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ALCOHOL AND DISORIENTATION-RELATED RESPONSES. V. THE
INFLUENCE OF ALCOHOL ON POSITIONAL, ROTATORY, AND
CORIOLIS VESTIBULAR RESPONSES OVER 32-HOUR PERIODS

I. Problem.

The concern that alcohol ingestion compro-
mises the flying ability of pilots is manifest in
the recent FAA regulation (FAR 91.11) pro-
hibiting the drinking of aleoholic beverages
during the 8-hour period prior to flying. Com-
mercial airline companies have for years imposed
8 stricter limitation on their pilots in banning
the use of alcohol for 24 hours preceding flight-
time. However, there are some indications in
the literature that the systems most closely asso-
ciated with disorientation responses—the visual
and vestibular systems—may continue to show
effects of alcohol ingestion for periods in excess
of 24 hours.** These effects may be evident both
in static vestibular reactions (e.g., positional
aleohol nystagmus; a patterned eye-movement
response that occurs when the head is placed in
certain positions after drinking alcohol) and in
dynamic reactions such as those which produce
Coriolis vestibular effects. The present study
sought to clarify some influences of alcohol on
both static and dynamic vestibular responses
over 32-hour pest-drinking periods.

Static Effects. Aschan, Bergstedt, Goldberg,
and Laurell? described in detail two types of
positional aleohol nystagmus (PAN): Type I,
that beating in the direction of the lower ear
(when the subject is lying on his side or when
the subject rolls his head to one side wh11e lying
in a supine position), and Type II, beating in

Jfrom the Psychology Laboratory, CAMI, and the
Department of Otorhinolaryngology, University of
Oklahoma Medical %enter. The assistance of Blair
Fennell, Cynthia Cochran, RuthAnn Parvin, and Carlyn
Manley in the conduct of the study and of Dr. Delbert
Lacefield and Mrs. Pat Roberts in the analysis of the
blood samples is gratefully acknowledged.

the direction opposite the lower ear. They found
PAN 1 to begin approximately 30 minutes after
the ingestion of alcoho! and to persist for several
hours, followed first by a latency period during
which no positional alcohol nystagmus could be
demonstrated, and then by PAN IT which began
about 56 hours after ingestion. Aschan et al.?
reported PAN TI to persist for various periods
of time up to the fourteenth hour after alcohol
ingestion,

Aleohol nystagmus occurring later than 14
hours has rarely been noted in the literature
although Plenkers?® and Walter®* reported direct
observation of the response (subjects wore
Frenzel glasses) through 20 and 16 hours, re-
spectively, following aleohol ingestion. Tn
Plenker’s study, one patient showed a PAN II
response 20 hours after drinking at which time
measurable concentrations of aleohol were still
in his blood. The 16-hour post-drinking response
(PAN II) reported by Walter apparently in-
volved subjects who were allowed to continue
drinking for some time after PAN I appeared.
More recently, Ryback and Dowd® reporbed
PAN 1I in six subjects 34 hours after the inges-
tion of alcohol, and Qosterveld*® found PAN IIT
oceurring 4448 hours after the ingestion of 50cc
of whiskey in two subjects exposed to increased
gravitation (2.5g).

Dynagnic Effects. Alechol has been reported
by some to enhance the nystagmic response to
caloric'®®1 262" and to simple rotational stim-
ulit® 26 28 20 30 and by others® i 14 3¢ to inhibit that
response. With respect to subjective reactions,
Barany® noted a weakened “vertigo” response
following the ingestion of alcohol. Schroeder?s 24

clarified some of these apparent contradictions
by demonstrating that both the “vertigo” and
nystagmus occasioned by caloric irrigations or




angular accelerations are reduced in darkness as
a consequence of aleohol; on the other hand, the
ability to inhibit nystagmus and “vertige” by
visual fixation in the light is impaired by drink-
ing. However, Ryback and Dowd?? have reported
an increase in both nystagmus and the sensations
occasioned by Coriolis vestibular stimulation
(apparently in darkness) after the ingestion of
alcohel; the authors reported that bourbon pro-
duced more pronounced effects in this regard
than did vodka.

The present study was designed to evaluate
the prolonged effects of two types of aleohol on
the vestibular apparatus as evidenced by changes
in electronystagmographic recordings and in
subjective responses to positional, rotational, and
Coriolis stimulation.

II. Method.

Subjects. Thirty male college students, rang-
ing from 21 to 27 years of age, and screened as
being either non-drinkers or “light to moderate”
drinkers, were randomly assigned to one of three
groups of ten subjects each. One group received
100-proof Smirnoff vodka as the test beverage,
the second group received 101-proof Wild Turkey
bourbon, and the third (control group) was
given a non-alcoholic beverage. The beverages
were imbibed over a 30-minute period following
the administration of preliminary vestibular
tests. With the exception of one subject who
weighed 124 kg, each alcohol subject was given
2,5 ml/kg of liquor added to orange juice to a
total volume of 1100 ec; the heavy subject was
given an amount of alcohol equal to that of the
heaviest other subject (102 kg). The control
subjects imbibed 1100 cc of orange juice, to which
a few drops of rum extract were added to give a
distinct rum odor and some flavor,

Procedure. The subjects reported at §8:00 a.m.
of the first test day after a light breakfast (at
about 7:00 a.m.), usually toast or roll and coffee,
A blood sample was drawn and electrade place-
ment, instructions, and a practice rotation trial
followed. The earliest time that alecohol was
administered was 9:30 a.m. The subjects had

#previously been asked to refrain from drinking
alecholic bevergges during the 24 hours prior to
testing. All of the subjects denied the use of
drugs. The subjects had meals with the research
personnel and remained at the Institute overnight
for the second day of testing,

Positional testing was done in a totally dark-
ened examination room. The subject assumed a
supine position on an examining table, with his
eyes open, and his head elevated 30° so that the
plane of the horizontal canals was approximately
aligned with gravity; testing began with the
head in this position (i.e., nose pointed up) for
one minute. At signals from the experimenter,
the subject turned his head to the left for one
minute, rolled it back to upright for another
minute, turned it to the right for one minute,
and then rolled it upright for a final minute.
Throughout the trial, the subject was given
mental arithmetic problems to maintain alert-
ness. Positional testing was done before drinking
and 1, 2, 4, 6, 8, 10, 24, 27, 30, and 32 hours after
drinking,

