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SUMMARY: In man, contralateral cerebral decortication or
removal of a hemisphere does not permanently abolish the
corneal reflex. Destruction of the contralateral thalamus or
contralateral mesencephalic trigeminal tract does abolish the
corneal reflex.

In the cat however, the corneal reflex remains intact after
contralateral decortication, hemispherectomy and total abla-
tion of the thalamus. Some of these procedures diminished the
corneal reflex or increased the threshold, but neither of these
changes were seen for more than a few days post-operatively. In
this animal however, the second reflex response, evoked by
supra orbital nerve stimulation, is abolished by certain thalamic
lesions and by contralateral hemi-transection of the brain stem
at various levels.

RESUME: Chez I'humain, la décortication cérébrale
contralatérale, ou I'ablation d’ un hémisphére, n’abolissent pas
de fagon permanente le réflexe cornéen. Par contre, la destruc-
tion du thalamus contralatéral ou de la voie trigéminale
mésencéphalique contralatérale abolit ce réflexe.

Cependant chez le chat, le réflexe cornéen reste intact méme
apres la décortication contralatérale, I’hémispherectomie ou
I'ablation totale du thalamus. Certaines de ces procédures ont
en fait diminué le réflexe cornéen ou augmenté le seuil, mais
ceci seulement pendant les quelques jours post-opération. Chez
cet animal également, la seconde réponse réflexe, qui est
induite par une stimulation du nerf supra-orbital, est abolie
par certaines lésions thalamiques et par I’hemi-transection
contralatérale du tronc cérébral a plusieurs niveaux.
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Clinical reports on the integrity of the corneal reflex
after contralateral hemisphere lesions are contradictory.
Grinker (1937), Oliver (1952), Monrad-Krohn (1964) and
Ross (1972) all suggest that a deep parietal lobe lesion
abolishes the reflex.

Gardner (1933) removed a hemisphere, leaving the
basal ganglia intact, and abolished the opposite corneal
reflex. Walker (1940) had the same findings, and in
another patient reported an absent opposite corneal
reflex in association with a convexity, centroparietal,
meningioma. On the other hand, Ross (1972) reported
normal corneal reflexes in several patients with superfi-
cial, convexity lesions. Zollinger’s report (1935) agrees
with those of Gardner and Walker.

Conversely, Dandy (1973) reported a small series of
patients in whom one hemisphere had been removed. His
first and second patient retained both corneal reflexes
postoperatively. Troost, Weber and Daroff (1972)
studied hemispheric control of eye movements in a
patient who had a hemispherectomy eleven years earlier,
leaving the basal ganglia intact. His corneal reflexes were
present and equal.

The consensus of these divergent opinions seems to
be that any type of hemisphere lesion may temporarily
interfere with the opposite corneal reflex. Long term
abolition is least likely with a cortical or superficial
lesion, whereas thalamic lesions are more likely to pro-
duce permanent loss.

In an attempt to futher elucidate the supranuclear
pathway of the corneal reflex, a number of cats have
been subjected to various destructive lesions of one
cerebral hemisphere. Their corneal reflexes, plus their
electrically evoked, supra orbital reflexes were examined
pre and postoperatively.

METHODS

Mature, domestic cats of either sex were used. In this
study corneal reflex means closure of the eye in response
to touching the cornea. Supra orbital reflex means the
electrical and clinical response of the orbicularis oculi
muscle to electrical stimulation of the supra orbital
nerve. All reflex testing was done with the animal alert
and without the appearance of the third eyelid covering
the infero-medial part of the eye. When this eyelid was
visible the animals were generally soporific and unre-
sponsive. The supra orbital nerve was stimulated per-
cutaneously with the cathode at the supra orbital fora-
men. Responses were recorded with surface electrodes
from the orbicularis oculi muscle. The reference elec-
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trode was placed on the nasion and the tail was grounded.
Action potentials were displayed on an oscilloscope after
amplification and photographed by a Polaroid camera.

Destructive lesions of the thalamus were produced by
electrocoagulation using stereotactic coordinates as de-
lineated by Snider and Niemer (1961).

