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Editorial

Vol.

8.

El tema al cual esta dedicado este nimero es uno de los mas interesan-
tes de la Neurologia y altamente significativo para la configuracion de un
criterio acerca del estado de salud o enfermedad en la funciéon nerviosa.

Afectado al fenémeno de mirar y de ver, la movilidad ocular permite
acrecentar el campo de la vision y adaptarse a las circunstancias presentes.

Los musculos oculares del hombre a pesar de estar separados actian
como si fueran una masa muscular unica.

El hombre en tan alta dependencia para el conocimiento del mundo
exterior del sentido de la vista, ha confeccionado métodos e instrumentos
que le permiten superar ampliamente las limitaciones naturales, medios que
practicamente no desarrolla para los otros sentidos. Asi lo infinitamente pe-
queno e invisible es magnificado por el microscopio y del mismo modo lo
muy alejado en los espacios siderales, para el alcance del sentido visual, se
hace perceptible por el telescopio y la fotografia astronémica. Nuestro cuerpo
puede ser penetrado y visto por los rayos X.

Todo lo que nos puede rendir la vision esta superlativamente en gran
dependencia de las posibilidades motrices de los globos oculares. El desarrollo
de la oculomotricidad del hombre, lo coloca en un grado de superioridad
en la escala zooolégica equiparable al que condiciona su posicion erecta o
la funcionalidad de la mano.

Siendo la visiéon en el hombre, el sentido que en la vigilia esta conti-
nuamente informando v sin duda el mas importante y vigente de todos, esta
implicado en el mecanismo que tiene bajo su incumbencia ¢l mantenimiento
de una actitud y el equilibrio corpéreo, el situarse adecuadamente en el am-
biente fisico que lo circunda.

En condiciones fisiologicas el sistema oculo motor esta conectado con
dispositivos que recogiendo otra clase de estimulos que los visuales, estian
asignados a la funcién del equilibrio, ellos son el sistema laberintico y los
proprioceptivos de los misculos del cuello.

Debe senalarse que la movilidad ocular tanto si se efectia voluntaria-
mente, como si es una respuesta refleja, suele hacerse asociindose a otros
movimientos corporales para facilitar el fenémeno de mirar, tal el movimiento
de cabeza. Asi en la desviacién lateral a derecha o izquierda o hacia arriba
o abajo la cabeza conjuga su movimiento con el de los ojos. Esto se integr:
en el grupo de los movimientos automaticos asociados que estan bajo el
comando del llamado sistema extrapiramidal.

Puede decirse que los movimientos conjugados de los ojos se llevan a
cabo siguiendo cuatro modalidades que normalmente se combinan para el me-
jor logro de la funciéon de mirar y ver. Estas modalidades son:

A) Desplazamientos rapidos. Cuando se mueven los ojos para leer o
se examina un objeto en sus distintas partes y en esa forma se mantiene
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la imagen buscada sobre la fovea retiniana. Estin en dependencia de los cam-
pos oculares frontales.

B) Seguimiento suave, un objeto mdvil es enfocado y es seguido con
la mirada. Responde en la corteza cerebral a los campos oculo motores oc-
cipitales.

C) Vestibular. Cuando se sigue un objeto y se mueven los ojos vy la
cabeza, la mirada se mantiene sobre el objeto. Esto se realiza por reflejos
vestibulares.

D) Sistema para la convergencia y divergencia. Permite ajustes en pro-
fundidad. Se mantienen las dos imagenes retinianas con el control del equi-
librio muscular vertical y de torsién. En el mono con la estimulacién cor-
tical de las areas 19 y 22 se logra la convergencia ocular con acomodacién
y constriceion pupilar.

Los aportes de los investigadores especializados al mejor conocimiento
de la funcion oculo motora en estado normal y patolégico nos esclarecen
los complejos y delicados mecanismos actuantes.

La alta jerarquia de los trabajos que tenemos el honor de presentar en
este numero de la Revista Internacional de Neurologia dedicado al sistema
Oculo Motor, acrecen en forma significativa nuestra informacién acerca de
este importante capitulo de la neurologia y estamos seguros que seran de
gran interés para nuestros lectores.

Agradecemos a los autores por su muy valiosa cooperacion.

VICTOR SORIANO.

Vol. 8. — Number 1. — 19870.
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Vol.

B.

The subject to which this issue is devoted is one of the most interesting
ones in Neurology and it is highly significant for the configuration of criteria
concerning the state of health or disease of the nervous function.

Concerned with the phenomenon of seeing and looking, ocular motility
allows to increase the field of vision and to adapt oneself to the present
circumstances.

Although they are separated. in man the eye muscles act as if they
were a single muscular mass.

The man so highly dependent on vision for the knowledge of the outer
world, has devised methods and instruments that allow him to go beyond
natural limitations, which he practically does not develop for the other senses,
In this way what is tiny and invisible is magnified by the microscope and
also what is far away in the sideral space becomes perceptible with the
telescope and astronomic photography. Our body can be penetrated and seen
by means of X rays.

Everything we can reach through vision is most dependent on the motor
possibilities of the eyeballs. The development of oculomotricity in man, places
him on a degree of superiority in the zoologic seale comparable to the place
he deserves due to his erect position or functionality of his hand.

As vision is in man the sense which during wakefulness is constantly
informing and undoubtedly the most important and standing of all the senses,
it is involved in the mechanism responsible for maintaining an attitude and
the balance of the body, for situating correctly in the physical surrounding
milieu.

In physiologic conditions the oculomotor system is connected with devices
that receive another kind of stimuli different from the visual ones which
care for the function of balance: the labyrinthic system and the proprio-
ceptive system of the muscles of the neck.

It has to be pointed out that ocular motility, voluntary or as a reflex
response, usually acts associated to other movements of the body to facilitate
the phenomenon of looking., such as the head movement.

In the lateral deviation to the right or to the left or upwards or down-
wards the head conjugates its movements with the eve movements. This is
integrated in the group of associated authomatic movements which are com-
manded by the so-called extrapyramidal system.

It can be said that conjugated movements of the eves act following four
modalities which normally combine themselves for the better achievement
of the function of looking and seeing. These modalities are:

A) Saccades (ocular flicks or jerks). When the eyes move for reading
or for examining an object in its different parts maintaining in that way the

wished image on the fovea of the retina. They depend on the frontal eye
fields.

=~ Number 1 — 1870. 9
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B) Smooth pursuit. A moving object is focussed and followed by the
gaze. This corresponds in the cerebral cortex to the occipital oculomotor fields.

C) Vestibular. When an object is being followed and head and eyes
move, the gaze remains fixated on the object. This happens due to vestibular
reflexes.

D)  Convergence and divergence. It allows adjustements in depth. Both
retinian images are maintained by the control of muscular vertical and torsion
halance. In the monkey cortical stimulation of areas 19 and 22 produces
ocular convergence, accomodation and pupillary constriction.

The coniributions of modern specialized investigators to the better in-
formation concerning oculomotor function in normal and pathologic state

o
clear up the complex and subtle mechanisms involved.

The papers of high quality which we are honored to present in this
issue of the International Journal of Neurology devoted to the Oculomotor
System, significantly increase the knowledge of this important chapter of
neurology and we are sure that they will be of great interest for our readers.

We are very indebted to the authors for their most valuable cooperation.

VICTOR SORIANO.

Vol, B, — Number 1, — 1970



Electro-Physiological Analysis of
Oculo-Motor Mechanisms

(Vestibular, optic and central nystagmus) *

The continuous chemical processes of
the retina generate at rest a steady po-
tential which can be derived from the
electro-positive cornea and the electro-
negative posterior surface of the eye. The
worneo-retinal potential spreads from the
eve into the adjacent parts of the orbita.
If electrodes are placed on the skin around
the orbita, similarly distant from the
cornea, no potential will be derived when
the eye fixes the point zero of a perime-
ter. However, as soon as the eye moves,
it displaces the electrical corneo-retinal
field. Thus when it moves laterally (ab-
duction), the corneal pole comes closer
to the temporal electrode, which beco-
mes positive, in opposition to the nasal
electrode. These corneo-retinal potential
changes are characteristic of corresponding
eye movements. They can easily be re-

corded with an electronic amplifying ap-
paratus 4 7. 12. 13, 14,17, 18, 21, 22, 26

I. ELECTROPHYSIOLOGICAL ANALYSIS OF
VOLUNTARY EYE MOVEMENTS

(Electro-oculography — EOG)

Method. The technique we developed
with Hufschmidt and called "electro-
oculography = EOG” allows to record
electrically the voluntary eye movements

»

and to detect their disturbances *!: **

Vol. 8, — Number 1. — 1970,

by MARCEL MONNIER

Physiological Institute, University of

Basel (Switzerland).

Unpolarizable silver electrodes are fixed
with collodion on the skin around the eye,
along two horizontal and two vertical me-
ridians (Fig. 1, a, b). Such chains of elec-
trodes are adequate for bipolar recording
of corneo-retinal potentials of definite am-
plitude and phase direction in adjacent
leads., In ordsr to detect a phase reversal
between two neighbouring leads, all leads
must be connected in the same way with
the input of the amplifying system, that
is from the nose to the temple in the ho-
rizontal chains and from the forchead to
the chin in the wvertical leads.

For the analysis of horizontal movements,
electrodes are placed along a supra-orbital
and an infra-orbital horizontal meridian,
from the nose to the ear. For the analysis
of wvertical movements, a vertical chain of
electrodes passes through the pupil, and
another lateral wvertical chain through
the temporal edge of the orbita (Fig. 1, a).
Rotatory eye movements are analysed by
means of horizontal supra-orbital, lateral
vertical and horizontal infra-orbital chains
(Hig.s s sb)

The experiment begins with a calibra-
ticn test (Fig. 1, ¢). The patient lies in

* These invea.tigations have been per-
formed successively with H. J. Hufschmidt,
A. Franceschetti and P. Dieterle, A. Mon-
tandon and A. Russbach, F. Bergmann, J.
Lachmann and P. Krupp, P. Montandon.
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Fig. 1. — Etectro-oculographic technique. —

a.b. Placement of electrodes for analysis of
corneo-retinal potential changes 22. Hori-
zontal and vertical peri-ocular chains of
electrodes for recording ocular movements. -
c. Calibration potentials corresponding to
eye movements of definite amplitude and
direction under binocular fixation 10, 19,

front of the perimetric arc; he gazes ini-
tially at the central fixation point, then at
a luminous spot 2,5 laterally from the
centre, and back again to the centre. This
test in repeated for points located laterally
at 59, 10°, 20 or more from the fixation
centre; movements of the eye 5% to 400
medially, above and below the centre, are
analysed in a similar way.

The potentials are amplified and recorded
on paper with an electroencephalograph of
Gras?, Offner or Schwarzer, with a time
constant of 0,2 second. Each angular devia-
tion of the gaze measured in degrees is
expressed by an oscillographic deflexion
in millimeters, corresponding to a definite
voltage in millivolts,

When the electro-positive cornea shifts
towards a neighbouring lead of electrodes,
the latter records an electro -positive de-
flexion, directed downwards, according to
international conventions. On the contrary,
when the cornea shifts away from the

12 ~

electrodes, the latter record a negative,
upward deflexion due to the proximity of
the electro-negative retina,

RESULTS

A. Analysis of normal eye movements

We investigated the distribution of the
corneo-retinal potentials on the surface of
the skull during definite movements of
the left eye 2,

a) Adduction of the left eye (towards
the nose or to the right) induces in the
horizontal supra-orbital and infra-orbital
derivations a positive deflexion (down-
ward), detectable as far as the temporal

SO oo e enieman onsdit R e i LI
N
Fig. 2. — Distribution of corneo-retinal

potential changes of the left eye on the
surface of the skull during 4 elemen-
tary movements. a) Adduction (to-
wards the nose); b) Abduction (to-
wards the temple); e¢) downwards:
d) upwar

Vol. 8. — Number 1., — 1970.



ELECTRO-PHYSIOLOGICAL ANALYSIS OF OCULO-MOTOR MECHANISMS

edge of the orbita. Behind and below this
limit, only negative variations (upward)
can be detected in the horizontal leads,
corresponding to the electro-negative re-
tinal pole of the eye (Fig. 2, a).

b) On the contrary, abduction of the
left eye (towards the temple or to the
left) evokes a negative potential (upward)
in the horizontal supra-orbital and infra-
orbital leads, medial to the temporal edge
of the orbita (Fig. 2, b). Laterally to this
limit, only positive potentials (down-
ward) are detectable in the horizontal
leads, since the cornea shifts towards the
lateral electrodes.

The vertical chains also detect definite
variations:

c) A downward movement of the eye
brings the cornea close to the infra-
orbital leads, which record a positive
deflexion (Fig. 2, c).

d) On the contrary, an w#pward mo-
vement of the eye evokes a negative po-
tential in the infra-orbital leads (Fig.
2, d).

e) A rotatory movement of the left eye
induces a complex succession of deflexions
in the supra-orbital, lateral vertical and
infra-orbital leads around the eye. In this

g =3 ==
Strabismus. — I. The movements of the right fixing eye to the right
and to the left start from the primary (zero) position. - II. The move-
ments of the right fixing eye :tart from a secondary position (20°
medially) corresponding to the primary pocition of the left strabic eye 1V,

complex, the elementary components des-
cribed above (deflexions upwards, down-
wards, to the right or to the left) are
recognizable. The whole electrographic
pattern allows an exact analysis .of the
successive eye positions during rotation
of the eyeball.

B. Analysis of oculo-motor disturbances

Electro-oculography has proved useful
for the analysis of oculo-motor distur-
bances. For this purpose, a simple infra-
orbital lead, consisting of 2 electrodes at
symmetrical distance from a perpendicular
line passing through the pupil is used.
N8

— Number 1. — 1970,

Eiectro-oculographic analysis

of concomitant convergent

The preliminary calibration shows that a
progressive angular deviation of the gaze
on horizontal level evokes corresponding
deflexions of progressive amplitude at 5,
10°, 20" (Fig. 1, c). In other words, there
is a linear relation between the angular
deviations of the gaze and the correspond-
ing oscillographic deflexions. Further-
more, there is an opposition between the
direction of the deflexion corrresponding
to the movements of one eye and that of
the deflexion corresponding to the con-
jugate movement of the other eye. For ins-
tance, when the gaze shifts to the right,
the infraorbital derivation records at the
right eye a negative potential (upward),

~ 13
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the retina being close to the nasal elec-
trode, and at the left eye a positive
potential (downward), the cornea being
close to the nasal electrode. Consequently,
abduction is always expressed by a de-
flexion in opposite direction to that re-
sulting from adduction. If one eye is
closed and the other successively fixes on
the perimeter points at 5%, 10, 20°, the
infra-orbital lead of the closed eye records
consensual movements expressed by de-
flexions with 30 % reduced amplitude.
With Franceschetti and Dieterle 'V, we
analysed by means of the electro-oculo-
graphic method the mechanism of a con-
vergent concomitant strabismus (20" in

the left eye). In such cases, a movement
of the fixing or leading eye usually elicits
a corresponding movement of the deviated
strabic eye. The experiment showed fol-
lowing relations when the right eye was
leading and the left eye closed, with
spontaneous adduction of 20°.

When the right fixing eye moved suc-
cessively from the central fixation point
O to the right at angles of 10, 20, 30
and 40 degrees, or similarly to the left,
the corresponding potentials showed the
same amplitude in both directions (Fig.
31 left). An upward deflexion corresponded
to abduction, that is to a lateral deviation
ot the eye; a downward deflexion ex-

Fig. 4. — Electro-oculographic analysis of a central paralysis of the gaze
to the left (combined with a neural paraly:is of the medial rectus muscle

of the left eye). — I.

The right eye fixes, the left being closed. -

II. The left eye tries to move, the right eye being closed.

pressed the return to the normal fixation
position,

The left closed eye, pathologically
deviated towards the nose (adduction of
20°) performed simultaneously with the
right fixing eye a consensual movement,
but with markedly reduced amplitude to
the right. This suggested that the strabic
left eye, already deviated towards the nose,
was unable to perform an extreme adduc-
tion movement (Fig. 3 1 right).

When the movement of the right eye
started from a fixation point of 20" me-
dially from point O, the strabic left eye
started from a primary position (Fig. 3

14 ~

11). Under such conditions, the potentials
corresponding to adduction movements of
the left eye were similar to those of the
normal right eye. This showed that the
motility of the strabic eye was normal.

It may therefore be concluded that, in
convergent concomitant strabismus, the in-
nervation and dynamism of the eye muscles
may be normal, and that the disturbance
results only from an abnormal position of
the eyeball.

Electro-oculography also allows a quan-
titative analysis of central and peripheral
paralysis of the oculo-motor function. With
Franceschetti and Dieterle, we investigated

Vol. 8. — Number 1. — 1970.



ELECTRO-PHYSIOLOGICAL ANALYSIS OF OCULO-MOTOR MECHANISMS

a case of central paralysis of the gaze to
the left (combined with a neural para-
lysis of the medial rectus muscle at the
left eye 19).

When the leading right eye performed
an abduction movement (to the right),
the EOG recorded exaggerated upward
potentials (Fig. 4 I left). Simultaneously
at the left closed eye, no consensual de-
viation occurred, because of the neurogenic
paralysis of the medial rectus muscle.

When the paralysed left eye tried to

20° 5°
R, eye J ).
L. eye T

to right

- ' 100 u¥
la

lead to the right, potentials of normal
amplitude developed at the closed right
eye, but not at the opened left eye. At-
tempts to gaze to the left elicited no EOG
response in either eye.

From these observations, we may con-
clude that in central paralysis of the gaze
to the left, potentials are abolished during
tentative deviation of the eyes to the left.
Abduction of the normal right eye elicits
exaggerated potentials due to a deficiency
of the antagonistic innervation.

Fig. 5, — Nystagmic torticollis with downward gaze (A) allowing the
patient fo fix an object with minimal nystagmus frequency (B)".

Electronystagmography (ENG)
Spontaneous nystagmus

The spontaneous nystagmus and the
nystagmus evoked by optic or vestibular
stimulation can also be recorded by means
of infra-orbital electrodes, according to
the method previously described (Fig. 1,
¢). One lead of electrodes below each eye
is appropriate for monocular investigation
of the nystagmus at each eye. A supra-
orbital electrode constitutes with the infra-
orbital nasal electrode a vertical lead for
recording potentials due to winking or to
vertical eye movements. The electronys-
Vel B,

— Number 1, — 1970,

tagmogram (ENG) thus obtained allows
a quantitative analysis of the nystagmic
movements in frequency, amplitude and
form. In all cases, an initial calibration
test must be performed in order to specify
the relationship between the angular de-
viation of the eye and the recorded de-
flexion. Furthermore, electronystagmogra-
phy is useful for determining the relation-
ship between the nystagmus (frequency,
amplitude) and the position of the gaze;
it helps to specify in which position of
the eyes a spontaneous nystagmus reaches
its minimum. In order to determine the
position of the gaze, a little bulb is used

~ 15
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as fixation point and moved along the
perimeter arc at 10, 20, 30, 40, 50 and 60
degrees.

The investigations of Franceschetti,
Monnier and Dieterle? showed that the
minimal position of the nystagmus is
altered in congenital nystagmus and that
the patient’'s head develops a compen-
satory position (nystagmic torticollis) al-
lowing him to fix the object in the po-
sition of minimal nystagmus.

In the case of a boy suffering from
horizontal congenital nystagmus with com-
pensatory torticollis, the head was mar-
kedly bent backwards. The patient had
trained himself to look downwards, be-
cause the nystagmus was reduced in this
position (Fig. 5, A).

The mapping of the various ENG re-
corded in different positions of the gaze
during binocular fixation confirmed that
the nystagmus reached a minimum in am-
plitude and frequency when the patient
gazed 30 to 40° downwards (Fig. 5, B).

Thus electronystagmography confirmed
the fact that there is, in congenital nys-
tagmus, a position of the gaze where
frequency and amplitude of the nystagmus
reach a minimum. This position secures
better conditions for vision and induces
the compensatory torticollis.

4 B

SO NANMNANNNN VYV VWYY WY

to the right to the left
25* 5° 10° to the left 50 pV

Fig. 6. — Electrical records of optoki-

netic nystagmus. — A. Drum rotation

to the right. B. Drum rotaticn to the

left. C. Calibration by means of volun-

tary abduction movements of the left

eye (2,59 59 10v), - From: Monnier
and Hufschmidt 22,

16 ~

Optokinetic nystagmus

Electronystagmography is also useful
for analysis of the optokinetic nystagmus.
When a drum with alternant black and
white stripes rolls at a distance of 40 cm.
in front of the patient, the eye fixes the
stripes up to a definite angular deviation
(slow component of the nystagmus) and
returns to the initial position (quick
component of the nystagmus). Before the
experiment, a calibration test must be
performed, the patient fixing successively
points on the perimeter at 2,5° and back,
59 and 10" or more, corresponding to
potentials of 20, and 70 uV (Fig. 6, C).

When the drum is moved to the right,
an optokinetic nystagmus develops with
slow phase to the right and quick phase
to the left. The left eye shows a succession
of upward potentials corresponding to the
quick phase to the left (Fig. 6, A). A
reversed direction of the drum (to the
left) elicits on the contrary a slow nys-
tagmic phase to the left, followed by a
quick beat to the right, with correspond-
ing electrical deflexions downwards (Fig.
6, B). The amplitude of this optokinetic
nystagmus varies between 2,0 and 10%
its frequency between 6 and 8 beats per
second.

Vestibular nystagmus

It is also recorded with a horizontal
infra-orbital lead for horizontal nystagmic
jerks and a vertical lead between the in-
ferior nasal electrode and a corresponding
supra-orbital electrode for vertical nys-
tagmic beats.

For vestibular stimulation, we used, with
A. Montandon 25, a technique of liminal
rotatory stimulation, allowing a constant
acceleration of minimal intensity, followed
by rotation at constant speed (90°/sec.)
and by constant deceleration. Acceleration
and deceleration have the same magnitude,
which can be increased from 0,4%/sec.? to
T0/sec.2, in order to determine the nys-
tagmus threshold. The stimulation was
performed on subjects in a screened, sound-
proof cage, in the dark.

Vol. 8. — Number 1, — 1970,
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of 5 seconds. These negative potentials
represent the quick phase of the decele-
ratory wnystagmus, with a frequency of
1-2/sec. and an amplitude of 80-90 micro-

34 : o volts.
o Ve W O
Tl o+ G e Experimental analysis of the vestibular,
S R optic and central nystagmus
i Oy | o R i et F H . .
e e . DR A SR N mechanisms in the rabbit
—_ — e Y P e
bk RS el Since many precise data on the oculo-
i i motor mechanisms have been experimen-
End of deceleration (atop): “""1 tally ascertained in the rabbit, mostly, with
Calibration 50 uV. the stereotaxic technique of Monnier and
20 : < e
Fig. 7. — Perrotatory nystagmic response to Gangloff ', it seems useful to summarize

them on a diagram, in order to facilitate
further working hypotheses.

anticlockwise weak rotatory acceleration
(perrotatory acceleratory nystagmus), fol-
lowed by a perrotatory nystagmic response
to weak rotatory deceleration (perrotatory

deceleratory nystagmus). Disappearance of

the nystagmus during rotation at constant
speed and towards the end of deceleration.
Constant acceleration: 0,89/sec.2, Rotation
at constant speed 907/sec. Constant
deceleration 19/sec.? 25,

With Montandon and Russbach 2°, we
analysed the nystagmic reaction to weak
rotatory stimuli (1°/sec.? or less) (Fig.
7). In normal subjects, an anticlockwise
perrotatory stimulation of 1°/sec.® elicits
after 8 seconds regular deflexions corres-
ponding to the liminal acceleratory nys-
tagmus. At the right eye, an upward ne-
gative deflexion represents the slow phase,
and a downward or positive potential the
quick phase of the acceleratory nystagmus.
Amplitude and frequency of these liminal
nystagmic jerks vary somewhat during the
acceleration: frequency 2-3/sec. with an
amplitude of 50 microvolts or frequency
1/ sec. with an amplitude of 100 micro-
volts. The threshold of this acceleratory
nystagmus amounts to 90°-110°/sec. or
0,8/sec.?; the measurable deflexions end
about 100 seconds after the beginning of
the acceleration. The acceleratory nystag-
mus is followed by a rotation at maximal
constant speed without stimulation and
nystagmic deflexions. When the rotation
speed is progressively reduced (from 90"
to 0) within 80 seconds or more, a series
of upward deflexions appear after a latency
Vol. 8.

— Number 1. — 1970

Vestibular nystagmogenic area

Electrical stimulation of the superior or
medial vestibular nuclei elicits a horizontal
nystagmus with contraversive slow phase
and ipsiversive quick phase, sometimes
combined with a vertical component ** 2%,
These vestibular nuclei, responsible for
reflex movements of the eyes and head,
are activated by vestibular afferences and
give rise to the vestibulo-ccular reflex.
The mechanism responsible for this reflex
consists of three neurons: the primary
afferent vestibular neuron, the central
vestibular association neuron in the medial
longitudinal bundle and the peripheral
oculomotor neuron. The central associa-
tion neurons are activated not only by
peripheral vestibular afferents, but also
by various supra-vestibular systems.

Diencephalic nystagmogenic area. With
Lachmann and Bergmann '%, we demons-
trated in the rabbit that electrical stimula-
tion of a definite meso-diencephalic area
elicits a typical deviation of eyes and head
% 15 This “diencephalic nystagmogenic
area” lies in the intralaminary system of
the thalamus, between the lateral thalamic
nucleus (Nc 1) and the lateral geniculate
body (Corp. geniculat, lat.), medial to
the optic radiation (Fig. 8). New inves-
tigations with P. Montandon confirmed
that stimulation of this diencephalic nys-
tagmogenic area left, at a frequency of
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40-50 impulses/sec. evokes an ipsiversive
deviation of both eyes (slow component of
the nystagmus to the left, expressed by a
downward deflexion), followed by a con-
traversive quick component of the nys-
tagmus, expressed by an upward deflexion
(Fig. 9, A). The slow component is clearly
detectable only on the cathode ray oscil-
logram (Fig. 9, C).

Thus the diencephalic area seems to
activate the contralateral (superior and
medial) vestibular nuclei and to depress
the ipsilateral vestibular nuclei. It modu-
lates the vestibular nystagmus by means of
descending pathways, acting on the ves-
tibular nuclei themselves, (vestibular as-
sociation system) or on other paranuclear
association systems *% 2%,

Integration of optokinetic impulse in
meso-diencephalon and cortex

Moving an object from the lateral
towards the medial border of the visual
field of the right eye elicits an optokinetic
nystagmus with a contraversive slow
phase (that is to the left or to the medial
border of the visual field) and an ipsi-
versive quick phase (to the right*7),

Electrical stimulation of the right eye or
of the right optic nerve with 40 pulses/
sec. elicits a similar horizontal nystagmus,
with ipsiversive quick phase .

Since, in the rabbit, most of the afferent
optic fibres from the right eye project
chiefly on the left superior colliculus and
visual cortex, it may be expected that
electrical stimulation of these structures
evokes a central nystagmus in the same
direction as does optic stimulation of the
right eye. Optic afferents from the con-
tralateral retina at the level of the superior
colliculus and perhaps also at the lateral
geniculate body facilitate the nystagmo-
genic action of these subcortical centers
and apparently also of the cortical nys-
tagmogenic centers.

Mesencephalic nystagmogenic area

Electrical rhythmic stimulation of the
left superior colliculus in the rabbit elicits
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an ipsiversive slow eye movement to the
left, followed by a contraversive quick
nystagmic component to the right'. This
nystagmus increases under influence of a
superposed optokinetic nystagmus (anti-
clockwise rotation of the drum activates
the responses of the left colliculus®).

Cortical nystagmogenic area

A nystagmogenic field has been located
in the parieto-temporal cortex of the
guinea-pig % and of the rabbit'%; projec-
tions from this optomotor area can be
followed down to the midbrain colliculi.
Stimulation of this oculogyric or nystag-
mogenic field elicits an ipsiversive slow
deviation of the eyes, followed by a con-
traversive quick phase, as does stimulation
of the diencephalic nystagmogenic field.

In humans, a directional preponderance

——Area strnata L

S \ _ Optomotor, areas
3 o Diencephalic
(@ \—['— nystagm. area
o ++11—— Corp. geniculat. lat.

ot / — Tract. opticus

— Colliculus sup.

—Fasc longit med

Nucl. vestib.sup.

slow phase
_+~ quick phase

Fig. 8. — Diagram of vestibular, optic
and central oculo-motor mechanizms
experimentally investigated in
the rabbit.
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Fig. 9. — Electronystagmogram elicited by
electrical stimulation of the left dience-
phalic nystagmogenic area (A) and of the
right diencephalic nystagmogenic area (B).
Same nystagmogram recorded with the
cathode-rav oscillograph (C) 24,

ot the nystagmus induced by vestibular or
optokinetic stimuli has been demonstrated
by Hallpike and his co-workers, following
definite lesions of the cortex. A direc-
tional preponderance of the vestibular
caloric nystagmus without directional pre-
ponderance of the optckinetic nystagmus
suggests a lesion in the posterior part of
the temporal lobe, close to the acoustic
cortex, in the superior temporal gyrus on
the side of the preponderance ™ ®, On the

SUM

An electro-oculographic and electro-
nystagmographic technique allowing ade-
quate recording of oculo-motor phenomena
in man is described. Each recording must
be preceeded by a calibration test in order
to determine which amplitude of the
corneo-retinal potential corresponds to a
definite angular deviation of the gaze.

Electro-oculography is useful for analysis
of voluntary eye movements and corres-
ponding disturbances. Thus it was possible
to show that, in convergent concomitant
strabismus, the innervation may be normal,
the disturbance resulting only from an
abnormal position of the eye-ball. In cases
Vol. 8 1970.
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other hand, a directional preponderance
of the optokinetic nystagmus without di-
rectional preponderance of the vestibular
nystagmus suggests a lesion of the supra-
marginal and angular gyrus on the side
of the preponderance. These cortical areas
are apparently able to modulate the lower
vestibular reflex mechanisms.

Modulation of oculo-motor mechanisms by
common descending supra-
nuclear pathways

Since the same nystagmus can be
elicited by contralateral vestibular or optic
afferences, as well as by descending im-
pulses from ipsilateral supranuclear cor-
tical diencephalic and mesencephalic areas,
we have to postulate a common descend-
ing system of intercalate neurons running
close to the oculo-motor nuclei. The
Nucleus interstitialis of Cajal is perhaps a
leading relay of this supranuclear associa-
tion system. This system receives impulses
from the diencephalic nystagmogenic area,
(possibly influenced itself by the cortical
opto-motor centers). The diencephalic
area also acts on ipsilateral tectal structures
(superior colliculus) and tegmental struc-
tures (medial reticular formation), as de-
monstrated histologically by fibre degene-
ration *4,

MARY

of central paralysis of the gaze no po-
tentials could be recorded during tentative
deviation of the eyes in the direction of
the paralysis of the gaze. On the contrary
exaggerated potentials, due to a deficiency
of the antagonistic innervation, occurred
during deviation of the gaze in the op-
posite direction.

