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SUMMARY 

Ocular motor apraxia (OMA) is characterised by an 
intermittent inability to initiate voluntary sacca des, and 
a failure to produce optokinetic and vestibular quick 
phases. Some patients have no other abnormalities 
(idiopathic OMA), whereas in others it appears 
associated with a variety of neurological conditions 
which may affect the sensory visual pathway. Electro
retinograms (ERGs), flash and pattern visual evoked 
potentials (VEPs) and eye movements were assessed in 
53 children with OMA (age range 17 days to 14 years) 
to determine their efficacy in helping to distinguish 
between idiopathic and non-idiopathic cases. Seven 
patients (13.2%) had idiopathic OMA and the remain
ing 46 (86.8%) had other associated clinical conditions. 
All patients had episodes of absent quick phases ('lock 
up') during optokinetic nystagmus (OKN) and/or 
vestibular testing. Flash ERGs were abnormal in-only 
7 patients (13.2%); 6 had syndromes involving a 
pigmentary retinopathy (Joubert's, Bardet-Biedl, 
infantile Refsum's, Kearns-Sayre's), and the seventh 
had a cone dystrophy with vermis hypoplasia. VEPs 
were normal in all 7 patients with idiopathic OMA. 
Thirty-three (72%) patients with OMA in association 
with neurological conditions had abnormal VEPs and 
13 had normal VEPs (28%). There was a significant 
positive correlation between VEP abnormality and 
poor OKN gain. VEPIERG testing and eye movement 
studies are useful when OMA is suspected as they help 
in distinguishing isolated idiopathic cases from those 
with more widespread neurological abnormalities. 

Coganl in 1952, first used the term congenital ocular 
motor apraxia (OMA) to describe the clinical signs 
of 4 patients who had difficulties in generating 
horizontal saccades. Since then, there have been 
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several reports of OMA or saccade failure occurring 
congenitally, with no other clinical entity?-5 How
ever, it can also occur as part of a wider neurological 
disorder: for example with structural brain abnorm
alities, such as agenesis of the corpus callosum6 and 
vermis hypoplasia;7 with neurodegenerative condi
tions;8 and with acquired neurological disease such as 
posterior fossa tumours,9 ataxia telangiectasia,lO 
fronto-parietal lesions,l1.l2 occipital cortex lesions,13 
cerebellar and brains tern neoplasm14 and olivoponto
cerebellar degeneration. 15.16 The inability to gener
ate saccades often leads to the development of 
compensatory behaviour to shift direction of gaze; 
this includes headthrusting, blinking and tilted head 
posture, which enables the use of vertical eye 
movements that are usually unaffected. Hypometric 
saccades, poor optokinetic nystagmus (OKN) and 
contraversive deviation of the eyes on vestibular 
testing (due to the failure of OKN and vestibular 
quick phases) have also been described in 
OMA. 2,17 ,18 

Earlier electrophysiological studies in patients with 
congenital OMA reported normal flash and pattern 
visual evoked responses (VEPs) and electroretino
grams (ERGs).4,J3 However, a recent studiO found 2 
of 5 children diagnosed with 'Cogan's ocular motor 
apraxia' to have absent ERGs but normal flash 
VEPs. On the basis of these findings the authors 
suggest the existence of two variants of the condition, 
one with and the other without retinal dysfunction. 
This prompted us to re-examine data from 53 
children in whom saccade failure had been objec
tively identified and electrophysiological measure
ments had been made. Electro-oculography (EO G) 
and video monitoring was used to assess the eye 
movements. The extent of saccade failure was 
quantified and related to the YEP and ERG findings. 
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PATIENTS AND METHODS 

Subjects 
Over a period of 2 years, 53 patients referred to the 
ophthalmology department with OMA underwent 
both ERGNEP assessment and formal eye move
ment recording. Age at testing ranged from 17 days 
to 14 years, with a mean age of 3.5 years. There were 
25 males and 28 females. Forty-one patients (77.4%) 
were scanned (24 MRI, 17 CT). 

