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Using Alcobol as a Standard to Assess the Degree of
Impairment Induced by Sedative and Analgesic
Drugs Used in Ambulatory Surgery

Pankaj Thapar, M.D.,* James P. Zacny, Ph.D.,1 Wesley Thompson, B.S.,.} Jeffrey L. Apfelbaum, M.D.§

Background: There is a need for a standard by which to
compare the degree of subjective and behavioral impairment
caused by anesthetic drugs, because anesthesiologists may not
be able to gauge how extreme or important a statistically sig-
nificant change in psychomotor functioning is. This study ex-
amined the psychomotor and subjective effects of alcohol at
blood concentrations equal or greater than 0.10% as a standard
with which to compare those effects caused by sedative and
analgesic agents commonly used in ambulatory surgery.

Metbods: Twelve healthy human volunteers (11 men and 1
nonpregnant woman), with an average age of 28 yr (range
24-34 yr) and an average alcohol consumption of four drinks
per week, were selected in this institutional review board-
approved study. Each subject was exposed to five drug con-
ditions (70 mg/70 kg propofol intravenously, 2 mg/70 kg
midazolam intravenously, 50 ug/70 kg fentanyl intravenously,
0.8 g/kg alcohol orally, and placebo orally and intravenously)
in a double-blind randomized fashion over five weekly ses-
sions. Testing was done at baseline and at different intervals
until 240 min after drug administration. Testing included psy-
chomotor performance (Maddox Wing, eye-hand coordina-
tion, auditory reaction time test, and digit symbol substitution
test), subjective effects (strength of drug effect scale, drug lik-
ing scale, and visual analog scale), and short-term memory.
Psychomotor performance was used as an index of objective
impairment, and mood was used as an index of subjective im-
pairment.
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Results: After consumption of the alcoholic beverage, a blood
alcohol level of 0.11 + 0.003% (mean + SE) was obtained at 15
min- after injection. The study drugs not only produced sta-
tistically significant impairment (i.e., impairment greater than
that seen with placebo) but also, at one or more times after
injection, produced impairment similar to that observed with
alcohol at a blood alcohol concentration of 0.11%. Midazolam
produced a similar degree of impairment to that of alcohol
for a longer duration than did fentanyl and propofol.

Conclusions: This study provides evidence that degree of
impairment caused by sedative and analgesic drugs used in
ambulatory surgery is similar to that obtained with a dose of
alcohol that produces a blood alcohol concentration of 0.11%.
We suggest that anesthesiologists can use alcohol as a standard
by which to assess degree of impairment produced by drugs
used for sedation/analgesia. (Key words: Alcohol. Analgesics,
opioids: fentanyl. Anesthetics, intravenous: propofol. Recov-
ery: memory; mood; psychomotor; subjective. Sedatives, ben-
zodiazepines: midazolam.)

DURING the past two decades, there has been a rapid
growth in ambulatory surgery. More than 60% of all
elective surgery, for example, is now performed on an
outpatient basis.' Many studies have shown impairment
in psychomotor and cognitive function after adminis-
tration of different sedative and analgesic agents that
are commonly used in anesthesia for ambulatory sur-
gery, including benzodiazepines, such as midazolam;
opioids, such as fentanyl; and the intravenous anes-
thetics, such as propofol.>~* Psychomotor tests used in
these and other studies typically include such tests as
simple and choice reaction time, divided attention,
and/or eye-hand coordination. It is not clear sometimes,
though, what the degree of impairment produced by
these tests means. That is, if a drug, such as midazolam,
2 h after its administration produces impairment of
reaction time amounting to an increase of 100 ms (rel-
ative to a drug-free baseline), what does this mean to
the anesthesiologist engaged in day-case surgery?

