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ABSTRACT 
Purpose: To evaluate the efficacy of a novel oral combination therapy—
pentoxifylline, cilostazol, and methylcobalamin—in improving visual and 
electrophysiological outcomes in patients with ethambutol-induced optic 
neuropathy (EON). 
 
Methods: A prospective interventional study was conducted on 34 
patients (68 eyes) diagnosed with EON. Patients were randomly divided 
into two groups. The intervention group (n = 17) received oral 
pentoxifylline (16–18 mg/kg/day in two divided doses), cilostazol (50 
mg/day), and methylcobalamin (1500 mcg/day) for 6 months. The control 
group (n = 17) received methylcobalamin alone for the same duration. 
Patients were evaluated at baseline and followed up at 1.5 months 
intervals for 6 months. Assessments included best-corrected visual acuity 
(BCVA) using early treatment diabetes retinopathy study (ETDRS) chart, 
contrast sensitivity via Pelli-Robson chart, color vision using Ishihara plates 
and fundus examination. Visual evoked potentials (VEP) with reverse 
pattern stimulation were performed at baseline and 6 months. 
 
Results: The intervention group demonstrated significantly greater 
improvement in BCVA (mean gain: 0.71 ± 0.21; p = 0.001) and contrast 
sensitivity (0.697 ± 0.02; p = 0.002) compared to controls. VEP revealed 
a significant reduction in P100 latency in the intervention group (4.18 ± 
1.23 ms; p = 0.003), indicating better optic nerve recovery, whereas 
latency worsened in the control group. Color vision improvement was not 
statistically significant (p > 0.05) in both groups. 
 
Conclusion: The combination of pentoxifylline, cilostazol, and methylcobalamin 
significantly improved visual and electrophysiological parameters in EON 
patients. This multi-targeted neuro-regenerative therapy may represent a 
promising adjunct in the management of drug-induced optic neuropathies. 
 
Keywords: Ethambutol-induced optic neuropathy, Pentoxifylline, Cilostazol, 
Methylcobalamin, Visual Evoked Potential, Best-Corrected Visual Acuity.  
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Introduction 
Ethambutol is a cornerstone of first-line anti-
tubercular regimens owing to its bacteriostatic 
efficacy and role in preventing resistance. However, 
its use is limited by ethambutol-induced optic 
neuropathy (EON), which if severe and prolonged 
can lead to permanent vision loss. EON typically 
presents as bilateral, painless, progressive visual 
loss, with accompanying signs such as central or 
cecocentral scotomas, dyschromatopsia (particularly 
red-green), and decreased contrast sensitivity.1–4 
Visual evoked potentials (VEP) commonly reveal 
prolonged P100 latency, indicating visual pathway 
dysfunction.5 The reported incidence of EON 
ranges from 1% to 5%, depending on treatment 
duration, cumulative dose, renal function, and 
individual susceptibility.1,2,6 
 

Mechanism of optic neuritis due to ethambutol 
toxicity is unknown, however various studies 
suggest that ethambutol and its metabolites can 
chelate zinc, causing a disturbance in retinal 
homeostasis. Additionally, ethambutol interrupts 
oxidative phosphorylation by acting on iron-
containing complex I and copper-containing 
complex IV, leading to reactive oxygen species 
production which may cause injury to the retinal 
ganglion cells.7,8Additional factors such as 
deficiencies in trace elements (zinc, copper) and 
neurotrophic vitamins (e.g., B1, B12, E, folate) may 
exacerbate neural vulnerability. 9–11 
 

Currently, the cornerstone of EON management 
involves early cessation of ethambutol and 
supportive therapy with neurotrophic agents like 
methylcobalamin, which is widely used. However, 
clinical outcomes are often suboptimal, with many 
patients experiencing incomplete or delayed visual 
recovery.1 This limitation has prompted interest in 
adjunctive therapies that target additional pathogenic 
mechanisms such as ischemia, inflammation, and 
oxidative damage.  
 

