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• Manifest latent nystagmus (MLN) was 

Identified in 31 patients by accurate eye 

movement records. All the patients had 

horizontal tropias, and the nystagmus fast 

phases were always in the direction of the 

viewing eye. The slow phases of MLN are 

decreasing-velocity exponentials whne 

those of the jerk form of congenital 

nystagmus (CN) are increasing-velocity 

exponentials. Several subjects who were 

believed to have latent nystagmus (LN) on 

clinical examination had small amplitude 

nystagmus evident by eye movement 

recording with both eyes open; these were 

actually cases of MLN. Many patients with 

MLN are misdiagnosed as having CN. An 

explanation for MLN and LN Is provided 

based on confusion of egocentric direc­

tions between monocular and binocular 

viewing conditions. 

(Arch Ophthalmo/97:1877-1885, 1979) 

Quantitative eye movement record­
ings have forced a reconceptuali­

zation of nystagmus because the liter­
ature, based on clinical observation 
alone, was inadequate and often 
misleading.1.2 This is particularly rele­
vant for voluntary,3 congenital (eN),'" 
and, the subject of this report, latent 
nystagmus (LN). The latter, by gener­
al usage, is a congenital binocular jerk 
nystagmus, absent with both eyes 
fixating, which develops on covering, 
blurring, or reducing the image 
brightness in one eye; the fast phase 
always beats toward the viewing 
eye.6-9 

Spanning an interval of several 
decades, Kestenbaum made major 
contributions to the understanding of 
LN, which he described succinctly in 
his venerated text.8 He noted LN 
beating to the left in a boy with 
right-eye blindness and described 
cases with alternating strabismus in 
which the nystagmus fast phases 
always beat in the direction of the 
fixating eye. He concluded that the 
image suppression in the deviated eye 
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was analogous to an occlusion that 
caused the nystagmus to manifest; the 
phenomenon was aptly designated 
"manifest latent nystagmus" (MLN). 
Kestenbaum also described "superim­
posed LN" where the neutral zone in 
eN is shifted by occluding one eye 
(the shift and consequent changes in 
the nystagmus were graphically de­
picted in a previous report'O); the basic 
nystagmus in this situation, however, 
was congenital rather than latent. 

Our interest in LN was sparked by 
the first patient with this diagnosis 
referred to us for eye movement 
recording. The amplitude sensitivity 
of the recording apparatus was less 
than 0.50, and we noted jerk nystag­
mus, not evident clinically, even with 
both eyes open. The patient had a 
squint, and the nystagmus fast phases 
were in the direction of the viewing 
eye; when the deviated eye was 
covered, the nystagmus amplitude 
increased and became apparent clini­
cally. An additional finding was that 
the nystagmus slow phases were in 
the shape of a decelerating-velocity 
exponential. The slow phase configu­
ration in LN had not been described 
previously, but in the single instance 
where this could be discerned from a 
tracing published in the literature, the 
slow phases were also of decelerating 
velocity.n.l2 We had not encountered 
this type of slow phase in other types 
of primary position nystagmus. The 
major waveform of eN is an accelerat­
ing-velocity exponential slow phase,'" 
and vestibular nystagmus has a linear 
(constant-velocity) slow phase. Subse­
quently, we found decelerating-veloci­
ty exponential slow phases in patients 
referred to us with a diagnosis of eN. 
They all had a horizontal tropia and 
their fast phases beat toward the 
viewing eye; these, indeed, were cases 
of MLN and not eN. We were thus 
able to redefine LN as follows: 
nystagmus not present under binocu­
lar viewing conditions that develops in 
both eyes during monocular viewing; 
the nystagmus is jerk in type with the 
fast phase in the direction of the 
viewing eye and the initiating slow 
phase a decelerating-velocity expo­
nential. Manifest latent nystagmus is 
defined as follows: nystagmus present 
with both eyes open but when only one 
is being used for viSIon (ie, the other is 
suppressed); the ,nystagmus is jerk-

type with the fast phase in the direc­
tion of the viewing eye; the initiating 
slow phase is a decreasing-velocity 
exponential. In this report we will 
present, analyze, and discuss the find­
ings of the patients with LN and MLN 
who have had eye movement record­
ings in our laboratory. 

;' METHODS 

Eye movements were studied using the 
infrared reflection method of oculography. 
Position and velocity were measured simul­
taneously from both eyes using a system 
with a bandwidth of dc-100 Hz. The eye 
velocity was measured by electronically 
differentiating the position signal. The 
patients were seated in a modified dental 
chair at the center of a 1.14om radius arc 
containing red, light-emitting diodes accu­
rately spaced around it. Each eye was 
calibrated individually while the other was 
open but behind cover; this allowed accu­
rate calibration in the presence of a tropia. 
Binocular recordings were made under 
both monocular and binocular viewing 
conditions. When a primary position decel­
erating-velocity exponential waveform 
was present, particular attention was 
directed toward obtaining recordings un­
der both monocular and binocular condi­
tions. The eyes were recorded during fixa­
tion at 0° and at various horizontal gaze 
angles within ± 30° of primary position 
and also during attempted convergence. 