One approach to addressing this issue is to follow
the recommendations of the World Health Organiza-
tion, which recommends that a psychoactive drug un-
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der investigation for behavioral toxicity be compared
to alcohol.® Numerous studies have been done over the
years on alcohol’s impairing effects, and laws have been
mandated that restrict people from operating a motor
vehicle when their blood alcohol concentration ex-
ceeds a certain level (in most states in the United States,
0.08-0.10%).7"'° Medical caregivers in our society may
find it beneficial to use alcohol as a standard by which
to compare impairment caused by other drugs.

A number of studies have used this approach of com-
paring a study drug with a large dose of alcohol."'~"*
In one study, for example, the degree of behavioral
toxicity produced by two solvents, toluene and methyl
ethyl ketone was examined, and alcohol at a dose pro-
ducing a blood alcohol level of 0.08% (targeted) was
used as a positive control."" Toluene at 100 ppm pro-
duced impairment, but it was less than that produced
by alcohol. The other solvent had no effect on perfor-
mance. Had not alcohol been included in this study,
it would have been more difficult to interpret the de-
gree of impairment found with toluene. By inclusion
of one or more doses of alcohol (including doses of
alcohol that are considered by law to produce impair-
ment that contraindicates driving a motor vehicle), the
results become more meaningful from a clinical stand-
point. We believe that the same approach would pro-
vide a valuable service to anesthesiologists who are
interested in the sedative and analgesic drugs they use
and how impairment produced by these drugs com-
pares to that of a drug with an “‘established reputation™
of producing impairment. Therefore, in this prelimi-
nary study, we examined the effects of midazolam, fen-
tanyl, and propofol on objective and subjective indexes
of impairment and compared the degree of impairment
at different times after injection to that seen with a
dose of alcohol that produced blood alcohol concen-
trations of 0.11%.

Materials and Methods

Subjects

This study was approved by our local Institutional
Review Board. Informed consent from each subject was
obtained before initiating the study. Subjects were told
that the drug(s) to be used were (1) commonly used
in medical settings and (2) may come from one of five
classes (i.e., sedative/tranquilizer, opiate, general an-
esthetic at subanesthetic doses, alcohol, or placebo).

Twelve healthy volunteers (11 men and 1 woman;
age range 24-34 yr, mean age 28 yr; weight range 60—
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101 kg, mean weight 80.3 kg) participated in the study.
Their history of recreational drug and alcohol use was
light-to-moderate: the subjects consumed an average
of four drinks per week (range 1-10 drinks/week).
Three subjects had a history of smoking marijuana at
least once a month, and three subjects smoked fewer
than three tobacco cigarettes daily. They were recruited
from the local university community via newspaper §
and bulletin board advertisements. Before the first ses-
sion, subjects were scheduled for a screening interview,
at which point they completed the symptoms checklist
(SCL-90; a questionnaire designed to assess psychiatric
symptomatology)'® and a locally developed health
questionnaire (to determine their psychiatric and N
mental status). Candidates with any history of signifi-
cant psychiatric disorders or substance use disorder
were excluded.'® An anesthesiologist performed a§
medical history and physical examination, and volun-
teers with any history of cardiac, pulmonary, neuro-
logic, hepatic, or renal disease or any other medical
contraindication were excluded from the study. A blood
test was done on potential subjects so that normal he-
patic function (as assessed by serum glutamate oxalo-
acetate transaminase, bilirubin, alkaline phosphatase,
total protein tests) could be assured.

Subjects were instructed not to eat food or drink any g
nonclear liquids for 4 h, not to drink clear liquids forg
2 h, and not to use any drugs (including alcohol, but§
excluding normal amounts of caffeine and nicotine) ®
24 h before sessions. Subjects were instructed not to $
drive a car, operate heavy machinery, or cook with a§
stove until the day after the study and were transported§
home after sessions. Payment for the study was made g
during a debriefing session held after completion of&
the study.
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Experimental Design

