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Summary. In 8 patients with manifest Huntington’s Chorea vestibulo-ocular
(VOR) and cervico-ocular (COR) reflexes were compared with eye movements
during active head turnings. Seated patients were stimulated with their eyes
closed by sinusoidal swings around the vertical axis at frequencies of 0.05, 0.1
and 0.2s”" with amplitudes of 20, 40 and 60°.

1) With all stimuli and in all patients a weak nystagmus was elicited in the
direction of head movements, superimposed on larger slow eye deviations.

2) The averaged total saccadic amplitudes were smaller than in normals,
increased with stimulus amplitudes and were smallest for COR, followed by
VOR and active head movements.

3) The gain (peak velocity of slow phase of nystagmus to peak stimulus
velocity) was only slightly below norm values and decreased with increasing
stimulus frequency and amplitude.

4) The peak amplitudes of average slow eye deviations increased with
stimulus amplitudes. In VOR they were comparable to norm values but were
below them during COR and active head movements.

5) In normal subjects these slow eye deviations were compensatory to head
movements in VOR but anticompensatory in COR and during active head
movements. In choreic patients during COR and more often during active head
movements these slow eye movements were compensatory for the head turning.

Key words: Vestibulo-ocular reflex - Cervico-ocular reflex — Eye movements
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Zusammenfassung. Bei § Patienten mit manifester Chorea Huntington wurden
vestibulo-oculdre (VOR) und cervico-oculdre (COR) Reflexe mit Augen-
bewegungen wihrend aktiver Kopfdrehung verglichen. Gereizt wurde sitzend
bei geschlossenen Augen mit sinusférmigen Pendelreizen um die vertikale
Kérperachse (0.05, 0.1 und 0.2Hz, 20, 40 und 60°).
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1. Es findet sich mit allen Reizarten ein hiaufig nur schwach ausgeprigter
Nystagmus in Richtung der Kopfdrehung, der gréfiere langsame Schlagfeld-
verlagerungen iberlagert.

2. Die gemittelten Gesamtamplituden der Nystagmussaccaden sind gerin-
ger als bei Normalpersonen, steigen mit der Reizamplitude leicht an und sind
bei langsamen Kopfbewegungen fiir den COR am niedrigsten, grofier fiir den
VOR und am besten ausgeprigt bei aktiven Kopfdrehungen.

3. Das Verhiltnis von Maximalgeschwindigkeit der langsamen Nystag-
musphase zur maximalen Reizgeschwindigkeit (gain) liegt fiir alle Reizarten
nur wenig unter den Normalwerten und fallt mit steigender Reizfrequenz und
Amplitude ab.

4. Die Maximalamplituden der langsamen Schlagfeldverlagerungen stei-
gen mit zunehmender Reizamplitude. Fiir den VOR zeigen sie den Normalen
vergleichbare Werte, liegen aber fiir den COR und wihrend aktiver Kopf-
drehungen wesentlich niedriger.

5. Bei Normalpersonen sind diese Schlagfeldverlagerungen beim VOR der
Kopfdrehung kompensatorisch entgegengerichtet und bewegen sich betm COR
und wihrend aktiver Bewegungen in Richtung des Kopfes. Bei Choreatikern
findet sich hingegen hiufig auch beim COR und aktiven Kopfdrehungen eine
kompensatorische, also dem Kopf entgegengerichtete Augenbewegung.

Introduction

The eyes move voluntarily in two basically different ways, either with fast saccadic
or slow tracking movements, following visual targets. As distinct neuronal
mechanisms regulate each of these two types of ocular motility normal eye move-
ment depends upon the integration of these two systems.

Horizontal saccades are probably generated in a rather complex neuronal net-
work of the paramedian pontine reticular formation in the region of the abducens
nucleus [7]. This saccadic system can be selectively disturbed early in drug
intoxication [2] as well as in different degenerative diseases [9, 15]. In choreic
patients it is emphasized that the saccadic system is impaired early in the course of
the disease, whereas the ability to produce smooth pursuit movements is generally
preserved [1, 3, 4, 5, 10, 11, 13].

