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The key role of electrophysiology in the diagnosis of

visually impaired children

Abstract 

Purpose: To describe the outcome of specialized electrophysiology in visually
impaired children.

Methods: Retrospective evaluation of 340 electrophysiological examinations
performed in 298 children over a three year period (2001-2003),
with regard to demographic data, referral pattern, degree of 
compliance, and diagnostic results. Electrophysiology was per-
formed without sedation or anaesthesia. In ERGs, DTL electrodes
were used in combination with on line selection of responses. VEP
testing was performed with seven active occipital electrodes. 

Results: Mean age was 7 ± 5 yrs; 72 (24%) of the children were mentally as
well as visually impaired. Main reasons for referral were suspected
posterior segment disease, abnormal visual development, unex-
plained low vision, high myopia, and suspected albinism.
Compliance was good in 302/340 (88%), partial in 24/340 (7%),
and absent in 14/340 (4%) of the examinations. 
Of the 326 successful procedures, 215 (66%) showed abnormal
results. Tapetoretinal dystrophy (22%), opticopathy (16%), conge-
nital stationary night blindness (13%), and cone dystrophy (11%),
were the most frequently established diagnoses. Albinism was 
confirmed in 14 of 24 suspected patients; additionally, unsuspected 
misrouting was found in 6. In 26 (9%) of the patients, a previously
established diagnosis was changed.

Conclusions: In a specialized setting, electrophysiological examinations can
successfully be performed in visually impaired children. The results
are essential for the final ophthalmological diagnosis and have
important consequences for rehabilitation.

Key words: ERG, VEP, visually impaired children, childhood blindness, DTL
electrodes, misrouting
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Introduction

Knowledge of an exact ophthalmological diagnosis is essential in the rehabilitation
of a visually impaired child. The diagnosis clarifies the aetiology and consequently
the genetics of the disorder, it provides an explanation for various visual problems
of the child, and it implies the prognosis. The diagnosis may contribute to
decisions about reading print or Braille, or which forms of education or career are
feasible. 
In several posterior segment disorders visual electrophysiology plays a decisive
diagnostic role, because psychophysical testing in infants and young children is
limited, and ophthalmological examination may initially reveal a normal looking
retina even in the case of severe retinal dystrophy.1 In older children, funduscopy
may be hampered by photophobia or severe nystagmus, or the clinical signs and
retinal appearance may fit a number of diagnoses. We report on the outcome of
340 electrophysiological examinations in children from a three year period (2001-
2003), performed without anaesthesia or sedation, with the use of specialized
recording methods. The outcome parameters were the demographic data of the
children, the referral pattern, the compliance with the procedure, the type and
result of the electrophysiological examination, and the contribution towards the
final diagnosis.

Patients and methods

The Bartiméus Institute is one of the Dutch institutes for the rehabilitation of
visually impaired people, and the only one with an electrophysiology department.
In the years 2001, 2002, and 2003, a total of 357 patients were referred for
electrophysiological investigations by ophthalmologists, paediatricians, neuro-
logists and genetic specialists; 298 of these patients were children under 18. The 59
adult patients were mainly family members of visually impaired children, in which
electrophysiological results were needed for genetic counselling; the outcome of
their examinations will not be discussed in this study.

Information regarding the demographic data of the children, the reasons for
referral, and the referring clinicians were obtained from the medical records. 

The compliance with the electrophysiological procedure was graded as good if a
child could undergo a complete protocol, including, in ERGs, the required 20
minutes of dark adaptation. We considered compliance to be partial if the proce-
dure had to be shortened, for instance because the child was afraid of the dark.
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Absent compliance meant the procedure had to be aborted before usable
measurements could be made. Compliance was optimized by the following
measures. Small children sat on a parent’s lap while the electrodes were attached
and during the recording. Compliance in infants could sometimes be increased by
bottle feeding during the procedure. An assistant was always present in the same
room as the parents and child to intervene if something went wrong, to give
instructions, and to reassure and distract the child (and the parents).
Communication of the investigator with the assistant, parents, and child remained
possible because the examination and the recording room were separated only by
curtains. Throughout ERG as well as VEP recordings the assistant encouraged
the child to fixate on the stimuli; the assistant was guided by  feedback from the
examiner, who monitored fixation with closed-circuit (infrared) television. During
VEP stimulation, the assistant drew the child’s attention to the pattern stimulus by
moving noisy toys along the upper part of the screen; the assistant could manually
halt averaging if fixation was inadequate.