A prospective, randomized, placebo-controlled,z
pseudodouble-blind (see Experimental Sessions),§
crossover trial was conducted. Subjects were exposed®
to each of five conditions in five sessions spaced ap-
proximately 1 week apart: placebo (placebo drink fol-
lowed by saline or Intralipid injection intravenously),
propofol (70 mg/70 kg), midazolam (2 mg/70 kg),
fentanyl (50 pg/70 kg), and alcohol (56 g/70 kg al-
coholic drink followed by saline or Intralipid injec-
tion). The dose of alcohol was served in 450 ml (per
70 kg) of a lime-flavored diet tonic water solution, was
equivalent to four to five drinks, and has been shown
to produce a blood alcohol concentration in a fasting
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individual of close to 0.10%. Doses of the sedative/
analgesic drugs were to represent the doses that might
be given in ambulatory surgery—in retrospect, we re-
alize we chose doses of propofol and fentanyl that were
rather low (i.e., the fentanyl and propofol doses chosen
fell on the low end of the conscious sedation dosage
continuum). Mood, psychomotor performance, and
physiologic status were assessed before and at intervals
after the injection(s) in each of the five sessions of the
experiment.

Experimental Sessions

The experiment took place in a laboratory located in
the Department of Anesthesia and Critical Care. Each
session was approximately 4.5 h in duration, and most
sessions were conducted from 10:00 Am to 3:30 pm. At
arrival for each session, subjects were given a breath
alcohol test with a breath alcohol analyzer (ALCO-SEN-
SOR 111, Intoximeters, St. Louis, MO) to rule out the
presence of alcohol in their system. Subjects then com-
pleted several subjective effect forms and psychomotor
tests, and monitoring of respiratory rate, noninvasive
arterial hemoglobin oxygen saturation, heart rate, and
blood pressure commenced. Subjects lay on a bed and
fentanyl, midazolam, propofol, or saline or Intralipid
was injected by an anesthesiologist unaware of the drug
being injected.

In the alcohol and placebo conditions, before injec-
tion, subjects consumed the liquid over 20 min. In the
alcohol condition, subjects first drank the alcoholic
beverage, and then either physiologic saline or Intra-
lipid was injected. In the placebo condition, subjects
were given an alcohol-free beverage followed by in-
jection of physiologic saline or Intralipid. Therefore,
in all five conditions, subjects received an intravenous
injection but, in only two of the conditions, consumed
a drink before the injection. Because of the need for
subjects to be NPO in three of the other five conditions,
we did not have subjects consume a placebo beverage
before the midazolam, fentanyl, and propofol injection
(a drink before injection in all five conditions would
have been a true ‘““double-blind™ procedure).

Physiologic Measures

Four physiologic measures were assessed: heart rate,
blood pressure, respiratory rate, and noninvasive ar-
terial oxygen saturation. During the peri-injection pe-
riod, systolic and diastolic blood pressure, heart rate,
respiration rate, and arterial hemoglobin oxygen sat-
uration were assessed at specific times. Values were
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within normal ranges and were not subjected to statis-
tical analysis. Subjects remained in a recumbent or se-
mirecumbent position for at least 3 h after the injection,
after which they could get up if they so desired. At
intervals after the injection (see below), mood, psy-
chomotor performance, and physiologic status of the
subject were assessed. On the day of beverage con-
sumption, blood alcohol concentrations were measured
by a breath alcohol analyzer at baseline and 15, 60,
120, 180, and 240 min after the injection. When no
tests were scheduled, subjects were free to engage in
sedentary recreational activities, such as reading, lis-
tening to the radio or to cassette tapes, and watching
television, but studying was not permitted.

