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Abstract

Background: Ethambutol is a first-line anti-
tubercular drug commonly associated with dose-
dependent optic neuropathy. Early recognition using
multimodal imaging is essential to prevent
irreversible visual loss.

Case report: 63-year-old male undergoing anti-
tubercular therapy for 6 months, diagnosed in
December,2025  for  pulmonary tuberculosis
presented with foggy bilateral diminution of vision
and defective colour perception for 20 days.The
patient had been receiving ethambutol 1200 mg/day
for 5 months. Best corrected visual acuity was 5/60
in the right eye and 6/60 in the left eye. Ishihara
testing revealed red-green  dyschromatopsia
bilaterally. Fundus examination demonstrated
temporal optic disc pallor and severe NPDR in both
eyes.

Multimodal imaging with optical coherence
tomography (OCT), retinal nerve fiber layer (RNFL)
analysis,  ganglion cell complex (GCC)
imaging,visually evoked potential (VEP) showed
bilateral temporal RNFL thinning, GCC loss
suggestive of ethambutol induced toxic optic
neuropathy.

Management:  Patient was  referred to
pulmonologist, and the anti-tubercular regimen was
modified. The patient was started on injection
vitamin B12 and advised regular ophthalmic follow-
up. Ethambutol-induced toxic optic neuropathy is a
potentially reversible condition when diagnosed
early. Multimodal imaging plays a significant role in
the diagnosis, monitoring, and prognostication of
this condition.
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I. INTRODUCTION:

Ethambutol is an important component of
first-line anti-tubercular therapy because of its
efficacy against Mycobacterium tuberculosis.

However, optic neuropathy remains one of its most
significant ocular adverse effects. Ethambutol-
induced toxic optic neuropathy (EON) typically
presents with bilateral painless progressive
diminution of wvision, dyschromatopsia, reduced
contrast sensitivity, and central or
cecocentralscotomas. The reported incidence varies
according to dosage, duration of therapy, renal
status, and patient susceptibility.

The exact pathophysiology of ethambutol
toxicity is not fully understood but is believed to
involve mitochondrial dysfunction and metal
chelation resulting in retinal ganglion cell damage,
particularly affecting the papillomacular bundle.
Early diagnosis is critical because visual impairment
may become irreversible if drug cessation is
delayed.

Recent advances in multimodal imaging,
including optical coherence tomography (OCT),
retinal nerve fiber layer (RNFL) analysis, ganglion
cell complex (GCC) assessment, and automated
perimetry, have improved the ability to detect
structural and functional damage in toxic optic
neuropathy. We report a case of ethambutol-induced
toxic optic neuropathy highlighting
characteristicmultimodal imaging findings.

II. CASE REPORT:

A 63-year-old male presented to the
ophthalmology  outpatient  department  with
complaints of bilateral painless progressive
diminution of vision for 20 days. The patient also
reported difficulty in colour discrimination and
reduced contrast sensitivity. There was no history of
ocular pain, diplopia, headache, trauma, or previous
ocular disease.

The patient was a diagnosed case of
pulmonary tuberculosis and had been receiving anti-
tubercular  therapy consisting of isoniazid,
rifampicin, pyrazinamide, and ethambutol. He had
been taking ethambutol at a dose of 1200 mg/day for
the preceding 5 months. Patient wasdiabetic with no
history of hypertension, renal disease, alcohol abuse,
or nutritional deficiency.
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On examination, best corrected visual acuity was
5/60 in the right eye and 6/60 in the left eye. Near
vision was N12 bilaterally. Pupillary reactions were
sluggish bilaterally without relative afferent
pupillary defect. Extraocular movements were full
and painless. Anterior segment examination of both
eyes was unremarkable. Intraocular pressure was
within normal limits.Color vision assessment using
Ishihara  pseudoisochromatic  plates revealed
bilateral red-green dyschromatopsia. Contrast
sensitivity was reduced in both eyes.Dilated fundus

examination revealed mild temporal pallor of both
optic discs with severe NPDR in both eyes.

Multimodal Imaging Findings: Color fundus
photograph demonstrating multiple
microaneurysms, dot-blot hemorrhages, and hard
exudates involving the posterior pole, consistent
with severe non-proliferative diabetic retinopathy
with diabetic maculopathy (Image-1). The optic disc
appears relatively preserved with subtle temporal
pallor in both eyes.
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Image-1: Color fundus photograph A. Right eye (OD) B. Left eye (OS)

Optical Coherence Tomography findings:

