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VISUAL EVOKED RESPONSES IN MEGALOBLASTIC ANEMIA
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Abstract : Pattern shift visual evoked responses (PSVER) were studied in
thirty patients suffering from severe megaloblastic anemia (mean Hb level
was 4.25 ± 1.22 g/dL) of nutritional origin. All patients lacked clinical stigmata
of visual and neurologic impairment. Mean P100 latency in thirty age and
sex matched controls was 96.35 ± 6.75 ms (range 86-108 ms) and mean
amplitude was 10.37 ± 3.88 ~tV (range 4.8-20.8 ~lY). Mean P100 latency in
megaloblastic anemia was 114.77 ± 11.68 (range 91-142) ms, P < 001 vs.
controll and mean amplitude was 8.85 ± 2.8 f.lV (range 5.1-16.2 f.lV). Seventy
percent cases had prolonged latency of P 100. After correction of anemia
with therapeutic doses of vitamin B I2 and folic acid in three months (mean
Hb level was 12.08 ± 1.86 g/dL) , the mean P100 latency was 105.13 ± 9.30 ms
(range 92-121 ms P<O.OOl vs. controls) and mean amplitude was
10.72 ± 4.13 pV (range 5.1-21.4 pV). There was significant improvement in
P100 latency after correction of anemia (P<O.Ol). There was a negative
correlation between P100 latency and hemogloboin levels, though it was
statistically not significant.
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INTRODUCTION

Megaloblastic anemia is the second most
common type of anemia after iron deficiency
anemia (1). It is caused by deficiency offolic acid,
vitamin B1Zor both as a result of interference
with their absorption, transport and/or
metabolism (2). It is characterised by distinct
morphological and functional abnormalities in
bone marrow and blood due to impaired DNA
synthesis. Folic acid deficiency is the most
common cause of megaloblastic anemia in India.
Folic acid deficiency alone was found to be the
cause of megaloblastic anemia in 55% of cases
studied at our institute. Motor, sensory, Ia fibres,
proximal conduction velocities and H reflex
amplitude was seen to be significantly reduced
in 60% of these patients even when there was no
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clinical evidence of peripheral neuropathy.
Substantial improvement following vitamin B12
and folic acid therapy was observed in peripheral
nerve conduction velocities and H reflex
amplitude in megaloblastic anemia subjects (3).

Involvement of visual pathways is also quite
frequently reported in megaloblastic anemia.
Incidence of optic atrophy has been reported to
be 5% and at times it may be the only presenting
feature (4), and is due to patchy demyelination
i,vith affection of axis cylinders in the optic tracts
(5). Identical changes were observed in
experimentally induced vitamin B12 deficiency in
animals (6). Pattern shift visual evoked response
(PSVER) is a simple method which can identify
even subtle abnormalities of impulse conduction
and can be used to detect the extent and site of
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involvement of visual pathways. The clinically
interpreted visual evoked response is a single
wave, often called PlOD, generated in striate and
parastriate visual cortex (7) and has been used
here to detect visual pathway involvement in
megaloblastic anemia.

METHODS

Thirty subjects of megaloblastic anemia of
nutritional origin with hemoglobin levels ranging
from 2-6 g/dL and thirty age and sex matched
controls with normal hemoglobin (>12 g/dL) were
studied over a period of two years. Routine
hematological and biochemical investigations
were carried out in all the subjects. Diagnosis of
megaloblastic anemia was achieved by peripheral
blood film and bone marrow examination. No

further differentiation of the cause ofanemiil due
to deficiency of vitamin B l2 , folic acid or both,
was made. A detailed clinical and neurologic::d
examination was done. Special emphasis W:18 laid
on examination of the eyes to rule out any local
disease which could affect the visual evoked
responses. Efforts were also made to rule out other
neurological diseases which could affect the visual
pathways in particular. Visual acuity was founel
normal in all the subjects.

PSVER were done in all ca;jes of megaloblastic
anemia and thirty age and sex matched controls
by DISA Neuromatic 2000C computer aver<lg-ing
system using a reversing black and white checker
board pattern at a rate of 2 Hz. The subject was
made to sit at a distance of one meter from the
television screen and the gaze was fixed on a dot
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in the center. Recording electrodes were placed
2.5 ems above the inion in the midline and at the
vertex using standard procedures of cleaning,
impedance checks and grounding. The responses
were recorded at a sweep speed of 30 ms/div. and
band pass with upper frequency of 1 Khz and
lower frequency of2 Hz. Two separate sets of200
trials were run for each eye for conformity. The
average response was measured at a sensitivity
of 2 pV/div. Measurements were made of the
latency to the major positive peak (P100) and the
amplitude between P100 and the preceding
negative peak (8). The same procedure was
repeated after normalisation of hemoglobin level
in all the patients. The data so obtained was
subjected to statistical analysis using unpaired
and paired t-test.

