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ABSTRACT

Introduction: Ethambutol (EMB) is one of the first-line antituberculosis drugs that reported to §Elise
toxic effects on the eye structure. This study aims to elucidate the histological mechanism of retinal
and optic nerve damage in toxic optic neuropathy cases.

*Corresponding author: E-mail: itzarislam @unhas. ac.id;
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Reference Sources: The literature search was conducted in the PUBMED and MEDLINE
databases using the latest publication of the 2012-2022 series.

Studies Selectf): The observational and randomized controlled trial studies analyzing the effect of
ethambutol on retirfgnerve fiber layer, retinal ganglion layer, inner cell plexiform layer thickness,
optic nerve tissue, best-corrected visual acuity (BCVA), color perception, visual evoked response,

and patients' visual field were included.

Data Extraction Method: Articles that met the inclusion criteria underwent a specific evaluation,
whereby the main focus was the ethambutol on retinal and optic nef tissue.

Results: The results showed that ethambutol affects the thinning of the Retinal Nerve Fiber Layer
(RNFL), decreasing the amount of Ganglion Cells and changing the optic nerve's histological
function by damaging the mitochondria and axonal fiber.

Conclusion: It was concluded that ethambutol has adverse effects on retinal and optic nerve tissue
due to several mechanisms and significantly affects the patient's visual outcome.

Keywords: Ethambutol; retina; optic nerve; toxic optic neuropathy; histology damage.

1. INTRODUCTION

Ethambutol is a first-line antituberculosis
treatment option that is typically used in
combination with pyrazinamide, isoniazid, and
rifampicin [1,2]. Following oral administration, 75-
80% of the dosage is absorbed, and blood levels
reach a peak within 2-4 hours. Additionally, a
single dosage of 25 mg/kg results in plasma
concentrations of 2-5 g/mL. Ethambutol has a
serum half-life of 3-4 hours and can last up to 10
hours in individuals with severe renal failure.
Furthermore, between 20% and 30% of the
medication binds to plasma proteins [3].

In a 10-year survey of 4.803 patients newly
diagnosed with tuberculosis, it was reported that
approximately 1.29% of them developed a case
of ethambutol optic neuropathy [4]. Ethambutol
has been shown to cause bulbar and retrobulbar
neuritis, generally due to visual impairment with
painless, subacute, symmetrical, and progressive
symptoms. The decrease in visual acuity affects
the central or caecocentral scotoma and
dyschromatopsia [5]. Several studies have also
shown that EMB is a risk factor for optic
neuropathy and chiasmopathy because of its
toxicity to retinal ganglion cells through the
excitotoxic pathway [6]. Meanwhile, optic
neuropathy was induced by the EMB, which
causes the loss of small-diameter axons. The
EMB changes the histological function of the
optic nerve by damaging the mitochondria as
physiology of axon transport and axon-myelin
interactions. Hence, it results in a relatively
complex series of events, such as damage to an
axon [5,7,8].

The epidemiological study by Sheng et al. (2021)
reported that ethambutol optic neuropathy (EON)

incidence is approximately 100,000 cases per
year. In the early stages, EON is still considered
reversible, but when it has occurred for some
time and is delayed for a long time, it causes
permanent loss of ViEh [9]. The degree of
ocular toxicity of EMB depends on the dose and
the individual duration. Furthermore, the
incidence was 5-6% of c&#s in patients that
was administered EMB at 25 mg/kg/day, 3% at
20 mg/kg/day, and 1% at §fImgkg/day. Optic
neuropathy was reported at a dose of 3.6
mg/kg/day over 6 months of treatment. This
incident further reinforces that there is no longer
a supposedly safe dose [10-13].

Optical coherence tomography (OCT) is a well-
known examination used to measure any
changes in retinal tissue. In the case of EON,
OCT helps to identify the loss of nerve fibers in
patients with early symptoms of toxicity before
the fundal changes become more pronounced.
Therefore, OCT was used as an additional
objective test in monitoring patients treated with
ethambutol [12]. Moreover, other examinations
EEEh as visual-evoked potentials (VEP), neural
magnetic resonance imaging (MRI), and pattern
electroretinography (PERG) are used as choices
to screen retinal and optic neuropathy damage
due to ethambutol-induced toxic optic neuropathy
[14].

2. METHODS

2.1 Search Strategy

A literature search was conducted on 12
February 2022 in the PUBMED and MEDLINE
databases using either of the following keywords,
((ethambutol) AND ((retinal layer) OR (retinal
cell) OR (retinal tissue) OR (optic nerve) OR




(optic nerve tissue)). The latest references in the
2012-2022 series were used, but other valuable
studies were consulted as complementary and
supporting sources. Furthermore, the selected
article was then managed by Mendeley®'s
citation manager for further analysis and usage.