Psychomotor Performance

Subjects completed four psychomotor/cognitive
tests: Maddox Wing (MW), auditory reaction time
(ART), eye-hand coordination, and the digit symbol
substitution test (DSST). The MW test measures relative
position of the eyes in prism diopters.'” In the ART
test, subjects were instructed to press the space bar on
a computer keyboard when they first detected an au-
ditory stimulus; mean auditory reaction time was de-
termined after ten trials.'® To measure eye-hand coor-
dination skills, the subject tracked a randomly moving
target on the computer screen, with a small cross, for
1 min. The cross was controlled by a computer
“mouse’” operated by the dominant hand.'® The num-
ber of seconds that the cross deviated from the circle
by more than 1 cm (seconds outside the circle) was
measured. In the DSST, subjects replaced a number with
a corresponding symbol; the paper-and-pencil test was
timed for 1 min, and the dependent measure was the
number of symbols correctly matched by the subject."’
These psychomotor tests were completed before injec-
tionand 15, 60, 120, 180, and 240 min after injection.
The DSST also was completed 5, 30, 45, 90, 105, 150,
and 210 min after injection. The above tests have been
found to be sensitive to the effects of a number of psy-
choactive drugs including opioids,* alcohol,'® barbi-
turates,” and benzodiazepines.? Although learning or
practice effects on the psychomotor tests may have oc-
curred during this study, the randomized design should
have controlled for this potentially confounding vari-
able.

Memory
Immediate free recall was tested by presenting 15
words from preselected norms for 2 s each with a
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between-word interval of 1 s.?° Immediately after the
last word was presented, the subjects were asked to
write in any order as many of the words as they could
remember. Individual separate word lists were pre-
sented at baseline and 15, 120, and 240 min after in-
jection.

Subjective Effects Measures

1. The visual analog scale (VAS) consisted of 20 100-
mm lines, each labelled with the adjectives, ‘‘stimu-
lated,” ‘‘elated,” “‘tingling,”” “‘high,”” “‘anxious,” *‘se-
dated,” ‘“‘down,” ‘“hungry,” ‘‘nauseous,” ‘‘dizzy,”
“drunk,”” ““in control of thoughts,” “in control of
body,” ‘“‘coasting or spaced out,” ‘“‘having pleasant
thoughts,”” “‘having unpleasant thoughts,” “‘having
pleasant body sensations,”” ‘‘having unpleasant body
sensations,”’ ‘‘confused,’” and “‘carefree.”” Subjects were
instructed to place a mark on each line indicating how
they felt at the moment, ranging from “‘not at all’’ to
“extremely.” The VAS was completed before injection
and 5, 15, 30, 45, 60, 75, 90, 105, 120, 150, 180,
210, and 240 min after injection.

2. The drug effects/liking questionnaire assessed the
extent to which subjects currently felt a drug effect,
on a scale of 1 to 5 (1 = “I feel no effect from it at
all’’; 2 = “I think I feel a mild effect, but I'm not sure’’;
3 = “I feel an effect, but it is not real strong’’; 4 = “I
feel a strong effect’’; and 5 = “I feel a very strong ef-
fect’”) and assessed the extent to which subjects cur-
rently liked the drug effect on a 100-mm line (0 =
dislike a lot; 50 = neutral; 100 = like a lot). The drug
effects/liking questionnaire was completed before in-
jection and 5, 15, 30, 45, 60, 75, 90, 105, 120, 150,
180, 210, and 240 min after injection.

Data Analysis

Repeated measures analysis of variance was used for
statistical treatment of the data. Factors were drug (al-
cohol, propofol, fentanyl, midazolam, and placebo)
and time. F values were considered significant for P <
0.05 with adjustments of within-factors degrees of
freedom (Huynh-Feldt) to protect against violations of
symmetry. Values reported in this paper will be limited
to drug or drug X time interactions; main effects of
time will not be reported. When significant (P < 0.05)
drug or drug X time interactions were obtained, Tukey’s
post boc tests were done, comparing saline responses
versus drug responses at a given time in a session. As
our means of interpreting the degree of impairment
produced by the study drugs, we chose to compare
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different drug responses to that observed 15 min after
the consumption of alcohol, when blood alcohol con-
centrations were at >0.10%. Comparisons were done
with Tukey’s post boc tests.

Results

Blood Alcobol Concentration

Fifteen minutes after consumption of the alcohol
drink, blood alcohol concentration (mean * SE) was
0.11 = 0.03%. Blood alcohol concentrations at 60, 120,
180, and 240 min after the drink were 0.09 £ 0.02%,
0.07 £ 0.02%, 0.05 = 0.02%, and 0.03 = 0.02%, re-
spectively.

