MRI in case of suspected oculopalatal my-
oclonus

Answers are given on page no. 17

Resident Corner
Crossword
Padmavathy Maharajan, Sabyasachi Chakrabarty, 
Aravind Eye Hospital , Tirunelveli
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Update 
COVID-19 -Conundrum- A Review of  
Neuro- Ophthalmic Manifestations

This pandemic, aptly known as the COVID-19 
Conundrum has perplexed, bewildered and led 
the entire world to a complete standstill. Though 
it started last year, it still remains to be an enigma. 
Bits and pieces have been put together, but this 
huge jigsaw puzzle has still not been solved!

Presidents or peasants, the affluent or the 
impoverished, in India or abroad, this pandemic 
has literally spared no one.

Doctors, all around the world, have been working 
around the clock, sacrificing their lives, keeping 
up their Hippocratic oath, fighting like soldiers 
-fighting the battle against COVID-19.

                                           Courtesy: webmd.com

Purpose of review: 
COVID-19 has a vast array of presentations and 
associations with neuro- ophthalmic diseases. 
So, we, as Clinicians, need to be aware of these 
while treating either patients with new neuro-
ophthalmic complaints or screening general 
patients for COVID-19 related symptoms.1

Introduction
Coronaviridae is a family of enveloped single 
stranded RNA viruses, that infect vertebrates. 
Seven coronaviruses species are known to 
cause infections in humans, the majority 
being responsible for mild respiratory disease; 
whereas the severe acute respiratory syndrome 
coronavirus (SARS-CoV) and the Middle East 
respiratory syndrome coronavirus (MERS-CoV) 
causes severe respiratory and neurological 
disease with a mortality rate ranging from 10-
36%.

A new corona virus, SARS-CoV-2 started and 
spread rapidly throughout China and other 
countries, causing a global public health concern 
in 20192,3– the dreaded Covid -19 pandemic.

Mahesh Kumar,1 DNB; Virna M. Shah,2 DO..
Department of Neuro Ophthalmology, Aravind Eye Hospital, Madurai1 and Coimbatore2

SARS -CoV-2 is a highly pathogenic virus and 
the understanding of its epidemiology, natural 
history, transmission, clinical presentation and 
therapeutics is still evolving. The spectrum of 
the corona virus disease 2019(COVID 19) is 
varied; ranging from asymptomatic infection 
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to severe respiratory failure and other 
systemic manifestations (like Gastrointestinal, 
Neurological, etc.). 2,3

Pathogenesis:
Covid 19 is not purely a respiratory disease. 
The virus may produce varied manifestations 
related to cardiac disease, acute kidney 
injury, vasculopathy, coagulopathy, elevated 
inflammatory markers, and neurological injury. 
Severe cases are typically characterized by a 
heightened inflammatory and coagulopathy 
response that is thought to play a prominent 
role in the pathogenesis and mortality that is 
associated with this virus.5

Systemic Signs and Symptoms:             
COVID-19, predominantly causes flu like 
symptoms (fever, cough, breathlessness) and 
some form of respiratory disease. Majority of the 
patients hospitalised develop complications like 
pneumonia or respiratory distress syndrome.1 

 

     

Courtesy : indiatvnews.com

Gastrointestinal symptoms (anorexia, nausea, 
vomiting, diarrhoea) have also been seen.1

Dermatological signs like urticaria and Covid toes 
have also been reported.1 

                                      Courtesy:indiatoday.in

Covid patients have developed coagulopathy, 
leading to arterial and venous thrombosis.1

Ophthalmic symptoms like conjunctivitis and 
keratoconjunctivitis, anterior uveitis, retinitis, 
chorioretinal disease,6 and multiple neuro-
ophthalmic symptoms (which are dealt with later 
separately), have been described. Characteristic 
retinal findings have been identified in a case 
series by Marhinho et al, where all 12 patients 
included in this study had hyperreflective lesions 
at the level of ganglion cell and inner plexiform 
layers7.

Courtesy: economic times.inidiatimes.com                    

Neurological 1symptoms of headache, 
dizziness have been reported. Anosmia and 
ageusia have been experienced by a large 
number of Covid positive patients (in one 
study, by Kaye et al. around 73% experienced 
anosmia prior to the Covid diagnosis) 8.   Acute 
encephalitis -like syndrome, acute disseminated 
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encephalomyelitis and multiple sclerosis 
have also been reported.3There have been 
several cases of Guillain Barre syndrome and 
a larger number of patients with ischemic and 
haemorrhagic stroke. In a study in China by Li et 
al, 4.6 % developed acute ischemic stroke, and 
young patients appear to be at risk of stroke 
when infected with Covid -19.9-12 

Recent publications highlight the emerging 
evidence of a new syndrome- Post Covid-19 
Neurological Syndrome (PCNS).13 Prolonged 
muscle weakness, myopathy, chronic fatigue, 
mood changes, varying degrees of depression, 
sleep impairment, anxiety, post-traumatic stress 
disorder have been reported. Currently, as we are 
still experiencing the pandemic and its effects, 
the full clinical picture of PCNS has not yet been 
described. So, we need to be vigilant to not only 
recognize these ex-patients (patients recovered 
from Covid-19), but also to continue neurological 
and cognitive monitoring of all COVID-19 cases 
(irrespective of the severity from asymptomatic, 
mild to severe) for PCNS. Peripheral blood 
markers of inflammation such as neutrophil-
lymphocyte ratio, C-Reactive protein, D-dimer, 
serum ferritin appear to be warranted.

Physiopathology of neurological involvement is 
not yet fully understood. The main possibilities 
include direct viral neurotropism, and indirect 
immunologic and neurovascular effects.1 Three 
main putative mechanisms of neurological injury 
have been proposed- direct viral central nervous 
system invasion, endothelial dysfunction and a 
neurotoxic effect from excessive inflammation 
and cytokine release.14

One theory suggests that the corona virus is a 
neurotrophic and neuroinvasive virus and that 
hypogeusia and anosmia are manifestations of 
the peripheral nervous systems involvement 
and hence this maybe a way of infection into 
the nervous system. Since the central and 
peripheral nervous system can be affected, 
neuro -ophthalmic manifestations can occur.3 

Neurotropic and neuroinvasive capabilities 
of coronaviruses have been described in 
humans.3 It is proposed that the coronavirus 
can reach and infect the central nervous system 
by several paths. Some suggested pathways 
include hematogenous or lymphatic route 
where persistently infected leucocytes serve as 
a reservoir and vector to the CNS infection and 
transretrograde dissemination following nasal 
infection and olfactory bulb involvement. The 
human host cell infection pathway is mediated 
by the angiotensin-converting enzyme 2 receptor 
for SARS- CoV-1 and SARS CoV-2. 15-18 

Neuro Ophthalmic Manifestations 
of COVID-19
Several Neuro- Ophthalmic conditions have been 
reported but not many have been documented 
during this pandemic. So, it is difficult to provide 
data on the prevalence of neuro ophthalmic 
disorders in Covid -19 patients.1 Neuro-
ophthalmological symptoms and signs can 
appear isolated or associated with neurological 
syndromes.3

Mechanism of neuro-ophthalmic involvement is 
not yet fully understood. Broadly they may fall 
into three categories – a post- viral inflammatory 
syndrome, sequelae of a proinflammatory state 
with hypercoagulability and cytokine storm and 
the result of systemic abnormalities including 
hypoxia and severe hypertension.5 Neuro-
Ophthalmic manifestations produced by direct 
viral invasion has not yet been proved.5 

Headache 

Headache has been reported as a major clinical 
symptom in 1.4% to 34% of Covid-19 patients. 
In fact ,71% healthcare workers with positive 
SARS CoV-2 mention having a headache. 
Pulsatile de novo headache at different sites 
(temporoparietal/ forehead/ periorbital), 
recurrent and resistant to analgesics has been 
associated with ocular pain, anosmia, myalgia, 
general malaise, tiredness and fever.3
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Pathophysiology is however still not fully 
understood. It appears to be associated with 
an increase in proinflammatory cytokines and 
a direct or indirect activation of the trigeminal 
nerve, rather than a direct Covid-19 CNS 
infection.3

Vision Loss:
 -      Optic neuritis: 
A case of bilateral optic neuritis and myelitis, 
(Mog IGg antibody and SARS CoV-2 positive) 
has been reported by Zho et al.19 This case is 
an example of a Para infectious demyelinating 
syndrome with a prodromal viral illness. 

