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Abstract. Abnormal electroretinograms (decreased amplitude and prolonged implicit time > 2 
standard deviations) in several patients with optic nerve hypoplasia (ONH) and developmental 
brain anomalies led us to study the electroretinogram (ERG) in 34 consecutive cases of ONH 
presenting to our practice. Ages of the subjects were between 7 months and t3 years (mean, 4 
years). ERGs were recorded from each eye by means of a contact lens electrode and ganzfeld 
stimuli. Rod-dominated dark-adapted responses were recorded as well as cone-dominated 
light-adapted responses. When clinically indicated, brain imaging by either computed tomog- 
raphy (CT) or magnetic resonance imaging (MRI) was performed. The ERG was abnormal in 
12 (35%) of the children, including five (42%) with unilateral ONH. Imaging studies of the 
brain in 12 children with ONH and an abnormal ERG disclosed brain malformations in nine 
(75%) of them compared to five (23%) in the group with ONH and a normal ERG. An 
abnormal ERG associated with ONH and brain malformations may represent retinal or 
transsynaptic degeneration beyond the ganglion cell layer and implies a shared causative 
mechanism. 

Abbreviations: CNS - central nervous system; ONH - optic nerve hypoplasia 

Introduction 

In normal ocular embryogenesis, there is an overproduction of retinal 
ganglion cells and axons [1-4]. Seventy percent of these axons degenerate 
by 33 weeks of gestation [2], a normal process called apoptosis. Presumably 
apoptosis allows retinal neurons to connect with the proper cells in the 
lateral geniculate nucleus, which in turn join appropriate cells in the visual 
cortex by rejecting those axons not properly connected. Factors that 
interfere with this process lead to excessive regression of axons, resulting in 
optic nerve hypoplasia (ONH). Mechanical injuries speculated to cause 
ONH include anomalies of the third ventricle [2], midline tumors [5] or cysts 
that prevent axons from reaching their target [6]. Central nervous system 
(CNS) anomalies associated with ONH are porencephaly [7], colpocephaly 
[8], cerebral atrophy [9], anencephaly [10-12], supraseller tumors [2], 
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hydranencephaly [13], schizencephaly, cerebral infarcts and hydrocephalus 
[10, 14]: These insults may occur as late as the second trimester [1], up to 
the 22nd week [3]. 

DeMorsier syndrome is a sporadic, nonfamilial subset of bilateral ONH 
associated with absence of the septum pellucidum, partial or complete 
agenesis of the corpus callosum and dysplasia of the anterior third ventricle 
[10]. Endocrine disturbances are commonly associated with DeMorsier 
syndrome [15]. 

Hypoplasia of the optic nerve is characteristically associated with a normal 
electroretinogram (ERG),  according to most investigators [16-18]. For 
example, Harcourt [19] emphasized that the ERG is normal in both 
amplitude and wave form, which differentiates ONH from congenital 
amaurosis of Leber and achromatopsia. However, in 1976, Francois and 
DeRouck [20] found ERG abnormalities in eight (36%) of 22 cases of ONH 
(16 bilateral, six unilateral), citing a mild reduction in overall amplitude as 
the most common abnormality. 

We have found an abnormal ERG in some children with ONH. These 
children also had a higher incidence of brain malformations seen on imaging 
studies. To investigate the meaning of this finding and the incidence of an 
abnormal ERG associated with ONH, we studied a consecutive series of 34 
children with ONH. 

Subjects and methods 

The subjects were recruited from the Children's Mercy Hospital (Kansas 
City, MO, USA) Department of Ophthalmology and our private offices. 
Informed consent was obtained after approval of the study protocol by the 
internal review board. Subjects were 34 consecutive children between the 
ages of 7 months and 13 years (mean, 4 years) who were clinically 
determined to have bilateral or unilateral ONH. The determination of ONH 
was made in each case by an experienced pediatric ophthalmologist (GWC). 