RESULTS

Age of the patients ranged from 15-75 years
with mean of 36.0 ± 4.35 years and the male
female ratio was 3:2. All the patients had poor
nutritional and socio-economic status. Duration
of clinical illness was less than six months in all
the cases. All these patients showed no
impairment of visual acuity or evidence of
peripheral neuropathy on clinical examination.
Mean hemoglobin level in these cases ranged from
2-6 g/dL with a mean of 4.25±1.22 g/dL and mean
PCV was 32.06±0.26%.

Bone marrow examination revealed
hypercellularity in 22 cases (73.33%), reversal of
myeloid-erythroid ratio in 18 (60%) and normal
to increased iron stores in all cases. Maturation
arrest was seen in 19 (63.33%) and giant
myelocytes were seen in 18 (60%) cases of
megaloblastic anemia. All routine biochemical and
radiological parameters were within normal limits
in both the groups. All the cases of megaloblastic
anemia were treated with parenteral vitamin B12
1000 Ilg for one week and then once a month for
three months, and folic acid 5 mg/day for three
months. Mean hemoglobin level increased to
12.08 ± 1.86 g/dL (range 10-14.5 g/dL) after three
months of therapy.

Visual Evoked Responses in Anemi:1

Pattern shift visual evoked responses:

Controls: Mean P100 wave latency was
96.35±6.75 ms (range 86-108 ms) and mean P100
amplitude was 10.37±3.88IlV (range 4.8-20.8IlVl. f

Meagaloblastic anemia cases: Mean P100 latency
was 114.77 ± 11.68 ms (range 91-142 ms,
P < 0.001 vs. controls) and mean P100 wave
amplitude was 8.85 ± 2.81lV (range 5.l-16.2IlVl.
Twenty one (70%) cases had prolonged P100
latency and comparison of P100 latency in control
and anemia subjects revealed a highly significant
prolongation (P < O.OOll. The amplitude of P100
showed no significant difference in the two
groups.

Megaloblastic anemia cases after correction of
anemia: Mean P100 latency was 105.13 ± 9.30 ms
(range 92-121 ms) and mean amplitude \V~lS

10.72 ± 4.13 IlV (range 5.1-21.4IlVl. Comparison
of PIOO latency between anemia subjects before
and after correction of anemia revealed significan t
improvement in P100 latency (P < O.Oll. P100
wave amplitude did not reveal any significant
difference between the cases and controls. Out of
21 cases who showed significant prolongation of
P100 latency, 14 cases showed its normalisation
after correction of anemia (range 92-110 ms,
mean 101.86 ± 6.5 ms), while the rest seven also
had improvement in P100 latency, but not to the
range of the controls. There was no correlation
between the severity of anemia and latency of
P100 wave.

DISCUSSION

All cases in this series were suffering from
severe degree of anemia (Haemoglobin<6 g/dLl.
This was variously attributed to poor nutritional
and socio-economic status, repeated pregnancies,
improper cooking practices, diarrhoeal and
parasitic diseases. None of the cases were of
malabsorption syndrome.

The visual evoked responses in thirty control
subjects revealed a mean P100 latency of
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96.35±6.75 ms. These results were similar to
those reported in the normal subjects by other
researchers (7-10).

PSVER done in thirty cases of megaloblastic
anemia revealed increased latency of P100 wave
in 21 cases (70%) and it was significantly
prolonged as compared to controls (p<o.oon P100
wave amplitude in megaloblastic anemia cases
did not show any significant difference from the
controls Troncoso et al (11) and Fine et al (12)
had also reported markedly prolonged P100
latencies with normal amplitude in megaloblastic
anemia cases. Decrease in amplitude ofbrains tern

auditory evoked potentials has been
demonstrated in the cases of pernicious anemia
(13), but no such change has been documented
in the visual evoked responses.

The possible reason for delayed latencies in
megaloblastic anemia could be because of
demyelination in visual pathways. The myelin
in the nerve is made up of fatty acids, which are
responsible for the integrity and synthesis of

myelin. Deficiency of vitamin B12 and folic acid
interferes with the synthesis of myelin resulting
in demyelination and subsequent prolongation
ofP100 latency. Significant improvement in P100
wave latency after correction of anemia in 66.67%
cases can similarly be explained on the basis of
myelin resynthesis following treatment and the
reversibility of the lesion in early stages (14). A
similar delay in peripheral nerve conduction
velocity and subsequent reversibility of these
changes after treatment suggest that these
changes go hand in hand with visual evoked
responses (3). In the seven patients who did not
show significant improvement in P100 latency
after correction of anemia, this could be as a
result of gliosis and pennanent damage which
might have occured in these cases (15).

Thus megaloblastic anemia, irrespective of
its etiology, affects the visual pathways and may
lead to permanent defect if not corrected timely.
Pattern shift visual evoked responses may identify
the subtle changes in the visual pathways even
when there is no evidence of clinical abnormality.
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