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Introduction

1.1 Visual impairment in Dutch children

The prevalence of childhood visual impairment in Northern en Western Europe,
based on the WHO (World Health Organization) definitions1 (see Table 1) is
between 0.48 and 1.6 per 1000 children.2-4 Childhood blindness has a prevalence
of 0.1 to 0.59 per 1000 children.5,6 The main causes of visual loss in children in the
highly industrialised countries are lesions of the higher visual pathways, optic
atrophy and retinal disorders. The most frequent retinal abnormalities are
hereditary retinal dystrophies and retinopathy of prematurity.2,3

The concept of what constitutes visual impairment in childhood has changed over
the last 30 years.4,6 There has been increasing recognition of  visual impairment in
children with coexisting neurological disorders, leading to a relative decrease in
the number of children with an isolated visual problem. This change is also
reflected in the reported prevalence of the various causes of visual impairment. In
older studies, congenital cataract and retinal disorders were considered to be the
most important causes of visual handicap,7,8 while in more recent studies cerebral
visual impairment and optic atrophy are the leading causes.2,9

Exact data on the prevalence of childhood visual impairment in The Netherlands
are not known. Retinal dystrophies, congenital cataracts, and optic nerve abnor-
malities were the leading causes of visual impairment in a study by Loewer-Sieger
in 19758 and Van der Pol in 1986.10 However, both studies were conducted among
pupils of the Dutch institutions and special schools for visually handicapped
children. Children with severe mental disability, who have an increased risk of

11

level of visual impairment category of vision visual acuity in better eye with 
optical correction

visual impairment low vision worse than 6/18 (0.3) up to 6/60 (0.1)
severe visual impairment low vision worse than 6/60 (0.1) up to 3/60 (0.05)
blind blindness worse than 3/60 (0.05) up to no light 

perception or visual field ≤ 10º
around central fixation

Table 1. WHO classification of levels of visual impairment
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cerebral visual impairment and optic atrophy11, 12 constituted only a small part of
the study group. 
Bartiméus is one of the Dutch institutes that provide rehabilitation, care, and
education for visually impaired children. Nowadays, approximately half of the re-
ferred children are mentally as well as visually impaired, reflecting the prevalence
of multiple handicaps among visually impaired children in general.9 Consequently,
at Bartiméus we may expect similar causes of visual impairment as described in
recent studies in other Northern and Western European countries.

1.2 Visual electrophysiology

Visual electrophysiology includes the electro-oculogram (EOG), the electroret-
inogram (ERG), and the visual evoked potential (VEP), which assess the function
of the retinal pigment epithelium, retina, and the postretinal pathway to the visual
cortex, respectively. The EOG is only of minor importance in the diagnosis of
visually impaired children,13 and therefore will not be further discussed.

1.2.1. ERG

The Ganzfeld ERG is recorded after pupil dilatation and corneal anaesthesia;
electrodes at the cornea record the electrical response of the retina to light. 
The ISCEV (International Society of Clinical Electrophysiology of Vision)
recommends to record at least five standard responses:14, 15

In a dark adapted eye:
1. ERG to a dim white flash, arising from the rods;
2. ERG to standard white flash (mixed cone-rod response)
3. Oscillatory potentials to standard flashes;
In a light adapted eye:
4. ERG to a standard flash, arising from the cones;
5. ERGs to 30 Hz flicker of a standard flash (cone-mediated).

The recommended duration of dark adaptation is at least 20 minutes, of light
adaptation at least 10 minutes. For light adaptation, we use a white 30 cd/m2 rod
saturating background. The standard flash is defined as 1.5-3.0 photopic 
cd•s•m-2 at the surface of a Ganzfeld bowl with a maximum duration of 5 milli-
seconds. The dim white flash has an intensity of -2.6 log of the standard flash. 
The ERG waveform is an integrated mass response made up of a number of
independent components. 

12
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The a-wave (see Figure 1) is the first  major negative component and is caused by
hyperpolarization of the photoreceptors. The positive b-wave results from activity
of bipolar cells, the inner plexiform layer and the Müller cells. The amplitude and
latency of the a- and b-wave change with stimulus intensity. Oscillatory potentials
(OPs) are rhythmic wavelets on the ascending limb of the b-wave; they probably
are generated between the inner and outer plexiform layers.16 They are measured
with the use of a bandpass filter between 100 and 200 Hz. 

In our department, ERGs are performed without sedation or anaesthesia. We use
DTL (Dawson, Trick, and Litzkow)17 fibre electrodes in almost all children. Only
in a few cases contact lens electrodes are used, mainly in infants.  In addition to the
standard ISCEV series, we use an extended series of stimuli in the dark adapted
condition: -2.0, -1.6, -1.0, -0.6, -0.3, and +0.6 log to the standard. In the light
adapted condition we add +0.6 log to the standard ISCEV intensity. The
advantage of the extended series is the improved evaluation of the consistency 
of the standard ISCEV responses; an example in a normal subject is shown in
Figure 2.

13

Figure 1. Mixed ERG of a normal subject.
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Figure 2. ERG responses of a normal subject, with an extended stimulus series (grey lines) to the standard ISCEV
(black lines). The third standard ISCEV response (50 µV, 0.0 ND) consists of OPs. 



In cases of suspected congenital stationary night blindness (CSNB), we perform
measurements according to two special protocols, in addition to the extended
standard series: a "Miyake protocol" , which consists of 30 Hz photopic measure-
ments every minute for ten minutes after turning on the background illumination,
and 15 Hz scotopic measurements. With the Miyake protocol,  the complete and
incomplete forms of CSNB (CSNB1 and 2) can be distinguished.18 With the 15 Hz
scotopic measurements additional differentiation may be made between X-linked
and autosomal recessively inherited CSNB; this will be further discussed in
Chapter 7. 
Technical measures to optimize the reliability of the transiently recorded
responses are on-line rejection of unreliable single ERG responses and fixation
monitoring; these measures will be discussed in detail in Chapter 2. 
We determined normal values for ERG amplitudes and latencies in 51 children
(mean age 10 ± 4 years). Scotopic and photopic b-wave amplitudes are shown in
Chapter 2, Table 1. 

Several studies describe the maturation of ERG and VEP responses with age.19-23

Fulton et al investigated the developmental changes of the ISCEV rod, maximal,
and cone responses in normal infants and children.20, 23 They cautioned against
drawing definite conclusions from absent or very low ERG responses in infants,
because until 5 weeks of age, a quarter of the normal infants did not have a
detectable rod response. The study also provided expected limits of normal values
in the first year of life. In evaluating the responses of infants and young children,
we take these maturation effects into account.

15
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1.2.2. VEP

In our department, we perform standard VEPs with seven active occipital
electrodes (see Figure 3). Two differential recordings O1-O2 and T5-T6 enhance
and visualize the hemispheric differences. Additionally, a Laplacian derivation over
the striate cortex amplifies the contribution of the striate source relative to the
extrastriate source.24 In this derivation the responses from four surrounding
electrodes are subtracted from the central one. Because contributions from distant
sources in the five electrode positions are correlated, they will be cancelled by the
calculation. Those that are locally important at the central electrode will be
enhanced selectively. 
For VEP stimulation, we use transient flashes, and computer generated checker-
board patterns that are presented on a television screen. In pattern reversal VEP,
these checkerboards reverse from black to white; in pattern onset VEP they appear

16
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Figure 3. Schematic representation of the position of the electrodes used for VEP. Seven active occipital electro-
des 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. The differential recordings are O1 – O2 and T5 – T6.
The Laplacian is given by:
Laplacian= Oz – 1/4*(O1+↓inion+O2+Pz)=1/4* ((Oz-O1)+(Oz-↓inion)+(Oz-O2)+(Oz-Pz))



from a uniform grey background of equal mean luminance. Examples of the
pattern reversal and pattern onset VEP are given in Figure 4 and 5, respectively. 
Amplitude measurements are made between peaks and troughs of the deflections.
Peak latency measurements (or implicit time) is taken from the onset of the
stimulus to the peak of the component concerned. 
The flash VEP is elicited by a  hand held strobe light. We use flash VEPs to deter-
mine if there is any recordable function of the postretinal pathways in children
who show hardly any visual response, and to assess misrouting in infants and
young children.25

The pattern reversal VEP consists of a negative wave around 75 ms, a positive
high-amplitude component around 100 ms, and a negative of around 145 ms (see
Figure 4). The positive component (P100) is by far the most consistent and 
usually of highest amplitude and shows remarkable little variation in latency
between or within individuals. For this reason, we use pattern reversal stimulation
mainly to detect a possible abnormality of the conduction velocity of the
postretinal pathways. The normal monocular latency value for our department is
107 ± 3 ms (N=32).
The waveform of the pattern onset VEP changes until puberty.21, 26 The mature

17
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Figure 4. Normal pattern reversal VEP



waveform is composed of three main components,  CI (predominantly positive,
peak latency at approximately 110 ms), CII  (negative, approximately 125 ms), and
CIII (positive approximately 150 ms) (see Figure 5). CII is of mixed striate and
extrastriate origin;27 as check sizes become smaller, the striate component becomes
more prominent, while the extrastriate component diminishes in amplitude.
Because the pattern onset VEP is dominated by activity from the central 5º, it may
be used to evaluate macular function.  

We also use pattern onset VEPs to assess visual acuity, for instance in preverbal or
mentally impaired children, and in children suspected of non-organic visual loss.
In acuity VEPs, different check sizes are presented in a series, in which the larger
and smaller check sizes are presented sequentially and averaging is carried out over
signal segments covering the full series28 (Figure 5). 

To determine misrouting in older children, we analyze the symmetry of the
distribution of pattern onset VEPs with monocular stimulation (see Chapter 2,
Figure 5). Furthermore,  we record half field responses, obtained simultaneously
by asynchronous stimulation of the half fields (Figure 6). The potential distribu-
tions of striate activity to both half field stimulations will show considerable
overlap and will therefore be difficult to separate. For that reason, relatively coarse

18
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Figure 5. Normal pattern onset VEP. Different check sizes (from 15’ to 4’) were presented in a series.  
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Figure 6.  Halffield responses of a normal subject (top) and a patient with misrouting (bottom). In the normal
subject, the differential electrodes O1 – O2 and T5 – T6 show a negative peak with stimulation of the left halffields
of both eyes, indicating that the responses are found in the right hemisphere. With stimulation of the right half-
fields, the response is found in the left hemisphere. In the patient with misrouting, both halffield responses of the
left eye are found in the left hemisphere, of the right eye in the right hemisphere.



checks (60’) are used, to enhance the extrastriate contribution which originates
from parts of the brain that are physically much further apart. 

From the full field responses (and the flash responses in very young children) we
determine the chiasmal coefficient.29, 30 The chiasmal coefficient is calculated from
the differences of the recorded signals from the right and left hemispheres. By
definition, it has a value between -1 and +1; it is negative in misrouting, and
positive in normal subjects. The normative criterion value for our laboratory is M-
2SD = -0.17.  

1.3 Electrophysiology at Bartiméus

The Bartiméus Institute was founded in 1916 to "provide for a Protestant
education for the blind". The first board of governors consisted only of ministers.
In 1926, the first ophthalmologist was appointed, in 1950 the first psychologist.
From that time, not only blind but also partially sighted children were admitted.
Originally, Bartiméus only took care of children attending special schools for the
visually impaired. Nowadays the greater majority of people referred to Bartiméus
for rehabilitation are adults, mostly elderly people. In 2004 rehabilitation services
were given to a total of 14 151 persons; 75% visually impaired adults, 7.5% (1048)
children, and 17.5% visually as well as mentally impaired adults.
At present, most visually impaired children live at home and visit their local
school, where they are supported in their education and daily life by advisors
trained at Bartiméus.  

In 1975 an additional centre for multiple-handicapped children was opened. This
centre contained a department for EEG and visual electrophysiology measure-
ments. Originally, electrophysiological procedures were mainly performed to
assess visual acuity in severely mentally impaired children. The introduction of
preferential looking tests31 resulted in a reduction of the amount of acuity VEPs,
and gradually the use of electrophysiology for diagnostic purposes increased. Prof.
J.W. Delleman, who worked at Bartiméus for more than thirty years, especially
emphasized the importance of assessing the exact medical diagnosis of rare ocular
disorders. 

In 1998, Bartiméus decided to modernize the electrophysiology department to
make it especially suited for children and mentally disabled people. From that
time, referrals for electrophysiological investigations increased, and at present

20
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children come from all over the country. In 2005 a total of 152 electrophysio-
logical procedures were performed. 
The electrophysiology department is staffed with three physicists and one
ophthalmologist; examinations are performed every Thursday. Four orthoptists
assist at the procedures. Because almost every referred child is visually impaired,
we (the ophthalmologist and the physicists) frequently diagnose rare disorders. We
always judge the electrophysiological findings together, which regularly leads to
discussions about unusual findings, and consequently to suggestions for further
investigations. In 2004, the Bartiméus management provided funds for electro-
physiological research, which ultimately resulted in this thesis. 

1.4 Aim of the thesis

The aim of the thesis is to demonstrate the value of specialized electrophysiology
in visually impaired children. 
In Chapter 2, electrophysiological examinations of a three year period are
evaluated to assess whether the methods and equipment are suitable for the use in
children, to report on the diagnostic results, and to describe possible effects on
rehabilitation.
Chapter 3 reports on the decisive importance of electrophysiological results in
diagnosing TRMA (thiamine-responsive megaloblastic anemia). TRMA is a
systemic condition that, untreated, may prove fatal. 
Chapter 4 describes the outcome of ophthalmological and electrophysiological
examinations in patients with Rubinstein-Taybi syndrome, a mental retardation-
multiple congenital abnormalities syndrome. The study describes the frequency of
the ophthalmological abnormalities and the consequences with regard to progno-
sis and daily life.
In Chapter 5 we investigate two children with a very rare disorder: the EEM
(ectrodactyly, ectodermal dysplasia, and macular dystrophy) syndrome. These are
the first patients to have been examined in infancy. The results provide insight in
the pathogenesis and prognosis of the ophthalmological abnormalities of the
syndrome.
Chapter 6 describes the electrophysiological and clinical characteristics of  three
patients with foveal hypoplasia and misrouting. Based on these findings, we
question widely accepted ideas on albinism and misrouting; we furthermore
propose an alternative theory on the development  of foveal hypoplasia.
Chapter 7 describes the electrophysiological characteristics of autosomal
recessively inherited congenital stationary night blindness. Apart from the

21
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standard ERG, we investigated the patients with 15 Hz scotopic flicker
stimulation. We report on the possibility to discriminate different forms of
congenital stationary night blindness with this method. In some of the patients a
new mutation was found.  The relationship between ERG and DNA analysis
reflect on theories on retinal signalling. 
A summary is given in Chapter 8 together with some thoughts on future research.
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Chapter 2

The key role of electrophysiology in the diagnosis of visually impaired children. 
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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



36

ELECTROPHYSIOLOGY IN VISUALLY IMPAIRED CHILDREN MARIA MICHIELDE VAN GENDEREN

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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Thiamine-responsive megaloblastic anemia syndrome

(TRMA) with cone-rod dystrophy.