The average normal disc diameter is 1.5 mm. Retinal vessel diameter at 
disc entry is 0.1 mm. Therefore, if the observer uses vessel diameter as a 
reference, 15 vessels should span the disc in a normal subject. A disc less 
than 0.8 mm is considered to be hypoplastic. Other signs of ONH are lack of 
nerve fiber layer reflex manifested as an excessive internal vitreoretinal 
reflex, broadened retinal vessel reflex and tortuous vessels. A double ring 
sign is also helpful (Fig. 1). 

Subjects were excluded from the study when the ocular examination 
revealed retinopathy of prematurity, microphthalmia, pigment retinopathy 
and other chorioretinal lesions known to be associated with an abnormal 
ERG.  The control groups consisted of age-matched subjects with no history 
or evidence of eye disease on examination. 

The pupils of the eyes tested were dilated with 1.0% tropicamide and 



13 

Fig. 1. Optic nerve hypoplasia. A double ring sign (arrows) is present. 

2.5% phenylephrine hydrochloride drops. The patients' eyes were dark 
adapted for 45 minutes. Children under the age of 3 years and uncoopera- 
tive patients were sedated with 50-75 mg/kg of oral chloral hydrate syrup 
after parental consent. The cornea was anesthetized with 0.5% proparacaine 
hydrochloride, and the contact lens electrode was inserted under dim 
long-wavelength illumination. The eyes were tested simultaneously. 

After dark adaptation, stimulus flashes of short wavelength (blue) 
(Wratten filters 47, 47A and 47B in combination, Eastman Kodak, Roches- 
ter, NY, USA), long wavelength (red) (Kodak Wratten 26) and white 
(xenon) were presented in a ganzfeld bowl (Nicolet, Madison WI, USA) 
under scotopic conditions. Flash luminance was attenuated by means of 
internal strobe settings and neutral-density filters (Wratten). In the photopic 
conditions, a rod-desensitizing background field of 10 foot lamberts was 
used to isolate the cone response. The stimulus flash was white (xenon). 
Flash and background luminances were calibrated with a photometer (model 
350, United Detector Technology, Hawthorne, CA USA). 

The ERGs were recorded with a monopolar 'jet' contact lens electrode 
(Universo, Lausanne, Switzerland), referenced to the patient's ipsilateral 
mastoid with a forehead ground. Recordings were performed with a signal- 
averaging system (CA-1000, Nicolet). The conventional ERGs were re- 
corded with a bandpass frequency setting of 1-1500 Hz ( -3  dB points). 
Oscillatory potentials were recorded with bandpass frequency settings of 
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30-1500 Hz ( -3  dB points). Responses were stored on floppy disks for later 
analysis. 

The ERGs were recorded to a series of stimuli, first to the dark-adapted 
eye at 15-second intervals. We used one blue flash (-1.00 log cd-sec/m2); 
one red flash (0.66 log cd-sec/m2); and two separate white flashes, the first 
being the conventional ERG (1.72 log cd-sec/m 2) and the second the 
oscillatory potential (1.72 log cd-sec/m2), recorded at the filter settings 
described earlier. The eyes were then light adapted to a rod-desensitizing 
background of 20 foot lamberts for 10 minutes. The light-adapted stimuli 
were presented with a 10-foot lambert background and consisted of one 
white flash (1.72 log cd-sec/m 2) followed by a 30-Hz flickering white light 
(0.79 log cd-sec/m2). 

Brain imaging was done whenever possible. In some cases it was not 
clinically indicated. Data were analyzed by means of a two-tailed t-test 

: 0 . 0 5 ) .  