RESULTS

A four kilogram mature male cat (No. 2) was anaes-
thestised with intraperitoneal nembutal. A left frontal
bone flap was removed. A vertical amputation of the
frontal pole of the left hemisphere at the approximate
stereotactic coordinate A22 was carried out. This is at
the posterior end of the coronal gyrus.

Examination on the fourth post-operative day showed
the right foreleg held in extension and the forefoot
slipping out from under the animal, either forward or to
the side, as he walked. Claw abduction and adduction, in
pleasurable situations was absent in the right forefoot,
present on the left. The right hind leg was normal. The
left ear responded to tickling, the right did not.

Touching the left cornea produced immediate blinking.
Touching the right produced variable results. If the
stimulus was light and of short duration there was either
no blink or a blink after a long latency. The difference
between the two sides proved to be short lived. Examina-
tion on the seventh post-operative day showed the same
extensor paresis of the right foreleg, absence of claw
abduction, etc., and no right ear response to tickle.
Corneal reflexes on this day were normal and identical
and remained this way. On the nineteenth post-operative
day and on several subsequent days, supra orbital nerve
stimulation was carried out and the reflex responses
recorded from the orbicularis oculi muscle. The first and
second responses on the two sides were identical as to
amplitude, latency and duration. (Fig. 1)

An immature male cat (No. 3) weighing two and a half
kilograms was anaesthetised as above. After removing a
left central bone flap, the entire left cerebral hemisphere
was taken out leaving the basal ganglia intact. On the
fourth postoperative day the animal was walking with
some stiffness and awkwardness of the right limbs. A
right homonymous hemianopsia was probably present. If
left alone, the animal walked in a circle to its left,
‘“‘looking over the left shoulder.”’

On the first two and possibly three, daily post-operative
examinations there were some minor differences in
corneal response. Touching the right cornea always
evoked a response, but it was slower than the left. From
the sixth post-operative day and onward, the corneal
reflexes were identical. On the tenth post-operative day,
when the wound was well healed and on several sub-
sequent days, supra orbital nerve stimulation was car-
ried out on both sides. The first and second responses
were identical as to amplitude, latency and duration.

A mature male cat (No. 4) weighing three and a third
kilograms was anaesthetised in the usual way. A left
mid-central bone flap was removed. Using stereotactic
coordinates as described by Snider and Niemer (1961) the
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thalamus was electrocoagulated at the following settings:
Anteroposterior settings were at A7.5, A8.5, A9.5.
Lateral settings at each of these positions were L1 to L8,
inclusive. Vertical settings were H- 1 to H4 7, inclusive.
The electrodes were four stainless steel wires in line in
the coronal plane. The distance from the most medial to
the most lateral electrode was 8 mm. At each anteropos-
terior position, thirty milliamps of current was applied to
the four electrodes for ninety seconds at three different
depths, starting at H—1 and ending at H+7.

Immediately post-operatively, there was some delay in
blinking if the right cornea was touched. By the third
post-operative day the corneal reflexes were normal and
equal on the two sides. Ten days post-operatively, supra
orbital nerve stimulation evoked a primary and secon-
dary response that was identical right and left.

Forty-eight days after the initial thalamus cautery, the
animal was again anaesthetised and further destruction of
the thalamus was carried out. Stereotactic coordinates
were: anteroposterior, A10.5, A11.5, and A12.5. Vertical
settings were H—1, H+-2, and H+4. The lateral dimen-
sions of the lesion were L1 to L5.32 at a depth of H—1,
L1 to L8 at a depth of H+2 and L1 to L5.32 at a depth of
H+4. At each depth, at each anteroposterior position,

Figure 1—Cat No. 2. Supraorbital nerve stimulation 3 weeks
after left cerebral frontal pole amputation. All shocks at 14
milliamps for 0.1 milliseconds, applied at A. First reflex
response at B and second at C. Top two traces recording from
the left orbicularis oculi and bottom three from the right.
(Stimulus was always ipsilateral to the recording side.) Calib-
ration 0.5 mv and S msec per division.
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thirty milliamps of current was applied for ninety sec-
onds.