These reports show an association between 
demyelinating disease and coronavirus. 
Cranial nerve involvement, shown by 
neuroimaging suggests an inflammatory 
process/neuritis-aetiology however  is still 
unknown. A parainfectious, direct infection or 
a demyelinating immune mediated process has 
been speculated.3

Whether this pandemic will be followed by 
an increased incidence of demyelinating CNS 
disease still remains to be seen. It is not clear if 
SARS-CoV-2 can directly affect the optic nerves1

-    CVA: 
 Cyr et al11 report ed 2 cases of Covid -19 positive 
patients with severe bilateral vision loss, along 
with CVA. A 61year old diabetic, 7 days after 
onset of fever, myalgia, cough developed sudden 
painless visual loss (no PL) and was diagnosed 
with acute bilateral occipital ischemic infarct. A 
34-year-old woman, Covid-19 positive, with co-
morbidities (hypertension, SLE, end stage renal 
disease, COPD) and prior CVA was admitted for 
pneumonia. A week, later she noted sudden 
bilateral painless vision loss and the MRI showed 
acute infarct in right frontal lobe, left posterior 
temporo-occipital and chronic infarction of right 
temporo- parietal lobe and bilateral medial 
occipital lobes. High prevalence of CVA s among 
Covid -19 positive patients was highlighted by 
these 2 patients. 

So, during this pandemic, Covid 19 should be 
kept as a differential for any patient presenting 
with new bilateral vision loss. Patients with 
pre-existing endothelial dysfunction may have 
increased risk for thrombotic occlusive events in 
the setting of Covid 19 infection. 1          

-Visual Field Defects:

Stroke5, especially in young, has been a notable 
and devastating neurological complication 
of Covid-19. With the involvement of the 
posterior circulation and occipital lobes, 
visual field defects and visual snow syndrome 
have been documented. Posterior reversible 
vasoconstriction syndrome (PRES) has been 
suggested as another mechanism of injury 
in Covid-19 patients. Transient visual field 
defects, hallucinatory palinopsia have been 
described in patients with PRES along with MRI 
abnormalities.20-26 

Diplopia

-Cranial Neuropathies:

Many patients presented with diplopia and 
ptosis after an episode of fever, malaise, cold, 
cough, or diarrhoea. Some had multiple cranial 
nerve palsies (3rd and 6th nerves), and many 
had 6th nerve palsies. These patients also had 
anosmia and ageusia.1 

A Progressive bilateral facial nerve palsy with 
irresponsive blink reflex was described in a 
61year old with facial diplegia,27 presumed to be 
a variant of Guillain – Barre syndrome3 (complete 
ophthalmic examination was not done in this 
case, so other findings are not known).

-Miller Fisher syndrome: 

Several patients5 had ocular motility deficits 
within days of resolution of Covid-19 symptoms 
(like cold, cough, headache, myalgia). Some 
have been associated with paresthesias and 
hyporeflexia, suggesting the Miller-Fisher 
variant of the Guillain – Barre syndrome with 
the MRI showing cranial nerve inflammation. 



INOS TIMES 9

Miller- Fisher Syndrome1 is characterized by 
acute onset ataxia, loss of tendon reflexes and 
ophthalmoplegia (one patient presented with 
partial 3rd nerve palsy, and later also 6th nerve 
palsy; another presented with internuclear 
ophthalmoplegia and right fascicular 
oculomotor palsy). Few of them were treated 
with iv immunoglobulin, and they showed partial 
improvement of deficits.2,28-31 

-Myasthenia Gravis 5:

3 patients presented with fever, and Covid -19 
infection. They noted generalised fatigability. 
EMG showed decremental response and positive 
acetylcholine receptor antibodies, consistent 
with MG diagnosis. The patients in this series 
recovered with various immunosuppressive 
agents to treat MG.

Covid-19 infection may have exposed an 
unrecognised predisposition to this autoimmune 
process.32 

-Increased intracranial pressure5 may produce 
false localising 6th nerve palsy and papilledema. 
Pseudo tumour cerebri syndrome has been 
reported as a complication of multisystem 
inflammatory syndrome in children associated 
with Covid -19.

The hypercoagulable and proinflammatory 
state triggered by Covid-19 infection has 
been associated with cerebral venous sinus 
thrombosis that may manifest with confusion 
and increased intracranial pressure.33-35

Nystagmus: 

Ataxia and myoclonus has been reported in 
some cases in association with oscillopsia, due 
to encephalopathy following severe systemic 
involvement due to Covid -19 infections.5 These 
patients also had corresponding cerebellar 
lesions on MRI and bland CSF, consistent 
with post infectious immune mediated 
rhomboencephalitis.10

Nystagmus as a sign of INO acutely presented as 
Miller Fisher syndrome.

A rare case of horizontal nystagmus with a 
rapid phase to right and which worsened in 
dextroversion, associated with oscillopsia, 
disequilibrium, nausea and vomiting, and 
without any respiratory symptoms was observed 
in a Covid-19 positive patient. The MRI was 
normal, and thus an acute vestibular dysfunction 
secondary to SARS-Cov19 was the presumed 
diagnosis.3

Pupillary abnormality:
Abnormal pupillary response has been detected 
after Covid -19 onset.7 Adie’s pupil usually causes 
denervation of parasympathetic fibres, thus 
leading to a supersensitive response to weak 
cholinergic agonist. Many conditions may cause 
tonic pupils which include diabetes, tumours or 
viral infections. Some authors suggested that 
after viral infection, a denervation of the post 
ganglionic supply to the pupil sphincter and the 
ciliary muscle may be produced by the virus 
itself. 36,37

Pupil involving 3rd nerve palsy and slow 
pupillary response in encephalitis has also been 
reported.38

Others: 
Recently, an association between SARS CoV-2 
and a higher incidence of Kawasaki39 disease was 
reported. (however, conjunctival hyperaemia, 
uveitis, vitreous opacities, papilledema can be 
seen in this disease; these manifestations were 
not described in this study)3

Many ophthalmologists in India have noticed 
an increased incidence of papilledema, 
ophthalmoplegia, seventh nerve palsies, optic 
neuritis and so on; but no data is available as 
documentation is lacking. 

Mucormycosis, a dreaded fungal infection 
causing life threatening complications has been 
reported recently in various parts of India. 
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Ophthalmoplegia and orbital apex syndrome 
have been seen recently especially in diabetic 
and immunocompromised patients. This is 
probably related to the steroid usage during 
Covid-19 treatment, leading to high incidence of 
mortality.

