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Visual stimulation by a flash of light directed
into the eyes appears particularly suitable for
studying sensory input in man. The light stimulus
is innocuous and controllable. With the aid of
electronic averaging devices the visually evoked
response {VER) can easily be distinguished from
electroencephalographic background activity. In
this study the technique was applied to objectively
measure cerebral effects of preanesthetic drugs ad-
ministered to 124 patients scheduled for surgery.

Sedative and tranquilizing agents tended to alter
certain components of the VER similar to natural
sleep. With the substituted phenothiazines, par-
ticularly chlorpromazine, an initial state of turbu-
lence was often observed before the characteristic
depression was recorded. Morphine sulfate did
not significantly affect the VER. Of the various
muscarinic cholingeric blocking agents employed,
scopolamine hydrobromide proved to be most ef-
fective in altering the VER while its quaternary

1 methscopolamil which is known to
penetrate the blood-brain barrier with difficulty,
had no significant effect.

THE AvAILABILITY of modemn electronic aver-
aging techniques for recording sensory re-
sponses via scalp electrodes has opened a
new, objective approach to the study of
pharmacodynamic effects of drugs on the
central nervous system. Among the various
sensory reactions of interest to the physician,
pain certainly is the most important; but since
pain areas are not well represented in the cere-
bral cortex it is difficult to study this reaction
using scalp recordings. On the other hand,
sensory modalities such as touch, propriocep-
tion, and especially vision, are well represented
in the human cerebral cortex and can easily
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be monitored by overlying clectrodes. Visual
stimulation by a flash of light is especially suit-
able for studying sensory input in man because
such a stimulus is innocuous and can casily be
produced and controlled.

As a result of previous studics of the effects
of various anesthetic agents on visual input,:?
it became apparent that visually evoked re-
sponses in man can be altered in various ways,
depending on the anesthetic agent used and
the degrec of anesthesia present. It was
found, however, that the response was influ-
enced by the type of preanesthetic medication,
These studies indicated that drugs which
relieved anxicty, and especially those with
hypnotic properties, caused rather dramatic
changes in the visually evoked response.
Therefore, we have applied the visually evoked
response technique to the study of cerebral
effects of various drugs used in preanesthetic
medication, to determine its usefulness in the
objective measurement of the efficacy of these
agents to suppress visual sensory input and
promote sleep.

Averaging Technique for Visually
Evoked Responses

A sensory input, such as light flashed into
the eyes, causes a change in the electrical
activity of the nervous system which can be
amplified and recorded by means of an EEG
or other high gain amplifiers, on an oscillo-
scope or photographic film. The electrical
waves obtained are called the visually evoked
response (VER). Such a response can be
easily identified in an EEG recording from the
exposed cercbral cortex. However, using
scalp electrodes the VER can only occasion-
ally be distinguished from spontancous brain
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wave activity in man as shown in the left
hand portion of figure 1.

In order to identify the evoked response in
the EEG of man, computer techniques must
be employed. The computer has to be pro-
grammed to initiate the sensory stimulus. Al
electrical activity resulting from the input
stimulus is then clectronically added or sub-
tracted until an average of a given number of
inputs is obtained. The resultant average can
be written out as a permanent record as shown
in the right portion of figure 1. It may be
noted that the VER obtained in the visual
areas of the brain (O; and O,) are of the
largest amplitude and have the shortest
latency.

Application of Visual Stimulus. A CAT
computer was used and set for a 500 milli-
second analysis, with an internal trigger for
repeating at l-second intervals. A pulse
counter served to stop the light-flashing auto-
matically, after 200 pulsations. An amplified
synchronizing pulse at ordinate 20 was used
to trigger a Grass stimulator and photic unit
set for a flash intensity of 2 and flash duration
of 10 microseconds. The strobe light was
enclosed in a sound-dampened lucite hox to
reduce the sound of the lamp click and placed
at a distance of 15 ¢cm. from the subject’s eyes
(fig. 2).

EEG Recording. An Offner Type R 8-

channel electroencephalograph was used for
amplification and recording. The electrodes
(Grass silver-dise type) were placed in accord-
ance with the 10-20 International Electrode
System.*  Bentonite clectrode paste with a
piece of gauze served to anchor the clectrode
to the scalp (fig. 2). Electrical potentials
were obtained from Fp,, F,, C,, O,, and O, to
both ears which served as a reference.

