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Saccadic eye movements have been previously used to assess residual effect of anaesthetics, but this test is seldom
compared to other psychomotor tests. The aim of the present study was to validate saccades as a recovery index
in relation to frequently referred subjective and psychometric tests.

Fight healthy subjects were tested before and after intra-muscular injection of either placebo or 0.15 mg - kg™
of midazolam. Each session consisted of a saccadic test (recorded by electro-oculography), a
test (CRT), a subjective state-of-alertness test (11 visual analogic scales) and blood sampling (to monitor midazol-
am plasma concentration), before and 30 (t30), 60 (t60), 120 (t120), 180 (t180), 240 (t240) minutes after drug
administration.

In the placebo group, there was no change in subjective assessment, saccade characteristics (latency, peak velocity
and duration) or CRT results. In the midazolam group, 6 subjective items changed with different time-courses,
when compared to baseline: from 30 to t120 (drowsy, in shape, tired, clumsy, strong) and at t120 (woolly). Saccade
latency and duration were significantly different from t30 to t120 and until t180 for peak velocity. CRT perform-
ance was significantly altered from t30 to t120. Midazolam plasma concentration decreased from 17733
ng - ml™! at t30 to 4712 ng - ml~" at t240. At this latter time, sensorimotor functions returned to the baseline.
All subjects fulfilled the clinical conditions for home discharge 4 hours after administration.

These results suggest that a saccadic eye movement test is a sensitive and reliable tool for the assessment of
residual effect of anaesthetics. This test was found to be more sensitive than CRT test since peak saccadic velocity
was the last psychometric parameter to be returned to baseline after midazolam injection. This study also con-
firms the poor reliability of subjective assessment, as subjects tended to underestimate the alteration of their

choice-reaction-time

performance immediately following drug injection.

Recewved 21 March 1994, accepted for publication 6 March 1995
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The development of ambulatory anaesthesia leads
anaesthesiologists to redefine criteria for home discharge
of the outpatient (1). Several studies relying on psycho-
motor tests have been carried out to evaluate psycho-
motor function during recovery from anaesthesia.
Among these tests, Maddox wing, reaction-time, critical
flicker fusion and tracing tests are the most commonly
used (2). Saccadic eye movements may provide an ap-
propriate test to assess recovery from anaesthesia.
Changes in saccade velocity profile have been observed
after propofol (3), halothane, cyclopropane (4) and iso-
flurane (5) administration, suggesting that the saccade
velocity profile is a sensitive indicator of central nervous
system alteration.

Saccades are rapid eye movements, triggered in an
attempt to fixate a visual target. The pattern of muscle
activation responsible for this gaze shift is under the con-

trol of a brainstem generator. Fuchs & Kaneko (6) have
described a saccade generator, based on the activities of
several brainstem neurones which are located around
the oculomotor nuclei. This saccade generator receives
a burst of activation (at constant, high discharge fre-
quency), which has a duration proportional to the sacca-
ce amplitude. The sequential output of the generator
(agonist pulse) drives the eye muscles at high velocity,
stops the eyeball when the desired position is reached
(antagonist pulse) and maintains the position by a con-
stant (step) activation. The step activation i1s derived
from the pulse and is proportional to the new position
of the eye in the orbit. The Fuchs & Kaneko model
predicts that the saccade duration and peak velocity are
proportional to the eye position change. This has been
shown by Bahill & Stark (7) who described for the first
time the so-called “main-sequence” of saccadic eye
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movements as a way to characterise normal saccades.
Since saccades are directly under brainstem neural con-
trol, rapid eye movements have been used to test the
state of this region of the central nervous system. Admin-
istration of drugs such as alcohol, diazepam, tema-
zepam, methadone or GABA have been shown to pro-
duce changes in the relationship between saccadic am-
plitude, duration and peak velocity (8—12). Saccadic eye
movement characteristics are objective measurements
that can be recorded readily. They are free of cognitive
control and sensitive to the effects of psychoactive drugs.
Also, they show characteristic changes as a result of
neurodegenerative disorders., To date, no direct com-
parison of saccadic eye movement alterations and psy-
chomotor changes in the course of recovery from anaes-
thesia or sedation is available in the literature.