Pentoxifylline, a non-selective phosphodiesterase 
inhibitor and methylxanthine derivative, has 
demonstrated neuroprotective and microcirculatory 
benefits in ischemic optic neuropathies. It 
improves erythrocyte deformability, reduces blood 
viscosity, inhibits platelet aggregation, and reduces 
oxidative stress.12–14 It also has immunomodulatory 
properties which results in vascular endothelial 
stabilization and autoimmune inhibition.15 It 

decreases peripheral nerve injury by preventing 
free radical production by neutrophil inhibition and 
decreasing the levels of cytokines, malondialdehyde 
and myeloperoxidase.16 Previous studies have 
shown functional improvement in neuropathies by 
oral pentoxifylline.17 
 

Cilostazol, a selective phosphodiesterase-III (PDE3) 
inhibitor, exerts vasodilatory and anti-platelet 
effects by increasing intracellular cAMP levels, 
thereby enhancing microvascular perfusion and 
endothelial function.18,19  
 

Zinc and copper deficiencies, caused by the metal-
chelating effects of ethambutol, are believed to 
contribute to the development of neuropathy. 
Similarly, deficiencies in vitamins such as E, B1, B9, 
and B12 may worsen optic neuritis, in order to 
mitigate this risk, supplementing these minerals and 
multivitamins has been suggested. Methylcobalamin 
supports remyelination and axonal regeneration, 
and its deficiency has been implicated in various 
optic neuropathies.20 Together, these agents may 
augment optic nerve recovery when combined 
with methylcobalamin, due to its role in promoting 
remyelination and axonal regeneration. 

 

To the best of our knowledge, no previous study 
has evaluated the combined therapeutic efficacy of 
pentoxifylline, cilostazol, and methylcobalamin. 
This study aimed to evaluate the efficacy of this 
novel oral combination therapy compared with 
methylcobalamin monotherapy to improve visual 
function and VEP parameters in patients with 
ethambutol-induced optic neuropathy.  
 

Material and Methods 
An institutional prospective, interventional study 
was conducted in the tertiary care center located in 
north India. 34 patients (n = 68 eyes) diagnosed 
with ethambutol-induced optic neuritis (EON) were 
enrolled after obtaining informed written consent. 
The diagnosis of EON was based on clinical 
features, history of ethambutol use, and supportive 
electrophysiological findings. The study adhered 
to the tenets of the Declaration of Helsinki and was 
approved by the Institutional Ethics Committee. 
 

Inclusion criteria: Patients of ethambutol optic 
neuropathy with minimum baseline visual acuity of 
hand movements or better were included in the 
study. Patients diagnosed within 6 months of 
cessation of ethambutol therapy were included.  
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Exclusion criteria: Patients with other causes of 
optic neuropathy (e.g., nutritional, hereditary, 
ischemic), systemic illnesses affecting visual 
function (e.g., diabetes mellitus with retinopathy), 
or those on concurrent neuroprotective therapies 
were excluded. 
 

Patients were randomly divided into two equal 
groups (n = 17 per group, 34 eyes each) using a 
simple randomization technique. The intervention 
group received oral pentoxifylline (16–18 
mg/kg/day) in divided doses, cilostazol (50 mg per 
day single dose), along with methylcobalamin 
(1500 mcg single dose) daily. The control group 
received only methylcobalamin 1500 mcg once 
daily. All treatments were administered orally and 
were continued for a duration of six months. 
Patients were followed at baseline, 1.5 months, 3 
months, 4.5 months, and 6 months. At each visit, 
visual and ocular parameters were assessed, 
including BCVA measured by using the ETDRS 
chart, contrast sensitivity using the Pelli-Robson 
chart, and color vision using the Ishihara 
pseudoisochromatic plate test. Fundus examination 
was conducted by indirect ophthalmoscopy using 
a 20-diopter lens. These assessments were performed 
bilaterally and documented at each visit to monitor 
progression or improvement. 
 

Visual evoked potential (VEP) testing was 
performed using the reverse pattern stimulation 
method to evaluate optic nerve conduction. VEP 
was recorded only at baseline and at the 6-month 
follow-up.  
 

Data were compiled and analysed using IBM SPSS 
Statistics software version 24.0 (IBM Corp., 
Chicago, USA). Descriptive statistics were applied 
for baseline demographic and clinical characteristics. 