Abstract 

Thiamine-responsive megaloblastic anemia (TRMA) is an autosomal recessive
disease in which the active thiamine uptake into cells is disturbed. 
The molecular basis underlying the disorder has been related to mutations in the
gene SLC19A2 on chromosome 1q23.3 that encodes a functional thiamine trans-
porter. The protein is predicted to have 12 transmembrane domains. TRMA is
characterized by sensorineural deafness, diabetes mellitus, megaloblastic anemia,
and cardiomyopathy. Optic nerve atrophy and retinal dystrophy have been
reported in a small number of patients. We report a 15-year-old girl with TRMA
and cone-rod dystrophy and confirm that retinal dystrophy may form part of the
syndrome. Differential diagnosis of syndromes with deafness, diabetes mellitus,
and optic nerve atrophy or retinal dystrophy are discussed. The authors suggest
that ERG be performed in all patients with TRMA. 
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Introduction 

The first report on thiamine-responsive megaloblastic anemia (TRMA) in an 11-
year-old girl was published in 1969 by Rogers et al.1 TRMA is an autosomal
recessive disorder characterized by megaloblastic anemia, diabetes mellitus, and
sensorineural deafness. More diffuse myelodysplasia affecting erythrocytes, as well
as granulocytes and thrombocytes, may also occur.2 In addition, some patients
show congenital heart anomaly3 and/or suffer from a cerebrovascular accident.4 Up
now, the total number of reported families is limited to 25. Because of the patho-
genic, therapeutic, and genetic aspects, some patients with TRMA have been
discussed more than once in the literature. The syndrome has never been
discussed in the ophthalmologic literature. Thiamine transport across the intestine
and into cells proceeds by a co-existent dual system. At physiological concentra-
tions, thiamine is transported primarily by an active process by way of a high-
affinity transporter. At higher pharmacological concentrations, thiamine uptake is
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predominantly by a passive process.5 A defective high-affinity thiamine transporter
has been associated with TRMA.6 The administration of pharmacological doses of
thiamine controls the anemia in all patients and decreases the insulin requirements
in some.4,7-10 Once developed, sensorineural deafness is unresponsive to thiamine.
However, the institution of treatment could possibly prevent further progression
of hearing loss.8

The TRMA syndrome has been mapped to chromosome 1q23.2-23.3.11 Recently,
the causal gene was identified as SLC19A2 by Fleming et al.12 and cloned by Diaz
et al.13 The gene encodes a thiamine transporter predicted to have 12
transmembrane domains. Two frameshift mutations have been detected.14 A girl
with cone-rod dystrophy is described in this report. The diagnosis of TRMA was
delayed until she was 15 years old. 

Case report 

The propositius [M.B. °10-02-1984 (female)] was one of five children. The
siblings as well as the parents were healthy. The parents were consanguineous and
of Turkish origin. At age 1 year, the child was found to be deaf. She developed
diabetes mellitus and a right spastic hemiplegia after a left cerebral vascular
occlusion. At age 7 years, she was admitted with high fever and pancytopenia
(erythrocytes: 2,370,000; thrombocytes: 156,000; leukocytes: 4700; eosinophils:
4%; reticulocytes: 49%; lymphocytes: 39%; monocytes: 8%; hemoglobin: 4.3
mmol/l; hematocrit: 0.22). The peripheral blood smear revealed poikilocytosis,
anisocytosis, and anisochromia. The serum levels of vitamin B12 and folic acid were
normal. Investigations failed to demonstrate any infection. Examination of bone
marrow showed normal cellularity. Multiple blood transfusions controlled the
anemia. Cardiological examination revealed an ASD type II and cardiomyopathy.
During this hospitalization, vision loss was observed for the first time. Her visual
acuity was 0.5 in both eyes and the ERG was consistent with a cone-rod dystrophy
(Table 1).The scotopic ERG (measured with -2.0 ND of the Standard Flash
intensity) had a normal waveshape with an onset latency of 48 ms and a b-wave
latency of 93 ms. The b-wave amplitude was 23 µV (14% of the normal mean).
The latency decreased with increasing flash intensity, but less so than normal,
suggesting the absence of cone (or cone-mediated) contribution at the higher
intensities (above -1.0 ND). Furthermore, the amplitude did not increase
substantially. The response at standard flash intensity ( mixed rod-cone response)
was reduced even more. The waveshape suggests only rods (or rod-mediated)
contribution to this response. In the photopic adaptation, the responses showed
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prolonged latencies, and amplitudes less than 10 µV. The waveshape suggests rod
(mediated) responses only. The photopic 30 Hz stimulation did not produce
recognizable responses. On repetition, both in the dark- and the light-adapted
condition, responses tended to decrease even more. In conclusion, the ERG
showed grossly reduced normal latency scotopic rod-mediated responses with
absent cone responses. The co-existence of a hematologic disorder, cardiomyo-
pathy, and retinal disorders was suggestive of an underlying mitochondrial disaese.
A heart biopsy did not support this hypothesis as there were no characteristics of
a mitochondrial disorder. The biopsy showed a ventricle dysplasia. At the age of
15 years, the parents visited the Bartiméus Institute for Visually Impaired Children
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Figure. 1. (A) The posterior pole of the right eye of the patient with TRMA at age 15 years. Notice the bull’s
eye maculopathy. (B) The peripheral part of the fundus of the patient shows bone spicules. 

Intensity (ND) Lat onset (a) ms Latency b ms Amp b-on (a) uV 

-2.0 45/51 93/93 24/22 
-1.6 31/44 90/90 25/27 
-1.0 26/30 71/71 33/36 
-0.6 24/29 70/70 34/42 
0.0 (stand flash) 35/35 (?) 57/57 10/12 
Repeat 35/35 56/56 4/6 
Fotopic 0.0 35/35 56/56 7/7 
Repeat 35/37 53/50 5/5 
30 Hz absent 

University Clinic of Leiden. 

Table 1. ERG of our patient at age 10 years. 



as their child had become deaf-blind. Diabetes was controlled with insulin and
pancytopenia with multiple blood transfusions (up to 6 times a year).
Ophthalmologic examination revealed a visual acuity of 0.1 in both eyes.
Fundoscopy showed bull’s eye maculopathy with peripheral pigmentary changes
(Fig. 1). The possible diagnosis of TRMA was made and thiamine 100 mg/day
normalized the blood formule (Fig. 2). The diabetes mellitus had still not
improved. 

Discussion 

Transfusion-dependent patients often need the administration of intraveneous
desferrioxamine. Desferrioxamine is a chelating agent used in the management of
iron overload conditions such as transfusion-related hemosiderosis. Resultant
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Figure. 2. Hemoglobin levels before and after thiamine administration.  



toxic pigmentary retinal degeneration may appear within a few months and may
be progressive.15 

Our patient did not undergo such treatment and therefore the hypothesis of a toxic
retinopathy can be rejected. The association of sensorineural deafness, diabetes
mellitus, and visual impairment requires the differential diagnosis between
following sydromes: TRMA, Pearson, DIDMOAD, Alström, and hydroxyacyl-
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TRMA DIDMOAD Alström Pearson Hydroxyacyl-CoA !
↓ Dehydrogenase 
Kearns Sayre deficiency 

Deafness Onset: <1y Onset: 10y-20y Onset: 10y-20y Adult onset Onset: <1y 
Progressive mild mild mild (KS) 
severe 

Diabetes mellitus Early onset Onset: 10y-20y Onset: 10y-20y Early onset: <10y Early onset
Insulin- insulin- insulin- insulin- insulin-
dependent dependent resistant dependent dependent 

Retinal dystrophy Onset: >5y - Onset: <1y Early onset (P) 
Rare severe adult onset (KS) Early onset 

Optic nerve atrophy Early onset Onset: 5y-10y - - - 
Rare 

Anemia Onset: <1y - - Early onset (P) -
Cardiomyopathy Onset: <1y - Acute: <1y Late onset (KS) Early onset 

(late onset) sudden death 

Diabetes insipidus - Onset: 10y-20y - - 
Myopathy - - - Adult onset (KS) Early onset 

severe 
Inheritance AR AR AR mtDNA deletion AR 

1q23.2 4p16.1 2p14-p13 2p23 
SLC 19 A2 WFS1 gene
gene (thiamine (membrane protein)
transporter)   

AR, autosomal recessive. 

Table 2. Syndromes with deafness, diabetes mellitus, optic atrophy, or retinal dystrophy.



CoA dehydrogenase deficiency. The clinical features, age at onset of the symptoms,
and genetic aspects of these syndromes are discussed in Table 2. The clinical picture
of TRMA is related to the uptake and the metabolism of thiamine.

Thiamine (vitamin b1) uptake and metabolism 

All experiments show that thiamine uptake follows a biphasic curve, nonlinear at
low concentrations and linear at high concentrations. This indicates that two
different systems are involved in thiamine transport. At low thiamine concentra-
tions (<2 mmol/l), transport proceeds by a saturable, high affinity/low capacity
carrier. This is a specific active process, requiring energy. At high concentrations
(>2 mmol/l), thiamine diffuses passively by a low affinity/high capacity mechanism
that is nonsaturable. When food is the only source, thiamine concentrations in the
intestinal bow are <2 mmol/l and uptake proceeds mainly by the active
mechanism. The mucosa of the duodenum has the highest rate of thiamine
uptake.5 Thiamine transport is basically similar in the plasma membranes of
different cells and across the blood-brain barrier. Intracellular thiamine is
converted by thiamine pyrophosphokinase (TPK) to thiamine pyrophosphate
(TPP)(Fig. 3). TPP serves as a cofactor. The complex metabolic pathways shown
in Figure 3 suggest that thiamine deprivation can lead to dysfunction of the Krebs
cycle, shutting down mitochondrial energy production. Mitochondrial changes, in
turn, may play an important role in activation of cell apoptosis.6

Thiamine-responsive megaloblastic anemia syndrome (TRMA) 

TRMA patients lack the saturable, active uptake mechanism, while the
nonsaturable passive component is present. So, at physiological concentrations
(food as the only source), thiamine is not transported normally and vitamin
deficiency occurs. TRMA patients also have reduced TPK activity, further
interfering with normal vitamin accumulation in the cells. As thiamine transport
is basically similar in all cells, it is most likely that thiamine uptake is defective in
all cells of TRMA patients. The defect results in a state of vitamin deficiency
causing metabolic aberrations in various tissues, including auditory pathways, the
brainstem, the pancreas, and the hematopoietic system. Deafness, diabetes
mellitus, anemia, cardiac abnormalities, and optic atrophy can be induced by a
disturbance of thiamine-dependent biochemical processes.7,9 A variety of anemias
can be found in TRMA: e.g., megaloblastic, sideroblastic, or aplastic, all of which
respond to therapy. So, thiamine may play a role not only in DNA metabolism
(megaloblastic changes) and heme synthesis (ring sideroblastic changes), but also
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Table 3. 
Families with TRMA and
optic atrophy or retinal
dystrophy. 

( ) References that report
the same family. nm, not
mentioned; abn, abnormal;
ERG*, ‘electroretinographic 
findings before and after
therapy did not differ’: the
authors reported optic 
atrophy in their patient, 
although this remark is 
suggestive of retinal dystro-
phy. optic atrophy or retinal
dystrophy. 

Figure. 3. 
Thiamine is 
converted by TPK to TPP.
TPP is an important 
co-factor in different 
metabolic pathways. 
Thiamine deprivation may
influence mitochondrial 
energy production. 

Optic atrophy 
Poggi et al. (1984) 8 (7,9,16,20) ERG nm 
Schwingshandl & Borkenstien (1989)18 ERG* 
Vora & Lilleym (1993)21 (14,22: fam 8) ERG nm 
Raz et al. (1998)22 (fam 5) ERG nm 

Retinal dystrophy 
Cagianut et al. (1977)19 ERG nm 

Borgna-Pignatti et al. (1989)17 (11,14,22: fam2) ERG abn 
Grill et al. (1991)23 ERG abn 
Morimoto et al. (1992)24 (14,22: fam10) ERG nm 
Meire et al. (2000) ERG abn
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in the regulation of hematopoiesis at the stem-cell level.2 The activity of TPP-
dependent enzymes is not the same in every tissue and also shows interindividual
differences. Co-factor depletion slows the enzymatic reactions. The slower the
pre-existent enzymatic activity, the more the individual or the tissue is sensitive to
thiamine deficiency. This explains why different tissues are differently affected.
Particular neuron regions such as the brainstem show an increased sensitivity to
low thiamine levels, resulting in slowly progressive and irreversible lesions. Acute
pathological changes in the central nervous system only arise when total thiamine
content in the brain falls below 20% of normal levels. As TRMA patients still have
some thiamine uptake, most CNS structures maintain sufficient levels to prevent
severe neurological manifestations as in acute avitaminosis.16

Since TRMA patients retain their nonsaturable diffusive transport mechanism,
pharmacological concentrations of thiamine (>2 mmol/l) can still be taken up.
Anemia and to some degree diabetes are reversible, while hearing loss is
irreversible.4,7-10 Bone marrow seems less sensitive to deprivation. As long as
hematopoietic stem cells are still present, the erythroid lineage can repopulate.
The persistent monocytosis shows that the progenitors remain sensitive to
thiamine. Diabetes in TRMA is variably reversible, probably because either the b-
cells of the pancreas or the target tissue have intermediate sensitivity to cellular
thiamine deficiency. Neurons have high energy requirements, and thiamine
deficiency can therefore lead more easily to cell death, resulting in optic nerve
atrophy and progressive deafness.6

Obligate heterozygotes and a patient’s relatives often show some clinical features
typical of manifest TRMA, including diabetes, decreased glucose tolerance, or
deafness.16

Ocular symptoms are inconsistent in association with TRMA. Optic nerve atrophy
and retinal dystrophy have been reported. In the earlier literature, some TRMA
patients have been diagnosed with either DIDMOAD17,18 or Alstrom syndrome.19

Families with TRMA and optic atrophy or retinal dystrophy are summarized in
Table 3. Most authors who mentioned visual impairment did not perform
electrophysiologic investigations. Therefore, it is unclear if the optic atrophy in
their patients was secondary to a retinal dystrophy. Follow-up of the patients,
initially reported by Poggi et al,8 revealed progressive optic nerve subatrophy.7 It
seems likely that optic nerve atrophy or retinal dystrophy are observed in older
untreated children in whom the diagnosis was not made previously. 
We report a child with TRMA and cone-rod dystrophy. The diagnosis in our
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patient was made only at age 15 years; therefore, from the ophthalmological point
of view, it may not be possible to evaluate the role of early treatment in the
prevention of cone-rod dystrophy. 
As intracellular thiamine deprivation leads to a dysfunction of the Krebs cycle and
therefore to dysfunction of mitochondrial energy production, it is also quite
possible that some individuals are more sensitive to develop apoptotic cell loss in
their retinal ganglion cells and retinal photoreceptors. Especially individuals with
TRMA, who carry the heterozygote state of a hereditary dystrophy, could be more
sensitive to develop ocular symptoms. To clarify the prevalence and the evolution
of ocular disease in TRMA, we suggest that ocular examination and ERG be
performed in all patients.
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Ocular features in Rubinstein-Taybi syndrome: 

investigation of 24 patients and review of the literature. 

Abstract 

Aims: To delineate the nature and frequency of ocular pathology in
Rubinstein Taybi syndrome (RTs). 

Methods: Literature was searched for reports describing ocular symptoms in
patients with RTs. 24 RTs patients (out of a total of 73 Dutch known
RTs individuals) were selected for ophthalmological and
electrophysiological examination, selection being based only on the
distance between a patient’s residence and the place of investigation.

Results: Most frequently reported eye anomalies in the literature were
lacrimal duct obstruction, corneal abnormalities, congenital glau-
coma, congenital cataract, and colobomata. Abnormalities of almost
any eye segment have been published in case reports. Ophthal-
mological examination of 24 Dutch RTs patients showed a visual
acuity <0.3 in five patients. The most frequently found eye
anomalies were nasolacrimal duct problems (six patients), cataract
(six patients, four congenital), and retinal abnormalities (18
patients). VEPs showed an abnormal waveform in 15 patients. It
was possible to perform an ERG in 18 patients, of whom 14 were
abnormal (eight showed cone dysfunction, six cone-rod
dysfunction). 

Conclusions: Ocular abnormalities occur in the majority of RTs patients and can
be remarkably diverse. The high frequency of retinal dysfunction
(78%) has not been described before. With age, retinal as well as
electrophysiological abnormalities occur more frequently. In four
patients no signs of retinal dysfunction were observed, indicating
phenotypic heterogeneity. Further cytogenetic and molecular exa-
mination of the patients is needed before it becomes clear if this also
represents genetic heterogeneity. Because of the high frequency of
ocular abnormalities, visual function tests and electrophysiological
investigations should be performed in every RTs patient at regular
intervals. 