The filter settings were placed at high 1
and a time constant of 0.3 seconds for record-
ing the EEG. The output voltage of the 4
channels which recorded C,, P,, O, and O,
constituted the input of the computer. The
analogue output of the computer was recorded
as a DC input on one channel of the EEG;
400 milliseconds after the light flash was
analyzed. All recordings were made on the
left side of the head to both ears which served
as the indifferent site. Throughout the entire
study, negativity was represented as “up” in
the tracings.

An  electrocardiographic recording, from
lead 2, was obtained at the same time.

Subjects. One hundred and twenty-four pa-
tients were selected who were known to be free
from neurologic or psychiatric disorders. Both
sexes were included and the ages ranged from
2 to 75 years. In each case, the purpose of
the study was carefully explined to the pa-
tient (or relatives) and permission was ob-
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tained for carrying out the procedure. No
narcotic analgesics or sedatives were adminis-
tered during a period of at least 12 hours
before the VER recordings were made.
Preanesthetic Medication. With the patient
resting comfortably in a supine position an
intravenous infusion containing 5.0 per cent
dextrose in 0.2 per cent saline solution was
started, and four sets of the VER (subject’s
eyes closed) were obtained to establish a base-
line reference. Through the intravenous
tubing, one of the following medications was
then administered over a 30-second period:
muscarinic  cholinergic blockers such as
scopolamine hydrobromide (0.008 mg./kg.,
14 subjects; 0.007 mg./kg., 7 subjects),
methscopolamine  bromide  (0.0055 mg./
kg., 11 subjects), atropine sulfate (0.0046
mg./kg., 13 subjects; 0.0092 mg./kg., 14 sub-
jects), and l-hyoscyamine sulfate (0.00488
mg./kg., 12 subjects; 0.0098 mg./kg., 8 sub-
jects). In addition, the following sedative,
tranquilizing, analgesie, or psychomotor stimu-
lant drugs were administered intravenously
over a 5-minute period: secobarbital sodium
(2.0 mg./kg., 11 subjects), chlordiazepoxide
hydrochloride (1.0 mg./kg., 10 subjects), chlor-
promazine hydrochloride (0.5 mg./kg., 5 sub-
jects), promethazine hydrochloride (0.5 mg./
kg., 8 subjects), morphine sulfate (0.13 mg./
kg., 6 subjects), and d-amphetamine sulfate
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Fic. 2. Placement of
the strobe light above the
patient’s face and posic
tion of the EEC cleo-
trodes,

(0.05 or 0.1 mg./kg., 7 subjects). Three min-
utes after the administration of the medica-
tion, a series of light-flashes were applied and
repeated at about 5-minute intervals, The pa-
tient’s state of consciousness was determined
by his reaction to auditory stimuli and by
characteristic changes in the EEG pattem.

Results

Effects of Natural Sleep. Few patients were
able to fall into natural sleep without any
premedication, before the induction of anes-
thesia. Some subjects did fall asleep during
the control testing procedure, possibly because
of the hypnotic effect of the flashing light, but
in most cases sleep occurred only when
the environment was particularly conducive.
During the series of light flashes the EEG was
monitored for the presence or absence of
alpha rhythm, flattening of the waves, theta
or delta waves, and sleep spindles. When
sleep spindles were evident and the patient did
not respond to a sharp sound, he was con-
sidered asleep. Frequently at this stage the
patients showed depressed respiration and
occasionally temporary obstruction of the
upper airway as evidenced by snoring which
was easily controlled by supporting the chin.
After four to six recordings the patient was
awakened and questioned about events im-
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mediat-lv preceding as a further check on
his staiz of sleep.

Figure 3 illustrates the characteristic altera-
tions in the VER recorded at the inion to both
ears as a reference. This subject showed the
typical pattern, as described by Cigének,! of
a person who is awake but with his eyes
cdosed. Within 100 milliseconds after the
light flash, a primary complex consisting of
waves 1, 2 and 3 can be identified; during the
next 130 milliseconds a secondary wave com-
plex appears which consists of a predominantly
positive or downward deflection.  Subse-
quently, characteristic waves of approximately
100-millisecond intervals are observed which
represent the rhythmic afterdischarge, and ap-
pear to correspond to the alpha rhythm, It
may be noted that waves 1 through 7 and
the rhythmic afterdischarge were prevalent
initially; as the patient became drowsy the
alpha rhythm and the afterdischarge disap-
peared, and the height of wave 3 was reduced,
whereas waves 4 and 6 were still prevalent.
With more profound sleep the secondary
complex became markedly enhanced, es-
pecially in wave 4. When the patient was
aroused the VER promptly returned toward
the control pattern.