Examination four days post-operatively showed the
animal walking in circles to his left. There appeared to be
a right homonymous hemianopsia. The left corneal reflex
was present and normal. A light touch on the right cornea
produced no blink of either eye. By the ninth post-opera-
tive day the difference in the two sides was gone and the
two reflexes were clinically identical. Supra orbital nerve
stimulation at a variety of current strengths on several
days always produced a primary and secondary reflex
response on the left side and only a primary response on
the right (Fig. 2 A and B). The extent of the thalamic
lesion is shown in Fig. 3 A, B, C and D.

A five kilogram mature male cat (Cat No. 5) was
anaesthetised in the usual way. A left central bone flap
was removed and the thalamus was cauterised. Stereo-
tactic coordinates were as follows: Anteroposterior
settings were A10.5, Al11.5, and A12.5. Vertical posi-
tions were H—1, H4-2, and H-4 4. The lateral dimen-
sions of the lesion were L1 to L8 at settings All.5
and L1 to L5.32 at A10.5 and A12.5. The lateral dimen-
sions were the same at all three depths. At each depth, at

Figure 2A—Cat No. 4. Left Supraorbital nerve stimulation and
left orbicularis oculi recording after left thalamus cautery.
Stimulus of 10 mamp for 0.1 msec applied at A. First reflex
response at B, second at C. Calibration 0.5 mv and 5 msec per
division.
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each anteroposterior position, thirty milliamps of cur-
rent was applied for ninety seconds.

Twenty-four hours post-operatively the animal was on
his feet and fit to be examined. The left pupil was twice as
big as the right and remained this way for several days.
Both reacted briskly to light. Spontaneous blinks were
often seen in the left eye only. A coarse stimulus to either
cornea produced a blink. A light stimulus to the left
cornea always provoked a blink while sometimes it did
not when applied to the right cornea.

Three days post-operatively, the cat was walking in
circles to his left with an apparent right hemianopsia and
a spastic right foreleg. Pupil size and spontaneous blink-
ing were the same in the two eyes, and a coarse or fine
stimulus produced an identical blink when applied to
either cornea.

Supra orbital nerve stimulation was carried out pre-
operatively (Fig. 4 A and B) and on the fifth, ninth and
seventeenth post-operative days (Fig. 5 A and B). The
first and second reflex responses were present each time
from both sides.

The extent of the thalamic lesion in this animal can be
seen in Fig. 6

Figure ZB—'Cat No. 4. Right supraorbital nerve stimulation and
right orbicularis oculi recording after left thalamus cautery.
Shock applied at A, first reflex response at B and no second
response. Stimulus, 10 mamps for 0.1 msec. Calibration 0.5
mv. and 5 msec per division.
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DISCUSSION cles supplied by the facial nerve. Two kinds of reflex
Reflex blinking has been studied by many. Various response have been observed following stimulation of the
stimuli have been used. These include tapping of the supra orbital nerve. The first response has a latency

brow, Kugelberg (1952), a fine jet of saline on the cornea, between 8.0 and 12.0 milliseconds and a duration of 5-10
Thatcher and Van Allen (1971), a flash of light, noise, milliseconds. It is exclusively unilateral. The second
glabellar tap and electrical stimulation of the supra orbital response has a latency of 20 to 30 milliseconds, a

nerve, Rushworth (1962), Kimura, Powers & Van Allen duration of 10-20 milliseconds and is always bilateral.
(1969), Kimura (1970), and Kimura, Rodnitzky and Van The stimulus threshold of the second response is higher