61

ELECTROPHYSIOLOGY IN VISUALLY IMPAIRED CHILDREN MARIA MICHIELDE VAN GENDEREN



Rubinstein-Taybi syndrome (RTs) is a well known mental retardation-multiple
congenital anomalies syndrome, first described in 1957, but well delineated by
Rubinstein and Taybi in 1963.1 The incidence has been estimated to be one in
every 100 000 newborns.2 Reports of more than 1000 patients have been published
worldwide.3 The syndrome is at least in part caused by microdeletions at chromo-
some 16p13.3 or by mutations in the gene for the CREB binding protein (CBP),
which is located at 16p13.3.4, 5 As anomalies disturbing the amount of functional
CBP are found in only 19% of patients,6 it remains possible that still other genes
will also prove to be causative. The major features of RTs are mental retardation,
diminished growth, broad and sometimes medially deviated thumbs and big toes,
and characteristic craniofacial abnormalities, consisting of microcephaly, down-
ward slanted palpebral fissures, hypertelorism, long eyelashes, posteriorly rotated
ears, beaked nose with the columella protruding well below the alae nasi, and
pouting lower lip (see Fig 1). Data on ophthalmological findings are scarce. The
number of patients reported in ophthalmological journals is small, and only a few
were published in the last decade.7–11 The only exception is the paper by Brei and
co-workers,8 which provide a review of glaucoma and related conditions in RTs.
However, all other ophthalmological features were not described, and no series of
patients were personally investigated. This prompted us to perform a detailed
ophthalmological examination of a group of well defined Dutch patients with RTs,
and to compare the results with those from literature. 

Materials and methods 

Literature review
The international literature was searched as completely as possible for reports
describing ocular symptoms in patients with RTs. For reports before 1990, a
bibliography was used;12 for the more recent literature, a Medline search was
performed. Most papers were dealing with symptoms in a single patient only, and
most reviews paid only limited attention to ophthalmological features. Only
reports describing patients in whom the diagnosis RTs was beyond doubt were
included. In total, 373 publications describing features in one or more patients
with RTs were available. 

Patients
In the Netherlands 73 patients with RTs are known (Hennekam RCM,
unpublished data, 1999). Major non-ocular symptoms in 45 of the patients have
been reported before2 and 13 others were tabulated elsewhere.13 These data were
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Figure 1. (A) Characteristic facial Rubinstein-Taybi syndrome in a 13 year old female patient. (B) Downward
slanted palpebral fissures, long eyelashes, beaked nose, pouting lower lip, and mildly dysplastic and posteriorly
rotated ears. (C) Typical hand characteristics in the same patient with Rubinstein-Taybi syndrome. (D) Typical
foot characteristics in the same patient. 
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in general in accordance with the data in other larger series of patients.14, 15 Twenty
four of the published patients were selected for incorporation in the study. The
selection was based solely on the distance between their homes and the institute
where the investigation took place. All parents or guardians approved inclusion.
The study was approved by the medical ethics committee of the Academic Medical
Centre in Amsterdam. 

Ophthalmological investigations
Complete ophthalmic examinations were performed on all patients. Visual acuity
was assessed with two of the following methods: forced preferential looking,16

matching optotypes (HOTV),17 and Snellen visual acuity chart. Four patients
could be tested with preferential looking only, because of age and mental develop-
ment. Visual fields were tested with confrontation techniques. Only a limited
number of patients were able to match and name colours. Therefore, testing with
colour plates was not attempted. Pupillary responses, eye motility, strabismus, and
the external aspects of the eyes and adnexa were assessed. 
Slit lamp examination was performed in all patients. Funduscopy and retinoscopy
were performed after cycloplegia except in one patient, in whom installation of eye
drops was refused. In this patient examination of the optic disc was possible, but a
reliable assessment of the macular region could not be made. Applanation
tonometry was performed in four patients only; in most patients we did not
attempt tonometry because of the risk of losing cooperation. 

Electrophysiological investigations
Visual evoked potentials (VEPs) were elicited with pattern onset stimuli,18 and
recorded in all patients. Check sizes of 60', 30', 15', and 5' were used to evoke
pattern onset responses. Electroretinography (ERG) was measured without
sedation. Cooperation was insufficient in six patients for this examination, leaving
18 patients investigated. ERGs were recorded with Henkes contact lens electrodes
or, in less cooperative patients, DTL electrodes. In these mentally handicapped
subjects measurements according to the standard ISCEV protocol were not
possible, since the ISCEV protocol is lengthy and requires the patients to be in the
dark for a long period of time. Therefore, we reduced the ERG protocol to the
absolute minimum: a standard ISCEV flash photopic response (with a blue
background of 10 cd/m 2) and a scotopic response (-2.0 ND (Kodak Wratten filter)
standard flash in the dark after 10 second dark adaptation). The stimulator
consisted of an adapted dome, larger than normal, with mirrors, which allowed for
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a hospital bed with the subject lying down to be put below it. In this way, good
(eye) contact of the patient with his or her parents remained possible. The
recording equipment was kept in a separate room. For this type of stimulation the
normative values of the amplitudes are: scotopic (b-peak to onset) 66 (SD 27) µV;
photopic (b-peak to a-peak) 137 (64) µV; mixed response (to the standard flash in
the dark) 347 (94) µV (FCC Riemslag, unpublished data). Recording of the mixed
response was possible in only nine patients. 

Results 

Literature review
Eighty one reports describing 207 patients in suffcient detail were searched for
ophthalmological features; 117 patients were found to have ocular abnormalities
(Table 1). External, mainly (peri)ocular findings adding to the characteristic facial
appearance were described in the majority of published cases: downward slanted
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Symptom Number with  References 
symptom

Lacrimal duct problems 21 15, 19–25 
High myopia 11 1, 7, 21, 26–32 
Nystagmus 5 22, 28, 33–35 
Pupillary abnormalities 3 22, 36, 37 
Microcornea/microphthalmia 6 22, 38–42 
Corneal abnormalities 23 1, 21, 30, 31, 40, 43–49 
Congenital glaucoma 31 15, 25, 26, 41, 51, 52, 54–67 
Iris atrophy 2 30, 68 
Congenital cataract 1 5 15, 21, 24, 26, 27, 33, 38, 39, 41, 53, 69, 70 
Ectopia lentis 1 37 
Microphakia 1 28 
Coloboma (iris, lens, retinal, 
and/or optic nerve) 39 1, 15, 19, 24, 27, 28, 39, 42, 48, 51, 72–83 
Chorioretinal dystrophy 6 32, 84–88 
Optic atrophy 7 1, 20, 35, 69, 89, 90 
Optic disc abnormalities 4 34, 63, 91, 92 

Table 1. Ocular symptoms in patients with Rubinstein-Taybi syndrome; 117 out of 207 patients (81 case reports) 
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palpebral fissures, hypertelorism, epicanthus, long eyelashes, ptosis (either
unilateral or bilateral), and strabismus (Fig 1). The mentioning of these features
depended heavily on the thoroughness of the descriptions of the patients by the
different authors. Therefore, these features are not specifically mentioned in the
table, and tabulation was restricted to severe problems in visual acuity, lacrimal
apparatus anomalies, and intraocular findings.
Lacrimal duct problems (21 cases), corneal abnormalities (that is, megalocornea
without glaucoma, opacities, keratoglobus, sclerocornea) (23 cases), congenital
glaucoma (31 cases), congenital cataract (15 cases), and colobomata (39 cases) were
the most frequently described serious ocular abnormalities. No incidence figures
of the various abnormalities can be extracted from these case reports, owing to
ascertainment bias and publishing of incomplete data of ophthalmological
investigations in the majority of cases. In 1990, Rubinstein 14 reviewed 571
individuals with RTs gathered both from literature and from personal investiga-
tions or personal communications with other physicians worldwide. Refractive
errors were seen in 56% of cases, strabismus in 71%, ptosis in 29%, and lacrimal
duct anomalies in 37% of cases. No data regarding the frequency of other eye
anomalies were provided. 

Findings in 24 Dutch patients
All major results are summarised in Tables 2 and 3. Five patients (20%) were
visually handicapped with a visual acuity equal to or below 0.3. Visual fields were
normal in all patients. Strabismus was found in 17 patients (67%). Refractive
errors were common: six patients (25%) were highly myopic (excess of -6
dioptres). Photophobia occurred in 11 patients: in four, possible causes were found
(cataract in two, corneal herpes infection in one, pterygium in one case), but in
seven the photophobia could not be explained by anterior segment abnormalities.
Nasolacrimal duct obstruction occurred in six cases (25%), in two of them unila-
terally. Three cases had severe congenital ocular abnormalities: congenital cataract
and colobomata, congenital glaucoma, and unilateral microphthalmia with
congenital cataract, respectively. Two other cases had congenital cataracts that did
not cause significant visual disability and were therefore left untreated. Two
patients had presenile or secondary cataracts. On funduscopy, macular abnormal-
ities were found in 18 patients (75%). Thirteen cases had mild macular
abnormalities, that is, abnormal or absent reflexes, increased reddening of the
foveal area, or unusual distribution of pigmentation in the posterior pole (Fig 2).
Five cases had more severe macular abnormalities. Pigmentary macular changes
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and atrophy were seen in patients “n”, “t” (Fig 3), and “u”. Two of these patients
were myopic, but the degree of macular changes was much more severe than
expected with regard to age and rate of myopia. Patient “r” showed lacquer cracks
as a result of high myopia in her left eye, but her right eye, which had only mild
myopia, also showed pigmentary changes. Patient “x”, who had a myopia of -22
dioptres, had severe myopic degeneration. Patient “v” had a small chorioretinal
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Figure 2. Seven year old male patient with Rubin-
stein - Taybi syndrome, showing mild macular abnor-
malities: unusual distribution of pigment, red foveal
area. 

Figure 3. Fundus of 34 year old patient with Rubin-
stein-Taybi syndrome with retinal pigment 
epithelial changes. 

Figure 4. Right fundus of 37 year old female patient
with Rubinstein-Taybi syndrome showing a pale 
and excavated optic disc and a small chorioretinal
coloboma.
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coloboma (Fig 4). Visual evoked potentials showed an abnormal waveform in 15
patients (62.5%) with a missing striate or foveal component. In Figure 5 the
responses of a subject with normal vision and fundus (VODS >1.0), a patient with
RTs, and a patient with achromatopsia are shown for comparison. As is known
from previous research,93–95 the first (normal) subject shows a response composed
of a striate component (predominantly negative, peak latency at approximately 110
ms), and a extrastriate component (positive negative, the positivity at about 80 ms,
the negativity at 160–200 ms). As the check sizes become smaller, the striate
component becomes more prominent, the extrastriate component diminishes in
amplitude. In the (characteristic) response of an RTs patient, only an extrastriate

70

Figure 5. Pattern onset visual evoked potentials of a normal subject (left), patient with RTs (middle), and
patient with achromatopsia (right). 

*More than 1 dioptre; †nm = not mentioned 

Table 4. Frequency of external ocular abnormalities in our patients compared with 571 patients reviewed by

Rubinstein14 and 50 patients from a questionnaire study of Stevens15

Nasolacrimal 
Refractive duct 

Strabismus error* obstruction Cataract† Coloboma† Glaucoma† 

Rubinstein (n=571) 71% 56% 37% nm nm nm 
Stevens (n=50) 48% 38% 30% 6% 6% 2% 
Our patients (n=24) 71% 67% 25% 20% 8% 4%



component is seen (positive negative, P100, N180); this response diminishes in
amplitude with decreasing check size. For the achromat, only the biggest check
sizes (60') evoke a significant response, also only containing an extrastriate
contribution (note the differences in the voltage scale). Of the 18 ERGs recorded
14 (78%) showed anomalies. Eight ERGs showed decreased cone responses and
six ERGs showed decreased cone and rod responses. 

Discussion 

The great variety of ocular abnormalities, involving all eye segments, that occurs
in Rubinstein-Taybi syndrome is remarkable, and provides another indication for
the ubiquitous functions of CBP. Two previous studies of RTs patients14, 15 showed
a frequency of ocular abnormalities comparable to the frequency of abnormalities
in our patients (Table 4). However, they did not report on retinal dysfunction, and
in literature only six cases with possible retinal dystrophy were published.32–88 In
these cases fundus abnormalities such as pigmentary changes, absent foveal
reflexes, and/or a dystrophic retina were described. In two patients an ERG was
made32, 87; one was attenuated.32 In one patient88 a VEP was made which was stated
to be normal. However, the authors did not mention whether or not the VEP was
a flash, pattern onset, or pattern reversal VEP. The abnormal waveforms we report
on here can only be seen in pattern onset VEPs, with the standard pattern reversal
responses being normal. 
Approximately a third of the patients from the literature were examined by
paediatricians. Routine examination by an ophthalmologist was mentioned only in
a few cases. Most patients seemed to have been assessed by an ophthalmologist
only if they had obvious ocular abnormalities. This may account for the higher fre-
quency in literature of external abnormalities (that is, cornea, congenital glauco-
ma) compared with fundus changes. Furthermore, as in our patients, fundus
changes may have been mostly mild, not leading to a diagnosis of retinal dystrophy
without ERG measurements. 
According to the World Health Organization definition, a person is considered
visually handicapped if the person’s best corrected binocular visual acuity is at or
below 0.3. In this study, five patients were visually handicapped (21%). In addition,
three other patients had a low visual acuity in only one eye. Although congenital
or presenile cataract occurred frequently in our patients (25%), only in one patient
the visual handicap was caused by cataract. 
In contrast with the low incidence in literature, 78% of the present patients
showed signs of retinal dysfunction as measured by ERG. In general, an abnormal
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Fundus abnormalities ERG VEP
Age none mild severe normal cone cone rod normal abnormal  

<15 4/13 (31%) 9/13 (69%) 0 3/9 (33%) 4/9 (44%) 2/9 (22%) 6/13 (46%) 7/13 (54%) 
15–30 1/5 (20%) 2/5 (40%) 2/5 (40%) 1/5 (20%) 1/5 (20%) 3/5 (60%) 2/6 (33%) 4/6 (67%) 
>30 0 2/5 (40%) 3/5 (60%) 0/4 (0%) 3/4 (75%) 1/4 (25%) 1/5 (20%) 4/5 (80%) 

Table 5. Increasing incidence of fundus, ERG, and VEP abnormalities with age

*<1 SD below the mean. **<2 SD below the mean. 

Table 6. ERG values of 24 patients with Rubinstein-Taybi syndrome

ERG
Patient Age Photopic Scotopic Mixed 

Normal values (SD) 137 (64) (n=18) 66 (27) (n=18) 347 (94) (n=18) 
a 4 nm nm nm 
b 6 7* 0** nm 
c 6 nm nm nm 
d 7 69* 53 nm 
e 7 20* 33* nm 
f 8 45* 77 218* 
g 9 nm nm nm 
h 10 80 58 305 
i 12 82 110 266 
j 14 55* 94 132* 
k 15 35* 56 nm 
l 15 86 82 222* 
m 15 nm nm nm 
n 19 39* 0** nm 
o 21 nm nm nm 
p 24 45* 34* 112** 
q 24 53* 0** 95** 
r 29 53* 99 137** 
s 30 75 51 280 
t 34 27* 138 222* 
u 36 30* nm nm 
v 37 36* 0** nm 
w 43 39* 52 nm 
x 44 nm nm nm 



ERG is caused by abnormally functioning of photoreceptors, bipolar cells, and
Müller cells. Abnormally functioning of the retinal pigment epithelium (RPE) can
also result in ERG disturbances, as the RPE is necessary for normal functioning
of the photoreceptors. All abnormal ERGs showed a decreased cone response,
indicating cone dysfunction. Seven patients had unexplained photophobia.
Photophobia is often seen in patients with cone dysfunction. The abnormal
waveform in VEP testing was assumed to be caused by the abnormally functioning
retina. A normal pattern onset VEP has a striate component that for the largest
part is determined by foveal function. This component was missing in all
abnormal VEPs. If there are no normally functioning cones, there will be an
abnormal or absent striate component in the VEP. A similar waveform can be
found in the VEPs of patients with total absence of functioning cones- that is,
achromatopsia.96, 97