Electronystagmography allows accurate
analysis of vestibular, optokinetic and
central nystagmus in man. In congenital
nystagmus it was possible to determine the
position of the gaze in which frequency
and amplitude of the nystagmus reach
a minimum. A compensatory torticollis
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allows the patient to fix the objects in
this position of the gaze and secures
optimal conditions of vision. The measu-
rement of the vestibular nystagmus thre-
shold (perrotatory acceleration and dece-
leration) must be considered to-day as the
most accurate investigation technique. In
man the normal threshold usually amounts
to 1 degree/sec® or less.

Experimental analysis of the vestibular,
optic and central nystagmus in the rabbit
(usually performed with the stereotaxic
technique of Monnier and Gangloff *)
brought new information on the chief
neural mechanisms of vestibular, optic and
central oculo-motor functions. These data
were reported on a diagram.

RESUMEN

El autor describe una técnica electro-
oculografica y electronistagmografica que
permite el registro adecuado de los feno-
menos oculomotores en el hombre. Cada
registro debe ser precedido por una prue-
ba de calibrado a los efectos de determi-
par la amplitud del potencial coérneoreti-
nal que corresponde a un determinado
angulo de desviacion de la mirada.

La electrooculografia resulta tutil para
analizar los movimientos voluntarios del
ojo y sus correspondientes perturbaciones.
De esta manera fue posible demostrar que
en casos de estrabismo convergente conco-
mitante la inervacion puede permanecer
normal en tanto que la perturbacién res-
ponde anicamente a un defecto de ubica-
cion del globo ocular. En sujetos con pa-
ralisis central de la mirada no pudieron
ser registrados potenciales algunos mientras
se intentaba la desviacion de los ojos en
direccion a dicha paralisis. En cambio se
obtuvieron potenciales extremadamente al-
tos durante la desviacién de la mirada en
direccion opuesta debido a una deficiencia
en los nervios del lade no afectado por
la paralisis.

La electronistagmografia permite analizar
debidamente los nistagmus vestibular, op-
toquinético y central en el hombre. En ca-
sos de nistagmus congénito fue posible
determinar la posicion de la mirada en
que tanto la frecuencia como la amplitud
del nistagmus llegan a ser minimas. Una
torticolis compensatoria permite al pacien-
te fijar los objetos con la mirada en esta
posicion y asegura a la vez Optimas con-
diciones de vision., La medicion del umbral
del nistagmus vestibular (aceleracion per-
rotativa y desaceleracién) debe ser consi-
derada actualmente como la técnica de
investigacion mas exacta. En el ser humano
el umbral normal generalmente esta entre
1 grado/seg.,2 o menos aun.

El analisis experimental de los nistag-
mus vestibular, optico y central (efectua-
do generalmente con la técnica estereota-
xica de Monnier y Gangloff *"), amplia-
ron la informacion con respecto a los me-
canismos nerviosos fundamentales de las
funciones o6culomotoras vestibular, Gptica
y central. Estos datos figuran en forma de
diagrama.

RESUME

L'auteur décrit une technique électro-
oculographique et élecironystagmographi-
que qui permet I'enregistrement exact des
phénoménes oculomoteurs chez I'homme,
Chaque enregistrement doit étre précédé
d'une épreuve de calibration permertant de
déterminer l'amplitude du potentiel cor-
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néo-rétinien qui correspond a l'angle de
déviation du regard.
L'électro-oculographie est utile pour
analyser les mouvements volontaires des
veux et leurs perturbations. De cette facon
il a été possible de démontrer que dans
des cas de strabisme convergent concomi-

VYol. 8. — Number 1. — 1970,



ELECTRO-PHYSIOLOGICAL ANALYSIS OF OCULO-MOTOR MECHANISMS

tant l'innervation peut étre normale tan-
dis que la perturbation correspond uni-
quement a un défaut dans la position du
globe oculaire. Dans des cas de paralysie
centrale du regard on n’a pu obtenir au-
cun potentiel pendant la déviation inten-
rionelle des yeux vers la paralysie. Cepen-
dant on a pu obtenir des potentiels exa-
gérés pendant la déviation du regard dans
le sens contraire, dus a la perturbation de
I'innervation antagoniste.
L'électronystagmographie permet d’analy-
ser avec exactitude les nystagmus vestibu-
laire, optokinétique et central chez "’homme.
Dans des cas de nystagmus congénital il a
été possible de determiner la position du
regard dans laquelle la fréquence ainsi que
l'amplitude du nystagmus atteignent un

minimum. Le torticolis compensateur per-
met au patient de voir les objets et lui
assure des conditions stables pour voir.
La mesure du seuil du nystagmus vesti-
bulaire (accélération per-rotatoire et des-
accélération) doit étre considérée comme la
technique d’investigation la plus exacte.
Chez 'homme le seuil normal varie entre 1
degré/sec., 2 ou moins encore,

L’analyse expérimental des nystagmus
vestibulaire, optique et central (réalisé
généralement avec la technique stéréotaxi-
que de Monnier et Gangloff *), ont élar-
gi nos connaissances sur les mécanismes
nerveux fondamentaux des fonctions oculo-
motrices vestibulaire, optique et centrale.
Ces données sont concrétisées par un dia-
gramme.

ZUSAMMENFASSUNG

Es wird die elektro-oculographische und
elektro-nystagmographische Technik bes-
chrieben, die eine geeignete Aufzeichnung
der oculo-motorischen Phaenomene beim
Menschen erlaubt. Jeder Aufzeichnung
muss ein Kalibrierungstest vorausgehen,
um zu bestimmen welche Amplitude des
corneo-retinalen Potentials einer bestim-
mten angularen Abweichung des Blicks
entspricht.

Die Elektro-oculographie ist fuer die
Analyse der willkuerlichen Augenbewe-
gungen und der entsprechenden Stoerun-
gen nuetzlich. Es war so moeglich zu
zeigen, dass beim convergenten concomi-
tanten Strabismus, die Innervation normal
sein kann, und die Stoerung aus einer
aprormalen Lage des Augapfel entsteht. In
Faellen von zentraler Blicklaechmung kon-
nten keine Potentiale waehrend des Ver-
suches der Seitwaertswendung der Augen
in Richtung der Blicklachmung abgeleitet
werden. Demgegenueber sind die Poten-
tiale verstaerkt, wegen der Defizienz der
antagonistischen Innervation, bei der
Seitwaertswendung des Blickes in der
entgegengesetzten Richtung.

Vol. 8, — Number 1. — 1970,

Die Elektro-nystagmographie erlaubt
die exakte Analyse des vestibulaeren,
optokinetischen und zentralen Nystagmus
beim Menschen. Beim angeborenen Nys-
tagmus konnte man die Blicklage bestim-
men, bei welcher Frequenz und Amplitude
des Nystagmus ihr Minimum erreichen.
Fin kompensatorischer Torticollis erlaubt
dem Patienten, die Objekten mit dieser
Blicklage zu fixieren und stabile Bedin-
gungen des Visus zu sichern. Die
Bestimmung des Schwellenwertes fuer den
vestibulaeren Nystagmus (praerotatorische
Acceleration urd Deceleration) muss heute
als die genauste Untersuchungstechnik
angesehen werden. Beim Menschen be-
traegt der normale Schwellenwert ge-
woehnlich 1 grad/sec 2 oder weniger.

Die experimentelle Analyse des vestibu-
laeren, optischen und zentralen Nystagmus
beim Kaninchen (gewoehnlich durch die
stereotaxische Technik von Monnier und
Gangloff "), ergab weitere Information
ueber die hauptsaechlichen neuralen Me-
chanismen der vestibulaeren, optischen und
zentralen oculo-motorischen Funktionen.
Die Daten wurden in einem Diagramm
zusammengefasst,
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Recent Clinical and Experimental Results
Concerning Vestibular and Oculomotor

Mechanisms

H. H. KORNHUBER * and J. M. FREDRICKSON **

A survey has been published concerning
the diagnostic value of spontaneous and
provoked vestibular and optokinetic nys-
tagmus '%, In this article we shall refer
only to recent clinical and experimental
findings.

Cortical vestibular projection area and
somatosensory-vestibular integration in the
cortex and the vestibular nucleus

The cortical vestibular projection area
had, until recently, been demonstrated only
in the cat ! 17, 20, 26,33 Gince it was found
to lie in the vicinity of the second somatic
area immediately next to the primary acous-
tic regicn, one could only surmise as to
where its position might be in primates.
Based upon clinical work, the vestibular
projection area in humans was thought to
be located in the temporal lobe. However,
a recent experiment concerning evoked po-
tentials following electrical stimulation of
the vestibular nerve in Rhesus monkeys 13,
showed that the cortical vestibular projec-
tion area is located at the foot of the in-
traparietal sulcus in the vicinity of the se-

* Present addre:s: Dpt. of Neurolog,
University of Ulm, 79 Ulm, W. Germany.

** Visiting investigator from the Depart-
ment of Surgery (Otolaryngology) Univer-
sity of Chicago, Chicago Ill., U.S.A. Pre-
sent address: University of Toronto, Dpt. of
Oto-Laryngologv, Toronto, 5, Canada.
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Universities of Ulm and Freiburg, Germany.

cond somatic area and the facial projection
of somatic area I (Figs. 1 and 2). In the
periphery of this vestibular projection
field, an experiment concerning the inter-
action of successive vestibular and somato-
sensory stimuli yielded results which indi-
cate probable convergence of these two mo-
dalities upon the same neuronal system.

A microelectrode experiment upon sin-
gle neurons of the vestibular cortical area
in cats *° yielded convergence of optic,
acoustic and vestibular afferents (the so-
matosensory afferents could not be studied
because encephale-isolé preparations were
used ).

Vestibular afferent projection to the cat’s
motor cortex has also been found **. The
motor cortex of the cat is, according to its
afferent reception, a somatosensory-vestibu-
lar integration field: 65 % of the neurons
yield “specific’ somatosensory answers and
53 9 ‘“'specific” vestibular answers. The
latencies of the vestibular responses in the
motor cortex are somewhat longer than
those in the primary vestibular cortex. The
somatosensory-vestibular integration in the
motor cortex is modality specific: vestibu-
lar afferents project to neurons receiving
“deep” somatosensory impulses and not to
neurons receiving “‘superficial”’ sensory
impulses (Fig. 3).

Somatosensory-vestibular integration has
also been discovered in neurons located in
the vestibular nucleus of the cat'®. The
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majority of the neurons in the border re-
gions of the medial and descending vesti-
bular nuclei responded to somatosensory
and vestibular stimulation (Figs. 4 and 5).
Once again the somatosensory afferents
stemmed from the deep receptors (joints).
In contradistinction to the motor cortex,
whose neurons primarily receive afferents
from distal joints of the extremities, the
somatic afferents received in the vestibular
nucleus arise primarily from the vertebral
column, especially the neck vertebrae, and
from the proximal joints of the extremi-
ties. Results from experiments upon cere-
bellectomized or barbiturized cats indicate
that the somatosensory influence upon
vestibular neurons can be direct in nature,
not just indirect through the cerebellum or
reticular formation.

One might have expected integration of
somatic-proprioceptive and vestibular mes-
sages, as this combination is highly rele-
vant functionally. Since the isolated vesti-
bular apparatus is only capable of orienta-
tion of the position of the head, this inte-
gration of vestibular and somatosensory af-
terents arising from receptors of neck ver-
tebrae is most interesting. Perhaps in fish,

Brain of Macaca Mulatta
showing the primary cortical vestibular

Fig. 1, —

receiving field (stippled) Ilocated in
the parietal lobe at the foot of the in-
traparietal sulcus (recorded only con-
tralaterally in monkey: under nembutal
anesthesia). The numbers correspond to
Brodmann’s areas, and the stripes to
sites where it has been shown that
cortical stimulation elicits eye
movements 34, 35,

AR e

Fig. 2. — Typical evoked potential
(superimposition of 10 responses) from
the primary cortical vestibular receiv-
ing field (Fig. 1). Latency time is 5
to 6 msec. Marker at the right is
600 p,V, and time marker below is
50 cycles/sec. The initial response
is positive.

vestibular orientation alone with respect to
head position suffices. However, in verte-
brates, the head is movable upon the
trunk, therefore, this head to trunk rela-
tionship must be taken into consideration
during postural regulations. It is known
that bilateral transection of the posterior

WINTRAL ATLARYE,

Teslatuinre

Fig. 3. — Convergence of vestibular
and “deep” somato-sensory afferents
upon a neuron in the cat's motor
cortex. Direction dependent vestibular
answers secondary to labyrinthine pola-
rization (0.2 mA): contralateral anodic

activation (A), and cathodic inhibi-
tion (B), ipsilateral cathodic activa-
tion (D), and anodic inhibition (C).

Tonic activation (E), due to flexion of
the contralateral forelimb toes. (Cour-
tasy, Die Naturwiszenschaften =22,
Courtesy, Springer-Verlag, Berlin,
Gottingen, Heidelberg).
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RECENT CLINICAL AND EXPERIMENTAL RESULTS CONCERNING. ..

roots of the upper cervical vertebrae in
monkeys produces a severe disturbance of
body equilibrium ?.

Recently it has been attempted, by means
of cervical root lesions, to explain the cli-
nical entity of paroxysmal positional nys-
tagmus with vertigo * “*. However, the po-
sitional nystagmus noted by Biemond in
his animal experiments probably resulted
from the ether anaesthesia used. There are
indeed cases of vertigo and spontaneous
nystagmus secondary to specific neck mo-
vements which apparently are due to com-
pression of arteriosclerotic vertebral arte-
ries. However, most cases of paroxysmal
positional nystagmus are dependent upon
positional variations of the head, and fur-
thermore, they do no show the characteris-
tics associated with the nystagmus noted
in cases of vertebral arterial thrombosis
and basilar insufficiency **. The typical

Localization of the Microelectrodes
in the Yestibular Nucleus
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Fig. 4. — The small circles in the dia-
gram represent the points through which
microelectrodes entered the wvestibular
nuclei. Note that most of the micro-
electrode recordings were obtained from
the medial and descending nuclei where
they border one another. The explora-
tion included the entire depth of the
nuclei. (Courtesy, Acta
Otzlaryngologica 12).
1970.
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Fig. 5. — Vestibulo-somatosensory con-
vergence in a neuron from the border area
of the descending and medial vestibular
nuclei. This response combination to laby-
rinthine polarization (0.2 mA) was the
most common documented. Notz the wide-
spread distribution of proximal joint
influence. (Courtesy, Acta
Otolaryngologica 12).

benign paroxysmal positional nystagmus
with severe positional vertigo, which
usually does not last more than 20 sec.,
and which generally exhibits a rotatory
component directed towards the underly-
ing ear, is probably brought about through
some semi-circular canal mechanism =7,
The opposite effect of the labyrinthine
and cervical afferents in the regulation of
body position, and the summation of cer-
vical and labyrinthine afferents with res-
pect to visual regulation is cybernetically
interesting (Fig. 6). However, clinically
this is of little significance, since bilateral
destruction of the upper posterior cervical
roots is practically never seen. For diag-
nostic purposes, it is not important to test
the influence of the neck reflex upon eye
movements. One should note whether neck
turning nystagmus is demonstrable when
both labyrinths are inexcitable.
Somatosensory-vestibular integration was
also to be expected with respect to orien-
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Fig. 6. — Semi-diagrammatic illustration of
the concept of vestibulo-somatosensory an-
tagonism. Movement to position I does not
provoke a motor response due to the can-
cellation of vestibular and proprioceptive
neck influences (antagonism). Unopposed
labyrinthine influence in position II results
in adjusting reflex motor reactions. Un-
challenged neck influence in position III
again results in appropriate motor adjust-
ments. (Courtesy, Acta
Otolaryngologica 12).

tation in space: it has been shown that
somatic sensation alone is not sufficient to
enable a human to properly orient himself
while suspended in deep water; it has also
been shown that an isolated vestibular sys-
tem functions poorly with respect to orien-
tation in a gravitational field °. Beritoff *
has demonstrated a vestibular component
in environmental orientation in another
manner: without the aid of vision, children
and dogs were able to find their way back
from a point to which they were previously
led, but this was no longer possible fol-
lowing bilateral labyrinthine loss. The
projection of the vestibular nerve to the
parietal lobe is in keeping with this ves-
tibular contribution to environmental
orientation. Moreover, it is known that
environmental orientation is disturbed fol-
lowing right or left-sided parietal le-
sions *1.

Carmichael and co-workers? proposed
that vestibular nystagmus was controlled
through the temporal lobes. Directional
preponderence of caloric nystagmus to the
side of the lesion was felt to signify a tem-
poral lobe lesion. However, Hakas and
Kornhuber '* showed that, with closed
eves, a directional preponderance of calo-

26 ~

ric nystagmus toward the damaged side in
cerebral cortical lesions could not be esta-
blished. Most frequently there was no di-
rectional preponderance: and, when pre-
sent, the directional preponderance was
usually directed towards the side opposite
that of the lesion. Carmichael and co-
workers 8 attempted to explain these di-
vergent results by basing their argument
upon the mechanism of visual fixation;
that is, with labyrinthine testing one finds
directional preponderance of nystagmus
toward the side of the lesion with visual
fixation, and the opposite response with
closed eyes. Since the results of Carmichael

ft
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Fig, 7. — 43 days following a cerebro-
vascular accident involving a posterior
branch of the left medial cerebral artery.
Unilateral diminution of horizontal op-
tokinetic nystagmus to the right occurs
with higher stimulus velocity (begin-
ning at about 60! to 80° sec-l). The
angular velocity of the slow phase of
the left beating nystagmus became
larger up to 120° seecl, (Courtesy,
Rivista Oto-Neuro-Oftalmolcgica 21),
Vol. 8.
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3
¥Years
following head trauma

Fig. 8. — Course of spontaneous nystagmus
(with clesed eyes)after head injury in 17
follow up cases. Continuous lines denote
peripheral lesions; the broken lines, cases
where peripheral lesions were not demons-
trable. Recovery nystagmus (Erholungs-
nystagmus) to the side of the lesion are
shown below the.zero line. (Courtesy, Arch.
Ohr.-, Nas.-, u. Kehlk.-Heilk, 24)
Courtesy, Springer-Verlag, Berlin,
Gottingen, Heidelberg,

and co-workers ® were gathered from ten
selected cases, Bader and Kornhuber ? per-
formed an experiment upon 34 unselected
individuals with unilateral cortical lesions.
In this series, a significant relationship
between the vestibular directional prepon-
derance and the side of the cortical lesion
was not found either with open or closed
eyes. A significant shift of directional
preponderance (calculated from the dura-
tion of nystagmus and not the angular ve-
locity) of the caloric nystagmus towards
the side of the cortical lesion was obtained,
when the vestibular directional preponde-
rance found with open eyes was subtracted
from that found with closed eyes. However,
this effect is only statistical, and due to
the wide distribution, is diagnostically un-
reliabla in any one case. That is, the oppo-
site findings are frequent. Thus, vestibular
testing with open and closed eyes for the
localization of cortical lesions is not useful.
The shift of vestibular directional pre-
ponderance under the influence of visual
Vol. 8.

— Number 1. — 1970.

fixation does not primarily depend upon
the temporal lobe. This shift is found when
the lesion involves the underlying white
substance of the posterior cortical regions,
which produces a diminution of the opto-
kinetic nystagmus to the opposite side of
the lesion. This optokinetic disturbance is,
in contradistinction to the vestibular di-
rectional preponderance, easy to determine
and diagnostically significant (Fig. 7).

Vestibular directional preponderance fol-
lowing cortical lesions apparently has no-
thing to do with the cortical vestibular
projection, but rather depends upon corti-
cal eye movement efferents projecting to
the brainstem (Fig. 1).

Function of the proprioceptive afferents of
the eye muscles (lack of a cortical
projection)

While a cortical projection of the vesti-
bular nerve has been proven and is func-
tionally significant, apparently the pro-
prioceptive afferents from the eye mus-
cles do not reach the cortex, for there is
no proven positional sense function of the

Time
after
Trauma

g

LE:‘E

9 Mon

24 Mon

Fig. 9. — (with

Electronystagmography
closed eyes) at varyving intervals in a case
of contusio cerebri accompanied by a frac-

ture through the right petrous pyramid.
Clinically, cranial nerves V through IX
were involved. At 3 1/2 months no spon-
taneous nystagmus i: documented, although
it was observed the following day. At 9 and
21 months a clear spontarnizous nystagmus
to the side opposite the lesion is ceen.
(Courtezy, Arch. Ohr.-, Nas.-,
u. Kehlk.-Heilk 24) .
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Fig. 10. — An example of “recovery nys-
tagmuz”’ (Erholungsnystagmus) following a
traumatic lesion involving the right laby-
rinth. At 4 1/2 months a spontaneous nys-
tagmus was noted beating to the Ieft,
whereas 2 1/2 months later it was beating
to the right (records made with eyes closed).
The spontancous “recovery nystagmus”
beating toward the cside of the lesion at
7 months corresponded to a restoration of
“normal” caloric excitability (Courtesy,
Rivista Oto-Neuro-Oftalmologica 21).

eye muscles ™ 7, Lange and Kornhuber -*
demonstrated that binocular associated mo-
vements of the eyes-during vestibular nys-
tagmus were for the most part, not percei-
ved. In those few cases where eye move-
ments were apreciated, this ability disap-
peared following aplication of a local
anaesthetic to the conjunctiva. Eye muscle
afferents do not provide information for
the subjective orientation of visual direc-
tion, but rather serve as proprioceptive
control for visual commands *?. The regu-
lating circle, retina - cortex - brain stem -
eye muscles, works much too slowly to be
efficient for the regulation of rapid visual
movements. For visual fixation upon new
points, the visual system makes only an
anticipated calculation of the necessary
angular movement and leaves the perfor-

mance of the rapid movements to the re-
gulating circle of eye muscles - brainstem -
eye muscles #2,

Origin and course of vestibular
disturbances following head trauma

Lange and Kornhuber ** studied 345 ca-
ses of head trauma. They found sponta-
neous nystagmus in 11 9% of the cases of
contusio cerebri, and 11 9% of the cases of
commotio cerebri. Spontaneous nystagmus
and vertigo following head trauma is
usually due to a peripheral vestibular le-
sion (Fig. 8). This peripheral spontaneous
nystagmus not infrequently assumes a
course devious to that generally taught.
The intensity of the nystagmus: 1. decreas-
ed rapidly, however, it could still be re-
cognized in a weaker form for several
years: 2. did not follow the generally ex-
pected course of a relatively steady regres-
sion, but exhibited large variations in in-
tensity over time, due to periods of cere-
bral arousal or fatigue. For example, a
spontaneous nystagmus can diminish to a
directional preponderance, and reappear
as a spontaneous nystagmus under an arou-
sal influence (Fig. 9). As a result of cen-
tral compensation and, or, peripheral reco-
very, it is often difficult to prove that the
problem has a peripheral origin. A spon-
taneous nystagmus to the side of the peri-
pheral vestibular lesion can arise if some
recovery of the labyrinthine function oc-
curs at a time following central compen-
sation (Erholungsnystagmus) *°. This reco-
very nystagmus, or vestibular directional
preponderance towards the side of the pe-
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Fig. 11. — Alternating spontancous nystagmus in a patient with
syringobulbia with the typical periodiodicity, that is, slightly

more than 200 seconds

in both hcrizontal directions.

Record

was made with eyes open, a short time constant (0.03sec.)
and slow papor speed. Only the quick component of the nys-
tagmus is demonstrable (right is up and left is down).
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Eyes Eyes Eyes Eyes mus due to an interru[?[im.l of conscious
Open Closed Open Closed eye movements; and 3. fixation nystagmus,
L" as the result of a disturbance of the fixa-

* Joo* R tion regulation. In a stricter sense one
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Fig. 12. — Electronystagmography {(upper
tracings — vertical eye movement; lower
tracings — horizontal) to compare vestibular
(caloric) mystagmus in a' normal (a) with
cases of congenital fixation nystagmus (b-f).
Visual fixation (a) inhibits the caloric nys-
tagmus. Whereas in fixation nystagmus
closed eyes: eliminates the nystagmus (b);
or modifies it (c¢): or precipitates a direc-
tion rever:zal (d); or leads to a form
change (e); or causes a direction reversal
during eye closure (f). In contrast to the
normal jerk nystagmus (a), congenital fi-
xation nystagmus usually has an abnormal
form: pendular (b); pointed (c¢); bowed (d);
or saddle shaped in the slow phase (e and
f). However, the jerk form may also be
seen in congenital nystagmus (c, d, f).
(Courtesy, Rivista Oto-Neuro-
Oftalmologica 21).

ripheral lesion, appears a few months fol-
lowing the trauma and can last for years

(Fig. 10) 2,

Classification of pathological nystagmus

Under the broad category of spontaneous
nystagmus, it is possible to differentiate
three forms which evolve from disturban-
ces of the three fold vestibular physiologi-
cal function '®. Their differentiation is
diagnostically important: 1. vestibular
spontaneous nystagmus (central or peri-
pheral) resulting from a disturbance of the
vestibular gaze regulation; 2. gaze direc-
tional nystagmus and gaze paretic nystag-
Vol. 8

- Number 1. — 1970

could refer only to vestibular nystagmus as
being spontaneous, because it persists inde-
pendent of fixation intention, eye closure
or straight ahead gaze with illuminated
glasses. Therefore, examination with illu-
minated glasses and nystagmography with
closed eyes are indispensable. Headshaking
nystagmus, positional nystagmus and perio-
dic nystagmus alternans also belong under
the heading of spontaneous vestibular nys-
tagmus. Spontaneous vestibular nystagmus
can, just as vestibular directional preponde-
rance, be peripherally or centrally signifi-
cant. Only a few special forms of vestibu-
lar nystagmus always have a central canse,
such as: nystagmus alternans (Fig. 11); di-
rection changing positional nystagmus wi-
thout vertigo, and; provoked ‘perverted’
nystagmus ' 29, Gaze paretic and gaze di-
rectional nystagmus are always of extra-
vestibular central significance (structural
or toxic), while fixation nystagmus is
always congenital.

Although valuable information of a lo-
calizing nature can be obtained from va-
rious forms of spontaneous and induced
nystagmus, one should not make a final lo.
calizing diagnosis without first considering
all of the information gained from a com-
plete neurological examination.

Diagnosis and various forms of congenital
nystagmus including latent fixation
nystagmus

Congenital nystagmus is the only diag-
nosis which can be made from the charac-
teristics of the nystagmus (Fig. 12). It can
be recognized by the following qualities *':
I. An abnormal beating form (pendular,™
curve, saddle or pointed). 2. Fixation de-
pendence of the form or the direction of
nystagmus, all of which may change with
lid closure. 3. Reversal of optokinetic nys-
tagmus. 4. Lack of increasing nystagmus
intensity with lateral eye deviation which
one usually sees with nystagmus due to le-

~ 29
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eyes closed
Fig. 13. — Latent fixation nystagmus with
slight strabismus concomitans convergens
alternans. Nystagmus on monocular fixation
straight ahead showing assymetry with a
coarser left nystagmus (a). Spontaneocus
nystagraus to the right with both eyes
closed (b).

sions. 5. Latent nystagmus during mono-
cular fixation. All of these characteristics
need not be present in each case. For exam-
ple, a jerk nystagmus can certainly be a
congenital nystagmus. Latent fixation nys-
tagmus, which is an hereditary nystagmus
and is transmitted with strabismus conco-
mitans, is always a jerk nystagmus. It is
often thought to be due to a brainstem le-
sion, because it is frequently combined
with a spontaneous nystagmus (seen with
closed eyes) and a disturbance of optoki-
netic nystagmus '*, However, latent fixa-
tion nystagmus is very easy to differentia-
te from all of the acquired forms of nys-
tagmus due to lesions of the nervous sys-
tems, because it appears with monocular
fixation and always beats to the side of the
fixing eye. Since some 3 9% of humans
squint, and approximately 20 9, of these
individuals have a latent nystagmus '*, one
finds that about 0.6 9% of the population
have latent nystagmus (Fig. 13). On the
other hand, there is almost always an ac-
companying hereditary squint in cases of
latent nystagmus. The beat excursion in

SUM

This paper summarizes findings in the
following topics: cortical vestibular pro-
jection area in the monkey, convergence
of vestibular and deep somatic afferents at

30 ~

latent fixation nystagmus, which is often
very small, is best seen with a Torner
ophthalmoscope into which the patient
looks and fixes upon a small red light.
With the examiner looking through the
ophthalmoscope at the patients ‘fixing’
right eye, a nystagmus to the right is seen
when the patient’s left eye is closed, and
vice versa. The patient must always be
looking straight ahead in order to avoid
mistaking the nystagmus with a gaze direc-
tional nystagmus. Another method of con-
firming latent nystagmus consists of test-
ing optokinetic nystagmus with monocular
stimulation; when the right eye is stimu-
lated, the optokinetic nystagmus to the
right is stronger than to the left. Varia-
tions in the strength of latent nystagmus
to one side or the other are frequent.

Hereditary fixation nystagmus is not a
single disease entity. Rather, there are at
least four different hereditary disturbances
to which hereditary latent fixation nystag-
mus can testify: 1. the common recessive
or incomplete dominant sex-linked heredi-
tary nystagmus with a horizontal beat and
disturbance of only the horizontal optoki-
netic nystagmus; 2. the common latent fi-
xation nystagmus which, like strabismus,
is not sex-linked transmitted; 3. nystag-
mus associated with total color blindness,
which is transmitted as an autosomal reces-
sive; and 4. the rare hereditary nystagmus
with a vertical component, and a distur-
bance of both the vertical and horizontal
optokinetic nystagmus, which is transmit-
ted as an autosomal dominant ', There
are, of course, forms of gaze direction and
gaze paretic nystagmus due to hereditary
disturbances; for example, spinocerebellar
atrophy. However, these do not belong to
the entity of latent fixation nystagmus.

MARY

neurons of the vestibular nuclei and ce-
rebral cortex and its function for regula-
tion of posture and for conscious orien-
tation in space, integrated function of

Vol. 8. — Number 1, 1970,
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vestibular and neck reflexes, influence of
forebrain lesions on vestibular nystagmus
in man, function of afferents from the
eye muscles, origin and course of vesti-
bular disturbances following head trauma,
classification of pathological nystagmus,
and diagnosis and various forms of con-
genital nystagmus including latent fixa-
tion nystagmus. Within the six vyears
since this paper was prepared, new facts
have been discovered regarding: function
of cerebellum in saccadic eye movement
(J. Physiol. 200:713, 1969), acute central

positional vertigo due to vascular lesion
of the nodulus (Zbl. Neur. 191:13, 1968),
acquired pendular nystagmus in multiple
sclerosis due to cerebellar lesions (Arch.
Ohrenheilk. 194:150, 1969), and cerebral
potentials in man preceding active sac-
cadic eyz movement (Naturwiss. 55:550,
1968). For review see Kornhuber in Be-
rendes, Link, Zollner: Hals- Nasen- Ohren-
heilkunde, Handbuch, vol. 3, part. 3, p.
2150-2351, G. Thieme Verlag, Stuttgart
1966, and Arch. Ohrenheilk. 194: 111-
148, 1969.