Visual electrophysiology was performed without sedation or anaesthesia. 
For the ERG, we used DTL (Dawson, Trick, Litzkow)2 electrodes in all children
except for nine infants (< 1 year of age), who were examined with contact lens
electrodes. The investigator assessed on line every single flash ERG response,
excluding from averaging responses that were unreliable because of inadequate
fixation, blinking etc. ERGs were recorded according to ISCEV standards.3 For
the standard ISCEV ERG measurements, Xenon tube flashes (duration ca 10 µs)
were delivered in a custom made Ganzfeld dome, at one flash every 2 seconds for
the low (-2.6 ND), and one flash every 5 seconds for the standard ISCEV intensity
(mixed response). Subjects were then light adapted for 10 minutes by exposure to
a white 30 cd/m2 rod saturating background, and photopic ERGs were recorded
to standard ISCEV intensity and to white 30 flashes per second.  To the standard
ISCEV intensities, we added an extended series of stimuli in the dark adapted
condition:  -2.0, -1.6, -1.0, -0.6, -0.3,  and +0.6 log; this extended series provides
information about the consistency of the recorded responses. In the light adapted
condition we added +0.6 log intensity to the standard ISCEV intensity. In cases of
suspected congenital stationary night blindness (CSNB) a "Miyake protocol" was
performed: 30 Hz photopic measurements every minute for ten minutes after
turning on the background illumination. With this protocol the complete and
incomplete forms of CSNB (CSNB1 and 2) can be distinguished.4 
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VEP testing was performed with seven active occipital electrodes (see Figure 1).
Two differential recordings from active electrodes at both hemispheres enhanced
and visualised online the hemispheric differences. Additionally, a Laplacian
derivation over the striate cortex amplified the contribution of the striate source
relative to the contribution of the extra striate source,5 which enhances the signal
to noise ratio extensively. Responses were recorded to pattern reversal, pattern
onset and flash stimulation (flash stimulus energy 1 Joule, duration less than 10 ms;
pattern stimulation: VGA monitor, mean luminance 50 cd/m2). We used pattern
reversal stimulation mainly to detect a possible abnormality of the latency in a
patient. (see Figure 2). We assessed misrouting with flash VEPs in infants and
toddlers, pattern onset VEPs in older children.6 Pattern onset VEPs were also
used to estimate visual acuity, for instance in preverbal or mentally impaired
children, and in children suspected of non-organic visual loss. Check size
threshold levels were estimated by presenting the stimuli in a series, in which the
larger and smaller checks were presented sequentially and the averaging was
carried out over signal segments covering the full series.7

Only one EOG was recorded during the three year period, because most disorders
with a reduced EOG also show ERG abnormalities that can be recorded at a much
younger age. The EOG is essential in the diagnosis of Best’s disease, but children
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Figure 1. 
Schematic representation of the
position of the electrodes used
for VEP. Seven active occipital
electrodes are referenced to a
frontal midline electrode. The
active midline electrode is
placed 2 cm above the inion,
with two lateral active
electrodes on each side, at a
spacing of 3 cm. These
electrode positions are
equivalent to T5, O1, Oz, O2,
and T6 of the international 10-
20 system. Two differential
recordings O1 – O2 and T5 – T6

were calculated. Two vertical
active electrodes, also at a
spacing of 3 cm, were used for
calculation of the Laplacian
derivation.



with this disorder are hardly ever referred to our institute, because the majority
does not have significant visual impairment.8