Rotational and Coriolis vestibular studies were
accomplished in a modified Stille-Werner rotat-
ing chair (the rotating structure and the subject
were totally enclosed). The head was fixed in
a head-holder and a bite-block was used to posi-
tion the horizontal canals approximately in the
plane of rotation. The room was in total dark-
ness and the subject was requested to keep his
eyes open. The head-holder was adjusted so that
the subject could make uniform head tilts of 30°
to the left and to the right. The subject was
accelerated at an angular rate of 5°/sec® to a
constant velocity of 90°/sec; during this time he
signalled his turning sensations. After approxi-
mately three minutes of constant rotation, the
subject was instructed to tilt his head to the
right and, later, to return to upright. Each head
tilt was made in about one second with a rest
period of at least one minute allowed following
the end of the response to each tilt and return
movement, ‘The chair was then decelerated to a
stop at 5°/sec? with the subject’s head upright.
First CCW (practice) then CW rotations were
performed during the pre-alcohol testing. At
1, 2, 4, 8, 24, and 30 hours following alcohol
ingestion, CW rotations were used. Throughout
each trial, recordings were made of nystagmus
and subjective signals.

Recordings. Silver disc electrodes were taped
by the outer canthus of each eye to record hori-
zontal components of eye movements. A second
pair of electrodes was placed vertically about the
left eye, one electrode above the eyebrow and
one on the malar area, directly above and below
the pupil in straight-ahead gaze. The electrodes
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picked up changes in corneo-retinal potential
and relayed them through a terminal board to
an Offner Type T electroencephalograph. These
signals were then amplified, using a three-second
time constant, and recorded. Eye-movement
calibrations were obtained prior to positional
and rotational testing.

Subjective reactions were also recorded. Each
subject signalled the start and end of his turning
sensation to acceleration stimuli and the begin-
ning and end of his sensations of apparent
“elimb” or “dive” occasioned by his head move-
ments during constant velocity; he also rated the
intensity of the sensations arising from the head
movements. The stronger of the initial two head
movements (a tilt and a return) was rated as
100%; all subsequent effects were rated by each
subject with reference to his 100% “standard.”

Blood Samples. Prior to the drinking period,
a venous blood sample was drawn from all sub-
jects. Other venous samples were obtained from
the two alcohol groups at 1, 2, 4, &, and 24 hours
after the drinking period; a 6-hour sample was
also drawn from most subjects. Only pre-
drinking and 24-hour blood samples were ob-
tained from the control group. Gas chroma-
tography was used to determine the blood alcohol
levels. "

Scoring. Nystagmic responses to the accelera-
tions were scored for duration, frequency of eye
movements, and slow-phase displacement. The
slow-phase eye movement was scored by meas-
uring in -millimeters the amplitude of each
nystagmic beat from the peak to baseline; these
values were summed for three-second intervals

‘and converted to degrees by using the calibration

constant obtained prior to each trial,

Vertical components of nystagmic responses to
Coriolis stimulation were scored for duration and
frequency. Since these vertical responses are
frequently of low amplitude, and since blocking
of the recording pens and superimposition of
blink reflexes are not unusual effects obtained in
recording Coriolis nystagmus, slow-phase dis-
placement measurements were not made.

Positional responses were rated independently
by 4he authors on a 0 (no nystagmus) to 4
(vigorous nystagmi®) scale. A rating of “0”
was given when no positional nystagmus was
seen; “1” represented the occurrence of only a
few beats of low-amplitude nystagmus; a rating

of “2” was assigned when regular-beating nys-
tagmus with a relatively low slow-phase velocity
was observed; “3” denoted a high frequency,
regular nystagmus; and “4” represented a vig-
orous response of regular frequency and of high
slow-phase velocity. In practice, half-step rat-
ings (e.g, “1.5”) were frequently made. An
average rating for each head position was ob-
tained for each subject.

III. Results,

Mean blood alcoho! levels and their standard
deviations were computed by sessions for each
group (see Table 1). No measurable ethanol
content was obtained from any subject during
the Pre-tests or 24 hours after alcohol ingestion.
In general, the Bourbon Group showed slightly
higher mean blood-alcohol levels than did the
Vodka Group, but the differences in no case
reached statistical significance at the .05 level.

TABLE 1
Means and standard deviations In per cent for blood alcohel
levels derived for the three groups. (N=10 for all

calculations unless othexrwise indicated.)

Session

Group Pre l=hr 2-hr 4=hr f-hr 8=hr  24-hr
MHean 0 No Samples Drawn 0
Contrel 5D 0 0
Mean a 04 097 067 .036% .002 o]
Bourbor g 0 027 012 Loll .09 003 o
Vodka Mean 0 092 .088 .065 .032 .005 0
sD 0 .0l9 017 .0l9 2020 2006 0

* Samples drawn only from four subjects,

Static Tests

Mean ratings of the positional responses ap-
pear in Table 2 according to direction of nys-
tagmus and head position. A tabulation of
subjects who showed apparent nystagmus in the
various head positions is in Table 3.

The data in Tables 2 and 8 provide several
points of interest. First, among all three groups,
a considerable number of subjects showed some
apparent positional responses during the Pre-
tests. Second, although nystagmus frequently
was not very strong, the number of Control
subjects who showed some apparent positional
responses varied considerably across the 11 test
sessions. For example, rolling the head to the
left produced some apparent nystagmus to the

'



left in 56 Controls and to the right in 1-3 sub-
jects, depending upon the test session (see Table
3). Similarly, rolling the head to the right re-
sulted in apparent left-beating responses in 3-6
Control subjects and right-beating responses in
0-5 Controls, again depending upon the test ses-
sion. As a third peint of interest, both groups

of alcohol subjects demonstrated clear PAN I
during the first four hours following the inges-
tion of alcohol. During the 6-through-10-hour
sessions, PAN II responses were consistently
evident. For the 24-through-32-hour sessions,
responses in the direction of PAN T were again
predominant, although relatively weak. '

TABLE 2

Positional Respmses:

Mean ratings {0-4 scale) and direction of nystagmus from positional tracings obtained in darkness

for upright, left, and right positions of the head during pre- and post-drinking sessions,

