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INTRODUCTION

Over the 40 different types of nystagmus presently identified (Dell'Osso, 1984),
only a few are associated with oscillations of the head or specific head
positions. We will discuss those which occur in congenital nystagmus (CN)
latent/manifest latent nystagmus (LMLN), the nystagmus blockage syndrome (NBS),
spasmus nutans (SN), periodic alternating nystagmus/periodic alternating gaze
deviation (PAN/PAGD), and aocguired downbeat nystagmus. We will also discuss
descriptions of spontaneous and induced "head nystagmus." Vestibular nystagmus
induced by head positions (positional nystagmus) or rapid head movements
(positioning nystagmus) will not be discussed.

Whereas abnormal head positions are probably always adaptive and compensatory,
head oscillations need not be. In each instance we will attempt to identify what
affect the oscillation has upon perception (visual acuity.)

CONGENITAL NYSTAGMUS

Patients with CN may exhibit either head oscillations, a head position preference
or both. The head oscillations seen in OCN were originally thought to be
compensatory in mature (Cogan, 1967). The patient was said to be moving his head
equally and oppositely to the CN and was thereby stabilizing the eyes in space.
In the absence of good eye movement recordings, this became an attractive
hypothesis. Metz, and colleagues (1972) provided support for the compensatory
hypothesis by simultaneously recording eye and head movements. However,
examination of their data reveals a jerky head movement of approximately 30
degrees supposedly compensating for a pendular CN of about 7 degrees. Patients
with ON rarely complain of oscillopsia during either steady fixation or while
moving (actively or passively). Based on clinical observations and personal
experience in sports, we concluded that the vestibulo-ocular response (VOR) of
the CN patient functions normally. Recent studies have confirmed the normal
functioning of the VOR in CN patients (Carl, and colleagues, 1985; Gresty, and
colleagues, 1985). We further reasoned that for the head oscillation to be
completely compensatory, the patient had to simultaneously turn off his VOR
(i.e., gain reduced to zero) and duplicate exactly the CN waveform (180 degrees
out-of-phase) (Daroff, and colleagues, 1978). Our earliest recordings revealed
the extreme complexity and high bandwidth of these waveforms and we concluded
that the above-described total compensation was impossible. Moreover, the
foveation periods of each waveform precluded the necessity for totally
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stabilizing the eyes in space since for most of each cycle the fovea was off-
target and visual information suppressed (this inferred from the lack of
oscillopsia) (Dell'Osso, 1973; Dell'Osso and Daroff, 1975). Compensation could
be realized during relatively stable (as opposed to motionless) foveation periods
with head oscillations and VOR suppression.

Gresty, and ocolleagues (1978), in a study of a single case, showed by accurate
eye and head movement recordings that the head oscillation is merely an extension
of the CN and that the normal VOR keeps the eyes stable in space during the
foveation periods of the CN waveform. The head oscillations in some patients,
under certain conditions, emerge as a manifestation of their ocular motor
instability (damped by the mass of the head) and do not result in any acuity
improvement or decrement. We concluded, as did Gresty and Halmagyi (1981) and,
more recently, Carl, and colleagues (1985), that this is the operable mechanism
for head oscillation in most CN patients. The observations that head
oscillations appear only during intense fixaton attempts and the accompanying
increase in the nystagmus, (i.e., while trying to see targets at the limits of
the patient's acuity) and are more prevalent in children who are unconcerned
about appearance, support this hypothesis.

There have been recent reports of rare CN patients in which the head oscillation
was said to be either truly compensatory or to cancel the eye oscillation (Gresty
and Halmagyi, 1981; Gresty, and colleagues, 1984; Taylor, 1980). Here, the word
"compensatory" 1is taken to mean a deliberate head movement that is equal and
opposite to an ongoing eye movement with the VOR gain decreased to zero (this
usage is opposite to the compensatory eye movement produced by a head movement
and the normal VOR gain of one). Unfortunately, no recordings were shown in two
of these papers and in the third, the patient identified as having CN with head
movements that canceled the nystagmus had convergence (180 degrees out-of-phase)
nystagmus that was probably spasmus nutans (see below) . Furthermore, the
example given for compensatory head oscillation was not convincing; it
corresponded exactly to what one would record from a CN patient with a normal VOR
operating to negate the effects of his spontaneous head oscillation. We have
never observed cancellation of CN by active head shaking.

