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Abstract: The aim of this study was to compare the frequency of pathological types of
smooth-pursuit and saccadic movements in different localizations of vestibular lesions. We
tested 112 patients using videonystagmography. The smooth pursuit was appreciated qualita-
tively on the basis of Malecki’s patterns. We analyzed the saccadic movements taking three
parameters into consideration: latency, velocity, and accuracy. The patients suffered from pos-
terior cranial fossa lesions, supratentorial damage, and peripheral vestibular disorders. We dis-
covered that testing of smooth pursuit and saccades was very helpful in pointing to the
localization of the damage in the posterior fossa. The frequency of the pathological saccadic
and eye-tracking movements was similar for the different sites of deficit inside the posterior
fossa, so recognizing the precise localization of lesion in this anatomical region was difficult.
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tracking) movement examination are the stan-

dard otoneurological tests [1-4]. Latency, veloc-
ity, and accuracy of eye movements are appreciated
during the saccadic test. Eye-tracking or caloric eye-
tracking tests are classified on the basis of a suggestion
from Maspetiol et al. [4] with four types of curves or,
according to Malecki [3], using three different patterns:
the first, normal, the other two, pathological.

The saccadic pathology is encountered in degenera-
tive central nervous system lesions and in disorders of
brainstem, cerebellum, and frontoparietal and parieto-
occipital cerebral cortex [5]. Abnormal smooth pursuit
may be observed in disabilities of the cerebellum, the
dorsolateral part of the brainstem, and vestibular nuclei,
but nystagmus of typical peripheral origin can also af-
fect the eye-tracking test [5,6].

Not clearly defined is which localization of posterior
cranial fossa damage is responsible for disturbed sac-
cadic or eye-tracking movements. Belton and McCrea
[7], Mano et al. [8], Sato and Noda [9], Zee [10], and

: ;accadic movement and smooth-pursuit (eye-
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Zee et al. [11] are of the opinion that the saccadic pa-
thology originates from vermis lesions. Helmchen et al.
[2] observed abnormal smooth pursuit in such localiza-
tion of lesion. Krauzlis and Miles [12] and Suzuki and
Keller [13] suggested that damaged vermis disturbs
both saccadic and eye-tracking movements. These two
pathological visuooculomotor reactions can be present
not only in cerebellar but in brainstem deficits [14].

PATIENTS AND METHODS

We tested 112 patients (41 women, 71 men) aged 27—
59 years (mean, 31.7 years). Of these, 21 suffered from
cerebellar hemisphere tumors (group I); in 13, we dis-
covered vermis tumors (group II); 32 had cerebellopon-
tine-angle tumors in brainstem stage (group III); 19
manifested supratentorial tumors (group IV) localized
in the frontal (4), temporal (11), and temporoparietal
regions (4). Group V consisted of 27 persons with ves-
tibular neuronitis.

All cerebral tumors were revealed during computed
tomography or magnetic resonance imaging and then
(after this study) were verified during neurosurgical
treatment. We tested saccadic and eye-tracking move-
ments using videonystagmography. To induce saccadic
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movements, we moved the target with the amplitude of
*20 degrees and a frequency of 0.3 Hz. Latency (milli-
seconds), velocity (degrees per second), and accuracy
(percentage) were appreciated. We obtained the normal
ranges for these parameters from healthy subjects in
our previous study; they were as follows: 335 = 86
milliseconds for latency; 416 = 89 degrees per second
for velocity; and 20.4% of difference of ideal target
pattern for accuracy. During the eye-tracking test, the
target moved with the amplitude of 20 degrees and a
frequency of 0.7 Hz. We performed the classification of
smooth pursuit according to Malecki [3]. We per-
formed statistical analysis using the Student’s ¢ test.

RESULTS

The results of saccadic movements in all tested groups
are demonstrated in Table 1. The results of the eye-
tracking test in all subjects divided into groups are
demonstrated in Table 2.