Effects of Sedative Agents. In general,
those agents which promoted natural sleep

STATE
i AWAKE
Fic. 3. Effects of nat- W
unal sleep on the VER
in man. The light flash
(arrow(; appears 100 mil-
liseconds atter the initia-
tion of the tracc. Note  DROWSY

that the states of drowsi-
ness, light sleep, and
sleep coincide with a
progressive reduction in
the primary complex, es-
pecially wave 3, and an
increase in the secondary
complex, especially wave

The rhythmic after-
ischarge tends to dis-
appear with absence of
the EEG alpha rhythm,

LIGHT SLEEP

ASLEEP
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caused a marked diminution in the primary
complex, especially wave 3, and enhancement
of the secondary complex, especially wave 4.
The latency as well as amplitude of these two
waves were measured. Table 1 summarizes
the data obtained with regard to these
components in studies involving secobarbital,
chlordiazepoxide, and promethazine.

SECOBARBITAL: In most instances, the ad-
ministration of secobarbital sodium produced a
transient comatose or semicomatose state, from
which the patients recovered within 30 to 60
seconds after injection. After being awakened,
these patients tended to go back to sleep if
left undisturbed, and most could easily be
awakened. In several cases, however, the
patients were found to be in a coma from
which they could not be aroused, within 10
minutes after the administration of seco-
barbital. Thus, an early stage of coma com-
plicated the picture of natural sleep associated
with this drug,

There were marked individual variations in
the effects of secobarbital on the VER. As
can be seen in table 1, this dose of seco-
barbital had no significant effect on the la-
tency and amplitude of wave 3 in the primary
complex, as evaluated by paired comparison
student ¢ test;® the tendency for wave 3 to
decrease in amplitude was not found to be

0z~-R
PRIMARY  SECOND- AFTERDISCHARGE
COMPL. ARY

- |5y.v

PATIENT: J. F. 4 100 msec
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TasLe 1. Lffects of Various Sedative Agents on Certain Components of the VER

Wave 3 Wave
Dose —_—
Drug (mg./kz.) I3
N | Before £ S.E.| After £ S.E. Value | N | Before +S.E, After +5.E, s
Value
Secobarbital 20 9 | L8L19+10 |1 8252100 | <05 9 L1258+ 39 L 126.74+29 |<os8
11 1A 22 2083 [A 1.6 %058 | <04 1 [A L15+ L18] A 803+1.28 <0.00t
Chlordiazepoxide Lo 10 | L 80.78£2.49 | L 80.77 £2.74 | <0.9 10 1L 1247 + 46 | L 131.45+1.08 | <003
10 [A G16£1.99 | A 3112078 [ <0.2 10 [A 10.68:£ 2.85 | A 1243331 | <01
Promethazine 0.507 6 [L780 £7.16 | L77.4 +7.51| <09 G 111191241044 | 1, 124.58:£8.01 | <02
6 | A 238:£040 | A L15£0.28 | <0.02 6 |A 6273 103 A 7.22xL19 | <0y
The latency (L) is expressed in miltiscconds after the light flash and the litude (A) in . A bel fter paired

comparison student *'t" test was used to determine the probability value of significance.

statistically significant (P <0.4). On the
other hand, the amplitude of the postive wave
4 in the secondary complex was greatly en-
hanced, being almost doubled, and the signifi-
cance of this factor was confirmed statistically
(P <0.001). There was no significant change
in the latency of this response.

Figure 4 illustrates the effect of secobarbital
sodium on the VER in one case. During the
intravenous infusion of dextrose and saline, the
VER pattern recorded as a reference was
characteristic for a person fully awake. As
repetitive sets of light flashes were averaged
the previously noted rhythmic afterdischarge
gradually disappeared, and was no longer
prevalent after the fourth set even though the
primary and secondary complexes could still

)

Drug Trealment

5.0 % DEXTROSE
0.2 % SALINE

SECOBARBITAL Na, 1.V.
2 mg/kg DROWSY
DRUNK

ASLEEP

q
PATIENT: J.M.