The independent samples t-test was employed to 
compare mean values between the intervention 
and control groups for BCVA, contrast sensitivity, 
and VEP latency. Levene’s test was used to assess 
the equality of variances. A p-value less than 0.05 
was considered statistically significant. 
 

The primary outcome measures included change in 
BCVA and VEP P100 latency from baseline to six 
months. Secondary outcomes included changes in 
contrast sensitivity and color vision. Adverse 
effects, medication tolerance, and compliance 
were monitored throughout the study duration. 
This methodology allowed for a comprehensive 
evaluation of visual function, integrating both 
subjective (acuity, color vision, contrast sensitivity) 
and objective (VEP) assessments, while comparing 
the efficacy of pentoxifylline and cilostazol adjunct 
therapy with standard neurotrophic treatment in 
patients affected by ethambutol-induced optic 
neuropathy. 
 

Results 
A total of 34 patients (68 eyes) were enrolled in the 
study. Female preponderance (n=21) was noted 
with M:F ratio being 1.6:1. Majority of patients 
(n=31) were in the age group of 50-65 years with 
remaining 3 patients in age group of 25-35 years. 
The intervention group consisted of 17 patients (34 
eyes), and the control group also included 17 
patients (34 eyes). 
 

Visual Improvement: The mean improvement in 
BCVA in the intervention group was 0.71 ± 0.21, 
which showed a significant improvement (p = 
0.001). In contrast, the control group (0.21 ± 0.07) 
exhibited no significant change, with a p-value of 
0.09. (Table 1) 

 
Table 1: Comparison of improvement in vision in intervention and control group 
 

Group Mean±SD P-value 

Intervention group 0.71 ±0.21 0.001 

Control group 0.21± 0.07 0.09 

 
On applying Levene’s test for equality of variance 
for visual acuity across subsequent visits, the p-values 
were 0.94, 0.03, 0.02, and 0.001, respectively, 

indicating a progressively significant improvement 
in the intervention group over time. (Table 2 & 
Graph 1) 
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Table 2: Progressive improvement in vision on subsequent visits in intervention group in comparison to control 
group  
 

Visit Intervention group (Mean ± SD) Control group (Mean ± SD) P-value 

1st  1.522±0.6 1.51±0.5 0.94 

2nd  1.2±0.5 1.47±0.49 0.03 

3rd  0.99±0.4 1.3±0.5 0.02 

4th  0.81±0.4 1.3±0.5 0.001 
 
Graph 1: Progressive improvement in vision over time is noted in intervention group in comparison to control 
group 
 

 
Contrast Sensitivity: The mean improvement in 
contrast sensitivity in the intervention group was 
0.697 ± 0.02 (p = 0.002), while the control group 
showed only a slight improvement of 0.013 ± 0.06 
(p = 0.08), which was not statistically significant. 

(Table 3) Levene’s test for equality of variance 
revealed p-values of 0.05, 0.02, 0.01, and 0.001 for 
the subsequent visits, indicated a progressive 
improvement of contrast sensitivity in the 
intervention group only. (Table 4 & Graph 2) 

 
Table 3: Comparison of improvement in contrast sensitivity in intervention and control group  
 

Group Mean±SD P-value 

Intervention 0.697± 0.02 0.002 

Control 0.106 ±0.06 0.08 
 
Table 4: Progressive improvement in contrast sensitivity on subsequent visits in intervention group in 
comparison to control group 
 

Visit Intervention group (Mean ± SD) Control group (Mean ± SD) P-value 

1st  0.7±0.6 0.2±0.3 0.05 

2nd  0.8±0.6 0.2±0.3 0.02 

3rd  1.1±0.5 0.3±0.3 0.01 

4th  1.4±0.5 0.3±0.4 0.001 
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Graph 2: Progressive improvement in contrast sensitivity over time is noted in intervention group in 
comparison to control group 
 

 
 