The only way to differentiate true compensatory head movements from spontaneous
head movements would be to compare the foveation periods of the CN waveform when
the head 1is still with the same foveation periods measured during head
oscillation. If foveation periods are flat (i.e., eyes motionless) when the head
is still, the eye-in-head oscillations seen during head motion are VOR movements
added to the OCN and the resulting gaze (eye-in-space) tracings will also show
flat foveation periods. If foveation periods show the same waveform when the
head 1is still as when it is moving, the head oscillation is truly "compensatory"
and only the gaze tracings will show flat foveation periods. Thus, recordings of
the CN waveforms under both conditions are necessary to prove the existance of
compensatory head movement. To date, we have only observed true compensation of
CN by head movements in the data from one CN patient (Carl, and colleagues,
1985). As we had originally predicted, this patient suppressed his VOR gain and

improvement occurred only during foveation periods. With the head still, the
foveation periods were not flat and when head movement occurred, the gaze tracing
showed flat foveation periods. Patients who have achieved flat foveation periods
without head movement can gain nothing by head shaking and any head motion should
be presumed to be due to the CN. Those whose foveation periods are not flat may
improve them with head motion and their head shaking might be suspected to be
compensatory.

Patients with CN often adopt head turns that place their eyes at a preferred gaze
angle where the nystagmus is minimal and the acuity maximal. The nulling of CN
occurs when the eyes are deviated to the null angle or the head is turned in the
opposite direction; this is the basis for both prism and surgical therapies. Up
to about 15 degrees, the head turn equals the null angle but beyond that, the
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amount of head turn is less than that required to balance out the null angle
(Fujiyama, and oolleagues, 1983). While the exact mechanism of CN nulling is
unknown, we hypothesize that the unstable ocular motor system has an equilibrium
position (the null angle) that divides two regions of. instability, each producing
runaway eye movements in opposite directions. The push-pull nature of brainstem
neural integrator circuitry is consistent with this conceptualization.

The mechanism underlying abnormal head postures in CN patients that are not
simple rotations in the horizontal plane is more obscure. Head tilts toward one
shoulder or chin-up and chin-down postures raise the possibility that, for non-
strabismic patients, a vestibular input is being used since these postures cause
a change in static vestibular firing due to the effects of gravity on the
otoliths. Such head postures must be tested under the effects of different
gravity vectors (e.g., while the body is in different orientations) before this
hypothesis can be evaluated against the alternative; that is, the position of
ocular motor equilibrium in such patients requires innervation of muscles in
other than the horizontal plane.

LATENT/MANIFEST LATENT NYSTAGMUS

Another congenital type of nystagmus, that is not CN, is latent/manifest latent
nystagmus (LMLN) (Dell'Osso, and colleagues, 1979). LMIN is a jerk nystagmus with
a decreasing-velocity slow phase that beats in the direction of the fixating eye,
the other eye being covered (LN) or open but cortically suppressed (MLN). In
many cases of LMLN, the amplitude of the oscillation varies monotonically with
gaze angle such that as gaze is directed toward the fast phase, the amplitude
increases (Alexander's law). Because of this, and the fact that the ocular motor
system seems to be wunable to prolong foveation when the slow phases are of
decreasing velocity, patients may adopt a head turn to increase their acuity. By
turning the head toward the fast phase the fixating eye is placed in adduction
where the amplitude of the LMLN is minimal. In cases where the patient has
altermate fixation, the head turn will depend on the fixating eye, which will be
placed in the adducted position. In patients whose LMLN does not vary in
accordance with Alexander's law, a head turn that places the fixating eye in
abduction may be preferred. 1In either case, the head turn will minimize the LMLN
and maximize the visual acuity by the resulting increase in foveation time.
There may be other factors in some LMLN patients (e.g., an angle kappa) that can
result in  paradoxical head turns that increase the nystagmus amplitude
(Dell'Osso, and colleagues, 1979).

The observation that for the LMLN waveform, the initial rapid movement of the
fovea off target precludes plastic adaptation of the ocular motor system deserves
comment. In CN waveforms, the slow phases start slowly and increase in velocity
as the fovea 1is driven off target. This low-velocity initial movement is
apparently countered by a strong fixation reflex that maintains target foveation
and we see the results in the long foveation periods of many CN waveforms. The
inability of the LMLN patient to similarly distort the slow phases of LMLN
suggests that fixation reflexes are ineffective in the presence of high retinal
slip velocities.