As demonstrated in Figure 5 in which the responses in individuals with RTs
subjects are compared with the responses of achromat individuals, the responses
share the absence of a striate component. The extrastriate component in the RTs
individuals is evoked for various check sizes, whereas in the achromat people it is
classically found only for the largest check sizes. This suggests in general a better
visual acuity for the RTs patients compared with the achromats, which is
corroborated by the presently reported findings. In four patients the VEP and
ERG were not in accordance: three times the ERG was subnormal with a normal
VEP, and once a normal ERG was registered with an abnormal VEP. Because an
ERG measures the overall activity of the retina, locally abnormally functioning
cones can give rise to an abnormal VEP without significant influence on the ERG.
On the other hand, if the dysfunction of the photoreceptors is widespread but
macular vision is preserved, the ERG can be grossly abnormal with a normal
VEP.100, 101 In the majority of patients in which an ERG could be measured, the
ERG and VEP were in accordance (78%). Furthermore, the abnormal VEPs of
patients with normal ERGs showed the same extrastriate pattern as the VEPs of
patients with attenuated ERGs. Therefore, in patients in which an ERG could not
be performed, we considered the abnormal VEP a sign of retinal dysfunction. The
incidence of abnormal ERGs and VEPs as well as of retinal abnormalities
increases with age (Table 5), suggesting a progressive retinal dystrophy. However,
only future careful follow up will allow any firm conclusions regarding progression
with age. Retinal dystrophy comprises a genetically heterogeneous group of
disorders, which can occur in a wide variety of systemic disorders.100, 101 The
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occurrence of retinal dystrophy in RTs means that expression of the defective gene
causing RTs is also present in the retina. In 18 patients, funduscopy,
electrophysiology, or both, showed signs of retinal dysfunction, but in four
patients both were normal. ERG changes occur very early in retinal dystrophy,
most often before any retinal changes are seen (Table 6). Hence, it is less likely that
in the latter four patients retinal dystrophy will yet develop, but three of these
patients are still children and without follow up this can not be concluded with
certainty. If retinal dystrophy will indeed not arise, this indicates phenotypic
heterogeneity with regard to retinal function. It is uncertain whether this can
merely be explained by the pleiotropic expression of the abnormal CBP gene in
RTs, or is an indication for genetic heterogeneity in RTs. In a limited number of
the present patients cytogenetic studies using fluorescence in situ hybridisation
techniques, and molecular studies have been performed. All (seven) cases in whom
either a submicroscopic deletion or a mutation in the CBP gene have been found
until now, also showed the electrophysiological abnormalities (data not shown).
This suggests that the presence or absence of the electrophysiological
abnormalities may be indicative for the presence or absence of abnormalities
involving the CBP gene, and suggests genetic heterogeneity. However, before
such conclusion can be drawn all patients, both with and without
electrophysiological abnormalities, should be investigated cytogenetically using
FISH for microdeletions at chromosome 16p13.3 and molecularly for mutations
in the CBP gene. Such studies are in progress. 
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The EEM syndrome, a ten year follow-up of two 

new patients

Abstract 

The EEM syndrome (Ectrodactyly, Ectodermal Dysplasia, and Macular
Dystrophy) is a rare inherited disorder affecting  the limbs, eyes, hair and teeth.
Affected patients have hypotrichosis, malformations of the distal extremities such
as syndactyly and ectrodactyly, and retinal abnormalities mainly of the posterior
pole. In addition, there are narrow teeth, missing teeth, or both. Recently it was
ascertained that EEM is caused by homozygous mutations in CDH3, encoding P-
cadherin.
We describe a brother and sister with the EEM syndrome, born from unaffected
parents. Of their four healthy siblings, one sister had teeth abnormalities, which
may be a mild manifestation of the syndrome in a carrier. 
The patients already had extensive retinal abnormalities in infancy. The retinal
appearance was consistent with a congenital abnormality of Bruch’s membrane,
rather than a macular dystrophy.  Follow-up of more than ten years showed mini-
mal changes in fundoscopic appearance and visual functions. The ERG in both
children remained normal, indicating normal photoreceptor function.
Ophthalmologically, the EEM syndrome appears distinct from hypotrichosis with
macular dystrophy (HJMD), a syndrome also caused by mutations in CDH3.

Key words  

EEM syndrome, retinal dysplasia, ERG, Bruch’s membrane, HJMD, CDH3 

Introduction 

In 1956, Albrectsen and Svendsen described a previously unknown syndrome in
two Danish children, a brother and sister.1 The children had syndactyly, sparse
hair, and retinal abnormalities interpreted as a retinal degeneration. Their psycho-
motor development was normal. Ohdo2 first used the acronym EEM in 1983, in a
description of an inbred family with the syndrome. 
A total of twelve patients have been described so far, with significant clinical
variability of the symptoms1-5 (Table 1). All patients had retinal abnormalities con-
sisting of pigmentary alterations or atrophic lesions of the posterior pole, some
also had peripheral lesions. (Table 2). The visual functions of some patients
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deteriorated over several years,4,5 while in others they seemed to be fairly stable.1,2,3

Several patients were born from consanguineous marriages,1,2,4 which suggested
autosomal recessive inheritance. 
A recent study by Kjaer6 of two previously reported families showed homozygous
mutations in CDH3,  encoding P-cadherin, to be the cause of EEM. P-cadherin is
an important component in maintaining cell-cell adhesions at adherens junctions
through Ca2+ -dependent homophilic interactions.7 It is thought to be involved in
the regulation of both hair8 and retinal9 development.

In this report we describe two children, a brother and a sister, who presented with
the EEM syndrome. We first examined them as infants, and present follow-up
data of more than 10 years on their visual functions, tested both psychophysically
and electrophysiologically. 
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author sex hands feet hypotrichosis teeth

Albrectsen f syndactyly normal + small, widely spaced
m ectrodactyly webbing + normal

Ohdo f syn/ ectrodactyly poly/syndactyly + nm
f ectrodactyly syndactyly + small, widely spaced
f syn/ ectrodactyly normal + nm
m ectrodactyly syn/ ectrodactylyv + nm
m ectrodactyly syn/ ectrodactyly + nm

Hayakawa f ectrodactyly nm + small, irregular, oligodontia
Balarin Silva m syndactyly nm + small, widely spaced

m webbing nm +
Senecky f syndactyly nm + normal

m syndactyly nm + normal
this study f syn/ ectrodactyly normal + small, widely spaced, oligodontia 

m syn/ ectrodactyly normal + small, widely spaced

f, female; m, male; nm not mentioned

Table 1.  EEM syndrome, summary of clinical features (except ocular)  of the 6 described  families



Case report

Clinical findings
In 1990, we saw a one year old girl, the fifth child of unrelated parents. She was
born at term after an uneventful pregnancy, with a birth weight of 4180 gm. She
had extensive abnormalities of both hands (see Figure 1). Her scalp hair was sparse
and she had scanty, very blond eyelashes and eyebrows (Figure 2). When she grew
older, her dentist observed three missing teeth; furthermore her teeth were rather
narrow and widely spaced (Figure 3). Her mental development was normal. The
findings in the girl were suggestive of the EEM syndrome.
In 1992, her brother was born, also with features of the EEM syndrome with
extensive hand malformations (see Figure 4).  He also had very sparse scalp hair
and very blond eyelashes and eyebrows. His teeth were widely spaced but normal
in number.  
The girl had three older brothers and one older sister without any congenital
abnormalities, except for nine missing teeth in the sister.  

85

ELECTROPHYSIOLOGY IN VISUALLY IMPAIRED CHILDREN MARIA MICHIELDE VAN GENDEREN

VA1, visual acuity at  first examination; VA2, visual acuity at  follow up examination; M, of the macula; P, of the
(mid)periphery; nm, not mentioned

Table 2. ocular features in the EEM syndrome

author VA1 VA2 fundus Electrophysiology
OD OS (age) OD OS (age) RPE alterations atrophic lesions ERG EOG  

Albrectsen 0.16 0.1 (6) M,P 
0.12 (4) M,P

Ohdo nm (16) M M
nm (10) M
nm (39) M M
nm (45) M M
nm (42) M M

Hayakawa 0.07 0.01 (30) 0.03 0.01 (41) M M subnormal flat
Balarin Silva 0.25 0.25 (23) 0.1 0.1 (33) M normal normal

0.3 0.3 (25) 0.3 0.1 (35) M normal normal
Senecky nm (12) M M abnormal

nm (9) M M abnormal
this study 0.1 0.1 (1) 0.05 0.05 (4) M,P normal

0.08 0.08 (0.7) 0.05 0.05 (12) M,P normal normal



Ocular findings
Ophthalmologic examination in the girl showed a visual acuity of 0.1, tested at age
one, two, and five with a test appropriate for age; her visual acuity was 0.06 at nine
and fourteen years. She had a divergent squint and nystagmus. Color vision testing
at age seven and thirteen was normal, as were her peripheral visual fields and dark
adapted thresholds. Biomicroscopy was normal. Fundoscopy revealed normal
discs and blood vessels. The retina showed severe pigmentary alterations and
atrophic lesions in the macular area (Figure 5). Retinal pigment epithelium (RPE)
disturbances were also observed in the midperiphery with hyperpigmentations,
white deposits, and the aspect of peau d’orange (Figure 6). Subretinal fibrosis was
especially noticed around the optic discs). Flash electroretinography (ERG)
recordings according to ISCEV standards10 were made at age two, and repeated at
age 14. The scotopic, mixed, and photopic responses of both recordings were
within normal limits.
The boy had a visual acuity of 0.08 at ten months of age, 0.1 at four and seven
years, and 0.05 at ten and twelve years. He had a divergent squint and nystagmus.
Color vision testing at seven and twelve years was normal, as were his peripheral
visual fields and dark adapted thresholds. Biomicroscopy was normal; fundoscopy
showed widespread pigmentary changes with the most obvious changes in the
macular area.  Discs and vessels were normal (Figure 7). 
ERG testing at age 12 showed normal scotopic, mixed and photopic responses.
The electro-oculogram (EOG11) showed a normal Arden ratio of 2.0 in the right
eye, and 2.4 in the left eye.

Discussion 

Including the two patients in this study, only fourteen patients, have been
described with the EEM syndrome since 1956.1-5 All patients had distal limb
malformations, hypotrichosis, and macular pigmentary changes; their visual
acuities varied from 0.05 to 0.3.  The reports showed significant clinical variability
in the EEM phenotype (Table 1). Several patients had major hand malformations
with missing phalanges or even whole fingers; some also had foot abnormalities.
In contrast, others had relatively minor hand abnormalities and normal feet. Nine
patients had teeth abnormalities. No relationship appears to exist between the
extent of the hand malformations and the ocular features

The two siblings in this study are the first patients to have been examined in
infancy; at that time retinal abnormalities were already extensive. Follow-up of
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Figure 1. 
Hand abnormalities of the girl at age one. The right hand showed missing distal phalanges of the second, third,
and fourth fingers, a doubling of the proximal phalanx of the second, and syndactyly of the second and third fin-
ger; the left hand had syndactyly of the first, second, third, and fourth finger and a doubling of the proximal 
phalanx of the second

Figure 2.
Girl at age 7, showing hypotrichosis
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Figure 3. 
Dental abnormalities of the girl. There are two missing upper incisors (1II and 2II), one missing lower incisor
(4II). Furthermore the teeth are rather narrow and widely spaced.

Figure 4. 
Hands of the boy at nine months of age. The malformations of his right hand consisted of syndactyly of the
third and fourth fingers with missing distal phalanges. His left hand had syndactyly of the second and third 
fingers with a missing distal phalanx of the fourth finger.



more than 10 years showed only minimal changes in their retinal appearance.  The
patients had macular as well as peripheral RPE disturbances; the latter were also
described in the original Danish family.1 The early presence of retinal abnor-
malites indicates a congenital dysplasia rather than a retinal dystrophy. The
congenital abnormality could well be associated with Bruch’s membrane pathology
because of the similarities with the fundus appearance in severe pseudoxanthoma
elasticum.12-14 The ERG in both children was normal, indicating normal photo-
receptor function, which also argues against a retinal dystrophy. 

Recently, it was ascertained that distinct CDH3 mutations cause EEM.6 CDH3
mutations also cause hypotrichosis with juvenile macular dystrophy (HJMD),15-23 a
condition closely resembling EEM,  but without teeth or hand abnormalities.
CDH3 encodes P-cadherin, one of the three classical (E-, N-, and P-) cadherins.
Cadherins are a family of glycoproteins involved in Ca++-dependent cell-cell
adhesion. Classical cadherins play a major role in embryonic development, tissue
formation, and cell growth and differentiation.24 In a mouse model, CDH3 is
expressed during embryonal development in craniofacial structures, and the fore
and hind limbs.6

Since the initial identification of CDH3  mutation as the cause of HJMD, a total
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Figure 6. 
Posterior pole of the boy with widespread pigmentary
changes, white deposits, and normal discs and vessels.

Figure 5. 
Posterior pole of the girl, showing severe pigmentary
alterations and atrophic lesions in the macular area,
and subretinal fibrosis around the optic disc.



of seven mutations in 11 separate families have been reported.18-21 All mutations
seem to impair markedly the function of P-cadherin or result in the absence 
of functional P-cadherin expression. However, considerable phenotypic hetero-
geneity and lack of phenotype-genotype correlation was found, even within single
families carrying the same mutation, suggesting other, possibly genetic, modifier
traits.20

HJMD and EEM may represent phenotypic heterogeneity of the same
syndrome.6, 22 However, the ophthalmological abnormalities described  in HJMD
seem different from those in our patients. The retina in HJMD initially may look
normal,16 or have some asymptomatic pigmentary depositions confined to the
macula,21 but subsequently a progressive macular degeneration develops, some-
times even leading to legal blindness.15, 16, 18 Furthermore, the ERG in HJMD is
often already abnormal at a young age, indicating photoreceptor dysfunction.18-21

In contrast, the ERGs of our patients remained normal over a period of ten years. 
Follow-up on the ophthalmological features of EEM is described in three other
studies;3-5 in one of those, the retinal appearance also hardly changed over a period
of ten years.4 On the other hand, the patients described by Balarin Silva and
Senecky showed progression of their retinal lesions and deterioration of
electrophysiological function. Remarkably, these patients had the least severe hand
abnormalities of the EEM families described, consisting only of syndactyly (see
Table 1). One could argue that these patients have a HJMD rather than an EEM
phenotype, because of the absence of ectrodactyly, combined with progressive
macular degeneration with initially good vision. Support for this suggestion also
comes from the fact that the mutation found in the Brazilian EEM kindred
(829delG)6 is the same as previously found in a Turkish HJMD family.20 On the
other hand, the Brazilian brothers did have small and widely spaced teeth. No
other HJMD patients have been described with teeth malformations, although the
often subtle dental abnormalities as seen in EEM may be overlooked without
specialist dental examination. The intermediate phenotype in this kindred may
therefore be an indication that HJMD and EEM are in fact one syndrome with
phenotypic heterogeneity.

A function of P-cadherin in Bruch’s membrane development has not been
described, but P-cadherin mRNA is highly expressed in the retinal pigment
epithelium (RPE), 23 from which Bruch’s membrane is partly derived.25 In mice,
loss of P-cadherin does not result in obvious hair or ophthalmological
abnormalities. It has therefore been suggested that E-cadherin expression may be
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turned on in P-cadherin null mice, or that  RPE cells may express other cadherins
which are capable of compensating for the loss of P-cadherin.23

E-cadherin may also play a role in determining the phenotypic differences
between HJMD and EEM.6 CDH1, encoding E-cadherin, is known to have
redundant functions. Compensation of CDH1 for the CDH3 loss of function may
ultimately determine if a patient will have HJMD or EEM.  Expression differences
and redundant functions of other cadherins may not only explain the different
phenotypes of HJMD and EEM, but also the phenotypic differences between
humans and mice carrying mutations in orthologous genes.18

In the study of Balarin Silva,4 a brother and a cousin of the patients had isolated
hand abnormalities. Kjaer6 describes mild bilateral syndactyly and widely spaced
teeth in one heterozygous individual. In our study, one sister had teeth
abnormalities. These abnormalities in relatives may represent mild manifestations
of the syndrome in heterozygotes.

The siblings in this study are the thirteenth and fourteenth patient with EEM to
be described in 49 years, and the first ones in which the diagnosis was established
in infancy. Molecular analysis of this family is currently under way.
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Misrouting and foveal hypoplasia without albinism

Abstract 

Background/
aims : To present the clinical and electrophysiological characteristics of

three female patients with misrouting and foveal hypoplasia. All
patients were darkly pigmented, without iris transillumination or
fundus hypopigmentation. One of the patients had primary ciliary
dyskinesia and situs inversus totalis (Kartagener syndrome). 

Methods: The patients underwent ophthalmological examination, fundus
photography, and optical coherence tomography (OCT). Visual
evoked potentials (VEP) were recorded and calculation of the
chiasmal coefficient was performed to detect misrouting.

Results: The patients had a visual acuity of 0.1 to 0.2 and nystagmus. Fundus
photography and OCT showed foveal hypoplasia, with a vascular
pattern different from that found in albinism. The monopolar and
differential VEP recordings, as well as the chiasmal coefficient, were
positive for misrouting. 