Results 

Amplitude and implicit times of all ERG responses were compared to those 
of normal age-matched control groups. Those subjects whose ERG values 
were greater than 2 standard deviations from normal were labeled group 1 
(n = 12, 35%). The remaining subjects were labeled group 2 (n = 22, 65%). 
A two-tailed t-test comparing amplitude and implicit time values of group 2 
against the normal control groups revealed no statistically significant 
difference. A two-tailed t-test was then performed comparing the values of 
groups 1 and 2. This yielded significant differences between groups for both 
amplitude and implicit times for all test conditions (Figs. 2 and 3). While 
both amplitude and implicit times were affected, there seemed to be a 
greater effect on amplitude. In group 1 there was a 42% incidence of 
unilateral ONH compared to 18% in group 2 (Table 1). Surprisingly, the 
ERG was abnormal in both eyes in four of the five cases of unilateral ONH 
in group 2. 

Brain imaging was done in 83% of the subjects in group 1 compared to 
55% in group 2 (Table 2). Ten of the subjects in group 2 did not undergo 
imaging studies because of lack of parental consent or the absence of clinical 
evidence to warrant computed tomography or magnetic resonance imaging. 
Those subjects in group 1 had a higher incidence of neurologic findings 
(seizures, developmental delay), and only two subjects (17%) did not 
undergo imaging studies. Of the remaining subjects, nine (75%) had 
evidence of brain anomalies, while one subject (8%) had a normal imaging 
study. Brain anomalies were found in five (23%) of the subjects imaged in 
group 2, while seven (32%) were normal. The malformations detected in 
group 1 included one case of unilateral ONH with absence of the septum 
pellucidum and hypoplasia of the corpus callosum, another case of unilateral 
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Fig. 2. ERG amplitudes of group 1 (Gr 1) and group 2 (Gr 2). Both scotopic and photoplc 
values are represented. The error bars represent 95% confidence intervals. A two-tailed T-test 
between groups shows statistically significant differences for all values (a = 0.05). 
*scotopic testing conditions; 
?photopic testing conditions. 

ONH with an absent septum pellucidum and a porencephalic cyst, two 
bilateral ONH cases with ventriculomegaly and cerebellar hypoplasia, one 
bilateral case with a porencephalic cyst (Fig. 4), one bilateral case with 
cerebellar atrophy and cerebral dysgenesis and one bilateral case with 
leukomalacia, porencephaly, atrophy of the corpus callosum and cerebellar 
atrophy (Fig. 5). One bilateral case was true DeMorsier syndrome. One 
unilateral case with unilaterally abnormal ERG had a temporal lobe 
vascular malformation on the side of the ONH. Three subjects were 
microcephalic. The ERGs associated with the imaging shown in Figs. 4 and 
5 are compared with that of normal control in Fig. 6. Imaging studies in 
group 2 revealed three bilateral cases with DeMorsier syndrome, while the 
remaining two bilateral cases had hypoplasia of the corpus callosum 
associated with cerebellar and cortical hypoplasia. A summary of clinical 
and other findings in all subjects is presented in Table 3. 
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Table 1. The ERG in Optic Nerve Hypoplasia 

No. of patients 

Group ERG Unilateral ONH Bilateral ONH Total 

1 Abnormal 5 7 12 
2 Normal 4 18 22 
Total 9 24 34 

Table 2. Brain imaging in Optic Nerve Hypoplasia 

No. of patients 

Abnormal Normal 
Group ERG brain imaging brain imaging Not tested Total 

1 Abnormal 9 1 2 12 
2 Normal 5 7 10 22 
Total 14 8 12 34 
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Fig. 4. Grossly abnormal magnetic resonance image of the brain with multiple abnormalities, 
including ventriculomegaly with periventricular leukomalacia or porencephaly. There is atrophy 
of the corpus callosum and the optic chiasm. There is diffuse severe cerebral and cerebellar 
atrophy. The septum pellucidum appears to be present. 