Psychomotor Performance

Table 1 shows the duration of statistically significant
impairment of the three sedative drugs, i.e., impairment
significantly greater than placebo. When compared to
placebo, midazolam and propofol produced statisti-
cally significant impairment on the DSST for 45 and 15
min, respectively, and fentanyl did not produce any
significant impairment of this test (fig. 1, top). No sta-
tistically significant effects were seen with fentanyl on
the MW, eye-hand coordination, and ART tests. Mida-
zolam also produced no significant effects on the MW
and ART tests but produced statistically significant im-
pairment (lasting 15 min after injection) of eye-hand
coordination. Propofol produced no significant im-
pairment on the MW and eye-hand coordination tests
but produced statistically significant impairment (last-
ing 15 min after injection) on the ART test.

Table 1. Duration (min) of Statistically Significant
Impairment (t,) (Impairment Greater Than That Seen with
Placebo) and Impairment (t,,.) Similar to That Seen with
Alcohol at a Blood Alcohol Concentration of 0.11%, of the
Various Psychomotor Tests and the Short-Term Memory
Test Caused by Fentanyl, Midazolam, and Propofol

Fentanyl Midazolam Propofol

tes tac tes tac s tac

DSST NS NS 45 45 15 15
Eye hand (SOC) NS NS 15 15 NS NS
Maddox wing NS NS NS NS NS NS
ART NS NS NS NS 15 15
Short-term memory NS NS 15 15 NS NS

NS = no significant effect; DSST = digit symbol substitution test; SOC = seconds
outside circle; ART = auditory reaction time.

20z Iudy 8| uo 3senb Aq ypd80000-000} 0566 1-Z¥S0000/99968€/ES/ |L/28/4Pd-8]01IE/ABOj0ISBYISBUR /WO JIBYDIBA|IS ZBSE//:dBY WOl papeojumoq



57

ALCOHOL AS A STANDARD TO ASSESS IMPAIRMENT

| + placebo o midazolam o propofol A_fonhnyﬂ
60 -
DSST
i
# of correct 1
responses
45 - BAC 0.11%
[ 1 mean + S.E.
*
40 1
35 — T T T T T T T
0 30 60 90 120 150 180 210 240
1
Short-term
Memory
9
#ofwords .
recalled 1
5
1 AC 0.
. Lo s mean + S.E.
3 - ‘ . v
0 15 120 240
55 " "
ey Sedated
45- * *
40-
351 ,” BAC 0.11%
301
score - mean + S.E.
257

i 2\ S
By - e

0 30 60 90 120 150 180 210 240
time (min)

Fig. 1. Effects of 2 mg/70 kg midazolam (square), 70 mg/70
kg propofol (circle), and 50 pg/70 kg fentanyl (triangle) on
DSST performance (fop), short-term memory (middle), and VAS
“sedated” ratings (bottom) relative to placebo (diamond) and
56 g/70 kg alcohol that produced a mean blood alcohol con-
centration of 0.11% (i.e., 15 min after injection). The alcohol
effects are denoted by the shaded area in each of the graphs,
with the mean being the center line and the outermost lines
representing +1 SEM. Closed symbols represent statistically
significant differences from placebo at a given time. Asterisks
represent drug effects that are both statistically significant
from placebo and do not differ significantly from the alcohol
effects that were associated with a blood alcohol concentration
(BAC) of 0.11%.
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Table 1 also shows the duration of impairment of the
three drugs relative to impairment produced by a dose
of alcohol that produced a blood alcohol concentration
of 0.11%. When compared to the impairment of the
DSST caused by alcohol at a blood alcohol concentra-
tion of 0.11%, midazolam and propofol produced the
same degree of impairment for 45 and 15 min after
injection, respectively (fig. 1, top). Midazolam pro-
duced impairment for 15 min after injection on eye-
hand coordination similar in degree to that of alcohol.
Propofol produced impairment for 15 min after injec-
tion on the ART similar in degree to that of alcohol.