Head Position

Direction Control

. of
Session Nystagmus u L R
Pre L .37 AT .25

R .07 .08 .25
1-hour L .30 72 .25

R .03 .10 .00
2-hour L 1 .35 .63 .35

R 07 .10 27
4-hour L 40 .58 .27

R .00 .10 .13
6-hour L .18 45 .37

R .02 .15 .17
B«hour L .25 .38 42

R L0G .10 .02
10-hour L .28, AT 17,

R .07 .00 .02
24-hour L 27 v 87 .15

R .00 .10 .22
27-hour L .33 43 20,

R 00 o o7
30-hour L .30 .52 v .40

R .03 .20 00
32-hour L 130 .38, 15

R .02 .08 07

N
’
\ 4

Bourbon Vodka

u L R ! L R

.07 .27 .27 .10 .10 .13
.13 W13 .00 .03 12 .20
.10 3.15 .00 .00 3.23 .00
.00 .00 3.08 W13 .00 3.08
.37 2.90 .00 .10 2.83 .00
.00 .00 2.85 .13 .00 2.68
.05 1.08 .10 .02 .57 .03
.00 .00 .87 .07 .03 58
13 .10 .78 .03 DO 1.15
.03 72 G0 .00 .98 .00
.22 .26 1.03 .08 .00 1.60
Q0 .92 .13 .07 1,22 .00
.07 .00 .78 .20 .00 1.07
.00 .65 .00 .05 77 .00
.03 .23 .00 .08 .63 .13
07 .03 .27 .02 .12 .23
.07 .33 .10 .05 .50 .05
.00 .05 .30 .08 .00 .35
.07 « 45 .00 .03 .50 .07
.03 .00 W45 .08 .05 .25
L3 .37 .02 03 .55 .17
.07 .00 W22 .08 .00 .33
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FIGTRE 2, Positional"nystagmus recorded from a subject in the Bourbon group upon rolling his head to the right
(R) and to the left (L} prior to drinking and during several post-drinking test sessions. This subject shows
typical PAN I and PAN II responses and, on the second day, gave the strongest positional nystagmus (in the
same direction as PAN I) of all alcohol subjects. Ie is also the only subject, not accounted for by Pre-drink-
ing tests, to show “PAN-II-type” responses on the serond day (during the 27-hour test only).
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Fiouee 3. Positlonal nystagmus recorded from a subject in the Vodka group upon trolling his head to the rign
(R) and to the left (L) prior to drinking and during several post-drinking test sessions, PAN 1 and PAN II
responses are vigorous. The positional nystagmus obtalned during the second day is relatively typical, {n terms
of intensity and frequency, of that exhibited by the several subjects who showed such responses after a night

of rest. ‘
TABLE 3
Positional Responees:
The nuwber of subjects who showed left-besting or righc-beating nystagous for

the various head posicions during scatic pre- snd post-drinking sessions,

Head Position

Dirvection Control Bourbon Vogks

of
Session  Fystapms U 4 3 Y L B ¥ ¥ B
Pre L 4 5 3 1 & 5 F 3 &4
r 1 1 5 2 i 0 1 1 3
1-hour L s & 4 3w [ 0 1w o
R 1 1 o o o 10 2 o 1e

¥
2-hour L 5 6 & 4 10 90 3 1w o
® 1 1 2 6 o 1 3 0 10
4-hour L 7 6 s L 2 1 L 8 1
K o 2 2 ¢ 0 7 1 1 7
G-howr L 4 5 3 2 1 ] 1 0 8
R 1 3 2 1 FR o 3 @
8-hour L 5 5 5 & 2 9 3 L] 10
& Q 1 1 0 8 1w e
10-hour L 4 [ 2 1 1] 10 3 0 10
R e 1 0 ¢ o 1 8 0
24-hour L 5 6 & 1 5 o 2 H 3
R 0 T 4 L i 5 1 ] 3
27-hour L 4, S 3, 2 3 1 z 3 1
R Pl "o” ™ 0z s 1 o0 6
30-howr L 56 4 1 8 0 L 7 1
R 0 30 1 0 s 2 P
32-hour L . s, 2 1 5 1 1 6 2
K ™™ ™ g o 4 T e 7
*H«8 =7

As noted earliér, not all of the apparent posi-
tional responses were very strong, Some repre-
sentative tracings appear in Figures 1-3,

Dynamic Tests

Angular Acceleration

Nystagmus. Responses to rotation by the
Control Group showed no regular change across
sessions for the frequency and duration measures
of nystagmus (although the 4-hour duration
score was shorter than the Pre-test score, p<.03) ;
however, a relatively steady decline in slow phase
displacement occurred from session-to-session,
such that the 80-hour response level was reduced
significantly (p<.05) by approximately 30 per
cent from the Pre-test level (see Figure 4 and
Tables 4 and 5). Both alecohol groups had a
marked suppression of all three measures of
nystagmus during the 1-hour and 2-hour sessions
(p<.05—.001) with substantial recovery evident
during the 4-hour session; slow-phase displace-
ment showed the most prolonged reduction (see
Table 5). There was somewhat less mean decline

Mea

Measure

Slow Phase
Hystagmis
(Degrees)

Nystagmus Number of
(Seconds) Nystagmic Beats

Duration of

Duration of
Sensation
(Seconds)

MHeasure

Stow Phase

Kyatagmic Nystagmus
Beags {Degraes)

Number of

Rystagmus
{Seconds)

Duracion of
Sensation
{Seconds)