The aim of this study was to assess the validity, sensi-
tivity, and reliability of saccadic eye movements as an
anaesthesia recovery index, as compared to other subjec-
tive and objective tests, in patients receiving a premedic-
ament intramuscular injection of midazolam.

METHODS

This prospective, randomised, cross-over, double-blind, placebo-con-
trolled study was approved by the ethical committee of the University.

Subjects

Eight healthy male volunteers aged 25.4%3.8 years, weighing 76+5.8
kg, and 181£9 cm tall participated in the study, after giving their in-
formed consent. Non inclusion criteria were: age >45 years or <18
years; weight >10% from the ideal weight (defined by the Metropolitan
Life Insurance tables); any organ system abnormalities, particularly
neurologic diseases; history of allergy; treatment during the month be-
fore inclusion and involvement in any other study in the past 3 months.
All volunteers were trained with the apparatus one week before the first
session. They were requested to abstain from medication and alcohol
for a week before test day. On the test day, they fasted from midnight
until discharge.

Procedure

The testing schedule included six test periods: before injection (t0), and
30 min (t30), 60 min (t60), 120 min (t120), 180 min (t180), 240 min
(t240) after injection.

The subjects were randomly assigned to receive, intramuscularly, the
same volume of either midazolam (0.15 mg - kg ™) or isotonic sodium
chloride (placebo). In a cross-over manner, they received the two drug
regimens during two sessions separated by at least a one-week interval.
Midazolam doses ranged from 10.2 to 13.5 mg.

Environmental parameters were maintained at a stable level, with
particular emphasis on the darkness and silence. Between experimental
periods, the subjects rested in the laboratory room, and if they wished
to do so, they could lie down on a bed. Each session, run in the morn-
ing, lasted approximately 5 h.

Experimental session

Subjective assessments
Eleven Visual Analogic Scales (VAS) were used for subjective evalu-
ation. Subjects were asked to assess their own state of alertness on 100
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mm lines labelled with the following adjectives: “anxious”, “tired”,
“happy”, “relaxed”, “drowsy”, “woolly”, “clumsy”, “in shape”,

“strong”, “sad”, “depressed’.

Choice-reaction-time (CRT) test

The subjects were asked to scan two light bulbs of different colours
which were turned on at random. The task was to press one of the two
corresponding buttons, in order to turn off the light source. Each test
consisted of 50 trials and data were expressed as an average reaction
time in ms.

Saccadic eye movement test

Experimental set-up. The subject was seated 114 cm in front of a horizon-
tal linear array of 11 yellow LED targets. The angle between two con-
secutive targets, as seen from the subject’s eyes, was 5°. The subject’s
head was immobilized by a chin rest and a forehead support.

Experiment control and recording system. A personal computer was used to
control the experiment. A single trial consisted of a target jump and
the subject’s corresponding eye movement. The experimenter triggered
each trial while the computer programme controlled the illumination
of the LEDs via a digital input/output interface. The subject was in-
structed to rapidly step from the central fixation to the randomly illumi-
nated eccentric target. The total duration of each trial was 2 s. Trials
followed at a pace of about one every 5 s. Eye movements were re-
corded by electro-oculographic (EOG) technique; two silver-silver
chloride surface electrodes were applied to each eye’s outer-cantus,
while a reference electrode was located in the middle of the forehead.
The EOG electrodes were connected to a battery-powered DC ampli-
fier, which low-pass filtered the signal (200 Hz at —3 dB, 12 dB/octave).
The EOG signal was digitised at 500 samples/s with a 12-bit A/D
converter. EOG and target position signals were displayed in real-time
on a graphic screen. Sections of 2 s were saved on a disk for off-line
analysis. Since EOG is linear within the +30° range, no linearisation
procedure was necessary. The calibration session started and ended the
recording period. A typical recording period consisted of a series of 30
steps, from the central target towards one of the eccentric targets (5,
10, 15, 20 and 25° in each direction).

Data analysis

Off-line signal analysis started with digital low-pass filtering of the re-
corded signal (running average using 7 coefficients and providing a cut-
off frequency of 30 Hz) and differentiation with respect to time (saccade
velocity profile). The saccades were manually detected using an interac-
tive, graphic, cursor-based method (13). Four parameters were ex-
tracted to characterise each saccade: saccade amplitude, latency (time
between the target jump and the onset of the saccade), saccade duration
and peak velocity.