Conclusion: Based on the investigations in these patients we propose the
hypothesis that foveal hypoplasia and misrouting exist as a distinct
entity, and do not comprise the exclusive hallmark of albinism. The
misrouting in the patients may have been caused by defective genes
which are involved in chiasm formation. Furthermore, the findings
suggest that misrouting may exert a retrograde influence on foveal
development.

Key words: albinism, misrouting, foveal hypoplasia, Kartagener, optic chiasm
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Albinism is a heterogeneous genetically determined disorder of melanin synthesis
in which either the eyes (ocular albinism), or the eyes, skin, and hair may be
affected (oculocutaneous albinism). Clinical signs show considerable variability in
individual patients (for review, see Russell-Eggitt1). The optic discs show an ab-
normal course of retinal vessels consisting of an initial nasal deflection followed by
an abrupt divergence and reversal of direction to form the temporal vascular
arcades.2

In albinism, a far greater number of fibres from  the temporal retina cross the
midline and project contralaterally than in normals. This misrouting can be
detected by recording multichannel visually evoked potentials (VEPs).3 The
general assumption is that if misrouting is detected, the diagnosis of albinism is
proven unequivocally. Foveal hypoplasia in albino patients shows a strong correla-
tion with misrouting4 and is thought also to arise from defective melanin synthesis.
To investigate whether other conditions than albinism may lead to misrouting and
foveal hypoplasia, we examined three darkly pigmented patients with foveal
hypoplasia; one of  the patients had Kartagener syndrome. 

Patients and methods

Patients

Patient 1 was born in 1985 from healthy, unrelated parents; she has two healthy
sisters. She always has been dark haired with dark brown eyes, and she tans
normally. From an early age she suffered from recurrent upper respiratory tract
infections. In 1998 she had left sided appendicitis and was subsequently diagnosed
with Kartagener syndrome (McKusick 244400). Kartagener syndrome consists of
primary ciliary dyskinesia (PCD) with situs inversus totalis. PCD is caused by
ultrastructural defects of respiratory cilia and sperm tails, leading to recurrent
respiratory tract infections, sinusitis, bronchiectasis, and male subfertility. The
disorder is autosomal recessively inherited with an incidence between 1/30.000
and 1/120.000 live births.5

The patient was regularly ophthalmologically examined from age one, because of
nystagmus; her visual functions and ophthalmological features have remained
stable for twenty years. 

Patient 2 and 3 are sisters of Afghan origin, born in 1983 and 1989, respectively.
Their parents and siblings are without ocular abnormalities. The patients have
always been dark haired with dark brown eyes and a light brown skin colour. They
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were diagnosed with congenital idiopathic nystagmus in childhood. Their general
health is good; they have no situs inversus. 

After informed consent, a full ophthalmological examination of the patients was
performed, including slit lamp examination to detect possible iris transillumina-
tion, fundus photography, VEPs, and optical coherence tomography (OCT). 

Methods

The angle at which the main temporal arterial branches leave the optic nerve head
(ONH) was analysed according to the method described by Neveu2 (Figure 1). In
Neveu’s study, the exit angles of normal subjects were 66 ± 11º, for albino patients
92 ± 8º.
Linear scans of the retina with OCT were performed along four meridians.
Standard OCT software was used to generate retinal topographic measurements. 
VEPs were recorded with five horizontal occipital electrodes referenced to a
frontal midline electrode. Misrouting was assessed using pattern onset
stimulation.3 Apart from examining the differential recordings, we assessed
misrouting by calculating the chiasmal coefficient.6 By definition, the chiasmal
coefficient can have a value between -1 and +1; it is negative in misrouting, and
positive in normal subjects. The normative criterion value for our laboratory is M-
2SD = -0.17.  

Results

Table 1 shows the clinical findings of the patients. All patients had a normally
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RE, right eye; LE, left eye; nyst, nystagmus, α, exit angle of the main temporal arterial branches from the 
optic nerve head

Table 1. Summary of clinical findings

patient refraction visual acuity nyst anterior segment OCT α
OD/OS RE LE upper   lower

1 S+2.0=C-2.0x10º/ 0.2 0.2 + dark brown irides, foveal 72º 64º
S+2.5=C-2.0x180º no transillumination hypoplasia

2 S+2.0=C-2.0x180º/ 0.16 0.2 + dark brown irides, foveal 69º 70º
S+1.5=C-2.0x170º no transillumination hypoplasia

3 S+2.0=C-5.0x180º/ 0.1 0.16 + dark brown irides, foveal 63º 70º
S+2.0=C-5.5x170º no transillumination hypoplasia



pigmented fundus with no apparent foveal region (Figure 1). The exit angles of the
arteries2 lay below the mean minus 2 SD of the angles of the albino group (P<0.05)
and were well within the range of the angles in normal subjects.
OCT showed extension of all neurosensory retinal layers through the area in
which the fovea would normally be located7 (Figure 2).
The  VEP recordings showed a maximal positive CI component over the right
hemisphere for the left eye, and over the left hemisphere for the right eye, with
the CI almost absent over the ipsilateral hemispheres (Figure 3). The differential
electrodes showed opposite polarity for the recordings of the two eyes. The
chiasmal coefficients of all three patients were significantly indicative of
misrouting. 

Discussion

We demonstrated misrouting and foveal hypoplasia in two darkly pigmented
sisters, and in an unrelated female patient with Kartagener syndrome. All patients
had dark brown eyes, no iris transillumination or fundus hypopigmentation, and a
retinal vessel pattern different from that found in albinism. 

The combination of Kartagener syndrome and ocular abnormalities has not been
described before. Because of the wide clinical and genetic variability in Kartagener
syndrome,5 patients may only rarely have misrouting. Alternatively, the
combination of Kartagener syndrome with misrouting may go unnoticed: in our
patient  situs inversus was only diagnosed by coincidence because of a perforated
appendix. 

Earlier studies have described female patients with "autosomal recessive ocular
albinism (AROA)", which is now considered to represent clinically mild forms of
oculocutaneous albinism type I or type II,8 resulting from mutations in the
tyrosinase or P genes, respectively. AROA seems very unlikely in our patients,
because of the absence of any ocular pigmentary abnormality. Furthermore, in our
patients the exit angles of the retinal blood vessels fell within normal range, and
did not fit the pattern as described in albinism.2

The pathogenesis of misrouting in the three patients is unknown. Because several
genes have been identified with key roles in regulating optic chiasm development,9

a defect in one of them could possibly lead to misrouting. Some of these genes
show overlap with genes involved in left-right asymmetry.10 Further molecular
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studies are needed to determine which genes are involved in causing Kartagener
syndrome with misrouting.

In addition to misrouting, foveal hypoplasia is a striking feature of our patients. In
albinos both features are thought to arise because of defective retinal melanin
synthesis.11 However, the combination of both abnormalities in our non-albinotic
patients suggests that there must be a different explanation for their simultaneous
occurrence, for instance foveal hypoplasia causing misrouting, or vice versa.
Because it has been shown in aniridia patients that foveal hypoplasia does not lead
to misrouting,2 we propose the hypothesis that misrouting may exert a retrograde
influence on foveal development.
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Figure 1.  Fundus photographs of patient 1 (top left), patient 2 (bottom left), patient 3 (top right), and the perip-
heral retina of patient 2 (bottom right). In patient 2, measurement of the exit angle (α) of main temporal arterial
branches to the horizontal meridian is indicated, according to the method described by Neveu.2 The horizontal
meridian bisects the optic nerve head (ONH), the vertical meridian extends from the temporal edge of the ONH
and intersects the inferior/superior temporal artery. The angle was measured between the point on the horizontal
meridian where the artery exits the ONH and the point where the vertical meridian intersects the arterial vessel.



The development of the foveal pit occurs from 24 weeks gestation to 45 months
postpartum.12-13 It has been suggested that critical densities of the central ganglion
cell layer (GCL) are required for normal development of the foveal pit.14 This
hypothesis may provide an explanation for the foveal hypoplasia in albinism,
because some studies have demonstrated a reduced GCL density in the area
centralis of albino mammals,15 while cone numbers and mosaic are normal.16

However, the reason for this reduced GCL density remains unclear. A correlation
has been suggested between rod numbers and ganglion cell density,16 but such a
correlation does not explain why a reduced GCL density occurs only centrally,
while the total number of retinal ganglion cells in adult albino retina is normal.17

Furthermore, there does not seem to exist a correlation between levels of pigmen-
tation and deficits in the central ganglion cell layer.18 

Because of the findings in our patients, and because foveal pit formation occurs at
a time when chiasmal decussation is already established, we propose the hypothesis
of a retrograde influence on foveal development.
Retrograde influences originate from the visual cortex or optic nerves and tracts.
Humans with misrouting due to albinism show reorganization of the normal
cortical  topographic representation.19 They also have smaller optic nerves, tracts
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Figure 2. 
OCT of patient 1. 
There is extension of all neurosensory retinal layers through the area in which the fovea would normally be
located. No clivus, anticlivus, or foveal pit can be seen. Results of the three subjects were similar.
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Figure 3.
From top to bottom; responses to pattern onset-offset stimulation of patient 1, patient 2, and patient 3. The dif-
ferential electrodes 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. For the left eye, this peak is negative, caused by a response of the
right hemisphere.  All three chiasmal coefficients were significantly indicative of misrouting. 



and chiasms than normal subjects.20 Abnormalities of the striate cortex have been
shown to influence developing ganglion cells, with the period of maximal
retrograde influence occurring in the first months of life, thus overlapping with
the period of foveal development.21 

An additional indication of  such a retrograde influence  is the finding of an
underdeveloped area centralis in achiasmatic dogs.23 Furthermore, foveal
hypoplasia also occurs in cases of severe optic nerve hypoplasia and colobomata.23

The hypothesis also explains why the association of misrouting with foveal
hypoplasia is much stronger than with other signs of albinism.4

In conclusion, this study shows for the first time misrouting and foveal hypoplasia
in three patients without albinism, and proposes an alternative mechanism for the
development of foveal hypoplasia. Further studies are needed in patients with
foveal hypoplasia caused by a variety of conditions, to understand the precise
association between the optic chiasm and foveal development.
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Mutations in GRM6 Cause Autosomal Recessive 

Congenital Stationary Night Blindness with a 

Distinctive Scotopic 15-Hz Flicker Electroretinogram 

Purpose: Congenital stationary night blindness (CSNB) is a group of
nonprogressive retinal disorders characterized by impaired night
vision that occurs in autosomal dominant, autosomal recessive, or
X-linked forms. Autosomal recessive (ar)CSNB seems to be very
rare. Mice lacking the metabotropic glutamate receptor 6 (Grm6)
have a defect in signal transmission from the photoreceptors to
ON-bipolar cells. In the current study, the human orthologue
(Grm6) was screened as a likely candidate for arCSNB. 

Methods: arCSNB individuals of five families were screened for mutations in
GRM6. Subsequently, they were examined with standard and 15-
Hz flicker electroretinography (ERG). These recordings were
compared with those of patients with X-linked CSNB1. 

Results: Affected individuals in three of five families carried either
compound heterozygous or homozygous mutations in Grm6.
Strikingly, all of them displayed a distinctive abnormality of the rod
pathway signals on scotopic 15-Hz flicker ERG. 

Conclusions: The novel profile identified in this study suggests the existence of
more than two rod pathways. The distinctive ERG feature was not
observed in patients with X-linked CSNB1 and additional affected
individuals with unknown molecular defect. These observations will
help to discriminate autosomal recessive from X-linked recessive
cases by ERG and molecular genetic analysis.
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Congenital stationary night blindness (CSNB) comprises a group of nonprogres-
sive retinal disorders characterized by impaired night vision and sometimes other
ocular symptoms such as decreased visual acuity, myopia, hyperopia, and
nystagmus. X-linked and autosomal recessive (ar)CSNB are characterized by an
electronegative electroretinogram (ERG) showing normal or near-normal a-
waves, but a selective reduction of the b-wave.1 Mutations in two genes, NYX and
CACNA1F are responsible for two X-linked types of CSNB designated complete
(CSNB1) and incomplete (CSNB2), respectively.2-5

CSNB1 has been associated with absent rod and normal or subnormal cone b-
wave amplitudes, whereas CSNB2 exhibits some rod function, but both rod and
cone ERG signals are considerably reduced in amplitude. These types can be
distinguished from each other by means of the standard ERG. However, so far,
patients with arCSNB cannot be discriminated from those with CSNB1 by clinical
features and standard ERG measurements. The ERG b-wave reflects the
transmission of the signal from the photoreceptors to the second-order neurons.
Photoreceptors, when activated by photons, release glutamate as a neurotransmit-
ter, which then stimulates either ON or OFF bipolar cells. Although rods synapse
only with rod ON bipolar cells, cones connect with both cone ON and OFF
bipolar cells.6 Rod signals in normal human subjects use two different retinal
pathways: the rod ON bipolar-amacrine II cell pathway (slow, sensitive rod
pathway) and the rod-cone gap junction-cone ON bipolar pathway (fast,
insensitive rod pathway). The existence of these two rod pathways has been
demonstrated by means of ERG studies using 15-Hz flicker at scotopic inten-
sities.7, 8 At scotopic (starlight) luminance levels, the responses to 15-Hz flicker are
dominated by the slow rod pathway and at mesopic (twilight) levels by the fast rod
pathway. Between these luminance levels, destructive interference produces a
psychophysical flicker null and a minimum ERG amplitude with a 180° phase
shift, because the signals of both pathways are equal in amplitude but opposite in
phase. Electrophysiological studies identified the rod ON pathway as the primary
site of the defect in CSNB1.9, 10 The ON bipolar dendrites express mainly the high-
affinity, sixth subtype metabotropic glutamate receptor (mGluR6).11-13 The
phenotype of homozygous knockout mice lacking the gene (Grm6) encoding
receptor mGluR6 resembles that of the human CSNB: a greatly reduced b-wave
under dark-adapted conditions, whereas the a-wave, representing the
photoreceptor activity, is normal. Furthermore, the retinal organization in these
mice shows no obvious changes on the cellular level.14 Because the glutamate
receptor plays a critical role in both rod pathways, mutations in this gene may
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influence both the slow and the fast rod pathway signals. The absence of fundus
abnormalities and the electronegative standard ERG renders this gene an
attractive candidate for arCSNB. Indeed, most recently, another group identified
Grm6 mutations in three patients with arCSNB.15 Herein, we report on ERG
responses and Grm6 mutation analysis in seven patients with diagnosed arCSNB. 

Subjects and methods

Patients 

Seven patients from five unrelated families had congenital stationary night
blindness (CSNB) diagnosed by means of a complete ophthalmic examination,
including funduscopy, dark-adapted thresholds and Ganzfeld ERG, according to
the standard ISCEV (International Society for Clinical Electrophysiology of
Vision) ERG protocol.16  The protocol of the study adhered to the tenets of the
Declaration of Helsinki. In two male patients, no pathogenic variant was found in
NYX or CACNA1F;17 the other five patients were female offspring of unaffected
parents. The clinical characteristics of the patients are shown in Table 1, the
standard ERGs of the father of the three affected siblings and one of these siblings
are represented in Figure 1 together with the responses of a patient with CSNB1. 
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Patient 21973 had Down syndrome, which also may be associated with nystagmus, high myopia, and low visual
acuity. Nyst, nystagmus. * Spherical equivalent.

Table 1. Clinical characteristics of the patients with presumed arCSNB

Visual acuity Refractive error* Dark adapted threshold
elevation (log units)

Patient Sex Age (y) OD OS Nyst OD OS
21974 F 13 1.0 0.2 - S-9.0 S-10.0 3
21973 F 10 0.1 0.1 + S-10.0 S-8.0 Not done
26162 F 8 0.5 0.5 - S-6.5 S-6.0 3
26151 F 15 0.2 0.3 + S-3.5 S-2.5 3
26111 F 11 0.8 0.4 - S-14.0 S-13.5 3
2496 M 36 0.4 0.4 + S-3.0 S-3.0 2.5
2445 M 46 0.3 0.1 + S+3.5 S+1.5 2.5



Mutation Analysis 

All subjects or their parents gave written informed consent before molecular
genetic testing. Genomic DNA was isolated from EBV-transformed
lymphoblastoid cells or blood by standard techniques. The 10 coding exons of
Grm6 were amplified with intronic or exonic primers (Supplementary Table S1,
http://www.iovs.org/cgi/content/full/46/ 11/4328/DC1). 

