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ALCOHOL AND DISORIENTATION-RELATED RESPONSES.
II. NYSTAGMUS AND “VERTIGO” DURING ANGULAR ACCELERATION

The integrity of the visual and vestibular
systems is important in the maintenance of
orientation during flight. Although alcohol is
known to affect the vestibular system through
the development of a positional alcohol nystag-
mus, information concerning the effects of alcohol
on ‘“vertigo” and eye-movement (nystagmus)
responses to angular acceleration is contradictory.
Although Barany! noted no change in the dura-
tion of the nystagmic response following alcohol
ingestion, he reported that the subjective sensa-
tions were weakened. Manz** found a prolonged
duration of post-rotatory nystagmus, and later
studies by Taschen?* °, Schweitzer?*, and Schulte
and Roth?? all indicated that the nystagmic re-
sponse was enhanced following alcohol ingestion.

Contrary to the preceding results, Forster:
reported that alcohol depressed the nystagmic
response to rotatory stimulation. Subsequent
studies by Bochenek and Ormerod?, Mizoi, Ishido,
and Ohga®, Ey", and Di Guinta and Rosa?®
supported the view that alcohol exerts a suppres-
sive effect on nystagmus.

These differences in reported results might be
attributed in part to the presence or absence of
visual stimuli. The studies showing suppression
were notably lacking in visual stimuli, while
those studies reporting enhancement or no change
included visual stimuli. An additional factor
which may have influenced the findings concerns
the effects of alertness on the nystagmic response.
Studies by Collins® ¢ ° have shown that variations

Data presented here were submitted to the Psychology
Department, University of Oklahoma, in partial fulfill-
ment of the requirements for the degree of Doctor of
Philosophy under the guidance of Dr. William E. Collins.
The assistance of Gail Kranz, Ruth Ann Mertens,
Cynthia Cochran, Carlyn Manley, and Nancy Rice in
the conduct of the study, of Dr. Earl Folk and Mrs.
Rosalie Melton for some of the statistical analyses, and
of Dr. Delbert Lacefield and Mrs. Pat Roberts in the
collection and analysis of the blood samples, is grate-
fully acknowledged.

in alertness will alter the nystagmic responses to
rotatory stimulation and that these variations
can be manipulated by appropriate instructions.
Under “alert” conditions the nystagmic response
1s of higher amplitude and of longer duration
than that obtained when the subject is relaxed
and in a “reverie” state.

The present study was designed to investigate
the influence of alcohol on the subjective and
nystagmic responses to rotatory stimulation:
(a) with and without visual fixation, and (b)
with the alertness of the subjects controlled by
instructions. Additional information was ob-
tained concerning the effect of alcohol on a pro-
posed relationship between the duration of the
rotation-induced turning experience and the
duration of the spiral aftereffect.!™-2°

I. Method.

A. Subjects. Subjects were 30 male college
students with no previous laboratory experience
involving vestibular stimulation. They ranged
from 21 to 30 years of age and were randomly
placed in three groups of ten each. Of the three
groups, one was designated as “high alcohol,”
one as “moderate alcohol,” and the other served
as a control group with no alcohol.

B. Apparatus. The acceleratory stimuli were
provided by a Stille-Werner RS-3 rotation de-
vice located in a light-proof room. The RS-3
chair was modified by an enclosure (see Figure
1) which obviated any breeze cues to motion and
was fitted with a head rest and bite-board to
prevent head movements.

An eight-inch spiral, attached to a variable
speed motor, provided the stimuli for the spiral
aftereffect (SAE). The device was located seven
feet in front of the subject in a well-lighted
laboratory room. The speed of rotation was 80
rpm and the stimulus duration was 15 seconds.



Freure 1. Modified StilleeWerner RS-3 chair used to administer the rotatory stimuli. The head rest and bite
board were used to restrict the subjects’ head movements and to keep the horizontal canals in the plane of
rotation. The cross-shaped device at the front of the rotator contains the calibration lights. With the doors
closed and the canopy down, all breeze cues are eliminated. A hole in the canopy permits voice communication
with the control room via the microphone suspended above the subject’s head.
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C. Recording. Silver disc electrodes were
taped by the outer canthi of the eyes to record
horizontal components of eye movements. An
electrode on the forehead served as a ground.
Eye movements were amplified and recorded on
an Offner Type T electroencephalograph using
a 3-second time constant. The subjects’ signals
concerning their sensations of rotation were
made by depression of a microswitch, and these
signals were also recorded.

Eye movement calibrations were obtained by
asking each subject to sweep his eyes between
two small, dim, flashing lights (subtending a
visual angle of 15°) attached to the front of the
rotatory device. A switch, located inside the
cabin, allowed the subject to turn the lights off
and on in an otherwise totally dark room, thereby
permitting calibrations both prior to the accelera-
tions and during constant velocity prior to the
deceleration.

II. Procedure.

The 30 subjects received identical trials during
what are here termed Pre, Post I, and Post I
sessions. These respective sessions were held the
day before drinking, and 45 minutes and four
hours after drinking.

The subjects received three practice trials of
counter-clockwise (CCW) rotations in total
darkness. These practice trials were used to
train the subjects in the technique of estimating
rotational velocity from turning sensations.t 13

A. Pre Trials. Following practice, the sub-
jects received three experimental trials of clock-
wise (CW) rotations separated by 5-minute rest
periods. The accelerations on these three Pre
trials were 5°/sec® for 12 seconds followed by
rotation at constant velocity (60°/sec) for three
minutes, Deceleration began after an eye-move-
ment calibration was obtained. On trials 1 and
2, a brake deceleration of 120°/ sec? for 0.5 sec
was used; on trial 3 continuous deceleration at
the rate of 5°/sec? was employed.