The effects of the drug on saccades were quantified in terms of aver-
age changes in the population of single saccades collected from each
test period and each subject. Raw data were pre-processed, as follows:
all saccades collected during a test (same subject, standard time after
injection) were used to plot peak saccadic velocity and saccade duration
vs actual saccadic amplitude. A least-square linear regression was ap-
plied to these data. The slope of the regression line was used to charac-
terise the population saccades. For each test, the following statistical
parameters were derived: average latency, slope of the saccade duration
vs amplitude regression line, and slope of the peak saccadic velocity vs
amplitude regression line.

Midazolam assay

Blood samples were collected at the above test intervals, through a vein
cannula placed in the forearm. They were immediately centrifuged for
plasma isolation which was stored at 4°C until midazolam extraction.
Midazolam plasma concentrations were measured as described by Cre-
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vat-Pisano (14) and Drouet-Coassolo (15) using a HP 5710A gas chrom-
atograph (Hewlett Packard, Les Ulis, France).

Monitoring

Non invasive measurements of heart rate, blood pressure and SpO,
were carried out throughout the experimental session, so that the proto-
col could have been immediately interrupted if the subject had de-
veloped any respiratory or haemodynamic alterations.

Statistical analysis

Results are expressed as the meanzstandard deviation. Two-ways
ANOVA for repeated-measures was used to assess pooled variance of
the two groups. In each group, data were compared to baseline (t0)
using post-hoc paired ¢test with Bonferroni’s correction with P<0.05
considered as significant.

RESULTS

General considerations. Each set of measurements was per-
formed in 5 to 7 min. All the subjects completed the
protocol. Only one subject felt drowsy during the pla-
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Fig. 1A. Midazolam plasma concentration as a function of time after
injection. 1B: Choice-reaction-time as a function of time after injection.
Data are the mean value and standard deviation over all eight subjects.
Open circles (O) correspond to placebo tests, black filled circles (@)
correspond to midazolam tests. (¥) P<<0.05 in comparison to baseline
(t0) by repeated measures ANOVA and paired test with Bonferroni’s
correction.
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cebo session. This was probably related to the quietness
of the environment. All the subject felt drowsy during
midazolam treatment and fell asleep approximately 15
min after injection. They needed to be awakened to per-
form the t30 evaluation, and were not always able to
completely carry out the saccadic test and/or the CRT
test. At the end of the recording sessions (4 h after injec-
tion) all the subjects reported feeling in good physical
condition. Clinical examination confirmed they could be
safely discharged home.

Midazolam plasma concentrations

Midazolam group. Peak plasma concentration was
achieved at t30 (177+33 ng-ml™!), followed by a
monotonic decrease of the plasma concentration:
144+23 ng-ml™! at t60, 9320 ng-ml™' at t120,
67+15 ng - ml~" at t180 and finally 47+12 ng - ml™!
at t240 (Fig. 1A).

Visual analogic scales (VAS)

Placebo group. No significant difference was detected for
any of the tested items.

Table 1

Time-course of subjective assessment using Visual Analogic Scales. For
each tested item, values are compared to the baseline of placebo (PLA)
or midazolam (MDZ) session, obtained before injection (t0).

t0 t30 60  t120 t180 240
Anxious PLA 50.5 51.5 51.3 514 515 513
MDZ 489 455 498 486 505 525
Tired PLA 51.9 488 49.8 523 514 506
MDZ 474 73.5*% 684% 72.5% 57 44.8
Happy PLA 486 50 49.5 50 50 55.4
MDZ 42.1 539 516 513 518 496
Relaxed PLA 48 449 429 473 473 473
MDZ 505 435 481 419 471 469
Drowsy PLA 50.1 51.1 49.2 516 506 49.2
MDZ 49.7 754* 756* 80* 61.2 439
Woolly PLA 48.8 49.1 50 488 50 50
MDZ 51 61.1 61.8 69* 496 454
Clumsy PLA 50 49.3 49 489 49.1 488
MDZ 514 62%  65%* 66.4* 545 50
In shape PLA 50.2 49 494 512 479 531
MDZ 51.2 33.4* 36.1* 34% 437 519
Strong PLA 49.9 498 483 454 479 488
MDZ 494 36.1* 35.1* 33.3* 424 49
Sad PLA 51 51.3 51 51.9 514 514
MDZ 519 535 506 514 508 525
Depressed PLA 51.4 519 514 525 523 57
MDZ 539 486 508 504 518 523