Relevant information was obtained from 
the patients' medical records and our own 
clinical examinations. This included medi­
cal history, visual acuity, strabismus, 
funduscopy findings, head turn, presence 
of rotary nystagmus (this cannot be 
detected by oculography), and ocular domi­
nance. 

RESULTS 

We found 31 examples of MLN 
during a 41-month interval covered by 
this study. The ages of the patients 
ranged from 6 to 51 years. Each of the 
31 patients had a horizontal tropia: 24 
patients (77.4%) had an esotropia and 
seven patients (22.6%) had an exotro­
pia; 17 patients (54.8%) also had a 
hypertropia. During both monocular 
and binocular viewing conditions, in 
each patient there was a horizontal 
jerk nystagmus with a fast phase 
beating toward the viewing eye and 
the slow phase consisting of a decreas­
ing-velocity exponential (Fig 1). Fif­
teen of the patients (48.4%) exhibited 
dynamic overshoots in the fast phases 
of their nystagmus (Fig 2). Also 
evident in this figure is the amplitude 
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Fig 1.-Eye movement position and velocity in patient with 
manifest latent nystagmus (MLN) shows characteristic decreas­
ing-velocity exponential slow phase of oscillation; this portion 
was recorded during occlusion of right eye. In this and subse­
Quent figures, timing marks at top indicate 1-s intervals; R, right; 
L, left. 

Fig 3.-Binocular recording of rightward-beating manifest latent 
nystagmus (MLN) with 00 fixating intermixed with a pendular 
nystagmus resulting in a dual jerk-right (DJR) waveform. Pendular 
nystagmus was particularly evident in velocity tracing; MLN was 
of greater amplitude in fixating 00 and ceased entirely at end of 
tracing, leaving only a pendular nystagmus 00 and square wave 
jerks OS. During this latter transition, 00 shifted into an esotropic 
position. 

I 

----- Position 
00 

14000/5 

'W"""","" __ fi'I" Position 

os 

MLN-OJR 

1878 Arch Ophthaimol-Vol 97, Oct 1979 

�i __ �_.I ____ � __ ... ____ � __ � __ �l __ 

Position 

00 

J I I J I , I � Velocity 
r r r r 

: 1200 14000/s 

Position 

OS 

J f I r l Velocity 

MLN 

Fig 2.-Simultaneous binocular recording of eye position and 
velocity of patient with manifest latent nystagmus (MLN). In 
addition to characteristic decreasing-velocity slow phases, fast 
phases exhibited dynamic overshoots. Amplitude disconjugacy 
between two eyes is evident. 

Fig 4.-Segments taken from different portions of a recording in 
patient with both manifest latent (MLN) and pendular nystagmus. 
Waveforms varied from intermixed (dual jerk-right [DJR)) to one 
or other predominating. Numbers at beginning of segments 
indicate time in seconds elapsed from time zero. 
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disconjugacy sometimes found in 
MLN. 

As with all biological processes, 
there was often variability in the 
amount of curvature (deceleration) of 
the slow phases from beat to beat. The 
overwhelmingly predominant shape 
in the patients designated as having 
MLN was a decreasing-velocity ex­
ponential, although occasional runs of 
beats may have been less curved or 
virtually linear. Some of the figures in 
this article will exhibit large varia­
tions in slow phase decelerations. 
These figures were selected· to illus­
trate aspects of MLN other than slow 
phase waveform, and the few beats 
illustrated should not detract from our 
assertion that the basic slope was a 
decelerating-velocity exponential. 
Also, the slow phases of an occluded 
(or cortically suppressed) eye can be 
extremely variable due to superim­
posed drifts in this open-loop (ie, no 
visual feedback) condition. 

Seventeen (54.8%) of the 31 patients 
had eN in addition to the MLN. This 
was established in 14 (45.2%) patients 
by the presence of a clinically observ­
able rotary nystagmus in primary 
position and in three (9.7%) patients 
by pendular nystagmus in addition to 
the MLN (Fig 3 and 4). These figures 
demonstrate the intrasubject variabil­
ity when the waveforms of both MLN 
and pendular nystagmus coexist; this 
was not a case of periodic alternating 
nystagmus. The types may be ad­
mixed or one may predominate at 
various times. When both are present, 
the waveform is dual jerk5 and mimics 
the dual jerk waveform of eN with 
the important difference that the LN 
form has a decreasing-velocity slow 
phase on which the pendular oscilla­
tion rides. 

None of the 31 patients had overt 
neurological disease, but four (12.9%) 
had retrolental fibroplasia; all four 
had eN in addition to the MLN. The 
eN was pendular in two patients with 
hypertropia (one with an esotropia 
and the other an exotropia), and the 
eN was rotary in the other two who 
had esotropia but no hypertropia. 
There was no statistically significant 
correlation between the presence of 
hypertropia and eN, both occurring in 
17 (54.8%) of the 31 patients with 
MLN. 