Patients were divided into groups on the basis of 
clinical history and signs, and diagnostic findings 
(neuro-imaging and biochemical studies). This 
categorisation was carried out independent of, and 
prior to, the VEP/ERG assessment. Seven children 
had no other clinical abnormalities apart from the 
OMA and were labelled as having 'idiopathic' OMA. 
Two children had normal MRI results with other 
symptoms: one had early onset vertical nystagmus 
and microphthalmos, and the other was markedly 
hypotonic, developmentally delayed with gastro
oesophageal reflux. There were 13 patients with 
non-progressive neurological deficits secondary to 
perinatal or postnatal problems (anoxia, ischaemia or 
meningitis). Thirteen children had progressive, 
neurodegenerative conditions (including Gaucher's 
disease, Krabbe's leucodystrophy, GM1 gangliosido
sis, infantile Refsum's disease, Pelizaeus Merzbacher 
disease, propionic acidaemia) and 18 patients had 
structural brain anomalies (including agenesis of the 
corpus callosum, vermis cyst, vermis hypoplasia in 
isolation, and in association with Joubert's syndrome, 
Dandy Walker malformation, hydrocephalus, hemi
megalencephaly, porencephalic cyst). 

Neuro-radiological examination revealed a wide 
range of abnormalities the most common of which 
were brainstem abnormalities, cerebellar abnormal
ities (particularly those involving the vermis), 
delayed or absent myelination, and agenesis of the 
corpus callosum. Patients with idiopathic OMA had 
normal scans. 

Eye Movements 

Horizontal eye movements were recorded using dc 
EOG. Silver/silver chloride electrodes were attached 
with tape at the outer canthi of either eye with a 
reference electrode at the mid-forehead. Older 
patients sat alone in a Barany chair; younger 
patients sat on a parent's lap. The head was 
restrained by a head rest, or was held by the 
parent. Video monitoring of the patient was carried 
out through the entire recording session. Infra-red 
monitoring was used when testing the vestibulo
ocular reflex (VOR) in absolute darkness. 

OKN was elicited by rotating a brightly coloured 
and patterned, full-field curtain around the patient. 
Leftward and rightward OKN at speeds of 25 and 50 
deg/s were recorded. Gain of OKN (slope of the slow 
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phase) was difficult to assess accurately because of 
difficulties in eliciting saccades for calibration. 
However, it was clearly evident that in certain cases 
OKN was of extremely low gain or absent when 
compared with control subjects recorded in our 
laboratory.19 Thus, OKN gain abnormalities were 
qualitatively ordinally scaled into 0 = normal, 1 = 

abnormal. An abnormal OKN score of 1 was given to 
those with conspicuously reduced gain at 25 deg/s 
stimulus speeds or when OKN was totally absent. 

VOR was tested by rotating the patient on the 
Barany chair while in complete darkness. The chair 
was accelerated at 18 deg/s2 to a speed of 80 degls 
and this speed was maintained for 40 seconds before 
decelerating at 18 deg/s2 to rest. After another 40 
seconds at rest, the chair was rotated in the opposite 
direction. Per- and post-rotatory vestibular nystag
mus were recorded in both directions. 

Electrophysiology 

VEPs were recorded using silver/silver chloride EEG 
electrodes placed in a line across the occipital scalp. 
A midline electrode was sited at Oz (10-20 system, 
approximately 3 cm above the inion) and lateral 
electrodes were placed midway between the Oz 
electrode and the ear. All occipital electrodes were 
referred to a common frontal electrode at Fz (10-20 
system). The electroretinogram (ERG) was recorded 
from a lower eyelid skin electrode also referred to Fz. 
Full-field pattern reversal VEPs were elicited using a 

checkerboard pattern presented on a large TV 
display (sub tending 28 degrees horizontal by 21 
degrees vertical). Stimulus check-sizes ranged from 
25 minutes to 7 degrees. A Grass PS22 photic 
stimulator, held 15 cm in front of the eye, was used 
to elicit flash VEPs and mixed cone/rod ERGs under 
fully darkened laboratory conditions. 