All electrophysiological results were judged by a team of clinical physicists and an
ophthalmologist. Mean values and standard deviations of normal ERG responses
were obtained from 51 subjects (mean age 10 ± 4 yrs) (Table 1). Because of a
skewed distribution, mean and standard deviations were calculated after
logarithmic transformation.9 Responses were considered to be abnormal if ampli-
tudes were more than 2SD below the mean, and/or latencies more than 2SD above
the mean. VEP latencies were determined from the pattern reversal responses, and
considered abnormal if ≥ 2 SD above the mean (normal monocular value for our
department: 107 ± 3 ms (N=32)).
ERG and VEP responses of infants were interpreted according to guidelines
provided in earlier studies.10-12 The study of Fulton et al 10 provided expected limits
of normal values of the ISCEV rod, maximal, and cone responses in the first year
of life. For instance, a quarter of the normal infants does not have a detectable rod
response until 5 weeks of age. In evaluating the responses of infants and young
children, we took these maturation effects into account. All diagnoses were
recorded before and after the electrophysiological examination.
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Figure 2. 
Pattern reversal VEP of a
normal subject. The
positive component (P100)
shows remarkably little
variation in latency between
or within individuals. The
normal monocular value for
our department is 107 ± 3
ms (N=32).



Results

Demographic data of the children
340 examinations were performed in 298 children; 43 children had both an ERG
and a VEP. An EOG was measured in only one child. 172 children (58%) were
boys, 126 (42%) girls. 72 children (24%) were mentally impaired, and three had
hearing loss. Mean age of the children was 7 ± 5 yrs; the age distribution is shown
in Figure 3. 
51 children (17%) had a visual acuity below 0.05, 156 (53%) between 0.05 and 0.3,
or below the normal range for their age.13, 14 90 children (30%) had a visual acuity
of more than 0.3 or within normal range for their age. They were referred because
of other visual symptoms, for instance night blindness, photophobia, or high
myopia.  

Referral patterns
Most electrophysiology referrals came from the Bartiméus ophthalmologists, as
part of the diagnostic process and subsequent rehabilitation. Ophthalmologists
from other centres for visually impaired children, or from hospitals throughout
the country, requested 20% (69/340) of the total number of procedures. In 11
cases, geneticists or paediatricians asked for electrophysiological investigations. 
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stimulus intensity a trough to b peak amplitude (µV) 
(log to the standard) mean mean – 2 SD

*scotopic -2.6 ND 143 45
-2.0 ND 249 98
-1.6 ND 312 124
-1.0 ND 394 187
-0.6 ND 373 193
-0.3 ND 418 207

*mixed 0.0 ND 481 243
+0.6 ND 486 253

*photopic 0.0 ND 98 36
+ 0.6 ND 187 77

* 30 Hz 74 35

Table 1. B-wave amplitudes determined in 51 normal subjects, mean age 10 ± 4 years. *: standard ISCEV ERG
measurements. 



The most frequent reason for referral was suspicion of a retinal disorder. In 85
children (90 procedures), this suspicion was based on a combination of symptoms,
for instance nystagmus, photophobia, and high hypermetropia. Another 50
children (53 procedures) had one presenting symptom only: either nystagmus, or
high myopia, or night blindness. The second largest group (49 procedures)
consisted of children with unexplained low visual acuity, or with a visual acuity that
could not reliably be determined by psychophysical tests. This group consisted
mainly of severely mentally impaired children, and children suspected of non-
organic visual loss. Other important reasons for referral were probable albinism,
and infants < 1 yr of age with abnormal visual development, for instance, absent
fixation and following, or roving eye movements. 