Treatment for Inflammatory Neuro- Ophthalmologic 
Disorders during the COVID -19 Pandemic 
is another important aspect that has to be 
considered. In all cases the benefits of treatment 
have to be balanced against the potential impact 
on the adaptive and innate immune systems 
that are needed to fight against the Covid-19 
and co-infections. The long-term sequelae of 
delaying or stopping immunotherapy in certain 
inflammatory neurological disorders needs to 
be considered and the treatment of the same 
have to be weighed and individualised for each 
patient. Medications like alemtuzumab and 
cladribine which cause severe immunodepletion 
should be avoided during this pandemic.
Caution should be exercised while treating  with 
steroids ,as hyperglycemia should be avoided. 
Social distancing, proper counselling regarding 
prevention of this infection is mandatory.40 Thus, 
the treatment of inflammatory neurological 
disorders is extremely important, is a topic on its 
own and its scope is beyond this review.

Tele- Neuro-Ophthalmology
A brief note on Tele-neuro-ophthalmology needs 
to be given at this time. Though, telemedicine 
existed before the Covid-19 pandemic. The 
development, refinement, innovation and rate 
of adoption in teleneuroophthalmology has 
accelerated in response to the social distancing 
requirements. Hence its implementation has 
been instrumental at this time. Telehealth 
modality usage by neuroophthalmologists 
have increased during this pandemic, and 
some benefits have been identified. Further 
work, however will be required to address the 
barriers in their current and future states to 
maintain these modalities as viable care delivery 
options.41,42 

Vaccines
There are currently more than 50 COVID-19 
vaccine candidates in trials. WHO is working 
in collaboration with scientists, business, 
and global health organizations to speed up 
the pandemic response. The list of approved 
vaccines in humans is given in Table 1.43 Covaxin 
and Covishield manufactured by Bharat Biotech, 
ICMR and University of Oxford, AstraZeneca 
respectively are approved for use in India. It 
is given in 2 doses with the second dose to be 
administered four to six weeks after the first 
dose. 

Immunocompromised individuals may 
receive COVID-19 vaccination if they have no 
contraindications to vaccination. However, 
they should be counselled about the unknown 
vaccine safety profile and effectiveness. No 
data are currently available on the safety 
and efficacy of mRNA COVID-19 vaccines in 
persons with autoimmune conditions. No cases 
of Guillain-Barré syndrome (GBS) have been 
reported following vaccination in the clinical 
trials pertaining to Pfizer-BioNTech or Moderna 
COVID-19 vaccines. Although cases of Bell’s 
palsy were reported following vaccination, the 
FDA did not consider these to be above the 
frequency expected in the general population. 
Severe allergic reaction (e.g., anaphylaxis) 
after a previous dose of an mRNA COVID-19 
vaccine or any of its components is an absolute 
contraindication.44                

Conclusion
The impact of this Covid pandemic has been 
immeasurable-the lockdown, the economic 
struggle, losing our loved ones, just to mention a 
few. But, even during these hardships, we have 
sustained ourselves, our morale, and finished 
2020 with a vaccine, showing that there is light as 
well as hope at the end of this tunnel.Our ability 
to take up challenges courageously, moving 
ahead in our field has driven us to finish this 
fight against Covid-19. Another silver lining to 
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Table 1: List of approved vaccines for COVID-19 in various countries around the world.43

S. No Name Vaccine 
Type

Developer Country of 
Origin

Countries Approved

1 BBIBP-CorV  
  

Inactivated 
vaccine

Beijing Institute 
of Biological 
Products

China China, UAE, Bahrain, 
Egypt

2 Comirnaty 
(BNT162b2)  
 

mRNA-
based 
vaccine

Pfizer, 
BioNTech; Fosun 
Pharma

Multi-
national 

UK, Bahrain, Canada, 
Mexico, US, Singapore, 
Chile, Oman, Saudi 
Arabia, Kuwait, EU

3 CoronaVac  
 

Inactivated 
vaccine 
(formalin 
with alum 
adjuvant)

Sinovac China China

4 Covaxin Inactivated 
vaccine

Bharat Biotech, 
ICMR

India India 

5 Covishield 
AstraZeneca 
(AZD1222) 

Adenovirus 
vaccine

University 
of Oxford, 
AstraZeneca

UK UK, India, Argentina, 
Dominican Republic, 
El Salvador, Mexico, 
Morocco

6 EpiVac 
Corona 

Peptide 
vaccine

Federal 
Budgetary 
Research 
Institution 

Russia Russia

7 mRNA-1273 mRNA-
based 
vaccine

Moderna, 
BARDA, NIAID

US US, Canada, EU, Israel

8 No name 
announced 

Inactivated 
vaccine

Wuhan Institute 
of Biological 
Products

China China

9 Sputnik V 
 

Non-
replicating 
viral vector

Gamaleya 
Research 
Institute, 
Acellena 

Russia Russia

this dark cloud was spending valuable time with 
our family (whom we often take for granted) and 
thanking God for each new day.

As we step into 2021, we are still standing in the 

sea of this Covid pandemic; staying afloat; but 
still very capable, mentally stronger and even 
more determined than ever to overcome this 
Conundrum.  
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Review 
Role of steroids in Non- arteritic 
anterior ischemic optic neuropathy 
(NAION) – A review

Abstract
NAION is one of the leading causes of acute 
painless loss of vision in the middle aged and 
elderly population, although no age is bar. The 
etiology is multi factorial and treatment is aimed 
at controlling the risk factors causing it. So far, no 
treatment has proven effective despite various 
claims. However, corticosteroids have been used 
in treating acute unilateral and bilateral cases 
on an anecdotal basis since the last few decades 
with conflicting results regarding its benefit. 
This review article addresses the role of steroids 
and the long- term outcome in treating patients 
with NAION. PubMed search was performed 
pertaining to Ischemic optic neuropathy, NAION, 
incidence of NAION, Hayreh´s articles, steroids 
in NAION, IVTA, methyl prednisolone, risk factors 
in NAION, unilateral and bilateral NAION.

Keywords
NAION, oral steroids, methyl prednisolone, IVTA

Introduction and background
Ischemic optic neuropathy (ION) belongs to the 
group of optic neuropathies wherein vascular 
insufficiency and not inflammation is the 
cause. This refers to all ischemic cases of optic 
neuropathy and can be called “stroke of the 
optic nerve”. This however, is not same as brain 
stroke or cerebral infarction1. 

Ischemic optic neuropathy is one of the leading 
causes of vision loss in the middle aged and 

elderly. The annual incidence of NAION is 
estimated at 2.3 to 10.2 cases per 1,00,000 
persons 50 years or older in the states of 
Minnesota, Missouri and Los Angeles County.34,35 
NAION presents as sudden, acute, painless vision 
loss, with afferent pupillary defect and infero- 
nasal or altitudinal field defect.3,4 The clinical 
presentation is that of hyperemic disc edema 
in the early stage or sectoral pallor of the optic 
disc in the late stage.2,3 Progressive worsening of 
vision (unilateral) over a period of few days or 
few weeks is not unusual and is assumed to be 
due to worsening of ischemia in the context of 
a local compartment syndrome associated with 
the disc edema.2,3,5 A crucial finding is disc at risk 
with a crowded disc and a small physiological 
cup.6,7,8

The risk factors associated with NAION are 
manifold. Systemic factors like diabetes, 
hypertension, arteriosclerosis, smoking, 
hypercholesterolemia, elevated plasma 
homocysteine levels and prothrombotic factors 
have been implicated. Mechanical factors like 
crowded disc impede axoplasmic flow which 
further cause compression and compromise 
the micro circulation at the crowded laminar 
region. Other factors like nocturnal hypotension, 
sleep apnea syndrome, failure of autoregulatory 
capacity of the optic disc have all been proven to 
cause NAION.9,10,11

The ION decompression trial showed that 
surgery was not proven to be effective in NAION 
inspite of 43% of patients with VA of 20/64 on 
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presentation regaining atleast 3 lines in Snellen´s 
chart within 6 months. It was rather proved to be 
harmful and spontaneous improvement in VA 
was shown to be much better.5,12

The risk of other eye other eye developing 
NAION varies from a cumulative prevalence of 
30.6% (23%-48%) and a cumulative incidence of 
14.7% over 5.1 years and seems to be higher in 
patients with diabetes than those without and is 
not related to other factors like age, sex, smoking 
history or aspirin use.13

Method of literature search 
PubMed search was performed pertaining to 
ischemic optic neuropathy, NAION, incidence 
of NAION, Hayreh´s articles, steroids in NAION, 
IVTA, methyl prednisolone, risk factors in NAION, 
unilateral and bilateral NAION.