During the three Pre trials, the subjects per-
formed different tasks. On one of the first two
trials, the subject was instructed to work on a
mental arithmetic (MA) task in the form of a
continuous division problem.® Different prop-
lems were given for the acceleration and decelera-
tion periods and the subject’s answers were re-
corded (approximately 114 minutes after the end

of the acceleration and the deceleration) to insure
that the problems were viewed as an important
part of the trial. Following his response, the
subject was allowed to relax until alerted by the
experimenter, On the other of the first two
trials, the subject was instructed to signal his
turning experiences as he had during the train-
ing period. Thus, the subject signaled with a
key press (KP) the start, quarter turns, and end
of his turning sensation for the acceleration stim-
ulus, and the start and end of his turning sensa-
tion for the brake deceleration. After comple-
tion of his signals the subject was told to remain
alert and attentive and to call out and signal
any subsequent turning experience (secondary
sensation). The order in which these tasks were
presented was counterbalanced among subjects.

All subjects were given an identical task for
the acceleration of trial 3. They were instructed
to assume a “Reverie” state, ie., to relax, day-
dream, and not to pursue particular lines of
thought. The subject was allowed to relax and
daydream for 30 seconds prior to the accelera-
tion, during the acceleration, and throughout the
period of constant velocity until a few seconds
before the eye-movement calibration was re-
quired ; he was then told to make the calibration
eye movements and to prepare himself for de-
celeration. The room lights were turned on
during the first eight seconds of the deceleration
for five subjects in each of the three groups, and
for three seconds immediately after the chair
was stopped for the remaining five subjects in
each group. After the lights went out, the sub-
Ject was asked to signal any further turning
sensations and to call out the direction in which
he experienced motion. For those trials during
which the lights were briefly turned on after the
end of the deceleration, the subject signaled his
turning sensation during deceleration (before the
lights were turned on) and again after the brief
period of light. Subjects were instructed to
watch the walls of the room when the lights were
on during the deceleration, and to fixate on
markers attached to the walls of the room while
at a standstill in illumination. The use of the
room lights was designed to provide data regard-
ing the interaction of visual and vestibular stim-
ulation.

B. Post Twials. Post T and Post II rotation
trials were identical to the Pre trials but were



conducted on the following day after consump-
tion of alcohol (or of the non-alcoholic control
beverage).

C. Visual Fization Trials. Seven additional
subjects received angular stimulation while at-
tempting to fixate visually. The rotatory stim-
uli for these subjects was again a 5°/sec? accelera-
tion for 12 seconds, three minutes at constant
velocity, and a brake deceleration. The only
difference involved the use of visual fixation
throughout the trials. During the acceleration
with the room lights off, the subject fixated on a
dimly illuminated target which rotated with him.
The subject fixated on the same target following
the brake deceleration; however, in this instance
the room lights were turned on. These trials
were administered a few minutes before and 45
minutes after drinking.

D. Alcohol Ingestion and Blood Tests. Sub-
jects in the moderate and high alcohol groups
drank a mixture of 100-proof Smirnoff vodka
and orange juice. The mixture contained either
2.5 ml or 1.25 ml of vodka per kilogram of body
weight for the high and moderate alcohol groups
respectively. The control group drank orange
juice with a few drops of rum extract added to
alter the taste somewhat. Subjects who re-
ceived rotatory stimulation while fixating on
visual targets consumed a mixture which con-
tained 2.00 ml of vodka per kilogram of body
weight. All subjects consumed their drinks in a
15-minute period.

Venous blood samples of from three to five ml
were drawn a few minutes prior to drinking,
then one-half hour, one hour, and four hours
after consumption of the alcohol. The blood
alcohol levels were determined by means of gas
chromatography.

E. Scoring. The nystagmus was scored with
respect to (a) duration or the time from the
start of the stimulus to the last nystagmic beat,
(b) frequency or the number of nystagmus beats,
(c) slow phase displacement or the total number
of degrees of eye movement in a three-second
period, and (d) slow phase velocity (degrees/
sec) at peak slow phase displacement. Slow
phase eye displacement was determined by meas-
uring (in millimeters) the amplitude of each
nystagmic beat from slow phase peak to base-
line. These measures were summed for all the
beats in each three-second interval and the sum

converted, using the calibrations, into degrees of
slow phase eye movement. From Bodin’s* form-
ula, the velocity of the slow phase eye movement
was calculated from the average angle of the
slow phase of the nystagmus during the three-
second interval where the nystagmic output was
maximum,

III. Results and Discussion.

A. Blood Alcohol Levels (BALs). Means and
standard deviations for the blood alcohol levels
are presented in Table 1. The mean level for the
high alcohol group after one hour was 90 mg.%,
nearly twice the average value (52 mg.%)
reached by the moderate alcohol group. Four
hours after ingestion, the mean BAL for the
moderate alcohol group was reduced to 19 mg.%,
while the average for the high alcohol group (65
mg.%) was above the values reached by the mod-
erate aleohol group at either the 30-minute or
the one-hour testing session.

TABLE 1.—Means and Standard Deviations for the Blood
Alcohol Levels (in mg per 100 ml). Each Value is
Based on a Mean for 10 Subjects.