RESUMEN

Este trabajo resena los hallazgos en los
siguientes campos de investigacion: area
de proyecciéon vestibular cortical en el
mono, convergencia de aferentes somaticos
profundos y vestibulares en las neuronas
de los nucleos vestibulares y la corteza ce-
rebral y su funcién para la regulacion de
la postura y para la orientacién consciente
en el espacio, la funcion integrada de los
reflejos vestibulares y del cuello, la in-
fluencia de las lesiones del cerebro ante-
rior sobre el nystagmus vestibular en el
hombre, la funcién de los aferentes de los
musculos oculares, el origen y curso de los
trastornos vestibulares posteriores al trau-
matismo craneano, la clasificacion de los
nystagmus patologicos y el diagnoéstico y
varias formas de nystagmus congénito in-
cluyendo el nystagmus de fijacion latente.
Durante los seis anos que siguieron a la

publicacion del presente trabajo se han
descubierto nuevos elementos en lo que se
refiere a: la funcién del cerebelo en el
movimiento ocular sacadico (]J. Physiol.
200:713, 1969), vértigo central agudo de
posicion debido a la lesion vascular del
nédulo (Zbl. Neur. 191:13, 1968), nystag-
mus pendular adquirido en casos de es-
clerosis multiple debido a lesiones del ce-
rebelo (Arch. Ohrenheilk. 194:150, 1969)
y los potenciales cerebrales en el hombre
previos al movimiento ocular sacadico ac-
tivo (Naturwiss. 55:550, 1968). Para te-
ner un panorama general de este topico
conviene consultar la parte de Kornhuber
en la obra "“Hals- Nasen- Ohrenheilkunde,
Handbuch, de Berendes, Link, Zollner,
Vol. 3, parte 3, p. 2150 a 2351, G. Thieme
Verlag, Stuttgart 1966, y el Arch. Ohren-
heilk, 194:111-148, 1969.

RESUME

Ce travail résume les résultats obtenus
dans les champs d’investigation suivants:
aire de projection vestibulaire corticale
chez le singe, convergence d’afférents so-
matiques profonds et vestibulaires dans les
neurones des noyaux vestibulaires et dans
I'écorce cérébrale et leur fonction pour le
reglement de la posture et pour lorien-
tation consciente dans 'espace, la fonction

Vol. 8. — Number 1. — 1970.

intégrée des reflexes vestibulaires et du
cou, l'influence des Iésions du cerveau
antérieur sur le nystagmus vestibulaire
chez I’homme, la fonction des afférents
des muscles oculaires, l'origine et le dé-
veloppement des~déreglements vestibulaires
postérieurs au traumatisme cranien, la
classification des nystagmus pathologiques
et le diagnostic et plusieurs formes de
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nystagmus congénital incluant le nystag-
mus de fixation latente. Pendant les six
ans qui se sont écoulés depuis la présen-
tation du présent travail on a découvert
de nouveaux éléments concernant: la fonc-
tion du cervelet dans le mouvement ocu-
laire sacadique (J. Physiol. 200:713, 1969),
vertige central aigu de position da a la
lésion vasculaire du nodule (Zbl. Neur.
191:13, 1968), nystagmus pendulaire acquis
dans des cas de sclérose en plaques dia a

des lésions du cervelet (Arch. Ohrenheilk.
194:150, 1969) et les potentiels cerebraux
chez I’homme préalables au movement
oculaire sacadique actif (Naturwiss. 55:
550, 1968). Pour avoir un panorama gé-
néral de la question il convient de voir
l'oeuvre “Hals- Nasen- Ohrenheilkunde,
Handbuch par Berendes, Link, Zollner, Vol.
3, 3eme partie, p. 2150 a 2351, G. Thieme
Verlag, Stuttgart 1966 ainsi que I'Arch.
Ohrenheilk. 194:111-148, 1969.

ZUSAMMENFASSUNG

Diese Veroffentlichung gibt eine Uber-
sicht iiber Befunde auf folgenden Gebie-
ten: Corticale Vestibularisprojektion beim
Affen, Convergenz vestibuldrer und tiefer
somatischer Afferenzen an Neuropen der
Vestibulariskerne und Hirnrinde und ihre
Funktion fiir Korperstellung und Raumo-
rientierung, integrierte Funktion von Ves-
tibularis- und Halsreflexen, Einfluf von
Grofhirnliasionen auf den vestibuliren
Nystagmus des Menschen, Funktion der
Afferenz von den Augenmuskeln, Ursprung
und Verlauf vestibulirer Stérungen nach
Kopftraumen, Klassifikation des patholo-
gischen Nystagmus sowie Diagnose und
Formen des Kongenitalen Nystagmus ein-
schlieflich des latenten Fixationsnystag-
mus. In den sechs Jahren seit Nieder-

schrift dieser Arbeit wurden neue Befunde
erhoben hinsichtlich: Funktion des Klein-
hirns bei der sakkadischen Augenbewegung
(J. Physiol. 200:713, 1969), akuter zen-
treler Lageschwindel infolge Unterwurm-
GefaPinsult (Zbl. Neur. 191:13, 1968),
erworbener Pendelnystagmus bei Multipler
Sklerose infolge von Kleinhirnldsionen
(Arch. Ohrenheilk. 194:150, 1969), sowie
menschliche Hirnrindenpotentiale vor ak-
tiven sakkadischen Augenbewegungen (Na-
turwiss. 55:550, 1968). Ubersichten siehe
Kernhuber in Berendes, Link, Zollner:
Hals- Nasen- Ohrenheilkunde, Handbuch,
Bd. 3, Teil 3, S. 2150-2351, G. Thieme
Verlag, Stuttgart 1966, sowie Arch. Ohren-
heilk. 194: 11-148, 1969.
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Optokinetic Nystagmus and Attention

J. W. G. TER BRAAK and C. BUIS

Neurological Decpartment Dijkzigt Hospital, Medical Faculty, Rotterdam.

When Barany' called attention to
the phenomenon of “railway nystagmus”
and introduced it as a tool for the diag-
nosis of neurological diseases, his physio-
logical explanation of the phenomenon
was a very simple one.

In his opinion the “slow phase” of the
nystagmus was a following movement of
the eyes elicited by attentively looking at
a moving object, e. g. a black stripe on the
drum for eliciting an optokinetic nystag-
mus (o.k.n.). After a certain lapse of time
the attention would be drawn to a second
object (another black stripe) and a rapid
eye movement in the opposite direction
would direct the visual axis to this second
object, so that its image would be depicted
on the macula. Then this image would be
fixed to the macula by a following move-
ment until the next object comes into view.
The chief function of the peripheral parts
of the retina was to bring about such mo-
vements of the eye that the “interesting”
images stimulating them would fall on
the fovea. In Barany’s view without the
cooperation of attention no nystagmus
would be possible.

This theory of Barany Jater proved to be
too simple. In homonymous hemianopia,
for example, an o.k.n. with a rapid phase
to the hemianopic side can still be
observed although the “next object” is
always in the blind half of the visual
field. Also, it is possible to elicit an o.k.n.
in patients with central scotoma, where
the images, depicted on the macula, can-
not act as stimuli.

When a test subject is examined in a—

big rotating cylinder with alternating black
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and white stripes on its inner surface, the
frequency of the nystagmus obtained is not
the same as that of the rotating stripes, nor
is there a simple numerical relation be-
tween the two frequencies.

With normal test subjects the influence
of attention cannot be satisfactorily exami-
ned by asking them not to pay attention to
the stripes. In cases of extreme idiocy, how-
ever, Rademaker and Ter Braak® ob-
served that nystagmus occurred when the
subjects were examined inside such a rotat-
ing cylinder, whereas it was not excited by
the movement of a string of beads or that
of a series of coloured prints. Rabbits do
not show ordinary following movements of
objects which are of interest to them.
When, however, placed in such a cylinder
an o.k.n. was observed (Ter Braak % 7).
The same holds for decorticated, “psychi-
cally blind” animals (cats, dogs, monkeys).

These observations showed that an o.k.n.
can be aroused without the co-operation of
attention, provided the whole environment
is moving. On the other hand it is not
possible to elicit o.k.n. in animals with the
drum, as used by Barany (and still by the
majority of contemporary neurologists).
However, when moving objects are used
which arouse the specific interest of cer-
tain animals, e.g. moving rabbits in the ca-
se of dogs (Rademaker and De Kleyn ?),
monkeys seeing their own mirror images
moving (Ter Braak and Van Vliet”), an
o.k.n. will be obtained. Here a certain and
not unimportant part is played by attention.

It would appear that a distinction of two
types of o.k.n. can give some elucidation of
these conflicting facts.

Vol. 8, —

Number 1. — 1970.



OPTOKINETIC NYSTAGMUS AND ATTENTION

1. A "passive” type, produced by the
movement of the images of the majo-
rity of the optical contrasts in the vi-
sual field, independent of the discrimi-
nating action of attention and unaf-
fected by removal of the visual cortex.

(%]

An “active” type, produced by a se-
ries of small visual objects, forming a
minority of all contrasts in the visual
field but with a special relation to the
test subject known as “attention”.

Whereas in the “passive” type of o.k.n.,
the slow phase can be regarded as a “fi-
xation movement”’ caused by the displace-
ment of retinal images, in the “active” ty-
pe the explanation is not so simple. In the
latter case a stimulating series of objects
is moving against a stationary background.
During the slow phase of the o.k.n. the
contrasts belonging to the background will
move across the retina in the direction op-
posite to that of the test objects, producing
an opposite, thus counteracting stimulus.
If the minority of the contrasts in the vi-
sual field still dominates the eye move-
ments during the slow phase, then it must
be assumed that this reflex is “privileged”.

But what is the physiological substratum
of this “privilege”? There are two essen-
tially diverging possibilities.

Firstly, there is the fact that under nor-
mal conditions an object that has drawn
the attention is either projected on the fo-
vea or brought to the fovea through a ra-
pid eye movement. If the fixation reflex,
originating from the fovea, is much stron-
ger than the fixation reflexes originating
from other parts of the retina, the part
played by attention would be confined to
the transport of the images of interesting
objects to the fovea.

This is the point of view brought for-
ward by Carmichael, Dix and Hallpike ?,
as will appear from the following quota-
tion .. .insistence that cerebral optokine-
tic nystagmus requires a stimulus object of
psychic interest would appear capable
of misinterpretation. Thus, in the nor-
mal human subject optokinetic nystag-
mus may be induced with a «ery small
striped revolving drum set in a fixed field,
1670
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provided only that the subject can be per-
suaded to maintain fixation on the stripes.
The moment this fixation is relaxed the
nystagmus ceases. Thus it would seem more
correct to say that macular fixation involv-
ing attention is the essential factor in the
mechanism of this so-called cerebral opto-
kinetic nystagmus. Naturally enough in
animals such fixation upon a small moving
object can only be ensured if this latter is
of psychic interest; nevertheless, psychic
interest per se does not play a part.”

It is clear that by “fixation” the authors
mentioned above can only mean “macular
fixation” so that according to them “cere-
bral” o.k.n. could not occur in patients with
central scotoma. The o.k.n. in these pa-
tients would then be a “subcortical” one,
i.e. an o.k.n. could only be aroused by the
movement of the images of the majority
of the optical contrasts in the visual field,
and not by a series of small visual objects
moving against a background.

The alternative point of view is that the
physiological counterpart of attention con-
sists of facilitation of the fixation reflex,
elicited by the movement of an “interest-
ing” object, irrespective as to whether the
image of such an object is on the macu-
la or elsewhere on the retina, thus show-
ing a preponderance over the fixation re-
flex set up by “not interesting” objects.

The theory first mentioned would
imply that with two optically identical ob-
jects, moving with the same speed but in
opposite directions, both depicted on the
macula, an o.k.n. could not be elicited sin-
ce the images of the objects would set up
two antagonistical reflexes, neutralising
each other. If, however, there is a facilita-
tion of the fixation reflex, as mentioned in
the alternative point of view, it would be
possible to obtain an o.k.n. depending on
the attention being directed to one of the
objects.

To study this controversy the method
of “ambivalent” optokinetic stimulation
(a.0.s.) was used.

This method also made it possible to in-
vestigate the effect of the movement of ex-
tra-foveally projected contrasts formed by a
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single object. Furthermore, the influence
of a revolving environment on the direc-
tion of the o.k.n. could be studied with the
aid of the “spiral drum”.

METHOD

1. Apparatus

In 1957 ® Ter Braak carried out investiga-
tions with an apparatus that neutralized
the centre of the visual field by offering
a test subject two equivalent groups of
optic contrasts, moving in opposite direc-
tions. “Equivalent” here means that across
the macula, the images of two groups of

contrasts are gliding simultaneously in op-
posite directions, evoking stimuli of equal
intensity. In other words, two fixation re-
flexes of equal intensity are elicited, coun-
teracting each other. The contrasts are pro-
vided by two groups of spiral lines having
the same pitch, but drawn in opposite di-
rections on a white cylinder placed hori-
zontally. The spiral lines, half a mm in
width, are spaced at intervals of 1 cm. The
rotation of the cylinder imparts an appa-
rent horizontal movement to these lines.
This system was called “ambivalent opto-
kinetic stimulation” and the apparatus used
was called a “spiral drum” (Fig. 1).

Fig. 1, — Apparatus for “ambivalent optokinetic stimu-
lation”, For description see text.

Through a rectangular opening ,measur-
ing 16 cm x 8 cm, in a metal box, a test
subject facing the apparatus can only see
part of the cylindermantle as this is placed
inside the metal box.

In this situation the eye has the “liber-
ty” to follow one of the two groups of spi-
ral lines. Which group will be followed is
determined by conditions which are in-
dependent of the movement of the lines
themselves.

When a test subject looks in the direc-
tion of the spiral drum quite uninterestedly
and the turning speed of the drum is low,
he will be seeing both groups of lines
moving in opposite directions. With in-
creased speed of the drum he will be
seeing a “whirling” of lines, instead of one
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or the other group of lines separately. At
times, however, he will suddenly be per-
ceiving one of the two groups of lines
sharply, during which an o.k.n. with the
slow phase in the direction of the move-
ment of the lines can be observed.

When the test subject is asked to pay
attention to one of the groups of lines, he
will be seeing only these lines (with co-
rresponding o.k.n.). He can alter his choice
at will so that the nystagmus almost at on-
ce changes its direction. In nystagmogra-
phical records of such a nystagmus-rever-
sal, the curve generally shows not a rapid,
but a gradual decline of velocity of the
slow phase to zero and then a slow phase
in the opposite direction is initiated (see
a in fig. 2). Only exceptionally does the

Vol. B.

— Number 1, — 1970.



OPTOKINETIC NYSTAGMUS AND ATTENTION

nystagmus in the opposite direction start at
once with a quick phase.

When the test subject tries to direct his
attention continuously to one of the two
groups of lines he will be able to see the
chosen lines for a limited time only, after
which a “whirling” or, more frequently,
the lines moving in the opposite direction,
will be seen. After a short lapse of time
he will be able to catch again the original
group of lines. It should be noticed in this
context that when a cylinder with only one
group of spiral lines is presented the test
subject will be able to perceive these lines
for an unrestricted time.

Electronystagmograms were made with
an E.E.G. apparatus.

w
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Fig. 2. — Reversal of o.k.n. (indicated
by arrows) during ambivalent o.k.
stimulation. The velocity of the slow
phase declines gradually to zero and
the slow phase in the opposite direc-
tion is accelerated also gradually. Nys-
tagmograms: upper record with D.C.
amplification, lower record with R.C.
amplification with a low time constant,
so that the speed of the eye move-
ment is recorded.)
Vol. 8.
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2. Test subjects

Twelve healthy, male medical students
volunteered as test subjects. None of them
had any information about the test proce-
dure or the aims of the present investiga-
tion prior to testing.

3. Test procedure

The experiment whith a single object
moving in the periphery of the visual field
of the test subject was carried out in the
following way (see fig. 3).

The test subject faced the spiral drum.
A stick, painted green and measuring 2 cm
by 8 cm, held vertically about 30 c¢m in
front of the test subject, was moved hori-
zontally in his visual field along a curvili-
near line. As indicated in fig. 3 the stick
was moved in a centrifugal as well as in
a centripetal direction (see arrows fig. 3)
along four tracks

A. central right,

B. central left,

C. peripheral right,
D. peripheral left.

Each track provides two observations
which were repeated five times, thus giving
a total of 480 observations with the twelve
test subjects. Place and direction of move-
ment of the stick were changed at ran-

SPIRALDRUM

TESTSUBJECT

Fig. 3. — Influence of an “interesting”
object in the peripheral visual field.
Te:t situation (for description
see text.)
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dom to prevent anticipation by the test
subject and possible adjustment to it. The
stick was moved at the rate of 5 to 8 cm
per second, whereas the spiral lines had
an apparent moving speed of 10 cm per
second (angular speed about 19 degrees
per second).

To find out the influence of attention,
each test subject was investigated in two
ways, i.e. whilst directing his gaze to the
spiral lines he was first asked to ignore
the stick moving in his visual field, then
he was asked to pay attention to it, keep-
ing his gaze, however, still directed to the
spiral lines. Since the spiral lines were
moving, the test subject could not possible
find an immobile point in the centre of
his visual field on which he could focus.
Thus the possibility for the eyes to move
to the right or to the left remained open.

LSec.

e N
e Y

L 5ec.

t

Fig. 4. “+"” reaction. The experiment
is started when the test subject is
seeing “whirling” and there is no nys-
tagmus. At arrow: the stick, for which
attention is required, is moved in the
peripheral visual field. a. Movement
of the stick to the left: nystagmus
with slow phase to the left. b. Move-
ment to the right: nystagmus with
slow phase to the right.
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In this way conditions were created for
examining whether an extrafoveal stimulus
—as the one excited by the stick— could
determine the direction of the optokinetic
nystagmus and whether for this purpose
directing the attention towards the peri-
pheral stimulus was a necessity.,

The stick was not moved until the test
subject saw the whirling of lines. As a re-
sult of the movement of the stick he would
perceive either one of both groups of spi-
ral lines, or he would continue seeing the
whirling of lines. The test subject was then
asked to tell which of the groups of lines,
if any, he had seen during the short time
the stick was being moved.

Electronystagmography showed that the
direction of the spiral lines in their ap-
parent movement, as seen by the test sub-
jects, corresponded to the direction of the
slow phase of the optokinetic nystagmus
elicited by this movement of the spiral
lines.

RESULTS

The data obtained, varying from test
subject to test subject, were assessed statis-
cally. The two possible types of reaction
were scored as follows:

a “4" when those spiral lines were seen
which were moving in the same
direction as that of the moving
stick (Fig. 4),

when those spiral lines were seen
in the opposite direction to that of
the stick.

With persistence of whirling the score
was ‘‘zero”, i.e. no reaction occurred.

The reader should consult the complete
tables in the thesis of one of the authors
(C.B.) for full details on data. In this ar-
ticle only the sum total of the plus and mi-
nus reactions from each of those tables are
given. (See tables la and 1b).

The null-hypothesis adopted was that
the direction in which the movement of the
lines was seen by the test subjects, was de-
termined by chance, so that an equal num-
ber of “+4” and “—" reactions could be
expected.

te L1

a R
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TABLES 1a and 1b

a With no attention for stick requested
Moving the stick:

near centre of visual field ' in the periphery
. centripetal ‘ centrifugal ! centripetal ‘ centrifugal
stseundbeanll sl st e i iosie s M i
sum total | ‘ ‘
of reactions: | 50 34 45 41 50 28 .| 50 35
L R B RS I W S 2.30
| pf=1): | NS | NS | p<0.02 NS

b With attention for stick requested
Moving the stick:

near centre of visual field in the periphery .
centripetal | centnfugal centripetal ‘ centrifugal
e T Rt | u I T || u 23 At e pa e
; 3 7 Th 1 Ey ___ TR i i
sum total I{ . \ |
of reactions: | 63 2y S 33 _! 61 <> B9RG 52 45
%% 13.61 ' 9.28 ’! 6.51 \ 0.50 |
p(df=1): | p<0.001 p<0.005 ‘| p<0.05 | NS 3

Comparison of the data from tables la
and 1b shows the influence of attention,
when requested by the investigator for the
perlpherally moving object. When no at-
tention for the object was requested (table
la) the null-hypothesis could only be re-
jected for the case in which the object mo-
ved in the most peripheral field in a cen-
tripetal direction; in this case there was a
significant tendency to "+ reactions.

On the other hand, when attention for
the object was required (table 1b), a signi-
ficant predilection for “--” reactions was
present in all cases except in the case of
movement of the object in the peripheral
field in a centrifugal direction. A predi-
lection for a “—" reaction was never found.

DISCUSSION

With the spiral drum in the central part
of the visual field as described before (see

Yol. 8. — Number 1. — 1970,

page 36) two groups of identical visual con-
trasts are moving at the same speed but in
opposite directions, thus providing antago-
nistical stimuli for the macular fixation re-
flex. Although these antagonistic stimuli
are expected to neutralize each other, yet
a following movement, i.e. the slow phase
of an o.k.n. can occur, corresponding in di-
rection with the movement of one group
of spiral lines being then perceived. This
observation alone seems to be at variance
with the supposition of a dominating ma-
cular fixation reflex of an “unconditioned”
character, i.e. not requiring “attention” for
certain visual objects. It would appear the-
refore that the influence of attention con-
sists of more than merely directing the vi-
sual axis to an object of interest.

An important objection, however, could
be raised. When there is a “dominating”
fixation reflex elicited from the fovea, it
must be realised that the fovea, being a
very small part of the retina, could contain
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the image of only one single line; conse-
quently there need not be at the same time
a foveal image of another single line mov-
ing in opposite direction. Moreover, wheri
the fixation reflex has been set up by the
lines of one of both groups, the velocity of
the retinal images of the groups of lines is
no longer the same, so that the stimuli are
no longer equal in strength. The test sub-
ject, however, could switch to the other
group of lines by directing his visual axis
to it at will, making it possible to reverse
the direction of the nystagmus. The tran-
sition of the fixation of one group of li-
nes to the other would then always be ini-
tiated by a quick eye movement.

The nystagmograms (fig. 2), however,
show that this is only excepticnally the
case. During a reversal of the direction of
the nystagmus, the velocity of the eye mo-
vement decreases gradually to zero and
then, also gradually, a slow movement in
the opposite direction is initiated. A short
moment of rest must be assumed to occur,
during which the images of both groups
of lines are passing at equal velocities,
cffering opposite stimuli of equal inten-
sity.

Thus the smallness of the fovea can give
no support to a theory based on the as-
sumption of an “unconditioned” foveal fi-
xation reflex.

The experiments with a moving object
in the peripheral visual field show that the
optokinetic reaction depends on the atten-
tion directed to this object, without conco-
mitant directing of the visual axis to the
object.

That there is a significant tendency to
“+" reaction when the stick is being
moved centripetally in the most peripheral
field and without attention for it being
requested (see table 1a), suggests that the
stick attracts attention by unexpectedly en-
tering the visual field and in this way
creating the same circumstances as when
attention was requested.
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Thus attention. whatever its physiologi-
cal substratum may be, is indispensable for
the production of at least the “active’ 'type
of o.k.n. under discussion. Secondly, it is
not necessary for the object of attention
to be depicted on the macular region, al-
though this would occur under ordinary
conditions.

Although the direction of the o.k.n. in
our experiments is significantly correlated
with the movement of the peripheral ob-
ject (i.e. the stick), the direction of the
slow phase being the same as the move-
ment of the object, it remains a remarka-
ble fact that about one third of the sum
total of reactions are “—" reactions.

By modifying the test conditions it is
possible to increase the percentage of “—"
reactions so that the ratio between “-}”
and “—" reactions changes significantly in
favour of the “—” reactions. The modifi-
cation consisted of removal of the stationa-
ry background contrasts by darkening the
room, so that only the spiral drum and the
stick (made luminescent!) were visible.

Thus it seems that the stimulus produc-
ing the -} reaction is not simply the mo-
vement of the stick, but the movement of
the stick against a background with visi-
ble stationary background contrasts! A stu-
dy of the significance of the background
contrasts (moving or stationary) therefore
appears desirable. Experiments already des-
cribed in a preliminary report (Ter
Braak 8) and in the thesis of one of the
authors (Buis?) will be dealt with in a
following paper.

For the present it will suffice to conclu-
de that the influence of “attention” does
not merely consist of directing the visual
axis to an “interesting” object. It must be
assumed that the slow phase of the "active”
type of optokinetic nystagmus is brought
about by a facilitation of the fixation re-
flex set up by the displacement of the re-
tinal image of an “interesting” object (or
series of objects). This image need not be
depicted on the macula.

Vol. 8. — Number 1, — 1870,
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SUMMARY

“Ambivalent optokinetic stimulation”
was obtained by moving two groups of op-
tically identical contrasts in the centre of
the visual field at the same speed, but in
opposite directions. When other optokine-
tic stimuli are absent, two antagonistical
cptokinetic reflexes, neutralizing each
other, are elicited. With this method the
part played by “attention” in the produc-
tion of the "active” optokinetic nystagmus
(i.e. the type of optokinetic nystagmus eli-
cited by the movement of 2 minority of the
optical contrasts in the visual field) was
studied.

By directing the attention to one of the
groups of moving contrasts, an optokinetic
nystagmus (o.k.n.) with the slow phase in

RESU

La “estimulacion oproquinética ambiva-
lente” fue obtenida moviendo dos grupos
de contrastes Opticamente idénticos en el
centro del campo visual, a la misma velo-
cidad pero en direcciones opuestas. Cuando
no existen otros estimulos optogquinéticos
se producen dos reflejos optoquinéticos an-
tagénicos que se neutralizan reciprocamen-
te. Mediante este método ce cstudid el pr.-
pel desempenado por la "atencion” en la
produccidon de nistagmus optoguingtico ac-
tivo (es decir el tipo de nistagmus opto-
auinético producido por el movimiento de
la minima parte de los contrastes ODLicOs
en el campo visual).

Al dirigir la atencién hacia uno de los
grupos de contrastes méviles pudo obtenci-

the direction of the movement of this con-
trast, could be produced. Visual objects
moving in the peripheral field and having
the attention of the test subject, could also
preduce an o.k.n. with the slow phase in
the direction of the movement of the cb-
ject. Not the moving of the object as such,
but the movement of this object against
stationary background contrasts appeared
to be the stimulus for this o.k.n.

It was concluded that the function of
“attention” does not consist merely in di-
recting the visual axis to an “interesting
object” but that facilitation of the fixation
reflex in one direction is the mechanism
involved in the production of “active”
o.k.n.

M EN

s¢ un nistagmus optoquinético cuya fase
lenta se desarrollé en la direccion de este
movimiento. El movimiento de objetos vi-
sibles en el campo periférico que atraian
la atencién del sujeto, también produjeron
un nistagmus optoquinético cuya fase lenta
seguia la direccién del objeto. El estimulo
en este caso no esta dado por el movimien-
to del objeto en si, sino por el desplaza-
miento del mismo sobre un fondo estatico.

Se llegé a la conclusion de que la fun-
cién de la “atencién” no consiste en dirigir
meramente el eje visual hacia un “cbi=rn
interesante” sino ane esta en juego la fa-
cilitacion del refleio de fijacion de la orien-
tacion en la produvccidn del nistagmus op-
toquinitico “activo’.

RESUME

La “‘stimulation optocinétique ambiva-
lente” a été obtenue en déplacant deux grou-
pes de contrastes optiquement identiques
au centre du champ visuel, a la meme vi-
tesse bien que dans des directions opposéss.
Quand il n'y a pas d’autres stimuli opto-

cinétiques deux reflexes opteciziitiques

Vol. 8, =— Number 1 1970.

antagoniques se nczuctralisant reciprogues
ment se produisent. Avec cettz méthode on
a érudié le role joué par I'«attention» dans
la production du “nystagmus optocinéti-
que actif” (c’est & dire du nystagmus opte-
cinétique produit par le mouvement du
minimum des contrastes optiques sur le
champ visuel).
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En dirigeant I'attention vers un des grou-
pes de contrastes mobiles on a pu obtenir
un nystagmus optccinétique dont la pha-
se lente s'est developpée dans la direction
de ce mouvement. Le mouvement des ob-
jets visibles sur le champ periphérique, qui
attiraient I'attention du sujet, ont produit
¢galement un nystagmus optocinétique
dont la phase lente suivait la direction de

ZUSAMME

“Ambivalente optokinetische Reizung”
findet statt durch Bewegung von zwei
Gruppen identischer optischen Kontraste
im Gesichtsfelde mit gleicher Geschwindig-
keit, aber in entgegengesetzter Richtung.
Beim Fehlen von anderen optokinetischen
Reizen werden somit zwei entgegengesetz-
te, einander aufhebende optokinetische Re-
flexe hervorgerufen.

Mittels dieser Methode wurde die Rolle
studiert, welche die. Aufmerksamkeit in der
Aus'osung des “aktiven” optokinetischen
Nystagmus (d.h. den Typus des O.K.N.
hervorgerufen durch die Bewegung einer
Minoritit der Kontraste im Gesichtsfelde)
spielt.

Wird die Aufmerksamkeit auf eine der
beiden Kontrastgruppen hingelenkt, so
wird ein O.K.N. mit der langsamen Phase

I'objet. Le stimulus n’est pas fourni par
I'objet en soi, mais par le déplacement du
méme sur un fond statique. On est arrivé
a la conclusion que la fonction de “l'atten-
tion” ne consiste pas a diriger simplement
I'axe visuel vers un “objet intéressant”
mais que la facilitation du reflexe de fixa-
tion est impliquée dans la production
du nystagmus optocinétique “actif”

NFASSUNG

in der Richtung der Bewegung dieser
Kontrastgruppe hervorgerufen.

Gegenstiande, welche sich im peripheren
Gesichtsfelde bewegen und auf welche die
Aufmerksamkeit gelenkt wird, koénnen
ebenfalls einen O.K.N. mit der langsamen
Phase in der gleichen Richtung auslosen.
Nicht das bewegte Objekt als solches, son-
dern die Bewegung dieses Objektes gegen
einen stationiren Hintergrund stellt den
Reiz fiir diesen Nystagmus dar.

Die Schlussfolgerung ist, dass die Rolle
der “Aufmersksamkeit” sich nicht be-
schrinkt auf die Lenkung der Blicklinie auf
ein “interessantes” Objekt, sondern dass
“Bahnung” des Fixationsreflexes in einer
bestimmten Richtung fiir die Auslosung
des “aktiven” O.K.N. wesentlich ist.
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The Role of the Optic Pathways in
the Regulation of Various Forms

of Nystagmus

F. BERGMANN, M.D., Ph. D., and A. COSTIN, M. D.
Department of Pharmaco ogy, Hebrew University-

Orientation in space and maintenance of
body equilibrium are based mainly on the
integration of vestibular and retinal impul-
ses. The labyrinthine receptors are excited
by static (gravitational) and dynamic (e.g.
centrifugal) forces. Similarly, the retina
responds to stimulation from stationary or
moving light sources. Thus, it is well
known that an object traversing the visual
field elicits optokinetic nystagmus. On the
other band, labyrinthine nystagmus is
strongly inhibited when the eyes are ex-
posed to stationary light® ', It can b2
foreseen that different forms of photic sti-
mulation may either inhibit or enhance
vestibular nystagmus.