Compliance
Good compliance was achieved in 302/340 procedures (88%). Compliance was
partial in 24 (7%) procedures, but in all these cases a diagnosis could be
established.  Fourteen procedures (4%, 11 ERGs and 3 VEPs) had to be aborted
because of non-cooperation; ten involved severely mentally impaired children, the
remaining four mentally normal children between one and five years of age. These
children had miscellaneous disorders; no diagnosis seemed therefore predominant
in the failed procedures.  A successful procedure was possible in 62/72 (86%) of
mentally impaired children, and 221/226 (98%) of children with normal
development.  
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Figure 3. The age distribution of the electrophysiologically examined children (N=297, 340 procedures)



Electrophysiological results
The results of all successful electrophysiological procedures are summarised in
Table 2. The table does not show the one EOG, which was normal, and five
procedures that yielded inconclusive results, despite good measurements.
In 82/90 procedures (91%) performed for suspected retinal disease, an
electrophysiological diagnosis could be established. Examples of the ERGs in
several diagnoses are shown in Figure 4. The most frequently found retinal
disorders were were progressive tapetoretinal dystrophies (TRD, rod-cone as well
as cone-rod dystrophies) (48), CSNB (29), cone dysfunction/dystrophy (24), and
achromatopsia (15). Of the patients with CSNB, eight had CSNB1 ("complete"
form), fourteen CSNB2 ("incomplete" form), and seven autosomal recessive
CSNB. Nine patients with unexplained low visual acuity proved to have non-
organic visual loss. 
34 procedures were performed in 25 infants; nine infants had both an ERG and a
VEP. 35% (12/34) of these procedures yielded abnormal results, VEPs being more
often abnormal than ERGs (10 and 2, respectively). 76% (22/29) of children with
high myopia as presenting symptom had abnormal electrophysiological findings;
cone dystrophy was diagnosed in half of them. 
Misrouting was demonstrated in 14 of 24 suspected cases; an example is given in
Figure 5. Additionally, misrouting was found in six patients not referred for this
diagnosis. 
Opticopathy, with or without cerebral visual impairment, was confirmed in 17 of
the 21 suspected cases, in 17 patients with miscellaneous symptoms, and in sixteen
mentally impaired patients referred for visual acuity assessment. 
Three-quarters of the children with abnormal electrophysiological findings had an
ophthalmological disorder only, like, for instance CSNB. In the remaining
quarter, the electrophysiological diagnosis contributed to the identification of a
systemic condition, for example retinal dystrophy as part of a syndrome or
metabolic disease.

Change of diagnosis
In 26 patients the electrophysiological results altered a previously assumed diag-
nosis. In 22 of these cases, the definitive diagnosis considerably changed the
prognosis of the condition, for instance CSNB instead of TRD (better prognosis)
or TRD instead of X-linked myopia (worse prognosis). (Table 3)
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Figure 4. 
Standard ISCEV ERG responses of a normal subject (top left), a patient with achromatopsia (top right), a patient
with CSNB (bottom left), and a patient with retinal dystrophy (bottom right). The diagnoses in the patients were
confirmed by DNA analysis. 
Normal subject: from top to bottom the scotopic responses, mixed response, oscillatory potentials, photopic
responses, and photopic response to 30 Hz flicker. Achromat: after the scotopic and mixed b-wave, a blink 
artefact can be seen, probably because of photophobia. Still, based on these recordings the diagnosis could be esta-
blished. DNA analysis: CNGB3 mutation36 CSNB patient: the scotopic response is absent, the mixed response
shows the characteristic electronegative waveform, the photopic responses are normal. DNA analysis: GRM6
mutation.37

Retinal dystrophy: notice the scale difference; there are only very small photopic responses. DNA analysis: RPE65
mutation.38
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Figure 5.
Responses to pattern onset-offset stimulation of a normal subject (top), and a patient with misrouting (bot-
tom). In the patient with misrouting, the differential recordings O1-O2 and T5-T6 show a positive peak with
stimulation of the right eye, which means that the response is found in the left hemisphere. In the left eye, this
peak is negative, caused by a response of the right hemisphere.  
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Reason referral/ presenting ERG    VEP ERG VEP
symptom (total no. normal Abnormal abnormal  misrouting
of procedures)
Suspicion of retinal problem 7 1 TRD 36 4*
(90) CSNB 17

Achr/blue cone 15/3
Cone dystrophy 6 
Retinoschisis 1

Unexplained low vision, visual 
acuity assessment (49) 21 9 TRD 2 16 1
Infant** (34) 14 8 Cone dystrophy 2 9 1 
High myopia (> -6 D)  (29) 7 Cone dystrophy 11 1