* P<0.05 for comparison with control (t0) in each group by repeated
measures ANOVA and paired #test with Bonferroni’s correction.
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Midazolam group. Six items were not significantly different
from the baseline: “anxious”, “happy”, “relaxed”,
“strong”, “sad”, “depressed”. Five items, with variable
time-course, were significantly different from baseline.
Subjects reported feeling more tired, clumsy and drowsy
and less in shape from t30 to t120, and more “woolly”
at t120 only (see Table 1).

Chotce reaction-time

Placebo group. Relative to the baseline, no significant dif-
ference was shown during any session.

Midazolam group. As compared to baseline (329%29 ms),
performance deterioration was maximal at t30
(912%103 ms, P<0.05). CRT was still significantly in-
creased at t60 (703131 ms, P<0.05), t120 (517=73
ms, P<<0.05). No statistical difference was observed at
t180 (429%85 ms) and t240 (362*31ms) (see Fig. 1B).

Saccadic eye movements

Saccade morphology. Fig. 2 shows the time-course of typical
saccades after administration of midazolam or placebo.
Following placebo injection, saccade latency, duration
and peak velocity remained equivalent to control. Con-
versely, after midazolam administration, both saccade
latency and duration were increased, while peak velocity

30 —

v L target
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was decreased. These changes were maximal at t30. Sac-
cade characteristics returned progressively to baseline
values which were reached for all parameters at t240.

Saccadic eye movement parameters
Fig. 8 illustrates how the saccade peak velocity and dur-
ation were computed. For all saccades collected with a
given subject at a time relative to drug administration,
peak velocity and duration were plotted against saccade
amplitude. The linear regression applied to data pro-
vided a slope, which was averaged over all subjects.
Changes in regression slope are particularly evident be-
tween t0 and t30, as shown in Fig. 3. In fact, the per-
formance of the subjects decreased to a point where
some target jumps did not systematically result in eye
motion. It follows that t30 to t60 graphs contain a
slightly more limited number of data than the other time
recording tests.

Fig. 4 shows the time-course of mean saccade latency
(Fig. 4A), peak-velocity (Fig. 4B) and duration (Fig. 4C),
for both the placebo and midazolam groups.

Placebo group. No statistically significant difference was
found between the various post-injection tests and pre-
injection controls, for duration, peak velocity and aver-
age latency.

t0
20 +

placebo

10 S

eye position (deg)

600

Time (ms)

Fig. 2. Typical saccades recorded during periods pre- and post-drug administration for a 25° target jump to the right. Five saccades are represented:
30 min after administration of the placebo, prior to midazolam administration (t0), then 30 min (t30), 1 hour (t60) and 4 hours (t240) after
midazolam administration. The thick line represents the target position signal.




SACCADES AS AN ANAESTHESIA RECOVERY TEST

g

t0

2]
g

saccade peak velocity (°/s)
N &
5 8

y=8.07 +311.40"og(x) R2=0.786

10 100
saccade amplitude (°)

@
8

30

g

saccade peak velocity (°/s)
n P
5 8

y=3650+21368%0g(x) R2=0562

0 T
1 10 100
saccade amplitude (°)
800
160
Q)
<
3.500 b
©
o
[}
>
< 4 3
% 400 . .
3 S ses
ot "
3 ) a'- -
1]
8200 i ' oA
L (]
o A
1] W .~s 3 .-’ o\ .
* y =29.76 + 202.25%Iog(x) R2=0.636
0 T
1 10 100
saccade amplitude (°)
800
240

US:

saccade peak velocity (°/s)
$ 8

y= - 1.86+298.89%log(x) R2=0.794

10 100
saccade amplitude (°)

ms)
@
(=]

saccade duration (

saccade duration (ms) saccade duration (ms)
8

saccade duration (ms)
3

200

to

1501

100 1

béa)
o

y=23369 +2.42x R2=0.706

10 , 20 30
saccade amplitude (°)

g

t30

&
S
:

o
o
)

y=2832+452x R2=0561

10 . 20 30
saccade amplitude (%)