In order to study' the relationship be-
tween the two sensory systems experimen-
tal conditions must be chosen which lend
themselves to unambiguous interpretatior.
Thus during rotation, the change of posi-
tion of objects relative to the coordinates
of the eyes serves as simultaneous optoki-
netic stimulus. In order to study the inter-
action of vestibular with optokinetic nys-
tagmus, one must select a form of labyrin-
thine stimulation, such as the caloric reac-
tion, which leaves the body in a fixed re-
lation to its environment. However, calo-
ric stimulation produces unsteady responses
which do not lend themselves easily to
quantitative comparison. Furthermore, all
forms of nystagmus bear an asymmetric
Vol. 8, — 1970.
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character, since the eye movements are
composed of a rapid and a slow phase. If
cach retina sends fibers to both optic tracts,
it is difficult to unveil the effect of mo-
nocular stimulation on a given nystagmus
response. We have therefore selected for
our studies the rabbit. This animal lacks a
fovea, it is not capable of fixation and has
only panoramic vision; its retina is com-
posed entirely of rods and its optic fibers
are almost completely crossed. Stimuli ap-
plied to one eye reach only the superior
colliculus and lateral geniculate body of
the other side (Fig. 1) and thus evoke
asymmetric responses, like labyrinthine ex-
citation. These anatomical conditions faci-
litate interpretation of the interaction of
vestibular and optic phenomena.

Several years agoe, we described a "nys-
tagmogenic area” in the diencephalon of
the rabbit, where electrical stimulation
produces contraversive nystagmus (so-called
“central nystagmus”)'’. Later experiments
revealed that this region most probably
contains fibers which originate from neu-
rons in the optic pathway and that all
components ¢f the latter, from the retina
to the superior colliculus and lateral
geniculate body, can become the source
of central nystagmus, when electrically
stimulated * 7" ?,  Central nystagmus
can be evoked most easily when both eyes
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are closed. Thereforc, this reaction enables
one to study nystagmus responses, evoked
simultaneously from the labyrinth and the
optic system. The combined stimulation
leads to simple superposition, i.e. if central
nystagmus is directed to the same side as
e.g. the response to angular acceleration,
strong enhancement is obrained, which
exceeds by far the algebraic sum of the
two individual reactions. If the two respon-
ses exhibit opposing directions, strong de-
pression results 11

Electrical stimulation of an optic pathway
elicits nystagmus towards the homologous
eye, i.e. the eye linked with the stimulated
pathway. Because of the nearly complete
decussation in the optic chiasm (Fig. 1),
the response is necessarily asymmetric. In
analogy, all impulses emanating from a
single eye or a single optic pathway should
produce asymmetric effects. Indeed, it was
recently found that monocular flashing of
the rabbit evokes nystagmus, provided the
other eye is protected from light (“flash
nystagmus’’) 7.

Flash nystagmus uses the same pathway
as central nystagmus. Here again, combined
application of both stimuli can produce
mutual enhancement or depression ©=.

N. opticus

\
Corpus

geniculatum

laterale
Coll:lculus
superior
Fig. 1. — Schematic representation of

the optic pathways of the rabbit. Note
that the visual fields of the eyez do
not overlap and that at the chiasm
practically complete decussation
takes place.
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Fig. 2 shows the effect of synergistic
flashing on central nystagmus. When both
eyes were covered, threshold stimulation
of the right diencephalic nystagmogenic
area induced only 7 eye beats to the left;
in spite of continued electrical excita-
tion, the response died out after 27 sec
(Fig. 2a). Similarly flashing of the left
eye evoked only 2 movements to the left
(Fig. 2b). However, combined electrical
and intermittent photic stimulation resulted
in 45 eye beats; the response was sustained
throughout the whole stimulation period
and was followed by “ afterbeats (Fig. 2c¢).
The reverse combination of central nys-
tagmus with antagonistic flash nystagmus
is represented in Fig. 3. Here, electrical
stimulation of the right nystagmogenic
area was carried out under conditions that
evoked a sustained, maximal response with
strong afternystagmus, when both eyes
were covered (Fig. 3 a). Flashing of the
right eye produced, after a larency of 10
sec, 10 beats to the right, followed by an
afternystagmus of 3 beats (Fig. 3 b). When
the two stimuli were applied simulta-
neously, the response started to the left,
ie, in the direction of the central nys-
tagmus, but after 26 sec the latter died out
to be followed after 49 and 69 sec resp. by
two eve movements to the right (Fig. 3¢).
Thus, antagonistic flashing strongly in-
hibits central nystagmus and may even re-
verse the direction of the eye beats. The
sequence of events in Fig. 3¢ is easily
understood if one takes into consideration
the difference in latency of the two in-
dividual responses.

In view of the pronounced directional
character of the responses, evoked from a
single optic pathway, the question arises
whether photic inhibition is also an asym-
metric phenomenon. This can easily be
demonstrated for central nystagmus. Table
I shows that the eye movements, induced
by electrical stimulation of the pathway
of the right eye, are strongly inhibited by
permanent illumination of the left retina,
while exposure of the right retina to light
has no marked influence. Similar obser-
vations have been made with monocular

Vol. .
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TABLE |

Photic inhibiticn of central nystagmus

Condition of eyes  Eye beats per minute

Both eyes covered 60 -+ 10¢
Left eye illuminated 0
Right eye 4 54 + 6
Both eyes & 0
Female rabbit; stimulation of right

optic nerve during 1 minute at 40 cycles
per second, pulse duration 2 msec, current
strength 0.4 milliamperes, evoking nys-
tagmus to right. Wherever indicated, the
eyes were exposed to an 80 W bulb, placed
at a distance of 50 cm.

a From reference 5.

b The:e figures indicate 60 beats during
the 1 minute stimulation and 10b after-
beats.

optokinetic stimulation® and with flash
nystagmus °. Does the principle of asym-
metric photic inhibition also apply to ves-
tibular nystagmus, i.e. does illumination
of either eye from a stationary light source
inhibit a given labyrinthine reaction to a
different degree?

The asymmetric character of photic in-
hibition can be demonstrated most easily
in those forms of labyrinthine nystagmus,
which maintain a fixed direction of eye
movements throughout the whole experi-
ment. As first example we shall consider
the “spontaneous’” nystagmus that appears
after unilateral labyrinthectomy. E.g. after
destruction of the right labyrinth, the
rabbit keeps its head twisted with the right
side to the ground and maintains nys-
tagmus to the left. In this situation, illumi-
nation of the right eye is strongly inhibi-
tory, while exposure of the left eye has no
influence (Table II) ®. The observations
on the unilaterally labyrinthectomised ani-
mal permit us to establish a physiological
relation between one eye and one labyrinth.
After operation of the right side, the sti-
mulus for “spontaneous” eye movements to
the left emanates from the left labyrinth.
Vol. 8.
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It is evident that illumination of the right
retina inhibits the nystagmus, evoked from
the left labyrinth.

After right labyrinthectomy, the eye
beats are directed to the left under all con-
ditions. Thus, if the head of the rabbit is
forced into left side position, nystagmus
becomes much stronger, but continues in
the same direction as before. This shows
that the left labyrinth is stimulated more
intensely in left side position than when
the head rests on the right side. Therefore,
the animal keeps the head twisted to the
operated side, in order to minimise the
nystagmus movements,

It follows from these observations that
also in the intact animal left side position
will excite the left labyrinth more power-
fully than the right one. This means that
forces pulling on the statoliths of, for ins-
tance, the saccule are more effective than
pressure against the hair cells of these re-
ceptors %, If in a given side position the
statolithic organs of the two labyrinths do
not receive equal stimulation, why is po-
sitional nystagmus missing in the intact,
awake rabbit? The answer must be sought
in a process of central equilibration. In
prone position, the impulses from the left
and right maculae balance each other. In
other positions, the stronger impulses that

TABLE 11

Photic inhibition of the spontaneous
nystaamus, following unilateral
labyrinthectomy
Condition of eyes  Eye beats per minute

Both eyes covered 43
Right eye illuminated 22
Left eye 7 44
Both eyes i 21

Female rabbit; 24 hours after right
labyrinthectomy. The head of the animal
was resting on the right side and the un-
ceasing eye movements were directed to
the left.
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emanate from one labyrinth excite inter
alia inhibitory neurons which suppress re-
petitive eye movements, although postural
muscles are activated. The capacity of cen-
tral regulation to restrain positional nys-
tagmus is also responsible for the fact that
the spontaneous eye movements of the uni-
laterally labyrinthectomised rabbit cease
after a waile, although the zbnormal head
position persists over a long time.

In the disturbance of equilibrium caused
by destruction of a single labyrinth, photic
inhibition serves as a powerful means to
reduce the nystagmus movements. We sup-
pose that this inhibiticn does not affect
the labyrinth directly, but influences the
ceniral mechanisms involved in labyrin-
thine nystagmus, such as the various oculo-
motor centers. This assumption is supported
by experiments on Bechterew nystagmus.

AL

1 | 1 1 L |
10 20 30 40 50 60

70 sec
Fig. 2. — Enhancement of central nys-
tagmus by synergistic flash nystagmus.
Female rabbit; bipolar concentric elec-
trodes in the right nystagmogenic area,
stimulation at 40 cycles per second, 2
msec, 0.2 milliamperes. Stimulation
period of 60 seconds marked by arrows.
The nystagmograms were recorded on
a Schwarzer electroencephalograph. a)
Electrical stimulation alone; both eyes
covered. Note latency of 4 seconds; 7
eye beats to left (as indicated by up-
ward excursion). The response dies out
after 27 sceconds. b) Flashing of left
eye alone, at a rate of 30 per second
and an intensity of 10, lux; right eye
covered. Note a single beat to the left
after 38 seconds and a further move-
ment, one second after cessation of
flashing. ¢) Simultaneous electrical
stimulation and flashing of left eye;
right eye covered. Note latency of 6
seconds; 45 beats to left; afternystag-
mus: A beats to left during 11 seconds.
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Bechterew nystagmus appears after extir-
pation of the second labyrinth . The res-
ponse is directed away from the side of
the last operation and is again subject to
asymmetric photic inhibition, i.e. eye beats
to the right are suppressed by illumina-
tion of the left retina (Table III). Here,
the inhibitory mechanism can have only
an extralabyrinthine localisation. Photic
inhibition preserves its asymmetric charac-
ter over long distances, i.e. until the optic
fibers reach the optomotor centers.

It is more difficult to recognise asym-
metric photic inhibition of the nystagmus
evoked by rotation, because the direction
of the eye movements differs during accele-
ration and deceleration. Ewald ® has shown
that during clockwise acceleration the
right external semicircular canal is sti-
mulated by ampullopetal flow, causing
nystagmus to right. Conversely, during
clockwise deceleration, the crista ampul-
laris of the left external canal is excited,
evoking eye movements to the left. In the
light of the previously established relation-
ship between direction of nystagmus and
asymmetric photic inhibition, we may an-
ticivate that the same eye cannot produce
inhibition during perrotatory as well as
postrotatory reactions. This is borne out

TABLE 1l

Asymmetric influence of illumination on
Bechterew nystagmus

Condition of eyes  Eye beats per minute

Both eyes covered 31
Right eye illuminated 27
Left eye " 0
Both eyes 4 0

Female rabbit; after extirpation of right
labyrinth, spontaneous nystagmus persisted
for 2 weeks. Then, 36 days after the first
operation, the left labyrinth was removed.
Photic inhibition was tested 24 hours after
the second operation, when the animal had
developed spontaneous nystagmus to right.
1970,

Vol. 8. — Number 1, —



THE ROLE OF THE OPTIC PATHWAYS IN THE REGULATION OF...

by the data of Table IV. During clockwise
rotation of the animal, the nystagmus beats
are directed to the right and are inhibited
by illumination of the left eye. During
clockwise deceleration or after brisk inter-
ruption of clockwise rotation, postrotatory
beats are directed to the left, while the
right eye now exerts a strong inhibitory
influence. Thus the relationship between
labyrinth and contralateral eye corresponds
again to the general rule, established be-
fore.

Photic inhibition results either from
illumination with a stationary light source
or from intermittent photic stimulation
at frequencies above the fusion limit. Con-
sequently, the nystagmus response is stron-
gest in the dark. In darkness, the neurons
along the optic pathway exhibit irregular
resting activity !. The discharges in the
pathway of the right eye have a favorable
influence on the nystagmus, evoked from
the left labyrinth.

TABLE IV

Photic inhibition of labyrinthine
nystagmus, evcked by rotation

Number of eye beats

Condition Perrotatory Postrotatory
of eyes nystagmus  wystagmaus
to right to left
Both eyes covered 14 29
Right eye illuminated 14 12
Left eye > 5 26
Both eyes 2 3 11

The rabbit was rotated clockwise at
5%/sec?, until it had reached an angular
velocity of 145° per second. Perrotatory
nystagmus to right. After this speed had
been maintained for 60 seconds, sudden
arrest of the rotating chair induced post-
rotatery nystagmus to left. Each eye was
covered with a black hood, under which
a 3 W bulb was fixed. This arrangement
permitted illumination of each eye sepa-
rately during rotation.

When the retina is exposed to flashes,

Vol. 8, — Number 1. — 1970

the dark activity becomes progressively
organised, tending to follow the optic
signals. Finally, when the fusion limit is
reached, the discharges in the neurons of
the optic pathways are largely suppressed.
But why should elimination of the dark
activity impair the nystagmus movements?
Two alternative explanations may be ad-
vanced: Either the dark activity keeps the
synapses of the oculomotor neurons within
the most sensitive range of excitability,
where relatively small changes are required
to evoke nystagmus; or the irregular rest-
ing activity suppresses inhibitory elements
of the nystagmus circuit, which assume a
predominant role in the absence of dark
discharges. These two explanations are of
course not mutually exclusive.

In the rabbit, only illumination of the
contralateral eye effects the nystagmus
evoked from a given labyrinth. Conversely,
nystagmus to the left, elicited from the
left labyrinth, maintains approximately the

a

b
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Fig. 3. — Inhibition of central nys-
tagmus by antagonistic flash nystagmus.
Female rabbit, stimulation of right nys-
tagmognic area at 40 cycles per second,
2 msee, 0.2 milliamperes, producing nys-
tagmus to left. Stimulation period of
60 sec. marked by arrows., a) Central
nystagmus alone, both eyes covered.
Note latency of 3 seconds; 114 eye beats
to left (upward excursion); afternys-
tagmus: 44 beats during 36 seconds.
b) Flashing of right eye at a rate of
30 per second, intensity 105 lux; left
eye covered. Note latency of 10 seconds:
10 eye beats to right (downward ex-
cursion) ; then 3 aftermcvements during
10 seconds. ¢) Simultaneous electrical
stimulation and flashing of right eye;
left eye covered. Latency of 4 seconds;
14 eye beats to left; the responce dies
out after 25 seconds. After 49 seconds,
one movement to the right and (From
reference 61) after 60 =econds, a
second one.
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same rhythm, whether the left eye is ex-
posed to light ar protected from it (Table
1V). This simple observation indicates
that in the rabbit, parallel to the separa-
tion of the optic pathways, the labyrinthine
fibers also maintain an asymmetric distri-
bution. Due to this anatomical arrange-
ment, the rabbit is a suitable object for
the study of the relation between vestibular
nystagmus and retinal stimulation.

Can we ascribe any physiological signi-
ficance to the photic inhibition of nys-
tagmus? Under natural conditions, strong
stimuli such as angular acceleration or
drastic changes of the temperature of the
middle or inner ear are unlikely to occur.
On the other hand, weak disturbances of
the balance between left and right laby-
rinth are prevented from evoking nys-
tagmus by photic inhibition, as long as the
animal keeps its eyes open. Very low in-

SUM

The optic pathways of the rabbit re-
present a relatively simple system due to
the practically complete decussation in the
chiasm. Flashing of a single eye evokes
nystagmus towards the stimulated side. Si-
milarly, electrical stimulation of a single
optic pathway results in central nystagmus
towards the homologous eye. These two res-
penses interact with each other by simple
superposition: If they are directed towards
the same side, they enhance each other.
If they are antagonistic, they cause mutual
deoression. Similar results are obtained,
when central and vestibular nystagmus are
combined.

Photic inhibition is an asymmetric phe-
nomenon. Illumination of one retinu in-

RES

Las vias Opticas del conejo constituyen
un sistema relativamente sencillo debido a
la decusaciéon practicamente completa de
su quiasma Optico. La excitacion luminosa
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tensities of illumination of only a few lux,
such as prevail in moonlight, suffice to
reduce vestibular nystagmus markedly. It
is thus probable that the vestibulo-retinal
system is arranged to prevent vestibular
nystagmus under natural conditions. Nys-
tagmus is usually a pathological phenome-
non, wich appears only after damage to
the inhibitory mechanisms that normally
suppress it. If this view is correct, one
would also expect the existence of a ves-
tibular mechanism capable of suppressing
the nystagmus evoked from the optic
pathways of the rabbit. If indeed the ves-
tibular pathways maintain an asymmetric
distribution, their inhibitory effect on
optic nystagmus should again exhibit an
asymmetric character. Studies undertaken
recently show indeed that this reverse re-
'ation holds 7 ©.

MARY

hibits only the nystagmus, resulting from
stimulation of the heterologous optic
pathway. Likewise, exposure of one eye
to stationary light inhibits the nystagmus,
elicited from the contralateral labyrinth.
This is exemolified for the nystagmus res-
ponses that follow rotation of the intact
animal or unilateral labyrinthectomy.
Photic inhibition affects an extralabyrin-
thine mechanism, probably the cculomotor
centers, because it is also encountered in
Bechterew nystagmus.

Photic inhibition is an important factor
in the suppression of labyrinthine or
optic nystagmus in the intact, awake ani-
mal.

M EN

intermitente de un solo ojo evoca nistagmus
hacia el lado estimulado. De la misma ma-
nera, la estimulacion eléctrica de una sola
via Optica da lugar a un nistagmus cen-
1970
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tral hacia el ojo del mismo lado. Entre dos
respuestas hay una interaccion por simple
superposicion: Si estan dirigidas hacia el
mismo lado, se fortalecen entre si. Si sop
opuestas causan un debilitamiento mutuo
Se obtienen resultados similares cuando s-
combinan los nistagmus central y vestibula~,

La inhibicién fética es un fenémeno asi-
métrico. La iluminacién de una retina sélo
inhibe el nistagmus cuando la estimulacion
proviene de la via dptica del lade opuesto.
De la misma manera la exposicion de un
0jo a un estimulo lumincso fijo inhibe el

nistagmus provocado desde el laberinto
contralateral. Para demostrar esto se dan
cjemplos de respuestas de nistagmus que
suceden a la rotacion del animal intacto
o a la laberintectomia unilateral. La in-
hibiciéon fétrica perturba un mecanismo ex-
tralaberintico, probablemente los centros
oculomotores, ya que también se encuentra
en el nistagmus de Bechterew.

La inhibicién fdtica es un factor impor-
tante para la supresion del nistagmus la-
berintico u éptico en el animal intacto des-
pierto.

RESUME

Les voies optiques du lapin représentent
un systéeme assez simple, a cause de leur
décussation presque complete au niveau du
chiasma optique.

L'excitation lumineuse intermittente d un
seul oeil provoque l'apparition de mouve-
ments nystagmiques dirigés vers le coté
stimulé, De la méme facon la stimulation
¢lectrique d’'une seule voie optique donne
naissance a uh nystagmus battant dans la
direction de I'oeil homologue.

L'application simultanée des excitations
¢lectriques et optiques aboutit a une su-
perposition simple: si les mouvements nys-
tagmiques battent du méme coté, la réponse
est augmentée et au contraire, si la direc-
tion des mouvements est opposée, la ré-
ponse est diminuée.

Des résultats semblables ont été obtenus
par la combinaison du nystagmus central
avec le nystagmus vestibulaire.

L'inhibition du nystagmus due a la lu-

ZUSAMME

Die Sehbahn des Kaninchens stellt, we-
gen der fast vollstandigen Faserkreuzung
im Chiasma, ein relativ einfaches System
dar. Monokulire Lichtblitze erzeugen Nys-
tagmus zur gereizten Seite. In @dhnlicher
Weise ruft elektrische Erregung einer
optischen Leitungsbahn den sogenannten
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miere est un phénomeéne asymétrique:
I'éclairage monoculaire bloque seulement
la réponse provoguée par la stimulation de
la voie optique hétérologue. De la méme
facon, I'exposition d'un oeil a la lumiere
inhibe seulement le nystagmus, évoqué par
la stimulation du labyrinthe contrelaté-
ral, par exemple les mouvements suivant
la destruction du labyrinthe homolatéral
ou le nystagmus obtenu par la stimulation
rotatoire des récepteurs vestibulaires con-
trelatéraux.

Le fait que la lumiere peut inhiber aussi
le nystagmus de Bechterew semble prouver
que le phénoméene d’inhibition qu’on vient
de décrire implique un mécanisme extra-
labyrinthique, localisé probablement dans
les centres oculomoteurs.

Chez le lapin intact et éveillé I'inhibi-
tion due a la lumiere est un facteur im-
portant dans la suppression du nystagmus
vestibulaire ou optique.

NFASSUNG

“zentralen Nystagmus” hervor, der jeweils
zur Seite des homologen Auges gerichtet
ist. Wenn beide Reize gleichzeitig gegeben
werden, so iiberlagern sich ihre Wirkun-
gen in einfacher Weise: Sind die Augen-
bewegungen in beiden Reaktionen zur
selben Seite gerichtet, so verstirken sie

~ 49



INTERNATIONAL JOURNAL OF NEUROLOGY

sich gegenseitig. Sind sie einander entge-
gengesetzt, so ergibt sich gegenseitige
Schwichung. Ahnliche Resultate werden
bei gleichzeitiger Reizung von Sehbahn
und Labyrinth erhalten.

Die Hemmung der verschiedenen For-
men des “optischen Nystagmus” durch
stationdres Licht ist ausgesprochen asym-
metrisch, d.h. Belichtung eines bestimm-
ten Auges hemmt nur den Nystagmus,
der durch Erregung der heterologen Seh-
bahn hervorgerufen wurde. In gleicher
Weise hemmt die Belichtung eines Auges
mittels einer ruhenden Lichtquelle nur die
Augenschlige, die durch Reizung des kon-

tralateralen Labyrinths erzeugt wurden.
Als Beispiel dienen die Nystagmusreaktio-
nen, die durch Rotation oder durch ein-
seitige Labyrinthextirpation hervorgerufen
werden.

Die Lichthemmung kommt iber einen
extralabyrinthdren Mechanismus, der wahr-
scheinlich in den Augenmuskelzentren
lokalisiert ist, zustande, denn das Hem-
mungsphenomin ist in gleicher Weise
auch fir den Bechterew’schen Nystagmus
gultig. Lichthemmung spielt offenbar
beim normalen Tier eine wichtige Rolle
in der Vermeidung von vestibulirem oder
optischem Nystagmus.
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L'Electromyographie des Muscles
Extrinseques de L'Oeil

P. PASSOUANT, J. CADILHAC, J. COSTEAU, et G. DAPRES
Laberatoire de Pathologie Expérimentale - Montpellier - France.

L’électromyographie des muscles extrin-
séques de l'ceil est, chez I'homme, d'une
application relativement récente. Les pre-
miers documents sont dus a Bjork et a
Kugelberg en 19522 et 1953 * %, alors que
I'électromyographie des muscles périphéri-
ques était depuis longtemps entrée dans la
pratique clinique courante. Depuis cette
époque, les travaux se sont multipliés,
précisant les diverses modalités fonction-
nelles ou pathologiques de l'activité élec-
tricue musculaire. La plupart d’entre eux
cont consacrés a des aspects particuliers ou
originaux, mais certains ont apporté une
vue d’ensemble de I'électromyographie ocu-
laire (Breinin ™ % 7, Esslen et Papst'’,
Costeau *).

Ce retard dans l'application clinique de
I'électromyographie extra-oculaire tient aux
problémes techniques et d’interprétation
soulevés par cette méthode.

—Les problémes techniques dépendent
de la situation profonde, dans l'orbite, des
muscles a explorer et de la proximité du
globe oculaire qui pourrait étre facilement
iésé. Les tentatives d’enregistrement indirect
par des électrodes placées dans les culs de
sac conjonctivaux ont été vouées a I'échec
et actuellement, la détection de lactivité
¢lectrique musculaire se fait par des aiguil-
les introduites directement dans I'épaisseur
des muscles. Nous utilisons, nous-mémes,
des aiguilles bifilaires de 60 mm de long
dont la gaine, reliée a la terre, a un dia-
metre de 0,4 mm. Ces aiguilles ne sont
pas traumatisantes et leur légereté permet
de suivre les déplacements du muscle.
1970.
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Le releveur de la paupiere et le droit
supérieur sont atteints successivement par
voie transcutanée a 5 mm du rebord or-
bitaire. Le releveur est d’abord exploré,
puis, a 2 c¢m environ de profondeur, le
droit supérieur. Les autres muscles droits
sont atteints par voie conjonctivale a 4 ou
5 mm de profondeur. Le petit oblique et
surtout le grand cblique, sont plus diffi-
cilement accesibles en traversant les pau-
piéres, ou pour le grand oblique, le cul
de sac conjonctival. Généralement, leur
extréme mobilité ne permet que des en-
registrements de courte durée.

Dans tous les cas, 'emplacement correct
des électrodes est vérifié par Il'activité
électrique du muscle se contractant lors des
mouvements adéquats. Il est souvent utile
de placer deux aiguilles dans deux muscies
a action antagoniste, soit d’un ceil, soit
des deux yeux.

Le malade doit étre allongé et une anes-
thésie oculaire de contact est pratiquée par
instillation de quelques gouttes de Tétra-
caine. L'emploi d’'un blépharostat, préco-
nis¢ par Breinin, est inutile.

La technique est donc relativement sim-
ple et d'une inocuité absolue. Néanmoins,
les électrodes suivent difficilement les dé-
placemeats de grande amplitude du globe.
Elles sortent alors de I'épaisseur du mus-
cle et de fréquents ajustements de leur
position sont nécessaires.

—Les problemes d’interprétation tiennent
aux particularités anatomiques des muscles
extra-oculaires. La fibre musculaire, d'un
diametre variable (de 10 a 50 p) s'étend
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d’'un bout a l'autre du corps musculaire
sur 3 a 4 cm et I'électrode n’en explore
yue la partie la plus antérieure. De plus,
'innervation est particuli¢rement riche,
puisqu’'une fibre nerveuse ne se distribue
gqu’a une a dix fibres musculaires. La moin-
dre contraction provoque donc des traces
électromyographiques tres riches ou les
unités motrices, de breve durée et de faible
amplitude sont difficiles a individualiser.
L’évaluation de la force de la contraction
est de ce fait délicate et les critéres génc-
ralement utilisés pour les muscles périphé-
riques ne peuvent sappliquer ici. Enfin,
la constatation d’'un silence électrique ou
d’un bas voltage doit étre discutée car ils
peuvent étre dus a un mauvais placement
de I'électrode. Généralement cependant,
ches les malades coopérants, un observa-
teur qualifié peut ¢étudier les diverses ca-
ractéristiques de 1'électromyogramme.

On étudiera I'électromyographie chez le
sujet normal, puis lors des mouvements
nystagmiques, et enfin dans les affections
neuro-musculaires.

i — L'ELECTROMYOGRAMME OCULAIRE A
L'ETAT NORMAL

A) DANS LA POSITION DE REPOS
DU GLOBE OCULAIRE, en I'absence de
toute influence sensorielle (position pri-
maire), il existe une activité permanente
d’unités motrices réalisant un tracé inter-
médiaire. Les unités motrices, analysées
lors d’'un enregistrement a vitesse suffisante
ont une durée plus bréve (1 a 2 ms) et

W

Fig. 1. — Fixation du regard. (en
haut = droit externe — en bas = droit
interne du méme c¢6té), activité tonique
entrecoupée de secousses phasiques dans
un: muscle et de courtes périodes d'in-
hibition dans 1i’antagoniste, traduisant
des réajustements de la fixation
(calibrage 200 yv - 40 ms.).

<
b
l

une amplitude plus faible (200 a 400 mv)
que dans les muscles périphériques. Elles
battent a une fréquence élevée de 25 a 150
par seconde. Cette activité tonique, tres
réguli¢re, ne s’épuise pas dans les muscles
droits et ne céde que pendant le sommeil
cu l'anesthésie locale ou générale (Brei-
ain %). Elle disparait dans le releveur lors
de l'oclusion des paupieres. Elle revét les
mémes caractéres quel que soit le muscle
¢tudié.

B) DANS LA FIXATION DU RE-
GARD, par contre, il existe des oscil-
lations irrégulieres du globe, breves et
imperceptibles correspondant a des ajuste-
ments de la fixation. Elles se traduisent a
I'electromyogramme par de courtes bouf-
tées d’activité plus voltée d'une durée de
40 a 250 ms dans un muscle et par un
silence relatif simultané dans le muscle
antagoniste ou dans le muscle a action
opposée de l'autre oeil (Fig. 1).

C) DANS LES MOUVEMENTS OCU-
LAIRES, deux types d’activité électrique
peuvent étre individualisés selon I'ampli-
tude et la rapidité de la translation du
regard.

—Les mouvements rapides de petite am-
plitude, définis comme des “changements
de fixation”, se traduisent par une brus-
que bouffée d’activité riche et ample dans
I'agoniste et par une inhibition dans
I'antagoniste. Cette inhibition est souvent
progressive et n’est complete au’avec un
retard de quelques millisecondes sur le
début de la volée de I'agoniste (Fig. 2).

—Les mouvements lents de translation,
(le regard suivant un objet en déplace-
ment), donnent lieu a un enrichissement
progressif de l'activité du muscle en con-

Fig. 2. — Mouvement rapide du regard
depuis I'extréme droite, En haut: droit
externe droit — En bas: droit externe

gauche (calibrage 200 yv - 40 ms.).

Vol. 8. — Number 1, — 1970,



L'ELECTROMYOGRAPHIE DES MUSCLES EXTRINSEQUES DE L'OEIL

traction en méme temps que celle du
muscle opposé se réduit. Cet enrichisse-
ment se fait par sommation temporelle et
spatiale comme dans les muscles périphé-
nques mais la fréquence de battement des
unités motrices y est plus élevée (jusqu'a
250/sec.) Le relachement de I'antagoniste
n'est complet, avec un silence électrique
total, que dans la position extréme du re-
gard (Fig. 3).

Ainsi, 'I'électromyographie du muscle
extra-cculaire normal se distingue de I'élec-
tromyographie des muscles périphériques,
par une activité tonique de repos, des
potentiels d’unités motrices plus brefs et
moins voltés, mais a cadence plus rapide.
Ces muscles sont néanmoins soumis 2 la
loi d’innervation réciproque.

Il — LELECTROMYOGRAMME DES
MOUVEMENTS NYSTAGMIFORMES

A) LE NYSTAGMUS OPTOCINETI-
QUE, est un phénomene physiologique
apparaissant chez le sujet normal dont le
regard suit le déplacement d'une succes-
sion d’objets. Il a été étudi¢ dans le sens
transverszl, avec passage devant les yeux

e RS NEASHAATAS I IL re  SST T v

du sujet d'un tambour présentant alterna-
tivement une raie noire et une raie blan-
che. Le rythme optimum de ces images
est de 25 par seconde. L’électromyogram-
me présente alors une succession d’acci-
dents toniques et phasiques. L'accident to-
nique, correspondant a la secousse lente
du nystagmus, c’est-a-dire au mouvement
de l'oeil qui suit une raie, est une activité
soutenue bien voltée et riche, entrecoupée
de courtes périodes d’inactivité, Il inté-
resse le muscle situé du coté de la rota-
ticn. L'accident phasique, intéressant le
muscle opposé au sens de la rotation, cor-
respond a la secousse rapide de rappel du
nystagmus, quand le regard se porte sur
la raie suivante. Il existe alors une riche
bouffée d’activité survoltée de bréve durée
(4/100e de seconde) survenant sur le fond
d’activité tonique permanente. Cette bouf-
fée est simultanée de la période d’inacti-
vité momentanée de I'antagoniste. Ces ac-
cidents toniques et phasiques se succedent
parfois irréguliecrement en fonction de
'attention du sujet (Fig. 4).