Duration of

i1,
A3 -
AA A



TABLE ¢ TABLE &

Angular Accelorations: Aagular Accelerations;
Weans and standard deviations by sescion for total slow phase displacement, Results of statfsrical eviluations (c ceats) of cthe signiffcamce of the
frequency, and duration of horizontal nystagmus and for the duration of differences berween graups. Comperisons vere made of the percentage
the turning sensation produced by the angelar dccclerations aof of change berween Pre-driaking measures and those chtained sfrer
5°,f5ec2 for 18 seconds. drloking for Controi (C), Bourbon (B}, and Vodka {¥) subjects.
Session L
Heasure  Group Pre 1-hr 2-hr A-hy $-hr  24-hr  30-hy Heasyra Comparaon 1-hour I-hour  4-hour B=hour 24-hour 30-hour
Gontral  MEAN 4896 48 4212 408.4  460.8 3898 3571 2 Cus. v 1.7 z.06 L 1.31 0.4t L8
w nee sn 2414 140.7 1640 U735 205.0  176.9  led.4 233
$an b Cvs. B 264 t43 061 1.5 0.58 u.04
EET  nourbon "I BAIA 2.1 6.0 455.8  Ghes 4690 4391 X
25k SD 30,2 1123 1645 135.4  167.5 2021 2037 c28 Vv B om0 o 0.31 026 1.3
5
78 Vodka Mean  625.2  482.0  4l4.2  486.9  500.8 512.1 41L.8
SO 152.9 228.5 1367 155.9 1818 17604 1373 “y Cve. ¥ zam 2.2 1 1.6 1.68 121
y B2 Cue B 297e  za7s 1 1.68 1.58 0.81
M | Mean 0.6 70.8 71,9 68.3  71.0 118  e9.8 ‘i:i
§  ontrol g 2.9 2.1 0.3 0,0 0.1 20.0 20,2 L Vove. 0.77 0.45 0.67 0.62 0.04 0.36
N
s
u Mean  87.8 577 61.B 7.3 75.7 9.3 se.o
55 Powben B 23 17 a0 e me ol e Y 11 Cova. v Bose 4mms 050 2 0.8 0.8
e 8EE *
= 'i Vodka Mean 87.4 68.5 ¥0.3 8.3 84,5 80.1 [T} a2 Cue B 236 3.3 1.43 .28 6.3t 9-23
® so 10 180 176 216 D 156 239 ike Ve B L3 0.50 .61 [ a.43 .98
mean  32.3 0.3 486 482 50.9 48,9 49,3 Tga G v 1.64 L.07 0.11 0.16 0.25 0,50
- Control g 0.8 1la 104 9.0 1.8 5.3 104 gg-ﬁ
Sag £iE Cve.B 2.2 089 G o9 0.23 0.1
ST s Mem 379 430 400 42 s5.8  sag 55.3 24
w38 SD 1.8 8.4 5.8 9.2 18.4 15.9 11.6 g'x*-' Vovs. B 0.1 0.12 0.65 0.38 0.13 0.40
EE ¥
M
E22 ke Mesm SER 43 te2 sie 516 520 sz
sp 103 Bl LB 2.6 LLL 85 9.4 * <.05
wp < ol
WD < 001
Mean 336 M. 3Ll 30.6 3.4 341 4.0
- Control 1005 83 s 8 9.2 9.5 s
-
)
-3
EYE e N ORD WS OWD oM omyonrows . dk
R and somewhat more rapid recovery for the Vodka
) to the rign. gs= Mean 2.1 20,5 207 23,3 25.2  25.5 5.7 .
 21d PAN I T T K R Ao o S as compared with the Bourbon Group, but these
an . . g . .
bieal, in terms - comparative trends were not statistically signifi-
. .
after a night cant at the .05 level (Table 6). There was no
s . R . .
’ significant “recovery” during the 24-hour session
{after a night of rest) probably due to the rela-
arent posi- TA3LE 5 tively small changes evident in a comparison of
ome repre- Argular Accnlerat ions: the Pre-session output with that of the 8-hour
1_3. Besults of statistieal evaluations (t tests for correlated data}) Session_

of the sfgnificance of the differences between Pre-drinking

In comparing the groups, only the 1-hour and
2-hour sessions yielded any significant differences
————tfecfeimimSesiosvs. __ jn nystagmus measures. During both of those
on by the T fewsisdmiestow . gegsions, the two aleohol groups produced shorter

weasures and those obtained afrer drinking.

ange across amse Bem | lmes Mew tgew  swex  femw s guiations and fewer beats of nystagmus than did

fap T MELLB L m o esam e g Control Group. In addition, the Bourbon
0N measures ﬁg,g Bourbon  2.90% 299  29m 28w 2.5 L.98 G had 1 1 h " d shorter
r duration IR vema I Sase 433 230v 2,80 gl roup had less slow-phase nystagmus and shor

re, p<.05) ; _— durations of their turning sensations than did

Sow Phase ..ég. Comtrol  -0.05  0.22 -0.38  -0.06  -p.% 0.1L the Control G’I‘OHP durj_ng the 1-hour post-
] o ourbon . R - 1] * -

; i §E3 e e aem e Le L o drinking session. No other difference among the
N-10-SeS8101, 1z Vodka ER T T 0.83 2.51% .63 s : :

as reduced  — v groups was statistically reliable, and in no case
tely 80 per "fgg fomerol 198 200 asex La Lal 146 did any of these four measures of responses to
gure 4 and SIE Bewden e Lt e e 1 L9 angular acceleration yield any significant differ-
oups had GES  voda AR BsEe Lo 2600 zege 2 ences between the Bourbon and the Vodka oroups
casures of ":‘g? Control 1.34 1.83 1.58 0.6% 0,25 0.12 (Table 6). .
OUr Sessions 5‘5‘3 Bourbon  3.G9%k ¢95 @.51 127 0.6t -0.79 Time-course comparisons of nystag’mus cb-
ery ovident A3 vesa  ame Tase 159 o sk o tained during the Pre-test and at the 2- and
se displace- p< .05 8-hour post-drinking sessions indicated a clear
uetion (see SN depression of both slow phase and frequency

measures (Figures 5 and 6) during the 2-hour




SLOW PHASE NYSTAGMUS (%)

FREQUENCY OF NYSTAGMUS (%)

accelerations were similar to nystagmus plots,
i.e., both alcohol groups showed a drop from the
pre-drinking level to the 1l-hour post-ingestion
session (p<.01) and recovery thereafter (Figure
9}. The Control Greup had no marked change
in mean duration across the test sessions (Table
5). There was a slight but general tendency for
longer durations (recovery) of the sensation
after a night of rest (ie., during the 24-hour
session). Group comparisons yielded only one
significant difference: The Bourbon Group re-
ported shorter durations (p<.05) than Control
subjects one hour after drinking (Table 6).

