


Figure 1 Trace arrays showing
subnormal mERG with decreased
amplitudes in the both eyes. In (A) the
right eye, and (B) the left eye, there are
decreased amplitudes in the central
area. The three dimensional
topography map shows blunted foveal
peaks more in the right (C) than the left
eye (D).

Figure 2 Trace arrays of multifocal
ERG in (A) right and (B) left eyes.
Amplitudes are diminished centrally
more in the right eye than the left eye.
The three dimensional topography map
shows blunted foveal peaks more in the
right (C) than the left eye (D).
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sluggish to light stimulation without an RAPD. Fundus
examination showed mild disc pallor with normal maculae.
Automated static perimetry (Humphrey 10-2 program)

showed bilateral central scotomas. mERG showed decreased
amplitudes to pattern stimuli (fig 6).
Three months after discontinuation of ethambutol, her

vision had improved to 20/60 in the right and 20/50 in the left

eye. Colour vision improved to five of 11 colour plates in each
eye. The mERG was still abnormal (fig 7).

Data analysis
Multifocal ERG
Using Veris 4.8 , first order kernel responses were evaluated
for latencies (implicit time) for N1 (first negative trough), P1

Figure 3 Trace arrays of (A) the right
eye and (B) left eye show diminished
amplitudes especially in the central
areas. The topographic (three
dimensional) density plots show blunted
foveal peaks in the right (C) and the left
(D) eye.

Table 2 Responses elicited from ring 2

Category
N1-P1 amplitude
(nv/deg2)

N1 amplitude
(nv/deg2)

P1 amplitude
(nv/deg2)

N1 latency
(ms)

P1 latency
(ms)

Control 24.445 8.6 15.78 9.06 15.78
Patient 23.1625 8.28 14.87 8 14.87

Table 1 Responses elicited from ring 1

Category
N1-P1 amplitude
(nV/deg2)

N1 amplitude
(nV/deg2)

P1 amplitude
(nV/deg2)

N1 latency
(ms)

P1 latency
(ms)

Control 73.04 16.97 31.31 16.04 29.83
Patient 53.91 10.81 25.06 15.62 28.85
p Value 0.223 0.019* 0.43 0.47 0.055

*Wilcoxon rank sum test.

978 Behbehani, Affel, Sergott, et al

www.bjophthalmol.com

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


Figure 4 Trace arrays of (A) the right
eye and (B) the left eye decreased
amplitudes centrally. The topographic
(three dimensional) density plots show
flattened foveal peaks in the right eye
(C) and reduced peak in the left eye (D).

Figure 5 Trace arrays of the right eye
(A) and left eye (B) showing decreased
amplitudes more in the central region of
both eyes. The three dimensional
topography map shows blunted foveal
peaks in the right eye (C) and left eye
(D).
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(first positive peak); amplitudes N1 (from baseline to the
trough of the first negative wave), P1 (from baseline to the
peak of the first positive way), and N1-P1 (from the first
negative trough to the first positive peak). The responses
elicited by the central six hexagons were summated and
designated as ring 1 (central 7 degrees, foveal and parafo-
veal); and the responses from another concentric ring of 16

hexagons were also summated and designated ring 2 (central
10–12 degrees, parafoveal). Because we were looking for a
retinal dysfunction in the macular region, we limited the
analysis to the responses elicited in those two rings (fig 8).
The N1, P1 latencies and the N1-P1, N1, and P1 amplitudes of
both eyes were averaged. These were then compared in the
ethambutol treated patients to 10 control subjects (six

Figure 6 Decreased amplitudes in the
central region of the right eye (A) and
left eye (B). The three dimensional
topography map shows blunting of the
foveal peaks in both eyes. (C) Right eye,
(D) left eye.

Figure 7 Four months after the first
mERG. The amplitudes are still
diminished centrally in both (A) right
eye and (B) left eye. The three
dimensional map still shows blunting of
the foveal peaks. (C) Right eye, (D) left
eye.
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women and four men) with a mean age of 61.5 (SD 5.75)
years using the non-parametric Wilcoxon rank sum test.
There was no statistically significant difference between the
mean age of the control group and the ethambutol treated
patients (p=0.14). Each one of the control group subjects
had a visual acuity of 20/30 or better in one or both eye, and a
normal neuro-ophthalmic assessment. In addition, none of
the control group subjects was taking any medications that
could adversely affect retinal function

RESULTS
The mean N1 amplitude in ring 1 was significantly lower in
the ethambutol treated patients than the control group (3.20
versus 9.25 nV/degree 2) (p,0.05) (fig 9). The mean N1-P1
amplitudes, P1 amplitudes, and the mean N1 and P1
latencies in ring 1 were not significantly lower in the
ethambutol treated patients compared to the control groups
(table 1). There was no significant difference in any of the
latencies and the amplitudes in ring 2 between the
ethambutol treated patients and the control group (table 2).

DISCUSSION
We have demonstrated mERG abnormalities in patients with
presumed ethambutol optic neuropathy. These changes are
characterised by a decrease in amplitude with predilection for

the central areas (macula). Previous studies have found
abnormalities in the visual evoked potentials,9 full field ERG
and EOG in patients with presumed ethambutol optic
neuropathy.10–12 In experiments on fish, ethambutol altered
synaptic connections between horizontal cells and cones in a
dose related fashion, resulting in degeneration of the cone
pedicles.13

In our study, the N1 amplitude was found to be
significantly lower in the ethambutol treated patients
compared to age matched controls. The source of the
multifocal ERG signals, as in full field ERG, is thought to
be from the outer retina with very little contribution from the
inner retina (ganglion cell layer).14 15 Therefore, for a disease
to decrease the amplitude of the mERG, the cone photo-
receptors or cone driven bipolar cells must be abnormal.
Although there was a statistically significant difference only
between the N1 amplitude of the patients and control
subjects, it is possible that our patient group comprised
patients in various stages of ethambutol toxicity. In fact,
when we compared the N1-P1, and P1 amplitudes of patients
2 and 4 (advanced toxicity) with the control group, they were
significantly lower (p=,0.05). These two patients, however,
were also older than patients 1 and 3. It still is possible
though that given enough time, N1-P1 and P1 amplitudes
would eventually be affected in the other patients.
Because of the small sample size of this study, it is difficult

to reach a definite conclusion about our observations.
Although an abnormal mERG can be caused by eccentric
fixation, either voluntary (functional visual loss) or because
of a small central visual field loss caused by optic atrophy,
fixation was meticulously monitored during testing in all
patients.
With the resurgence of tuberculosis, especially in the

immunocompromised group, and the increasing reports of
MAC pulmonary infections even in immunocompetent16 17

and elderly women with no predisposing factors,18 prompt
diagnosing of ethambutol toxicity can be important in
preventing permanent visual loss. We believe our findings
merit re-examining the widely accepted notion that etham-
butol causes primarily optic neuropathy. Future studies with
a larger sample size are needed to determine the early stages
and the natural history of retinal toxicity caused by
ethambutol.
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