Time Since the Ingestion of

Alcohol
Group
Thirty One Four

Minutes Hour Hours
Moderate M 44,6 52.1 18.6
Alcohol SD 14.1 10.9 3.8
High M 64.2 90.0 64.7
Alcohol SD 19.7 18.0 10.1

B. Alertness. The mean response levels under
the alert conditions in the KP and MA trials
were, for most trials, higher than those under the
relaxed (Rev) condition (Tables 2 through 5).
Analyses of variance for all measures of the
nystagmic responses to the angular accelerations
revealed significant effects for ‘“instructions”
(Table 6). While supporting the conclusions
reached in earlier studies® ¢ that alerting instruc-
tions produce a higher-amplitude, longer-dura-
tion response, the present data further indicate
that alerting instructions result in an increase in
the frequency and the slow phase velocity of
vestibular eye movements. The nystagmic trac-
ings presented in Figure 2 depict the effects of
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TABLE 2.—Means and Standard Deviations for the Slow Phase Nystagmus Displacement (in Degrees) Resulting from
the Rotatory Stimuli. Each Group Was Comprised of Ten Subjects.

Mental Arithmetic Key Press Reverie
Group Stimulus
Pre Post I Post 11 Pre Post I Post II Pre Post I Post II
Ace M 567.7 495.2 474.9 514.1 466.2 448.4 339.6 298.0 321.9
SD 183.7 194.5 204.3 205.4 288.2 165.4 83.3 108.7 83.6
Control
Dec M 668.5 759.8 597.0 523.2 492.3 475.3 Interrupted by visual
SD 354.2 442.1 231.1 285.8 347.5 192.9 stimulation
Ace M 467.1 421.2 538.6 411.6 396.3 505.3 203.9 227.2 336.3
SD 127.3 95.6 156.8 143.8 93.0 184,0 126.9 83.8 156. 6
Moderate Alecohol
Deec M 443.8 380.8 475.5 359.2 347.5 421.9 Interrupted by visual
SD 157.6 141.3 195.9 146.2 157.6 169.6 stimulation
Ace M 582.7 307.9 431.7 493.4 315.1 412.9 377.9 184.1 256.7
SD 313.6 133.7 207.9 211.9 178.2 173.4 168.6 119.2 110.7
High Aleohol
Dec M 601.3 332.4 402.1 414.9 283.6 369.6 Interrupted by visual
SD 343.1 156.0 131.5 189.8 159.1 145.4 stimulation

TaBLE 3.—Means and Standard Deviations for the Number of Nystagmic Beats Resulting from the Rotatory Stimuli.
Each Group Was Comprised of Ten Subjects.

Mental Arithmetic Key Press Reverie
Group Stimulus
Pre Post 1 Post II  Pre Post1 Post I1  Pre Post I Post II
Ace M 76.6 79.6 77.2 72.1 78.1 75.7 67.7 61.8 67.2
SD 19.7 21.5 22.6 21,1 21.3 16.8 16.9 23.6 18.3
Control
Dec M 92.4 105.3 97.3 77.0 80.7 81.4 Interrupted by visual
SD 37.1 49.8 37.6 31.7 36.7 32.9 stimulation
Ace M 76.9 56.4 74.3 71.4 55,2 72,3 64.3 46.3 61.0
SD 30. 6 15.6 22.2 27.9 15.5 20.5 28.6 12.8 20.3
Moderate Alcohol
Dee M 68.3 48,4 65.2 60. 4 48.8 63.5 Interrupted by visual
SD 25.9 14,2 19.7 23.2 14.5 14.1 stimulation
Acc M 77.9 43.2 59.8 75.9 40.4 59.6 71.5 38.9 56.1
SD 33.4 17.5 21.4 25.9 17.5 20.4 23.9 18.2 16.0
High Aleohol
Dec M 80.8 48.8 60.0 68.7 42.8 55.7 Interrupted by visual
SD 31.9 18.0 19.5 23.7 18.3 17.5 stimulation
two different alertness levels (MA and Rev) on C. Nystagmus Recorded in Darkness. Means
the nystagmic response to angular accelerations.  and standard deviations for the slow phase dis-

The effects of alertness are also evident in the  placement, frequency, peak velocity, and dura-
response curves for the slow phase displacement  tion of the nystagmic eye movements resulting
and the frequency of the nystagmic responses  from rotatory stimuli administered in total dark-
(Figures 3 through 8). ness are presented in Tables 2 through 5. The



TaBLE 4.—Means and Standard Deviations for the Peak Velocity (Deg/Sec) of the Slow Phase Nystagmus Resulting
from the Rotatory Stimuli. Each Group Was Comprised of Ten Subjects.

Mental Arithmetic Key Press Reverie
Group Stimulus
Pre Post I Post 11 Pre Post I Post II Pre Post I Post I
Acc M 37.3 36.3 37.5 41.2 35.0 40.6 29,8 25.4 31.9
SD 7.4 12.4 11.8 12.1 11.6 8.6 9.0 9.6 7.0
Control
Dec M 46.8 54.8 53.1 61.4 59,2 56.6 Interrupted by visual
SD 17.9 20.0 17.6 19.3 15.3 11.3 stimulation
Acc M 32.1 32.3 35.1 29.4 32.4 36.8 25.3 26.0 31.7
SD 10.1 9.7 9.5 11.8 8.0 13.7 8.4 12.4 14.4
Moderate Alcohol
Dec M 41.4 45,2 41.8 39.1 46.1 48.5 Interrupted by visual
SD 17.2 16.8 18.3 16. 8 14.6 16.1 stimulation
Acc M 35.6 26.2 35.3 35.8 24,1 35.5 28.5 18.2 24,2
SD 16.4 6.7 15.4 16.4 10.7 8.9 8.9 9.2 7.9
High Alcohol
Dec M 48.6 43.6 43.7 46.0 39.0 54.6 Interrupted by visual
SD 25.4 11.2 19.3 14.5 21.4 14.1 stimulation

TasLE 5.—Means and Standard Deviations for the Duration (in Seconds) of the Nystagmic Response Resulting from
the Rotatory Stimuli. Each Group Was Comprised of Ten Subjects.