Coriolis Stimulation

Nystagmus. The duration and the frequency
measures of vertical nystagmus yielded fairly
consistent group patterns across sessions for the
Head Tilts and for the Return-To-Upright head
movements considered independently, but appar-
ently different patterns for the two head move-

I

o

SLOW PHASE NYSTAGMUS (DEG/SEC)

FI1GURE

-
1

Egoﬁ ments (Figures 10 and 11). Thus, for the %
% Control Group, both measures of nystagmus 2
E‘“" g during Head Tilts increased from Pre levels &
z o e e o o during the 1- and 2-hour sessions and then de- T
% el BOURBON  4---s clined steadily; the alcohol groups showed a H
é s0b  ACCELERATION STIMULUS: 3%/ SEC” FOR 18 SEC lesser increase or 1:101’13 at all during the 1- and nC:’J
b o L 2-hour post-drinking sessions, and somewhat Lt
3 PRE 1 2 3 4 3 6 7 8 2 30 variable values across the other sessions (Table g
WOURS AFTER DRINKING 7). However, tracings for the alecohol groups 2
Feure 4. Plots of the nystagmic response measures to lwere not always readily scoralqle, especially Flur— 2
angular acceleration during several post-drinking ing the 1- and 2-hour post-ingestion sessions. -
test sessions expressed as percentages of the Pre- For example, as indicated in Table 7, only five
drinking levels. There is a marked decline In Vodka Subjects provided scorable records for FroURE
trequency, slow phase displacement, and duration  yraaq Tilts during the first post-drinking test. IGUan
of nystagmus during the first two hours after . . £
aleohol Ingestion in the Bourbon and Vodka sup- 11 SOme cases, blocking of the recording pens 8-h
jects. At no time was any response enhancement prevented scoring, in others positional nystagmus
evident after alcohol ingestion. became superinmtposed on the Coriolis response
session and some recovery during the 8-hour and.confounded mt?asurement. In general, g(?od
session for both alcohol groups; Control subjects tracings were obtained from all‘ groups dl'u"mg g r
produced no significant changes. These effects the Pre, 8-, 24, and 30-hour' sessions (see Figure 8
. 12). Since the 8-hour session showed duration &zof
of alcohol on angular-acceleration responses con- =
firm the work of Schroeder.?® Additionals time- and frequency scores that ranged from 9?.’_110 E
. per cent of Pre-values, no “recovery” was evident g0
course comparisons of nystagmus output appear during the 24-h . a
in Figures 7 and 8 for the Pre, the 24-hour, and uring the our ses_smn. 2l
the 30-hour sessions. For all three groups of For Return-To-Upright head movements, how- w
subjects, there was no marked change in fre-  evel, declines for both measures were greater il
quency measures, lgut slow phase nystagmus was during the first day for both alcohol groups, and x
reduced from the Pre-test levels as a function  all three groups produced a response during the s L
of repeated stimulation. 94-hour session that was elevated from that of
Turning Sensation. Plots of the duration of  the 8-hour session (le., some recovery may have A
the turning sensation occasioned by the angular  occurred). Comparison of Pre-drinking meas- an;
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Compare with Figure 7.
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Figuee 9. Duration of the turning sensatioh for each session expressed as a percentage of the Pre-drinking level

A sharp reduction in the sensation time is correlated with peak blocd-alcohol levels,

Recovery was more

rapid for the Bourbon than for the Vodka group. Coutrol subjects demonstrated little change.

# ures with those obtained 24 and 30 hours post-
ingestion indigated no nystagmus enhancement
for the alcoholygroups.

In general, the statistical analyses provided
no evidence for a significant pattern of change
across sessions (Table 8), and only two of 72

10

comparisons yielded significant differences among
the three groups (Table 9).

Coriolis Vertigo. The duration and the aver-
age rated intensity of the Coriolis sensations
were relatively similar for both Tilt and Return
movements of the head within each group (see
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TABLE ?

Corictils (Vurcical) Nystagmua:

Meana and standatd deviations by session for the frequency and deracien

of vertical mystagmis produced by 30° hoad £ilrs snd retuen-

tox
upright head movements during rotation at 15 rpm.
Sessfon
Heaoyre Group Prg 1ehr 2-hr dahe 8~hr 24-hy  30=hc
HEAD TILTS
u Control Mean 14,7 18. 20,0 16.9 5.4, 12,7 13.2
3 5D 8.5 1.7 1.3 1. Lo.5 9.2 9.8
wd
Y Mean 18.6 20,3 1.6 17.2,  18.7_ 16,3 18.6
.,i Bourbon gy 8.7 et 7t 1lg® * 670 hlg®
f- Mean 17.0_  14.6 6.8 15,7 16.2
3 . . . . . 16,4 16.8
‘é Vodka 5D s 3,30 289 s 1 7l 5.7
Mean 14,1  16.5 16.5 4.0 135, L% 10,9
- Control  gp 5.4 5.6 8.0 6.2 5.5 5.4 5.7
Qo .~
s
K] Mean 12,9 t2.9 M3, 10, 4,2, 12,00 12.4
§§§ Bourbon gy 1.6% 400 46" 3.0 5.6 300" 26"
LN
2% Mean 3.8 13,5 9.6, 11.% 12,9 115 11.3
i Vodka o 69" 42 1! 2 sle 52 2%
RETURN HEAD MOVEMENTS
Mean 15,3  13.3 134 .0 4.8 17.9 12,7
s Gontrel g 7.1 6,0 6.4 5.4 5.4 9.6 8.5
o
]
wa Mean 13,6 9.6 10,7 1Ll 110, 136 1.7
Oy Bourbon  gp L L R R
ih
Mean 15.3 10,1 11.6 9.1 2.0 1l.o 12,7
Bg Vedka  gp 5.3 59°  7® sls 39 gl ge®
Mean 11,0 10.0 8.8 9.2, 9.5 119 8.9
Conerol . . . .
oneral gy 3.2 L1 3F 27 a8 40
"
P
- Mesn 2.1 8.5 0.6 10,7 7.3 9.1 8.5
§§o§ Bourbon  gp 362 4.0b 3.9 437 3,58 298 338
743
ind
MY Mean  10.5 4.0 8.1 9.4 W00 101 9.6
&% vodka  gp 28 3 &' 38 17 4o 39t
{ROTE: N=10 for all means unless otherwise Indicated; *He9; 1’m-s;
[
W7, “mes; Nas,)
TARBLE 8
Coriolis (Verrical) Nystagmus:
Results of sratistical evaluations (t tedts For correlated data) of
the significance of the differences between Pre-driaking measures
of nyatagmus and thoee obtained after drinking.
— ¢ for Pre-Drinking Sessjon Vs,
Post-Drinking Sessions
Measure Croup 1-hour 2-hour 4-houzr 8-hour 24 -hour 30-hour
HEAD TILIS
5y Contral  -2.34%  -2.49% -1,23 «0.32 1.27 0.84
«
u B
§E§ Bourbon  ~0.40 «0.25 0.47 ~0.06 112 o
Y
2= vodka 0.08 -0.13 -0.90 0.64 0.16 ~0.40
u
OE Control  -1,69 -1.08 0.08 0.32 1,37 1.26
§
s Bourbon  -0.01 1,03 1.24 0,65 0.59 0.37
[
£
i Vodka  -0.% 1.86 0.62 115 2,83 142y
,
RETURN HEAD MOVEMENTS
wy Contrel  1.07 0.98 0.96 0.97 -L.7L 1.00
3
E w
hi’i Bourben 3.15% 0.79 1.37 L.04 o 1.66
= m
3; 'udka 1.52 o.82 1.75 4, 54k 1.22 0.77
%
si Comtrol 0,90 Lod g 0.87 1.54 -t.61 1.38
‘E .E Bourbon 1.83 1.42 .83 2.82% 1.88 2.30
]
si" Vodka 1,43 1.38 1.12 4.2%% 0,12 1.29
*p < .05 (NOTE: Twe N used for the various comparimons can
w2p < 0L be determined from Table 6.)

