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Table 1 Eye movement parameters and their evaluations.
Evaluations™*
Eye movement Methods Normal Abnormal
parameters
type 1 type 2 type 3

Positional nystagmus

Positioning nystagmus

Frentzel goggles

Frentzel goggles

no nystagmus

no nystagmus

antigeotropic direction-changing
nystagmus

downbeat nystagmus at head-
down position, more than 5 beats

other types of nystagmus

upbeat nystagmus at head-down
position, more than 5 beats

Gaze nystagmus ENG no nystagmus gaze evoked nystagmus to either gaze evoked nystagmus to both
horizontal or vertical direction horizontal and vertical directions

Eye tracking test ENG normal borderline saccadic or dysmetric

Saccade test ENG normal borderline hypermetric or hypometric

Caloric nystagmus test ENG normal (=20%) depressive (1-20%) abolished (0%)

Visual suppression test ENG normal (=40%) depressive (0-40%) increased (<0%)

*The evaluation of each parameter was divided into three types: normal (type 1) and two abnormal types (type 2 and type3).

ENG: electronystagmography.
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Fig. 1 Comparison of 9 eye movement parameters between C-preceding and P-preceding types

of MSA in the early stage with the duration less than 3 years. Gray area in each radar chart in-
dicates the frequency of the abnormality in the 9 parameters. No significant differences were ob-
served between the two disease types in any of the parameters.
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Fig. 2 Comparison of 9 eye movement parameters between C-preceding and P-preceding types
of MSA in the advanced stage with the duration between 8 and 11 years from onset.
Both gray areas, indicating the frequency of the abnormality in the 9 parameters, increased with
no significant differences between the two disease types in any of the parameters.

Table 2 Frequency of the abnormalities of 9 eye movement parameters in the patients with MSA.

Patients from present study Anljiitrl(se(r)lr&'ssfsrgigye)
Early stage Advanced stage (Duration between 8 and
(Duration less than 3 years from onset) 11 years from onset)
C-preceding P-preceding C-preceding P-preceding
type type p value* type type p value*®
19 cases 5 cases 10 cases 4 cases 30 cases
Positioning nystagmus 75% (15/20) 67% (4/6) ns. 83% (10/12) 100% (2/2) ns 43% (13/30)
Gaze nystagmus 29% (6/21) 50% (3/6) ns. 67% (10/15) 60% (3/5) ns. 40% (12/30)
Positional nystagmus 60% (12/20) 17% (1/6) n.s. 92% (12/13) 75% (3/4) n.s.
Caloric nystagmus test 2% (1/44) 22% (2/9) n.s. 42% (10/24) 20% (2/10) ns. 33% (10/30)
Visual suppression test
Depressive type only 20% (9/44) 22% (2/9) n.s. 59% (10/17) 25% (2/8) n.s. Impaired VORS:
78% (23/30)
Depressive or increased type 25% (11/44) 44% (4/9) n.s. 88% (15/17) 75% (6/8) n.s.
Impaired SEM (Horizontal) 7% (17/22) 100% (6/6) ns. 83% (10/12) 100% (4/4) n.s. 87% (26/30)
Impaired SPEM (Horizontal) 86% (19/22) 100% (6/6) ns. 100% (12/12) 100% (4/4) 90% (27/30)
Impaired SPEM (Vertical) 100% (22/22) 100% (6/6) 100% (13/13) 100% (4/4) 87% (26/30)
Impaired SEM (Vertical) 86% (19/22) 100% (6/6) ns. 100% (8/8) 100% (4/4) .
Numerals in the parenthesis show the number of the times of abnormalities against the total number tested.
*statistical difference between C-preceding and P-preceding types of MSA, n.s.: not significant statistically.
SEM: saccadic eye movement, SPEM: smooth pursuit eye movement, VORS: vestibulo-ocular reflex suppression.
- unable to analyze statitically.
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Fig. 3 Chronological changes of the frequency of the abnormalities in the 9 parameters.

Parameters could be divided into three groups which are arranged in the right panel: those with

high frequency from the early stage, those with gradual increase of the frequency, and those with

less increase even in the advanced stage.
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Fig. 4 Chronological changes of the frequency of the abnormalities in the 3 parameters.

A: Downbeat nystagmus at hanging head position was the major abnormality in positioning nys-

tagmus test.