Three patients were referred to us 
with a specific clinical diagnosis of 
LN. Primary position nystagmus was 
not noted during clinical examination, 
but in each the eye movement record­
ing demonstrated MLN during binoc­
ular viewing with the fast phases 
beating toward the viewing eye (the 

Arch Ophthaimol-Vol 97, Oct 1979 

Table 1.-Directionality of Latent and Manifes! Latent Nystagmus 
in 31 Subjects 

Manifest Latent Nystagmus 

Latent Nystagmus Unidirectional (JR/JL) Bidirectional (JR/JL/Add)* 

Unidirectional 8 (4/4)t ... 

Bidirectional 7 (5/2) 16 (5t/9/2) 

'Preferred direction. JR .indicates jerk-right; JL, jerk-left; Add, adduction. 
tLN direction = MLN direction. 
tone subject's nystagmus was uniocular in each direction (ie, only in eye being used); eye behind 

cover, or being suppressed, was motionless. 
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Fig 5.-Simultaneous binocular recording of eye position and velocity of patient showing 
transition from jerk-right manifest latent nystagmus to jerk-left latent nystagmus on 
covering 00 (arrow). Blink is indicated at b. See text for details. 

viewing eye can easily be checked 
since its occlusion would cause rever­
sal of the existing MLN direction, 
whereas occlusion of the other [sup­
pressed] eye would not); as with the 
entire group, these three patients had 
horizontal tropias. We have not seen a 
case of "true" LN where there was no 
recordable nystagmus during binocu­
lar viewing. We will be using the term 
LN, however, to denote the presence 
of jerk nystagmus beating toward the 
viewing eye with a decreasing-veloci­
ty slow phase consequent to occlusion 
of one eye, present in our 31 patients 
in one or both directions. The latter is 
depicted in Table 1 with the break­
down of the directionality of MLN. 
Sixteen subjects had bidirectional 
MLN, indicating that either eye was 
used for fixation. Fifteen (48.4%) 

subjects had unidirectional MLN, 
meaning they would only fixate with a 
single eye under binocular viewing 
conditions. Seven of these 15 exhib­
ited the appropriate LN when the 
preferred eye was covered, but eight 
did not. During binocular viewing, in 
two of the 16 subjects with bidirec­
tional MLN, the nystagmus always 
beat to the side of the adducting eye 
when gaze was directed to either side 
of the midline (ie, jerk right in left 
gaze and jerk left in right gaze). 

In one subject with bidirectional 
MLN, the nystagmus was uniocular in 
each direction. Only the fixating eye 
oscillated, whereas the non fixating 
suppressed eye (or the eye behind 
cover) was motionless. A second 
recording session with this same 
patient disclosed little or no MLN, 
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Fig 5.-Simultaneous binocular recording of eye position and velocity in patient showing 
effects of "looking" with OS and then (at arrow) "looking" OU. After arrow, both eyes 
remained open but only jerk-left manifest latent nystagmus was observed. 
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Fig 7.-Simultaneous binocular recording of eye position and velocity shows curious 
effect of darkness in patient who had only jerk-right manifest latent nystagmus in light. 
Darkness (at arrow) caused spontaneous reversal of drift and thus reversal of direction 
of MLN. 

even in the fixating eye. The patient 
reported that she has nystagmus 
("eye shaking") only when she is 
under prolonged emotional stress. 

The transition from MLN to LN in 
the opposite direction on covering the 
fixating eye is demonstrated in Fig 5 
in a subject with an exotropia. During 
binocular viewing, the subject fixated 
with the right eye and the nystagmus 
beat in the rightward direction. The 
amplitude of the nystagmus was 
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greater in the fixating right eye than 
in the exotropic left eye. At the 
instant of covering the right eye, the 
conjugate leftward drift (slow phase) 
reversed and the rightward drift of 
the jerk-left nystagmus commenced. 
The covered right eye moved into an 
exotropic position aided by enhanced 
rightward slow phases. During the 
transition after the occlusion, the 
phoria-induced drifting in both eyes 
transiently masked the nature of the 

slow phases. 
The waveform of a patient with an 

esotropia who preferred to fixate with 
the left eye is depicted in Fig 6. The 
drift in the nonfixating right eye 
obscured the shape of the slow phases. 
At the arrow, the patient was 
instructed to "look with both eyes." 
The left eye became slightly esotropic 
and the right eye took up fixation, yet 
no MLN occurred. Another patient 
with only unidirectional MLN showed 
a curious reversal of conjugate drift, 
and thus of MLN, in darkness (Fig 
7). 

During uniocular viewing, the am­
plitude of the nystagmus in the view­
ing and covered eyes was equal in 23 
subjects (74.2%), greater in the view­
ing eye in seven subjects (22.6%) and 
in the non viewing eye in only one 
subject (3.2%). 