RESULTS 

Eye Movements 
Clinical examination identified head thrusting beha
viour in 30 of the patients (57%). The remaining 23 
(43 %) did not head thrust and OMA was identified 
during the formal eye movement recording. The 
majority of patients with idiopathic OMA (86%) 
showed head thrusting behaviour; in contrast, it was 
evident in only 10% of patients with associated 
neurodegenerative conditions. There was no obvious 
trend in children with structural malformations of the 
central nervous system (CNS), of whom 56% 
exhibited head thrusting, whereas fewer (30%) 
patients with peri- or postnatal problems showed 
this compensatory behaviour. 

Saccade failure during OKN and VOR testing was 
identified as episodes of absent quick phases (Fig. 1). 
When quick phases at the end of an OKN or 
vestibular nystagmus slow phase are absent the eyes 
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A. OKN to Leftward Curtain Rotation 

R 

L 

B. VOR to Rightward Chair Rotation 
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Fig. 1. EOG traces of optokinetic nystagmus (A) elicited by leftward curtain rotation 
at a speed of 25 degls, and vestibular nystagmus (B) elicited by chair rotation (open 
arrow) at 80 degls. Episodes of 'lock up' (filled arrows), where there is failure in 
generating quick phases, can be clearly discerned during both tests. 

remain in extreme lateral deviation in the direction 
of curtain rotation, or in the opposite direction to 
chair rotation. We call this phenomenon 'lock up', 
and this provides a measure of the severity of 
saccade failure. It is measured by the percentage of 
time the eyes remained in extreme lateral deviation 
during OKN testing at the two speeds (25 and 50 
deg/s) and during VOR testing. Measures of lock up 
are therefore relative and independent of calibration. 
Saccade failure was usually intermittent and normal 
quick phases were detected in the majority of 
patients. All patients who locked up during OKN 
testing, invariably locked up during VOR testing. 
There were no significant differences (ANOVA, 
p<0.5) in the extent of lock up between idiopathic 
OMA patients and patients with other associated 
neurological problems. 

OKN was also evaluated by assessing the gain of 
the slow phases at 25 deg/s stimulus speed. Eighty
one per cent of cases had marked OKN abnormali
ties. All patients with idiopathic 'congenital ocular 
motor apraxia' had normal OKN gain, but there was 
no statistical difference (Kruskal-Wallis, p<0.5) 
between those with idiopathic OMA and those with 
OMA in association with other conditions. 

Electrophysiology 

ERGs were not detectable or significantly attenuated 
in 7 patients. Six of these patients with markedly 
attenuated scotopic and photopic ERGs had a 
diagnosis in which there was a pigmentary retino
pathy: 3 with Joubert's, 1 with Bardet-Biedl, 1 with 

infantile Refsum's, and 1 with Kearns-Sayre's 
syndrome. The seventh patient had attenuated 
ERGs to bright white and red flash, but ERGs 
were preserved to dim blue flash, indicating retinal 
dysfunction primarily affecting the cones. 

Flash and pattern VEPs were compared with age
appropriate laboratory norms. Thirty-eight patients 
(72%) had abnormal VEPs (that is attenuated and/or 
delayed). In 8 patients latencies were significantly 
prolonged (>2.5 SD) and in the remainder VEPs 
were significantly attenuated «2.5 SD). The seven 
cases with idiopathic OMA had normal VEPs (mean 
for 50' checks = 16.7 fL V at 106 ms; mean for flash = 

24.1 fL V at 102 ms). 
Patients with neurological conditions could be 

divided into three main groups: (1) 13 patients had 
peri/postnatal problems, of whom 80% had abnormal 
VEPs; (2) 18 patients had CNS structural anomalies, 
of whom 77% had abnormal VEPs; and (3) 13 
patients had progressive neurodegenerative disease, 
of whom 85 % had abnormal VEPs. There were no 
conspicuous differences in YEP amplitude deficits 
between these general diagnostic categories; how
ever, YEP latencies were particularly prolonged in 
the neurodegenerative group of patients. This was 
particularly marked for VEPs to pattern reversal 
stimulation (Fig. 2). It can be seen from Fig. 2 that 
pattern VEPs in the neurodegenerative patient 
group are delayed when compared with patients 
with idiopathic OMA, or OMA associated with CNS 
structural malformations. Children with peri/post-
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Fig. 2. Bar chart of mean pattern and flash V EP latencies for the different diagnostic 
categories. It can be seen that patients with idiopathic OMA have latencies within the 
normal range, whereas those with neurodegenerative conditions have the most 
prolonged latencies, particularly when the smaller check-sizes are used. 

natal problems tended to have prolonged VEPs to 
the smaller check-sizes. 