Mental Arithmetic Key Press Reverie
Group Stimulus
Pre Post I Post I Pre Post I Post I1 Pre Post I Post 11
Acc M 53.4 52.8 51.0 51.0 52.2 48.2 45.8 44.4 43. 8
SD 8.6 8.4 11.4 9.8 13.9 8.2 7.2 7.8 3.0
Control
Dec M 59.1 62.2 57.6 52.2 55.1 48.6 Interrupted by visual
SD 19,2 27.6 21.9 24.2 23.3 19.0 stimulation
Ace M 61.1 49.1 56. 4 55.6 45.1 52,0 45.4 35.0 42.6
SD 13.6 7.6 11.0 11.5 8.8 8.3 9.8 8.4 8.1
Moderate Alcohol
Dec M 54.5 40.2 46.8 47.3 36.2 41.6 Interrupted by visual
SD 13.0 7.1 7.1 5.9 5.3 8.5 stimulation
Acc M 58.4 39.1 43.9 53.2 36.4 43.3 46.6 30.4 38.5
SD 10.7 7.2 7.0 9.6 8.3 6.5 5.5 12,2 10.6
High Alcohol
Dec M 53.1 37.6 39.0 44,8 30.1 35.4 Interrupted by visual
SD 13.2 13.7 8.7 8.0 12.5 9.2 stimulation
results of analyses of variance for the accelera-  degree of Pre-to-Post I decline for the control

tion data are presented in Table 6. Since the  group, only the decline in slow phase displace-
“trial” factor was significant for all measures, ment for the MA acceleration (.01 level) and
t tests were conducted to determine where the  the decline in velocity for the KP acceleration
significant changes occurred. (.05 level) were significant. Only one of the Pre-

Although most of the measures evidenced some  to-Post II differences was significant (Table 7).
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FIGURE 2. A portion of the nystagmic tracings, for two subjects, resulting from a 12-sec acceleration of 5°/sec’.
Calibrations (15° of eye movement) appear before each trial. The vertical bars demarcate the stimulus period
and the arrows indicate the end of the primary nystagmic response. The tracings for subject DM reveals the
suppressive effect of the high alcohol dose on the nystagmic response (Mental Arithmetic condition). All as-
pects of the ’ost T nystagmic response are suppressed (slow phase displacement, frequency, peak velocity and
duration of the nystagmus). The tracings for subject BG in the lower half of the figure (both taken from
Pre trials) reflect the influence of alerting instructions (IKey Press) on the nystagmic response. All measures
of the nystagmic response during the Alert condition are enhanced in comparison with the Reverie condition.

TaBLE 6.—Results of the Analyses of Variance for the Various Measures of the Nystagmic Responses Resulting from
the Rotatory Stimuli.

F
Source
Slow Phase Frequency Duration Peak Velocity
Displacement
Groups (G)________._____._ 0.62 1.85 2.98 1.40
Instructions (I)____________ 32, 12%** 6. 67%* 36, 02%** 15, 94¥%x*
IxGo 0.06 0.46 1.48 0. 56
Trials (Tr) .. ____________._ 15, g8*** 28, 14%x* 33, 30*** 8. 44***
TrxG_o_ . ________________ 7.15%* 10, 21%¥* 9, 97 *%* 2,61%
IxTr 0.72 0.35 0. 50 0.45
IxTrx G ____._________ 0.56 0. 58 0.22 0.74
*p <.05
**p <,01
*¥k p <,001
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Ficure 3. Response data for the average number of degrees of slow phase eve movement resulting from the angu-
lar accelerations (5°/sec¢® for 12 sec), under the Mental Arithmetic condition. Ire refers to the response re-
corded prior to the ingestion of alcohol, while the Post I and P'ost 1T data were obtained 45 min and four hours
after ingestion. "The arrow on the abscissa indicates the end of the stimulus. The values are plotted in 3-sec
intervals; each point is a mean for 10 subjects.
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TaBLE 7.—Results of the Paired t Tests for the Pre vs. Post I and Pre vs. Post IT Comparisons of the Nystagmic Re-
sponses of the Control Group to the Rotatory Stimuli.

Condition
Measure Comparison Mental Arithmetic Key Press Reverie
Acc Dec Acc Dec Ace
Displacement Pre vs. Post 1 3. 45%* 1.07 1.16 0.92 0. 9%
Pre vs. Post IT 3. 94%* 1.15 2.06 0.92 0.68
Frequency Pre vs. Post 1 0.81 2.03 2.12 0.83 0.85
Pre vs. Post I1 0.15 0.79 0. 66 1.27 0.13
Duration Pre vs. Post 1 0.26 0.78 0.64 0.82 0.44
Pre vs. Post 11 0.62 0.48 1.34 1,17 0.88
Velocity Pre vs. Post 1T 0.32 1.83 2. 60% 0.64 1.21
Pre vs. Post I 0.05 1.79 0.24 1.36 0.71
*p <.05
** p <.01

The Pre-to-Post I declines in nystagmus for
the moderate alcohol group were larger than
those noted for the control group. All of the
significant declines resulting from the accelera-
tions (.05-.001 levels) occurred for the frequency
and duration measures in Table 8. The Post IT
values were very near the Pre levels.

The suppressive effect of alcohol was most

evident in the responses of the high alcohol
group. With the exception of two of the “peak

velocity” measures for the brake decelerations,
all of the changes in slow phase displacement,
frequency, peak velocity, and duration were sta-
tistically significant (.05-.001 levels). Even
though there was considerable recovery at the
Post II testing session, most of the frequency
and duration scores were still significantly below
their Pre levels (Table 9).