3
AWAKE —-—r—/\/v"/-’l
\__v}\}_,\/\, tal.
! 4
4

be identified. Shortly after the administra-
toin of secobarbital sodium, while the subject
was still awake, the primary complex was now
considerably diminished and the secondary
complex enhanced. Within 20 minutes after
the injection the subject was in profound
sleep, with marked diminution of the primary
complex and enhancement of the secondary
complex. There was no rhythmic afterdis:
charge and the EEG showed no alpha-like
rhythm. The drug-induced sleep resembled
natural sleep.

Curorbiazepoxie: Chlordiazepoxide hydro-
chloride, as could be expected, had a depres-
sant effect much less intense than that of
secobarbital; however, most of these subjects
did tend to fall asleep. Although the record-

0z -R

34 Fic. 4. Effects of se-
cobarbital sodium on

VER in man. Note pro-
gressive  reduction  in
wave 3 and enhancement
of wave 4 after the ad-
ministration of secobarbi-

3 4

1

_Jown

100 msec
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3
5.0 % DEXTROSE LV AWAKE 7
0.2 % SALINE o 3
AWAKE ) 4
Fic. 5. Effects of A
chlordinzepoxide  hydro- AWAKE n b
chlorice on the VER in Yooy
man, ote that a reduc- AWAKE v
tion of wave 3 following }
the administration of v
chlordiizepoxide is de- 3
tectabic but that these CHLORDIAZEPOXIDE HCIl, LV, awake
changes are not as pro- [t
nounced as shown with 1 mg/kg
secobarbital in figure 4 DROWSY ——-]/k/\f\/V
3
ASLEEP —-..l..J\af\/“""
ASLEEP : RS
' ISuv

ings showed a tendency toward a decrease in
amplitude of the primary comples, especially
wave 3, the decrease was not statistically sig-
nificant. There was no effect on the latency
of response of wave 3; while the latency of
wave 4 tended to increase, the difference was
barely significant (P =0.05). The ampli-
tude of wave 4 tended to increase also, but
since this factor varied considerably among
the patients it could not be considered sta-
tistically significant. In general, the effects of
chlordiazepoxide may be described as differing
from those of secobarbital only in degree.

Figure 5 shows the cffects of chlordi-
azepoxide on the VER in one case. During
the dextrose-saline infusion the patient re-
mained awake, and a clear-cut primary-
secondary complex was recorded.  Five
minutes after the administration of chlordi-
azepoxide hydrochloride the subject was still
awake and showed an essentially normal VER.
As the subject became drowsy and lapsed
into a light sleep the primary complex was
dearly reduced. No marked changes in the
amplitude of the secondary complex were
noted. .

SUBSTITUTED PHENOTHIAZINES: As with the
other preanesthetic medications, both chlor-
promazine and promethazine hydrachloride
were given as intravenous infusions over a
S-minute period. After chlorpromazine, the

PATIENT: H.‘é. 100 msec

patients  characteristically  showed marked
motor restlessness.  Although they would close
their eyes and try to relax, bizarre motor move-
ments were frequently observed. The pa-
tients were somewhat apprehensive, and after
they appeared to be asleep motor restlessness
continued. This combination of hyperactivity
and anxiety forms a characteristic state of
initial turbulence which has been noted before
but has not been emphasized. Occasionally
a patient complained of pain along the course
of the vein in which the injection had been
made. No significant changes in blood pres-
sure were observed. VER recordings showed
no significant change in the amplitude or
Iatency of the primary complex. The latency
of wave 3 was slightly prolonged, but not to a
significant degree; the prolonging of latency
in wave 4 was statistically significant, however
(P <0.05).
showed no significant change in amplitude.
In contrast to the effects of chlorpromazine,
promethazine in equimolar doses produced
much less initial turbulence, and the injection
was somewhat less jrritating.  Some motor
hyperactivity appeared early in the sleep
phase, but this was not marked. There was
no significant change in latency of waves 3
and 4. There was a significant reduction in
amplitude of wave 3 (P <0.02); the ampli-