Table I compares the mean amplitudes and 
latencies for our laboratory controls with those of 
the 7 patients with idiopathic OMA, the 38 patients 
with abnormal VEPs, and the two sub-groups of 
abnormal latencies and amplitudes. Patients with 
idiopathic OMA had VEPs within the normal range. 

Fig. 3 shows the ERGs and VEPs to flash and 
pattern (50' checks) stimulation of a patient with 
idiopathic OMA, a patient who had suffered 
perinatal hypoxia, a patient with a progressive 
neurodegenerative condition (propionic acidaemia) 
and a child with Joubert's syndrome and retinal 
dysfunction. 

Eye Movement and Electrophysiological Correlates 

There were no significant correlations between 
severity of saccade failure (lock up) during OKN 

and VOR testing and either YEP amplitude or 
latency. 

The occurrence of head thrusting in an OMA 
patient showed a significant positive correlation with 
the occurrence of an abnormal ERG (Spearman's 
r = 0.305, p<0.04) and a negative correlation, that 
was just beyond the levels of significance, with the 
occurrence of a YEP abnormality (r = -0.274, 
P = 0.057. However, analysis of individual YEP 
parameters showed a significant negative correlation 
between head thrusting and YEP amplitudes to the 
smallest 25' checks (r = -0.422, p<0.004). This 
negative correlation implies that head thrusting was 
less likely to be present in patients with well
preserved VEPs to the small checks. However, 
head thrusting is more likely to occur in patients 
with abnormal ERGs. 

OKN gain abnormality showed a positive correla
tion with the occurrence of abnormal VEPs 
(Spearman's r = 0.385, p<0.005). When YEP mea-

Table I. Mean YEP amplitudes and latencies for control subjects. idiopathic OMA patients, OMA patients with general YEP 
abnormalities and OMA patients divided into those with amplitude and latency abnormalities 

OMA and general OMA and OMA and 
Control subjects Idiopathic OMA abnormal YEPs degraded VEPs delayed VEPs 

25' checks 15.2 !Joy :!::1O.7 11.3 !JoV :!:: 5.8 6.9 !Joy :!:: 6.4 5.5!JoV :!:: 6.4 8.3 !JoV :!:: 8.3 
106.9 ms :!:: 6.1 109.5 ms :!:: 7.2 124.6 ms :!::22.9 107.9 ms :!::11.6 141.3 ms :!::18.5 

50' checks 17.6 !JoV :!::11.1 16.7 !Joy :!:: 9.6 6.5 !Joy :!:: 5.9 5.2 !Joy :!:: 3.5 11.3 !Joy :!:: 9.6 
103.3 ms :!:: 4.6 105.9 ms :!:: 4.6 119.3 ms :!::19.3 112.5 ms :!::14.9 142.2 ms :!::14.2 

100' checks 14.6 !Joy :!:: 8.0 11.8 !Joy :!:: 6.2 6.2 !JoV :!:: 5.6 5.1 !JoV :!:: 4.5 8.8 !JoV :!:: 7.2 
105.7 ms :!:: 4.4 103.2 ms :!::10.1 117.7 ms :!::19.5 110.3 ms :!::16.6 135.2 ms :!::14.1 

3° checks 11.6 !JoV :!:: 6.8 8.1 !Joy :!:: 4.6 6.9 !Joy :!:: 5.7 5.3 !Joy :!:: 3.4 11.5 !Joy :!:: 8.2 
101.1 ms :!:: 5.6 102.1 ms :!:: 8.1 109.4 ms :!::22.4 108.9 ms :!::11.3 127.2 ms :!::15.1 

7° checks 10.7 !Joy :!:: 6.7 8.0 !Joy :!::23 6.0 !Joy :!:: 5.2 4.4 !JoV :!:: 3.3 9.8 !JoV :!:: 7.2 
lOLl ms :!:: 6.5 106.7 ms :!:: 5.0 111.7 ms :!::25.3 104.3 ms :!::25.5 129.4 ms :!:: 14.5 