Visual Evoked Potential (VEP): The mean reduction 
in P100 latency in the intervention group was 4.18 ± 
1.23 millisecond (p = 0.003), indicating significant 
improvement in optic nerve function. In contrast, 

the control group showed a mean increase in P100 
latency of 4.65 ± 0.52 ms (p = 0.004), suggesting 
worsening of optic nerve conduction. (Graph 3A & 
B and, Fig 1A, Fig 1B, Fig 2A, Fig 2B) 

 
Graph 3 A: VEP latency improvement is observed in intervention group 
 

 
 
Graph 3 B: No VEP latency improvement is observed in control group 
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Fig 1A: Depicts pre-treatment VEP of intervention group, Fig 1B: Depicts post treatment VEP of intervention group 

 
Fig 2A: Depicts pre-treatment VEP of control group, Fig 2B: Depicts post treatment VEP of control group 

 
 
Color Vision: Statistical analysis using the Z-test for 
proportions revealed no significant difference 
between the two groups (Z = 0.551, p = 1.164), 
indicating that color vision did not improve in 
either group. 
 

Statistical Analysis and Observations: This study 
demonstrated that pentoxifylline, when used in 
combination with cilostazol and methylcobalamin, 
significantly improved BCVA and contrast sensitivity, 
as well as reduced P100 latency in patients with 
ethambutol-induced optic neuropathy. These findings 
suggest that combination therapy by above agents 
may offer neuroprotective benefits, enhancing 
visual and electrophysiological outcomes, although 
its effect on color vision was not statistically significant. 

Discussion 
Natural course of recovery of EON despite timely 
discontinuation of ethambutol suggests persistent 
visual impairment and irreversible damage to optic 
nerve, especially in older age patients (individuals 
over 60 years of age).21-25  
 

The present study was aimed to evaluate the therapeutic 
efficacy of a neuro-regenerative combination - 
pentoxifylline, cilostazol, and methylcobalamin in 
managing ethambutol-induced optic neuropathy, 
a condition with limited established treatment 
options. The treatment strategy was designed to 
target both vascular and neuronal pathways 
implicated in optic nerve damage, thereby offering 
a multidimensional approach to neuroprotection. 



Therapeutic role of triple drug regimen of pentoxifylline, cilostazol, and methylcobalamin for visual recovery in ethambutol induced neuropathy 

© 2025 European Society of Medicine 7 

Methylcobalamin was administered to the control 
arm orally to assess the role of combination therapy 
in comparison to monotherapy of methylcobalamin 
as it is widely used for treatment of various 
neurological disorders.26 It has also showed 
significant improvement in cases of crush injury of 
optic nerve,27 however its role in treatment of EON 
has been inconsistent.20,28 Available literature show 
comparison of methylcobalamin monotherapy with 
buqihuoxue formula combined with methylcobalamin 
which is consistent with the present methodology.29 
 

The combination therapy exhibited marked visual 
and electrophysiological improvement in the 
intervention group compared to controls. Visual 
acuity improvement emerged as the most clinically 
significant outcome, revealing the potential of a 
neuro-regenerative cocktail composed of pentoxifylline, 
cilostazol, and methylcobalamin in reversing functional 
visual loss in patients with ethambutol-induced 
optic neuritis (EON). Supporting evidence for the 
efficacy of pentoxifylline in optic neuropathies 
exists but is limited.17 However; this study focused 
solely on visual acuity and lacked data on contrast 
sensitivity, VEP latency, or structured combination 
therapy, leaving an important therapeutic gap. In 
contrast, the current study adds to the field by 
demonstrating that the combination of pentoxifylline 
with cilostazol and methylcobalamin confers 
enhanced visual recovery, potentially due to 
synergistic effects. Therapeutic dose of cilostazol 
for peripheral vascular disease is 100mg twice a 
day.30  However; no dosage has been defined for 
the treatment of EON, hence, subtherapeutic dose 
of cilostazol (50mg per day in single dose) was 
administered in order to limit adverse drug 
reactions and to achieve better compliance. 
Headache, palpitation, dizziness, diarrhoea, peripheral 
edema and tachycardia are some of the frequent side 
effects of cilostazol which may lead to poor 
compliance.30  
 