Ces résultats confirment les données
classiques de I'oculographie mais surtout,
ils montrent que comme dans les transla-
tions volontaires du regard, l'inhibition
complete des muscles antagonistes ne se
produit que de facon bréve et seulement
lors des contractions phasiques de l'ago-
niste.
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Fig. 3. — Translation lente du regard
de droite a gauche =—enregistrement

simultané des muscles droits externes
droit et gauche: en haut = début du
mouvement, au milieu = pa’sage en po-
sition médiane, en bas = fin du mouve-
ment (calibrage 200 uv - 40 ms.).
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Fig, 4. — Nystagmus optocinétique:
enregistrement simultané des muscles

droits externes droit et gauchs — en
haut: position primaire, au centre: ro-
tation horaire du cylindre, en bas:
rotation antihoraire (calibrage
200 uv - 10 ms.).
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B) LE NYSTAGMUS AVEC AM-
BLYOPIE donne parfois des tracés électro-
myographiques comparables a ceux obte-
nus dans le nystagmus optocinétique. Mais
trés souvent, il existe une alternance d’ac-
cidents toniques et phasiques d’'un muscle
a lautre. Ce type de tracé alternant est
tres caractéristique (Fig. 5). Enfin, dans
certains cas, il semble exister des troubles
de linnervation réciproque marqués par
de brefs accidents phasiques ou des con-
tractions toniques plus soutenues surve-
nant simultanément dans les deux muscles
antagonistes. Ce type de tracé évoque cer-
rains aspects de dystonie, et se rencontre
aussi dans certains troubles de la motilité
oculaire d’origine supra nucléaire (Brei-
nin 7).

il — LUELECTROMYOGRAMME DANS LES
AFFECTIONS NEURO-MUSCULAIRES

L'intérét principal de I'électromyogra-
phie des muscles extra-oculaires, réside
dans l'apport de cette méthode au diag-
nostic des paralysies oculaires, qu’elles
soient d’origine neurogéne ou myogene, ou
des troubles de la conduction neuro-mus-
culaire,

=

Fig. 5. — Nystagmus avec amblyopie —
Enregistrement simultané des muscles
droits externes droit et gauche — En
haut: dans le regard latérel droit —
au centre: en position médiane — en
bas: dans le regard latéral gauche
(calibrags 200 uv - 40 ms.).
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A) LES ATTEINTES NEUROGENES

Les paralysies isolées ou multiples des
muscles oculaires liées a une lésion du
motoneurone sont fréquentes, Leur sympto-
matologie électromyographique est dans
'ensemble comparable a celle des attein-
tes des muscles périphériques, mais cer-
tains aspects particuliers sont a envisager
en fonction de I'importance de la paralysie
et de son évolution.

—dans la dénervation totale, il n'existe
aucune activité lors des tentatives de mou-
vements volontaires. On a vu plus haut,
la difficulté qui existe a affirmer le silence
¢lectrique qui pourrait étre di a un mau-
vais emplacement de I'électrode dans le
muscle oculaire, le silence électrique est
d’ailleurs rare et une activité pauvre et
peu ample persiste souvent. Les potentiels
de fibrillations qui apparaissent deux a
trois semaines apres la lésion sont diffici-
les a identifier en raison de leur ressem-
blance aux potentiels d’unités motrices
trés brefs des muscles oculaires et de I'im-
possibilité de s'assurer d’un relachement
musculaire complet (Kamouchi '#). Tls ne
peuvent étre reconnus que s'ils se produi-
sent sur un fond d’activité trés peu voltée,
avec une fréquence trés basse (inférieure
i 10 ¢/s) ne s'accélérant pas lors des essais
de contraction.

—dans les atteintes partielles, la dimi-
cution du nombre des unités motrices res-

B s a e R TETI S
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Fig. 6. — Paralysie du droit supérieur
droit par compression (sarcome d’Edwing
orbitaire). Tracés simples avec augmen-
tation progressive de la fréquence lors
de la contraction. En haut: début de la
contraction (fréquence 55 par s.), au
centre: contraction plus forte (fréquen-
ce 70 par s.) en bas: contraction ma-
xima (fréquence 150 a 200 par s.)
(calibrage 200 uy - 20 ms.).
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tant actives, réalise le plus souvent des
tracés simples en position primaire. Lors
de la mobilisation du globe, la fréquence
s'accélere progressivement jusqu'a 100 a
200 ¢/s,.par sommation temporelle comme
I'ont noté Bjork et Kugelberg des 1953
{Fig. 0).

Etant donnée la pauvreté du tracé, il est
alors possible d’étudier la forme des unités
motrices. Le plus souvent, elles sont nor-
males ou de faible amplitude. Les poten-
tiels polyphasiques sont rares, probable-
ment du fait de l'uniformité anatomique
et du taux d’innervation trés bas des mus-
cles oculaires (Breinin 7).

Cependant, il existe parfois une discor-
dance entre l'importance clinique de la
paralysie et la richesse des tracés. Une
activité électromyographique de richesse
normale en position de repos, peut s’ob-
server alors que le déficit clinique est évi-
dent, car il persiste alors une réserve suf-
fisante d’unités motrices pour créer un
tracé intermédiaire. Seule I'absence d’enri-
chissement a leffort permet alors d’af-
firmer l'origine neurogeéne de la paralysie.
A l'opposé, des tracés simples a haute fré-
quence se voient dans des muscles clinique-
ment peu atteints (ou la paralysie n’est
décélable qu'a l'épreuve de Lancaster).
Clest généralement le cas de paralysies an-
ciennes ou en voie de récupération.

—Au cours de l'évolution de la paralysie,
les signes électromyographiques sont va-
riables. Pendant la récupération, les tracés
s'enrichissent progressivement. De plus, on
peut mettre en évidence des potentiels
polyphasiques de grande amplitude et de
longue durée, qui ne sont pas rencontrés
dans le muscle normal. De tels potentiels
de réinnervation correspondent a la forma-
tion de nouvelles unités motrices com-

Fig. 7. — Paralysie incompléte de VI
en phase de récupération: tracés sim-
ples avec potentiels polyphasiques tres
voltés de “réinnervation” dans le droit
externe (calibrage 100 pv - 20 ms.).
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prenant un grand nombre de fibres mus-
culaires (Kamouchi '#). Ils seraient surtout
fréquents dans des cas de régénération
aberrante (Breinin“). Dans les paralysies
anciennes, il est possible de mettre en évi-
dence un état de contracture dans le mus-
cle antagoniste. Il existe alors une activité
trés riche, d’amplitude deux a trois fois
supérieure a celle d'un muscle normal, qui
contraste avec la pauvreté et le bas voltage
de l'activité du muscle paralysé¢ (Fig. 7).

B) LES ATTEINTES MYOGENES

L'étiologie de ces atteintes est disparate
mais leur point commun est l'altération
primitive de la fibre musculaire quelle
que soit lorigine: dégénératrice, inflam-
matoire ou endocrinienne.

Le signe électromyographique fonda-
mental est la discordance entre la faiblesse
de la contraction volontaire et la richesse
des tracés qui revétent au moindre effort,
un aspect d’interférence, sans la graduation
habituelle de la contraction (Papst et
coll. '7). Néanmoins, certaines modalités
de ces atteintes myogénes méritente d’étre
précisées.

1°) Les dystrophies musculaires progres-
sives @ localisation oculaire

Elles ont fait 'objet de nombreuses con-
troverses. Bien que l'origine myopathique
de certains ptosis ait été envisagée des 1890
par Fuchs, la paralysie bilatérale des muscles
oculaires fut longtemps considérée comme
d’'origine centrale et nommée par Moe-

| ]
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Fig. 8. — Mpyopathie oculaire avec pa-
ralysie du droit supérieur et ptosis —
En haut: releveur de la paupiére —
en bas: droit supérieur. Activité riche
contrastant avec l'importance de la pa-
ralysie, potentiels trés brefs et peu vol-
tes (calibrage 100 uv - 20 ms.).
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bius (1900), “ophtaimoplégie nucléaire
progressive”. A la suite des travaux ana-
tomocliniques de Kiloh et Nevin ', la na-
ture myogene habituelle du syndrome a
récemment €été retenue par de nombreux
auteurs bien que l'existence d’'un facteur
neurogéne ne soit pas totalement exclue
(Murphy et Drachman'®)., Ces discus-
sions soulignent I'intérét de 'examen élec-
tromyographique de ces cas.

Les anomalies les plus caractéristiques
de la myopathie oculaire sont les suivantes:
bas voltage du tracé dont I'amplitude est
souvent inférieure a 100uv., opposition
entre la paralysie clinique, souvent totale,
et la richesse des enregistrements de type
interférence (Fig. 8). Par contre, les po-
tentiels déchiquetés décrits par Papst et
coll. sant plus rarement mis en évidence.
Ces anomalies ont été retrouvées chez des
enfants présentant un ptosis congénital a
caractere familial. Ces cas incitent a en-
visager l'origine myogene de telles affec-
tions, contrairement a I'opinion de certains
auteurs (Lapresle et Jarlot '),

Dans d’autres cas, les signes électromyo-
graphiques ne sont pas aussi accusés. Il en
est ainsi dans les atteintes oculaires de dé-
but cu la paralysie est incompléte. La ri-
chesse du tracé ne permet pas, a elle seule,
d’éliminer une atteinte neurogene. Clest
alors qu’il est de premier intérét de dé-
celer des signes de myopathie dans les
muscles périphériques comme y ont insisté
Gautier et Cambier ''. A Il'inverse, a un
stade avancé de la maladie, il n’est pas
rare d’observer des tracés appauvris et
simplifiés. Mais les unités motrices sont
alors plus facilement analysées. Leur aspect
crénelé, déchiqueré, er leur faible ampli-
twde sent alors trés évecateurs d'upe at-
teinte primitive de la fibre ‘musculaire.
Enfin, dans les cas sévéres, on peut obser-

k=

Fig. 9. — Ophtalmoplégie avec exophtal-
mie de la Maladie de Basedow, activité
répétitive a haute fréquence dans le
muscle droit supérieur (calibrage
50 pv - 10 ms.).
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ver un silence électrique: I'absence de po-
tentiels de fibrillations serait alors un ar-
gument important en faveur d’'un proces-
sus myogene (Teasdall et Sears*").

2°) Les myosites oculaires

L'atteinte inflammatoire primitive des
muscles extrinséques parait rare, bien que
Papst et coll.’™ ¥ aient pu en individualiser
des formes "“cligosymptomatiques” et des
formes “oculaires exophtalmiques” au
cours de I'évolution des polymyosites. La
plupart du temps, on s'accorde a leur
attribuer une origine secondaire a des in-
flammations ou a des infections de voisi-
nage. Dans les cas que nous avons obser-
vés, les tracés électromyographiques ¢étaient
de richesse normale et bien voltés, malgré
Pexistence d'un net déficit des mouve-
ments. Ce dernier paraissait ainsi plus
d’origine mécanique que musculaire, en
rapport avec l'importance de l'exophtal-
mie, Ces constatations sont d’ailleurs habi-
tuelles dans les pseudo-paralysies par tu-
meur ou fracture de l'orbite et dans le syn-
drome de Brown et Duane (Breinin®,
Ambrosio et d’Esposito ).

3°) Les atteintes cculaires de la maladie
de Basedow

L'ophtalmoeplégie avec exophtalmie, fré-
quemment rencontrée au cours de I'évo-

=h
Fig. 10. — Ophtalmoplégie myasthéni-
que. Enregistrement du muscle droit

externe. A gauche: avant prostigmine:

activité peu voltée avec épuisement

rapide. A droite: apreés prostigmine:

activité normale, sans épuisement (ca-
librage 200 uv - 40 ms.).
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lution de la thyréotoxicose, est générale-
ment dissoci¢e et incomplete. C'est d’abord
une diminution de I'élévation du regard,
asymétrique et entrainant une diplopie
verticale, puis une atteinte de I'abduction,
tandis que le releveur est indemne. On a
invoqué pour expliquer cette ophtalmo-
plégie, soit une atteinte centrale, soit un
cedéme orbitaire qui représente une en-
trave mécanique mais pourrait aussi ren-
dre compte d'une Iésion nerveuse périphé-
rique, soit une atteinte musculaire objec-
tivée par I'étude anatomo-pathelogique des
muscles.

L'éleccromyographie  peut, semble-t-il,
préciser la nature du déficit: Breinin 7 ¢
a généralement constaté des signes d’at-
teinte neurogine, Schultz et coll. 2! ont
insist¢ au contraire sur I'aspect myopathi-
que des tracés et sur la réduction d’am-
plitude des potentiels. Tesdall et Sears 2*
ont plus particuliérement attiré Pattention
sur I'absence de relations entre I'aspect
clinique et les manifestations électrigues.

Chez les malades que nous avons exa-
minés, nous avons généralement noté des
anomalies de type myogéne: bas voltage
et richesse des tracés et parfois fatigabi-
lité anormale. Mais surtout, comme l'ont
aussi noté Esslen et Papst '’ des activités
répétitives a haute fréquence réalisant des
averses inyotoniques ont ¢té observées, soit
2 I'enfoncement de l'aiguille, soit au terme
d'un effort de contraction (Fig. 9). Cette
constatation est surprenante car de telles
averses myotoniques ne sont habituelle-
ment observées dans les muscles périphé-

riques que dans les myopathies hypothy-
roidiennes.

C) LES TROUBLES DE LA CONDUCTION
MEUROMUSCULAIRE

1°) La Myotonie

Dans la maladie de Steinert, les muscles
de la face sont atteints précocément et le
ptosis est habituel. 11 existe alors dans les
muscles oculaires, au méme titre que dans
les muscles périphériques, des tracés de
type myogene associés a de riches averses
Yol. B,
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myotoniques. Ces anomalies n’ont néan-
moins qu’'un intérét diagnostic restreint.

2?) La myasthénie

La recherche des signes électromyogra-
phiques de myasthénie dans les muscles
oculaires est d’'une particuliére importance.
Les ophtalmoplégies sont tres fréquentes
dans la maladie d’Erb-Goldflam. Elles en
représentent le premier symptome dans
40 % des cas et, malgré leur caractere par-
ticulier et leur variabilité, leur nature est
scuvent méconnue. Lors de la progression
de l'affection, ces atteintes oculaires sont
retrouvées chez la presque totalité des ma-
lades. C’est dire l'intérét de I'électromyo-
gramme tant pour un diagrostic précoce
que pour juger I'évolution de la maladie.

La fatigabilité myasthénique des mus-
cles de loeil a été étudiée a diverses re-
prises (Breinin 7 ", Sears et coll. **, Pas-
souant et coll. *”). Chez nos malades cette
fatigabilité s’exprimait différemment celon
les cas:

—breves décharges d’unités motrices, au
début de la contraction, d'amplitude trés
rapidement décroissante en moins d'une
ceconde, suivie d'une extinction presque
complete. Cette bouffée rapide, compara-
ble a celle observée par Lindsley (1946)
dans les muscles périphériques nous a paru
assez fréquente dans le muscle oculaire.

—tracés d’emblée bas voltés, avec ex-
tinction lentement progressive réalisant
alors un tracé simple.

—activité d'amplitude peu a peu dé-
croissante sans modification de la fréquen-
ce des unités motrices qui demeureat ré-
gulieres.

Le test a la Prostigmine ou au Tensilon
est généralement positif. 11 existe alors,
aprés l'injection une augmentation du
nombre et de la fréquence des uniiés mo-
trices réalisant parfois un tracé normal
(Fig. 10). Néanmeins, ce résultat n’est pas
constant et I'administration de la drogue
peut demeurer sans effet. Cette constata-
tion d’aprés Sears et coll. *%, incite a4 évo-
quer une atteinte myopathique associ¢e a
la myasthénie, éventualité d’ailleurs signa-
lée par Breinin® ® et Huber '=.

~EH
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Dans les myasthénies dé¢ja connues,
I’électromyogramme oculaire permet de
suivre de facon objective l'effet des mé-

dications sur la symptomatologie, et par-
fois de dépister précocement les poussées
¢volutives de la maladie.

RESUME

L’électromyographie des muscles extrin-
séques de l'oeil est une méthode d’examen
bénigne et simple qui, confrontée avec les
données cliniques apporte des indications
précieuses chaque fois qu’il existe un
trouble de la mobilité oculaire.

Certaines particularités de I'électromyo-
gramme oculaire normal doivent étre si-
gnaldes: activité tonique de repos, non
¢puisable, faite d'unités motrices tres bre-
ves et peu voltées, battant a une fréquen-
ce élevée - Innervation réciproque stricte
des muscles agonistes et antagonistes dans
les mouvements brefs des yeux, et, dans la
translation lente du regard, progressivité
de l'enrichissement de l'activité dans I'ago-
niste et de l'extinction dans l'antagoniste.

L’étude électromyocgraphique des mouve-
ments nystagmiques, faite a partir du nys-
tagmus opto-cinétique physiologique, per-
met d'apprécier mieux que l'oculographie
les anomalies de la synergie des muscles
oculaires dans les affections les plus diver-
ses. C'est ainsi que plusieurs variétés du

RES U

La electromiografia de los musculos ex-
trinsecos del ojo es un método de examen
benigno y simple que confrontado con los
datos clinicos aporta valiosas indicaciones
en los casos de perturbacion de la movili-
dad ocular.

Es preciso sefalar ciertas particularida-
des del electromiograma normal: actividad
tonica de reposo no agotable constituida
por unidades motrices sumamente breves y
de poco voltaje que se suceden a alta fre-
cuencia, inervacion reciproca estricta de
los musculos agonistas y antagonistas en
los movimientos oculares breves y en el
desplazamiento lento de la mirada, aumen-
to progresivo de 'a actividad en el ago-
5§

_—

nystagmus avec amblyopie peuvent étre
décrites.

Les paralysies oculaires représentent I'in-
dication de choix de I'examen électromyo-
graphique. La richesse et I'amplitude des
tracés au repos et lors des tentatives de
mouvements, l'existence d’activité sponta-
née, les altérations morphologiques des
unités motrices permettent d’envisager
I'origine neurogeéne ou myogene de ces
paralysies. Dans les atteintes neurogénes,
des examens répétés permettent de suivre
I’évolution et de porter un pronostic. Dans
certains cas, un électromyogramme normal
permet de rapporter les troubles de la mo-
bilité a une géne purement mécanique.

Dans les myasthénies oculaires, I'examen
électrique des muscles suspects objective
la réaction d’épuisement et sa correction
par la Prostigmine ou le Tensilon. 1l per-
met aussi d’étudier la sensibilité aux di-
vers traitements et apporte parfois des in-
dicaticns sur une dégénérescence myopa-
tique associée ou secondaire.

M EN

nista asi como de la extincion en el anta-
gonista.

El estudio electromiografico de los mo-
vimientos nistagmicos realizado a partir
del nystagmus optoquinético fisiologico es
superior a la oculografia ya que permite
una mejor apreciacion de las anomalias de
la sinergia de los musculos oculares que
aparecen en las enfermedades mas varia-
das. De esta manera es posible describir
diversos tipos de nystagmus con ambliopia.

Las paralisis oculares representan la in-
dicacién de eleccion del examen electro-
miografico. La riqueza y amplitud de los
trazados en reposo y durante las tentativas
de movimiento, la existencia de actividad

Yol. 8.

Number 1. 1970,



L’ELECTROMYOGRAPHIE DES MUSCLES EXTRINSEQUES DE L’OEIL

espontanea, las alteraciones morfologicas
de las unidades motrices permiten consi-
derar el origen neurégeno o midgeno de
estas paralisis. En las perturbaciones neu-
régenas la repeticion de estos examenes
permite seguir su evolucion y emitir un
prondstico. En algunos casos un electro-
miograma normal permite atribuir los tras-
tornos de la movilidad a una alteracion
puramente mecanica.

T8 M

Electromyography of the extrinsic mus-
cles of the eye is a benign and simple
method of examination which adds wva-
luable indications to the clinical data in
cases of disturbance of the eye motility.

It is worth pointing out some features
of the normal electromyogram: tonic ac-
tivity of rest not exhaustible constituted
by very brief motor units of low voltage
beating at high frequency, strict reciprocal
innervation of agonist and antagonist mus-
cles during brief eye movements and in
slow deviation of gaze, progressive in-
crease of activity in the agonist and ex-
tinction in the antagonist.

Electromyographic study of nystagmic
movements performed on physiological op-
tokinetic nystagmus allows a better appre-
ciation than oculography of the anomalies
in the synergy of eye muscles appearing
during the most varied diseases.

In this way it is possible to describe
several kinds of nystagmus with ambliopy.

En las miastenias oculares ¢l examen
eléctrico de los musculos sospechosos ob-
jetiva la reaccion de agotamiento y su co-
rreccion con Prostigmina o Tensilon. Este
examen permite también el estudio de la
sensibilidad en los diversos tratamientos y
aporta a veces indicaciones sobre una de-
generacion miopatica asociada o secun-
daria,

MARY

Ocular paralysis constitutes the indica-
tion of choice for the electromyographic
examination,

The richness and amplitude of its pat-
terns during rest and during attempts of
movement, the existence of spontaneous
activity, morphological alterations of the
motor units allow to consider the neuro-
genic or myogenic crigin of these para-
lyses. In neurogenic disturbances the suc-
cessive examinations allow to follow the
evolution and to give prognosis. In some
cases a normal electromyogram allows to
ascribe the disturbances of motility to a
merely mechanic alteration,

In ocular myasthenia, electrical exami-
nation of suspicious muscles cbjectifies the
reaction of exhaustion and its correction
with Prostigmin or Tensilon. This exami-
nation allows also the study of sensibility
in several treatments and brings sometimes
indications on associated or secondary myo-
pathic degeneration.

ZUSAMMENFASSUNG

Die Elektromyographie der acusseren Au-
genmuskeln ist eine harmlose und einfache
Untersuchungsmethode, welche zusammen
mit den klinischen Daten wertvolle Indi-
kationen beisteuert, wenn irgend eine
Stoerung der Augenbewegungen vorhan-
den ist.

Es muessen gewisse Eigentuemlichkeiten
des normalen Augenmuskelelektrogramms
Vol &, —
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erwaehnt werden: rtonische Aktivitaet in
Ruhe, die sich nicht erschoepft, zusammen-
gesetzt aus sehr kurzen Motoreinheiten
von geringer Voltspannung, bei hoher
Frequenz. Genaue reziproke Innervation
der Agonisten und Antagonisten bei den
kurzen Augenbewegungen und bei der
langsamen Bewegung des Blicks, eine Pro-
gressivitaet der Bereicherung der Aktivitaet
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bei den Agonisten und der Ausloeschung
bei den Antagonisten.

Das EMG Studium der Nystagmusbewe-
gungen, ausgehend vom physiologischen
opto-kinetischen Nystagmus, erlaubt besser
als die Okulographie die Anomalien der
Synergie der Augenmuskeln zu beurteilen
bei den verschiedensten Erkrankungen. So
koennen verschiedene Arten des Nystagmus
mit Amblyopie beschrieben werden.

Die Augenlaehmungen sind eine weitere
Indizierung der Wahl des EMG-Studiums.

Die Reichheit und Amplitude der Zac-
ken bei Ruhe und den Bewegungsver-
suchen, das Vorhandensein spontaner Ak-
tivitaet, die morphclogischen Veraende-
rungen der Motoreinheiten erlauben den
neurogenen oder myogenen Ursprung die-

BIBLIOG

1. Ambresio A. and M. D’Esposito: Sin-
drome di Turk-Duane, contributo clinico ed
elettromiografico. Arch. Ottal., 7, 299, 1957.

2. Bjork A.: Electrical activity of human
extrinsic eye muscles. Experientia, 8, 226-
227, 1952.

3. Bjork A. et Kugelberg E.: Motor unit
activity in the human extraocular muscles.
Electrocencephal. and Clin. Neurophysiol.,
5, 271-278, 1953.

4. Bijork A. et Kugelber E.: The elec-
trical -activity of the muscles of the eye and
eyelids in various positions and during
movements. Eleetroencephal. and Clin,
Neurophysiol., 5, 595-602, 1953.

5. Breinin G. M.: Electromyography. A
tool in ocular and neurologic diagnosis. I.
Myasthenia gravis. A.M.A. Arch. Opht.,
57, 165-175. II. Muscle palsies ib., 176-180,
1957.

6. Breinin G. M.: The position of rest
during anesthesia and sleep: electromyo-
graphic cbservations. A.M.A. Arch. Opht.,
37, 323-325, 1957.

7. Breinin G. M.: The Electrophysio-
logy of extraocular muscle, Univ.,
ronto Pre:s - Toronto, 148 p., 1962.

8. Cocteau J.: L’électromyographiz des
muscles oculaires - Theése de Médecine
Montpellier, 134 p., 1962.

9. Costeau J., Létée E. Passouant P.:
Etude électromyographique des nystagmus
d’amblyope. ler Congrés d’Electromyo-
graphie, Pavie, Septembre 1961.

60 ~

of To-

ser Paralysen zu erkennen. Bei den neuro-
genen Affektionen erlauben die wieder-
holten Untersuchungen die Evolution zu
verfolgen und eine Prognose auszusagen.
Bei gewissen Faellen erlaubt ein normales
EMG, die Bewegungsstoerungen auf ein
rein mechanisches Hindernis zu beziehen.

Bei den okulaeren Myasthenien, zeigt
sich bei der elektrischen Untersuchung der
verdaechtigten Muskeln die Erschoepfungs-
reaktion und die Korrektion durch Pros-
tigmina oder Tensilon. Es erlaubt auch
die Empfindlichkeit gegenueber verschie-
denen Behandlungsmethoden zu untersu-
chen und gibt zuweilen Hinweise ueber
eine assoziierte oder sekundaere myopa-
tische Degeneration.
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Electromyographic Contributions to
Human Visual Perception Mechanisms

CARLO SERRA, M. D.

Dept. of Clinical Neurcphysiology, Traumatologic Orthopazdic Center.

Since the pioneer data observed 15
years ago, on the physiclogy of normal
ocular muscles as well as on the patho-
logy of ocular movements, electromyo-
graphy has appeared as the most useful
means of investigation of normal and
pathologic ocular muscle innervation.

Important advarices have been obrained
in many physiopathological and clinical
problems by means of such a new elec-
trophysiolggical technique and so a new
chapter of neurophysiology is born, that
is the neurc-ophthalmological one. After
a brief historical review of the main animal
researches, a detailed exposition of the
literature and personal contributions to
the neurophysiological problems related
to human visual perception, will follow.

A) NEUROANATOMICAL AND
NEUROPHYSIOLOGICAL CONTRIBUTION
ON ANIMALS

The EMG investigation of human ex-
traocular muscles has been preceeded by a
whole series of contributions on the ex-
perimental animals, since the first studies
on nystagmus performed in late 1913 by
Hofman in rabbit medial rectus. Further-
more Cooper and Eccles (1930), Lorente de
No' ', Brown and Harvey ® have studied
the response of animal extraocular muscles
to stimulation of individual motor nerves.

According. to Brown and Harvey Y, the
mean duration value of individual muscle
appeared to be a very brief one, this fact
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being accounted for the very little tem-
poral dispersion of discharge impulses.
Yxtraocular muscle contraction is greater
than that of other skeletal muscles; the
mean duration of a single shock in the
first ones is smaller than that of the later
ones and a very high frequency stimula-
tion is required for obtaining the tetanic
fusion (Cooper and Eccles).

By means of EMG the nystagmus in-
duced in rabbits by electrical stimulation
of a circumscribed temporo-cccipital area
has been recorded by Azzena et al.* The
faster phase of this nystagmus appeared
to be controlateral to stimulated cerebral
cortex with a mean value of 1, 28 shocks
cach secend. Such a nystagmic response
could be appreciated as an “after discharge”
also when cortical stimulation ceased. The
antagonistic activity of both recti muscles
was perfectly maintained during the nys-
tagmic response, accordmg to the reciprocal
innervation law, as it could be electromyo-
graphically recorded by means of unipolar
100 uv of diameter large electrodes. In the
slower nystagmic discharge an increased
discharge frequency of individual motor
unit action. potentials with recruitment of
the remainder previously resting motor
units could be observed. In such a slower
phase the maximal discharge frequency of
each motor unit appeared to be as great
as 48/sec. During the faster phase the
asynchronous discharge of 8-10 different
motor units could be ‘observed.

The activity of individual motor units
of extraocular muscle during the reflex
— 1970,
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stimulation of decerebrated cats has been
recorded by Reid, 1940, who has found
much higher discharge arising from these
muscles than from the other ones. Fre-
quencies as great as 170/sec from these
muscles have been recorded, during the
sudden flexion or rotation of head, this
fact being furthermore confirmed by Gor-
don 4, from the baboon elevator palpebral
muscle.

The post-natal development of phasic
motor units in rabbits has been recently
studied by Matiushkin *°. Muscle phasic
fibres of newborn rabbits exhibit the same
duration values, but a reduced amplitude
of action potentials as in adult animals.
The chronaxy value of motoneurons in-
nerving the phasic muscular fibres of new-
born rabbits has appeared to be the same
as in adult animals but their excitability
is reduced and the conduction velocity is
as seven times lesser than in adult animals.

According to Bjork and Kugelberg®
such physiological properties of extrao-
cular muscles could be considersd as the
responsible ones of pathology and clinical
conditions of these muscles.

The proprioceptive processes of extrao-
cular muscles are very different from
those of other skeletal muscles, but strong-
ly contribute to maintaining the delicate
innervation balance. The existence of neu-
romuscular fusi in human extraocular mu-
scles, alike as Ruffini's formations, has
definitely been stated by Bonavolonta * 7;
recently spiral-like formations in extra-
ocular muscles have been found by Oka-
moto. The proprioceptive system of ex-
traocular muscles, according to recent data
of Christman and Kupfer '’, is well de-
veloped and may be compared with that
of peripheral muscles: these anatomical
data give the morphological basis for the
integrative centro-peripheric theory of
Buscaino, V. Maria %, on the oculomotor
and perceptive phenomena, that will be
illustrated in following pages.

The innervation of infrafusal fibers of
muscular fusi is the special role of gamma
motoneurons contributing to the sensiti-
vity of tensioreceptors and the activity of
_\Ill, B,
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alpha motoneurons through the proprio-
ceptive afferents.

According to Coers, the equatorial region
of the fuse of an extraocular muscle
doesn’t contain acetvicholinesterase activity.
Acethylcholine is found in the juxtaequa-
terial and polar regions.

The details of stimulating effect of in-
trafusal muscular fibres upon the sensiti-
vity to stretch of extraocular muscular
fusi have been recently analized by Whit-
teridge.

The anatomical disposition of alpha
fibres to the extrzocular muscular fibres
appear to confirm t"e data of Hunt and
Kupfler on the rl:zletal muscles. Accord-
ing to these authors 3 or 5 small nerve
fibres appear to iafluence the same fuse.
A nerve fibre r'one is able to furnish the
innervation to many fuses. In these muscles
no signs of postexcitatory excitement have
been found. The sensitivity of afferent
fusal fibres can be increased by gamma
stimulation.