NYSTAGMUS BLOCKAGE SYNDROME

The nystagmus blockage syndrome (NBS) is the reduction of a CN or conversion of a
CN to a low-amplitude MLN by a purposive esotropia (Dell'Osso, and colleagues,
1983). 1In either instance acuity is improved. As the esotropia increases, the
nystagmus decreases and as the fixating eye follows a target moving laterally
towards primary position and then into abduction, the esostropia decreases and
the nystagmus increases. The fixating adducted eye necessitates a head turn
toward that eye for targets that are in primary position. Often an alternating
head turn accompanies alternating fixation in these patients such that the
adducted eye is fixating primary-position targets. A head turn is not present
when the fixating eye is in primary position and the other (suppressed) eye is
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esotropic. These head positions mimic those of LMLN patients whose waveforms
follow Alexander's law and who are esotropic; this has caused many such patients

to be mis-diagnosed as NBS patients. The head turn in the NBS is adopted by the .

patient to allow fixation of a primary-position target by the adducted eye.
SPASMUS NUTANS

Spasmus nutans (SN) (a condition that has been described by many names: nutatio
capitis spastica; gyrospasm; nodding spasm; rotatory spasm; head nodding; and
salaam tic) is a benign, self-limiting condition of infants and children that
consists of pendular nystagmus (often asymmetric and/or disconjugate) usually
associated with head nodding or anomalous head position. Since the
characteristics of the nystagmus are described in this volume by Weissman and
colleagues, we will confine ourselves to the head movements. They may be
inconstant and irregular and may be absent in some patients.

In the first quantitative recording of both the eye and head oscillations in
SN, Gresty, and oolleagues (1976) showed that the head oscillation canceled the
nystagmus, leaving only the normal VOR movements. This cancellation of the
nystagnus in SN by head shaking has since been confirmed in other patients
(Gresty and El11l, 1981; Gresty and Halmagyi, 1981; Gresty, and colleagues, 1984);
in addition we cite the above-mentioned example of cancellation of "CN" by head
shaking (Taylor, 1980). The operative mechanism appears to be one of total
cancellation of the ongoing nystagmus by intentional head shaking accompanied by
the normal VOR. This differs from the head oscillations of CN which are either
produced by the instability itself or are compensatory (i.e., used with a
suppressed VOR to stabilize the eyes in space only during the foveation periods).
Head shaking improves acuity for SN patients and those few CN patients with
compensatory head movements; it is unaffected in most CN cases because of the
normal VOR. The «cancellation effect explains earlier reports of head nodding
without nystagmus in SN (Norton and Cogan, 1954). Nothing is known about the
relationship between head posturing and either the nystagmus of SN or visual
acuity in SN.

PERIODIC ALTERNATING NYSTAGMUS/PERIODIC ALTERNATING GAZE DEVIATION

Periodic alternating nystagmus (PAN) is a Jjerk nystagmus that may be either
acquired or congenital. It changes direction periodically (or aperiodically if
CN) and may include neutral periods during which either no nystagmus or pendular
nystagmus 1is present. Periodic alternating gaze deviation (PAGD) is a condition
in which the eyes alternately and conjugately deviate to either side. PAGD has
been dbserved in a patient who previously had PAN with the same periodicity; they
are assumed to be related (Kennard, and colleagues, 1981).

The mechanism of PAN has been linked to a periodic shifting of the nystagmus
neutral region and to the optokinetic-vestibular system (Daroff and Dell'Osso,
1974; Leigh, and colleagues, 1981). In both PAN and PAGD cases, there may be a
periodic head turning that is in counterphase with the eye oscillations or
deviations. It appears that the purpose of this deliberate slow head turning is
to keep the region of minimal PAN straight ahead or, in the case of PAGD, to
facilitate fixation of targets in primary position.

ACQUIRED DOWNBEAT NYSTAGMUS

Acquired downbeat nystagmus is a jerk nystagmus with slow phases that may be
linear, accelerating or decelerating (Abel, and colleagues, 1983). As is the
case in horizontal nystagmus, downbeat nystagmus may vary in intensity with
vertical gaze. This can result in the adoption of a chin-up or chin-down head
posture by the patient. By minimizing the nystagmus with such a head posture,
oscillopsia is reduced and acuity improved. Prisms (bases up or down) can be
used to accomplish the desired vertical gaze angle and increased acuity without
the head posture.
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Downbeat nystagmus may be induced or enhanced by static tilts in the planes of
pitch and roll or the supine position (Baloh and Spooner, 1981; Chambers, and
colleagues, 1983; Halmagyi, and colleagues, 1983).