Flash YEP 29.5 !JoV :!::13.5 24.1 !Joy :!::11.6 16.1 !Joy :!::19.3 17.3 !JoV :!::21.5 11.6 !Joy :!:: 6.5 
90.4 ms :!:: 8.3 102.0 ms :!::22.3 103.1 ms :!::24 98.2 ms :!::23.7 120.3 ms :!::16.7 
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Fig. 3. Left and right eye ERGs and binocular flash and 50' pattern VEPs from a 
patient with idiopathic OMA (AJ, a patient who had perinatal anoxia (BJ, a patient 
with propionic acidaemia from the neurodegenerative group and a patient with 
Joubert's syndrome (DJ. 

sures were analysed separately, positive significant 
correlations were found between OKN gain deficits 
and the latencies of VEPs to the three smaller 
checks: 25' (r = 0.396, p<0.004), 50' (r = 0.379, 
p<0.008) and 100' checks (r = 0.301, p<O.03). 
Marked OKN abnormality was associated with 
more marked delays in VEPs to the moderate and 
small checks. A significant negative correlation was 
present between the amplitude of flash VEPs and 

OKN deficits (r = -0.283, p<0.05): greater OKN 
deficits are likely to be found in patients with 
attenuated flash VEPs. 

DISCUSSION 
Ocular motor apraxia, or intermittent saccade 
failure, is a clinical sign found in a wide variety of 
clinical disorders. The occurrence of saccade failure 
with such a diverse number of conditions suggests 
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that the system for saccade initiation is particularly 
sensitive to neurological disease. Our data suggest 
that OMA appears to be a more common symptom 
than previously reported in the literature. It may be 
subtle and detectable only with eye movement 
testing (head thrusting was clinically recognised 
only in 57% of our patients). Formal testing of eye 
movements is valuable in detecting OMA in infants 
who have not yet achieved adequate head control, as 
well as in those who are hypotonic and developmen
tally delayed and do not exhibit head thrusting 
compensatory behaviour. These results suggest that 
patients with idiopathic OMA have an isolated 
problem involving the generation of fast eye move
ments. 

Our results do not support those of Magni et al.,2D  
who stated that there is a variant of 'congenital 
ocular motor apraxia' which involves retinal 
abnormalities. All our patients with poor ERGs 
and OMA were diagnosed with syndromes asso
ciated with pigmentary retinopathy: Joubert's,7 
Bardet-Biedl,21,22 Kearns-Sayre's23 and infantile 
Refsum's?4 One child had cone dysfunction and 
vermis hypoplasia and did not fit into a known 
syndrome. Magni et al.'s2o conclusions were derived 
from 2 patients with OMA and absent ERGs, neither 
of whom had idiopathic saccade failure. The first was 
a 6-year-old with cryptorchidism, bimanual dys
praxia, developmental delay and a normal fundus 
and CT scan; the second was a 7-year-old with 
convulsions in the first year of life, hypodiadochoki
nesia, dysmetria, poor equilibrium and possible 
ataxia with salt-and-pepper mottling of the retinal 
pigment epithelium and frontal ventricular enlarge
ment on CT. Such diverse symptoms may be due to 
as yet unrecognised conditions that involve retinal 
abnormalities. 