Evidence for Steroids in NAION
Management of NAION with steroids began in 
the 1960s based on anectodal evidence. The 
efficacy of steroids is attributed to decreased 
compression of capillaries in the optic nerve 
head by decreasing edema and improve blood 
flow to the optic nerve head thereby improving 
the function of surviving but non-functional optic 
nerve axons.14,15,16,17

The initial study by Foulds and Hayreh et al 
regarding the use of steroids in the early 70s 
came under criticism for having a small sample 
size, lack of randomization and lack of controls. 
Hayreh and Zimmerman18 published results 
from their large “prospective patient choice” 
study which included 613 patients (n=696 eyes) 
wherein 312 patients (364 eyes) of patients opted 
for systemic steroids while 301 (332 eyes) did not. 
Those who opted for steroids were given 80 mg 
of prednisolone daily for 2 weeks and thereafter 
tapered every 5 days to 60 mg and by 5mg every 
5 days to 40 mg until optic disc edema was no 
longer present. Only those that were started on 
steroids within the first 2 weeks of presentation 
were included in the analysis. This time period 

was derived from his own preliminary study 
conducted earlier. The follow up was for 6 
months. 69.8% who were treated within the first 
2 weeks and who presented with VA of 20/70 
or worse had improvement in VA compared 
with 40.5% in the untreated group. Similarly, 
visual field (VF) defect improved in 40.1% in the 
treatment group as opposed to 24.5% in the 
untreated group. Kaderli et al19 in his pilot trial 
gave 4 mg of intravitreal triamcinolone (IVTA) 
in 4 eyes of 4 patients who presented within 
the first 2 weeks and 6 consecutive patients 
as controls. Follow up was for 12 months. He 
observed that VA improved to 4, 5.8 and 6.2 
ETDRS letters at 1st week, 3rd week and final visit 
respectively. Optic disc edema decreased during 
the 1st week and complete disappearance was by 
3rd week. Controls still had edema at the 4th week 
and complete resolution took place around 3 
months. There was no change in VF in both the 
groups. Jonas et al25 in his study of 3 patients 
treated with high dose of 20 mg of IVTA at 3, 
3.5 and 5 months did not show any favourable 
outcome in VA. 

Rebolleda et al20 in his study of 10 eyes of 10 
patients treated with oral prednisolone (similar 
to Hayreh et al) published that there was no 
significant statistical difference in terms of VA, 
VF or average retinal nerve fiber layer loss in 
both the groups. Kinori et al21 in his retrospective 
study compared 23 eyes of 24 patients with 
NAION treated with I gm intravenous methyl 
prednisolone as per optic neuritis treatment 
trial and control group of the same number and 
followed them at 1,3 and 6 months. He concluded 
that VF and VA worsened in the treatment group 
without any statistical significance. Radoi et al22 
in his retrospective study compared 21 patients 
treated with 4mg of IVTA and 15 untreated 
patients concluded that VA improvement was 
statistically better in the treated group (p = 
0.0035) and VF (p <0.0028) than in the untreated 
group during 6 months follow up. Pakravan et 
al23 in his single masked randomized clinical trial 
of 90 eyes of 90 patients divided into groups of 
30 each with group 1 - controls who received 
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placebo, group 2 – who received 500 mg twice 
a day of intravenous methyl prednisolone for 3 
days followed by 2 weeks of 1mg/kg body weight 
of oral prednisolone, group 3 – who received 
100% of normobaric oxygen and followed up 
with structural and functional outcomes at 1 
and 6 months. He concluded that there was no 
statistical difference among the three groups 
in terms of mean best corrected visual acuity 
(BCVA), mean deviation of VF and peripapillary 
nerve fibre layer thickness.

Saxena et al24 in his prospective randomized 
double- blind clinical trial divided 17 patients 
each into steroid group receiving oral steroids as 
per Hayreh et al and non-steroid group receiving 
placebo as controls in non-diabetic patients. 
BCVA, Visual evoked response (VER) and OCT 
were done at baseline, 1, 3 and 6 months post 
treatment. He concluded that there was no 
statistically significant difference in both groups 
with regard to VA. However, the steroid group 
showed significant improvement in the VER 
parameters and fast resolution of optic disc 
edema at first month.

Discussion 
The use of steroids stems from the clear 
understanding of the pathophysiology of NAION. 
There is no single factor that is responsible for 
causing NAION. Hayreh and Zimmerman18 in their 
“prospective people choice “study supported 
the use of steroids when presented with a VA of 
20/ 70 or worse and presenting within initial 2 
weeks of onset. The explanation is that steroids 
decrease the compression of capillaries in the 
optic nerve head (ONH) which in turn improves 
the circulation in ONH and improves the function 
of the surviving hypoxic axons and also inhibit 
free radicals. He also supported the choice of his 
study which came under lot of criticism for not 
choosing conventional randomization. Saxena 
et al23 in his study showed that there was greater 
percentage change of improvement in BCVA with 
use of oral steroids concurrent with Hayreh and 