On the other hand, wave 4.
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AWAKE -——v-/a\/\/\/\& Fic. 6. Effects of
} chlorpromazine  hydro-
AWAKE 4 chloride on the VER in
} man. Note that the pri-
4 mary complex is not de-
3 pressed after the adminis-
CHLORPROMAZINE HCI, V. awake glol ihonch Ghaorpromazing
0.5 mg/kg /_./\/\/‘/\ wave 4 is slightly “pro.
DROWSY T 34 longed.
ASLEEP __Tja\‘/\f\.
ASLEEP
4
4
I.'mv
PATIENT: Y.C. 100 msec

tude of wave 4 tended to increase, but not
significantly.

The effects of chlorpromazine on the VER
in one case are shown in figure 8. The initial
recording for this patient showed a marked
primary complex and a clear-cut secondary
complex. It can be seen that chlorpromazine
administration did not particularly affect the
primary complex, whereas the secondary com-
plex showed early enhancement of wave 5

Drug Treatment

and decrease in wave 4. As the patient be-
came drowsy and finally fell asleep the primary
complex was still evident; the secondary com-
plex, especially wave 4, became enhanced.

Figure 7 shows the effects of promethazine
on the VER in one case. Here it can be seen
that the primary complex was progressively
reduced as the patient fell asleep. In contrast;
the secondary complex, especially wave 4,
tended to increase.

0z-R

5.0 % DEXTROSE } LV AWAKE W
o R'A s
0.2% SALINE AWAKE VT*’\}\/\/"
AWAKE -‘r-}\“(\,\/\:
AN Fic. 7. Effects of pro-
AWAKE VT‘/\/\-/\/\ methazine hydrochloride
on the VER in man. Note
N a_progressive reduction
3 of wave 3 of the primary
PROMETHAZINE HCI, LV. AWAKE complex after the admin-
0.5 mg/k 4 3 istration of promethazine.
. g/ xg DOZING _____.,\/\,\l
ASLEEP —-j_./"‘\a/\/\n
ASLEEP N
q Suv
PATIENT: C.H. 100 msec
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Drug Treatment 0z -R
3
5.0 % DEXTROSE AWAKE -—T-/a\,_/\/‘
3
0.2 % SALINE —"""/\-—.N‘”
AWAKE
b o34
Fic. S. Effects of mor- Awake \_r/;,,\,,/\m

phine sulfate on the VER
inman. Note that neither
the primary nor the sec-
ondary complex_are sig-
pificantly altered follow-
ing the administration of

morphine sulfate. 0.13 mg/kg

The difference between chlorpromazine and
promethazine in their effects on VER in man
appears to be related to the property in
chlorpromazine that causes initial turbulence
followed by restlessness in sleep, with an asso-
cated lack of change in the VER primary
complex. The effects of promethazine, on the
other hand, appeared quite similar to those
of natural sleep, with regard to VER changes.

Effects of Narcotic Analgesia. It may be
noteworthy that all of the patients who re-
ceived morphine sulfate tended to remain
awake; none relaxed sufficiently to facilitate
normal sleep. There were no significant
changes in blood pressure, although the respi-
ration rate showed a transient reduction in
some cases. Characteristically, marked pupil-
lary miosis was observed in all instances. In
view of these conditions it was not surprising
to note little alteration in the VER, as illus-
trated in figure 8. The configuration of
the primary complex underwent insignificant
changes after the administration of morphine
in this case, and the patient remained awake
throughout the entire testing procedure.

Effect of Psychomotor Stimulation. The
VER effects of intravenously administered
d-amphetamine sulfate were observed in 8
cases, in 3 of which the patients received a
second dose of 0.05 mg./kg. about 30 minutes
after the first dose, for a total dose of 0.1

MORPHINE SO4, LV,

AWAKE

AWAKE ’_T’,\/\./'\"

AWAKE
AWAKE

Suv

PATIENT: L.B, 100 msec

mg./kg. In none of these cases were there
any particular changes in behavior, blood pres-
sure, heart rate, or VER. Paradoxically, two
of the subjects showed an increase in alpha
rhythm after the drug was administered; this
was not noted in the other cases. No side
effects were noted except occasional dryness
of the mouth.