TABLE 9
Corlclis (Vertical) Nystagmus:
Results of stacistical evaluat{ons (t tests) of the significance of the
differences berween groups. Comparisons were made of the percontapy

of change between Pre-drinking measures and rhose chrajned after

drinking for Contrel (C), Bourben (B), and Vodka (V) subjecta.

3

Heasure Comparison 1-hour 2-hour Lehour 8+hour 24 -hour JO-huu_r
HEAD TIurS

w Y Cwve. ¥ 1.37 115 0.43 C.7% 0,91 1.48
g
B

Tas Govs. B 0.06 0.73 0.65 0.47 0.51 o7

FR

t5d

22 Vs B 0.69 0.58 0.50 0.38 0.31 0.33

w

| Cwe, ¥ V.66 1.9 .50 R 0.2 .13

58

i Cuvs. 3 0.50 1.75 0.10 Q.45 0.81 0.91

R

W

a= Vs, B .07 062 0.46 0.85 0.77 0.3

RETURN 4FAD WOVEMENTS

vy Cove. ¥ 0.43 0.08 0.95 2.48% 2.25% 0.01
Ea

ek Cus. B L1103 o.12 0.58 6.03 1.08 0.28

R

Ed

2% Vs, B .28 0.03 0.32 1.05 1.28 0.27

B g Cous. v 0.38 0.14 0.40 1.79 0.72 0.0

E B

28 Cus. B 1.80 0.05 0.2% 1.8 2.03 1.10

Wk

g% Vs A L 0.09 0.09 0.48 L.56 L

*p < .03 (NOTE: The ¥ used for the various comparisons can be

deterinlned from Table 7.}

Figures 13 and 14). There was a general decline
in both measures across sessions during the first
day and no striking changes during the following
day. There were some apparent differences
among the groups, however. For Head Tilts,
both the Control and Bourbon subjects showed
some declines across sessions for both intensity
and duration measures; many of these declines
were significantly below Pre levels (see Tables
10 and 11). Only one of the 12 statistical com-
parisons yielded a significant decline in these
same measures for the Vodka group. For Head
Returns, there werd few statistically significant
declines for the two measures of Coriolis sensa-
tions, but all of these (four in intensity and one
in duration) occurred for the Vodka group.
However, in comparing the groups, no statistie-
ally significant differences were obtained at any
session for the intensity measure and only one
of 36 group comparisons yielded a significant
difference for the duration measure (Table 12).

IV. Discussion,

Static Effects

Aleohol Subjects. The demonstration of the
regular appearance of PAN T and then PAN IT
during the first ten hours of testing after aleohol

-
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Figure 10. Frequency c;f Corielis {vertical} nystagmus
for each session expressed as a percentage of the
Pre-drinking level. Scores for the 1- and 2-hour
post-drinking sessions were not plotted for the
Vodka group slnce scorable records were ohtained
from only a few subjects. In no case did aleohol
produce an enhancement of response.

is consistent with the findings of most previous
authors.24°%  Qur finding of the regular con-
version of PAN I to PAN II hetween the fourth
and sixth post-ingestion hour ls,in general agree-
ment with the findings of Walter,®® Aschan et
al.? and Plenkers.*® Contrary to the findings of
the regular appearance of PAN I and PAN II,
Ryback and Dowd?? reported the irregular ap-
pearance of PAN I and PAN II 7-15 houys after
alcohol ingestion. The latter authors reported
PAN T responses from some subjects 7-10 hours
after drinking; from the earlier literature, one
would expect a PAN IT response at this time.
Other authors gzho have extended the testing
period have found PAN II to persist until the
16th to the 20th hour. Plenker’s subject,®® who
had PAN II 20 hours after he began drinking,
had drunk four liters of beer and eight whiskeys

\al

and his blood alcohol was 0.92 mg% at the time
of testing. Walter® had reported prolongation
of PAN II with the prolongation of the drinking
period; however, both Walter®* and Aschan et
al? found no influence on the post-ingestion
duration of PAN I with extension of the drink-
ing period, ie, PAN I appeared to last from
two to five hours after drinking was completed,
regardless of whether the drinking period was
of 80 minutes or of two hours duration,

Our results suggest at least one additional
phase of PAN well beyond the time limits that
might be expected. That phase is the “PAN-I-
type” response, observed in some of our subjects,
24-32 hours after alcohol ingestion. Although
some of the Control subjects showed apparent
positional nystagmus during the same time
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Fieure 11. Duration of Coriolis {vertical) nystagmus
for each session expressed as a percentage of the
Pre-drinking response level, Scores for the 1- and
2-hour post-drinking sessions were not plotted for
the Vodka group since scorable records were ob-
tained from only a few subjects. In general, the
alcohol groups showed some depression of nystagmus
during post-drinking sessions.
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TABLE 10

Corivlis Seasitions:

duration of the Coriolis sensacions {vertigo) produced by 30° head

tilts and rerurn-to-upright head movements durlng

rotation at 15 rpm.