The relationships between the mag­
nitudes of LN and MLN between the 
left and right eyes and between jerk­
right and jerk-left nystagmus are 
summarized in Tables 2 to 4. Though 
most patients had amplitude conjuga­
cy between the two eyes (Table 2), in 
only 16 patients was the magnitude of 
jerk-right LN equal to that of jerk­
left, and in only seven patients did 
this equality hold for MLN (Table 3). 
The comparison between the relative 
amplitudes in each eye and the direc­
tion of MLN is shown in Table 4. 
Conjugacy is predominant, but when 
there was a difference in the magni­
tudes of the nystagmus in each eye, 
the nystagmus was greater in the eye 
that was abducting during the fast 
phases. 

The correlations among uniocular 
amblyopia, ocular dominance, and con­
sistent head turn during binocular 
viewing appears in Table 5 for those 
patients with unidirectional MLN. 
Four of the five patients with uniocu­
lar amblyopia had nystagmus beating 
in the direction of the fixating eye 
and eight out of ten in the direction of 
the dominant eye. All five patients 
with a leftward head turn had jerk­
right MLN, and three of the four with 
a rightward head turn had jerk-left 
MLN. There was no statistically 
significant correlation between head 
turn direction and eye dominance or 
amblyopia (Table 6). In eight of the 15 
patients with a head turn, the nystag­
mus amplitude decreased (to zero in 
two) when the viewing eye was placed 
in adduction by the head turn; six 
decreased with the viewing eye in 
abduction; and one had increased 
nystagmus with the head turn that 
placed his viewing eye in abduction 
(Table 7). 
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COMMENT 
None of our patients had LN in the 

strict sense (latent vera). The three 
patients who did not appear to have 
nystagmus clinically during binocular 
viewing did have small amplitude 
nystagmus readily visible on oculogra­
phy. Since the termination of our 
study, we recorded one additional case 
in which LN was the clinical diagnosis 
but in which nystagmus was evident 
with both eyes open during the eye 
movement recording. The reports in 
the literature of LN showing eye 
movement recordings have utilized 
non quantitative insensitive recording 
techniques. There is a distinct ques­
tion as to whether true LN exists. In 
an informal poll of laboratories using 
sensitive recording equipment, we 
received only one acknowledgment 
that a single case of true LN was 
indeed recorded (K. J. Ciuffreda, OD, 
oral communication, May 1978). Thus, 
it would appear that true LN (latent 
vera) does exist but must be exceed­
ingly rare. It would appear in binocu­
lar and uniocular oculography as 
depicted in idealized form in Fig 8. 
The closest phenomenon to true LN 
that we observed was in patients with 
uniocular MLN in whom we were able 
to show LN on occlusion of the eye 
that the patient did not spontaneously 
view with; this was present in seven 
cases (Table 1). 

The 31 subjects described all had 
MLN. Twenty-two of those subjects 
were referred to us with a clinical 
diagnosis of CN but were identified, 
instead, as having MLN because of a 
decreasing-velocity exponential slow 
phase rather than the increasing­
velocity exponential characteristic of 
CN. During the time interval of this 
study, we recorded approximately 136 
patients with CN. Thus, the 22 MLN 
cases referred as CN suggest that 14% 
of the population of patients with a 
clinical diagnosis of CN actually have 
MLN. This might be suspected by the 
presence of a horizontal tropia, which 
was universal in our 31 patients and 
has been reported as occurring in only 
16% of patients with CN.!3 Kornhuber, 
with Jung, reported a 95% incidence of 
horizontal tropia in patients with 
"LN.""·" The fact that they reported 
74 patients with LN suggests strongly 
that most of the patients probably had 
MLN. Anderson" reported a horizon­
tal tropia in 16 of 17 cases of "LN." 

Seventeen of our 31 patients with 
MLN also had a coexisting CN. In 
three the CN was horizontal pendular, 
and in 14 it was rotary. Anderson!' 
noted that approximately 15% of his 
patients had primary position rotary 
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Table 2.-Conjugacy of Latent 
(LN) and Manifest Latent (MLN) 

Nystagmus 

LN and 

INI LN MLN MLN 

IRE I = ILEI 25 23 22 

IREI > ILEI 3 5 3 

IRE I < ILEI 2 2 1 
Uniocular 1 1 1 

Table 4.-Conjugacy and 
Directionality of Manifest Latent 

Nystagmus (MLN) 

MLN 

JR 

INI JR· JL and JL 

IREI = ILEI 17 18 12 

IREI > ILEI 7 1 1 

IREI < ILEI 1 3 . . .  
NA 6 9 . . .  

'JR indicates jerk-right; JL. jerk-left; NA. not 
applicable. 

Table 3.-Directional Magnitudes 
of Latent (LN) and Manifest 

Latent (MLN) Nystagmus 

LN and 

INI LN MLN MLN 

IJRI' - IJLI 16 7 6 

IJRI > IJLI 5 6 4 
IJRI < IJLI 2 3 1 
NA 8 15 8 

'JR indicates jerk-right; JL. jerk-left; NA. not 
applicable. 

Table S.-Amblyopia and Eye 
Dominance in Manifest Latent 

Nystagmus (MLN) 

Amblyopia 

RE 
LE 
None 

Dominance (VA') 

RE 
LE 
None 

Head turn 
Right 
Left 

Total 
Pallents 

. . .  
5 

10 

10 
. . .  