Effects of Muscarinic Cholinergic Blocking
Drugs. Although these agents exert similar
peripheral muscarinic blocking actions, their
effects on the central nervous system differ
considerably, so that the VER of drugs with
chiefly peripheral action could be expected to
differ from that of central depressant com-
pounds. Table 2 summarizes the effects of
the agents selected for our study, with Tespect
to waves 3 and 4; differences in latency were
occasionally found which, although minor,
were statistically significant. For example,
with a dose of 0.0046 mg./kg. of atropine
an increase in the latency of wave 3 was ob-
served (P < 0.001); surprisingly, the larger
dose, 0.0092 mg./kg., did not cause any sig-
nificant change in the latency of this response.
With Lhyoscyamine, neither dosage level
affected the wave 3 latency significantly.
Latency in wave 4 was not affected by either
drug. Thus, the general conclusion is that
atropine and l-hyoscyamine do not markedly
affect either the primary or secondary complex
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TansLe 2. Effects of Various Muscarinic Cholinergic Blockers on Certain Components of the VER

—r e
Wauve X Wuve 4
Drig Dose __
& (. /ke.) »
N | Belorex8.I. | After£8.E. Valu N Before £8.1, After 8.1, b
e Value
Atropine 0.0046 13 1L 754 4501 [ 1,802 +491 | <0001 12 | 1, 122.5 +4.44 | 1, 124, <0.3
13 1A 26 2068 2.8 £0.56 | <0.5 I A TR5LLEG | A 7. <06
{
Atropine 0.0092 14 | 1.80.2 +4.11 <0.6 14 ] L123.01£6.01 | I, 127.29 +:6.28 <0.1
1 A 103 £2.88 <0.2 MO A 11204305 | A 111 %173 | <0
I-Hyuscyamine 0.0019 10 <0.7 12 | L1222 £897 | L 1230 +86 <0.7
1 <0.9 12 [ A 102 218 | A 85 %129 [ <01
I-Hyoseyamine 0.0098 7 <0.3 8 L 1250 4657 | <08
8 <0.4 8 A 109 x227 | <00t
Bcopolamine 0.0060 12 <001 | 12 | L 122.046.39 | L 131.08+7.02 | <0.02
14 <0.001) 12 | A 13.86:2.18 | A 1625323 <0.t
Scopolamine 0.0070 7 <04 7| L13LOTx7.5 L 136,78 812 | <02
7 [A 106 £2.06 6. <0.1 7 1A 16891478 | A 197 £436 | <02
Methscopolamine |  0.0055 10 | L7839+3.98 [ L 77.2 4.2.86 | <0.6 9 1 L1197 2414 | L 12036478 | <07
11 [A 2853050} A 3.2 053 | <0.2 9 1A GITxLG7 | A BI6£L52 | <06
The lulcncy (L) is expressed in milliseconds after the light flash and the littude {A) in mi Its, A befq fter com-
parizon student 4" test was used to determine the probability value of significance.
of the VER, a conclusion that may be related Discussion

to the fact that these agents do not produce
central nervous sedation—in fact, atropine at
least has been reported to produce some
central stimulation.

In contrast to the relative lack of effects
with atropine and lhyoscyamine, scopolamine
exerted significant depressant actions on the
primary complex of the VER, increasing the
latency and decreasing the amplitude of wave
3. Both latency and amplitude of the second-
ary complex appeared to be enhanced. At a
higher dosage level the VER alterations were
similar but in greater degree. In general, the
effect of scopolamine on the VER was similar
to that produced by natural sleep, in accord-
ance with the basic clinical knowledge that
scopolamine characteristically promotes sleep.

An interesting comparison was made be-
tween scopolamine hydrobromide and its
quaternary analogue methscopolamine bromide.
Although the analogue exerts all the peripheral
effects of scopolamine and is in fact more
potent, it lacks the sedating property of the
latter because the quaternary compound is
known to penetrate the blood-brain barrier
with difficulty. When the two agents were
compared at equimolar dosage levels, meth-
scopolamine produced no significant change in
the amplitude or latency of waves 3 or 4, in
contrast to the actions of scopolamine (table
2; fig. 9).