For the investigation of neck-to-eye reflexes choreic patients are therefore a
model for a prevailing lesion of the saccadic system. In healthy adults large anti-
compensatory saccades are elicited by stimulation of neck afferents and interfere
with the vestibulo-ocular reflex in active head movements [6]. Therefore in choreic
patients marked changes in cervico-ocular reflex and vestibulo-ocular reflex could
be expected.

Patients and Methods

Eight patients (mean age 43.5 years, range 28-65 years) with a clinically manifest Huntington’s
Chorea were studied. The disturbed eye movements of 6 of them were recently described { 10]. The
technique of stimulation and recording of vestibulo-ocular reflex, of cervico-ocular reflex and of
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Table 1 . . .
Choreic patients Disturbance of voluntary

and optokinetic saccades

Horizontally Vertically

1. K.G.,, &, 46 yrs. +++ ++
2. KK, @, 31 yrs. ++ ++
3. LK., &, 41 yrs. ++ ++
4. E.E., @, 51 yrs. + ++
5. EH., @, 40 yrs. + ++
6. H.J., &, 65 yrs. + &)
7. H.I, @, 47 yrs. + (+)
8. K.I,Q, 28 yrs. - (+)

active head movements was reported in a previous paper [6]. All eye movements were recorded
with closed eyes using direct current electro-oculography, during vestibulo-ocular, cervico-ocular
reflex and active head movements with sinusoidal stimuli of 20, 40 and 60 degrees of amplitude at
frequencies of 0.05, 0.1 and 0.257".

It should be pointed out, that all eye movements are related to head movements. In COR
only the trunk is moved with the head fixed, but for better understanding the eye movements are
compared with head position against the moving trunk.

Results

1. Disturbance of Eye Movements in Choreic Patients

The disturbance of horizontal and vertical voluntary and optokinetically induced
saccadic eye movements is listed in Table 1. Only 2 of the patients in this study were
not mentioned previously, but their data were within the range of changes typical
for choreic patients {10].

2. Eye Movements During Vestibulo-Ocular Reflex (VOR), Cervico-Ocular Reflex
(COR) and Active Head Movements

With all modes of stimulation the nystagmus in direction of head movements was
reduced in frequency, amplitude and saccadic velocity as compared to normals [6]
and therefore it was often difficult to analyse. However, some small beats of
nystagmus were found in all subjects.

Thus it seemed that shifts of eye position (Schlagfeldverlagerung) dominated
eye motility in these reflex mechanisms. They were also reduced in amplitude for
COR and active head movements in comparison to normals (Fig. 1).

3. Quantitative Analysis of Nystagmus

The total saccadic amplitudes averaged over 5 periods were mean values of all
patients. They increased only slightly with stimulus amplitudes up to 60 degrees, at
least for the higher frequencies of 0.1 and 0.25™". Generally they were significantly
smaller than control values [6]. As in controls the values for COR were lowest, and
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Fig. 1A-C. Eye movements during vestibulo-ocular reflex (A), cervico-ocular reflex (B) and active
head movements (C, lower traces) of one patient with severe Huntington’s Chorea. Turn table
position (A), position of the fixed head against the turning trunk (B) and head position in active
head movement (C) in the upper traces
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Fig.2A~C. Total saccadic amplitudes averaged over 5 periods at frequencies of 0.05 s (A),

0.1s™ (B) and 0.25™ (C) for VOR (+), COR (e) and active head turnings (o). Mean values of
8 patients, vertical bars indicate standard deviations of these values

the values for VOR and active head movements were slightly higher. At 0.05 and
0.1s™" the total saccadic amplitudes of active head movements were markedly
above those of VOR, whereas at 0.2s™' the mean values of active head movements
were in the range of VOR. The very high values during active head movements up
to 60°, as seen in the control group [6], were never found in choreic patients (Fig. 2).
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Fig. 3. Gain of peak slow phase velocity of nystagmus to peak stimulus velocity. Symbols as in
Fig.2