Thus, alcohol ingestion suppresses the nystag-
mic response to angular stimuli when the re-

TaBLE 8.-—Results of the Paired t Tests for the Pre vs. Post I and Pre vs. Post 11 Comparisons of the Nystagmic
Responses of the Moderate Alcohol Group to the Rotatory Stimuli.

Condition
Measure Comparison Mental Arithmetic Key Press Reverie
Ace Dec Ace Dec Ace
Displacement Pre vs. Post I 1.12 1.28 0.31 0.27 1. 80
Pre vs. Post I1 1.60 0.57 1.70 1.35 0. 89
Frequency Pre vs. Post I 3. 40** 4, 12%* 2.75% 1.91 2.11
Pre vs. Post 11 0.44 0.75 0.16 0.57 0.45
Duration Pre vs. Post 1 2, 79% 3. 69%* 3.96%* 4, 8g*x* 3. 57**
Pre vs. Post I 0.94 1.93 1.04 1.90 1.01
Veloeity Pre vs. Post I 0.07 0.93 0.76 2.33* 0.21
Pre vs. Post 11 0.90 0.08 2,71% 3.18% 1.78
*p <.05
**p <.,01
*¥** p <.001
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TABLE 9.—Results of the Paired t Tests for the Pre vs. Post I and Pre vs. Post II Comparisons of the Nystagmic
Responses of the High Alcohol Group to the Rotatory Stimuli.

Condition
Measure Comparison Mental Arithmetic Key Press Reverie
Acc Dec Acce Dec Ace
Displacement Pre vs. Post I 3. 50%** 2.96* 3. 97** 3.00%* 4, QTH**
Pre vs. Post 11 2.04 2,43% 1.74 1.38 3.34%*
Frequency Pre vs. Post I 5, 48%** 4, 91¥** 7.45%%* 4, 99¥k* 5. 08***
Pre vs. Post 11 3. 46%* 4, 02%* 3.09 2, 89% 2,75%
Duration Pre vs. Post 1 6. 60%*** 2.53 5. 18%%* 3.17* 5, 03*%*
Pre vs. Post 1I 4, 37%* 6. 42%%* 3.32%* 2.62% 3.31%*
Velocity Pre vs. Post 1 2.37% 0.94 2,65% 1.08 3.39%*
Pre vs. Post 11 0.09 0.77 0.07 2. 52% 1.74
*p <.05
**p <,01
¥k p <, 001
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Fieure 9. Response data for the average number of degrees of slow phase nystagmus resulting from the brake
decelerations, under the Mental Arithmetic condition. Since the deceleration (from 60°/sec) was very rapid
(approximately 0.5 sec), the values are plotted from the start of the deceleration. Symbols and markings
are identical to those used in Figure 3.

sponse is recorded in total darkness. The extent  evidenced larger declines than the moderate al-
of the suppression appears related to the amount  cohol group. These effects of alcohol are ap-
of alcohol ingested; ie., the high alcohol group  parent in the nystagmus response curves for the
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6o - 80 80
T ( STIMULUS : BRAKE DECELERATION
| L KEY PRESS
PRE —
ol 7ol r0baa POST I o—o

[ POST O a~-—a

60 - 60—

CONTROL GROUP 50 + MODERATE ALCOHOL GROUP 50 |- HIGH ALCOHOL GROUP

40 -

SLOW PHASE NYSTAGMUS (DEGREES PER 3-SEC INTERVAL )

40 - s
30 30 30
20 20 + 20
1o - [{o 10
) g &l . 1 | J
9 18 27 38 45 54 6 72 8 90 99 08 7 9 8 27 3% 45 54 63 9 8 27 36 45 54 64

TIME IN SECONDS

Freure 11. Response data for the average number of degrees of slow phase nystagmus resulting from the brake
decelerations under the Key Press condition. Symbols and markings are identical to those used in Figure 3.
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Ficure 12. Response data for the average number of nystagmic eye movements resulting from the brake decelera-
tions under the Key Press condition. Symbols and markings are identical to those used in Figure 3.

various stimuli (Figures 3 through 8) and in
the nystagmus tracings presented in Figure 2.

Changes in the nystagmic responses from the
brake decelerations, following alcohol ingestion,
were similar to those noted for the accelerations
(Tables 2 through 5 and Figures 9 through 12).

These data support the earlier studies? 101t 1216
which showed that alcohol ingestion suppressed
the nystagmic response to rotatory stimuli. How-
ever, these results fail to support other investiga-

tions?? 2324 25 where alcohol enhanced vestibular -

nystagmus.

D. Resolution of Conflicting Results from Pre-
vious Studies. Data from seven additional sub-
jects who received rotatory stimulation while
fixating on visual targets provide a basis for re-
solving conflicting reports in the literature. Trac-
ings from a subject’s nystagmic response to the
acceleration while fixating on the target lights
in an otherwise dark room, and from the brake
decelerations while fixating on the target with
the room lights on, are presented in Figures 13
and 14. It is apparent from both figures that
the subject was able to suppress the recorded

nystagmic response by visual fixation when al-
cohol was not involved. However, following the
ingestion of alcohol, a low-amplitude, high-fre-
quency nystagmus was elicited by both stimulus
rates.

What was reported in several previous studies
as an enhanced vestibular response to acceleratory
stimuli following the ingestion of alcohol can
now be explained by the interference of alcohol
with the subject’s ability to maintain visual fixa-
tion. 'The inability to fixate permits a more
vigorous nystagmic response to manifest itself.
This interference by aleohol was also apparent
in the subjects’ reports concerning their attempts
to fixate; greater effort and more time was re-
quired to bring the target into focus under the
aleohol condition. (Similar effects have been
obtained using caloric vestibular stimulation.)2!
Data from a study by Jatho' offer additional
support to this view that alcohol interferes with
the visual fixation mechanism. Jatho* reported
that recovery movements of the eyes following
head shaking took a considerably longer time
after the ingestion of alcohol,

14




PRE ALCOHOL

|5°FLM%

POST ALCOHOL
5° _(ﬁ‘ WWWM‘WW AN VNN
L N"\w\*.\,\w \f\p\{w\w
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TARGET LIGHT.