Contrast sensitivity is a sensitive indicator of optic 
nerve function, often affected in EON.  Contrast 
sensitivity testing may detect subclinical optic 
neuropathy even in the presence of normal visual 
acuity and color perception.31 In our study, the 
intervention group exhibited a significant improvement 
in contrast sensitivity. Our study is distinguished by 
the use of combination therapy, which not only 
halts further deterioration but also enhances 
contrast sensitivity, indicating a potential role in 

reversing Ethambutol-induced visual impairment. 
Visual evoked potential (VEP) provide objective 
measure of optic nerve function and serve as a 
sensitive electrophysiological tool for detecting 
optic nerve dysfunction in patients receiving 
ethambutol, with prolongation of P100 latency and 
reduction in amplitude.32  Some studies have 
reported cases where VEP changes were not 
evident despite clinical signs of optic neuropathy, 
suggesting that VEP may not always detect early or 
subclinical changes,33 indicating that no single 
parameter is sufficient to make diagnosis of EON.  
Our study found a significant reduction in VEP 
P100 latency in the intervention group following 
combination therapy, indicating improved optic 
nerve conduction. Our study suggests that VEPs, 
beyond their established role in early diagnosis, 
may also serve as a biomarker for monitoring 
therapeutic response in patients with ethambutol-
induced optic neuropathy. 
 

Previous studies have emphasized the importance 
of color vision testing in the early detection of 
ethambutol-induced optic neuropathy, with one 
reporting abnormal color perception among 
affected patients and another noting that 71.8% of 
eyes exhibited color vision defects in cases of toxic 
optic neuropathy secondary to ethambutol.32,34 
Our study also supports existing evidence that 
color vision is frequently affected in EON, however, 
our novel combination therapy did not result in a 
statistically significant improvement in color vision, 
suggesting that this parameter may be less 
responsive to pharmacologic intervention compared 
to other visual and electrophysiological measures 
or in our study’s use of Ishihara plates may have 
limited sensitivity in detecting subtle color vision 
changes, especially in patients with severe visual 
acuity loss35. 
 

The unique aspect of our study lies in its pioneering 
assessment of a neuro-regenerative combination 
therapy-pentoxifylline, cilostazol, and methylcobalamin-
in managing EON, an area previously unexplored 
in clinical literature. Unlike earlier studies that 
primarily focused on visual acuity or isolated 
electrophysiological changes, our research 
provides a comprehensive evaluation of multiple 
visual parameters, including contrast sensitivity, 
VEP P100 latency, and color vision. Additionally, 
this is the first interventional study to demonstrate 
that visual parameters and VEP abnormalities in 
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EON are not only detectable but potentially 
reversible with targeted pharmacologic intervention. 
These findings underscore the significance of our 
study in advancing both the diagnostic refinement 
and therapeutic approach for EON.  
 

Limitations:  
Despite the promising results, this study has 
several limitations. The relatively small sample size 
(34 patients) limits the generalizability of the 
findings. The study was conducted at a single 
center, which may introduce selection bias and 
limit external validity. Furthermore, the follow-up 
period of six months, though adequate for 
observing short-term outcomes, may not fully 
capture the long-term efficacy or relapse following 
cessation of therapy. Lastly, serum levels of 
ethambutol or oxidative stress markers were not 
evaluated, which could have provided mechanistic 
insights and further validated the therapeutic 
effects of the intervention.  
 

Conclusion:  
This prospective interventional study demonstrates 
that a novel combination of pentoxifylline, 
cilostazol, and methylcobalamin significantly 
improves visual acuity, contrast sensitivity, and VEP 

latency in patients with EON, suggesting both 
functional and electrophysiological recovery of the 
optic nerve. These results highlight the therapeutic 
potential of a multi-targeted neuro-regenerative 
approach in managing drug-induced optic 
neuropathies. However, the absence of significant 
improvement in color vision suggests differential 
responsiveness among visual pathways, indicating 
the need for further exploration into selective 
neuroprotection. Larger, multicentric studies with 
longer follow-up and objective biochemical 
markers are needed to validate the efficacy and 
durability of this therapeutic regimen. Clinically, 
our results support the early use of targeted neuro-
regenerative therapy in EON to enhance visual 
recovery and mitigate permanent visual disability. 
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