5 

4 
5 

JR 

. .. 
4 
5 

8 
. .. 
4 

3 
5 

JL 

. . . 
1 
5 

2 
. . . 

1 

1 
° 

'VA indicates visual acuity; JR. jerk-right; JL. 
jerk-left. 

Table 6.-Amblyopia. Dominance. and Head Turn' 

Dominant Eye Amblyopic Eye 
No. of 

Head Turn Patients R 

R 6 3 

L 7 6 

R and L 2 . .. 

Total 15 9 
'R indicates right; L. left. 

Table 7.-Head Turn and the 
Magnitude of Manifest 

Latent Nystagmus 

Head 
Turn 

With No. of 
Preferred Pa- R 

Head Turn' tlents R L and L 
INIVO. VEAdd 6/2 

INI,!,. VEAbd 6 

INlt. VEAbd 1 
Total 15 

3/2 
1 

. .. 
6 

1 
5 
1 
7 

2 
... 
. . . 
2 

'VE indicates viewing eye; Add . adduction; 
Abd. abduction; R .  right; L . left. 
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Fig B.-Latent nystagmus shows no nys­
tagmus under binocular viewing condi­
tions and nystagmus under monocular 
viewing conditions beating in direction of 
viewing eye and having characteristic 
decreasing-velocity slow phase. 
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Fig 9.-Variation with gaze angle of magnitude INI of congenital 
(CN), latent and manifest (LN and MLN), gaze-evoked (GEN), and 
vestibular (VN) nystagmus. Note also slow phase differences and 
fact that fast phases are foveating. 

Fig 11.-Simultaneous binocular recording of eye position and 
velocity of esotropic patient shows transition in latent nystagmus 
direction (from jerk-left to jerk-right) and in gaze direction on 
reversal of cover (arrows). Gaze direction change is accom­
plished by enhanced fast phases and diminished slow phases. 
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Fig 1 D.-Illustration of what eye movement recordings would look 
like for congenital (CN), latent and manifest (LN and MLN), 
gaze-evoked (GEN), and vestibular (VN) nystagmus. Three beats 
of each type of nystagmus at each gaze angle are shown. 
Subheadings under LN and MLN (OD and OS) indicate viewing 
eye, and under VN (JR [jerk-right] and JL [jerk-left]) indicate 
direction of nystagmus. Note slow phase differences, variation 
over gaze angle, and fact that fast phases are foveating. 

Fig 12.-Simultaneous binocular recording of eye position and 
velocity of exotropic patient shows transitions in latent nystagmus 
direction (from jerk-right to jerk-left and back to jerk-right) and in 
gaze direction on successive reversals of cover (arrows). Gaze 
direction changes are accomplished by saccades and enhanced 
slow phases. A blink is indicated at b. 
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Fig 13.-Simultaneous binocular recordings of eye position and velocity of exotropic 
patient shows transitions in latent nystagmus direction (from jerk-right to jerk-left) and in 
gaze direction on reversal of cover (arrows). Gaze direction changes are accomplished 
by a saccade and enhanced slow phase in A and by enhanced slow phases and 
diminished fast phases in Band C. 

Table a.-Dynamics of Latent Nystagmus (LN) Direction Changes* 

LN Direction 
Gaze 

Position Initial Flnalt Gaze Gaze 
Eye � � Direction Change 

Initially Initial Final Scp Fcp Scp Fcp Changet due to 

Occluded ET 0 T N N T T fTFcp wlo NScp 
tTFcp and � NScp 

Viewing 0 ET N T T N N tNFcp wlo TScp 
tNFcp and � TScp 
tNScp and � TFcp 

Occluded XT 0 T N N T N NFEM and t NScp 
NFEM and NScp 
tTScp and � NFcp 

Viewing 0 XT N T T N T TFEM and t TScp 
TFEM and TScp 

N indicates nasal; To temporal; Fcp 0 fast phase; Scp. slow phase; t. enhanced; .j,. diminished; ET. 
esotropia; XT. exotropia; wlo. without; FEM. fast eye movements (saccades) that are not Fcp" 

tColumns relating required gaze direction changes to LN directions. 

nystagmus and Kornhuber,14 with 
Jung," reported a 38% incidence in 
their series. Anderson and Kornhuber 
and J ung noted a high incidence of 
alternating hyperphoria prompting 
Kornhuber and Jung to describe a 
"characteristic syndrome" of LN, hor­
izontal tropia, primary position rotary 
nystagmus, and alternating hyper­
phoria. Seventeen of our 31 patients 
with MLN had a vertical tropia, but 
this did not correlate with the coexis­
tence of a rotary CN. 

Both LN and MLN are regarded as 
congenital forms of nystagmus. Al­
though Anderson" suggested that 
difficult labor and deliveries were 
frequent in his patients, Kornhuber,14 
with Jung" found a frequent familial 
occurrence and believed that a genetic 
disorder was more likely than early 
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life brain damage. Of particular rele­
vance in this regard is that four of our 
patients with MLN had retrolental 
fibroplasia and each had a coexisting 
CN. Manifest latent nystagmus has 
not been reported previously as occur­
ring secondary to retrolental fibropla­
sia. 