Recent experiments by Whitteridge have
shown that in afferent fibres with the
characteristics that their discharge fre-
quency can be enhanced by gamma stimu-
lation, the mean sensitivity value seeems
to range from 1 to 12 pulses for cecond
for 8 nerve fibres, when the motor nerve
has been cut down. The afferent response
frem fusi to fast stimulation of gamma
fibres apvears to rapidly decrease above
150 stimuli per sec., whereas it seems to be
constant up to 100 stimuli per sec.

According to Whitteridge the response
to abrupt stretch is a linear one in the
afferent muscles with a sensitivity of 1-12
impulsi per sec. for each mm. During
gamma stimulation the response to abrupt
stretch is also linear, but the sensi-
tivity increases up to 20 impulses for
sec. for mm. Up to 150 stimuli each
second, the increase in sensitivity appears
to be strictly proportional to the fre-
quency of stimulation.

Recent data of Sears et al. have stated
the existence of receptors in human ex-
traocular muscles, that can be stimulated
by passive stretch.

The analysis of extraocular muscles re-
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cently carried out by Hyde with a simul-
tanecus and separate stimulation of both
encephalic trunk and cortical areas has
shown that facilitaticn of movement can
ke obtained by a simultancous stimulation
of dorsal mesencephalic segmentum of left
together with the medial medulilar reticular
substance of right, the lefr colliculus su-
perior and the left zoma incerta. Facilita-
tion, addition and occlusion have been
found by Hyde '™ a simultaneuos stimula-
tion of left zona imcerta together with
right medulla oblongata. Facilitation and
addition of evcked ocular movement have
been found by a simultazecus stimulaticn
of left occipital cortex together with Jeft
dorsal mesencephalic tegmentum or right
medulla oblongata or left zona incerta.
The cinematographic recording of effects
of simultaneous stimulation of two op-
rosite points c1 the ocular movemients of
encepbale isolé cats has been recently
obtained by Hyde.

An algebraic summation of effects ac-
cording to this author appeared to be the
cocnsequence of bilateral stimulation of
omotcpic zones of above three areas of
cncephaiic trunk.

According to Hyde et al. the ocular
position could be graduated by varying
the relative stimulating intensity of both
sides. The algebraic summation, with
trend to tegmental dominance, appears to
b2 the conseauence of the simultaneous
stimulation of dorsal mesencephalic teg-
mentum together with the controlateral
colliculus superior. All the four trunk
areas seem to dominate the controlateral
cccinital cortex. The complete dominance
or occuvation of final common pathway
I pulses resulting from ove or two
«timuli has been recentlv stated by Mott
and Schaeffer. with the simultaneous
stimulation of one frontal cortex and
controlateral occipital cortex, the frontal
cortex being the dominant one.

B) EMG CONTRIBUTIONS TO
NEUROBIOLOGY OF PERCEPTION

Besides the clinical and kinesiologic
problems of extraccular muscles, electro-
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myography can give an important aid to
the neurobiological problems of visual
perception. The many facts concerning
physiology, psychology and pathology, on
the basis of which has started perception
neurobiology, have been carefully analyzed
and discussed by Buscaino, Vito Maria ®
in late 1946.

Extraocular muscle contraction is allied
to movement percepticn through sensitive
impulses arising from muscles which notice
the events from ocular periphery. Such a

muscular contraction results in  proprio-
ceptive impulses md]spensable to shape
perception, to spatial location and to mo-
vement perception of external objects.

The motor component, this important
event participating to perception, is also
a very important component of represen-
tation and thought, that is the thinking of
a certain object is not only a purely cor-
tical event, but also a fact reverberating
itself on motor periphery. The motor
changes as fundamental elements, without
which both shape and movement percep-
tion cannot be realized.

For perception of a certain shape a
precise series of particular movements is
requestad. Studies carried out by Rubino
and Santanelli ** on so called “reversible
images” either on healthy subjects or
patients suffering from severe motor dis-
tarbance (of oculomotion particularly)
have shown the appearance of perception
troubles, caused by the observed distur-
bance of motor periphery functioning.
According to Buscaino, V. M.*, both
shape and movement perception request
the muscular collaboration, that is mus-
cular contraction with the consequent
proprioceptive impulses: such muscular
compogent is not 2 secondary effect. but
must be considered as a fundamental ele-
ment either cf shave or of movement per-
ception.

The delayed perception of shape with
panchromatic lights in patients affected
from oculomotor lesions could be partially
corrected in recent observations by Fasa-
naro and Sepe '*. The fac1l1tat1ng influence
of colour, durmg shape perception, can be
interpreted not only from a psychological
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viewpoint. A strict interrelation can in
facts, be admitted between the shape and
the colour perception, the related connec-
tion being channelled through afferents
from retina and ocular muscles. The exis-
tance of such afference, that has been sup-
posed by neurobiological theory of visual
perception (Buscaino, V. M.#*) has re-
cently been confirmed by EMG data from
extraocular muscles recorded by Ambrosio
et al. ' during the retinic stimulation and
Serra and Barone ?° during the shape per-
ception.

The behavior of reciprocal innervation
of internal and external recti muscles
during the retinic stimulation with pan-
chromatic lights of varying frequency has
been studied in 10 subjects with healthy
ocular visual system by means of electro-
myography. In the primary gaze position
a slight muscular activity of internal
rectus could be recorded the trace con-
sisting of very high frequency discharges
of a few motor units, according to previous
data by Bjork and Kugelberg®. During
the light stirnulation an increased muscular
activity of internal rectus could be re-
corded, whereas no motor unit action
potentials from antagonistic muscles could
be appreciated. No harmonic or subhar-
monic relationship between the discharge
frequency of such motor units and the
frequency of stroboscopic stimulation could
be stated. The mean amplitude value of
individual action potentials has been found
to range from 60 to 120 wv, the mean
duration from 1 to 2 msec., and the dis-
charge frequency to reach the value of
80/ sec.

From above findings the conclusion can
be drawn that light, during retinic stimu-
lation, is related to an activation of ex-
traocular motor units, also without any
apparent movement of the eye-ball.

The hypothesis that light stimuli, after
arriving to diencephalic areas, come back
to extraocular muscles through the path-
ways described by Cooper et al.? between
encephalic trunk and muscular fusi of
extraocular muscles, with allied electrical
action potential changes have been con-
firmed by above data by Ambrosio et al. '.

Vol. 8. — Number 1. — 1970.

Furthermore the behavior of extraocular
muscles during the visual perception of
objects of varying shape, as well as during
the mnemonic recalling of the same has
been recorded by means of EMG by Serra
and Barone *%. In a first series the extrao-
cular muscle electrical activity from five
healthy subjects has been recorded during
different movements such as elevation,
internal and external rotation, of the eye-
ball. Also, with return to the primary po-
sition of gaze many objects of different
size and shape were presented, that is a
rectangular or a circular object or finally
a large “S” letter designed on a dark or
yellow table. The extraocular muscle ac-
tivity during visual perception has been
recorded by means of a three channel
DISA electromyography, that enables the
simultaneous exploration of internal, ex-
ternal and superior recti muscles (Fig. 1).

After the eyeball had returned to its
primary position patients stayed a few
minutes in a completely dark room and
were invited to recall the shape of pre-
viously exposed objects. During such a
mental activity a continuous EMG record-
ing was performed until the “mne-
monic recalling” of different objects has
been performed by the patients. Following
data have been observed: during the visual

wﬂ‘J ﬁ

Fig. 1. — During exposition of a
rectangular shaped object a rich inner-
vation of individual meotor units of
very high frequency on left superior
(Channel I) and internal rectus (Chan-
nel II) could be appreciated, the main
amplitude wvalue bheing clearly greater
in the internal than in superior rectus.
Gain: 10 /mm,
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perception and recognition of different
objects a constant electrical activity of
extraocular muscles was recorded, that
disappeared during the resting condition
and constantly reappeared during the “me-
morization” of the same objects with EMG
findings that appeared to be perfectly
superimposable to those observed during
the first phase of perception and recogni-
tion (Fig. 2). From these results the
hypothesis of Buscaino, Vito Maria ® has
been supported, that ocular movement not
only is the true artifex of visual shape,
but also can be considered as an integra-
tive part of the complex mechanism of
“visual memorization”. The importance of
extraocular muscle activity for the per-
ceptive synthesis has been recently do-
cumented by comparative studies of De
Natale and Santanelli '* on both healthy
subjects and Parkinson patients suffering
from altered ocular motility: from these
results the conclusion has been drawn
that the different perceptual capacities in
sbove conditions can be considered as a
consequence of an insufficient participa-
tion of muscular periphery for the oculo-
kinetic disturbances. The above findings
have been recently confirmed by studies
of Vallerga on the influence of strength
of perceptive stimulus upon the movement
velocity and the contraction energy of
extraocular muscles.

Fig. 2. — Mnemonic recalling of the
same object illustrated in fig. 1 is
allied with a simultaneous interference
activity in both superior and internal
recti muscies of left, with the same
characteristics as in previous illustration.

A ~

The neurobiological and psychophysio-
logical conditions underlying our per-
ceptual mechanism are important in all
human activities but specially in driving.
Both formal and kinaesthetic perception,
as well as the perception of space, largely
depend on the proprioceptive afferents,
specially those of the muscles and eyes,
as electromyography has confirmed. Kina-
esthetic perception can be achieved only
when there is a close correlation between
the proprioceptive mechanisms of the eyes,
the labyrinths and the muscles. A similar
importance attaches to the motor and
proprioceptive components of shape per-
ception. The perception of both formal
and dynamic and stereoscopic reality is
closely linked with the movements of and
the propricceptive stimuli received from
the eye neck muscles, as well as with the
semicircular canals. During driving there
is a need for a true tonic-kunetic mus-
cular homoeutasis. In this the propriocep-
tive phenomena arising in the peck
muscles and induced by changes in the
position of the head relative to the trunk
play an important part. Special impor-
tance is attached to the position of the neck
during driving. The influence on per-
ceptive mechanisms of the proprioceptive
impulses arising the neck muscles has been
studied from by Rubino and Santanelli **
in their work on the “autokinetic pheno-
menon of the light point (APLP)”. This
phenomenon, besides demonstrating the
influence of proprioceptive mechanisms in
the eye and neck muscles on kinaesthetic
perception, is also part of the tests for
driving aptitude. The effects of various
factors, expecially drugs like alcohol cof-
fee, chlorpromazine and sympathicomime-
tic amines, on muscular tone and activity
have been recently analyzed by Pannain et
al. #?, The impairment of visual and cer-
vico-motor and proprioceptive mechanisms
by drugs can be detected by an abnormal
result in the APLP test. By interfering
with formal and kinaesthetic gnostic func-
tions, as well as with the praxic gnostic
functions which are closely linked with
“spatial articulation”, this defect is a sign
of poor driving aptitude The APLP test
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will also reveal the perceptual fatigue
which arises from long periods of driving
and will help in evaluating the effects of
various drugs on this fatigue. These find-
ings have important medicolegal applica-
tions in the evaluation of responsibility
for traffic accidents that may be caused
by a sudden failure of the driver’s complex
neurobiological mechanisms.

Finally the importance of visual analy-
sator on the differentation of shape charac-
teristics on studied subjects has recently
been stressed by Leyschina on the basis of
personal electrophysiological investiga-
tions. More recently the pathological con-
ditions of oculomotor system, in the
troubles of space perception induced by

SUM

After referring to neurophysiology of
extraocular muscles in experimentation ani-
mals, the author presents the use of EMG
in the exploration of extraocular muscles
during visual perception in man,

According to the neurobiologic theory
of v.M. BUSCAINO, the appreciation of
shape is related to movement of extra-
ocular muscles during the perceptive pro-
cess and also during memorization,

Reciprocal inervation of intern and extern
muscles of the eye during stimulation
of the retina by means of panchromatic
lamps has been studied by the author per-
forming EMG to 10 normal subjects.

lesions to dominant and subdominant he-
mispheres have been analysed by means of
electromyography by Kok and Leyschina.

From the above electromyographic, cli-
nical and experimental data the impor-
tance and usefulness of EMG investiga-
tions not only for the study of clinical
problems concerning different ophthalmo-
pathies and pathologic kinesiologic condi-
tions of ocular conditions but also in the
field of wvisual perception where the
“visual apparatus at the periphery of
ocular and motor phenomena automati-
cally includes the most appreciable picture
of cerebral activity and enables the un-
derstanding of fundamental brain pro-
cesses’” . ‘(Huber '3 28y,

MARY

Behavior of extraocular muscles during
visual perception of certain objects having
different shapes can be superimposed to
muscular activity performed during memo-
rization of the same objects according to
research on EMG carried out by the
author.

Electromyography of extraocular muscles
is successfully used in the appreciation
of muscular fatigue during driving and
allows to obtain valuable data for Traffic
Medicine to determine the individual pre-
disposition to road accidents.

RESUMEN

Luego de una referencia a la neurofisio-
logia de los musculos extraoculares en los
animales de experimentacién, es expuesta
la utilizacion del EMG en la exploraciéon de
los musculos extraoculares durante la per-
cepcion visual en el hombre.

La apreciacion de la forma, de acuerdo
con la teoria neurobiolégica de V.M. BUS-
CAINO, esta relacionada con los movi-
mientos de los musculos extraoculares tan-
1 — 1970,
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to durante el proceso perceptivo como
durante la memorizacion.

La inervacion reciproca de los musculos
interno y externo del ojo durante la esti-
mulacion retiniana realizada mediante lam-
paras pancromaticas, ha sido estudiada por
el autor sometiendo a un EMG a 10 suje-
tos sanos.

El comportamiento de los musculos ex-
traoculares durante la percepcion visual de
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ciertos objetos de forma diferente, es super-
ponible a la actividad muscular realizada
durante la memorizacion de los mismos
objetos, de acuerdo a las experiencias sobre
EMG del autor.

La electromiografia de los musculos ex-

traoculares es utilizada con ventajas en la
apreciacion de la fatiga muscular mientras
se maneja un automoévil y permite obtener
datos valiosos en la Medicina del Trafico
para poder determinar la predisposicion in-
dividual a los accidentes en la carretera.

RESUME

Aprés un rappel sur la neurophysiologie
des muscles extraoculaires dans les animaux
expérimentaux, on expose l'utilisation de
I'EMG dans I'exploration chez I'homme des
muscles extraoculaires pendant la percep-
tion visuelle.

L’appréciation de la forme, d’apres la
théorie neurobiologique de v.M. BUSCAI-
NO, est alliée aux mouvements des muscles
extraoculaires soit pendant le processus
perceptif soit pendant la mémorisation.

L’innervation réciproque des muscles in-
terne et externe .de I'ceil pendant la stimu-
lation rétinienne par lampes de lumiére
panchromatique a été étudiée par 'auteur
en soumettant 10 sujets sains a 'EMG.

Le comportement des muscles extraocu-
laires pendant la perception visuelle de
quelques objets de forme différente est su-
perposable a l'activité musculaire pendant
le rappel mnémonique des memes objets,
d’apres l'expérience faite par l'auteur sur
I'EMG.

L’electromyographie des muscles extra-
oculaires recoit un emploi utile aussi dans
I'appréciation de la fatigue musculaire
pendant la conduite d’'une voiture, en per-
mettant d’obtenir des renseignements pré-
cieux en Médecine de la Circulation afin
de déterminer la prédisposition individue-
lle aux accidents de la route.

ZUSAMMENFASSUNG

Durch elektromyographischer Untersu-
chung kann das Verhalten der mensch-
lichen extraoculiren Muskeln wihrend
der gesichtlichen Wahrnehmung exploriert
werden.

Nach der neurobiologischen Wahrneh-
mungstheorie von v.M. BUSCAINO, ist
jedes Perzeptionsprozess durch die Bewe-
gung der extraoculiren Muskeln begleitet.
Das ist durch die Untersuchungen von
SERRA und Mitarbeitern ueber die EMG
der extraoculiren Muskeln wihrend der
intermittierenden Lichtstimulierung und
wihrend der Wahrnehmung einiger Ge-

genstaende verschiedener Gestalten be-
staetigt worden.

Nach diesen Befunden ist das Verhalten
der elektrischen Aktivitit der Augenmus-
keln wihrend des Wahrnehmungsprozesses
dhnlich derselben Muskelaktivitat wihrend
der Erinnerung derselben Gegenstinde.

Elektromyographie kann fruchtbarweise
in der Auswertung der Muskelermiidung
mit besonderer Beriicksichtigung zur Ver-
kehrsmedizin, fiir die Bestitigung der in-
dividuellen Strassenunfallsbereitschaft, be-
nutzt werden.
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Les Paralysies Oculaires Recidivantes

RAYMOND GARCIN et GEORGES MANIGAND

Le groupe des paralysies oculaires réci-
divantes englobe des faits de cause et de
nature variées, de pronostic tres différent,
et ou subsistent d’ailleurs de nombreuses
inconnues. L'un des problémes essentiels
est d’en préciser I'étiologie et si possible
le mécanisme, L'étude clinique peut, dans
ce débat, orienter les recherches, en distin-
guant deux grandes variétés: les paralysies
oculaires récidivantes, alternantes ou bila-
térales, et les paralysies oculaires homola-
térales qui intéressent le méme nerf a
chaque récidive. Les premicres évoquent
une affection générale ou une maladie de
systeme a expression oculaire dominante,
évoluant par poussées successives. Les se-
condes orientent vers une lésion locale,
d’expression intermittente. C'est sous cet
aspect que nous envisagerons I'étude étio-
logique des paralysies oculaires récidivan-
tes, en soulignant cependant le caractere
trés schématique d’une telle distinction a
laquelle on doit se garder de conférer une
valeur absolue. L'un de nous (G.M.) a
consacré sa thése inaugurale a I'étude de
ces paralysies.

LES PARALYSIES OCULAIRES
RECIDIVANTES, ALTERNANTES
OU BILATERALES

Nombreuses sont les affections capables
de donner lieu a des paralysies oculo-
motrices d’évolution capricieuse, alternant
d'un coté a Vautre ou intéressant a chaque
récidive des nerfs oculo-moteurs différents.
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Hépital de la Salpetriére (Paris).

Si le diabéte, la syphilis, la sclérose en
plaques, I'athérosclérose, voire une maladie
de systeme doivent étre recherchés dans
ces cas de facon systématique, une place
importante revient sans conteste a la myas-
thénie d’Erb-Goldflam dont les formes pu-
rement oculaires posent au début de diffi-
ciles problémes diagnostiques. Dans ce
groupe, le syndrome d’ophtalmoplégie re-
cidivante et alternante de la III éme et de
la VI éme paires craniennes décrit par
Bielchowsky en 1915 offre un intérét tout
particulier et ses rapports avec la myasth¢-
nie sont depuis longtemps discutés. Nous
verrons a la lueur des recherches récentes
combien incertaine apparait encore la si-
wuation nosologique de ce syndrome. Mais
combien de faits de paralysies oculaires
recidivantes, associées ou non a des attein.
tes d’autres nerfs craniens ou a des neuro-
pathies périphériques, restent encore, et
dépit de multiples investigations et d'un
recul évolutif parfois trés long, sans €tio-
iogie précise.

Le diabéte est une des causes les plus
iréquentes des paralysies oculaires récidi-
vantes et l'importance de cette étiologie,
déja soulignée par Dieulafoy en 1905, puis
par Neel en 1919, par Collier en 1930, a
¢i¢ contirmée par de nombreuses études
récentes. Le diabéte est responsable pout
Green ' de 19 9% des paralysies isolées
du nert moteur oculaire commun, pour
Shrader 2* de 15 9 des atteintes du nert
moteur oculaire externe, et les érudes de
Green, de Goldstein et Cogan '® mettent
en évidence I'évolution récidivante de tel-
ies paralysies dans prés d'un tiers des cas.
Parmi les circonstances d'apparition, deux
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faits retiennent l'attention: I'age du ma-
lade et la variété de diabéte en cause. Les
paralysies oculaires diabétiques s’observent
chez l'adulte, dans Ja deuxiéme moitié de
la vie, et I'Age moyen varie entre 60 et
65 ans. Elles ne sont nuliement I'apanage
des diabetes graves avec poussées d’acido-
cétose, mais plus volontiers des diabétes
légers, méconnus, et de ce fait non con-
trolés, évoluant déja depuis plusieurs an-
nées. L’étiologie diabétique confére a ces
paralysies certains caractéres particuliers.
Des douleurs dans le territoire du nerf
ophtalmique du c6té atteint précédent ou
accompagnent la paralysie dans un grand
nombre de cas (de 56 % pour Green a
90 % pour Goldstein et Cogan); ces dou-
leurs fronto-orbitaires unilatérales, souvent
intenses, et dont le mécanisme n'est pas
connu, pourraient orienter a tort vers
d’autres étiologies. La paralysie survient
brusquement et se compléte en quelques
heures. Elle intéresse, selon les données
classiques (INNeel, Collier), plus souvent le
nerf moteur oculaire externe; mais 'attein-
te du moteur oculaire commun, trés fré-
quente, a surtout retenu l'attention des
auteurs modernes en raison de son carac-
téere habituellement dissocié. Dans la ma-
iorité¢ des cas en effet, la musculature in-
trinséque est respectée: ce fait, déja sou-
ligné par Faure-Beaulieu en 1937, a été
confirmé - par les études d’ensemble de
Green ¥, de Goldstein et Cogan'?, de
Rucker *% qui notent l'intégrité de la pu-
pille respectivement dans 68 9%, 80 % et
85 9% des cas, encore qu’il puisse exister,
au cours du diabéte, dans des cas a vrai
dire treés rares, un signe d’Argyll-Robert-
son dont H. X. Man ! a rapporté en 1968
deux exemples chez des malades: suivis
dans notre service. Cette intégrité pupil-
laire est d'un grand intérét. Dans les dis-
cussions diagnostiques posées par la surve-
nue d'une paralysie de la III eme paire avec
douleurs dans le territoire de l'ophtalmi-
que, ou plane la hantise d’une Ilésion
anévrysmale, elle constituerait un élément
de valeur en faveur d'une neuropathie. Le
mécanisme de cette dissociation dans le
diabéte est encore incertain; I’hypothese
d’une atteinte nucléaire est actuellement
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abandonnée; la majorité des auteurs
attribue ce fait a une atteinte partielle
du nerf et au respect, parmi les fibres
nerveuses, du contingent pupillaire situé a
la partie supérieure et périphérique du
tronc du moteur oculaire commun; les
constatations “de Dreyfus, Hakim et
Adams 7 qui, lors de l'étude anatomique
d’'une névrite diabétique du moteur ocu-
laire commun, ont observé des lésions li-
mitées a la portion centrale du nerf sem-
blent en faveur de cette hypothese .L'évo-
lution des paralysies oculaires diabétiques
est assez particuliére: elles régressent pra-
tiquement toujours et disparaissent totale-
ment en deux a trois mois sans donner
lieu a une régénération anormale des fibres
nerveuses, mais elles récidivent volontiers.
D’une telle évolution il serait possible de
donner de nombreux exemples: une de nos
malades agée de 65 ans, eut en 1950 une
diplopie pendant deux mois; en 1952 une
sciatique droite puis gauche fit découvrir
un diabeéte jusqu’alors méconnu; en 1953
apparut brusquement une névralgie dans
le territoire du V droit suivie, deux jours
plus tard, d'une paralysie du III droit alors
que la glycémie érait a 1,68 g°/00.

L’intervalle libre entre deux atteintes est
imprévisible et peut varier de quelques
mois a quelques années. Les récidives se
font habituellement sur le mode alternant
et rares sont les cas de paralysies bilaté-
rales et symétriques lors d'une méme pous-
sée; de méme sont exceptionnelles les
observations comme celle de Ross 2% (obs.
3) ou les récidives se manifestent le long
de nombreuses années — dix sept ans dans
ce cas — par des atteintes strictement uni-
latérales. Si la répartition des paralysies
oculaires diabétiques semble échapper le
plus souvent a toute systématisation, il est
des cas toutefois ou leur groupement pose
des problémes particuliers; ainsi des obser-
vations de Collier, de Ross ou une ophtal-
moplégie totale des III eme, IV éme et
VI éme nerfs, d’abord d’un coté puis de
'autre peu de temps apres, suggérait une
Iésion des nerfs dans la traversée du sinus
caverneux.

L’intérét de ces paralysies est de révéler,
dans environ la moitié des cas, un diabete

~ 71



INTERNATIONAL JOURNAL OF NEUROLOGY

méconnu. Le diagnostic sera parfois, pour
Pophtalmologiste, facilité par la présence
I'une rétinopathie, notée dans 25 % des
cas par Goldstein et Cogan, ou de micro-
anévrysmes prédominant au pole postérieur
de l'oeil; il pourra également étre suggéré
au clinicien par la coexistence d’une neu-
ropathie périphérique, présente chez envi-
ron un tiers des malades, ou d'une para-
lysie cranienne. Rappelons a ce propos la
valeur d’une paralysie faciale périphérique
antérieure, e¢lle-méme volontiers récidi-
vante, retrouvée dans les antécédents de
pres d'un tiers des malades (Goldstein et
Cogan '?) et dont I'observation suivante est
un nouvel exemple: Madame D..., agée
de 51 ans, a soudain, en 1942, une para-
lysie faciale périphérique droite régressant
en trois mois; en 1950, paralysie périphé-
rique gauche d’évolution identique. En
1952, ptosis droit et diplopie pendant huit
mois; un mois apres la régression de la
paralysie oculaire, atteinte incompleéte du
III gauche avec ptosis léger et diplopie
disparaissant en trois mois; l'atteinte ocu-
laire permet de découvrir un diabete (gly-
cémie a 1,80 g/00) jusque la méconnu.
Le V peut étre également atteint, mais
pour rare que soit la participation uni ou
bilatérale des autres nerfs craniens, il est
des observations de multinévrite récidi-
vante des nerfs craniens, comme celle d’une
malade longtemps suivie dans notre ser-
vice et dont I'histoire fut rapportée par
Le Bourhis dans sa theése (observation 5)
et relatée en 1968 par H. X. Man ?': en
mai 1952, chez une malade diabétique de
54 ans traitée par l'insuline depuis 1935,
névralgie du nerf ophtalmique droit puis
paralysie totale du III droit d’évolution
régressive; en septembre 1952, névralgie
du nerf maxillaire supérieur droit et pa-
ralysie presque complete des III, IV et VI
droits; régression des troubles en deux
mois; en novembre 1952, nouvel épisode
semblable avec atteinte du nerf optique
droit; en février 1953, cécité droite totale
avec atrophie optique, paralysie complete
du VI, partielle du III, atteinte du V puis
du VII droits; en avril 1953, nouvelle
poussée de névralgie de I'hémiface droite
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et paralysie du VII droit; en novembre
1953, alors que la glycémie est a 2,20
g%/00, paralysie du VI gauche, atteinte du
V sensitif et moteur, paralysie du XII
droit; en 1955 et 1956, névralgie faciale
bilatérale, vertiges rotatoires, paralysie du
IITI et VI gauches, anosmie bilatérale, pa-
ralysie du VII, du IX et X droits, puis
du XI gauche. Toutes les investigations, a
la recherche en particulier d’'une malfor-
mation vasculaire ou d'une tumeur de la
base du crine, furent négatives.

Mais dans la majorité des cas, la para-
lysie oculaire est isolée et précéde les au-
tres manifestations cliniques du diabete.
Aussi la recherche des 'interrogatoire d’une
hérédité diabétique, la recherche immédiate
d'une glycosurie doivent-elles étre systé-
matiques devant toute atteinte oculo-mo-
trice apparaissant chez I'adulte. On com-
plétera systématiquement cette enquéte par
la mesure du taux de glycémie a jeun qui
peut étre élevé alors que manque la gly-
cosurie; une épreuve d’hyperglycémie pro-
voquée sera souvent nécessaire pour dépis-
ter un trouble de la glycorégulation a son
début.

La pathogénie de ces faits n’est pas en-
tiérement élucidée. La répartition des at-
teintes nerveuses, leur mode évolutif, leurs
récidives peuvent s’inscrire dans le sens
d’une maladie artérielle; de méme les l¢é-
sions histologiques sont-elles compatibles,
comme l'ont montré Adams et coll. !, avec
un mécanisme ischémique. Ainsi ces para-
lysies sont-elles généralement attribuées,
méme si I'intervention d’autres facteurs, en
particulier métaboliques, ne peut étre for-
mellement exclue, a une atteinte des vais-
seaux nourriciers des nerfs. La part res-
pective que prennent [athérosclérose et
I'angiopathie diabétique fait encore l'objet
de controverses. Toutefois, a la lumiére
des travaux les plus récents, le role de la
microangiopathie des vaisseaux du nerf
périphérique semble trés important, et 'un
de nous, avec J. Lapresle, a insisté dans une
étude ultra-structurale sur la diffusion
constante de ces lésions sur les capillaires
eux meémes.
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L’évolution récidivante des paralysies
oculaires syphilitiques est un caractére
essentiel que Fournier avait souligné au
siecle dernier. Sans doute cette étiologie
occupe-t-elle actuellement une place plus
limitée, mais elle ne saurait étre oubliée;
la pratique des séro-réactions de la syphilis
doit étre systématique et depuis longtemps.
Dieulafoy enseignait que devant toute pa-
ralysie oculaire on devait rechercher la
syphilis et le diabete. Cette étiologie parait
responsable actuellement d’environ 10 9%
des paralysies oculo-motrices (Shrader et
coll. #?; Green '¥). L'apparition chez
'adulte jeune aux .alentours de la quaran-
taine, la prédilection pour le III, le ca-
ractere souvent dissocié de la paralysie
avec respect de la motilité pupillaire (un
tiers des cas de Green) la régression plus
ou moins lente en sont les caracteres par-
ticuliers. Les récidives intéressent souvent
le coté opposé a la premiere atteinte, mais
peuvent également étre homolatérales et
frapper un nerf déja lésé; leur évolution
échappe a toute systématisation. Leur
intérét est de révéler trés souvent une sy-
philis méconnue que confirmeraient les exa-
mens sérologiques. La disparition des trou-
bles oculo-moteurs est habituelle apres trai-
tement antisyphilitique, du moins s’il n’est
pas institué avec retard, encore que, dans
un cas de notre service relaté par Kipfer,
le traitement entrepris de longs mois apres
la constitution de la paralysie ait permis
une rétrocession complete. Les paralysies
oculaires sont habituellement le fait de la
méningo-névrite syphilitique dont témoig-
nent dans plus de la moitié des cas les
anomalies du liquide céphalo-rachidien.