Ficure 13. A portion of the tracings of the nystagmic response of a subject to a 12-sec acceleration of 5°/sec’
during visual fixation of a dimly lit target-light. The vertical bars indicate the beginning and end of the
stimulus. The calibration, representing 15° of eye movement, appears before each trial. The subject’s response
was recorded before and 45 min after the ingestion of 2 ml of 100-proof vodka per kg of body weight. The
effect of alcohol on the visual fixation system is evident in the relatively strong nystagmic response for the
Post condition. Visual fixation, while under alcohol intoxication, is much less effective in suppressing the nys-
tagmic response to vestibular stimulation.
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STIMULUS : BRAKE DECELERATION FROM CW ROTATION
SUBJECT FIXATED ON TARGET WITH ROOM LIGHTS ON.

Ficure 14. A portion of the tracings of the nystagmic response of a subject to a brake deceleration, following
two min of constant velocity at 60°/sec. The vertical bar indicates the start of the deceleration and the
point where the room lights were turned on. The subject was instructed to fixate on the target-licht as soon
as the room lights came on. A calibration representing 15° of eye movement appears before each trial. Changes
in the response under alcohol are similar to those noted in Figure 13.
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E. Subjective Data from the Accelerations and
Decelerations in Darkness. Means and standard
deviations for the total displacement (in degrees)
and duration of the rotatory sensations resulting
from the accelerations, and for the duration of
the rotatory sensations resulting from the de-
celerations are presented in Tables 10 and 11.
Response curves for the subjects’ estimations of
turning velocity during the accelerations are pre-
sented in Figure 15. Analyses of variance
(Table 12) were applied to these data.

TaBLE 10.—Means and Standard Deviations for the Total
Subjective Displacement (in Degrees) for the KP
Acceleration (Total Darkness).

Trial
Group

Pre Post 1 Post 11

Control M 1368 1350 1269
SD 703.3 468. 6 477.1

Moderate M 1323 1224 1287
Aleohol SD 511.0 728.9 578.7

High M 1107 945 918
Alcohol SD 395.8 360.6 257.4

1. Accelerations. Pre to Post I declines in
mean experienced velocity and duration of the
turning sensations for the moderate and the high
alcohol groups were larger than those for the
control group. Although the largest declines oc-
curred for the high alcohol group, the F ratios for
these data were not significant (Table 12). Even
though the Post IT means for the velocity and
duration measures of the rotatory sensations evi-
denced some recovery from the Post I level, they
were still below Pre levels.

2. Decelerations. Results of the analysis of
variance (Table 12) indicated that changes across
trials in the duration of the turning sensations
resulting from the decelerations were significant.
The Pre to Post I declines in the durations, ac-
cording to t tests, were significant for both alcohol
groups but not for the control group (Table 13).
None of the Pre-Post II differences were sig-
nificant. That the declines in the duration meas-
ures were significant for the decelerations, but
not for the accelerations, may be due to the fact
that, during the acceleration, the subjects were
required to make signals concerning the velocity
of their sensations between the start and end
of their turning sensations, whereas they needed
only to signal the start and end of their turning
experience during the deceleration. The addi-
tional signals may have maintained alertness and
thereby prevented the response from decaying
as rapidly as it did under the acceleration con-
dition.

3. Overview. The data from the decelerations
support the conclusion reached by Barany!;
alcohol ingestion tends to suppress the sensations
resulting from rotatory stimulation. Moreover,
some declines were evident for the velocity and
duration of the turning sensations from the ac-
celerations, although they were not statistically
significant. This difference in the magnitude of
decline of the turning experience between the
accelerations and decelerations may be due to
differences in instructions concerning attention
to (and signals of) rotatory sensations.

F. Spiral Aftereffect Data. Means and stand-
ard deviations for the spiral aftereffect (SAE)

TABLE 11.—Means and Standard Deviations for the Duration (in Seconds) of the Subjective Turning Sensations Re-
sulting from the KP Acceleration and Deceleration. Each Group Was Comprised of Ten Subjects.

Pre Post 1 Post 11
Group

Acc Dec Acc Dec Acc Dec

Control M 30.8 31.5 36.6 32.1 32.2 31.7
SD 9.5 11.5 16.3 11.9 13.0 19.6

Moderate M 26.6 28. 25.6 23.3 25.4 25.1
Alcohol SD 10.2 9 8.2 9.7 7.7 7.7
High M 28.0 31 27.7 23.0 26,2 24,6
Alcohol SD 10.3 8.8 8.4 9.4 10. 8 14.6
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TABLE 12.—Results of the Analyses of Variance for the Displacement (in Degrees) and Duration (in Seconds) of the
Subjective Reactions During the KP Rotation Stimuli.

Subjective Displacement Duration Duration
(Accelerations) (Accelerations) (Decelerations)
Source df
Mean F Mean F Mean F
Squares Squares Squares
Groups (G)______.____ 2 1002.33 1.54 45,61 1.54 33.99 1.05
Subj./within Groups(S/G) 27 649.41 59.37 32.40
Trials (T).____________ 2 102. 69 1.33 3.32 1.15 14. 69 3. 88%
Tx Goo . _____ 4 27.36 0.35 3.45 1.20 5.33 1.41
TxS/G.._ ... 54 77.10 2.87 3.79
*p <.05

TaBLE 13.—Results of the Paired t Tests for the Duration
of the Rotatory Sensation Resulting from the KP
Deceleration.