Despite the fact that CN, MLN, and 
presumably true LN may be congen­
ital or secondary to an early life visual 
defect, and may even coexist in the 
same patient, this should not justify 
the common practice of lumping these 
different nystagmus forms together 
simply as "congenital nystagmus." 
This is misleading, functionally incor­
rect, and, as with most oversimplifica­
tions, serves to impede progress in the 
uncovering of the underlying mecha­
nisms of these different motor insta-

bilities. The waveforms of CN repre­
sent classical high-gain instabilities of 
a closed-loop feedback system; the 
waveform of LN (MLN) is that of a 
passive slow movement off target 
corrected by a saccade. 

In addition to the distinct differ­
ences in the slow phase waveforms of 
MLN and the jerk form of CN (the 
former decelerating and the latter 
accelerating in velocity), we found 
another waveform difference be­
tween these two nystagmus types. 
More than 48% of our patients with 
MLN exhibited dynamic overshoots16 
of their fast phases (Fig 2), whereas 
none of more than 150 CN patients 
recorded in our laboratory had dy­
namic overshoots." The function of 
dynamic overshoots in general is 
uncertain as is their significance in 
the fast phases of MLN. The fast 
phases of all forms of nystagmus thus 
far studied are corrective, meaning 
that they serve to bring the fovea on 
or toward the target following slow 
phases that carry the eye away from 
the target. 

Manifest LN and CN also differ in 
their variations over a range of gaze 
angles (Fig 9 and 10). These figures 
illustrate schematically these differ­
enc}!s between CN and MLN as well as 
the gaze-paretic variety of gaze­
evoked nystagmus and vestibular nys­
tagmus. Congenital nystagmus usual­
ly has a null (shown in Fig 9 in the 
primary position), whereas MLN, and 
presumably LN, diminish with gaze in 
the direction placing the viewing eye 
in adduction (in accordance with Alex­
ander's law). Gaze-paretic nystagmus 
has the same decreasing velocity slow 
phase waveform as LN and MLN,'·17.18 
but shares with CN its variation over 
gaze angle with the null of gaze­
paretic nystagmus always including 
primary position as distinct from CN; 
vestibular nystagmus varies with gaze 
angle as MLN but has a linear slow 
phase as does pursuit-defect nystag­
mus," not shown in the figures. (Also 
omitted from the figures is gaze­
evoked nystagmus with linear slow 
phases as distinct from the gaze­
paretic variety of gaze-evoked nystag­
mus. The variations of the different 
"forms of nystagmus are diagramed in 
a less schematic way in Fig 10, where 
runs of three beats at each gaze angle 
are depicted and thus simulate more 
closely the appearance of actual eye 
movement recordings. These figures 
also demonstrate the value of quanti­
tative oculography in nystagmus di­
agnosis. 

The invariable coexistence of MLN 
and strabismus prompted us to con sid-
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er a correlation between the nystag­
mus and eye dominance or amblyopia, 
which should be most obvious in those 
patients with unidirectional MLN 
(Table 5). The fact that four of the 
five patients with left eye amblyopia 
had only jerk-right MLN (meaning 
they were viewing with their right 
eye) supported the postulated correla­
tion, but the remaining ten patients 
with unidirectional MLN, five in each 
direction, did not have amblyopia. 
There was also a lack of consistent 
correlation with the dominance. Eight 
of the ten right eye dominant patients 
had jerk-right MLN; two had jerk-left 
(Table 5). The remaining five patients 
who had no visually dominant eye also 
had unidirectional MLN (one jerk­
right and four jerk-left). While there 
was a strong tendency for the nonam­
blyopic or the dominant eye to be 
preferred for vision, the very exis­
tence of unidirectional MLN in the 
opposite direction in a small percent­
age of the cases precludes any unify­
ing hypothesis. Also difficult to 
explain was the existence of unidirec­
tional MLN in those subjects without 
amblyopia or visual dominance. 

Alexander's law dictates that nys­
tagmus would be minimal with gaze in 
the direction of the slow phase (ie, a 
jerk-right nystagmus should become 
minimal in left gaze). Nine of the 15 
patients with unidirectional MLN had 
a head turn but three of the four with 
a right head turn and all five with a 
left head turn placed the viewing eye 
in abduction-a situation violating 
Alexander's law. Approaching the 
data somewhat differently (Tables 6 
and 7), we separated from the total 
sample those 15 patients with a head 
turn irrespective as to whether their 
MLN was unidirectional or bidirec­
tional and there was again no clear 
relationship between the head turn 
and the dominant or amblyopic eye. 
The two patients with both right and 
left head turns had neither a domi­
nant nor amblyopic eye. To investi­
gate further the purpose of the head 
turn, we correlated the gaze-evoked 
magnitude of the nystagmus with the 
direction that the head turn placed the 
eyes. As is apparent from Table 7, 
Alexander's law was followed in eight 
of the 15 (53.3%) patients (ie, the 
viewing eye was in adduction when 
the nystagmus was minimal), but the 
nystagmus was minimal when the 
viewing eye was in abduction in six of 
the patients (40%). In these 14 
patients, the nystagmus magnitude 
was minimized by the head turn 
regardless of whether Alexander's law 
was obeyed. The last case shown in 
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Table 7 presented a strange paradox; 
the viewing eye assumed an abduct­
ing gaze angle and the magnitude of 
the nystagmus was maximal in this 
preferred position. This particular 
patient was blind in his left eye from 
retrolental fibroplasia and had a huge 
kappa angle in his right eye. Thus, 
although his jerk-right MLN was 
minimal in left gaze (in accordance 
with Alexander's law), he was forced 
to direct his viewing right eye far to 
the right presumably because of his 
large kappa angle. 