% k%

Les signes oculaires ont une importance
telle dans la myasthénie que toute atteinte
de la musculature externe de l'oeil, surtout
si elle est récidivante, impose, aprés avoir
¢liminé le diabéete et la syphilis, de recher-
cher les symptomes de la maladie d’Erb-
Goldflam. Les particularités des troubles
oculo-moteurs en font 'un des élements
les plus précieux pour le diagnostic. Ces
troubles surviennent a tout age mais sur-
tout chez l'adulte et plus souvent chez la
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femme, sans aucun phénomeéene prémoni-
toire. L'atteinte musculaire est habituelle-
ment bilatérale, mais presque toujours asy-
métrique et se limite souvent a certains
muscles alors que d’autres, d’innervation
identique, sont respectés. Le ptosis, géné-
ralement incomplet, existe dans plus de
trois quarts des cas, accompagné trés fré-
quemment d’une atteinte du droit supé-
rieur, Les autres muscles sont touchés de
facon variable mais la pupille est toujours
respectée. L’atteinte associée des muscles
faciaux est habituelle et dans ce domaine,
la faiblesse de l'orbiculaire est, comme I'a
souligné Thevenard, I'élément le plus pré-
coce et le plus fidele. L'évolution de ces
troubles est encore remarquable par leur
grande variabilité, caractére habituel des
phénomeénes myasthéniques. Ils disparais-
sent en quelques semaines ou quelques
mois et procédent, a intervalles plus ou
moins longs, par poussées successives. Le
ceractere bilatéral ou alternant, I'asymétrie
des troubles oculo-moteurs qui se modi-
fient dans leur durée et leur intensité, la
variabilité dans la répartition, le caractere
dissocié sont présents lors de chaque pous-
sée. Deux éléments demeurent tres fide-
les: T'accentuation des troubles a la fati-
gue ou leur apparition vespérale, et leur
sensibilité remarquable a la prostigmine.
Dans les formes habituelles de myasthénie
d‘ailleurs, l'atteinte oculaire ne reste pas
isolée et l'affection est aisément reconnue
par la diffusion des troubles a d’autres
territoires musculaires électifs dont les
témoignages les plus fideles sont la dys-
phagie a la fin du repas et la fatigabilité
des muscles de la racine des membres.
Les formes oculaires pures de la myas-
thénie dont Karplus en 1897 a rapporte
une observation sous le titre “d’ophtalmo-
plégie asthénique” posent en revanche de
difficiles problemes. Les troubles se limi-
tent dans ces cas a un ptosis, a une di-
plopie, ou a une ophtalmoplégie incom-
pléte et variable, et ceci pendant une lon-
gue période; l'intervalle séparant les pre-
miers signes oculaires de la diffusion a
d’autres territoires musculaires est parfois
trés prolongé: seize ans (MacKendree
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1914), dix neuf ans (Kissel et coll. %),
vingt ans (Karplus 1897), vingt deux ans
(Schaeffer 1935).

Si les caracteres des troubles oculaires
sont parfois suffisamment évocateurs, il
n'est pas rare toutefois que le diagnostic
se heurte a de grandes difficultés. Les
symptomes, dans les myasthénies oculaires
pures, n'ont pas toujours la netteté qu’ils
présentent dans les formes habituelles: le
ptosis peut manquer, comme l'observation
de Schaeffer ou I’évolution se fit pendant
19 ans sur le mode d’'une diplopie récidi-
vante; l'aggravation a la fatigue, apres
etfort, ou lors de I'épreuve de Mary Wal-
ker, peut faire défaut pendant certaines
péricdes de la maladie; la sensibilité a la
prostigmine enfin n’est pas absolument
ccnstante et ce test peut parfois s’avérer
négatif comme nous l'avons observé chez
une malade ou la prostigmine ne s’est ré-
vélée efficace que trois ans aprés le pre-
mier acces. Il peut s’agir de myasthénie
véritablement “bloquée”, résistant a la
prostigmine ou seule la constatation d'une
fatigabilité des muscles de la racine des
membres, celle la accessible a la prostig-
mine, permet de reconnaitre la maladie.
C'est dire combien le diagnostic des myas-
thénies oculaires pures, en dépit des pro-
gres apportés par les études électromyogra-
phiques et pharmacodynamiques moder-
nes, demeure dans bien des cas tres dif-
ficile.

Parmi les nombreuses paralysies oculaires
récidivantes dont I’étiologie demeure in-
connue, certaines répondent au syndrome
décrit par Bielchowsky en 1915 sous le
terme d’ophtalmoplégie externe récidivan-
te et alternante, et dont la place nosolo-
gique est encore incertaine. Ce syndrome
apparait chez I'adolescent ou I'adulte jeu-
ne, plus souvent dans le sexe masculin. Les
paralysies oculo-motrices évoluent par pous-
sces successives de durée variable, allant
de quelques semaines a quelques mois mais
parfois beaucoup plus longue; ces poussées
sont séparées par des intervalles ou I'ap-
parence de guérison est totale et qui peu-
vent s'é¢tendre sur de nombreuses années.
Les troubles oculo-moteurs ne sont précé-
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dés d’aucun phénomene prémonitoire, et il
n'existe pas en particulier de céphalée.
Trois ordres de faits les caractérisent: la
prévalence de I'atteinte de la III éme paire,
plus fréquente que celle du moteur ocu-
laire externe; l'intégrité constante de la
musculature pupillaire; la topographie al-
ternante et bilatérale au cours des attein-
tes successives. L'évolution de ce syndrome
peut s’érendre sur plusieurs décennies, et
1 cette notion de maladie au long cours
il convient d’ajouter l'absence d’aggrava-
tion notable et la relative bénignité des
troubles oculaires. Ces caracteres cliniques
et évolutifs son trés proches de ceux des
formes oculaires de la myasthénie: aucun
des éléments distinctifs proposés pour sc-
parer les deux syndromes n’a, en réalité,
de valeur absolue et en particulier l'ab-
sence de recrudescence nette a la fatigue,
I'insensibilité a la prostigmine ne permet-
tent pas, nous l'avons rappelé, de récuser
le diagnostic de myasthénie. Aussi certains
auteurs concluent-ils 2 l'identité du syn-
drome d’ophtalmoplégie externe récidi-
vante et alternante et des formes oculaires
pures de la maladie d’Erb-Goldflam.

Un intérét particulier s'attache dans ce
groupe aux formes ou une amyotrophie
des membres apparait, vingt ans et trente
cing ans aprés une longue période de trou-
bles oculaires isolés, ainsi qu’il en était
chez deux malades suivis par nous —
amyotrophie dont les caracteres et les mo-
dalités évolutives semblent indiquer qu’elle
est 'expression du méme processus patho-
logique. Chez un de ces malades (Mr.
Lan... Maurice) dont l'observation court
déja sur 45 ans et fut rapportée la pre-
miere fois par l'un de nous et Dollfus en
1931, puis, enrichie de documents nou-
veaux, avec Fardeau et Mme Godet-Gui-
llain en 1965 'Y, I’évolution se fit en deux
phases: dans la premigre, qui débuta a
I'age de 16 ans et s’étendit sur 20 ans, les
troubles se limiterent a de nombreuses
poussées de paralysies oculaires récidivan-
tes et alternantes respectant la musculature
pupillaire; la deuxieme fut marquée par
I'apparition d’amyotrophies progressives
prédominant a la racine des membres su-
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périeurs et surtout aux triceps, plus discre-
tes aux membres inférieurs sur la loge
antéro-externe, tandis que les paralysies
oculaires, d’évolution capricieuse, ne pré-
sentaient qu'une régression incomplete dans
'intervalle des nouvelles poussées. Ce n’est
que tardivement au cours de cette longue
évolution que la prostigmine montra quel-
que légere ou inconstante efficacit¢. Chez
un autre de nos malades dont I'cbserva-
tion a été rapportée dans la theése de I'un
de nous (G.M.), Mr. Lau... Charles,
I'évolution fut en tout point semblable:
I'affection qui débuta a 20 ans se mani-
festa d’abord par des paralysies de la mus-
culature oculaire extrinséque, régressives
et récidivantes; dans une deuxieme phase,
35 ans aprés le début, se développa pro-
gressivement une amyotrophie des loges
antéro-externes des jambes et du triceps
brachial gauche, alors que la paralysie du
VI gauche s’avérait permanente. De ces
faits peuvent étre rapprochées de tres ra-
res observations de la littérature: en par-
ticulier celle rapportée en 1965 par Mme
Hausmanova-Petrusewicz et coll.’® ou I'évo-
lution qui court déja sur 37 ans se fit
¢galement en deux phases, la premiére o-
minée par des troubles oculaires accessi-
bles a la prostigmine de méme que la dys-
phagie et la faiblesse des membres, la deu-
xieme 18 ans apres le début, marquée par
I'apparition d’amyotrophies de la ceinture
scapulaire et la permanence des paralysies
des muscles oculaires.

Ce syndrome se caracterise ainsi par sa
prédilection pour le sujet jeune, son €évo-
lution sur le mode oculaire pendant de
nombreuses années, 'efficacité inconstante
des tests a la prostigmine, enfin par la
survenue, a une période tardive, d’amyo-
trophies intéressant avec prédilection le
triceps brachial et la loge antéro-externe
de la jambe et dont les études électriques
et histologiques montrent la nature neuro-
gene. Il est actuellement difficile de pré-
ciser la place exacte de ce syndrome par
rapport a la maladie d’Erb-Goldflam; de
nouvelles recherches permettront peut-
étre de dire s’'il s'agit d'un groupement
pathologique particulier dans le cadre de
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la myasthénie ou si ces deux syndromes
doivent étre au contraire formellement
séparés.

T S

Deux étiologies d’autre part doivent
toujours étre recherchées: chez I'adulte
jeune, la sclérose en plaques et chez le
sujet aux alentours de la cinquantaine,
I'athérosclérose artérielle.

L’atteinte fréquente du tronc cérébral,
I’évolution par poussées régressives rendent
compte de l'importance, au cours de la
sclérose en plaques, des troubles oculaires
auxquels Velter en 1912 a consacré sa
theése. Les paralysies oculo-motrices, qui
paraissent beaucoup plus rares que I'oph-
talmoplégie internucléaire, occupent une
place non négligeable: Uthoff en 1889 les
signale dans 17 9% des cas et Lagrange et
Marquezy retrouvent a 'anamnese une di-
plopie chez plus d'un tiers des malades.
Tres exceptionnels toutefois sont les cas ou
une paralysie oculo-motrice récidivante
représente la manifestation dominante si-
non unique de Ja maladie. Nous avons ob-
servé, chez une malade agée de 30 ans, la
succession d’une paralysie du VI droit,
neuf mois plus tard d’'une paralysie faciale
périphérique gauche, trois mois apres d'une
paralysie du VI gauche, et cC’est seulement
Guinze mois apres le premier épisode qu'un
scotome central de l'oeil gauche est venu
confirmer un diagnostic que seules quel-
ques parésthésies et de discrets troubles
vestibulaires avaient fait suspecter. Chez
un autre malade, apparut a I'age de 29 ans
une diplopie par atteinte du VI gauche
associée a de la fievre, des troubles de
I'équilibre et régressant en trois mois; a
30 ans, paralysie du IIl droit; un an plus
tard récidive de l'ophtalmoplégie associée
a une démarche pseudo-c¢brieuse et a des
acces de somnolence; l'examen montrait
alors un syndrome d'ophtalmoplégie inter-
nucléaire bilatérale, un nystagmus vertical;
un mois plus tard un discret syndrome
cérebellenx droit et une névrite optique
rétro-bulbaire gauche venaient confirmer le
diagnostic de sclérose multiloculaire.

Dans la majorité des cas au contraire,
alors méme que la paralysie oculaire est
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le premier symptome, cette atteinte est
rapidement suivie d'autres localisations et
nous n’insisterons pas sur ces formes ou
la diffusion des symptomes permet aise-
ment de reconnaitre la maladie.

L’athérosclérose semble étre responsable
de certaines paralysies oculaires récidivan-
tes par atteinte des artéres nourriciéres des
nerfs oculo-moteurs. La fréquence de ces
faits est difficile a apprécier, mais, parmi
les sujets atteints de paralysie oculo-mo-
trice isolée de cause imprécise, I'incidence
de l'athérosclérose est assez remarquable:
deux tiers des malades de Green, prés de
la moiti¢ des malades de Shrader avaient
ainsi des signes d’artériopathie et en par-
ticulier une hypertension artérielle perma-
nente,

Ces paralysies surviennent brusquement
et ne s'accompagnent que rarement de
phénomenes douloureux; elles régressent
apres trois a quatre mois d’évolution, mais
donnent volontiers lieu pendant plusieurs
années a des récidives de caractere bilaté-
ral ou alternant. Nous avons ainsi observé,
chez une malade igée de 53 ans, trois
¢pisodes de diplopie par atteinte des VI
droit et gauche en I'espace de trois ans,
alors que le diabete, la syphilis, la myas-
thénie avaient pu étre éliminés et que
I'angiographie carotidienne bilatérale était
rnormale; [I'étiologie athéromateuse était
suggérée par l'association a quelques ver-
tiges, a une géne transitoire de la parole
ct a des céphalées intermittentes.

Ainsi ces paralysies différent-elles peu,
comme le souligne Green, de celles d’ori-
gine diabétique, et offrent-elles comme
celles-ci la particularité, au cours de
'atteinte du III, de respecter la pupille
dans la majorité des cas. Les deux éléments
d’orientation sont I'age et le contexte ar-
tériel: elles s’observent en général apres
50 ans chez des sujets ayant souvent des
signes d’'athérosclérose diffuse: antécédents
d’angor et d’infarctus du myocarde, hyper-
tension, claudication intermittente doulou-
reuse, voire d’éventuelles calcifications des
arteres des membres inférieurs visibles a
'examen radiologique. Ces paralysies doi-
vent étre évidemment distinguées des trou-
bles oculo-moteurs par atteinte vasculaire
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du tronc cérébral: mais précisément I'ab-
sence de toute lésion des grandes voies de
conduction verticales et des autres forma-
tions du tronc cérébral durant toute I'évo-
lution suggere une atteinte du tronc ner-
veux lui--méme. Si ce fait n’est pas comple-
tement démontré, la relative fréquence des
lésions des artéres nourricieres des nerfs
craniens chez 'athéroscléreux (Taubes?!)
le rend du moins vraisemblable. Il est per-
mis également de s’interroger sur le siege
exact de la lésion artérielle: s’il parait
s'agir le plus souvent d'un athérome du
tronc des arteres nourricieres du nerf, il
est peut-étre permis d’évoquer dans cer-
tains cas, comme le suggére F. Lhermitte,
une sténose ostiale de certaines de ces ar-
teres nourriciéres secondaire a 'athérosclé-
rose ou a la thrombose de la carotide in-
terne dans la région du siphon carotidien.

e ES ES

Certaines paralysies oculaires récidivan-
tes pourraient s’intégrer dans le cadre de
polynévrites ou de multinévrites a rechu-
tes des nerfs craniens. Le diagnostic peut
étre évoqué, en l'absence de tout signe
clinique et biologique du diabéte, devant
I'atteinte successive ou simultanée de nom-
breux nerfs craniens, en particulier des
oculo-moteurs, du VII, du VIII, du XII,
évoluant par poussées régressives, bilatéra-
les ou alternantes, pendant plusieurs an-
nées et disparaissant completement sans
que l'examen puisse apporter d’arguments
en faveur du siege nucléaire éventuel des
lésions. L’etiologie de ces multinévrites de-
meure inconnue; I’hypothése d’une cause
infectieuse ou toxi-infectieuse est parfois
évoquée sans qu'aucune preuve puisse en
¢tre apportée.

La survenue de multinévrites au cours
de certaines maladies de systéme peut éga-
lement étre envisagée. Le role de la sar-
coidose, ou I'atteinte transitoire de cer-
tains nerfs craniens et en particulier du
VII est bien connue, a été discuté par Sir
Charles Symonds en 1958°" a propos de qua-
tre observations de paraysies multiples et
récidivantes de nerfs craniens intéressant
entre autres les oculo-moteurs. Ce diagnos-
tic pouvait étre envisagé dans un des cas
1, — 1970,
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rapporté par l'auteur (obs. 2) ou la biop-
sie de nodosités sous-cutanées montra un
granulome a cellules géantes compatible
avec la maladie de Besnier-Boeck-Schau-
mann. Si a notre connaissance, il n’a pas
été rapporté de paralysies oculaires récidi-
vantes ou la sarcoidose fut prouvée for-
mellement, une telle étiologie doit toujours
¢tre recherché. Ce diagnostic se heurte
toutefois, en 'absence de confirmation his-
tologique, a de grandes difficultés. Nous
n'avons pu que I'évoquer chez un de nos
malades qui eut a 58 ans une paralysie
isolée du VI droit, un mois plus tard une
atteinte du VII droit, enfin deux mois
apres cet épisode une paralysie du III
gauche régressant en deux mois; un discret
syndrome pyramidal droit, une atteinte
périphérique du membre inférieur droit,
dans le domaine crural, une discréte réac-
tion albumino-lymphocytaire du liquide
céphalo-rachidien et un foyer de souffran-
ce temporale gauche a I'électroencéphalo-
gramme étaient les seules anomalies asso-
ciées aux paralysies craniennes. L’existence
d'une opacité arrondie partiellement calci-
fiée du champ pulmonaire gauche, le dé-
veloppement un an plus tard d’adénopa-
thies médiastinales alors que les arteintes
oculo-motrices récidivaient, pouvaient sug-
gérer, plus qu'un processus néoplasique,
une sarcoidose qui ne put toutefois étre
confirmée car le malade succomba et 'au-
topsie ne put étre effectuée.

Plus récemment, le role des dysglobuli-
némies a l'origine de paralysies oculaires
récidivantes a été démontré par Kreindler
et M. Macovei-Patrichi'”: ces auteurs ont
rapporté cinq observations ou les seules
manifestations de la dysprotidémie furent
représentées, parfois pendant de nombreu-
ses années, par des paralysies régressives et
récidivantes de nerfs craniens intéressant
avec prédilection les oculo-moteurs, le fa-
cial, plus rarement le trijumeau.

D’autres processus généraux mériteraient
sans doute d’étre également évoqués; il ne
serait pas injustifié de rechercher systéma-
tiquement devant des paralysies récidivan-
tes des nerfs craniens une porphyrie, une
périartérite noueuse surtout, bien que de
telles manifestations n’aient pas été jus-
Yol. 8,
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qu’ici rapportées, a notre connaissance, au
cours de ces affections. L'allergie enfin a
pu étre envisagée dans quelques cas devant
I'association, par poussées successives, de
troubles oculo-moteurs et d’oedéme angin-
neurotique de la face (L. van Bogaert, Fry,
et Schlezinger).

Les polioencéphalites subaigues ne pa-
raissent pas en revanche devoir étre rete-
nues dans cette discussion et les observa-
tions de rhombencéphalite du tronc céré-
bral confirment que ces syndromes ne don-
nent pas lieu en général a des paralysies
oculaires d’évolution récidivante.

LES PARALYSIES OCULAIRES
RECIDIVANTES HOMOLATERALES
INTERESSANT LE MEME
NERF OCULAIRE

L’atteinte répétée, a intervalles variables,
du méme nerf oculo-moteur suggére im-
médiatement une lésion locale évoluant
par poussées régressives. Un anévrysme ar-
tériel en est la cause de loin la plus fré-
quente; une tumeur en est parfois respon-
sable; mais nombreux sont encore les cas
d’¢tiologie incertaine. Dans ce groupe, le
svndrome de migraine ophtalmoplégique,
décrit par Charcot, prend une place tres
particuliere par son allure évolutive et
par les difficiles problémes pathogéniques

qu’il pose.

Paralysies récidivantes du nerf moteur
cculaire commun

—Les anévrysmes artériels intra-craniens,
responsables de prés d'un tiers des cas de
paralysies oculomotrices isolées (Green),
représentent I'étiologie majeure des para-
lysies oculaires récidivantes et homolatéra-
les. Les circonstances d’apparition et le
déroulement des troubles sont habituelle-
ment évocateurs. Ces paralysies oculomo-
trices surviennent chez l'adulte, souvent
entre 30 et 50 ans, et dans plus des deux
tiers des cas dans le sexe féminin. L'attein-
te motrice est précédée de facon quasi
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constante (92 9% pour Green) par un syn-
drome douloureux unilatéral trés particu-
lier: les douleurs débutent brusquement,
siegent dans la région rétro et péri-orbi-
taire, a I'angle interne de l'oeil, au front,
du coté atteint; souvent d’une grande in-
tensité, elles s'accompagnent fréquemment
de nausées, parfois de vomissements. La
paralysie du IIl apparait en général deux
a trois jours plus tard, parfois dans les
vingt-quatre premicres heures, ou, plus
rarement, aprés une période douloureuse
de une a deux semaines. La paralysie ocu-
laire est totale, et latteinte pupillaire
existe dans la majorité des cas (94 % pour
Green, 969% pour Rucker). Les troubles
moteurs persistent plusieurs semaines ou
plusieurs mois; la régression est habituelle-
ment incompléte et la présence entre les
acces de troubles des réflexes pupillaires
a une grande valeur pour le diagnostic. 1l
n'est pas rare, d’autre part, de noter, au
cours de l'évolution une restauration vi-
cieuse du nerf lésé se traduisant par le
signe de Fuchs. Les récidives sont fréquen-
tes. Cogan et Mount ' les observent dans
un peu plus de la moitié des cas et cer-
tains doané¢rent lieu a quatre ou cinq €pi-
sodes successifs. Le rythme des récidives
est trés variable et l'intervalle entre deux
acces, parfois de moins d’'une année. peut
¢ire plus prolongé, allant dans un cas
jusqu'a neuf ans (Cogan); on doit noter
toutefois que les épisodes de paralysie ont
souvent tendance a se rapprocher et les
troubles moteurs a s'aggraver apres quel-
ques années d’¢volution.

L’atteinte du Il est habituellement iso-
lée; il est possible toutefois d’observer un
déficit dans le rterritoire du V, une hy-
poesthésie ou une anesthésie cornéenne.
Dans environ 10 9% des cas s’associent aux
troubles moteurs des troubles sensoriels:
altération du champ visuel, amblyopie ou
atrophie optique (Dailey®). Le fait le plus
remarquable est I'absence de signe ménin-
2é objectif et en particulier d’anomalies
du liquide céphalo-rachidien. Cet aspect
négatif a d'ailleurs longtemps dérouté les
recherches et conféré un caractére privi-
légié a certeines observations comme celle
de Cushirg (1923) ou l'acces paralytique

78 ~

s'était accompagné d'une hémorragie mé-
ningée. 7

Les anévrysmes responsables de tels
troubles sont situés dans la majorité des
cas, comme |'a montré 'arteriographie, sur
la portion supraclinoidienne de la carotide
interne et leur siege électif est a l'origine
de la communicante postérieure; il s'agit
moins souvent d’anévrysmes situcs au voi-
sinage de la bifurcation carotide-cérébrale
antérieure ou a la jonction de Ja commu-
nicante postérieure et de la cérébrale pos-
térieure; les anévrysmes de la partie an-
térieure du polygone de Willis ne sont en
revanche qu'exceptionnellement en cause;
enfin certains anévrysmes du tronc basi-
laire ou de ses branches peuvent étre res-
ponsables de paralysies récidivantes du IIl

Parmi les nombreux problemes posés par
cette étiologie, ceux qui ont trait au diag-
nostic, au pronostic et au mécanisme des
troubles appellent de brefs commentaires.
Si lartériographie permet le diagnostic
d’anévrysme dans 80 a 909, des cas (Dai-
ley®, Green'®) il convient de rappeler que
cet examen peut étre en défaut du fait
de thrombose du collet ou du sac anévrys-
mal (8 % des cas pour Triolet®?), ou
lorsqu’un spasme artériel géne I'imprégna-
tion vasculaire, enfin dans les cas de su-
perposition d’images artérielles. Rappe-
lons a ces propos lintérét des méthodes
modernes d’angiographie, dites “avec sous-
traction” sur lesquelles ont insisté David
et coll. * en 1966, et qui doivent permettre
a lavenir de déceler certains anévrysmes
masqués par 'écran osseux sur les clichés
Labituels. Le risque d’accidents hémorra-
giques confeére a ces paralysies oculaires
une gravité particuliére: une évolution fa-
tale, compte-tenu des deces post-opératoi-
res, est signalée par Cogan dans pres d'un
quart des cas. Ces accidents oculaires pa-
raissent dus a la concurrence de deux pro-
cessus développés au contact du nerf: une
hémorragie minime et rapidement tarie,
lors d’une fissuration de l'anévrysme, et
une réaction inflammatoire qui tend a la
circonscrire. La majoration a chaque réci-
dive du foyer hématique et de la réaction
conjonctive peut expliquer le caractere
plus prolongé des accés et la persistance
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des signes oculaires au cours de I'évolution.

Certaines tumeunrs peuvent étre a l'ori-
gine de paralysies récidivantes du IIL
Quelques exemples en avaient été rapportés
par les auteurs allemands au siecle der-
nier, au cours de tumeur fibrochondro-
mateuse (Richter 1887), de neurofibrome
du III (Karplus 1895). Au cours des vingt
derni¢res années, l'attention a été surtout
attirée sur les adénomes hypophysaires.
Ces tumeurs, en particulier les adénomes
chromophobes, peuvent étre responsables
dans 5 a 109% des cas de paralysies oculo-
motrices dues a leur expansion latérale vers
le sinus caverneux. L’évolution récidivante
parait expliquée par la survenue d’hémo-
rragies intra-tumorales ou de nécrose ex-
tensive a lintérieur de la tumeur. Ces
faits s'observent surtout chez la femme,
vers 'age de 40 ans; l'atteinte du III, la
plus fréquente, est souvent associ¢e a celle
du V, parfois a une atrophie optique; mais
le développement latéral de 'adénome ex-
plique l'absence habituelle d’hémianopsie
bitemporale. L’existence d'un syndrome en-
docrinien et en particulier d’'une ameé-
norrhée, d’anomalies de la selle turcique,
représente I'élément le plus précieux et ne
fait qu'exceptionnellement défaut; rappe-
lons toutefois 1'observation de Pecker ** ou
un adénome chromophobe développé au-
dessus du sinus caverneux avait évolué
pendant vingt ans sans autre symptome
qu'une paralysie récidivante du IIL. Cer-
tains chordomes développés au niveau du
clivus peuvent étre a l'origine de tels trou-
bles qui parfois résument toute la sympto-
matologie: ainsi chez une de nos malades
agée de 26 ans, dont I'observation est re-
latée dans le mémoire de Moya ** (obs. 2),
un chordome confirmé ultérieurement par
I'étude histologique post-opératoire se ré-
véla par deux épisodes de paralysie du VI
gauche a dix mois d’intervalle et donna
lieu également lors de la deuxiéme attein-
te a une paralysie du IlI gauche associée
a une hémiparésie droite, a une hémianop-
sie latérale homonyme droite et a un hé-
misyndrome cérébelleux droit transitoire.
Parmi les causes exceptionnelles enfin, ci-

tons le mucocéle du sinus sphénoidal
(Pincus).
Vol. 8, — Number 1. — 1970.

Paralysies récidivantes du nerf moteur
oculaire externe

Les paralysies récidivantes et homolaté-
rales du VI sont beaucoup plus rares que
celles du ITI. Parmi les 78 observations de
paralysies oculaires récidivantes unilatéra-
les colligées par Hécaen et coll. ' elles re-
présentent, considérées isolément, moins
de 9% des cas.

Les anévrysmes artériels ne donnent que
tres rarement lieu a une paralysie isolée
du VI: Dandy, sur 108 anévrysmes, n’ob-
serve ce fait que dans 2 cas, Certaines
atteintes isolées et recidivantes du VI peu-
vent toutefois révéler un anévrysme situé
sur le segment intra-caverneux de la caro-
tide interne (Chavany et coll.).

Certaines tumeurs intra-craniennes peu-
vent s'accompagner de paralysies récidi-
vantes du VI, et en particulier les chor-
domes de la région du clivus. D’autre part,
le role favorisant d’'une malformation os-
seuse avec rétrecissement de la fente sphé-
noidale a été envisagé par Stern chez un
malade ou les récidives se prolongerent
pendant vingt ans. Mais dans de nombreux
cas, I'étiologie de ces faits demeure im-
précise.

Paralysies récidivantes des I, IV, V et VI

L'atteinte simultanée et récurrente des
nerfs oculo-moteurs et de la branche
ophtalmique du trijumeau, réalisant le
syndrome de la paroi externe du sinus ca-
verneux décrit par Ch. Foix, essentielle-
ment caractéris¢é par une ophtalmoplégie
unilatérale débutant par la VI éme paire
et s'accompagnant de douleurs dans le te-
rritoire de l'ophtalmique, peut imprimer
aux recherches une orientation particulie-
re. Les tumeurs bypophysaires peuvent,
oous l'avons vu, étre a l'origine d'un tel
syndrome. Mais les causes habituelles res-
sortissent a la pathologie de la portion
intra-caverneuse de la carotide interne. Les
anévrysmes carotidiens infraclinoidiens, ha-
bituellement fusiformes et de nature athé-
romateuse, observés plus souvent chez
I’homme vers I'dge de 50 ans, en sont la
cause la plus fréquente, mais n’expliquent
pas tous les faits. Hunt en 1961 rapporte
plusieurs observations de syndrome du si-
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nus caverneux d'évolution récidivante ou
toutes les investigations furent négatives;
il émet I'hypothese d'un processus inflam-
matoire subaign, développé dans le sinus
caverneux a la périphérie de la carotide,
par analogie avec l'observation de Tolosa
ot de telles lésions anatomiques parurent
responsables d’'un unique épisode paraly-
tique.

Le syndrome de migraine
ophtalmoplégique

Parmi les nombreuses paralysies oculai-
res récidivantes de cause inconnue, certai-
nes, par leurs caracteres cliniques et leur
mode évolutif, répondent sans conteste au
syndrome de migraine ophtalmoplégique
décrit par Charcot en 1890 et dont la
physiopathologie demeure encore mysté-
rieuse. Nous en rappellerons briévement les
¢lements les plus ¢évocateurs. L'affection
débute dans le jeune age, souvent avant
10 ans. Elle évelue pendant une longue
période, avant tout phénomene paralytique,
sous forme de crises migraineuses isolées.
Elle donne lieu ensuite a des acces de deé-
roulement immuable: début par des cépha-
lées unilatérales péri-orbitaires souvent vio-
lentes avec photophobie et vomissements,
durant quelques jours et préludant a
I'ophtalmoplégie. La paralysie intéresse le
III dans la majorité des cas; elle est habi-
tuellement totale avec atteinte pupillaire
et régresse complétement en quatre a six
semaines. La fréquence des crises est sou-
vent remarquable et certains malades de
Friedman ® ont eu plus de vingt épisodes
paralytiques. Le caractéere alternant des
troubles moteurs est trés rare, mais ne doit
pas, comme le soulignent Bickerstaff >,
Friedman ®, Hécaen ', faire récuser le
diagnostic. Bien que les accés paralytiques
puissent apparaitre, dans certains cas, a
intervalles trés espacés, 'évolution vers un
déficit permanent est habituelle. Le pro-
nostic relativement bénin de ce syndrome
parait bien, comme le remarquent Hécaen
et coll.,'® 'opposer au groupe des paralysies
d’origine anévrysmale. Si le diagnostic de
migraine ophtalmoplégique peut étre ainsi
évoqué, on ne saurait l'affirmer sur les
seuls signes cliniques; certains anévrysmes
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peuvent étre responsables de crises de mi-
graine authentiques et I'étude angiogra-
phique est indispensable dans tous les cas.
Cest précisément le caractere normal de
I'artériographie, dont nous avons toutefois
rappelé les limites mais qui doit s’enrichir
désormais des méthodes plus fideles dites
“avec soustraction”, et c’est aussi 'absence,
dans certains cas a vrai dire peu nombreux
(Alpers et Yaskin), de toute lésion vas-
culaire a I'examen anatomique, qui inci-
tent a reconnaitre de nouveau une certaine
autonomie a ce syndrome.