8

160

o
S
:

v
o
N

y=37.88+4.33x R2=0597

10 ) 20 30
saccade amplitude (°)

200

1240

100

o
o
"

y=3425+261x R2=0691

10 20 30
saccade amplitude (°)

1121

Fig. 3. Relationships between saccade amplitude and saccade peak velocity (left hand graphs) and saccade duration (right hand graphs), before
(t0), 30 min (t30), 1 hour (t60) and 4 hours (t240) after administration of midazolam.
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Fig. 4. Time-course of saccade characteristics after injection. Conven-
tions are the same as in Fig. 1. A: average saccadic latency vs time after
injection. B: average slope of peak velocity and amplitude vs time after
injection. C: average slope of saccade duration and amplitude vs time
after injection.

Midazolam group. Saccade duration increased significant-
ly, as seen from the rise of regression slope at t30
(6.58+2.19, P<<0.05), at t60 (5.48*1.59, P<0.05), and
at t120 (3.69*+1.69, P<0.05). No statistical difference
was found at t180 (3.1+0.76) and at t240 (2.59%0.68)
as compared to baseline (2.53%0.71). Saccade latency
was significantly increased at t30 (286.21%£52 ms,
P<0.05), t60 (264*49.6 ms, P<0.05) and at t120
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(206£17.3 ms, P<0.05); no statistical difference was
found at t180 (184.1+19.9 ms) and at t240 (178.7+22
ms), relative to baseline (173%+15.5 ms). Peak-velocity
was affected, from t30 to t180 [t30: 160.4%=54.8,
P<0.05; t60: 180.3%=54.4, P<0.05; t120: 237.7%65.9,
P<0.05; t180: 266.5£68.5, P<0.05]. However, there
was no statistical difference at t240 (293.8%54.5) as
compared to baseline (301.3 deg*55.5).

DISCUSSION

The aim of post-operative mental function assessment
is to determine the residual effects of anaesthetics or to
detect mental changes resulting from the process of an-
aesthesia or surgery (16). The discrepancy between sub-
jective and objective assessments, and the substantial de-
velopment of outpatient anaesthesia during the last two
decades has motivated researchers to find a recovery
test, well adapted to ambulatory settings. For this pur-
pose, several psychomotor tests have been developed (2,
16). The usefulness and pertinence of psychomotor tests
depend on how they are applied.

In experimental or clinical research, psychomotor tests
evaluate the speed of post-operative recovery from new
drugs or new anaesthetic procedures (2, 17). In this case,
residual effects are readily assessed using one of the avail-
able recovery tests, or a battery of tests. In clinical prac-
tice, psychomotor tests assist the anaesthesiologist in his or
her decision to discharge the patient from the hospital
after day-care surgery. However, studies have shown that
the patient’s auto-evaluation during recovery from anaes-
thesia is not reliable (5). In our study, the VAS results con-
firmed that the subject’s auto-evaluation is not a valid
method of assessment. This suggests that the clinician
should not take the patient’s own assessment into account.
Presently, a reliable standard test is not available and the
physician makes the decision to discharge the patient on
clinical examination grounds (18). Yet, clinical recovery
does not correlate with psychomotor function recovery. In
a recent study, Korttila et al. (19) showed that one hour
after brief anaesthesia, all the volunteers met the clinical
discharge criteria, while impairment of psychomotor
function was still present. For this reason, Korttila recom-
mended further studies to validate psychomotor tests for
“home readiness” after outpatient surgery (18).

Drug-induced changes in saccadic eye movements ap-
pear to offer a direct, sensitive and minimally invasive
means of investigating human central nervous system
function (20). Saccadic eye movements are altered by al-
cohol (21) and benzodiazepines (9, 10, 22). Other psycho-
tropic drugs such as barbiturates and narcotics have also
been shown to modify saccadic characteristics (see refer-
ences 20 and 23 for a detailed review).

In recent literature, the effects of anaesthetics on sac-
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cadic eye movements have drawn attention. Gao et al. (3)
showed that saccade peak-velocity decreased linearly with
increasing log,( propofol concentration. In a later study,
the same authors (5) showed that low concentrations of ni-
trous oxide (5%, 10%) did not affect peak-velocity, while
low concentrations of isoflurane (0.06%, 0.12%) signifi-
cantly altered peak-velocity. A similar study, conducted by
Yoshizumi et al. (4), found that low concentrations of
cyclopropane and halothane (4.7% MAC and 5.3%
MAC, respectively) significantly depressed peak-velocity,
in a dose-related manner.