Eleven fragments containing the 10 coding exons of Grm6 were amplified with
polymerase (HotFirePoly DNA Polymerase; Solis Biodyne, Tartu, Estonia), 1.5
mM MgCl2, and Q solution (Qiagen, Hombrechtikon, Switzerland). The total
volume of the PCR reaction was 25 µL, and 0.8 µL of the PCR product was
treated with 5 µL of 1:50 diluted clean-up solution (ExoSAP-IT; USB, Cleveland,
OH) at 37°C for 15 minutes, to remove unconsumed primers and dNTPs. After
treatment, the enzyme was inactivated by heating to 80°C for 15 minutes. After a
short centrifugation step, 1 µL dye-termination and 1.5 µL5 dye-termination buf-
fer (BigDye Terminator ver. 1.0; Applied Biosystems, Rotkreuz, Switzerland), 2
µL5 Q solution, and 0.8 µL primer (10 pM/µL) were added to each reaction, and
standard sequencing was performed. Sequences were analyzed on an automated
DNA sequencer (Prism 3100; Applied Biosystems). 

ERG Stimulation, Recording, and Analysis 

The eyes of the subjects were anesthetized with oxybuprocaine 0.4%, and the
pupils were dilated with tropicamide 0.5%. Subsequently, DTL electrodes were
positioned on top of the lower eyelid, touching the eye. Pupil diameters were
determined immediately after the ERG recordings were finished (8–9 mm in all
subjects). For the standard ISCEV ERG measurements, Xenon tube flashes
(duration 10 s) 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. 

Preamplification (5.000x) and sampling (1000 Hz) plus multiplexing were
performed with a custom-made, battery-driven preamplifier unit. These multi-
plexed signals were optically transmitted to the recording computer. Signals were
digitally filtered online, using a bandpass filter from 0.5 to 200 Hz (3 dB). Sweep
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length for averaging was 200 ms, with an additional 40-ms prestimulus period.
During the averaging process, the raw ERG sweeps were displayed for exami-
nation and judged for inclusion or exclusion by the examiner. This process results
in a better artifact rejection than is usually obtained with level rejection. Only the
averaged signals and the plus–minus averages18, 19 were stored for further analysis.
ERG responses to 15-Hz flicker were recorded in six of the seven patients with
arCSNB. Because patient 21973 had Down syndrome, she was unable to comply
with the lengthy 15-Hz procedure. The 15-Hz protocol was recorded intermixed
with the standard ISCEV ERG at the appropriate intensities. Xenon flash (10µs)
intensities of 15 flashes per second (sweep length, 135 ms, 500–1000 averages)
were attenuated by switching between 0.3 and 0.6 J (Nihon Kohden, Tokyo,
Japan) and inserting neutral density (ND) filters (Schott, New York, NY) mounted
in a filter wheel. Using maximum attenuation, we obtained a stimulus intensity of
1.56 log scot-td/s, reaching 0.44 log scot-td/s in nine steps. 
The 15-Hz responses were trend corrected off-line and filtered by a moving
average filter with a rectangular window of 20 ms (21 data points). The 15-Hz
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Figure 1. ISCEV Standard ERG of the father 26163, a patient with CSNB1, and one with arCSNB (patient
21974). Top to bottom: photopic response, 30-Hz photopic response, scotopic response, mixed response, oscillato-
ry potentials (Gaussian window moving average filter, σ=1.5 ms). The responses of the father could not be dis-
tinguished from our normative data (N=67). In the subject with CSNB1 and the one with arCSNB, there was no
recordable scotopic response, and the mixed response featured a minimal b-wave and showed the characteristic
electronegative waveform. A remnant of a single oscillatory potential was found at approximately 33 ms, with an
amplitude within normal limits. The photopic response showed a characteristic broad a-wave. The b-waves of the
photopic responses were within normal limits in both patient groups. The 30-Hz photopic responses also had nor-
mal amplitudes and implicit times in both patient groups. 
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scotopic flicker ERG in normal subjects showed a minimum response at
approximately 0.56 log scot-td/s. The ERG signals to flicker intensities between
1.56 and 0.72 log scot-td/s were therefore considered to be dominated by slow rod
ERG signals. 20 Amplitudes and phases of the 15-Hz averaged amplitudes and the
plus-minus–averaged signals18, 19 were obtained by off-line Fourier analysis.
Amplitudes were considered significant if the ratio of the amplitudes of the
average and the plus–minus average was above 3 (P< 0.01). For those responses,
we plotted phases according to a strict criteria, assuming that phases decreases
monotonously with stimulus intensity. We subtracted an integer multiple of 360°
from the calculated phase (phase is indeterminate for multiples of 360°). An extra
360° was subtracted whenever the phase for that intensity seemed to increase 1 SD
of the phase in unaffected subjects. 
Apart from the patients with arCSNB, six patients with CSNB1 (age, 4-14 years)
were tested with the 15-Hz protocol. The CSNB1 diagnosis was based on a
positive X-linked family history in three consecutive generations, clinical
examination, standard ISCEV ERGs, and 30-Hz photopic flicker ERGs.21 

Results

Mutation Analysis 

The GRM6 gene consists of 10 exons and encodes a protein with 878 amino acids.
We performed mutation analyses in the open reading frame (ORF) of the 10 exons
and parts of the flanking introns of GRM6 (Accession NM 000843; http://www.
ncbi.nlm.nih.gov/Genbank; provided in the public domain by the National Center
for Biotechnology Information, Bethesda, MD) in five unrelated families, with at
least one member displaying lack of nocturnal vision and an electronegative ERG.
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Figure 2. Mutations in GRM6 cause autosomal recessive CSNB. Direct sequencing of the 10 coding exons of the
GRM6 gene revealed five different mutations in three families with arCSNB. 
(A) Pedigree for arCSNB-bearing families 1, 2, and 3. Circles: females; squares: males; open symbols: unaffected;
semifilled symbols: carrier; and filled symbols: affected. Patient identification numbers are indicated above the
symbols, mutations below. The father in family 2 was not available for testing. 
(B) Electropherograms showing the five different mutations. Arrows: site of the mutation; star: common poly-
morphisms in the investigated sequences. Patient 2445 of family 1 had two compound heterozygous mutations:
one missense mutation (c.137C→T) in exon 1 and one nucleotide insertion (c.720_721insG) in exon 3. The mot-
her of this patient was heterozygous for the insertion, whereas the father carried the missense mutation. The unaf-
fected sister of patient 2445 showed none of the alterations. In family 2, the male patient, 2496 revealed a homo-
zygous missense mutation (c.1565G→A) in exon 8. The mother and the unaffected brother were heterozygous for
this mutation, whereas the unaffected sister did not show the mutation. In family 3, the three affected siblings
26162, 21973, and 21974 carried a heterozygous (c.172G→C) and 19-nucleotide duplication (c.57_75dupl19).
Both mutations were found in exon 1. The mother was also heterozygous for the duplication, whereas the father
carries the p.Gly58Arg exchange. 



In patient 2445 of family 1, we identified two compound heterozygous mutations:
one missense mutation (c. 137C→T) leading to a Pro46Leu change in exon 1 and
one nucleotide insertion (c.720_721insG) in exon 3, leading to a frame shift at
position 243 and a premature stop codon 39 amino acids later. The mother of this
patient was heterozygous for the insertion, and the missense mutation was
transmitted from the father. The unaffected sister of patient 2445 showed none of
the alterations (Fig. 2). In family 2, a male patient (2496) carried a homozygous
missense mutation (c. 1565G→A), leading to a p.Cys522Tyr change in exon 8 of
GRM6. The mother and the unaffected brother were heterozygous for this
mutation, whereas the unaffected sister was homozygous wild type. The father was
not available for testing (Fig. 2). In family 3, the three affected sisters (26162,
21973, and 21974) carried a heterozygous duplication of 19 nucleotides
(c.57_75dupl19) in exon 1, which denotes a frame-shifting exchange of Leucine
(Leu) at position 26, as the first affected amino acid, with valine (Val), creating a
new ORF ending in a stop at position 168. A second mutation (c.172G→C) was
identified in the same exon and leads to a p.Gly58Arg substitution. The mother
was heterozygous for the duplication, whereas the father carried the p.Gly58Arg
exchange (Fig. 2). None of the mutations was detected in more than 100 healthy
control chromosomes of European descent. Two of the seven analyzed patients
(26111, 26151) did not show a mutation in the complete ORF of GRM6. Patient
26111 had one unaffected sister and one unaffected brother. Patient 26151 had
one unaffected sister. The parents of both patients, as well as their siblings were
unaffected, as were the grandparents of patient 26151 (data not shown). 

Protein Analysis 

mGluR6 is a metabotropic glutamate receptor that belongs to a G-protein-
coupled receptor family that has been divided into three groups based on their
homology, putative signal transduction mechanisms, and pharmacologic
properties.22 mGluR1 and mGluR5 belong to group I and activate phospholipase
C. mGluR2 and mGluR3 belong to group II, and group III includes mGluR4,
mGluR6, mGluR7, and mGluR8. Group II and III receptors are involved in the
inhibition of the cyclic AMP cascade, but differ in their agonist. A multiple
sequence alignment of all metabotropic glutamate receptors of group III revealed
that all missense mutations (p.Pro46Leu, p.Gly58Arg, and p.Cys522Tyr) are
located in residues that are conserved among the other glutamate receptors of this
group. In addition, the positions of the p.Gly58Arg and the p.Cys522Tyr
exchanges are shared by all eight metabotropic glutamate receptors (data not
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shown). Comparative sequence analysis of mGluR6 and the crystallized rat
mGluR1 revealed that the p.Pro46Leu and the p.Gly58Arg exchanges are located
in the first ligand binding domain, whereas the p.Cys522Tyr exchange is predicted
to be in a highly conserved cysteine-rich region. The two mutations leading to
frame shifts (p.Leu26fs and p.Val243) occur shortly before the first and within the
second ligandbinding domain, respectively (Figs. 3A, 3B). 

Slow and Fast Rod ERG Signals 

Patients in whom CSNB was diagnosed by means of standard ERG measurements
(see the Methods section) were further analyzed with a 15-Hz scotopic ERG to
test for a clinical correlation with the identified mutations in GRM6. This method
was used because it allows discrimination between the two rod pathways: the rod
ON bipolar-amacrine II cell pathway (slow) and the rod-cone gap junction-cone
ON bipolar pathway (fast), and both use mGluR6 to signal. 

The ERG responses to 15-Hz flashes at scotopic conditions in a normal subject, a
patient with clinically diagnosed CSNB1, and two with arCSNB, without and with
the GRM6 mutation, are shown in Figure 4. In the normal subject, the amplitude
of the ERG signal increased slightly with increasing flicker intensity from 1.56 to
1.26 log scot-td/s and decreased thereafter. There was a minimum ERG response
at flicker intensities between 0.72 and 0.42 log scot-td/s. The phase of the ERG
responses abruptly increased by approximately 180° (corresponding to a half-
cycle) as the amplitude minimum was crossed, consistent with destructive inter-
ference between the slow and fast rod ERG signals being the cause of the
amplitude minimum. The ERG signals rapidly increased in amplitude at higher
flicker intensities (from 0.42 log scot-td/s onward). In the patient with CSNB1,
the ERG signals of the slow rod pathway at flicker intensity between 1.56 and 0.56
log scot-td/s were indistinguishable from noise. An ERG signal became apparent
at the higher flicker intensities. However, this signal was reduced in amplitude.
The 15-Hz scotopic responses were similar in all six tested patients with CSNB1. 

In patient 21974 of family 3, the amplitude of the ERG response showed a
complicated profile: a large response at the lowest intensity and a minimal respon-
se at four intensities (1.42, 0.72, 0.26, and 0.44 log scot-td/s). The respective
responses of all our examined patients with GRM6 mutations (2445, 2496, and
26162) had similar characteristics. This behavior of the slow rod pathway signals
could not be demonstrated in the two other patients presumed to have arCSNB
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Figure 3. GRM6 mutations in the different regions of the glutamate receptor. The relative positions of the
domains were predicted among the crystal structure of the rat Grm1. (A) The ligand-binding domains 1 (LB1; fil-
led boxes) and 2 (LB2; dotted boxes) are shown. Unfilled boxes: protein regions not determined by crystallization;
unfilled arrows: missense mutations; black arrows: frameshift mutations. The p.Pro46Leu and the p.Gly58Arg
exchanges are located in the first ligand-binding domain, whereas the p.Cys522Tyr exchange is predicted to be in
a highly conserved cysteine rich region. One frame shift identified in this study starts shortly before LB1
(Leu26fs), whereas the other is located in LB2 (Valfs243). (B) Schematic representation of the mGluR6 protein
illustrating the extracellular bilobed glutamate-binding domains (LB1 and LB2) connected by a cysteine-rich
region to the transmembrane domain with an intracellular C terminus. The circular object represents the ligand
glutamate. 



(26111 and 26151) without GRM6 mutation nor in the patients with CSNB1
analyzed. 20 For the arCSNB patients with GRM6 mutations consistent responses
were found for most of the stimuli in the lower range, although some amplitudes
were below the normal mean (Fig. 5A). For these patients the corresponding phase
plot is given in Figure 5B. The patients showed a much more rapid phase decrease
at the lower intensity range than in unaffected subjects. Finally, in one of the
arCSNB subjects an extra phase shift occurred around 0 log scot-td/s. In the
CSNB1 group the responses at stimulus intensities below 1.0 log scot-td/s were
not significant. From 0.72 to 0.26 log scot-td/s some subjects showed significant
responses at some intensities; however, with larger interindividual variability. Only
at intensities of 0.28 log scot-td/s and higher, response amplitudes were syste-
matically growing. We did not make a phase plot for the patients with CSNB1,
because they had so few significant signals at the lower intensities that phases
could easily vary 360°. 
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Figure 4. Rod ERG responses to 15-Hz flicker stimulation obtained from a normal subject, a patient with
CSNB1 and two with arCSNB (patient 26151 without and patient 21974 with a GRM6 mutation). Stimulus inten-
sity was 1.56 log scot-td/s at maximum attenuation, reaching 0.44 log scot-td/s in nine steps. ERG signals to flic-
ker intensities between 1.56 and 0.72 log scot-td/s were considered to represent primarily the slow rod pathway.
In the patients with arCSNB without mutations in GRM6, the slow rod pathway signals could not be distinguis-
hed from noise, whereas in patients with GRM6 mutations the signals had large amplitudes and several reversing
minima. In patient 21974, the responses of the right eye are plotted in gray, and those of the left eye in black. 
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Figure 5. (A) Amplitudes of the 15-Hz component for the unaffected subjects (n  10; filled symbols; bars SD,
interindividual). Shaded symbols: amplitudes in the four patients with arCSNB with GRM6 mutations: 2496 S,
2445 R, 21974 E, and 2162 P. Only significant responses were plotted (S-N ratio 3, P<0.01). Below 0.42 log scot-
td/s most of the responses of the GRM6 subjects had an S-N ratio above 3. 
(B) Phases for the 15-Hz components in the unaffected subjects (filled symbols; bars SD, interindividual) and the
patients with arCSNB with GRM6 mutations (shaded symbols). At intensities below 1 log scot-td/s, all patients
showed an extra phase shift, apart from the phase shift at the intensity range at which unaffected subjects also
showed a shift. 