La pathogénie de ces faits est encore
incertaine et leurs rapports avec la mi-
graine demeurent imprécis. Alors que sous
I'impulsion de Mobius de nombreux au-
teurs admettaient I'existence d’une cause
organique locale a 'origine de ces troubles,
d’autres acceptaient la these, accréditée par
les travaux de Charcot, d'une perturbation
fonctionnelle et réversible, et cette concep-
tion a été défendue en France par Hécaen
et coll. en 1956. Actuellement, une hypo-
thése volontiers envisagée est celle d’un
trouble vaso-moteur paroxystique, de na-
ture peut-étre migraineuse, responsable
d’une compression éphémere du III par
I'intermédiaire d'une vaso-dilatation et
peut-étre aussi d'un oedéme de la paroi
artérielle. Une telle conception aurait
I'avantage de s'accorder avec la notion
d’antécédents personnels ou familiaux de
migraine, avec le caractére des céphalées,
avec l'association possible a des phénome-
nes de "“migraine accompagnée”. Mais dans
cette perspective, le territoire artériel in-
téress¢ et le siege de la compression ner-
veuse demeurent l'objet de controverses.
Fhlers, Bramwell furent les premiers 2
soulever I'hypothése d’'une compression du
III par l'artére cérébrale postérieure. Ha-
rrington '* en 1953, rappelant l'existence
de paralysies oculaires récidivantes par
hernie de I'hippocampe au cours de tu-
meurs cérébrales, envisage un mécanisme
identique lors de la crise de migraine
ophtalmoplégique, par I'intermédiaire d'un
oedéme cérébral localisé. Walsh **, Bicker-
staff > invoquent une compression du III
dans le sinus caverneux sous l'effet d'un
oedéme de la paroi artérielle carotidienne
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dont semble témoigner, dans leurs obser-
vations, un rétrécissement de la lumiere du
vaisseau a l'angiographie. Mais, comme le
remarquent Friedman et coll. ®, on doit
alors s’étonner du caractére isolé de la pa-
ralysie du III, peu en accord avec cette
localisation; d’ailleurs de telles anomalies
angiographiques paraissent inconstantes ct
n'ont pas été observées par d’autres auteurs
( Pearce *%).

En fait, beaucoup se rallient actuellement
a la conception de Ehlers et admettent la
compression ou la distorsion transitoires
du III par une artére dilatée et oedématiée.
Le siege électif de cette compression serait
situé sur la portion du nerf compris entre
le tronc basilaire en dedans, l'artére céré-
belleuse supérieure en bas et, en haut,
l'artere cérébrale postérieure; la mise en
¢vidence par Friedman et coll, a 'angio-
graphie, d’un rétrécissement sur ce segment
précis du tronc basilaire parait en accord
avec cette hypothese et incite a de nouve-
les recherches sur la circulation artérielle
vertébro-basilaire.

Les facteurs responsables du trouble vaso-
moteur paroxystique demeurent encore in-
connus, bien que certains faits aient pu
suggérer une anomalie du métabolisme de
la sérotonine.

Ces faits illustrent ainsi les difficultés
souvent trés grandes de l'enquéte étiologi-
que au cours de paralysies oculaires d’évo-
lution récidivante, Nombreux sont les cas
en effet ou, en dépit de multiples inves-
tigations, la cause méme de la paralysie
demeure obscure et ou aucune c¢tiologie
précise ou seulement probable ne peut étre
décelée au terme d'une évolution souvent
trés prolongée. L'observation d'une de nos
malades en offre un nouvel exemple: les
troubles débutérent, a 46 ans, par une di-
plopie et une paralysie faciale périphéri-
que gauche qui récidiva six mois plus tard;
deux ans apres le début, atteinte du VIII
gauche; cing mois plus tard, paralysie fa-
ciale périphérique droite, ptosis bilatéral
et diplopie par atteinte du VI gauche; pa-
ralysie du XII droit avec hémiatrophie
linguale, enfin présence d'une contracture
des muscles innervés par le nerf facial
gauche, contracture qui parait bien coa-
firmer le caractére tronculaire de la para-
iysie du VIIL. L’échec de toutes les recher-
ches cliniques et biologiques, au cours
d’une affection qui intéressa de nombreux
nerfs craniens et s'étendit sur une période
de trois ans, illustre la complexité des pro-
Llémes sculevés par de telles manifestations
et souligne encore, s’'il en était besoin, les
rombreuses inconnues qui persistent dans
ce¢ domaine.

RESUME

Etude étiologique et clinique détaillée
des paralysies oculaires récidivantes. On
distingue deux grandes variétés de ces
paralysies, du point de vue clinique: les
paralysies oculaires alternantes ou bi-late-
rales, et les paralysies homolatérales qui
intéressent le méme nerf a chaque récidive.

Dans les paralysies oculaires alternantes
bi-latérales, il faut rechercher le diabete,
la syphilis, 'athérosclérose, mais surtout
penser 2 la myasthénie dans ses formes,
pendant longtemps, purement oculaires.
On discute la place nosologique de 'oph-
talmoplégie récidivante et alternante de
Bielchowsky.

1970.
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Ces paralysies alternent d'un cOté¢ a
I'autre, ou intéressent, a chaque récidive,
des nerfs oculo-moteurs différents.

Les paralysies homolatérales intéressant
le méme nerf sont causées par des lésions
locales évoluant par poussées régressives
(anévrisme artériel intra-cranien, tumeur
intra-crinienne). Le syndrome de migraine
ophtalmoplégique est particulierement
¢tudié,

Dans de nombreux cas, en dépit des
multiples investigations, la cause de la pa-
ralysie demeure obscure, et aucune éticlo-
gie précise ou probable ne peut étre dé-
celée.
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RESUMEN

Estudio etiolégico y clinico detallado de
las paralisis oculares recidivantes. Se dis-
tinguen dos grandes variedades de estas
parilisis desde el punto de vista clinico:
las paralisis oculares alternantes o bilate-
rales y las paralisis homolaterales que in-
teresan el mismo nervio en cada recidiva.

En las paralisis oculares alternantes bi-
laterales, debe buscarse una diabetes, sifi-
lis, arterioesclerosis, pero debe pensarse
sobre todo en la miastenia en sus formas
puramente oculares por un tiempo prolon-
gado. Se discute la importancia nosolégica
de la oftalmoplejia recidivante y alternante
de Bielchowsky.

SUM

Thorough etiological and clinical study
of recidivant ocular paralysis. Two big
varieties are distinguished from a clinical
viewpoint: alternating or bilateral ocular
paralysis and homolateral paralysis affect-
ing the same nerve at each recidive.

In those cases of alternating bilateral
paralysis, diabetes, syphilis, atherosclerosis
must be investigated, but in first place
myasthenia should be suspected in its
purely ocular forms of long duration.
Nosological importance of Bielchowsky’s
recidivant and alternating ophtalmoplegy
is discussed.

Estas paralisis afectan alternativamente
ambos lados o interesan nervios diferentes
en cada recidiva.

Las paralisis homolaterales que interesan
el mismo nervio son causadas por lesiones
locales cuya evolucién se produce en for-
ma de empujes regresivos (aneurisma ar-
terial intracraneano, tumor intracraneano).
El sindrome de jaqueca oftalmopléjica es
particularmente estudiado.

En numerosos casos, a pesar de las mul-
tiples investigaciones realizadas, permanece
desconocida la causa de la paralisis y no
es posible vislumbrar ninguna etiologia
exacta o probable.

MARY

These paralyses alternatively affect both
sides or affect different oculomotor nerves
at each recidive.

Homolateral paralyses affecting the same
nerve are caused by local lesions develop-
ping by regressive outbursts (intracranial
arterial aneurism, intracranial tumor).
The syndrome of ophtalmoplegic migraine
is particularly studied.

In spite of the numerous investigations
carried out, in a great number of cases
the cause of paralysis remains unknown
and no accurate or likely etiology can be
recognized.

ZUSAMMENFASSUNG

Detailliertes etiologisches und klinisches
Studium der rezidivierenden Augenlach-
mungen. Man unterstreicht 2 grosse Spie-
larten dieser Paralysen vom klinischen
Standpunkt: die alternierende oder bilate-
ralen Augenlachmungen und die homola-
teralen Laechmungen, die bei jedem Rezidiv
denselben Nerf betreffen.

Bei den alternierenden bilateralen Au-
genlaehmungen, muss man nach Diabetes,
Syphilis, Atherosklerose suchen und vor
allem an die Myasthenie denken, die in
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bestimmten Formen waehrend langer Zeit
nur okulaer sind. Man diskutiert den
nosologischen Platz den die rezidivierende
und alternierende Ophtalmoplegie von
Bielchowsky einnimmt.

Diese Lachmungen alternieren von einer
Seite auf die andere, oder interessieren bei
jedem Rezidiv verschiedene oculo-motori-
sche Nerven.

Die homolateralen Laehmungen sind
durch lokale Laesionen verursacht, die in
regressiven Schueben evolutionieren (z.B.
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LES PARALYSIES OCULAIRES RECIDIVANTES

intrakranielle arterielle Aneurismen oder
Tumore). Das Syndrom der ophtalmople-
gischen Migraene wird besonders studiert.

In vielen Faellen, trotz vieler Forschun-

gen bleibt die Ursache der Laehmung
ungeklaert und keine genaue oder wahr-
scheinliche Aetiologie kann angegeben
werden.
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Personality

Prof. FREDERIC BREMER M. D. (Brussels)

Dr. Hon. Causa Aix-Marseille — Montepellier —
Strasbourg (France) — Utrecht (Netherlands).

Contemporary neurophysiology and neurology have been strongly
infiuenced by the scientific achievement and the personality of Professor
Frédéric Bremer.

He was born in 1892 in Arlon, in the Belgian Ardennes, a rough and
wild country, and soon ex-
hibited the important and
indispensable qualities for
scientific research: tenacity
in his work and -creative
imagination.

Very early he acquired
a command of language and
a perfection of phrasing
that are so characteristic
of his work, and make it
always such a pleasure to
read.

After having completed
at Brussa's University his

medical studies — which
were interrupted by the
Mrst. World War - — 'he

studied clinical neurology
at the Salpétriere Hospital
in Paris, where he was the
pupil of Pierre Marie. He
first dealt with the seque-
lae of encephalitis lethar-
gica; he collaborated with
Tretiakoff for the latter’s
major publication on the
Parkinsonian manifestations
- of this disease.

The systematic and meticulous study of neurological semiology also
contributed to his knowledge when, the following year, he went to work
with Harvey Cushing at Peter Bent Brigham in Boston. There he started
to participate in the activity of the physiology laboratories of Walter
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Cannon and Alexander Forbes, where he met Percival Bailey, and, with
him, published several pzpers on the pathogeny of diabetes insipidus
and the adiposogenital syndrome.

Later on, he went to Oxford to attend Sir Charles Sherrington’s
laboratory where he completed experimental work on the cerebellum,
especially on the inhibitory function of the paleo-cerebellum in mam-
mals. This work has been carried on, years later, by his pupils end by
many research workers all over the weorld.

In 1932, he took over the course of general physiopathology and
became a professor in 1934. And what a professor! His flowing phrases,
elegant and marvellously balanced, reflected his thoughts with perfect
accuracy. The transition from a healthy, functioning organ to its
pathological activity was masterfully described. Physiopathology really
became one of the finest courses in the Medic2l Faculty.

It is impossible to dissociate Professor Bremer’s scientific activities
from his general atfitude. Enthusiasm, the chief quality of the intelligent
being, is found in him at the highest degree.

This enthusiasm is refiected in the way he approaches experiments.
the very high mental activity he exhibits, and the excited behaviour
he develops.

Around 1920, Professor Bremer was carrying out experiments which
hzd to be regularly controlled. One night he and his wife had to climb
over the high fence surrounding the buildings housing Sherrington’s
laboratories. Dr. Bremer managed to pass to the other side-without
difficulty. But the fashion of the time, ob'iging one to wear very long
dresses,. almost put an end to the exper‘ment Mrs. Bremer remained
1rnpaled for many minutes on the fence; the experiment could not wait
and the skirt had to give away.

Bremer’s capacity for wonder, his ability to tackle all problems, his
refusal to consider them as so'ved, is one of the charms of his per-
sonality. He is the practical example of Aristotles aphorism “Amaze-
ment is the very principle of research”,

This exceptional faculty has not changed with years. Far from
letting himself be carried away into the abyss of research for research’s
sake, he has always shown a continuity of thought, and, as Prof.
Fessard once said “he comes back constantly to the major themes by
new experimental approaches, incorporating new data, often offering a
new and clear synthesis in his elegant style”.

It is this happy curiosity that makes him specify and demonstrate
the action on the cerebrzl cortex of a section of the spinal cord at the
level of Cl1, calling this preparation “encéphale isolé”.

The term that he coined clearly reflects the result of his research,
and demonstrates that the encephalon, deprived from most of its sensory
afferents, is really “isolated” and that it passes through c¢'inicz1 and elec-
trical stages of sleep and wakefulness, so characteristic of this prepa-
ration. Sleep resulted from a temporary drop of what he called “tonus
corticzl”,

He coined the phrase ‘“cerveau isolé” when he made a section of
the brainstem at mesencephalic level, observing then a permanent state
of sleep.

These works, published as eariy as 1935, largely contributed to the
elzboration of the research of Magoun, Moruzzi and their collaborators,
when, in 1949, they used what was pleasantly called the method of the
“Bremerized cats” (Ann. Rev. Physiol).

Vol. 8. — Number 1. — 1970,



With Terzuolo (now in Minneapolis) he defined more precisely the
influence that the cerebral cortex can have on its own awakening when
it receives a significant message. This was done by stimulating the re-
ticular formation which then in turn activated the whole cortex.

With the help of Dow (Portland, Oregon), V. Bonnet (now in Mar-
seille, France) and Arteta (Spain), he carried out penetrating experi-
ments to study the ro'e of the primary and associative auditory areas.

It is impossible to mention all the works of Prof. Bremer that so
deeply influenced the evolution of idezs in neurophysiology. The study
of synaptic potentials and particularly of the presynaptic inhibition (on
which V. Bonnet had drawn attention since 1940), the study of the con-
vergence of the sensory impulses on the cerebellum (with Bonnet and
Gernandt), the activation of the motor area of the cortex by neoce-
rebellar impulses (specified by A. E. Walter, then N. Stcupel), all this
originel work reflects the personality and the majcr concern of the in-
vestigator,

His enthusiasm and mental acuity are also evident when, with his
visitors, he indulges in table talk on politics, the theatre that he so much
likes, and science in general.

One retains vivid memories of those evenings spent in such a stimu-
lating atmosphere, enh:nced by the smiling kindness of Mrs. Bremer.

Now 75, he is still carrying on his cherished research with the same
marve/lous qualities. He still approaches experimentation with an acute
spirit of curiosity.

He travels much around the world, always as enthusiastic zs ever.
Some time ago, he came back from a lecture tour in South Africa, to
leave immediately for Montreal, preparing at the same time plans for
& trip to South America.

His lectures are real mode.s: he evinces in them the precision of
his thinking, together with his vivid imagination.

Prof. Bremer also happened to give one of the best descriptions of
Research: “What could be more exalting in a man’s life than to try
to lift a corner of the veil that hides from us the mystery of things?
And it is not reason that prompts us to act like this. All the motives
e¢re purely affective: from the irresistible impulses which force the
research worker to ask questions about nature, without any other ex-
pectation than an often sybilline answer, to the particular ardour he
shows when he comes close to a result, even very small, capable of
bringing some help to the human condition”.

Prof. Bremer has a son who is a brilliant professor of surgery at
Brussels University, and a daughter, American by mariage, who has also
stayed in the scientific milieu.

NICOLAS STOUPEL.
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Book Reviews

BASIC MECHANISMS OF THE EPILEPSIES. —
Edited by H. H. Jasper, A. A. Ward and
H. Pope. Publishers: Little Brown and
Co. — Boston. 835 pp. 1969.

This book contains papers pre.ented to
the Symposium held in November 1968 at
Colorado Springs.

The topic is fascinating and it is treated
in its manifold asp:zcts by authorities who
investigating what goes on in the brain
during epileptic czizure, deal with the in-
timacies of the ncuronal activity, which are
most significant for the comprchension of
the nervcous system funection in normal con-
ditions,

The book begins with a Foreword by H.
Houston Merritt, to whom we owe the
therapeutic contribution of Dilantine which
allowed to turn the epileptic patient, often
lost for society, very often secluded in an
asylum, into a person able to act in life
according to his aptitudes. Ward, Jasper and
Pope write after the Preface on Clinical
and Experimental Challenges of Epilepsies,
a most brilliant chapter dealing on Histo-
rical Development: of Concepts; Seizure
Classification; Mechanisms of Seizure and
The Epilepies in Neurobiology and Brain
Research. Treating each one of this sub-
titles the authors give a thorough outline
of the subject.

Thz book treats studiez carried out in
different disciplines. We will try to sum
up part cf the abundant material displayed.

It has besn proved that the number of
dendritic spines diminishes in the epileptic
focus in animals and in man. Asserting
this morphological fact acquires great sig-
nificance because the contacts from neuron
10 neuron normally take place to a high
degree through these spines. In this way
the contacts among neurons take place more
directly, which constitutes a condition of
abnormality for the discharge from one
neuron to another, Axons of distant healthy
cellular bodies which end at the focal area
or pass through it, receive stimuli, through
the cynapsi® or dus to alterations of the
local electric field or through ionic gra-
diznts.

Acute effects of Topical epileptogenic
Agents are studied. Such as strychnine and
penicillin. The development of typical ictal
forms of activity, would appear to depend
cn the synelrgistic combinatien of two me-
chanisms: enhancement of excitatory im-
pingement and depression of inhibitory in-
fluences.

Concerning morphology a new and inte-
resting aspect is bound to what goes on
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in the intimacy of nervous structures, par-
ticularly synaptic transmission. From what
13 objectivated in normal conditions it could
be explained what happens during an ex-
perimentally provoked epileptic discharge.
The study and distribution of biogenic
amines constitutes an important point. The
nerve endings may be rich or lack of
them. There are aminergic (rich in bicgenic
amines) and nonaminergic (lacking of bio-
genic amines), nerve endings. Biogenic
amine? pointed out are acetylcholine (Ach),
5-hydroxytryptamine, norepinephrine, do-
pamine and hystamine. To them the enzy-
mes connected with metabolism are added:
cholineacetylase (ChAc), acetylcholineste-
rase (AChE), b5-hydroxytryptophane and
decarboxylase (5-HTP-D). In connection
with these enzymes, monoaminoxidase
(MAO), which is involved with catabolism
of active monoamines and holds a clofe re-
lation with mitochondria, has to be pointed
out. Catechol-O-methyltransferase (COMT)
has parallel distribution to cholineacetylase,
which we mentioned in connection with
nerve endings.

The nonaminergic nerve endings contain
the synthetizing y-aminocbutyric acid system
(GABA). This rubstance is considersd to
bz bound to inhibitory synapses.

Studies on ultrastructures evidence veri-
cles located at the synaptic endings: which
contain the substance we have deseribed
and which are involved in nervous trans-
misision.

When peripheral synapses are excited
with sustained stimuli of high frequency a
reduction in the number of vesicles comes
about. The vesicles would be produced and
desintegrated and would then reappear. This
fact allows to believe that there may be
ultrastructural change: similar to these ones
in seizure activity.

Another morphological fact described is
concerned with astrocytes. During seizures
induced with Peéntylenetetrazol an acute
astroglial swelling is observed. which com-
presses the capillar vessels and so disturbs
cerebral bloed flow. It is likely that this
happens due to water and ions transfer
from the neuronal compartment. Censider-
ing biochemical changes and their biophy-
sical consequences interesting facts are
proved. In the nervous substance the in-
tersticial kextracellular fiuid has a similar
composition, concerning potas:ium, sodium
and chlorum, to the cne of the cerebro-
spinal fluid but different from the com-
position of the extracellular fluid. This
difference in ionic concentration at both
sides wof the neuronal membrane determines
the so called membrane potential. Due to
ionic variations in both milieus originated
by ionic currents oriented into the cell and
out of it, the membrane appears more or
less polarized. When the neuron experi-
ments enpugh depolarization of its mem-
brane it discharges itself. This may cor-
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respond to the ictal seizure. It is admitted
that ictal activity originates due to syn-
chronized neuronal depolarizations. In the
epileptic focus the neuronal element: have
the ionic permeability of their membrane
increased, which increases the influence of
the ion skdium towards the cell and in this
way depolarization and discharge comes
about. The movement of the ions potassium
and sodium is responsible for the umstable
behavior of the neuron.

Experimentally it has been proved in
monkeys that during generalized grand mal
seizures the oxygen consumption of the
brain reaches twice of the normal values
and CO? is decreased.

In neuronal activity, when an excitatory
stimulus is tran:mitted an inhibiting sti-
mulus appears as an antagonic phenome-
non. This conflictual state of synaptic
action of excitation and inhibition is ob-
served in the activity of almost all the
neurons of the central nervous :system. In
this way there is a ccntrol on nervous ex-
citation. If this control did not exist the
excitation transmitted all through the
neuronal networks would provoke an ex-
plosive situation finishing in a sezizure.

Histologically two typ2: of inhibitory
pathways are described. In one of them the
axon of the nervous cell leaves a collateral
recurrent ending finishing in excitatory sy-
napses on a neuron having an inhibitory
action. Thus when a nervous cell dischar-
ges a3 a matter of fact it bring: into ac-
tivity a recurrent inhibitory pathway which
prevents further discharges from that cell
and from others. Another kind cf disposi-
tion is the afferemt collateral inhibition.
Here a fibre excites a cell, sends a colla-
teral which in turn excites an inhibitory
neuron, which exerts an inhibitory action
on other neurons.

In experimental seizures it has bcen
proved concerning glucose, glucog:n and
lactic acid of the brain, that there is a con-
siderable increaje of glucolysis. The seizure
phenomenon determines an increase in the
afflux of glucose to the brain and with the
increase of gluco e convulsive activity can
be sustained in animals. In epileptic pa-
tients identical manifestations have been
appreciated to those furniched by animal
experimentation, For the generation of
energy as well as in muscles, triphosphate
adeno’in, phosphocreatin and glucogen are
involved.

Mechanizm of propagation. The speced of
propagation of epileptic di charge varies
widely. There are evidences of thre: dif-
ferent forms of epileptic nerva tissue: pri-
mary, secondary and projected. Jasper
considers “those mechanisms which may
operate in (1) the spread of epileptiform
activity, from cne cell to another in a local
aggregate of neurons, (2) ths mod= of
spread from one local aggregate accro:is
the surfaca of the cortex by intracortical
1970,
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mechanism, (3) projection of epileptic dis-
charge over long transcortical and trans-
commissural fiber systems, (4) thalamo-
cortical and corticothalamic circuits in the
transmission of epileptic discharge and (5)
possible participation of the diffuse projec-
tion system of the mesial thalamic and
brain stem.

Different media are used to obtain sei-
zures experimentally; we will only mention
some of them: a) pentylenetetrazol. Normal
levels of fluoracetate, insulin, P-creatin and
ATP are obclerved. There is a swelling of
astrocytes which disturbs cerebral blood
flow. Let us alio say that cerebral edema
often appears associated with the different
types of epilepsy. b) electroshock. During
the seizure a quick diminution of P-creatin
and ATP com:z about as well as a con-
siderable increase of lactate. c¢) alilglycine.
It inhibits glutamic acid dcecarboxylase
(GAD) and it reduces the GABA levels.
Neurons suffer a pronounced diminution of
electrolytes and water, which invads and
cause swelling of the glial cells. A great
alteration of the nervous c:lls having an
inhibitory action mediated by GABA is
oberved. d) Anoxia. In this situation ATP
appears with normal levels and diminutiop
of P-creatin and carbohydrates is obs:rved.
e) Insulin. There is a great diminution of
glucose, glucogen and lactate.

Other drugs have alsc becn studizd,
Strychnine, Thebainz, Coniine, Pilocarpine
Arecoline, etc.

The study of Pharmacology of synaptic
transmitter: optns new prospects for the
treatment of ictal phenomena. It may be
thought of drugs that block excitatory or
mimic inhibitory central transmitters or
which promote or block transmitter releae.
Acut> effect: of topical epileptogenic agents
such as :trychnine and penicillin are tho-
roughly studied and hypotheses are given
concerning influznce: on the mechanizms
of excitation and inhibition.

Ontogenic of focal seizures; three epochs
are studied, nconatal, pubsrt and young
adulthood.

Prof. W. Penfield, a pioncer in the studies
of the human brain, displays new ideas
concerning the neurophysiology of epil:psics
and mechanisms of the brain dzduced from
his observations during neuro urgical action
performed with modern techniques on epi-
leptic patients.

He say.: “Opportunity to learn walks
into the operating room with any surgeon
who has unanswered questions in hid
mind’...“Like an unseen Puck, it whispers
to him from time to time: This chance may
never come again. Stop for just a momsent.
Consider. Apply the clectrode. Listen to
what the patient says Control and wverify
his response critically while you still can”.

It i3 a trascendent chapter where epileptic
manifestations and the rc:ulting electric
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stimulations allow to deduce functions of
the cortex and of the higher brain stem.
The author insists on the discharges pro-
voking automatism and seizures. He finally
cays: “There ares obvious analogies betwee
a computer and the brain. Conditioning
the brain iy somewhat like programming
a computer. To learn is to program. Learn-
ing it, whether it has to do with skills or
words or concepts or sequences of behavior
takes place within the fiocussed limits of
concicious attention”...“Finally it is evident
that man learns while paying attention and
perhaps only then”.

The last chapter of the book is a mag-
nificent review written by Prof. A. E.
Walker on the used methods, the results
obtained with the investigations published
in the book and on the prospects resulting
from them for future approaches of the
manifold aspects of the problem.

In first place he states that the genetic
factors that may be operative in epilepsies
have to be explored. After considering dif-
ferent aspeiets of the subject he ends saying
that in each persom a detailed medical
record of pregnancy, birth and childhood
should be ordered in order to determine
the magnitude of the genetic factor in
epilepsies and to evaluate its significance
in epilepsies acquired associated to an or-
ganic lesion of the brain.

He treats structural studies and their
conmections) with biophysical and bioche-
mical changes considered of utmost impor-
tance in the origin of the discharge. He
points out that in morphological ressarch
should be considered, blood wvessel, glia,
neuron and ependyma.

The study of RNA- and DNA-like sub-
stances in neurons; the exploration of the
state of enzime systems in epilepsies may
turnish important information. He considers
that allergic reactions constitute a nosiible
etiological factor in epilepsy. He makes re-
ference to late epileptic manifestations due
to brain damage of electric shock and to
post-traumatic epilepsy and considers them
a? processes perhaps related to allergic
phenomena.

The Editors make a <pecial reference
concerning Dr. J. Kiffin Penry and they
say: “The creation of this monograph is
in no small measure. a consequence of his
diligence, tact and organizing ability,
coupled with his high competence and mo-
tivation in the field of epilepsy”.

Thiz important contribution to the
knowledge of the “Basic Mechanism of the
Epilepsizs” embraces very valuable reading
material which it is impossible to comment
in the space alloted to a book review. I
consider it @ milestone in the nevir ending
road toward the comprehension of the
puzzling problems of epilepsy.

This monumental book will bz very
useful for all those interested in any way
in the better knowledge of epilepsy and of
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brain function, as well as for investigators
of the different aspects of neurobiology.

It is one of the best publications that ap-
peared during thez last years in the field
of the scicihces of the nervous system.

News

“PROGRAM NOTICE — AMERICAN NEU-
ROLOCGICAL ASSOCIATION NINETY-
FIFTH ANNUAL MEETING".

“The Annual Meeting of the American
Neurological Association will be held June
15-17, 1970 at the Claridge Hotel, Atlantic
City, New Jersey.”

“Special forms and instructions will be
provided for use in sfubmitting abstracts
for consideration by the Program Com-
mittee. These will b2 mailed automatically
to all members, Non-members requesting a
place on the program should promptly
request forms and instructions from the
Secretary, Dr. Samuel A. Trufant, Cincin-
nati General Hospital, Cincinnati, Ohio
45229.”

“The deadline for receipt of abstracts is
March 1, 1970.”

“Space i3 available for Scientific Exhi-
bits. Those interested should submit to Dr.
Kenneth R. Magse, Department of Neuro-
logy, Uniwversity Hospital, Ann Arbor, Mi-
chigan in triplicate the title of the exhibit,
a 200-word description, and indicate the
amount of space required. These should b2
received by March 1, 1970.”

GUIDELINES FOR STROKE CARE TO BE
DEVELOPED.

A contract to develop guidelines and
criteria for the care of stroke patients, in-
cluding prevention, diagnosis, treatment,
rehabilitation, and related spekcialty train-
ing, has besn awarded to the American
Neurological Association by the Regional
Medical Programs Service of the Health
Services and Mental Health Administration
of the Department of Health, Education,
and Welfare. To carry out the purpose of
thiss contract, the Joint Committe> for
Stroke [Facilities has been developed.

The Joint Committes for Stroke Facilities
will coordinate a multidisciplinary approach
to the problems of stroke patient care by
de:ignated representatives from national
professional organizations. Those organiza-
tions initially participating are:

American Academy of General Practice;
American Academy of Neurology; American
Academy of Physical Medicine and Reha-
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bilitation; Amesrican Association of Neuro-
logical Surgeons; American Association of
Neuropathologists; American College of
Phy:ycians; American College of Radiology;
American College of Surgeons; American
Congress of Rehabilitation Medicine; Ame-
rican Heart Association; American Hospital
Association; American Medical Association;
American Neurological Association; Ame-
ricanrican Nurse:’ Association; American
Osteopathic Association; American Psy-
chiatric Association: American Rehabilita-
tion Foundation; American Socicty of Neu-
roradiology; Jocint Commission on Accredi-
tation of Hospitals; National League for
Nursing; National Medical Asr-ociation; So-
cicty of Neurological Surgeons; Society for
Vascular Surgery.

Additional representative organizations will
be invited to participate as the program
develops.

The Federal orginizations that have been
invited to designate liaizion representatives
to the project are:

Division of Regional Medical Programs;
Heart Disease and Stroke Control Program;
Joint Council Subcommittee on Cerebro-
vascular Disease; National Heart and Lung
Institute; National Institute of Neurological
Discases and Stroke; Social and Rehabilita-
tion Service; Veterans Administration.

Dr. A. L. Sahs, Past President of both
the American Neurological Association and
the American Academy of Neurology, has
been named General Chairman of the Joint
Committee for Stroke Facilities, Dr. Warren
V. Huber, recently Chief Neurology Divi-
sion, Dzpartmz=nt of Medicine and Surgery,
Veterans Administration Central Office,
Washington, D. C., iz the Project Dirsctor.
Elizabeth C. Hartman, formerly Chief,
Training Grants and Award: Branch, Na-
tional Institute of Neurological Discases and
Stroke, Bethesda, Maryland, is Director of
Operations. Offices have been established in
Suite 1010, 1776 K Street, N, W., Washing-
ton. D. C. 20006. The telephonc number is
(202) 296-3640.

EN TODOS LOS ESTADOS DE DEFICIT PROTEICO

PRIMOBOLAN

SCHERING A.G.
BERLIN/BERGKAMEN
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