The gain, defined as the relation between peak slow phase velocity of nystagmus
to peak stimulus velocity, was only slightly lower than in normals and decreased
with increasing stimulus frequencies similar to the controls {6]. For all frequencies
the gain fell with increasing stimulus amplitudes, at least for VOR and active head
movements. While the gain of active head movement in controls was always above
the values of COR and VOR, in choreic patients this difference was not significant.
The gain of COR always showed the lowest values. The gain of VOR and active
head movements was markedly higher, but without any clear difference between
either (Fig. 3).

4. Shift of Average Eye Position

These deviations were also found in choreic patients with a high variability. In
VOR the amplitudes were similar to those found in normals, but the higher values
in normal subjects for COR and more so for active head movements were not found
in Huntington’s Chorea [6]. With higher frequencies (0.1 and 0.2s™') average eye
movement amplitudes increased constantly with stimulus amplitudes (Fig. 4).

In the control group the phase difference between the maximum of stimulus
and of overall eye deviation was generally around 180° for VOR and about 0° for
COR and active head movements [6].

In patients with Huntington’s Chorea the eye movements in COR, but more
clearly in active head movements were not so regularly anticompensatory as in
normals and may even be compensatory in comparison to those found in VOR

(Fig. 5).
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Fig. 4. Maximum amplitudes of average eye deviations averaged over 5 periods. Symbols as in
Fig. 2

Discussion

In a recent study [10] it was demonstrated that rapid and saccadic eye movements
were altered early in the course of Huntington’s disease. This was confirmed in this
study by two facts. The total saccadic amplitudes for VOR, COR and active head
movements were significantly smaller than in normals. Moreover the typical large
saccades at the beginning of neck-to-eye reflexes and more distinctly in active head
movements were only rarely found. Probably due to this fact the slow deviations of
averaged eye position, anticompensatory for head movements, were much smaller
in COR and active head movements. Often, during active head movements only a
compensatory slow deviation of the eyes was observed. As compensatory slow eye
movements probably were due to the vestibulo-ocular reflex mechanisms [6] it may
be inferred that the neck-to-eye reflexes were altered in Huntington’s Chorea more
than the VOR and that in the course of the degenerating disease only the vestibulo-
ocular reflex was able to survive. It thus seems that polysynaptic neuronal
mechanisms of the saccadic system and polysynaptic parts of the COR are altered
earlier.

It was demonstrated in decerebrate cats [8] that neck afferents on the abducens
motoneurons interact with vestibulo-abducens reflex, and postulated that the
cervico-abducens and vestibulo-abducens reflex pathways converge upon common
excitatory or inhibitory interneurons in the vestibular nuclei. Although the precise
tract and the location of synapses along the pathway from the spinal cord to the
vestibular nuclei remains to be studied, in cats it may not be multisynaptic but a
relatively direct route.
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Fig. 5A-C. Distribution of maximum amplitudes of slow eye deviations with respect to head
position for active head movements (A), cervico-ocular reflex where the lower trace indicates the
relative head movement with respect to the turning body (B) and for vestibulo-ocular reflex (C)
The lower trace indicates head position. The vertical bars indicate the number of measurable
events over 5 periods for the different frequencies. ( il ) 10 normal persons; ( =) & choreic
patients

In comparison to this data, our findings in humans are in favour of a more poly-
synaptic cervico-ocular reflex route to the abducens motoneurons, which is altered
by the neuronal degeneration of Huntington’s Chorea.

To date the exact mechanisms of the slow average eye deviations are unknown.
It is probable that the imagination of a moving visual object influences these eye
movements and modifies the gain of COR in a similar way as shown for the VOR
[12] and active head movements [14].

Moreover these eye deviations depend critically on the state of alertness [6] and
increase with drowsiness. Therefore it may be precipitate to discuss in detail their
mechanisms in healthy persons and in pathological conditions before further
studies are completed.
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