Discussion 

With a candidate gene approach, we identified, in three of five families with
diagnosed CSNB, mutations on both alleles of the GRM6 gene. This gene was an
attractive candidate because a mouse model lacking the metabotropic glutamate
receptor 6 (GRM6) showed a defect in the transmission of the light signal from the
photoreceptors to the ON-bipolar cells, similar as observed in patients with X-
linked or arCSNB. Sequence analysis verified our hypothesis. One patient showed
a homozygous missense mutation, whereas the others were compound
heterozygous. The latter carried different missense mutations on one allele and
insertions on the second. All missense mutations affected amino acid residues that
are conserved among the other glutamate receptors of group III. In addition, four
of the five different mutations occurred in the first part of the receptor, in exons 1
and 3. The third missense mutation affects one of several conserved cysteine
residues that are thought to form disulfide bridges outside the cell membrane. Our
findings are supported by a very recent report in which also missense mutations in
GRM6 were associated with arCSNB.15 The x-ray crystal structure of the rat
mGluR1 showed two conformations that undergo a dynamic change between the
open and the closed form. On agonist binding the closed conformation is
stabilized and thereby activates the receptor. Within the three-dimensional
structure of mGluR6, the position of the missense mutations identified in our
study is close to the binding region of glutamate (data not shown). Although the
direct binding pocket is not affected, our findings suggest that the mutated regions
have a role in recruitment or binding of glutamate. This notion is supported by
reports showing that amino acids from the upper lobe are predominantly involved
in anchoring the ligand and that polarity of these residues is conserved among the
different metabotropic glutamate receptor subtypes 23 Furthermore, site-directed
mutation analyses have shown that in vitro polar or charged amino acids from the
upper lobe cleft region of the molecule are key determinants of agonist affinity.24,

25 One of the missense mutations reported by Dryja et al15 was also identified in the
ligand-binding domain, whereas another one is located in the intracellular loop
between two transmembrane domains. Two other mutations, found in exon 8, lead
to protein truncation. Together, these findings suggest that the identified
mutations lead to the loss of function of the glutamate receptor. Future studies will
show how these mutations exactly modulate the functional properties of the
receptor. 
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With ophthalmic examinations, including standard ERGs, one cannot distinguish
arCSNB from CSNB1 in patients. However, rod pathway responses to 15-Hz
flashes showed a distinctive profile in patients with mutations in GRM6, different
from those of patients without GRM6 mutations and also different from patients
with CSNB1. Scholl et al 20 demonstrated minimal slow rod pathway signals in
patients with CSNB1 and reduced fast rod signals with increased phases, by using
15-Hz scotopic ERG measurements. They suggested that defective nyctalopin in
patients with CSNB1 leads to a complete blockage of signal transmission within
the ON pathway. This hypothesis was recently further supported by investigations
in primates.9 In accordance with Scholl’s research, our study has also demonstrated
minimal slow rod pathway signals in patients with CSNB1 and reduced fast rod
signals with increased phases (Fig. 4). 

In contrast, the 15-Hz scotopic signals in the patients with arCSNB with GRM6
mutations had remarkable abnormal phase behavior, with several minimum
responses. In Scholl’s study of patients with CSNB1, abnormal phase behavior was
taken as proof of absence of responses at the lower flicker intensities, 
because in nonaffected persons, there is a proper alignment of the phases between
adjacent ERG responses. In CSNB1, the slow rod pathway signals are very small,
and therefore their phases may indeed be substantially influenced by noise.
However, in the patients with arCSNB carrying GRM6 mutations the amplitudes
of the responses were significantly above the noise level, and the phases were
consistent between both eyes of the same patient. Because similar phase shifts
occurred in all patients with GRM6 mutations, this abnormal phase behavior may
be a characteristic feature of this retinal disorder. 

Large phase shifts between adjacent ERG responses may be caused by abnormal
modes of transmission within the rod ON bipolar pathway, but several minima in
the amplitude versus intensity plot can only be explained by interference between
at least two signals. The first minimum response is apparent at -1.42 log scot-td/s.
At this intensity, the largest signals in nonaffected persons are those of the slow rod
pathway. To destructively interfere with the slow pathway, fast rod pathway signals
should have approximately similar amplitudes. However, at this very low intensity,
the fast signals have been shown to be much smaller than the slow rod pathway
signals.26 Previous studies showed that significant interference of slow rod pathway
signals with cone signals is also unlikely. 7, 27
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The interference pattern in the patients with arCSNB therefore raises the
question of the existence of more than two rod pathways, an assumption that was
also previously suggested.28, 29 The slow rod signal may consist of more than one
mode of transmission near absolute threshold, as has been demonstrated in cats.28,30

Apart from mGluR6, ON bipolar dendrites also bear ionotropic glutamate
receptor subunits 31 A second slow rod pathway may consist of signals traveling via
these receptors. In normal subjects, the interference pattern of two slow rod
transmission modes could result in the normal overall slow pathway signal. If a
GRM6 mutation leads to abnormal functioning of one of those routes, an
interference pattern, as found in our patients, may be conceivable. 

Alternatively, rod signals may be transmitted via a direct rod to OFF cone bipolar
pathway. This pathway exists in rodents and cats and may be a common feature of
mammalian retinas.31–34 In a mouse retina genetically modified to be coneless
(mimicking human achromatopsia), direct signals via rods to OFF cone bipolar
cells have been demonstrated.32 The residual fast rod signal in CSNB1 could be the
result of rod signal transmission through rod–cone gap junctions to OFF cone
bipolar cells.9 This third pathway uses the glutamate receptor iGlur2 instead of the
mGlur6 transmission of the ON pathways.34 It is supposed to be less sensitive than
the slow rod pathway. 28, 32 Consequently, signals of this pathway at -1.42 log scot-
td/s may be very small, as for the fast rod pathway signals. However, with phase
shifts of either the fast rod pathway signals or the third rod pathway signals, or
both, interaction could result in a larger combined signal. This could, in turn,
destructively interfere with the slow pathway signals. 

In patients with CSNB1, absence or near absence of slow rod pathway responses
results in an undetectable rod mediated response in the standard ERG and an
absent rod component in dark adaptation. The slow rod pathway responses in the
patients with arCSNB with GRM6 mutations seem to indicate that not only
amplitude, but also timing of the signals is essential in generating a standard ERG
rod response and perception of the stimulus. Proper alignment of consecutive
responses appears to be necessary to create an overall signal. 

In a recent study by Dryja et al,15 three patients carrying GRM6 mutations showed
markedly reduced ON responses but nearly normal OFF responses to a sawtooth
flickering light under photopic conditions. The authors suggest the possibility of
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alternative routes for rod signaling, because the visual functions of these patients
could not be fully explained by defective signaling in the ON bipolar pathway. The
rod pathway profile found in our study may be the first direct evidence of the
existence of such alternative pathways in humans. However, the number of
patients in our study was small, due to the rarity of arCSNB. Larger numbers of
patients with GRM6 mutations are needed to substantiate our results, and
additional experiments, for instance with different scotopic flicker frequencies, are
necessary to clarify further the abnormal phase behavior of the slow rod pathway
signals. It would also be interesting to see whether other not yet identified gene
defects will result in a similar phenotype. Further examinations are necessary to
clarify the abnormal phase behavior of the slow rod pathway signals. 

In summary, these studies show that mutations in GRM6 can lead to one form of
arCSNB in patients with characteristic 15-Hz flicker ERG responses. This finding
may imply the existence of more than the two reported rod pathways for signal
transduction from photoreceptors to second-order neurons in the mammalian
retina. Genes encoding other components involved in this pathway may provide
additional candidates for arCSNB. 
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Summary

Inherited retinal disorders and posterior visual pathway abnormalities are
important causes of visual impairment in children. Visual electrophysiology often
is indispensable in diagnosing these conditions.This thesis shows the wide range
of use of pediatric electrophysiology, and demonstrates its value in establishing
diagnoses, explaining pathophysiological mechanisms, predicting the course of a
disease, and supporting new hypotheses. 

Chapter 2 describes the results of a retrospective study of 340 electrophysiological
investigations in children, performed over a period of three years. Examinations
were performed without sedation or aneasthesia. Several measures were taken to
optimize compliance and to increase the chance of a successful outcome. In ERGs,
these measures consisted of the use of DTL-electrodes, on-line selection of
responses, and measuring an extended ISCEV protocol. The children had a mean
age of 7 ± 5 years; only 4% of the examinations failed because of lack of com-
pliance. The most frequently established retinal disorders were progressive
tapetoretinal dystrophies, congenital stationary night blindness, and cone
dystrophy. In VEP testing, misrouting was routinely established in every patient,
which resulted in finding unsuspected misrouting in six children. In 26 children
(9%) a previously established diagnosis was changed; in 20 of them leading to a
change of prognosis. These diagnostic changes profoundly influenced the
rehabilitation process. 

Chapter 3 reports on the ophthalmological and electrophysiological findings in a
15-year-old girl with a multi-system disorder. She was deaf, suffered from diabetes
mellitus, and had severe anemia requiring blood transfusions every two months.
An ERG was performed because of retinal abnormalities. Rod responses were
greatly reduced and cone responses were nearly absent,  proving cone-rod dystro-
phy. The ocular findings combined with the systemic features led to the diagnosis
of thiamine responsive megaloblastic anemia syndrome (TRMA). Patients with
TRMA have a defect in active thiamine uptake, leading to damage of various
tissues, including the auditory pathways, the pancreas, and the hematopoietic
system. Retinal dystrophy was reported in a small number of cases. TRMA
patients can be treated with pharmacological concentrations of thiamine, because
the passive uptake of thiamine is not impaired. Treatment of the girl resulted in
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normalization of her blood cell count and hemoglobin concentration without
further need for blood transfusions. 

Chapter 4 describes the ophthalmological and electrophysiological findings in 24
patients with Rubinstein-Taybi syndrome, a mental retardation-multiple
congenital anomalies syndrome. Review of  the literature showed a wide range of
reported eye abnormalities, predominantly of the external eye, anterior segment,
and lens. In contrast, 78% of the 24 investigated patients proved to have a retinal
dysfunction; this high frequency had not been described before. Abnormal ERGs
showed a decreased cone response; abnormal pattern onset VEPs lacked a striate
component, indicative of macular dysfunction. Four patients had normal ERGs
and VEPs, indicating phenotypic, and possibly also genetic, heterogeneity. 
The retinal and electrophysiological abnormalities occurred more frequently with
age, suggesting a progressive retinal dystrophy. 

In Chapter 5 the clinical and ophthalmological characteristics of a girl and her
younger brother with ectrodactyly, ectodermal dysplasia, and macular dystrophy
(EEM syndrome) are presented. The siblings were the thirteenth and fourteenth
patient with EEM to be described in 49 years, and the first ones in which the
diagnosis was established in infancy. When we saw them for the first time, at age
one and seven months, respectively, they already  had extensive retinal
abnormalities indicative of  a congenital retinal dysplasia. Funduscopic appearance
hardly changed over a period of ten years, and ERGs remained normal, indicating
a stationary condition rather than a macular dystrophy. The fundus abnormalities
showed similarities with the fundus appearance found in severe pseudoxanthoma
elasticum, and may therefore be associated with Bruch’s membrane pathology.
EEM is caused by mutations in CDH3, encoding P-cadherin; mutations in this
gene are also responsible for hypotrichosis with juvenile macular dystrophy
(HJMD).The ocular characteristics of most EEM patients, including ours, seem
different from those described in HJMD, but because some patients with HJMD-
like macular dystrophy had minimal hand and teeth abnormalities, EEM and
HJMD may represent phenotypic heterogeneity of the same syndrome. 

In Chapter 6, three female patients are described with misrouting and foveal
hypoplasia. One of the patients had Kartagener syndrome, in which the positio-
ning of internal organs is inverted (situs inversus). Misrouting is considered to be
the hallmark of albinism, and foveal hypoplasia an important ocular feature of the
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condition. However, pigmentation and retinal vessel patterns of the patients
disproved albinism. The findings indicated that pigmentation is not the only
decisive factor in determining misrouting and foveal hypoplasia. Misrouting in
these patients may have been caused by defective genes involved in chiasm
development. Furthermore, we proposed the hypothesis of misrouting exerting a
retrograde influence on foveal development, because the study showed that
misrouting and foveal hypoplasia occur together in different syndromes. 

In Chapter 7, the psychophysical, electrophysiological, and genetic characteristics
of autosomal recessive congenital stationary night blindness (arCSNB) are
described. The clinical characteristics and the ISCEV standard ERGs of the
patients were indistinguishable from those found in X-linked CSNB1 ("complete"
CSNB). Mutation analysis in five of the seven patients showed mutations in
GRM6. GRM6 encodes the metabotropic glutamate receptor mGlur6, which is the
main receptor of ON bipolar dendrites. Rod signals in humans use two different
rod pathways: the slow rod pathway, from rods to rod ON bipolars, and the fast
rod pathway, from rods to cone ON bipolars by way of rod-cone gap junctions.
These two pathways can be demonstrated by ERG measurements using 15 Hz
flicker at scotopic intensities. With absent  mGlur6 we would expect the signals of
both ON pathways to be absent or nearly absent. However, slow rod pathway
signals in the patients were clearly recordable, but with an unusual phase
behaviour with several reversal minima. The results indicated the existence of
alternative pathways for rod signalling under scotopic conditions. The unusual 15
Hz scotopic measurements were only found in arCSNB patients with GRM6
mutations; arCSNB patients without mutations and CSNB1 patients had non
recordable slow rod pathway signals. 15 Hz scotopic flicker measurements may
therefore be used to distinguish these conditions. 

Electrophysiology and rehabilitation; thoughts on future research

In 2001, the World Health Organization (WHO) drafted the International
Classification of Functioning, Disability and Health (ICF). This classification was
first created in 1980 and then called the International Classification of
Impairments, Disabilities, and Handicaps, or ICIDH. In contrast to ICIDH, the
language of ICF is neutral as to etiology, placing the emphasis on function rather
then condition or disease. The ICF is structured around the following broad
components: 
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- body functions and structure
- activities (related to tasks and actions by an individual) and participation

(involvement in a life situation)
- additional information on severity and environmental factors.

Because our electrophysiology department is part of a rehabilitation centre, it
should not only have a function in assessing "body functions and structure", but
also be influential on the other ICF domains: activities, participation, and
environment. Some examples have already been given in this thesis. In Chapter 2,
the consequences of knowing the prognosis of a disorder on education and choice
of career were discussed. Some of the Rubinstein-Taybi patients described in
Chapter 4 were shown to have a visual impairment with consequences for their
daily life.

However, during the investigations decribed in this thesis we encountered several
new questions that need to be elucidated in the future.  

1. In Chapter 7, we investigated patients with different forms of congenital
stationary night blindness (CSNB). We noticed that the relationship between
electrophysiological results, psychophysical examinations, and problems with
night vision in several types of CSNB and tapetoretinal dystrophies (TRD) is not
a simple one. Patients with "complete" CSNB (CSNB1) may experience hardly
any problems with night vision, despite a completely absent rod component in
their dark adaptation curve. Patients with "incomplete" CSNB (CSNB2) often
have more complaints related to cone function, like poor visual acuity and
photophobia, than to rod function (this makes the expression "incomplete" CSNB
an unfortunate one, because parents tend to think that "incomplete" is a less
serious condition than "complete"). However, in both diagnoses patients with
more severely elevated dark adapted thresholds may experience less problems in
the dark than patients with less abnormal thresholds. Patients with TRD often
have serious night vision problems already early in the course of the disease, but
this also tends to vary among different patients. Another interesting condition is a
rare form of recessive CSNB, with electrophysiologically absent rod (a nor b wave)
but completely normal cone function. We propose to investigate these patient
groups electrophysiologically and  psychophysically (visual fields and dark adapta-
tion), and subsequently observe them in a "light laboratory": a standardized
environment in which a wide range of light intensities can be applied. The
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ultimate goal is to improve on the advice we give these patients with regard to
several actvities, like driving, cycling in the dark, etc..

2. The most frequently established retinal disorder in our patients is TRD (see
Chapter 2). We usually advise TRD patients with very constricted visual fields
(less than 10º) not to cycle, and even use a white stick when walking. However,
visual fields are measured under mesopic conditions, and therefore will not be
representative of, for instance, a sunny day. To clarify this problem a Goldmann
perimeter should be modified, to allow us to vary stimulus and background
conditions from scotopic to photopic intensities. The results of such visual field
measurements with regard to daily activities will subsequently be evaluated. . 

3. As described in Chapter 2, the prognosis of a condition may play a decisive role
in education and career choice. We therefore often get questions about the
stability of a disorder. We have had several referrals of children with CSNB2, with
suspicion of deteriorating visual functions. To make certain the condition is as
stationary as the name implies, we propose to investigate a large group of CSNB2
patients that we have examined several years ago. We will compare their present
electrophysiological and psychophysical functions with those measured earlier.
A second problem is prescribing low vision aids in "stationary" conditions that
worsen, for instance early macular degeneration in achromatopsia and blue cone
monochromatism. Patients may have an aversion of bright light because of their
original condition, but need good illumination measures because of their
secondary one. These patient groups are small, and therefore we plan to collect
information from other rehabilitation centres to compare the results of different
ways of rehabilitation, resulting in a protocol for prescribing low vision aids in
these cases.