2.2 Articles Criteria

The inclusion criteria for the article are 1) use of
observational and randomized controlled trial
design; 2) The use of English language; 3) The
osure is ethambutol; and 4) The outcome is
retinal nerve fibre layer, retinal ganglion layer,
inner cell plexiform layer thickness, nerve fiber
layer, optic nerve tissue, visual acuity, color
perception, visual evoked response, and visual
field. Meanwhile, the exclusion criteria were: 1)
No abstract, 2) The unavailability of full text, 3)
Unmatched article type, and 4) Wrong or
unmatched population, such as using the animal
as study subject.

2.3 Study Selection and Data Extraction

Deep review process was used to choose
articles that matched the inclusion criterias. The
data extracted include first autor's name, the
year of publication, the study's design, the
study's location, characteristic of the participant,
sample size, exposure, study examination
outcome, patients' clinicdd outcome, research
results, and conclusion. The abstracts of the
articles identified were reviewed and discussed
among the authors, relevant papers of high and
mediurfd) relevance were then considered in
detail. Additionally, attention was also given to
papers referenced in the selected articles.
Special attention was given to studies focusing
on ethambutol eff@l on retina and optic nerve
tissue changes. Reference lists of identified
primary reports and review articles were
searched.

3. RESULTS

A total of 9 studies from articles discovered in
Pubmed and Medline were included in this
review. The effects of ethambutol on retinal
tissue and optic nerve damage in individuals with
toxic optic neuropathy were reviewed in all of the
papers. The total population of the 9 inclusion
studies was 343 patients. Among these inclusion
studies, five sfilfles assessed the effect of
ethambutol on the Retinal Nerve Fiber Layer
(RNFL) and Ganglion Cells Inner Plexiform Layer
(GCIPL), two articles specifically assessed the
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effect of ethambutol on the Retinal Nerve Fiber
Layer (RNFL), and two studies also specifically
assessed the effect of ethambutol on Ganglion
Cells Inner Plexiform Layer (GCIPL). There are
five studies [15-17] were assessed the RNFL and
GCIPL tissue thickness after ethambutol
administration.  Furthermore, three studies
showed reduced RNFL and GCIPL thickness,
One of them had "subclinical toxicity'§E) 46% of
the eyes, which was measured by an increase in
VER latency of more than 2 SD (more than 125
ms) at a dose of 18.5-7.3 mg/kg per day.
[Breover, one study on the administration of
ethambutol at a dose of 15 mg/kg/day showed no
significant thickness changes in RNFL, but there
was a decrease in thickness in GCIPL.

The central scotomas, cecocentral scotomas,
and hypochromatopsia were observed. In
another study, [hambutol increased RNFL
tissue thickness at a dose of 15-20 mg/kg/day,
decreased GCIPL tissue thickness, and resulted
in the persistence of a small paracentral scotoma
in the left eye. 2022/3/8 There are 2 inclusion
studies by Jin et al. and Taffner et al. that
assessed ethambutol's effect on RNFL tissue
thickness. According to the results of the study
by Jin et al., ethambutol at a dose of 14.72 +
3.07 mg/day/kg caused an increase in RNFL
tissue thickness, and there was no clinical
change as assessed by BCVA, color vision, and
contrast sensitivity in individuals with toxic optic
neuropathy. In contrast, the study by Taffner et
al. showed an increase in the thickness of the
RNFL tissue and a decrease in visual acuity as
measured by the Ishihara test [18,19].

Furthermore, 2 other inclusion studies by Lee et
al and Vieira et al assessed the effect of
ethambutol on GCIPL tissue thickness.
Ethambutol was shown to reduce tissue
thickness when taken at doses of 17.8 to 20
mg/kg daily, and 35 mg/kg three times weekly
[20,21]. The assessment and descriptions of the
papers included in this evaluation of literature are
presented in Table 1.

4. DISCUSSION

Ethambutol was introduced and marketed in the
1960s as a bacteriostatic agent against
Mycobacterium tuberculosis. This agent is used
as a chelating compound that interferes with the
other metal-containing enzyme systems in the
mycobacterial nucleic acid structure [12].
Unfortunately, this drug had been reported to
cause ocular toxicity, a condition known as
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bulbar and retro-bulbar neuritis, resulting in
painless, symmetrical, progressive vision loss,
and central or cecocentral scotoma as well as
dyschromatopsia [11,18].