Saccadic eye movements have been widely used by psy-
chopharmacologists to assess psychomotor effects of psy-
choactive drugs, but only a few studies have compared
saccadic eye movements with other tests. In 1984, Tedes-
chi et al. (21) showed that oral meptazinol and ethanol sig-
nificantly impaired saccade peak-velocity, duration and
latency, while critical flicker fusion and CRT tests showed
no significant effect. They concluded that the eye move-
ment technique is a more sensitive tool for detecting the
influence of centrally acting drugs. Other studies relied on
either saccade tests or other psychomotor tests to evaluate
psychoactive drugs. These studies covered a period longer
than a regular anaesthesia recovery period (days instead of
hours) (24-26). In our experimental conditions (recovery
from anaesthesia or sedation), CRT is known to be a sensi-
tive tool (27) and, for this reason, we compared the sac-
cade test and the CRT test results.

Our study evaluated the reliability and sensitivity of a
saccadic eye movement test during recovery from an in-
tra-muscular dose of midazolam. Our data confirmed the
previous report by Tedeschi et al. (21). That is saccadic
eye movement changes correlate well with CRT readings.
Two characteristics of saccades, latency and duration,
showed a maximal impairment at t30 and returned pro-
gressively to baseline at t180 and, as a matter of fact, had
the same time-course as CRT. Saccade peak-velocity was
altered longer, and returned to baseline at t240. Our re-
sults also confirmed Mandema and co-workers’ data (28),
showing that a premedicant dose of midazolam signifi-
cantly alters all saccade characteristics.

In clinical research, saccadic eye movement test is a po-
tent tool for the assessment of residual effects caused by
anaesthetics. There is no doubt that this test will be widely
used, in the future, to evaluate new protocols or new drugs
and their effects on psychomotor function. Can saccadic
movements be assessed as a clinical routine test? Presently,
the goal of the anaesthesiologist in ambulatory anaes-
thesia practice is to discharge the patient providing he or
she is accompanied home. The patient is further coun-
selled to abstain from drinking alcohol, driving a car and
making important decisions for 48 h (“home readiness”).
Therefore, the goal is not to let the patient leaving the hos-
pital be alone (“street fitness™). In addition, a potential risk
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remains for the patient at home, which could result in
medico-legal exposure for the physician. A further aspect
is the social and economic cost of job interruption, which
could be reduced if the patient quickly regained work ca-
pacity. All these reasons make psychomotor tests a matter
of permanent interest.

New methods for assessing psychomotor performance
during recovery have recently been described (29), but un-
fortunately no psychomotor test could be recommended
in ambulatory anaesthesia settings (30). At the present
time, a saccadic test cannot be recommended in clinical
practice because saccade analysis has to be carried out
manually (EOG signal/noise ratio is too low). However,
computer programmes have recently been developed
which both simplify the recording procedure and increase
data accuracy. Infrared monitoring of eye position may be
used to decrease the noise level and permit automatic
measurement of saccade characteristics (31).

In addition to being reliable, the saccadic test is objec-
tive. Indeed, it allows the evaluation of the voluntary con-
trol of a major sensorimoter function (saccade reaction-
time) and noncognitive control (saccade duration and
peak-velocity). In several other tests, such as the Maddox
wing test or the critical flicker fusion test, the subject’s con-
tribution (and honesty) is requested. Nevertheless, further
studies are needed to evaluate saccadic eye movements in
day care anaesthesia.

In conclusion, this study confirmed that saccadic eye
movement measurement is a reliable psychomotor test for
detecting residual effects of anaesthetics. Among the par-
ameters studied, saccade peak-velocity was shown to be
the most sensitive parameter to detect psychomotor dys-
function. This measure is therefore a precious tool for the
assessment of recovery from anaesthesia and in the future
its use is warranted in clinical research. Our study also
showed that a premedicant dose of midazolam (0.15
mg - kg™ !) altered psychomotor functions for 3 hours
after injection and that psychomotor impairment was
strongly correlated to midazolam plasma concentrations.
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