Allen (1970). From these studies it is evident that electri- than the first. These two reflexes are separate contractile
cal stimulation of the peripheral branches of the trigemi- responses in the orbicularis oculi muscle and are similar
nal nerve can evoke action potentials from all the mus- to the responses evoked from a glabellar tap except the
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Figure 3—Coronal sections of brain of cat No. 4 — destruction of left thalamus. 3A is at approximate stereotactic position A20;
3B is at approximate position A13.5; 3C is at approximate position A10, and 3D is at AS.
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Figure 44—Cat No. 5. Pre-operative left supraorbital nerve
stimulation and recording from left oebicularis oculi. Shocks
at A. at 34 mamps for 0.1 msecs. First reflex response at B
and second at C. Calibration 5 mv. and 10 msecs per division.
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Figure 4B—Cat No. 5. Pre-operative right supraorbital nerve
stimulation and right orbicularis oculi recording. Shocks at A,
23 mamps for 0.1 msecs, first reflex response at B, and second
at C. Calibration 5 mv. and 10 msecs per division.
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latencies are about 4 milliseconds shorter. Blinking
evoked by touching the cornea is accompanied by the
second reflex response only, Kugelberg (1952).

All the cats reported here were examined pre- and
post-operatively. All had first and second reflex response
from supra orbital nerve stimulation pre-operatively. All

had active corneal reflexes pre-operatively. It was not
possible to abolish the corneal reflex for more than a few

days after a destructive operation on the opposite hemis-
phere. These operations included partial and total hemis-
pherectomy and partial and total destruction of the
thalamus.

However, when the entire thalamus was destroyed, the
contralateral second reflex response disappeared perma-
nently. Cat No. 4 was first subjected to a partial destruc-
tion of the thalamus (stereotactic settings A7.5 to A9.5)
with no permanent change in either the corneal reflex or
the supra orbital nerve stimulation, blink reflex. When
the lesion was enlarged to extend from A7.5 to Al2.5,
there was no permanent change in the corneal reflex, but
the second reflex response could not be elicited (Fig. 2 A
and B).

Similarly, cat No. 5 with a partial thalamic lesion
(stereotactic setting A10.5 to A12.5) maintained both a
corneal reflex and both first and second reflex response.

Walker and Fulton (1938) performed local and wide-
spread cortical extirpations in a group of different
animals. All of these retained their corneal reflexes
postoperatively. In the cats in this present series, neither
the corneal reflex, or the first or second reflex response
was disturbed by this type of destructive procedure.

The central pathway of the supra orbital reflex has
been studied in the cat by Tokunaga, Oka, Murao,
Okumura, Hirata, Migaslita, and Yoshitatsu (1958). Like
Walker and Fulton, they found no change in either
first or second reflex response after selective destruction
of the cortical, facial motor area. No change was evident
after unilateral transection through the subcortex, or
through the anterior part of the thalamus. Further, they
selectively destroyed the anterior medial and lateral
nucleus of the thalamus with no change in either re-
sponse. Lesions of the ventral thalamic nucleus
abolished the second response. In the present series it
was necessary to destroy the whole thalamus to achieve
the same result.

McKinley and Magoun (1942) and Berry, Anderson
and Books (1956) also suggested that the central pathway
of the corneal reflex was connected to the ventral post-
erior and medial nuclei of the thalamus. Tokunaga et al.
sectioned the trigeminal tract and produced no change in
the first reflex response. There was an increase in the
threshold of the second response, however. Destruction
of the trigeminal sensory nucleus abolished the first

response and also raised the threshold of the second
response.

In another animal they sectioned the hemi-
dleng:ephalon at the level of the superior colliculus and
abolished the contralateral second reflex response. First
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Figure 54—Cat No. 5. Post-operative, left sided supraorbital
nerve stimulation at A at 35 mamps for 0.1 msecs. Left
orbicularis oculi recording. First reflex response at B, second
at C. Calibration, 5 mv and 5 msec per division.

Figure 5B—Cat No. 5. Post-operative, right sided supraorbital
nerve stimulation at A, 30 mamp for 0.1 msec and right
orbicularis oculi recording. First reflex response at B, and
second at C. Calibration 5 mv and 5 msec per division.
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reflex responses persisted on both sides as well as the
ipsilateral second response. This was also true after hemi
transection of the midbrain. A transection through the
pons at the level of the facial nucleus abolished both
reflexes on the operative side with no change in either
contralateral response.

Walker (1942) also observed the disappearance of the
corneal reflex after contralateral mesencephalic trigemi-
nal tractotomy.
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