DISCUSSION

Our results showed that the disturbances of both sac-
cadic and eye-tracking movements are rarely encoun-
tered in peripheral vestibular lesions and supratentorial

Table 1. Results of Saccadic Movements (mean values)

Localization of Lesion

Cerebellar Supra-
Parameter Cortex Vermis Brainstem tentorial Peripheral

Latency
(msec) 464 520 590 310 290

Velocity

(degrees/

second) 240 304 270 450 456
Accuracy

(%) 58 64 65 98 97

Table 2. Results of Saccadic Movements in Tested Groups
of Subjects (% of patients)

Type of Eye-Tracking

Test Pattern

Localization

of Lesion I 1I I
Cerebellar cortex 0 57.1 429
Vermis 0 61.5 38.5
Brainstem 94 53.1 375
Supratentorial region 68.4 21.0 10.6
Peripheral 92.6 74 0
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tumors [3-5,15]. These visuooculomotor pathologies
are more frequently observed in infratentorial lesions.
In none of our tested groups with posterior fossa lesions
(groups I-III) are saccadic and smooth-pursuit patholo-
gies present with statistical significance. The similar
frequency of the presence of saccadic or eye-tracking
disturbances both in vermis and cerebellar cortex and
brainstem damages seems to suggest evidence of the
same pathways for these reflexes. Sensory and motor
visual neurons are engaged in a process of creating
these eye movements, but they are strongly influenced
by voluntary reflexes dependent on alertness and moti-
vation [1,16]. The pontine part of the reticular forma-
tion is responsible for the fast phase of spontaneous and
optokinetic nystagmus, and it is also important in sac-
cadic movements [14,17]. In humans, the neocerebellum
is the first modulator of voluntary eye movements (in
our case, both saccadic and smooth pursuit). The affer-
ent pathways (pontocerebellar, olivary-cerebellar) and ef-
ferent pathways (inferior and superior cerebello-reticular
and probably existing medial cerebelloreticular) join the
nuclei of a “new” cerebellum with the pontine part of
the reticular formation [11,18-20]. This is most likely the
cause of the similar frequency of pathological saccadic
and eye-tracking movements in both the cerebellar hemi-
sphere and brainstem lesions [11,18,19,21].

The role of vermis in balance and motor function
can be characterized as special. It collects the phyloge-
netic old tracts (e.g., the vestibulocerebellar, spinocere-
bellar, and sphenocerebellar) but also collects a phylo-
genetic newer pathway (i.e., the olivary-cerebellar).
The rich vermis connection with motor neurons may re-
sult in pathology of visuooculomotor reflexes during its
deficit. However, one must remember that the archicer-
ebellum does not play such an important role in mammals,
owing to a joined cerebral cortex and neocerebellum
[8,17,22-24]. Our observations confirm those previously
obtained regarding the similar frequency of abnormal
saccades and smooth pursuit both in cerebellar hemi-
sphere tumors and vermis pathology and brainstem
damage in cerebellopontine-angle tumors [20,25-27].

Generally, testing of these visuooculomotor reac-
tions is very helpful in distinguishing between vestibu-
lar pathologies localized in posterior cranial fossa and
those in other locations. Saccadic and eye-tracking test
disturbances were more often encountered in posterior
cranial fossa lesions than in peripheral and supratento-
rial damages [15].

CONCLUSIONS

The pathology of saccadic and eye-tracking movements
is helpful in diagnosing posterior cranial fossa lesions.
A more difficult problem is to indicate the particular
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structure belonging to the posterior cranial fossa that is
suspected to be damaged. In our study, cerebellar cortex,
cerebellar vermis, or brainstem lesions did not manifest
the definite pattern of saccadic or smooth-pursuit distur-
bances or differences from one another and, when com-
paring these three localizations of the pathological pro-
cess, one was not significantly more or less frequent
than another.

REFERENCES

1.

Gaymard B, Pierrot-Deseilligny C, Rivaud S, Velut S.
Smooth pursuit eye movement deficits after pontine nuclei
lesions in humans. J Neurol Neurosurg Psychiatr 56:7,1993.

Helmchen C, Hagenow A, Miesner J, et al. Eye move-
ment abnormalities in essential tremor may indicate cere-
bellar dysfunction. Brain 126:1319, 1003.

. Malecki J. Znaczenie oczopl~su optokinetycznego i proby

wahadla. Otolaryngol Pol 22:453, 1968.