Modern electronic averaging devices have
greatly simplified the recording of visually
evoked responses in man, so that in an electro-
encephalographic procedure the evoked poten-
tials may readily be distinguished from back-
ground activity. Many investigators have sug-
gested their own terminology for the wave
forms associated with respective occipital scalp
leads. We have favored the terms used by
Cigdnek,’ who systematically studied in man
the effects of natural and induced slecp on
the VER.

Cigdnek concluded that natural sleep, thio-
pental anesthesia and chlorpromazine sedation
did not produce any significant changes in the
primary evoked response, which he reported
(waves 1 through 3) to be unaltered except
for a prolonged latency. He found the second-
ary responses to be enhanced and noted that
the rhythmic afterdischarge tended to dis-
appear. The results of our study, however,
indicate that during natural sleep the primary
complex is not only slowed but depressed,
while the secondary complex increases
markedly in amplitude in accordance with
the depth of sleep. Ebe and co-workers 2
reported somewhat similar findings, and said
that the intensity of the light-flash must be
taken into account for proper interpretation of
the VER. They found that although the
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amplitu ‘¢ of the response was considerably
greater siuring sleep than while awake, the
thresho..i to the flash-stimulus was more than
a thou: .nd-fold higher during sleep. In our
experiments, in which the intensities of light
were rciatively low and were kept constant
throughiout, a marked reduction in the primary
complex and enhancement of the secondary
complex (especially wave 4) was frequently
observed in both natural and drug-induced
sleep. [t is difficult to decide whether the
depression of the primary complex (waves 1
through 3) represents reticular inhibition of
sensory input while enhancement represents a
lack of such inhibition, or whether such
changes in the VER result from decreased or
increased synchrony of unit discharge. Per-
haps because of the long duration of averaging,
an enhancement of the primary complex, par-
tielarly wave 3, during light sleep was rarely
seen.  On the other hand, the amplitude of
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Fic. 9. Differential ac-
tions of equimolar doses
of scopolamine hydro-
bomide and methsco-
polamine bromide on the
VER in man. Note that
scopolamine reduces wave
3 of the primary complex,
enhances the “secondary
complex and the rhyth-
mic afterdischarge while
methscopolamine has no
significant effect,

AFTER

4
PATIENT: M.P.

VISUALLY EVOKED RESPONSES IN MAN

— —t —)
™ o w w o
Y . [N
o

W

339

wave 4 in the secondary complex was clearly
and significantly enhanced especially during
matural and drug-induced sleep.

The observations made with muscarinic
cholinergic blocking agents are especially inter-
csting.  Scopolamine hydrobromide clearly is
unique with respect to all the other agents
studied. The actions of this drug in prolonging
the latency of both primary and secondary
complexes, decreasing the amplitude of the
primary while enhancing the secondary com-
plex is quite in accordance with its well-known
sleep-producing  characteristics. In contrast,
methscopolamine, known to be more potent
in muscarinic-blocking,'® showed no such ef-
fects on VER, presumably because as a
quaternary analogue it cannot easily penetrate
the blood-brain barrier. ‘The actions of scopol-
amine are probably due to a direct central
effect rather than peripheral, a conclusion
strongly supported by the obscrvation that
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atropine and l-hyoscyamine did not signifi-
cantly alter the amplitude of the primary and
secondary complex. Changes in pupillary size,
therefore, cannot explain the actions of scopol-
amine. In some instances atropine and
l-hyoscyamine appeared to prolong latency,
but this was not a consistent finding when
the dosage was increased.

Our early impressions %2 that atropine had
a stimulating effect resulting in a significant
increase in the amplitude of wave 3 were not
borne out by more detailed studies and sta-
tistical analysis. Although such an effect was
noticeable in some cases, the overall increase
in amplitude was too slight to be statistically
significant. Therefore, we are unable to add
to the evidence for or against the hypothesis
that atropine is a cortical stimulant in man.

Our limited studies with the psychomotor
stimulant, d-amphetamine, suggest that with
the relatively low doses used there is no sig-
nificant effect on the VER. This seems to
correlate with the observation that our patients
showed no significant psychomotor stimulation
from these doses of d-amphetamine.

From the data presented it may be con-
cluded that VER in man can be a valuable
tool for the objective measurement of the
efficacy of preanesthetic drugs to suppress
visual sensory input and promote sleep. As
other afferent systems, particularly pain, will
be studied in the future applying evoked
response techniques, it may be possible to
select preanesthetic agents as to their effective-
ness to block various afferent systems thereby
producing optimal conditions for the induction
of general anesthesia in man.