Heans and standard deviations by session for the raced intensity and the

Session
Group Be 1 4 Fl 23T
HEAD TTLTS
Mean  95.0 76,5 710 57, 7. 58. 58.0
Contral  gp 12,9 10.6 16,6  26. 19, 219 24,5
Bourbon Mean 870 62.0  65.5 55, 55. 56.5 48,5
sn 20,0 21.2  27.9 24, 21, 8.1 18.7
Mean 68.5  59.5  58.0  30.5 51, 48.5 51,0
Vodke EY) 33,3 284 270 2.7 29, 26,9  27.1
Hean 9.6 8.8 7.0 6.2 7. 6.8 6.1
Control  gp 5.4 5.0 4.5 3.8 4, 3.5 1.3
Mean 12,9 11,2 11.0 9.5 5. 9.7 9.7
Bourbon g 7.8 6.8 5.6 7.6 5, 7.5 6.9
Mean 8.4 7.3 7.9 6.8 5. 6.5 6.9
Vodka 5D 44 2.2 5.2 1.5 3 7.9 1.2
RETURN HEAD MOVEMENTS
Mean 96.7  97.0  84.0  81.5  B2. B5.5  88.0
Coneral  gp 27,8 .2 0.2 293 2. 23,3 35.6
Mean 37.0 77.2 L1 72,3 T3, 76.3 4.5
Bourbon gp 2505 s0lf w22 9.8 zs. .0 3@.2
Vodka Mean 96,0 83.5  8l.9  77.5 71, 76.5 4.5
5D 19.4 3.8 37.5  29.7 1. .9 27.2
Mean  10.3 9.7 8.1 7.2 6.9 8.2 8.0
Goncrol  gp 1.6 6,3 5.4 4.4 4.5 4.1 7.3
Mean 13.6 13,0 10.1 1l.6 9.1 1.4 10.0
Bourbon  gp 102 8.2 5.1 7.7 5.9 se 7.8
Mean 8.5 2.8 8.4 7.5 7.6 5.0 7.3
Votka sD 3.8 LS K 3.0 4.1 3.3 1.9
1
TABLE il

Coriolis Sensations:

Resulta of sratistical evaluations (t tests for correlated data} of

the significance of the differences betwesn Pre-drinking

measureE and those obtained after drinking,

t for Pre-Drinking Sesslon va.

FostrDrinking Sesgiong

Group 1-hour
HEAD TILTS
Control 3.10%
Bourbon 2.98%
Vodka .66
Control 0.79
Bourbon 2.04
Vodua 1,01

RETURN HEAD MOVEMENTS

Congrol -0,03
Bourbon .56
Vodka 1.12
Conrral .32
Bourbon 0.34
VYodka -0.54

- .05

0l

<001

2-hour

2.79%

2.86%

3.86%*

1.15

0.0

1.25

1.18

9 1.08

1.42

4-hour

J.86%%

4. 2%

2.49%
2.27%

2.02

1.14&

2.38%

1.30

1.57

B=hour

3,649k

¥
4, 1uwk

3.66%%

24=hour

3,74k
3,39

.01

2.04

2.42%

2,35%

9.7L
G.67

J.06*

30=hour

3440k

[

2,11

2.927%

1.8

0.56

1.48

.97

1.97

TABLE 12
Corlolis Sensations:
Repults of staristical evaiuatfons {t tescs) of the significence of the
differences betwean groups. CompariSons were made of the percentage
of change berween Pra-drinking meagures and thowe obtained afrer

drinking for Controi (), Bourbon (B), And Vodka {¥) subjects

[3

Heasurg Comparison 1-hour 2-hour 4rhour 8-~hour Z4-hour 30-hour
HEAD TILTS
o Cove, ¥ 0.95 1.04 1.30 0,45 0,75 0.92
v
38 Cus, B 0.79 0,18 0.09 0.62 0.48 0.2
-
Eu Vs, B 1.42 1.25 1% 0.93 0.47 1.18
-
a ., Cvs. ¥ 0.05 2,36% 112 0,78 0.12 1.32
§4T
2T % € uwvs. B 0.41 2.02 0.32 0.71 9.10 0.71
edd
ER Vs B 0.4 0.28 1.09 .50 0.00 0.64
RETURN HEAD MOVEMENTS
v Cus, ¥ L.2¢ 0.37 0.76 1.26 1.2 1.3%
zE
<25
e Coys. B 0.33 9,31 0.3 ~0,38 0.19 0.64
3 5w
225
EE Yovs. B 0.58 0,07 0.43 6.85 0.91 0.77
w .
Y Cowvs. ¥ u.s1 u.45 0.25 0.35 1,66 0.27
£§2%
a8 C e, B 0.30 6.39 0.02 6.21 0.3 0.37
A
2 - Vovi, B 0.u9 0.0 0.2 0.69 £.2% 0.20
*p .05

period, their responses were direction-fixed. The
nystagmus seen in our alcohol subjects was
direction-changing (ie., right-beating when the
head was to the right and left-beating when the
head was to the left), with the exception of
(a) one or two alcohol subjects (depending on
the session) who exhibited the same direction-
fixed nystagmus which they exhibited during
Pre-trial positional testing, and (b) one subject
(RJ; see Figure 2) who showed a “PAN-II-
type” positional response during the 27-hour
session (but not during the 24-, 30-, or 32-hour
sessions).