Zimmerman et al but no statistically significant 
difference in the final visual outcome in the 
steroid and non-steroid groups. The percentage 
improvement in the amplitude and latency of 
VER meant a subclinical improvement which did 
not translate into visual outcome in the steroid 
group. The decrease in optic nerve head edema 
in the steroid group was similar to that in most 
of the studies but could not be translated into 
final visual outcome. The results of Rebolleda 
et al20 are comparable to Saxena et al in not 
demonstrating a difference in improvement in 
BCVA in both the groups. The side effects of 
systemic steroids in their study forced them 
to prematurely terminate the study. Hayreh 
et al did not mention about the side effects of 
steroids and Saxena et al chose non-diabetic 
patients with NAION for their study. Though 
Kaderli et al19 and Jonas et al25 studied the use of 
IVTA in NAION, their sample size was too small 
for substantiating its use. The improvement in 
VA and not VF might be explained by the fact that 
patients had learnt to fixate eccentrically as per 
Hayreh et al.  Also, IVTA has shown to transiently 
increase the optic nerve head pressure which 
might worsen an already compromised optic 
nerve head circulation in NAION patients and 
lead to further visual loss. Thus, IVTA cannot be 
compared with oral steroids for its use in NAION. 
As far as the use of intravitreal bevacizumab is 
concerned, there are only few anecdotal case 
reports and no large trials demonstrating its 
efficacy in NAION. Intravitreal bevacizumab 
has been shown to be effective in one patient 
only and two independent case reports have 
shown bevacizumab causing NAION who were 
treated for age related macular degeneration. 
Thus, use of intravitreal bevacizumab use still 
remains a question in NAION.26,27,28 Aspirin use 
has not been very conclusive in treating as well 
as preventing an attack in the fellow eye as 
there has been conflicting results from various 
studies. It goes without saying that NAION is not 
a thromboembolic disease but a hypotensive 
disorder and aspirin will actually have no 
effect.31,32,33
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At this point, Biousse´s statements for deferring 
steroid use in NAION cannot be overlooked. 
According to her, small vessel circulatory 
insufficiency of the optic nerve head might be 
the accepted pathophysiology of NAION but the 
reason for ischemia however remains unclear 
as to whether it is atherosclerosis or thrombus. 
Cerebral stroke and NAION occur predominantly 
in the elderly who have underlying vascular risk 
factors. Steroids have been proven detrimental 
in treating acute cerebral ischemia which might 
apply to NAION. Steroids have been proposed on 
a short- term basis for reducing cerebral edema 
in certain acute cerebral conditions and the same 
has been proven in ocular conditions associated 
with retinal edema like diabetic retinopathy and 
vein occlusions. Presence of fluid is the cause of 
vision loss in those patients. However, the same 
cannot be applied to patients with NAION who 
also show subfoveal fluid in OCT in the acute 
phase. This is because the cause of irreversible 
vision loss is not the subfoveal fluid in NAION but 
direct damage to optic nerve. Hence, steroid use 
may be unnecessary in such cases. The concept 
of crowded disc in NAION may be agreed, but 
that does not mean that steroids reduce the optic 
nerve head edema and improve VA as proposed 
by Hayreh. Studies have shown the median 
time to spontaneous resolution of disc edema 
from the onset of vision loss to be 7.9 (5.8-11.4 
weeks) with the resolution time being longer in 
diabetics. Few studies have shown that worse 
initial VA and VF defects were associated with 
faster resolution. However, there is no evidence 
to state that VA improves with resolution of disc 
edema.29,30 Intravitreal bevacizumab and IVTA 
have not been promising as mentioned earlier.

Conclusion
There is a huge unsettling controversy regarding 
the use of steroids in NAION. No studies have so 
far come up with a concrete conclusion regarding 
its use. Hayreh´s study is the largest study till 
date which supports the use of oral steroids in 
acute phases. The administration of steroids 

should be based on the risk-benefit ratio and 
adverse effects. A large, prospective randomized 
controlled trial is required to substantiate its 
use in cases of NAION. The results of varied 
studies should be interpreted carefully as there 
has been no concrete evidence that decrease in 
optic disc edema improves the visual outcome. 
The physician should be able to judge on an 
individual case basis and make sure the patients 
are monitored and closely followed up for 
adverse effects. The adverse effects of steroids 
can actually outweigh its potential benefits. It 
goes without saying that it poses a challenge 
to the ophthalmologists but devastating to the 
patients. Reduction and management of risk 
factors will be the only beneficial option currently 
in the prevention of NAION.

References
1. Valérie Biousse, M.D., and Nancy J. Newman, 

M.D. Ischemic Optic Neuropathies, N Engl J Med 
2015;372:2428-36. DOI: 10.1056/NEJMra1413352.

2. Arnold AC. Pathogenesis of non-arteritic anterior 
ischemic optic neuropathy. J Neuro-ophthalmol 
2003; 23: 157-63.

3. Hayreh SS. Ischemic optic neuropathies — where 
are we now? Graefes Arch Clin Exp Ophthalmol 
2013; 251: 1873-84.

4. Hayreh SS. Ischemic optic neuropathy. Prog Retin 
Eye Res 2009; 28: 34-62.

5. Characteristics of patients with non-arteritic an-
terior ischemic optic neuropathy eligible for the 
Ischemic Optic Neuropathy Decompression Trial. 
Arch Ophthalmol 1996; 114: 1366-74.

6. Doro S, Lessell S. Cup-disc ratio and ischemic 
optic neuropathy. Arch Ophthalmol 1985; 103: 
1143-4.

7. Beck RW, Servais GE, Hayreh SS. Anterior ischem-
ic optic neuropathy. IX. Cupto- disc ratio and its 
role in pathogenesis. Ophthalmology 1987; 94: 
1503-8.

8. Burde RM. Optic disk risk factors for non-arteritic 
anterior ischemic optic neuropathy. Am J Oph-
thalmol 1993; 116: 759- 64.



INOS TIMES18

9. Hayreh SS, Joos KM, Podhajsky PA, Long CR. Sys-
temic diseases associated with non-arteritic ante-
rior ischemic optic neuropathy. Am J Ophthalmol 
1994; 118: 766-80.

10. Jacobson DM, Vierkant RA, Belongia EA. Non-ar-
teritic anterior ischemic optic neuropathy: a 
case-control study of potential risk factors. Arch 
Ophthalmol 1997; 115: 1403-7.

11. Archer EL, Pepin S. Obstructive sleep apnea and 
non-arteritic anterior ischemic optic neuropa-
thy: evidence for an association. J Clin Sleep Med 
2013; 9: 613-8.

12. Optic nerve decompression surgery for non-arte-
ritic anterior ischemic optic neuropathy (NAION) 
is not effective and may be harmful. The Ischemic 
Optic Neuropathy Decompression Trial Research 
Group, JAMA, 1995 Feb 22;273(8):625-32. 

13. Newman NJ, Scherer R, Langenberg P, et al. The 
fellow eye in NAION: report from the ischemic 
optic neuropathy decompression trial follow-up 
study. Am J Ophthalmol 2002; 134: 317-28.

14. Hayreh SS. Management of ischemic optic neu-
ropathies. Indian J Ophthalmol 2011; 59:123-36.

15. Foulds WS. Visual disturbances in systemic dis-
orders. Optic neuropathy and systemic disease. 
Trans Ophthalmol Soc U K 1970; 89:125-46.

16. Hayreh SS. Anterior ischaemic optic neuropathy. 
III. Treatment, prophylaxis, and differential diag-
nosis. Br J Ophthalmol 1974; 58:981-9.

17. Nagham Al-Zubidi, Jason Zhang, Arielle Spitze, An-
drew G Lee, Systemic corticosteroids in non-arte-
ritic ischemic optic neuropathy, Indian Journal of 
Ophthalmology 2014, vol: 62, 10, 1022-1024. 

18. Sohan Singh Hayreh, M. Bridget Zimmerman, 
Non-arteritic anterior ischemic optic neuropathy: 
role of systemic corticosteroid therapy, Graef-
es Arch Clin Exp Ophthalmol. 2008 July; 246(7): 
1029–1046.

19. Berkant Kaderli, MD, Remzi Avci, MD, Ali Yucel, 
MD, Kazim Guler, MD and Oner Gelisken, MD, 
Intravitreal Triamcinolone Improves Recovery of 
Visual Acuity in Nonarteritic Anterior Ischemic

Optic Neuropath,y J Neuro-Ophthalmol 2007; 27:164–
168.

20. Gema Rebolleda, Marta Pérez-López, Pilar 
Casas-LLera, Inés Contreras, Francisco José 
Muñoz-Negrete, Visual and anatomical outcomes 
of non-arteritic anterior ischemic optic neurop-
athy with high-dose systemic corticosteroids, 
Graefes Arch Clin Exp Ophthalmol, DOI 10.1007/
s00417-012-1995-7.

21. Michael Kinori, Iris Ben-Bassat, Yael Wasserzug, 
Angela Chetrit and Ruth Huna-Baron, Visual out-
come of mega-dose intravenous corticosteroid 
treatment in non-arteritic anterior

ischemic optic neuropathy – retrospective analysis, 
BMC Ophthalmology 2014, 14:62.