ACQUIRED HEAD OSCILLATIONS

In addition to head oscillations associated with nystagmus, there exist
conditions that produce such oscillations in the absence of ocular motor
instability. Whereas a non-saccadic oscillation of the eyes is designated
nystagmus, a similar oscillation of the head is usually called "tremor." The
latter are quite commonly encountered with the most common etiologies being
parkinsonism, cerebellar disease, and idiopathic movement disorder designated
"benign essential tremor." 1In the past, many types of head tremor have been
called head-nystagmus (Kopfnystagmus) (Klestadt, 1936). When head-nystagmus was
a commonly used term, labyrinthine fistula was among the most common etiologies
(Stscheglow, 1929) and if the term is to retain any contemporary use, it probably
should be limited to the rare head oscillation, accompanying ocular nystagmus,
secondary to fistula symptomatology.

The concept of head-nystagmus was said to derive from experiments of pigeons
where vestibular stimulation provoked rhythimic movements of the head and only
minimal ocular nystagmus (Mygind, 1921). With phylogenetic advancement, the head
movements became less and the eye movements predominated. Ontogeny seems to be
in parallel since rotational stimulation is much more 1likely to produce post-
rotational head movements in human infants than in children or adults (Mygind,
1921). Nevertheless, pendular movements of the head are observed following both
rotation and intense optokinetic stimulation in adults (Schmidt and Schmidt,
1978). 1Indeed, these authors demonstrated regular electromyographic activity in
neck muscles, despite the absence of gross head movement, during routine
optokinetic stimulation. This "secondary" nuchal activity associated with ocular
nystagmus undoubtedly involves pathways and mechanisms that underlie the
spontaneous head oscillations in CN.

ACKNOWLEDGEMENTS

This work was supported in part by the Veterans Administration. The authors are
grateful for the editorial assistance of Ms. Lorna Westbrook.

REFERENCES

Abel, L.A., S. Traccis, L.F. Dell'Osso, and C.F. Ansevin (1983). Variable
waveforms in downbeat nystagmus imply short-term gain changes. Ann Neurol,
13, 616-620. - T

Baloh, R.W., and J.W. Spooner (1981). Downbeat nystagmus: a type of central
vestibular nystagmus. Neurology, 31, 304-310.

Carl, J.R., L.M. Optican, F.C. Chu, and D.S. Zee (1985). Head shaking and
vestibulo-ocular reflex in congenital nystagmus. Invest Ophthalmol Vis Sci,
26, 1043-1050. T

Chambers, B.R., J.J. Ell, and M.A. Gresty (1983). Case of downbeat nystagmus
influenced by otolith stimulation. Ann Neurol, 13, 204-207.

Cogan, D.G. (1967). Congenital nystagmus. Can J Ophthalmol, 2, 4-10.

Daroff, R.B., and L.F. Dell'Osso (1974). Periodic alternating nystagmus and the
shifting null. Canad J Otolaryngol, 3, 367-371.

Daroff, R.B., B.T. Troost, and L.F. Dell'Osso Nystagmus and related oscillations.
In T. Duane (Ed.), Clinical Ophthalmology, Vol. II.. Harper and Row,
Hagerstown Maryland, 1-25, 1978. -

Dell'Osso, L.F. (1973). Fixation characteristics in hereditary congenital
nystagmus. Amer J Optom Arch Amer Acad Optom, 50, 85-90.

Dell'Osso, L.F. (1984). Nystagmus and other ocular motor oscillations and

intrusions. In S. Lessell and J.T.W. Van Dalen (Eds.), Neuro-Ophthalmology

- 1984 vol. III. Excerpta Medica, Amsterdam, 157-204.




478 L. F. Dell’Osso and R. B. Daroff

Dell'Osso, L.F., and R.B. Daroff (1975). Congenital nystagmus waveforms and
foveation strategy. Doc Ophthalmol, 39, 155-182.

Dell'Osso, L.F., C. Ellenberger Jr, L.A. BAbel, and J.T. Flynn (1983). The
nystagmus blockage  syndrome: congenital nystagmus, manifest latent
nystagmus or both?. Invest Ophthalmol Vis Sci, 24, 1580-1587.