Spectral-domain optical coherence tomography (SD-OCT) of the macula demonstrated preservation of
the foveal contour with presence of hard exudatesin macular region suggestive of Clinically significant macular
odema(CSME) in both eyes.(Image-2). Macular thickness analysis revealed relative thinning of the inner retinal
layers, predominantly involving the parafoveal and temporal regions. Ganglion cell complex attenuation
corresponding to papillomacular bundle involvement was noted bilaterally. Central macular thickness measured
195 um in the right eye and 212 pum in the left eye. These findings were suggestive of ethambutol-induced toxic
optic neuropathy with retinal ganglion cell loss, despite coexisting severe non-proliferative diabetic retinopathy.
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Image-2:Spectral-domain optical coherence tomography (SD-OCT) of the macula

Visual evoked potential findings:

Flash visual evoked potential (F-VEP)
testing revealed bilateral abnormal responses
suggestive of optic nerve dysfunction (Image-3).
The recordings demonstrated prolonged implicit
time with reduced waveform amplitude in both eyes,
more pronounced at higher-frequency stimulation (8
Hz). Delayed P1/P100 responses indicated slowed
conduction along the visual pathways, while
decreased amplitudes suggested associated axonal
dysfunction. These electrophysiological

abnormalities were consistent with bilateral toxic
optic neuropathy secondary to ethambutol exposure.

Pattern visual evoked potential (VEP)
revealed bilateral abnormal responses with reduced
P100 amplitudes and mild prolongation of P100
latency, more pronounced in the left eye (Image-4).
The waveforms were poorly formed with decreased
N75-P100 amplitudes, indicating impaired optic
nerve conduction. These electrophysiological
findings were consistent with bilateral toxic optic
neuropathy involving the papillomacular bundle,
suggestive of ethambutol-induced optic neuropathy.
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Image-3:Flash evoked visual testing
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Image-4: Pattern visual evoked potential testing
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Management: FEthambutol-induced toxic optic
neuropathy was suspected clinically and supported
by multimodal imaging findings. Patient was
referred to pulmonologist, and the anti-tubercular
regimen was modified accordingly. The patient was
started on injection vitamin B12and advised regular
ophthalmic follow-up.The patient was counseled
regarding the possibility of partial visual recovery
and the importance of monitoring visual function.

III.  DISCUSSION:

Ethambutol-induced toxic optic neuropathy
(EON) is a well-recognized adverse effect of anti-
tubercular therapy and remains an important cause
of potentially reversible visual impairment. The
incidence of EON has been reported to vary
between 1% and 5%, depending on the dosage,
duration of therapy, renal function, and individual
susceptibility.!  Higher doses exceeding 15
mg/kg/day and prolonged treatment duration are
associated with increased risk of toxicity.?

The exact pathophysiology of ethambutol
toxicity = remains  incompletely = understood.
Ethambutol is believed to interfere with
mitochondrial oxidative phosphorylation through
chelation of zinc and copper ions, resulting in retinal
ganglion cell dysfunction and optic nerve damage.?
The papillomacular bundle is particularly
vulnerable, explaining the characteristic clinical
presentation of painless bilateral vision loss,
dyschromatopsia, reduced contrast sensitivity, and
central or cecocentral scotomas.*

Multimodal imaging has emerged as a
valuable tool in the evaluation of toxic optic
neuropathy. Spectral-domain optical coherence
tomography (SD-OCT) in our patient demonstrated
relative thinning of the inner retinal layers,
predominantly involving the parafoveal and
temporal regions with associated ganglion cell
complex (GCC) loss involving the papillomacular
bundle. Similar findings have been reported in
previous studies, where OCT detected structural
damage even before clinically visible optic disc
pallor became evident.’Temporal RNFL thinning is
considered characteristic because the
papillomacularfibers are preferentially affected in
ethambutol toxicity.°

In the present case, the coexistence of
severe  non-proliferative  diabetic  retinopathy
(NPDR) posed a diagnostic challenge, as both
diabetic retinaldisease and toxic optic neuropathy
can contribute to visual impairment. However,
multimodal imaging helped differentiate retinal
pathology from optic nerve dysfunction. Fundus
examination revealed features of severe NPDR,
while spectral-domain optical coherence

tomography (SD-OCT) of the optic nerve head
demonstrated bilateral temporal retinal nerve fiber
layer (RNFL) thinning with associated ganglion cell
complex (GCC) loss involving the papillomacular
bundle, findings characteristic of ethambutol
toxicity.’

IV.  CONCLUSION:

Ethambutol-induced toxic optic
neuropathy should be suspected in patients receiving
antitubercular therapy who develop bilateral
painless  visual decline and color vision
abnormalities. Multimodal imaging including OCT,
ganglion cell analysis, visual field testing, and VEP
plays a crucial role in early diagnosis and
differentiation from retinal causes of visual
impairment such as diabetic retinopathy. Prompt
recognition and discontinuation of ethambutol are
essential to improve visual outcomes.
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