4. At Bartiméus, we have a relatively high number of children with albinism. In
Chapter 6, we describe misrouting without albinism; the reverse of course also
exists: albinism without misrouting. We plan to investigate this large patient group
with regard to the presence or absence of misrouting, related to mutation analysis,
foveal development and visual functions. We will also further investigate mis-
routing in rare syndromes like Kartagener syndrome, and the foveal development
in patients with achiasmia. 

5. Because we regularly examine children with rare disorders, we will continue
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working together with centres for molecular genetics and biological research
centres, which will hopefully result in discovering yet new genes and further
clarification of retinal and postretinal processes.   
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Samenvatting

Erfelijke netvliesaandoeningen en afwijkingen van de optische banen zijn
belangrijke oorzaken van slechtziendheid en blindheid bij kinderen. Elektrofysio-
logisch onderzoek is vaak noodzakelijk om deze aandoeningen te diagnosticeren.
Dit proefschrift laat het brede toepassingsgebied zien van kinder-electrofysiologie
en geeft voorbeelden van de waarde van elektrofysiologie in het vaststellen van
diagnoses, het verklaren van pathofysiologische mechanismen, het voorspellen van
het verloop van een aandoening en het onderbouwen van nieuwe hypothesen.

Hoofdstuk 2 beschrijft de resultaten van een retrospectieve studie van 340 elektro-
fysiologische onderzoeken bij kinderen, verricht in een periode van drie jaar.
Metingen werden gedaan zonder sedatie of anesthesie. Meerdere maatregelen
werden getroffen om de kans op een goed resultaat te vergroten. Bij ERG’s
bestonden deze maatregelen uit het gebruik van DTL-elektroden, on-line selectie
van responsies en het meten van een uitgebreid standaard ISCEV protocol. De
onderzochte kinderen hadden een gemiddelde leeftijd van 7 ± 5 jaar; slechts 4%
van de onderzoeken mislukte wegens gebrek aan coöperatie. De meest gediagnos-
ticeerde netvliesafwijkingen waren progressieve tapetoretinale dystrofieën,
congenitale stationaire nachtblindheid en kegeldystrofie. Bij VEP metingen werd
routinematig misrouting bepaald, wat resulteerde in het ontdekken van
onverwachte misrouting bij zes kinderen. Bij 26 van de kinderen werd een eerder
vastgestelde diagnose veranderd, waardoor bij 20 ook de prognose werd veran-
derd. Deze veranderingen van diagnose hadden grote invloed op de revalidatie.

In hoofdstuk 3 wordt verslag gedaan van de oogheelkundige en elektrofysiologische
bevindingen bij een 15-jarig meisje met een multi-systeem aandoening. Ze was
doof, had suikerziekte en leed aan ernstige bloedarmoede waarvoor ze iedere twee
maanden een bloedtransfusie nodig had. Vanwege netvliesafwijkingen werd een
ERG bepaald. Staafresponsies waren ernstig verlaagd, de kegelresponsies
praktisch afwezig, bewijzend voor kegel-staafdystrofie. De oogheelkundige
bevindingen gecombineerd met de algemene afwijkingen leidden tot de diagnose
"thiamine responsive megaloblastic anemia syndrome (TRMA: thiamine-
afhankelijk megaloblastair anemie syndroom). Patiënten met TRMA hebben een
stoornis in het actieve thiamine transport, waardoor schade ontstaat aan meerdere
organen, waaronder de gehoorsbanen, de pancreas en het bloedvormend systeem.
Retinale dystrofie was in een klein aantal gevallen beschreven. TRMA patiënten
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kunnen worden behandeld met farmacologische concentraties thiamine, omdat
het passief opnemen van thiamine niet gestoord is. Behandeling van het meisje had
normalisatie van de bloedcelwaarden en het hemoglobinegehalte tot gevolg,
waardoor ze geen bloedtransfusies meer nodig had. 

Hoofdstuk 4 beschrijft de oogheelkundige en elektrofysiologische bevindingen van
24 patiënten met het Rubinstein-Taybi syndroom, een syndroom met meerdere
congenitale afwijkingen en mentale retardatie. Onderzoek van de literatuur liet
een breed scala aan oogheelkundige afwijkingen zien, maar vooral van het
uitwendige oog, het voorsegment en de lens. Daarentegen had 78% van de 24 in
deze studie onderzochte patiënten een niet goed functionerend netvlies; zo’n hoge
frequentie was niet eerder beschreven. De afwijkende ERG’s vertoonden een
verminderde kegelrespons; de afwijkende VEP’s misten een striate component,
wat wijst op een maculaire dysfunctie. Vier patiënten hadden normale ERG’s en
VEP’s, wat duidt op fenotypische en mogelijk ook genotypische heterogeniteit.
De retinale en elektrofysiologische afwijkingen kwamen met het stijgen van de
leeftijd meer voor, wat een aanwijzing leek te zijn voor een progressieve retinale
dystrofie. 

In hoofdstuk 5 worden de klinische en oogheelkundige kenmerken beschreven van
een meisje en haar jongere broertje met ectrodactylie, ectodermale dysplasie en
maculadystrofie (EEM syndroom). De kinderen waren de dertiende en veertiende
patiënt met EEM beschreven in 49 jaar, en de eersten bij wie de diagnose al werd
vastgesteld op de zuigelingenleeftijd. Toen wij hen voor het eerst zagen, op de
leeftijd van respectievelijk één jaar en van zeven maanden, hadden ze al uitgebreide
netvliesafwijkingen, een teken van een aangeboren netvliesdysplasie. Het uiterlijk
van het netvlies veranderde in tien jaar tijd nauwelijks en de ERG’s bleven
normaal, wat past bij een stationaire aandoening en niet zozeer bij een maculaire
dystrofie. Het fundusbeeld vertoonde overeenkomsten met de netvliesafwijkingen
die gezien worden bij ernstige pseudoxanthoma elasticum en zou daarom verband
kunnen houden met pathologie van de membraan van Bruch. 
EEM wordt veroorzaakt door mutaties in CDH3, wat codeert voor P-cadherine;
mutaties in dit gen zijn ook verantwoordelijk voor hypotrichosis met juveniele
maculaire dystrofie (HJMD). De oogheelkundige kenmerken van de meeste EEM
patiënten, inclusief de onze, lijken verschillend van de afwijkingen welke in HJMD
zijn beschreven, maar omdat sommige patiënten met een HJMD-achtige
maculadystrofie minimale hand- en tandafwijkingen hadden, zou het kunnen zijn
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dat EEM en HJMD fenotypische heterogeniteit van hetzelfde syndroom
vertegenwoordigen. 

In hoofdstuk 6 worden drie meisjes beschreven met misrouting en foveahypoplasie.
Misrouting wordt beschouwd als hèt bewijs van albinisme en foveahypoplasie als
een belangrijk oogheelkundig kenmerk van deze aandoening. Echter, zowel de
pigmentatie als het retinale vaatpatroon van deze patiëntes pasten niet bij
albinisme. Eén van de meisjes had het Kartagenersyndroom, waarbij de locatie van
de inwendige organen gespiegeld is (situs inversus). De resultaten duidden erop
dat pigmentatie niet de enige bepalende factor is die misrouting en foveahypo-
plasie tot gevolg heeft. De misrouting van deze patiëntes zou veroorzaakt kunnen
zijn door afwijkingen in genen welke betrokken zijn bij de ontwikkeling van het
chiasma opticum. De relatie van misrouting met foveahypoplasie in verschillende
aandoeningen wijst op een retrograde beïnvloeding van de abnormale decussatie
op de foveale ontwikkeling. 

In hoofdstuk 7 worden de psychofysische, elektrofysiologische en genetische
kenmerken beschreven van autosomaal recessief overervende congenitale
stationaire nachtblindheid (arCSNB). De klinische kenmerken en de ISCEV
standaard ERG’s waren niet te onderscheiden van die van X-linked CSNB1
("complete" CSNB). DNA analyse toonde in vijf van de zeven patiënten mutaties
aan in GRM6. GRM6 codeert de metabotrope glutamaatreceptor mGlur6, wat de
belangrijkste receptor is van de ON bipolaire dendrieten. Menselijke staafsignalen
maken gebruik van twee wegen: de langzame "rod pathway", van staven naar staaf
–ON-bipolaire cellen, en de snelle rod pathway, van de staven naar kegel-ON-
bipolaire cellen, via staaf-kegel gap junctions. Deze twee rod pathways kunnen
worden aangetoond door ERG metingen te doen met 15 Hz flikker stimulatie van
lage (scotopische) intensiteit. Bij afwezigheid van mGlur6 zouden we verwachten
dat er geen signalen van beide ON pathways gemeten kunnen worden. Echter
langzame rod pathwaysignalen van de patiënten waren duidelijk meetbaar, maar
met een ongewoon fasegedrag met meerdere minima en faseomkeringen. De
resultaten wezen op het bestaan van alternatieve routes voor staafsignalen onder
scotopische omstandigheden. De ongewone 15 Hz scotopische metingen werden
alleen gevonden in arCSNB patiënten met GRM6 mutaties; arCSNB patiënten
zonder mutaties en CSNB1 patiënten hadden geen meetbare langzame rod
pathway signalen. 15 Hz scotopische flikker metingen zouden daarom gebruikt
kunnen worden om deze aandoeningen van elkaar te onderscheiden.
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Elektrofysiologie en revalidatie; voorstellen voor verder onderzoek

In 2001 stelde de Wereld Gezondheidsorganisatie (WHO) de Internationale
Classificatie op van "Functioning, Disability and Health" (functioneren,
beperking en gezondheid), afgekort  ICF. Deze classificatie werd voor het eerst
gemaakt in 1980 en toen de "International Classification of Impairments,
Disabilities, and Handicaps" (ICIDH) genoemd.  In tegenstelling tot ICIDH is
het taalgebruik van ICF neutraal ten opzichte van etiologie en legt meer de nadruk
op functies dan op beperkingen of aandoeningen. ICF beschrijft het menselijk
functioneren vanuit drie perspectieven:
- functies en anatomische eigenschappen
- activiteiten (het menselijk handelen) en participatie (deelname aan de

samenleving)
- aanvullende informatie over ernst en omgevingsfactoren

Omdat onze elektrofysiologie-afdeling onderdeel is van een revalidatiecentrum,
moet de afdeling niet alleen "functies en anatomische eigenschappen" vaststellen,
maar belangrijk zijn voor de andere ICF gebieden: activiteiten, participatie en
omgeving. In dit proefschrift zijn al enkele voorbeelden gegeven. In hoofdstuk 2
worden de gevolgen van het bekend zijn van de prognose van een aandoening
besproken, met betrekking tot scholing en beroepskeuze. Bij sommige Rubinstein-
Taybi patiënten uit hoofdstuk 4 werd een visuele beperking vastgesteld welke hun
dagelijks leven zal beïnvloeden.

Gedurende de onderzoeken die in dit proefschrift beschreven staan stuitten we
echter op meerdere nieuwe vragen die in de toekomst beantwoord moeten
worden.

1. In hoofdstuk 7 onderzochten we patiënten met verschillende vormen van
congenitale stationaire nachtblindheid (CSNB). Het viel ons op dat het verband
tussen elektrofysiologische resultaten, onderzoek van visuele functies en
problemen met het zien in het donker bij meerdere soorten CSNB en tapetore-
tinale dystrofie (TRD) niet eenduidig is. Patiënten met "complete " CSNB
(CSNB1) hebben soms nauwelijks problemen met het zien in het donker, ondanks
een volledig afwezige staaf-adaptatie in hun donkeradaptatiecurve. Patiënten met
"incomplete"CSNB (CSNB2) hebben vaak meer problemen samenhangend met
een afwijkende kegelfunctie, zoals lichtschuwheid en gestoord kleurenzien, dan
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met afwijkende staaffunctie (reden waarom de term "incomplete" CSNB een
ongelukkige is, omdat ouders de neiging hebben te denken dat incompleet minder
erg is dan compleet). Echter bij beide aandoeningen kan het voorkomen dat
patiënten met een ernstig gestoorde donkeradaptatie minder problemen
ondervinden dan patiënten met een betere donkeradaptatie. Bij TRD hebben
patiënten vaak al vroeg in het verloop van de aandoening ernstige nachtblindheid,
maar ook dit is wisselend. Een derde interessante aandoening in dit verband is een
vorm van recessief overervende CSNB met elektrofysiologisch afwezige (zowel a
als b golf) staaffunctie maar volkomen normale kegelfunctie.
We stellen voor deze patiëntengroepen elektrofysiologisch en psychofysisch te
onderzoeken (gezichtsveldonderzoek en donkeradaptatie), en ze vervolgens te
observeren in een "lichtlab": een gestandaardiseerde omgeving waar een grote
variatie in lichtintensiteit kan worden gemaakt. Het uiteindelijke doel is de
revalidatieadviezen te verbeteren die we nu aan deze patiënten geven, bijvoorbeeld
met betrekking tot autorijden en fietsen in het donker.

2. De meest voorkomende erfelijke netvliesafwijking in onze populatie is TRD (zie
hoofdstuk 2). In het algemeen adviseren we TRD patiënten met ernstig beperkte
gezichtsvelden (minder dan 10º) niet te fietsen en zelfs een blindenstok te
gebruiken bij het lopen. Gezichtsvelden worden echter gemeten onder
mesopische omstandigheden, welke niet goed te vergelijken zijn met de omstan-
digheden van bijvoorbeeld een zonnige dag. Wij stellen daarom voor een
Goldmann perimeter zodanig aan te passen, dat de lichtintensiteit van stimulus en
achtergrondverlichting over een groot bereik gevarieerd kunnen worden.
Vervolgens kunnen we dan de relatie bestuderen tussen de resultaten van deze
gezichtsveldbepalingen en de dagelijkse activiteiten.

3. Zoals we in hoofdstuk 2 hebben beschreven, heeft de prognose van een
aandoening vaak een beslissende invloed op scholing en beroepskeuze. We krijgen
daarom regelmatig vragen over de stabiliteit van een aandoening. Er zijn meerdere
kinderen met CSNB2 naar ons verwezen vanwege de verdenking op achteruitgang
van hun visuele functies. Om er zeker van te zijn dat de aandoening zo stationair
is als de naam aangeeft, stellen we voor een aanzienlijke groep CSNB2 patiënten
te onderzoeken die we een aantal jaren geleden ook hebben onderzocht. We zullen
hun huidige elektrofysiologische en psychofysische functies met de vroegere
vergelijken. 
Een tweede probleem is het voorschrijven van hulpmiddelen aan patiënten met
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verslechterende "stationaire" aandoeningen, bijvoorbeeld vroegtijdige maculade-
generatie bij patiënten met achromatopsie of blauwe kegel monochromasie.
Vanwege hun oorspronkelijke aandoening verdragen deze patiënten slecht licht,
maar vanwege hun latere aandoening hebben ze juist veel licht nodig. Omdat het
om kleine patiëntengroepen gaat willen we inventariseren wat er op dit gebied
gebeurt, ook bij andere revalidatie-instellingen, om zo te komen tot een protocol
voor het voorschrijven van hulpmiddelen aan deze speciale patiëntengroepen.

4. We hebben een relatief grote populatie van kinderen met albinisme bij
Bartiméus. In hoofdstuk 6 beschrijven we het voorkomen van misrouting zonder
albinisme; het omgekeerde komt uiteraard ook voor: albinisme zonder misrouting.
We zijn van plan deze relatief grote patiëntengroep te onderzoeken met
betrekking tot de aan- of afwezigheid van misrouting, gerelateerd aan DNA
analyse, foveaontwikkeling en visuele functies. We gaan ook door met het
onderzoeken van misrouting bij zeldzame syndromen zoals het Kartagener
syndroom, en de foveaontwikkeling van achiasmie patiënten. 

5. Omdat we regelmatig kinderen zien met zeldzame aandoeningen, blijven we
ook in de toekomst samenwerken met centra voor moleculaire genetica en
biologisch onderzoek, wat hopelijk leidt tot de ontdekking van meer nog
onbekende genen en verdere verheldering van retinale en postretinale
mechanismen.
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