Ryback and Dowd?* reported PAN II in sev-
eral of their subjects 34 hours after alcohol
ingestion and hypothesized a “recycling” of PAN
I and PAN II in spite of the irregular appear-
ance of these responses in their subjects. It may
be that our subjects were demonstrating one
phase of fhis “recycling” and Ryback and Dowd’s
subjects showed the following PAN II phase
(since they were tested two hours later than our
subjects). However, discrepancies between the
approach and results of our and other studies
and that of Ryback and Dowd?? make it difficult,
if not impossible, to explain differences in find-
ings. Furthermore, the latter authors showed
no electronystagmographic tracings of the 34-
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Freure 12. Coriolis (vertical) nystagmus recorded from the Head Tilts of a Bourbon and a Vodka subject
during several sessions.

hour responses they reported, and the character
of these responses cannot, therefore, be compared
with our results. Difference in experimental
design, types of subjects, and the differing sleep
periods may account for many of the differences
between the two studies, e.g., dur subjects drank
over a 30-minute period and the testing was be-
gun one hour later, whereas Ryback and Dowd’s
subjects drank over a 114 hour evening period,
and were tested the next morning. It can be
concluded that our study confirms the regular
appearance of PAN I and PAN II during the
first ten hours after alcohol ingestion as reported
most earlier authors, and that some subjects
emonstrated a “PAN-I-type” response from
94392 hours after®lcohol ingestion.
The genesis of these nystagmic reactions is not
clear. However, evidence from studies of ani-
mals'” * indicates that the semicircular canals of

the vestibular system are necessary for PAN.
Money, Johnson, and Corlett have concluded that
PAN is initiated by the action of gravity on
semicircular canal receptors although the site
and “mechani$m of the action of alcohol remain
to be elucidated.” ¥

Control Subjects. A second static effect dem-
onstrated by this study was the intermittent
appearance of apparent positional nystagmuns in
the majority of our Control subjects. There was
a predominance of left-beating nystagmus
thronghout the trials. Coats®® and Bochenek,
et al.,” have demonstrated the appearance of po-
sitional nystagmus in 25% and 32% of healthy
normal subjects. The latter authors found that,
by increasing the gain on the recording amplifier,
they could demonstrate nystagmus in subjects
who had previously not exhibited any., It is felt
that the presence of weak, spontaneous positional
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Freuee 13. Rated intensity of Coriolis sensations for
each session expressed as a percentage of the Pre-
drinking level. A general decline is evident for all
three groups.

responses in such a large percentage of our sub-
jects may reflect, in part, our test procedure
which we consider optimal for the detection of
nystagmus,’® 121 je, an electronystagmogram
obtained from an alert subject with eyes open in
a totally-dark room. However, an additional
factor which may have contributed to the large
number of weak positional responses which we
obtained might have been our procedure of hav-
ing the subject turn his head, thereby activating
neck reflexes. At any rate, our results suggest
that, under some conditions, positional nystagmus
may be present in a greater number of “normal”
subjects than previously reported. &

Dynamic Effects

Angular Acceleration. Our finding of a de-
cline in the nystagmic response to angulap ac-
celeration in darkness after the ingestion of
aleohol confirms the work of Schroeder.?® This
response suppression during the first two hours
aftgr drinking was statistically significant for all
three measures of nystagmus for both alcohol
groups. In general] the response recovered after
the first two post-ingestion hours, but some meas-
ures (e.g., slow-phase nystagmus for both groups)
were still significantly below pre-drinking levels

eight or more hours post-ingestion. Authors re-
porting an enhancement of nystagmus from
caloric irrigations or from rotatory stimuli con-
ducted their tests in lighted rooms and were most
likely demonstrating a depressant effect of aleohol
on the ability of the subject to inhibit nystagmus
by fixating his eyes.**2* The duration of the
turning sensation from the alcohol subjects was
shortened during the first hour after drinking,
but exhibited recovery during subsequent tests.
Coriolis Stimulation. Our alcohol subjects
demonstrated no statistically sigmificant change
from pre-drinking levels in number of beats or
duration of nystagmus to Coriolis stimulation
either during the period of intoxication or the
next day. Similarly, there was little effect of
aleohol on either the rated intensity or the dura-
tion of vertigo, In fact, the 24- and 30-hour
post-ingestion. responses to Coriolis stimulation
were decreased from pre-drinking levels (al-
though not significantly) in both of the alcohol
groups. This finding is in contrast to the report
by Ryback and Dowd?? of increased subjective
tumbling in both their alcohol groups, an en-
hancement in duration and frequency of nys-
tagmus from their bourbon subjects, and an
increase in frequency {with a decrease in dura-
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Figure 14, Duration of Coriolis sensations for each
session expressed as a percentage of the Pre-drink-
ing level. All groups show a decline.




tion) in nystagmus from their vodka subjects,
34 hours after the ingestion of aleohol. A factor
possibly affecting the latter authors’ findings was
their use of some “habituated” subjects; the re-
ported enhancement may conceivably represent
release of the central habituating mechanism in
those subjects due to the alecohol. (Aschan! has
presented data, primarily from fighter pilots,
which indicate that alcohol may eliminate estab-
lished response declines to vestibular stimulation.)
In addition, our subjects made active head move-
ments (involving neck reflexes), while theirs
received passive, whole-body tilts during rotation.

Congeners. Although there were minor differ-
ences between the Bourbon and Vodka groups,
there were no consistent effects which might in-
dicate more severe or longer-lasting influences
on vestibular nystagmus of a congener as op-
posed to =& non-congener beverage. Also, the
incidence of headache or hangover as reported
by our subjects was somewhat higher for Vodka
subjects (non-congener) than for Bourbon sub-
jects (congener).

YV, Summary.

1. More spontaneous nystagmus was recorded
from our Controls than might be expected from

16

D

previous studies. This nystagmus occurred in-
termittently in several subjects and at least once
for each man throughout the trials. Our method
of recording in a dark room from an alert sub-
ject with open eyes and/or the influence of neck
reflexes occasioned by turning the head right or
left may have contributed to this spontaneous
response.

2. The usual PAN I and PAN IT responses
were obtained. In addition, a positional nys-
tagmus beating in the same direction as PAN I
was recorded during periods 24-32 hours after
the ingestion of alcohol.

3. Alcohol served mainly to depress vestibular
responses in darkness. Decreases in turning sen-
sations and in nystagmic responses to angular
acceleration oceurred primarily during the first
hour or two after drinking. In general, alcohol
produced no consistent effects on either the verti-
cal nystagmus or the vertigo produced by Coriolis
stimulation. Coriolis responses 24-30 hours
after the ingestion of alcohol showed a reduction
in both duration and frequency of nystagmus
over pre-drinking response levels.

4. There appeared to be no consistent differ-
ential vestibular effects between congener and
non-congener beverages in our subjects.
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