Summary

Visual stimulation by a flash of light directed
into the eyes is especially suitable for studying
sensory input in man under varying conditions.
With the aid of electronic averaging devices
the visually evoked response can readily
be distinguished in electroencephalographic
tracings. In this study the technique was
applied to objectively measure cerebral effects
of various drugs used in preanesthetic medica-
tion. Responses were obtained before and
after the administration of the agents in 124
patients scheduled for operation.

Sedative drugs tested included secobarbital,

G. CORSSEN AND E. F. DOMINO

M':;'-Z}Trﬁhllou
chlorpromazine, promethazine, and chlord;-
azepoxide. Except for chlorpromazine, these
drugs tended to depress the primary complex
and enhance the secondary, especially in those
instances where “natural” sleep was induced,
With the substituted phenothiazines, a state
of anxiety and motor hyperactivity followed
soon after the drugs were injected, the reaction
being more pronounced with chlorpromazine
than with promethazine. After this initial
stage of turbulence, however, the character-
istic depression usually reported for these
drugs was observed. The narcotic analgesic,
morphine sulfate, and the psychomotor stimy.
lant, d-amphetamine, did not significantly alter
the primary and secondary complexcs. Of
various muscarinic cholinergic blocking agents
studied, scopolamine hydrobromide reduced
the VER primary complex to a much greater
degree than did Lhyoscyamine hydrobromide
and atropine sulfate. The latter agents had
relatively little effect on VER, and this ob-
servation applied also to methscopolamine
bromide, a quaternary compound which can-
not easily penetrate the blood-brain barrier.
With regard to atropine, detailed study and
statistical analysis failed to yield evidence
either for or against the clinical impression
that this drug may exert a cortical stimulant
cffect.

The results of this study indicate that the
VER in man may be of value in objectively
measuring the effectiveness and ability of
drugs used in preanesthetic medication to sup-

press visual sensory input and promote sleep. -

As other afferent systems, particularly pain,
will be studied in the future with the aid of
averaged evoked response techniques, it may
be possible to select preanesthetic agents as to
their efficacy to block various sensory inputs
and thereby produce optimal conditions for the
induction of general anesthesia.
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TETANUS In patients with generalized tetanus in whom respiratory function was
considered to be impaired, vital and maximum breathing capacities were low during
the acute and benign phases of the disease. Ventilatory volumes returned to normal
only after a period of two to three months. Pulmonary compliance, maximal
inspiratory and expiratory flow rates were abnormal; reduced ventilatory capacity
resulted from a combination of chest rigidity and fixation of the diaphragm; follow-up
roentgenographic examination of 2 of the 4 patients showed complete restoration
of diaphragmatic motion after 34 to 60 days. Arterial oxygen saturation was not

reduced to levels which by themselves could be considered a threat to life.

Carbon

dioxide retention was not observed. Respiratory failure is rarely the primary cause

of death in tetanus.
Chest 45: 63 (Jan.) 1964.)

(Kloeizel, K.: Studies on the Cause of Death in Tetanus, Dis.

HALOTHANE HEPATOXICITY The number of halothane anesthetics admin-
istered probably amounts to several millions, yet the number of alleged cases of post-
halothane jaundice is presently less than thirty. It is evident that thorough retro-
spective analyses are needed to establish a truly hard core of cases in which the
association of halothane anesthesia and jaundice occurred for reasons other than
mere chance or in circumstances which could prove an adequate alternative expla-
nation. Pertinent to the issue is the pathologist’s inability to distinguish between
lesions of viral hepatitis and those allegedly resulting from halothane. Also, liver
damage prodiced by chemically related agents such as chloroform and carbon tetra-
chloride varies distincly from that reported following halothane anesthesia. Con-
sidering this and other evidence, there is a distinct impression of uncertainty about
the etiology, pathogenesis, and, indeed, the actual existence of halothane hepato-

toxicity. Nevertheless, caution is not out of place at this juncture.

(Editorial:

Halothane and Jaundice, Canad. Med. Ass. ]. 89: 1098 (Nov. 23) 1963.)
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