CSNB 7
TRD 3 1

Albinism (24) 9 1 14
Opticopathy/CVI (21) 2 TRD 1 17 1
Nystagmus (16) 2 5 Cone dystrophy 5 2

CSNB 2
General syndrome (16) 6 3 TRD 5 2 
Night blindness (8) 3 CSNB 3 1

TRD 1 1
Follow up (25) 1 2 13 9
Family screening (8) 5 2 1
Total               320 66 41 134 59 20

(33%) (34%) (67%) (49%) (17%)
Normal Abnormal

* Opticopathy secondary to TRD; ** Children<1 yr with abnormal visual development, for instance no fixing or
following, roving eye movements, or nystagmus; infants with suspected albinism are counted under "albinism".
Abbreviations: Achr: achromatopsia, Blue cone: blue cone monochromacy, CSNB: congenital stationary night
blindness, CVI: cerebral visual impairment, TRD: tapetoretinal dystrophy

Table 2. Results of electrophysiological measurements (N=320)



Discussion

With an electrophysiology department especially adapted for children we were
able to establish a diagnosis in 278/298 (94%) of the referred children, without the
use of anaesthetics or sedation. The high success rate may partly be attributed to
selection of patients. Most children referred for electrophysiology were first
examined ophthalmologically, at which time the ophthalmologist could ascertain
the probability of sufficient compliance for the procedure. Also we regularly
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original diagnosis no p/s* diagnosis after no p/s*
electrophysiology

TRD 8 p CSNB 3 s
achromatopsia 1 s
blue cone monochromacy 3 s
cone dystrophy 1 p

LCA 6 p optic atrophy/CVI 1 s
CSNB 3 s
achromatopsia 1 s
cone dystrophy 1 p

cone dystrophy 2 p non-organic visual loss 1 s
TRD 1 p

CSNB 4 s myopia 2 s
cone dystrophy 1 p
TRD 1 p

X-linked myopia 1 s TRD 1 p
optic atrophy 1 s TRD 1 p
non-organic visual loss 1 s TRD 1 p

p
congenital nystagmus 1 s cone dystrophy 1 p
albinism 2 s congenital nystagmus 1 s

cone dystrophy 1 p

*: p: progressive condition; s: stationary condition
Abbreviations:  CSNB:  congenital stationary night blindness, CVI: cerebral visual impairment, LCA: Leber’s
congenital amaurosis, TRD: tapetoretinal dystrophy

Table 3. Change of diagnosis after electrophysiological examination (N=26)



decided to postpone measuring ERGs in toddlers, unless parents or clinicians had
a very urgent reason for knowing the diagnosis. Despite this patient bias and the
toddler "dip" in ERGs, as can be seen in Figure 3, more than half of the investi-
gated children were less than eight years of age. 
Technical measures to maximize success rate were using an extended stimulus
series which made it easier to discern possible trends in the responses, the on-line
rejection of unreliable ERG responses, and the use of DTL electrodes. On-line
selection of responses was especially advantageous in cases of nystagmus, because
nystagmus may make recordings very noisy. DTL electrodes are far more
comfortable than contact lens electrodes, have negligible risk of corneal abrasions,
and yield much larger amplitudes than skin electrodes.15 Furthermore, monitoring
fixation in a child with DTL electrodes is much easier than with contact lens
electrodes. Previous studies describe about 30% lower amplitudes with DTL
electrodes compared to contact lens electrodes.16, 17  However, with selection of
responses and fixation monitoring we were able to obtain amplitudes considerably
higher than previously described. For instance, we measured a mean (ISCEV
standard) mixed response of 481 µV ± 119 mV (N=51) (Table 1). This is in the
same range as found in adults measured with contact lens electrodes,10 but in our
case in a much younger and less cooperative population. 
In VEP testing, fixation was also closely monitored. Furthermore, we used more
active occipital electrodes than recommended by ISCEV standards, combined
with a Laplacian derivation. Visually (and sometimes also mentally) impaired
children frequently have fixation problems or nystagmus.18, 19 The Laplacian
derivation enhanced the signal to noise ratio, while the use of  more electrodes
increased the chance of a successful recording. An additional advantage proved to
be the detection of misrouting in children not suspected of albinism.
Lastly, we tried to optimize compliance by working in a specially equipped
environment. The continuous presence of an assistant assured immediate inter-
vention if something went wrong. 