B: Caloric response is apparently preserved as compared with positioning nystagmus test (A) and

visual suppression test (C).

C: Frequency of the abnormality increased rapidly with the disease duration, associated with a

qualitative change showing the predominancy of the increased type in visual suppression test.
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Chronological changes of the findings of visual suppression test in the 21 patients with MSA.

Patients™

Disease duration (years)
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*P1 to P6 and C1 to C21 belong to parkinsonism- and cerebellar sign-preceding MSA, respectively.

Numerals show the evaluations of visual suppression test: 1 =normal, 2=depressed, and 3=increased responses.
Circle indicates the point of time when evaluation numerals decreased inversely from 3 to 2.

Table 4 Eye movement parameters and their corresponding lesions in the brainstem and the cerebellum.

Impaired Impaired smooth Positioning - Deprressive type Increased type of
Correspond- . . Depressive . .
. L saccadic eye pursuit eye downbeat nystag- : of visual suppres- visual suppres-
ing lesions caloric response - <
movements movements mus sion test sion test
Brainstem Superior collicu- DLPN, NRTP, Pontine parame- Vestibular Superior collicu- PPRF
level lus, NRTP, PPRF, Vestibular dian tract cells, nucleus, MLF, lus,
riMLF nucleus, Y-Group Interstitial Y-Group
Y-Group nucleus of Cajal
Cerebellum Dorsal vermis*, Dorsal vermis™, Flocculus, Flocculus,
level Fastigial nucleus, Fastigial nucleus, Paraflocculus, Nodulus
Hemisphere (VI - Flocculus, Nodulus/Uvula,
VII) Paraflocculus, Dorsal vermis
Hemisphere (VI -
VI

*Dorsal vermis includes declive, forium vermis, and tuber vermis.

NRTP =Nucleus reticularis tegmenti pontis, PPRF =Paramedian pontine reticular formation, riMLF = rostral interstitial nucleus of medial longi-

tudinal fasciculus, DLPN: dorsolateral pontine nucleus.
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Abstract
Eye movement disturbance in multiple system atrophy: chronological study of 50 patients

Eiji Isozaki, M.D.”, Shinsuke Tobisawa, M.D."”, Rie Naito, M.D.?,
Toshio Mizutani, M.D.” and Shiro Matsubara, M.D."
"Departments of Neurology, Tokyo Metropolitan Neurological Hospital
*Departments of Neuro-otology, Tokyo Metropolitan Neurological Hospital
9Tokyo Metropolitan Fuchu Medical Center for the Disabled

To clarify the features of the eye movement disturbance in the patients with multiple system atrophy (MSA),
we retrospectively examined chronological changes of 9 oculomotor parameters as described below in 50 MSA pa-
tients including 12 autopsied cases. Patients with MSA were consisted of 35 patients with cerebellar ataxia-
preceding type and 15 patients with parkinsonism-preceding type. Nine parameters include saccade test, eye
tracking test, positioning/positional/gaze/caloric nystagmus tests, and visual suppression test. Each parameter
was evaluated by three categories; normal and the two abnormal findings according to their characteristic fea-
tures. In all of the 9 parameters, no significant differences were found between the cerebellar ataxia- and the
parkinsonism-preceding types of MSA both in the early (disease duration less than 3 years) and in the advanced
stages (duration between 8 to 11 years). From the chronological analysis, 9 oculomotor parameters could be di-
vided into three groups: the first group with the higher frequency of the abnormality from the early stage, the
second with gradual increase of the frequency, and the third with less increased frequency even in the advanced
stage. We here focused on the three representatives corresponding with the above-described each group; position-
ing nystagmus test mainly showing downbeat nystagmus as a first group, visual suppression test showing a quali-
tative change from depressed into increased response as the second, and the caloric nystagmus test showing de-
creased response as the third. Based on these chronological changes of the oculomotor parameters, we supposed
that in MSA the dorsal vermis is involved at first, followed by the flocculus in the cerebellum, and then the degen-
erative lesions might expand to the vestibular nucleus, and the cerebral cortex including the vestibular cortex.

(Clin Neurol 2012;52:218-226)
Key words: multiple system atrophy, oculomotor disturbance, downbeat nystagmus, caloric nystagmus test, vestibular

cortex