Group Pre vs. Post I  Pre vs. Post I
Control____________ 0.21 0.04
Moderate Alcohol.__ 2.66* 1.62
High Aleohol . ______ 4, 11%%* 1.97

*p <.05
**p <,01

TaBLE 14.—Means and Standard Deviations for the
Duration (in Seconds) of the Spiral Aftereffect (SAE).
Each Group Was Comprised of Ten Subjects.

Trial
Group
Pre Post 1 Post IT

Control M 12.7 13.0 12.8

SD 6.4 6.3 7.1
Moderate M 15.3 13.0 14.1
Alcohol SD 7.2 5.4 6.1
High M 14.2 13.8 15.
Aleohol SD 10.1 11.9 16.1

are presented in Table 14. Comparisons of the
Pre, Post I, and Post II values reveal little
change as the result of the ingestion of alcohol.

The relationship between the duration of the
SAE and the duration resulting from the ac-
celerations and decelerations of the rotatory
stimuli was investigated. Only the correlations
for the high alcohol group were significant
(Table 15). Thus, these data offer only partial
support to the studies by Reason,’ ** Reason and
Benson,* and Nilsson and Henrikson. The

17

lack of significant correlations among the meas-
ures may be due to the lack of appreciable
variability in the SAE duration values for the
control and moderate alecohol groups; or to sev-
eral differences in experimental technique be-
tween earlier studies and this one.

G. Subjective Data from the Deceleration
which Involved Brief Intervals of Light. The
analysis of the data concerning the subjective
sensations resulting from the decelerations using
either a three-second or an eight-second period
of room illumination was based on visual obser-
vation rather than on any statistical treatment
of the data. There were no dramatic changes
in the response which could be attributed to the
ingestion of alcohol.

When compared to the experiences reported in
total darkness (using a comparable angular
stimulus) the primary sensations from the “light”
decelerations were much shorter. The “light”
intervals also tended to increase the occurrence
and intensity of secondary sensations (ie., a
renewal of sensations which follows the end of
the primary response and is in the opposite di-
rection). These differences are evident when you
compare Figures 15 and 16.

Under dark conditions, the secondary sensa-
tion, in most cases, was either not present or was
too weak to be signaled. Even with the small
number (five) of subjects in each of the sub-
groups, the data appeared to agree with results
obtained in studies by Collins.” ¢

H. Nystagmus Data from the Deceleration
which Involved Brief Intervals of Light. Means
and standard deviations for the slow phase dis-
placement and frequency of the primary and
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Frevre 15. Response data for the average number of degrees of subjective displacement resulting from the ac-
celerations (5°/se¢® for 12 sec). Pre refers to the response recorded prior to the ingestion of alcohol, while
the Post I and Post II data were obtained, respectively, 45 min and four hours after ingestion. The arrow on
the abscissa indicates the end of the stimulus. The values are plotted in 3-sec intervals: each point is a mean
for 10 subjects.

TABLE 15.—Product Moment Correlations for the Duration of the Spiral Aftereffect and the Duration of the Rotatory
Sensations for the 12-sec Aceelerations and the Decelerations.

Acceleration Durations Deceleration Durations
Group
Pre Post I Post II Pre Post 1 Post I1
Control__.____________ . 26 .03 .25 .10 —.13 —-.15
Moderate Alcohol.____. .27 .25 LT1% .04 .18 .45
High Aleohol._________ . B1** . 8G** .93%* .61% . B1k* . T2%%
*p <.05
**p <.01
secondary nystagmus resulting from the pro-  mus duration values for a comparable stimulus

longed (light) decelerations are presented in  (an acceleration) in total darkness are also pre-
Tables 16 and 17. Similar computations for the  sented. Fach value represents a mean for five
duration of the primary nystagmus are presented  subjects since each group was divided into a
in Table 18; for comparative purposes, nystag-  three-second and an eight-second light sub-group.
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FreUre 16. Response data for the average number of degrees of subjective displacement resulting from the 12-sec
deceleration of 3°/sec®. The room lights were turned on at the start of the deceleration and remained on for
8 sec. DPoints plotted above the zero line represent the primary response, while those below represent the sec-
ondary response. Symbols and markings are identicul to those used in Figure 15.
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FiGUrRe 17. Response data for the average number of degrees of slow phase eye movement resulting from the 12-
sec deceleration of 5°/se¢®. Immediately following the end of the deceleration, the room lights were turned on
for 3 sec, during which time the subject fixated on a target. The short bar above the zero line represents the
period of room illumination while the arrow indicates the end of the stimulus. IPoints plotted above the zero
line represent the primary response, while those below represent the secondary response. DPre refers to the
response obtained prior to the ingestion of alcohol, while PPost I and Post II refer, respectively, to data ob-
tained 45 min and four hours after ingestion. The vualues are plotted in 3-sec intervals; each point represents
the average response of five subjects.
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TABLE 16.—Means and Standard Deviations for the Slow Phase Displacement of Primary and Secondary Nystagmus
(in Degrees) Resulting from the 12-sec Deceleration of 5°/sec2. The Room Lights Were on for Either 3 sec After the
Decel or for 8 sec at the Start of the Deceleration.