The prolonged use of ethambutol is one of the
main risks of thinning the RNFL. Spectral-domain
OCT is the most common test to assess the
RNFL and the macula [9,10,22]. In a study by
Varan et al. (2020), RNFL values recorded a
statistically significant increase in thinning after 2
years of administering the ethambutol treatment
compared t§fthe pre-treatment RNFL value. The
thickness of the RNFL decreased in all
quadrants, with the temporal quadrant showing
the major loss [23]. Therefore, the RNFL
thickness quickly decreases in the disease
process. An electrophysiological test such as the
visual evoked potential (VEP) detects anterior
visual pathway involvement before symptoms
develop [11].
38

Ethambutol also affects the retinal ganglion cells
(RGCs), where the layer of ganglion cells was
significantly reduced. The loss of ganglion cells is
a sign of irreversible retinal damage [24]. Study
in monkey showed that RGCs were significantly
damaged by EMB-induced optic neuropathy,
functionally [E[Fand morphologically [25].
Additionally, the toxic impact offfthambutol on
the retina also has an effect on other cell types,
such as amacrine and bipolar cells, which are
clarified in some studies [10]

In humans, the first symptom and earliest
indicator of EMB-induced optic neuropathy is
dyschromatopsia or altered color perception.
Ethambutol also causes a blue-yellow color
defect in the early stages of the disease [11]. A
dose of 35, 50, and 100 mg/kg/day administered
to an experimental group of rabbits for 12 weeks
resulted in vacuolation and demyelination, which
were assessed by measuring histological
changes. This condition shows that optic nerve
toxicity is dose and duration dependent [26].

The ocular toxicity caused by ethambutol is
reversible on discontinuing the drug. Optic
neuropathy due to this drug is usually described
as reversible with full recovery over a few weeks
or months of stopping treatment. However, there
is also evidence of deterioration in vision after
EMB discontinuation. Hence, it causes patients
to experience mild to moderate Vvisual
impairment, but some suffer severe to permanent
vision loss even after taking standard doses [27].

Islam et al.; OR, 16(3): 26-36, 2022; Article no.OR.87964

238 is known to cause a permanent decrease in
visual acuity and color vision inZ8irment due to
damage to the optic nerve [28]. A significant loss
of color vision oEF) relatively preserved visual
acuity indicates optic neuropathy, which is a
cause of visual loss. Therefore, it is essential that
color vision is monitored in anti-TB therapy
patients to detect early toxicity signs [29].
Ethambutol causes optic neuropathy, which
primarily affects the central vision since there is
usually a central field detected, while peripheral
vision is often unaffected [11]. The optic
neuropathy cafigd by EMB presents as bilateral
involvement. However, the onset is usually
unilateral, but both eyes are affected eventually.
Typically, symptoms appear four to twelve
months after the administration of EMB but rarely
within a few days of starting treatment [25].

According to Huang et al., EMB increases the
flash visual evoked potential (FVEP) test latency
in rat retinal g@glion cells (RGCs), inducing
apoptosis [30]. Ethambutol and its metabolite 2,
2' ethylene diimino dibutyric acid (EDBA) have
been shown to be toxic to retinal ganglion cells
both in vitro and in vivo in studies. Furthermore,
by decreasing mitochondrial activity, EMB and
EDBA improve ganglion cell sensitivity to
external glutamate concentrations, which is
mediated through the regulation of mitochondrial
energy homeostasis [28].

Ethambutol toxicity causes d&llage to myelin, a
fatty acid layer surrounding axons of the optic
nerve produced by oligodendrocytes. The myelin
sheath plays a vital role in the rapid transmission
of signals through the nerves. Furthermore, the
damages to this sheath result in progressive
axonal degeneration [27]. In this condition,
ethambutol affects either the axonal or preaxial
parts of the optic nerves by the demyelination
process, primarily observed in the optic nerves
and chiasma [4]. Consequently, it is probable
that EMB binds to the optic chiasm with high
affinity and causes bitemporal visual field
abnormalities, which express themselves as toxic
symptoms in the eyes [28].

5. CONCLUSION

Ethambutol has adverse effects on retinal and
optic nerve tissue due to several mechanisms
and significantly affects the patient's visual
outcome. Ethambutol toxicity causes damage to
myelin and cause clinical impact to the patients
usually described as reversible with full recovery
after stopping treatment. Regular eye health




checks should be carried out in patients receiving
ethambutol  therapy to prevent severe
complications. It can also be advised to use
preventive therapy such as vitamins, to prevent
structural damage to the eye.
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