Dell'Osso, L.F., D. Schmidt, and R.B. Daroff (1979). Latent, manifest latent and
congenital nystagmus. Arch Ophthalmol, 97, 1877-1885.

Fujiyama, Y., H. Ozawa, and S. Ishikawa (1983). Study on abnormal head position
in patients with congenital nystagmus. Agressologie, 24, 231-232.

Gresty, M.A., H.J. Barratt, N.G. Page, and J.J. EILl (1985). Assessment of
vestibulo-ocular reflexes in congenital nystagmus. Ann Neurol, 17, 129-136.

Gresty, M.A., and J.J. E11 (1981). Spasmus nutans or congenital nystagmus?
Classification according to objective criteria. Brit J Ophthalmol, 65,
510-511.

Gresty, M.A., and G.M. Halmagyi (1981). Head nodding associated with idiopathic
childhood nystagmus. In B. Cohen (Ed.), Vestibular and Oculomotor
Physiology: International Meeting of the Bardny Society. New York Academy
of Sciences, New York, 614-618.

Gresty, M.A., G.M. Halmagyi, and J. Leech (1978). The relationship between head
and eye movement in congenital nystagmus with head shaking: objective
recordings of a single case. Brit J Ophthalmol, 62, 533-535.

Gresty, M.A., J. Leech, M.D. Sanders, and H. Eggars (1976). A study of head and
eye movement in spasmus nutans. Brit J Ophthalmol, 160, 652-654.

Gresty, M.A., N.G. Page, and H.J. Barratt (1984). The differential diagnosis of
congenital nystagmus. J Neurol Neurosurg Psychiat, 47, 936-942.

Halmagyi, G.M., P. Rudge, M.A. Gresty, and M.D. Sanders (1983). Downbeating
nystagmus: A review of 62 cases. Arch Neurol, 40, 777-784.

Kennard, C., G. Barger, and W.F. Hoyt (1981). The association of periodic
alternating nystagmus with periodic alternating gaze. J Clin Neuro-
ophthalmol, 1, 191-193. -

Klestadt, W. (1936). Nystagmen und Deviationen des Kopfes. In O. Bumke and O.
Foerster (Eds.), Handbuch der Neurologie, Vol. 4, Allgemeine Neurologie IV.
Verlag von Julius Springer, Berlin, 608-610.

Leigh, R.J., D.A. Robinson, and D.S. Zee (1981). A hypothetical explanation for
periodic alternating nystagmus: instability in the optokinetic-vestibular
system . Ann NY Acad Sci, 374, 619-635.

Metz, H.S., A. JampolsKy, and D.M. O'Meara (1972). Congenital ocular nystagmus
and nystagmoid head movements. Amer J Ophthalmol, 74, 1131-1133.

Mygind, S.H. (1921). Head-nystagmus in human beings. J Laryngol Otol, 36, 72-
78.

Norton, E.W.D., and D.G. Cogan (1954). Spasmus nutans: A clinical study of
twenty cases followed two years or more since onset. Arch Ophthalmol, 52,
442-446.

Schmidt, D., and C.L. Schmidt (1978). Optokinetischer und vestibul3rer
Kopfnystagmus: Untersuchungem von Normalpersonen und Patienten mit
angeborenen und erworbenen Augenbewegungsst®rungen. In G. Kommerell (Ed.),
Augenbevegungsst¥rungen Neurophysiologie und Klinik, Symposion der Deutschen
Ophthalmologischen Gesellschaft. Bergmann-verlag, Munchen W. Germany, 301-
305.

Stscheglow, F. (1929). Ein Beitrag zur Frage Uber den Kopfnystagmus. Arch
Ohren- Nasen- Kehlkopfheilk, 121, 291-298.

Taylor, D. (1980). Disorders of head and eye movements in children. Trans
Ophthal Soc UK, 100, 489-494.




ADAPTIVE PROCESSES IN
VISUAL AND
OCULOMOTOR SYSTEMS

Proceedings of a conference held in Asolimar, California, USA
16-20 June 1985

Editors:

E. L. KELLER and D. S. ZEE

L)

PERGAMON PRESS

OXFORD - NEW YORK - TORONTO - SYDNEY
FRANKFURT - TOKYO - SAO PAULO - BEIJING



	Scan-091124-0009.pdf
	Scan-091124-0004
	Scan-091124-0005
	Scan-091124-0006
	Scan-091124-0007
	Scan-091124-0008
	Scan-091124-0001