OMA is a clinical sign, which may occur 
congenitally and not in association with any other 
ophthalmological or neurological abnormality. Our 
results support those of others4,13 showing that VEPs 
and ERGs are normal when OMA is idiopathic. If 
the YEP and/or the ERG is abnormal, then the 
diagnosis is not likely to be idiopathic OMA. For 
instance, retinal dystrophy with abnormal ERGs, 
OMA, possible developmenal delay and nystagmus 
in association with relatively well-preserved VEPs, 
suggests the diagnosis of Joubert's syndrome? 
Neuro-radiological investigations will verify the 
diagnosis with the demonstration of cerebellar 
vermis hypoplasia. OMA with retinal dystrophy has 
also been described in Bardet-Biedl syndrome 
together with other signs characteristic of the 
condition, that is polydactyly, obesity, mental 
retardation and hypogonadism.22 Absent or attenu
ated ERGs, associated with pigmentary retinopathy, 
have also been described in infantile Refsum's and 
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Kearns-Sayre's syndromes, though they have not 
previously been reported in connection with inter
mittent saccade failure. In infantile Refsum's disease 
there is a disorder of phytanic acid storage which 
leads to general brain atrophy and severe cerebellar 
granular layer hypoplasia?5 In Kearns-Sayre's 
syndrome there is a mitochondrial cytopathy, 
associated with retinal changes and chronic progres
sive external ophthalmoplegia together with cardio
myopathy. Reduced saccadic velocities have been 
reported in these patients?6 It is possible that in a 
severe case, saccade generation may be impaired due 
either to the abnormalities in the extraocular muscles 
themselves (increased number of sarcolemmal 
mitochondria27) or, more likely, to CNS abnormal
ities - cerebellar ataxia, calcification of basal ganglia 
and spongy degeneration in the brain have all been 
reported in this condition,ztl.29 

Attenuated and degraded VEPs were a common 
feature in our patients with non-idiopathic OMA. 
Most patients who had peri- or postnatal problems 
had abnormal VEPs. Abnormal VEPs have been 
reported previously in infants with a variety of 
perinatal problems and have been found to correlate 
with the long-term visual outcome of the child.3D.32 
VEPs have been used to monitor disease progression 
and assess the extent of, or lack of, maturational 
changes. YEP abnormalities have been described in 
Krabbe's leucodystroph{',33 Gaucher's disease34 and 
Pelizaeus Merzbacher?' as well as in children with 
hydrocephalus,36-38 which were all conditions asso
ciated with OMA. Several of these conditions, such 
as Pelizaeus Merzbacher and the leucodystrophies, 
have markedly abnormal or non-detectable myelina
tion, and this is reflected in the very prolonged 
latencies that we found in this group of patients. 

Our result showed that patients with abnormal 
VEPs are less likely to use head thrusting to shift 
direction of gaze, in contrast to those with abnormal 
ERGs. It is possible that children with abnormal 
VEPs are more likely to have extensive neurological 
deficits leading to poor head control. This is 
supported by the fact that the majority of patients 
with neurodegenerative conditions (90%) did not 
head thrust, whereas this was common in children 
with idiopathic OMA (86%). 

Abnormalities in the optokinetic system would 
affect the OKN gain. Lesions of the posterior cortical 
areas and underlying white matter,39-41 as well as 
large lesions such as hemidecortication42,43 can result 
in reduced gain OKN. Decreased slow phase velocity 
can be due to lesions in the parietal lobe, brainstem 
or cerebellum.44 Reports of adults with low gain 
OKN and smooth pursuit in one direction have 
isolated the lesion to the ipsilateral parietal lobe.45,46 

Our results showed that OKN deficits correlated 
positively with pattern YEP latencies to the smaller 
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check-sizes, and negatively with YEP flash ampli
tudes. Prolonged latencies and attenuated flash VEPs 
were found in patients with OMA in association with 
neurological conditions and in particular with 
neurodegenerative and acquired diseases. In such 
patients, global brain abnormalities are common and 
likely to involve parietal cortex, brains tern and 
cerebellum. Thus, this association between YEP 
and OKN abnormalities can be expected. However, 
these results do not necessarily imply that OMA has 
a cortical origin. 

This study has demonstrated the value of electro
physiological and eye movement testing in separating 
patients with idiopathic OMA from those with OMA 
as part of a wider and more severe neurological 
condition. We found no evidence of an idiopathic 
OMA variant with retinal involvement; if ERGs or 
VEPs are abnormal, then further investigation is 
needed to identify the underlying cause. Various 
neurodegenerative diseases, perinatal insults and 
cerebellar and brainstem anomalies appear to 
predispose the patient to intermittent saccade fail
ure. This may not be easily detectable without OKN 
or vestibular testing. Eye movement examination 
and ERG/VEP testing are complementary non
invasive investigations which together give valuable 
information for diagnosis. 

We wish to thank the Iris Fund for their support. 
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