Nystagmus
Group Light Primary Secondary
Interval
Pre Post T Post 11 Pre Post 1 Post I
3 sec M 276.7 251.3 265.4 54.6 54,2 67.5
SD 46,2 57.1 42,2 39.1 41.9 65. 5
Contro)
8 sec M 245.6 235.6 246.3 128.9 81.5 79.8
SD 289.0 205.9 193.0 141.3 72,1 83.7
3 sec M 221.4 282.2 241.1 58.2 73.9 71.5
SD 34.6 97.7 69.8 55.8 36.0 46.9
Moderate Aleohol
8 sec M 156.7 138.3 156.7 48. 4 60. 1 46.2
SD 93.7 64.1 89.0 42,2 51,7 39.1
3 sec M 258.5 231.5 228, 2 44,0 53.9 42,0
SD 162.9 130.2 120. 4 40.3 28.3 28.5
High Alcohol
8 sec M 201.6 156.0 243.2 51.4 26.1 80.1
SD 119.4 76.3 88.6 33.0 32.6 23.8

TaBLE 17.—Means and Standard Deviations for the Number of Primary and Secondary Nystagmic Eye Movements
Resulting from the 12 sec Deceleration of 5°/sec?. The Room Lights Were on for Either 3 sec After the Decel or for
8 sec at the Start of the Deceleration.

Nystagmus
Group Light Primary Secondary
Interval
Pre Post 1 Post 11 Pre Post 1 Post 11
3sec M 46.6 50.0 52.6 14.6 15.4 15.4
SD 16.1 23.2 24,2 8.8 9.1 9.4
Control
8 sec M 37.2 44.3 36.6 23.0 16.9 22.5
SD 29.1 21.9 19.0 15.1 10.2 14.8
3 sec M 46.4 55.5 47.0 14.8 18.0 19.1
SD 8.4 9.8 15.4 11.1 7.6 10.8
Moderate Alcohol
8 sec M 32.4 24,1 30.0 15.2 17.2 12,3
SD 20.0 11.6 17.2 13.4 13.0 9.2
3 sec M 46.0 43.2 47.1 13.0 16.4 14.0
SD 17.7 15.1 18.5 10.9 5.8 8.4
High Alcohol
8 sec M 39.1 27.7 41.4 16.8 11.4 22.2
SD 21.3 12.9 15.4 10.6 11.8 4.7
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TaBLE 18.—Means and Standard Deviations for the Duration (in Seconds) of the Primary Nystagmus Resulting from
the Decelerations During Which (8 sec) or Following Which (3 sec) Room Lights Were on. For Purposes of Compari-
son, Similar Data Are Presented for the Acceleration in Total Darkness.

Deceleration Acceleration
Group Interval
Pre Post I Post 1T Pre Post 1 Post 11
3 sec M 39.0 39.6 42.6 48.3 47.6 42.7
SD 8.2 14.8 12.3 4.6 7.0 3.7
Control
8 sec M 38.4 42,0 42,0 53.6 56.5 53.6
SD 27.8 14.2 15.2 13.3 18.1 8.1
3 sec M 46.8 44,4 40.2 60.7 44.1 51.9
SD 8.6 6.2 3.4 10.7 9.1 4,4
Moderate Alcohol
8 sec M 40.8 33.0 30.0 53.8 46.0 52.
SD 9.4 7.4 9.5 7.9 9.4 11.
3 sec M 41.4 37.2 38.4 53.6 41.8 45.0
SD 6.5 8.9 10.3 4.1 3.1 6.4
High Alcohol
8 sec M 37.8 31.8 40,2 52.8 30.9 41.6
SD 13.2 4.6 5.8 13.9 8.3 6.8

Because of the small number of subjects in each
of the sub-groups, the data should be interpreted
with caution. Due to the nature of the data, a
visual analysis rather than statistical treatment
was used.

Changes in the nystagmic response, which oc-
curred as a result of the brief intervals of light,
are evident in comparison of the nystagmus re-
sponse curves from the light decelerations and
dark accelerations (compare Figures 3 through
8 with Figures 17 through 20). The primary
nystagmic responses under both light conditions
were weaker than those obtained under dark
conditions. The suppressive effect of the light
was also evident in the duration of the primary
nystagmnus; mean duration values for the dark
acceleration were much longer (Table 18).
While the primary nystagmic response was weak-
ened and shortened, the secondary nystagmic re-
sponse (like the secondary sensation, the sec-
ondary nystagmic response follows the primary

nystagmic response and is in the opposite direc-
tion) began sooner and was of greater amplitude,
see Figure 21. ['nder dark conditions, the sec-
ondary nystagmic response was too weak and
infrequent to score adequately in most cases.
These suppressive effects of the brief intervals
of light on the primary nystagmic response and
their enhancing effects on secondary nystagmus
support findings in earlier studies.” ®

The small number of subjects in each of the
sub-groups made any analysis of the effects of
alcohol difficult. Comparisons of the duration
of the primary nystagmic response between the
dark and light conditions indicate that the only
trials where the values for the light condition
were as long or longer than the dark condition
occurred following alcohol ingestion (Table 18).
These data provide some support for the idea
that visual fixation, following alcohol ingestion,
was less effective in suppressing the primary
nystagmic response.
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FIGURE 21. A portion of the nystagmic tracings for a subject’s response to the dark acceleration and to the de-
celeration with the 8sec period of illumination. The stimuli were comparable: a 12-sec acceleration and a
12-sec deceleration each at the rate of 5°/sec’. Although the nystagmic responses are in opposite directions
the response characteristics should be similar. Differences in primary or secondary nystagmus may be at-
tributed to the effects of visual fixation during the interval of light. The dark horizontal bar indicates the
period of room illumination, while the vertical bars demarcate the stimulus interval. Calibrations (15° of
eye movement) appear before each of the trials. The arrow indicates the point at which the primary nys-
tagmus ends. The effects of visual fixation are evident in the shortened primary nystagmus and the enhanced
secondary nystagmus depicted in the lower set of tracings.
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