22. Corina Radoi, Tony Garcia, Catherine Brugniart, 
Alain Ducasse & Carl Arndt, Intravitreal triamci-
nolone injections in non-arteritic anterior ischem-
ic optic neuropathy, Graefes Arch Clin      Exp Oph-
thalmol DOI 10.1007/s00417-013-2499-9.

23. Mohammad Pakravan, Nasrin Sanjari, Hamed 
Esfandiari, Parastou Pakravan, Mehdi Yaseri, The 
effect of high-dose steroids, and normobaric ox-
ygen therapy, recent onset non-arteritic anterior 
ischemic optic neuropathy: a randomized clinical 
trial, Graefes Arch Clin Exp Ophthalmol (2016) 
254:2043–2048, DOI 10.1007/s00417-016-3451-6.

24. Rohit Saxena, MD, Digvijay Singh, MD, Medha 
Sharma, MD, Mathew James, MD, Pradeep Shar-
ma, MD, Vimla Menon, MS, Steroids versus no 
steroids in nonarteritic anterior ischemic optic 
neuropathy: a randomized controlled trial, oph-
thalmology, October 2018, Volume 125, Issue 10, 
Pages 1623–1627.

25. Jost B. Jonas, Ulrich H. Spandau, Bjoern Hard-
er, Gangolf Sauder, Intravitreal triamcinolone            
acetonide for treatment of acute non-arteritic 
anterior ischemic optic neuropathy, Graefe’s Arch 
Clin Exp Ophthalmol (2007) 245: 749–750, DOI 
10.1007/s00417-006-0332-4.

26. Bennett JL, Thomas S, Olson JL, Mandava N. 
Treatment of nonarteritic anterior ischemic optic 
neuropathy with intravitreal bevacizumab. J Neu-
roophthalmol 2007; 27:238-40.

27. Hosseini H, Razeghinejad MR. Anterior ischem-
ic optic neuropathy after intravitreal injection of 
bevacizumab. J Neuroophthalmol 2009; 29:160-1.



INOS TIMES 19

28. Ganssauge M, Wilhelm H, Bartz-Schmidt K-U, 
Aisenbrey S. Nonarteritic anterior ischemic optic 
neuropathy (NA-AION) after intravitreal injection 
of bevacizumab (Avastin) for treatment of angioid 
streaks in pseudoxanthoma elasticum. Graefes 
Arch Clin Exp Ophthalmol 2009; 247:1707-10.

29. Andrew G. Lee, MD, Valérie Biousse, MD, Should 
steroids be offered to patients with non-arterit-
ic anterior ischemic optic neuropathy (NAION)?, 
J Neuro ophthalmol. 2010 June; 30(2): 193–198. 
doi:10.1097/WNO.0b013e3181e1f71f.

30. Jun Chen, MM, Jie Zhu, M, Li Chen, MMb, Chen 
Hu, MM, Yi Du, MD, Steroids in the treatment of 
nonarteritic anterior ischemic optic neuropathy 
A PRISMA-compliant meta-analysis, Medicine 
(2019) 98:46.

31. Beck RW, Hayreh SS, Podhajsky PA, Tan E-S, Moke 
PS. Aspirin therapy in nonarteritic anterior is-
chemic optic neuropathy. Am J Ophthalmol 1997; 
123:212-7.

32. Sanderson M, Kupersmith M, Frohman L, Jacobs 
J, Hirschfeld J, Ku C, et al. Aspirin reduces anteri-
or ischemic optic neuropathy (AION) in the sec-
ond eye (abstract 912). Invest Ophthalmol Vis Sci 
1995; 36: S196.

33. Botelho PJ, Johnson LN, Arnold AC. The effect of 
aspirin on the visual outcome of nonarteritic an-
terior ischemic optic neuropathy. Am J Ophthal-
mol 1996; 121:450-1.

34. Hattenhauer MG, Leavitt JA, Hodge DO, Grill R, 
Gray DT. Incidence of nonarteritic anterior is-
chemic optic neuropathy. Am J Ophthalmol 1997; 
123: 103-7.

35. L N Johnson , A C Arnold, Incidence of nonarteritic 
and arteritic anterior ischemic optic neuropathy. 
Population-based study in the state of Missouri 
and Los Angeles County, California, J Neuro oph-
thalmology 1994 Mar;14(1):38-44.

 M               
 E  S P L I T         
 N      E     P I C K 
 I      R     A    
 N     P I L O C Y T I C  
 G      F     O  O  
 I    B A L I N T  N  L  
R O S S  R  U    L   L  
 M    U  N    A   I  
P A R K I N S O N   T   E  
     S  M  R A E D E R  
  O     I    N     
W I L B R A N D    T     
  I     E         
  V              
C R E S C E N T         

 

 

Crossword  
Answers 



INOS TIMES20

The mitochondrial optic neuropathies are a 
group of optic neuropathies which may be 
different etiologically, but show significant 
overlap of clinical features and prognosisand 
have the common mechanism of optic nerve 
damage. The common factor is mitochondrial 
dysfunction,resulting in similar clinical 
presentation. These include genetic optic 
neuropathies like Leber’s hereditary optic 
neuropathy (LHON) and autosomal dominant 
optic atrophy (DOA)and acquired etiologies like 
toxic or nutritional optic neuropathies.

Pathophysiology:
The basic pathophysiology in mitochondrial 
optic neuropathies is impaired ATP production 
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due to mitochondrial dysfunction and increased 
reactive oxygen species (ROS). 

RGCs of the prelaminar area of papillomacular 
bundle are more susceptible to damage in 
mitochondrial optic neuropathies because they 
have a higher number of mitochondria and more 
unmyelinated RGC axons than post-laminar 
area. The higher energy requirement and less 
efficient axoplasmic transport makes them more 
susceptible to damage from any mitochondrial 
dysfunction.1

Clinical features:
Patients with mitochondrial optic neuropathy 
share a common clinical presentation, as shown 
in the table below:

Symptoms Painless, symmetrical loss of visual acuity
Decrease in contrast sensitivity
Decrease in color vision

Signs Normal to sluggish pupils without RAPD
Normal, edematous or hyperemic disc in early stages and pale disc in later stages.

Investigations Central or centrocaecal scotoma on visual field examination
On OCT, increased RNFL thickness in early stages and RNFL thinning in later stages

1.  Leber’s hereditary optic neuropathy 
(LHON):

 LHON is the most common mitochondrial op-
tic neuropathy. It is characterised by mater-
nal transmission and predominance in males.
LHON patients have mutation at nucleotides 
3460, 11778, and 14484.2 Out of these 11778 
mutation is the most common and is pres-

ent in 70% of the cases, 14484 is present in 
14% and 3460 in 13% cases respectively.3In 
a study done in North India, m.11778G>A 
mutation was most common and was seen 
in 27.5% patients.4Theoptic neuropathy de-
velops in around 50% of males and 10% of 
females with these mutations.5  So, incom-
plete penetrance and predilection for males 
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is present, which can be due to role of addi-
tional genetic and/or environmental factors.
Smoking also increases the risk of visual loss. 
In a study done in North India, history of 
smoking was present in 72.5% patients and 
history of alcohol intake was present in 70% 
patients.4

 Pathophysiology:The mutations seen in 
LHON affects genes responsible for electron 
transfer especially in ND1 and ND6 subunits 
of complex 1 of the respiratory chain. Thus 
oxidative phosphorylation and ATP genera-
tion in mitochondria is affected, leading to 
degeneration of retinal ganglion cells and 
optic nerve.6

 Clinical features: The onset of the vision 
loss starts in second and third decade. Pa-
tient presents with sudden, painless loss of 
vision, which may be unilateralinitially and 
sequentially involves the other eye in weeks 
to months. 