Our study depicts an overall picture of diagnoses found in visually impaired
children. Previous studies described electrophysiological results of children with
one defined abnormality only: for instance children with nystagmus,20, 21 refractive
errors,22, 23 or cone dysfunction.24

Cerebral visual impairment and optic atrophy are the most frequent causes of
visual impairment in children in the western world.25-29 Patients with these disor-
ders were often already diagnosed with cerebral damage by their paediatricians or
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child neurologists at the time of referral to our institute. Electrophysiology (VEPs)
in these children was therefore mainly used for assessing visual acuity or follow-
up. Consequently, the greater part (63%) of procedures in our series consisted of
ERGs.
In previous studies on the causes of visual impairment in children, retinal disorders
have generally been lumped together.25, 26, 30-32 In our study, 120 children proved to
have a hereditary retinal disorder. Progressive conditions (TRD and cone-
dystrophy) occurred in 72/120 (60%), stationary disorders (CSNB, achroma-
topsia, blue cone monochromacy, and retinoschisis) in 48/120 (40%). The
relatively high incidence of CSNB and cone dystrophy may be due to the fact that
we examined all highly myopic children that had no obvious reason for their
myopia, as, for instance, Down’s syndrome. Half of these children had a visual
acuity of more than 0.3 (but less than 1.0), and thus were not visually impaired
according to the WHO definitions.33 Quite often their subnormal visual acuity
had been contributed to the myopia itself. Previous studies also have stressed the
importance of investigating children with high myopia,22, 23 one study showing that
only 8% of children under ten with myopia of more than 6 diopters did not have
an underlying ocular or systemic condition.23 

60% of children with reported night blindness proved to have a retinal disorder.
On the other hand, night blindness was not the presenting symptom in the
majority of children diagnosed with CSNB. Especially children with CSNB2
("incomplete" CSNB) often had more problems related to their cone dysfunction,
like low visual acuity and photophobia, than problems with night vision.
The electrophysiology results changed a previously established diagnosis in 26
cases. More than half of these cases (14/26) concerned diagnoses of Leber’s
congenital amaurosis (LCA) or early TRD. These diagnoses had all been
electrophysiologically established in infancy or at a very young age, often under
anaesthesia. Earlier studies have shown that ERG amplitudes are significantly
lower in very young children compared to those in older children,10, 11 especially
the scotopic and maximal responses. Also, several anaesthetics may influence ERG
outcomes.34  Furthermore, some cases of CSNB have been described with initially
very low ERG amplitudes, which led to the impression of LCA.35 

The change of diagnosis had profound implications for the rehabilitation of the
children. The approach of a child with non-organic visual loss is very much
different from the approach of a child with retinal dystrophy. Several children
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thought to suffer from night blindness were shown to have a normal ERG and
normal dark adaptation, which made special illumination measures unnecessary.
The child that had its diagnosis changed from LCA to achromatopsia was
educated to read print instead of Braille. 

Conclusion

In a specialized setting, electrophysiology can reliably be performed in visually
impaired children, without anaesthesia or sedation. Because of several technical
measures, we were able to obtain considerable ERG amplitudes with DTL
electrodes. In VEP testing, using more active electrodes not only increased the
chance of a successful recording, but also led to the detection of unsuspected
misrouting. 

Based on this study, we recommend early referrals in infants (because of the
problems associated with performing ERGs in toddlers), children with unexplain-
ed high myopia, and night blindness. Rehabilitation of visually impaired children
may be directly influenced by electrophysiological results, especially if they lead to
a change in diagnosis.  
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