Short-term Memory

Fentanyl and propofol produced no significant im-
pairment of short-term memory. Midazolam at 15 min
after injection caused a significant decrease in short-
term memory relative to placebo. This decrease was of
a magnitude similar to that of alcohol at a blood alcohol
concentration of 0.11% (fig. 1, middle).

Subjective Effects

Visual Analog Scale. Table 2 shows the duration of
statistically significant effects of the three sedative
drugs, i.e., effect significantly greater than placebo.
Statistical significance was obtained on 13 adjectives
with one or more of the sedative drugs. When compared
to placebo, fentanyl produced significant effects for 5—
15 min after injection on 10 of the 13 adjectives. Mid-
azolam produced significant effects lasting 5-75 min
after injection on 8 of the 13 adjectives. Propofol pro-
duced significant effects lasting 5-30 min after injec-
tion on all 13 adjectives.

Table 2 also shows the duration of effects of the three
drugs relative to impairment produced by a dose of
alcohol that produced a blood alcohol concentration
of 0.11%. When compared to the impairment in VAS
adjectives caused by alcohol at a blood alcohol con-
centration of 0.11%, fentanyl produced similar effects
on 9 of the 13 adjectives for 5-15 min after injection.
Midazolam produced effects for 5-75 min after injec-
tion on 6 of the 13 adjectives similar in degree to that
of alcohol. Propofol produced effects on 12 of the 13
adjectives for 5-30 min after injection similar in degree
to that of alcohol. In addition, “‘sedated’ ratings were
significantly higher than that of alcohol at 5 and 15
min after administration (fig. 1, bottom).

Drug Effects and Drug Liking. When compared to
placebo, fentanyl and propofol produced statistically
significant effects on the ‘“‘feeling drug effect’”” ratings
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for 60 min, whereas midazolam produced a significant
effect for 90 min after injection. On the drug liking
scale, fentanyl, midazolam, and propofol produced
statistically significant increases for 5, 5, and 45 min,
respectively.

When compared to alcohol at a blood alcohol con-
centration of 0.11%, fentanyl, midazolam, and propofol
produced similar effects on the ““feeling drug effect”
ratings for 5, 60, and 15 min, respectively. On the
drug liking scale, fentanyl, midazolam, and propofol
produced similar increases to that of alcohol at a blood
alcohol concentration of 0.11%, for 5, 5, and 15 min,
respectively.

Discussion

Results of the study show that there were statistically
significant changes in objective and subjective indexes
of impairment. Overall, subjective indexes were im-
paired for a longer period than objective indexes. Mid-
azolam tended to produce a longer duration of im-
pairment than the other two study drugs. However,
more importantly, this study was designed to compare
drug-induced impairment to that caused by alcohol that
produced a blood alcohol concentration of >0.10%.
The degree of impairment at this blood alcohol con-
centration was used as a standard by which to compare
the changes in mood and psychomotor performance
after administration of drugs commonly used in am-
bulatory surgery. Results indicated that the study drugs
produced subjective and/or objective impairment at
one or more times after injection that were similar to
that of alcohol at a blood alcohol concentration of
0.11%. Conversely, statistically significant impairment
was obtained at one or more time points after injection
that did not match that observed with alcohol.

Fentanyl in two instances produced discrepancies
between effects that were statistically significant and
effects that were similar to that of alcohol. In the first
instance, fentanyl increased ‘“‘drunk’ VAS ratings, rel-
ative to placebo, but the increase was less than that
produced by alcohol. In the second instance, fentanyl
produced a longer-lasting effect on the adjective “‘feel-
ing drug effect,” relative to placebo, than an effect that
was similar to that produced by alcohol. Midazolam in
three instances also produced discrepancies between
effects that were statistically significant and effects that
were similar to that of alcohol. In two instances, mid-
azolam increased VAS ratings (on adjectives ‘‘stimu-
lated”” and ‘‘high’’) relative to placebo, but the in-
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Table 2. Duration (min) of Statistically Significant
Impairment (t,,) (Impairment Greater Than That Seen with
Placebo) and Impairment (t,,) Similar to That Seen with
Alcohol at a Blood Alcohol Concentration of 0.11%, of
Subjective and Mood Effects Caused by Fentanyl, Midazolam,
and Propofol