 In acute phase, fundus examination shows 
tortuouscentral retinal vessels, circumpapil-
lary telangiectatic microangiopathy,(figure 1) 
and oedema of the retinal nerve fibre layer. 
The optic disc can look normal in 20% cases.
In later stages there is presence ofRNFL loss 
and optic atrophy .

 On FFA, there is absence of leakage of dye 
along the borders of edematous optic nerve 
head.(figure 2) Central or Centrocaecal sco-
toma is usually seen in LHON patients on 
visual field examination due to involvement 
of papillomacular bundle.OCT shows in-
creased RNFL thickness in the acute phase 
due to edema, (figure3) gradually RNFL thin-
ning is noted.ERG and VER should be done to 
rule out retinal pathology and confirm optic 
nerve pathology.

 Visual prognosis is poor in LHON patients 
and vision drops to 20/200 or worse with-
in 6 months of onset of visual loss. Visual 
prognosis is best in patients with mutation 

of m.14484T>C, better in patients with mu-
tation of m.3460G.>A, and worse in patients 
with mutation of m.11778G>A.

 LHON patients have higher incidence of 
cardiac arrhythmia and neurological abnor-
malities like ataxia, peripheral neuropathy, 
myopathy, and dystonia. The patients with 
these features have LHON+ (LHON plus) syn-
drome.7

2. Autosomal dominant optic atrophy 
(ADOA):

 It is also known as Kjer’s optic neuropathy.
It is mostly caused by mutation in the OPA-
1(3q28-q29) gene, which encodes mitochon-
drial dynamin related GTPase protein. 

 Pathophysiology:
 OPA-1 gene encodes mitochondrial dynamin 

related GTPase protein, which is involved in 
synthesis and stabilization of mitochondrial 
membrane. OPA-1 mutations cause defrag-
mentation of mitochondrial membrane and 
dysfunction of respiratory chain and ATPase 
of the mitochondria, which is responsible for 
degeneration of optic nerve.8

 Clinical features: 
 Patient present with gradual bilateral mild 

loss of vision with loss of color vision in the 
first two decades of life. The average visual 
acuity is between 20/60 to 20/200, so the 
visual prognosis is better than LHON.9

 Fundus examination shows focal, temporal 
wedge shaped atrophy but diffuse atrophy 
can be there. Centrocaecal scotoma is pres-
ent in the visual fields. OCT shows thinning 
of the macular RNFL. VER shows diminished 
amplitude and prolonged latency.About 20% 
of patients have co-morbidities of deafness, 
chronic progressive external ophthalmople-
gia, ataxia, myopathy, peripheral neuropa-
thy, and deafness. The patients with these 
features have ADOA+ (ADOA plus) syndrome.
Deafness is the most common systemic as-
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sociation which presents during puberty or 
young adulthood.10

3. Wolfram syndrome: It is also known as 
DIDMOAD syndrome (Diabetes Insipidus, 
Diabetes Mellitus, Optic atrophy and Deaf-
ness). The pathogenesis is unknown and 
inheritance is autosomal recessive. Patients 
develop diabetes mellitus and optic atrophy 
in the first decade, cranial diabetes insipidus 
and sensorineural deafness in the second 
decade.11

4 Charcot-Marie-Tooth syndrome: A specif-
ic subtype is hereditary motor and sensory 
neuropathy type 6 (HMSN-6), caused by mu-
tation of MFN2 which is a mitochondrial out-
er membrane protein.12 It is associated with 
both early onset severe peripheral neuropa-
thy and optic atrophy.13 Visual acuity in these 
patients is 6/60 or worse.

5 Hereditary Spastic Paraplegia: The typical 
clinical features are slowly progressive lower 
limb spasticity and weakness. It is classified 
into pure and complicated forms. The com-
plicated forms are associated with  optic at-
rophy, ataxia, peripheralneuropathy, extrap-
yramidal deficits and cognitive decline.14 It is 
genetically heterogenous and 17 genes have 
been identified so far.

6 Friedreich’s ataxia:  It is an autosomal re-
cessive disorder, caused by GAA trinucleo-
tide repeat expansion in the FXN gene.15 In 
it , progressive gait ataxia is seen, starting 
from second decade of life. It is also associ-
ated with optic atrophy. In a study including 
26 patients, all patients had evidence of optic 
nerve dysfunction, but only five patient were 
symptomatic.16

Acquired mitochondrial optic 
neuropathies:
1. Toxins and drugs:
Toxins:
Tobacco, alcohol and methanol can cause 

mitochondrial optic neuropathies. The condition 
was earlier incorrectly known as tobacco-alcohol 
amblyopia. Alcohol consumption can cause folic 
acid and vitamin B-12 deficiency and tobacco 
use generates cyanide and reactive oxygen 
species. The combined effect of cyanide toxicity, 
reactive oxygen species, deficiency of vitamin 
B-12 and folate results in mitochondrial optic 
neuropathy.17 Toxic drugs can cause increase in 
exogenous ROS. The impaired ATP production 
and increased ROS results in decrease in electric 
potential across the mitochondrial membrane 
and leakage of cytochrome C into the cytoplasm 
from mitochondria. The cytochrome C bind 
to the apoptosis activating factor-1 (APAF-1) 
causing apoptosis of the RGC.18

Drugs:
Ethambutol:
It is the most common cause of toxic optic 
neuropathy.19 The incidence of ethambutol 
toxicity varies with dose is 1% at a dose of <15mg/
kg/d, 5-6% at 25mg/kg/d, 50% at 60-100mg/kg/
d.20Ethambutol decreases the level of copper, 
which is a cofactor for cytochrome c oxidase 
in the electron transport chain. So, it interferes 
with oxidative phosphorylation.21According to 
one study on cell culture, ethambutol inhibits 
lysosomal activation due to its chelating action, 
resulting in zinc accumulation in lysosomes and 
increased permeability of lysosomal membrane 
and cell death.22

Patients usually present with gradual, symmetric 
vision loss, usually within 2-3 months of starting 
ethambutol. Reports of presentation as early as 
one month are also available in literature. The 
most common visual field defects is central or 
centrocaecal scotoma.23Sometimes patient may 
present with bitemporal hemianopia and can be 
confused with chiasmal lesion. 

According to the new tuberculosis treatment 
guidelines, the three times weekly regimen 
has been changed to the daily regimen of 
antitubercular treatment ATT and ethambutol 



INOS TIMES 23

which was previously given in intensive phase 
only, is now given in the continuation phase as 
well.24

Indian Neuro-Ophthalmology Society had taken 
cognisance of the change in above treatment 
protocol and thereby increase in incidence of 
these cases. And recently INOS conducted a 
consensus meeting regarding the screening, 
diagnosis, follow up and management protocol.25

According to this meeting, risk factors for 
developing optic neuropathy are patients 
receiving higher doses (low weight in weight 
band), patients receiving for longer duration 
(Drug resistant TB), renal disease, diabetes 
mellitus, tobacco/alcohol abuse, combined 
therapy with Linezolid and pre-existing visual 
dysfunction. Patients with risk factors should 
undergo baseline examination which includes 
visual acuity, colour vision and visual fields 
and repeat ophthalmic examination at every 
2 months. Patients with no risk factors should 
undergo ophthalmic examination at 3 and 6 
months follow-up visits.