Ishikawa20 recently advanced the 
thesis that LN was secondary to a 
proprioceptive rather than a visual 
disturbance. Such an explanation 
might be supported by our data show­
ing a high correlation with strabis­
mus. In all of Ishikawa's cases, both 
eyes deviated inward on covering 
either eye. Further, on performing a 
forced duction of one eye outward, the 
other unrestricted eye also moved 
outward. He attributed this phenome­
non to a stretch reflex between the 
stretched medial rectus of the eye 
forcibly moved outward and its yoked 
lateral rectus in the free eye. He did 
not find these "inversed eye move­
ments" in subjects without LN. Ishi­
kawa states that LN is produced by a 
stretch reflex activated by the in­
ward-drifting covered eye inducing an 
inward drift in the viewing eye (thus 
fast phases always beat toward the 
viewing eye). This would only be tena­
ble for cases with an esophoria or 
esotropia (his subjects were either 
esophoric, esotropic, or "orthophoric") 
but does not explain the LN direction 
in patients with exotropia such as in 
seven of our cases. Another problem 
with Ishikawa's hypothesis relates to 
van Vliet's21 observations. Using an 
optical device called a "pseudoscope," 
van Vliet found the direction of the 
LN to be independent of the eye 
actually being used for vision but 
rather beat in the direction of the eye 
that the patient thought was being 
used. These observations obviously 
require confirmation by others. 

Our study suggests the following 
mechanistic considerations: LN and 
MLN represent disorders of tonic 
innervation released by an inability to 
adjust properly to the differences 
between monocular and binocular per­
ception domains. The relative ego­
centric direction differs from absolute 
egocentric direction under these two 
viewing (monocular and binocular) 
conditions!2 A version tone imbalance 
obviously exists or no ocular drift 
(slow phase) would occur. This imbal­
ance is kept in check if binocular 

vision is possible and is distinct from 
the vergence tone imbalance causing a 
phoria or tropia. Disturbance of this 
binocular vision results in a cortical 
confusion of ego direction allowing 
the version tone imbalance to create a 
conjugate eye drift (see Fig 2). An 
alternative- explanation is that the 
confusion in ego direction itself causes 
the conjugate drift toward the new 
(improper) ego direction. It is irrele­
vant whether we are discussing true 
LN or MLN, since only one eye is 
being used for vision in either condi­
tion. The conjugate drift takes the 
eyes off target, and this is sensed by 
the viewing eye and a saccadic correc­
tion (fast ph�se) is initiated. 

We will now consider a possible 
explanation for the drift direction. 
Consider an oJ:!ject directly in front of 
you (ie, your cyclopean eye) such that 
the absolute egocentric direction is 0°. 
Binocularly, you perceive it as being 
straight ahead (8p = 0°). Mathemati­
cally, this perception angle (relative 
egocentric direction) is arrived at by 
summing the angles of convergence of 
each eye and dividing the two (8p = 
[8r. + Sa]/2), where 8r. and Sa are the 
angles of the left and right eyes as 
measured from the straight ahead 
position of each eye; 8L - 8R is the 
total convergence angle. What hap­
pens, under normal circumstances, to 
8p when one eye is occluded? 8p then 
becomes equal to the angle of the 
viewing eye and what was once 
correctly perceived as being 0° (ie, in 
front of the nose) is now perceived at 
some nonzero angle, 8L or 8R (ie, not in 
front J)f the right or left eye). This 
phenomenon is observed easily by 
binocularly viewing a finger held up 
directly in front of the bridge of the 
nose at arm's length. The finger is 
perceived as being straight ahead (ie, 
relative and absolute egocentric direc­
tions are equal). With the left eye 
covered, the finger is perceived as 
being to the left of center, and with 
the right eye covered, to the right of 
center (ie, relative egocentric direc­
tion does not equal absolute egocen­
tric direction). Somewhere, in normal 
subjects, the function for determining 
8p changes from (8L + 8R)/2 to 8L or 8n, 
but this perceptual change does not 
cause any alteration in the neural 
command to the eyes (ie, the eyes do 
not shift). Suppose this mathematical 
transformation was not properly per­
formed or the apparent shift in 
perception resulted in a change in 
neural command causing the eyes to 
drift toward the new angle (ie, toward 
the occluded eye). We would then have 
the initiation of LN with a drift of 
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both eyes toward the occluded eye 
followed by a corrective saccade 
toward the viewing eye. It is impor­
tant to distinguish the conjugate 
drift, which initiates and determines 
LN direction, from the phoria-induced 
drift of one eye (see below). The conju­
gate drift is always toward the 
covered (or unused) eye while the 
phoria-induced drift may be in either 
direction (esotropic or exotropic) and 
thus could not be the cause of the LN. 
The above explanation for LN, briefly 
mentioned elsewhere,' is the only one 
we find tenable and consistent with 
our own observations and the data of 
others. 