Maspetiol R, Semette D, Jachowska-Hedemann A. Epre-
vue du pendule et electronystagmographie. Rev Laryngol
88:867, 1967.

5. Brandt T. Vertigo. Berlin: Springer, 2000.
6. O’Driscoll GA, Wolff AL, Benkelfat C, et al. Functional

10.

11.

12.

neuroanatomy of smooth pursuit and predictive saccades.
Neuroreport 11:1335,2000.

Belton T, McCrea RA. Contribution of the cerebellar floc-
culus to gaze control during head movements. J Neuro-
physiol 81:3105, 1999.

Mano N, Ito Y, Shibutani H. Saccade-related Purkinje
cells in the cerebellar hemispheres in monkey. Exp Brain
Res 84:465,1991.

Sato H, Noda H. Posterior vermal Purkinje cells in
macaques responding during saccades, smooth pursuit,
chair rotation and/or optokinetic stimulation. Neurosci
Res 12:583,1992.

Zee DS. Brainstem and cerebellar deficits in eye move-
ment control. Trans Ophthalmol Soc UK 105:599, 1986.

Zee DS, Yee RD, Cogan DG, et al. Ocular motor abnormal-
ities in hereditary cerebellar ataxia. Brain 99:207, 1976.

Krauzlis RJ, Miles FA. Role of the oculomotor vermis in
generating pursuit and saccadic effects of microstimula-
tion. J Neurophysiol 80:2046, 1998.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

International Tinnitus Journal, Vol. 12, No. 1, 2006

Suzuki DA, Keller EL. The role of the posterior vermis
of monkey cerebellum in smooth pursuit eye movement
control: II. Target velocity-related Purkinje cell activity. J
Neurophysiol 59:19, 1988.

Kato I, Watanabe J, Nakamura T, et al. Electronystag-
mographic assessment of cerebellar lesions. Auris Nasus
Larynx 13:171, 1986.

Jung R, Komhuber LM. Results of Electronystagmography
in Man. The Value of Optokinetic, Vestibular and Spon-
taneous Nystagmus for Neurological Diagnosis and Re-
search. In FM Bender (ed), The Oculomotor System. New
York: Harper & Row, 1964.

Gaymard B, Pierrot-Deseilligny C. Neurology of sac-
cades and smooth pursuit. Curr Opin Neurol 12:13,1999.

Bochenek A, Reicher M. Anatomia Czlowieka. Warsaw:
PZWL, 1963.

Shinmei Y, Yamanobe T, Fukushima J, Fukushima K.
Purkinje cells of cerebellar dorsal vermis: Simple spike
activity during pursuit and passive whole-body rotation. J
Neurophysiol 84:1836,2002.

Straube A, Scheuerer W, Eggert T. Unilateral cerebellar
lesions affect initiation of ipsilateral smooth pursuit eye
movements in humans. Ann Neurol 42:891, 1997.

Belton T, McCrea RA. Role of the cerebellar flocculus re-
gion in the coordination of the head movement during
gaze pursuit. J Neurophysiol 84:1614,2000.

Kattach JC, Kolsky MP, Luessenhop AJ. Positional vertigo
and the cerebellum vermis. Neurology 34:527, 1984.

Nauton RF. The Vestibular System. New York: Academic,
1975.

Shimizu N. Neurology of eye movement. Shinkeigaku
Rinsho 40:1220, 2000.

Tagaki M, Zee DS, Tamargo RIJ. Effects of lesions of the
oculomotor cerebellar vermis on eye movements in pri-
mate: Smooth pursuit. J Neurophysiol 83:2047,2000.

Baloh RW, Konrad HR, Dirks D, Honrubia V. Cerebellar-
pontine angle tumors. Results of quantitative vestibulo-
ocular testing. Arch Neurol 33:507, 1976.

Haarmeier T, Their P. Impaired analysis of moving ob-
jects due to deficient smooth eye movement. Brain 122:
1495, 1999.

Moschner C, Crawford TJ, Heide W, et al. Deficits of
smooth pursuit initiation in patients with degenerative
cerebellar lesions. Brain 122:2147, 1999.

63