Chloramphenicol:
Chloramphenicol inhibits protein synthesis 
by binding to the 50S ribosomal subunit, so it 
inhibits mitochondrial protein synthesis also.26 

The incidence and severity of optic neuropathy 
after chloramphenicol use is dose dependent. 
On fundus examination, hyperemic optic disc 
with blurred disc margins and swelling of 
papillomacular bundle is seen. Central scotoma 
is he most common visual field defect.27 The 
drug should be stopped immediately, once the 
toxicity is diagnosed and vitamin B complex 
should be given to the patient.

Linezolid:
Linezolid inhibits protein synthesis by binding 
to 23S rRNA of the bacterial 50 S ribosomal 
subunit and inhibiting formation of 70S initiation 
complex. It inhibits mitochondrial protein 
synthesis also because mitochondrial ribosomes 

are similar to those of bacteria. Prolonged use 
of linezolid can cause both optic and peripheral 
optic neuropathies.28 On fundus examination, 
optic disc edema is seen which resolves after 
stopping the drug use.

Other Antibiotics:
Erythromycin inhibits protein synthesis by 
binding to 23S rRNA of the 50S ribosomal       
subunit. So, it also causes dose dependent 
mitochondrial dysfunction.29 Rarely, ciprofloxacin, 
streptomycin, isoniazid, antiretroviral drugs, 
amiodarone, infliximab, clioquinol, dapsone, 
quinine, pheniprazine, and suramin can cause 
mitochondrial optic neuropathies. Severity of 
the optic neuropathy depends on dosage and 
duration of these drugs.

2. Nutrition deficiencymitochondrial optic 
neuropathies:

Vitamin B-12 and folic acid are essential 
for normal oxidative phosphorylation in 
mitochondria, so deficiency of these vitamins 
can cause mitochondrial optic neuropathy.

Vitamin B-12 deficiency can be due to strict 
vegetarian diet, ileal resection, bariatric surgery 
and pernicious anemia. Folate deficiency can 
be due to poor dietary intake, alocoholism, 
malabsorption syndrome and bariatric surgery.

Patients present with bilateral subacute, 
symmetrical and painless loss of vision. There 
is loss of color vision and contrast sensitivity. 
On fundus examination, temporal disc pallor 
can be seen in the later stages. On visual field 
examination, central or centrocaecal scotoma 
can be seen. Serum vitamin B-12 levels 
(<183pg/ml) and serum folic acid levels (3µg/L) 
measurement can be used for the diagnosis.30,31

It can also bedue to deficiencies in thiamine 
(vitamin B1), riboflavin (vitamin B2) or pyridoxine 
(vitamin B6) which also play an important role in 
oxidative phosphorylation.32
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Management of mitochondrial 
optic neuropathies:
In all patients of mitochondrial optic 
neuropathies, baseline visual acuity, color vision, 
visual fields should be taken and follow-up should 
be done every 4-6 weeks for any progression of 
the disease. Patients should be advised to avoid 
tobacco, alcohol or any causal medication. In cases 
of nutritional mitochondrial optic neuropathies, 
proper nutritional supplementation should be 
given. Genetic testing and counselling of all the 
patients should be done. Various treatment 
options inmitochondrial optic neuropathies are:

1.  Coenzyme Q10 (CoQ10)
 Quinone analogs such as CoQ10 bypass the 

inhibition of mitochondrial complex I and 
shuttle the electrons from cytosol to com-
plex III directly. This leads to ATP synthesis 
and decreases the amount of cytochrome 
C.33

2.  Idebenone
 Idebenone and EPI-743 are shorter chain 

quinones. They have lipophilic properties, so 
they are delivered more efficiently into mito-
chondria and are more potent.

 The Rescue of Hereditary Optic Disease Out-
patient Study (RHODOS), a multi-center, dou-
ble-blind, randomized, placebo-controlled 
study was done to evaluate the role of  ide-
benonein LHON mutations m.3460G4A and 
m.11778G4A to slow progression of the 
disease.34 Idebenonewas given daily to the 
patients for 6 months in the dosage of 900 
mg daily. Patients with unequal visual acui-
ty were benefitted the most, suggesting that 
early treatment with idebenone prevents 
progression of the disease in the other eye. 
Idebenone use also stabilised the visual acu-
ity in LHON patients.34,35 In the follow-up 
study, beneficial effect of idebenone per-
sisted after discontinuation of the drug after 
24 weeks of the treatment.35

 Carelli et al, demonstrated visual recovery in 
44 LHON patients after treatment with ide-
benone within the first year of the disease as 
compared to 59 untreated patients. Statis-
tically significant and earlier visual recovery 
was seen in patients with m.11778/ND4 mu-
tation but not in patients with m.3460/ND1 
mutation.

 In International Consensus on the clinical 
and therapeutic management of LHON, it 
was proposed to start 900mg/day of ide-
benone as soon as possible and to continue 
for at least 1 year within one year of onset 
of disease. There is not enough evidence to 
support to support treatment in patient with 
1 to 5 years of duration of disease (after on-
set of disease in the second eye) and no ev-
idence to support treatment in patient with 
more than 5 years of duration of disease.   

3.  EPI-743
 The structure of EPI-743 is similar to ide-

benone with a modified benzene ring to in-
crease the efficacy of the drug. EPI-743 inter-
acts with enzyme NADPH quinone reductase 
(NQO1) and form stable hydroquinone with 
excellent antioxidant function. In a clinical 
trial, five patients of LHON were treated with 
EPI-743 within 90 days of the disease onset 
for at least 1 year, four patients showed im-
provement in vision and visual fields.36

4.  Gene therapy
 In gene therapy, adeno-associated virus 

(AAV)-vector with normal mitochondrial gene 
(ND4) is injected into the mitochondria.37 In a 
study, AVV-mediated ND4 was injected in five 
LHON patients, two patients had moderate 
improvement in vision.38

 In RESCUE trial, LHON patients with G11778A 
ND4 mitochondrial mutation with vision loss 
within 6 months were included. A single in-
travitreal injection of GS010 was given ran-
domly in one eye and sham injection in the 
other eye. GS010 is a recombinant adeno-as-
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sociated viral vector serotype 2 containing 
the wild-type ND4 gene. At 48 weeks, mean 
BCVA improvement was 13 ETDRS letters in 
GS010 treated eyes and 11 letters in sham 
treated eyes. At 72 weeks, mean BCVA im-
provement was 21 ETDRS letters in GS010 

treated eyes and 21.7 letters in sham treated 
eyes. So, gene therapy was responsible for 
visual treatment in both the eyes.39

 Gene therapy for ADOA using delivery of nor-
mal OPA1 gene is in its initial stages.

Figure1:RE shows disc oedema with telengectatic vessels. LE shows temporal disc pallor

Figure 2: FFA RE shows peripapillary telengectatic vessels with no evidence of disc leak. This feature is characteristic of 

LHON
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Figure3: OCT: BE shows increased RNFL thickness.

5. Stem cells
 The Stem Cell Ophthalmology Treatment 

Study (SCOTS) used bone marrow derived 
stem cells for the treatment of optic nerve 
and retinal diseases. In patients with LHON, 
visual acuity gain of up to 35 letters on ETDRS 
chart was noted with visual field improve-
ment without any serious complications.40

6. Others 
 Other therapeutic agents used in mitochon-

drial optic neuropathies are brimonidine, 
multivitamins, cyclosporin A and phytoestro-
gen.41
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