Ishikawa's2o postulation that LN is 
the result of a proprioceptive stretch 
reflex disturbance, and the high (95% 
to 100%) incidence of tropia in 
patients with LN and MLN, make it 
essential to record carefully and clear­
ly separate the initial version and 
vergence movements in such patients 
when each eye is covered alternately. 
Only in this way can differences or 
similarities in the generation of LN 
and MLN be related to the type of 
strabismus (esotropic or exotropic). To 
the extent that the phoria angles of 
each eye are equal, the eye movements 
required to move both the newly 
covered eye to the phoria angle and 
the newly uncovered eye to the visual 
target will be conjugate. If the phorias 
are unequal, an additional vergence 
component will be added to the move­
ment of one eye. The stimulus for the 
viewing eye will be vision and we 
should, therefore, expect refixation 
saccades to be the main vehicle to 
accomplish the shift in gaze direc­
tions; they will, of course, be accom­
panied by the ongoing LN. 

Figures 11 to 13 show the transient 
eye movements involved in the shift 
from one viewing eye to the other and 
the accompanying reversal of LN 
direction. For the patient with an 
esotropia (Fig 11), the gaze direction 
change is accomplished by what 
appear to be hypometric saccades23 
since the slow phases of the LN are in 
a direction opposite to the required 
shift in gaze direction. Initially, with 
the left eye viewing, there is a jerk­
left nystagmus and the right eye is 
esotropic. After the switch to right 
eye viewing, the left eye becomes 
esotropic by enhanced rightward fast 
phases and diminished leftward slow 
phases. In the right eye, which was 
also amblyopic in this patient, the 
leftward slow phases were totally 
inhibited during the gaze shift to the 
target from the initial esotropia. For 
the patient with an exotropia (Fig 12 
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and 13), the gaze direction change was 
accomplished by enhanced slow phases 
with the possible addition of saccades. 
Initially, as in Fig 12, there was a 
jerk-right nystagmus with the right 
eye viewing and the left eye was 
exotropic. After the switch to left eye 
viewing, rightward saccades and en­
hanced rightward slow phases allowed 
the left eye to move to the target and 
the right eye to become exotropic. In 
Fig 13 we see variations of the tran­
sient eye movements involved in the 
gaze shift and LN reversal produced 
by shifting the cover on the eyes. In A, 
the shift was accomplished by a right­
ward saccade and enhanced rightward 
slow phases with diminished leftward 
fast phases; in B and e, enhanced 
rightward slow phase with diminished 
leftward fast phases were used with­
out a rightward saccade. The dynam­
ics of the LN direction changes are 
summarized in Table 8. 

As is apparent from Fig 11 to 13, we 
did not observe any inward drifting of 
both eyes consequent to covering ei­
ther eye as reported by Ishikawa,.o 
and our data do not support his thesis 
that a stretch reflex is responsible for 
LN. On the contrary, immediately on 
cover reversal, the eyes both reversed 
their existing conjugate slow phase 
directions before the adjustment was 
made in gaze direction that was 
required for the viewing eye to be on 
target; this was especially evident in 
Fig 5, which shows the transition from 
MLN (jerk right) to LN (jerk left). 
These observations support our thesis 
that a basic central abnormality is the 
underlying mechanism for LN and 
MLN. 

We would like to reemphasize the 
absolute necessity of quantitative eye 
movement recording for the identifi­
cation and classification of nystag­
mus. Only accurate eye movement 
recordings can identify clearly those 
patients with eN, MLN, LN, or combi­
nations of these functionally different 
disorders. Similarly, recordings can 
document MLN in patients where the 
nystagmus during binocular viewing 
is of very low amplitude (these 
patients would be diagnosed as pure 
LN) and, for those patients with a 
large amplitude MLN, recordings of . 
the waveforms will prevent misdiag­
nosis of eN. 

The literature abounds with miscon­
ceptions and erroneous conceptualiza­
tions based on purely clinical observa­
tions of nystagmus. Although the clin­
ical examination of nystagmus and 
ocular oscillations will remain the 
mainstay of office and bedside diag­
noses, "scientific" articles should no 
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longer be published without quantita­
tive oculographic documentation as 
these articles only compound the 
already confused literature on nystag­
mus. 

This investigation was supported in part by 
Deutsche Forshungsgemeinschaft. 
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