Fentanyl Midazolam Propofol

tes tac tes tac tes tac
Stimulated 15 1900 N8 130 30
Sedated 15 1525751130 315"
Drunk 15 NS NS NS 5 NS
High 15 15 15 NS 30 30
Coasting 5 55 <600 .60 15 15
Dizzy 15 15 NS NS 5 5
Carefree > 5 NS NS 30 5
Having pleasant

body sensations 15 15 15 15 5 5

In control of body 5 5. .. 80 /60 15 5
Confused NS NS 5 5 15 15
Anxious NS NS NS NS 5 5
In control of thoughts 5 5 15 15 15 15
Tingling NS NS NS NS 5 5
Drug effect 60 & .p80)1 160 60 15
Drug liking 5 5 5 5 45 15

NS = no significant effect.

* Duration (min) for which the effect was significantly higher than that by alcohol
at a mean blood alcohol concentration of 0.11%.

creases were less than that produced by alcohol. In the
other instance, midazolam produced a longer-lasting
effect on “‘feeling drug effect,” relative to placebo, than
an effect that was similar to that produced by alcohol.
Propofol in five instances produced discrepancies be-
tween effects that were statistically significant and ef-
fects that were similar to that of alcohol. In the first
instance, propofol increased ‘‘drunk’’ VAS ratings, rel-
ative to placebo, but the increase was less than that £
produced by alcohol. In the other four instances, it 2
produced a longer-lasting effect (on the VAS adjectives &
“carefree,” ‘“‘in control of body,” ‘feeling drug %
effect,”” and drug liking) relative to placebo, than an *
effect that was similar to that produced by alcohol.
In summary, we have shown that with these often
used anesthetic drugs, there are instances when there
are statistically significant effects that approach the
magnitude of effects seen with a large dose of alcohol.
Second, subjective indexes of impairment moreso
than objective indexes were more likely to show a
discrepancy between effects that were statistically
significant and effects that were similar to that of al-
cohol.
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There are several limitations to this study. The first
is the matter of dosages of the anesthetic drugs. The
fentanyl and propofol doses, while in the range of clin-
ically efficacious doses for analgesia or sedation, were
at the low end of the range. It is possible that larger
doses of fentanyl or propofol would have produced a
longer-lasting impairment. The second caveat is that
we only examined the effect of a single dose of a drug.
Third, we only tested drugs by themselves and not in
combinations. The fourth caveat concerns the large al-
cohol dose used as the standard. Future studies should
examine (1) larger doses of anesthetic drugs, (2) re-
peated administration of drugs within a session, (3)
single doses of drugs followed by continuous infusion
(where appropriate), (4) drug combinations (e.g.,
fentanyl with propofol), (5) an older age group, and
(6) a smaller dose of alcohol that would produce a
blood alcohol concentration of 0.04-0.05%.

Finally, how do the data obtained in the current study
benefit the anesthesiologist who works in an ambulatory
surgical setting? It may be too early from this study to
draw any clinically important conclusions. We would
not want to make the assumption, for example, that
impairment that does not approach that of alcohol at
a blood alcohol concentration of 0.10% is clinically
insignificant. Impairment can be detected at much
lower doses of alcohol than the one selected in this
study. We hope other studies will follow in which other
doses of alcohol are compared to drugs used in am-
bulatory surgery. Such studies, by using alcohol as a
positive control or standard will enable medical care-
givers to put the results regarding impairment from
anesthetic drugs in a more meaningful framework or
context (i.e., how does the degree of impairment com-
pare to that of alcohol?) than that which currently exists
(i.e., comparing drugs to a placebo-control condition
only).
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