D i s c u s s i o n  

Many hypotheses surround the mechanism of ONH. Scheie and Adler [21] 
suggested a primary lack of ganglion cell development, citing histo- 
pathologic reports that showed a lack of ganglion cell formation with 
normal outer retina. However, Mosier et al. [1] pointed out that third-order 
neurons arise from the same precursor cells as amacrine and horizontal cells, 
and it would be unlikely that injury to the stem cells could affect only one of 
the differentiated cell types. They espoused the hypothesis that CNS injuries 
lead to a secondary, transsynaptic [22, 23] degeneration of ganglion cells and 
nerve fibers. On the basis of clinical appearance and associated CNS 
abnormalities, Frisen and Holmegaard [24] concluded that ONH indicates 
irreversible axonal damage to the eye or visual pathway sometime before 
full development. Novakovic et al. [2] deduced that ONH occurs em- 
bryologically from damage to any site in the developing visual pathway from 
retina to occipital lobe. 

On the basis of their E R G  findings in ONH, Francois and DeRouck [20] 
theorized retinal degeneration 'outside the ganglion cell layer'. Our findings 
of an abnormal E R G  in both eyes in four of five cases of unilateral ONH 
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Fig. 5. Abnormal computed tomographic scan shows a large porencephalic cyst involving the 
right temporal region that communicates with the right lateral ventricle. Both lateral ventricles 
are enlarged. No septum pellucidum is identified. 

supports the theory of retinal dysgenesis as a cause. In these cases, retinal 
dysgenesis is the primary event,  severe enough in some eyes also to cause 
O N H  by lack of ganglion cell formation. 

While we found a higher incidence of nonmidline brain anomalies in 
subjects with O N H  with an abnormal ERG,  most patients with DeMorsier  
syndrome with midline defects had normal ERG.  This may represent 
primary failure of the ganglion cells to send out axons, as postulated by 
Scheie and Adler  [21], or retrograde degeneration that does not extend past 
the ganglion cells. The rostral part of the neural tube is the earliest definable 
developmental  field [25]. Teratogens or genetic aberrations acting at this 
early stage can influence both eye and brain development [26, 27]. We 
believe both developmental  and mechanical disruption of brain formation 
can contribute to O N H  associated with an abnormal ERG.  

An abnormal E R G  with O N H  may be a clue to nonmidline developmen- 
tal brain malformations. The association of developmental anomalies, such 
as hypoplasia of the corpus callosum, cerebellar hypoplasia and cerebral 
dysgenesis, with an abnormal E R G  leads us to theorize a shared defect in 
brain and retinal cell embryology such as cell migration or synapse 
formation,  a condition we call brain-retina neuroembryodysgenesis.  We 
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c o n c l u d e  tha t  an a b n o r m a l  E R G  assoc ia t ed  with O N H  and  b ra in  m a l f o r m a -  

t ions  m a y  r e p r e s e n t  r e t ina l  dysgenes i s  o r  t r anssynap t i c  d e g e n e r a t i o n  b e y o n d  

the  gang l ion  cell  l ayer ,  imply ing  a sha red  causa t ive  m e c h a n i s m  b e t w e e n  
r e t i n a  and  bra in .  T r a n s s y n a p t i c  d e g e n e r a t i o n  has b e e n  shown to be  age 
d e p e n d e n t  in m o n k e y  e x p e r i m e n t s  showing  m o r e  ex tens ive  d e g e n e r a t i o n  in 
y o u n g e r  an imals  [23]. This  ra ises  the  poss ib i l i ty  o f  a s imu l t aneous  in t e rp l ay  
o f  i n t r a u t e r i n e  b ra in  and  re t ina l  e m b r y o d y s g e n e s i s  with a n t e g r a d e  [24] and  
r e t r o g r a d e  t r ans synap t i c  d e g e n e r a t i o n .  C o r r e l a t e d  with  o t h e r  cl inical  find- 
ings,  the  E R G  m a y  be  he lp fu l  in es tab l i sh ing  the  p a t h o g e n i c  m e c h a n i s m  of  

O N H .  
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