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ABSTRACT

Background: After sedated colonoscopy, patients are
discharged on the basis of their subjective judgment
that they have recovered, corroborated by the nurs-
ing staff. The aim of this study was to assess objec-
tively whether patients were in fact fully recovered at
the time of discharge, and to demonstrate whether the
methods of testing applied could detect any influence
of sedation on short-term memory, psychomotor
function and postural stability. Methods: Twenty-two
patients were investigated. At the beginning of the
procedure, a defined bolus of propofol/alfentanil was
given intravenously. During the procedure, an addi-
tional bolus was injected one or more times as re-
quested by the patient. After colonoscopy, the patients
stayed in the recovery room until the patients judged
that they had recovered completely, which was also
the judgement of the nursing staff at that time. Before
colonoscopy and again before discharge, tests were
performed of short-term memory, psychomotor func-
tion and postural stability (balance). Results: A posi-
tive correlation was found between the duration of
colonoscopy and the amount of sedative given (p <
0.03). No differences in short-term memory or pos-
tural control were found when measurements ob-
tained before and after colonoscopy were compared.
Reaction time was prolonged significantly after
colonoscopy (p < 0.01), which was mainly due to pro-
longation of perception time (p < 0.003). No correla-
tion was found between the observed reduction in
psychomotor function and the amount of sedative
given. Conclusions: The introduction of ultrashort-
acting sedative and hypnotic agents has facilitated
out-patient colonoscopy. However, although they feel
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that they have recovered fully, some patients are still
affected by the sedative at the time of discharge, as
demonstrated by tests of short-term memory, reaction
time and postural stability.
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1. INTRODUCTION

After sedated colonoscopy, patients are usually dischar-
ged when they feel that they have recovered. Obviously,
such a judgement is subjective and may be in error. The
purpose of the present study was to measure by objective
means whether the patients were in fact fully recovered
at the time of discharge. Tests of short-term memory, re-
action time and postural stability were performed to de-
tect such possible impairment of recovery.

2. PATIENTS AND METHODS

Twenty-two patients (ASA I-1l; 15 men and 7 women;
median age 57 years, range 41 - 72 years) who under-
went a scheduled colonoscopy to ensure the presence of
a healthy colon after earlier removal of colorectal polyp(s)
participated in the study.

Before colonoscopy, baseline testing was performed:

1. Short-term memory

WALIS test (Wechsler Adult Intelligence Scale—digit
span) [1].

2. Psychomotor function (reaction time)
This was measured using Good Reaction equipment (Me-
titur, Jyvaskyld; Figure 1) using visual stimuli. The two
components of reaction time (perception time (msec) and
movement time (msec)) were recorded separately (the
method is described in [2]).

3. Postural stability (balance)
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Figure 1. Testing of psychomotor reaction time.

This was measured using Good Balance equipment
(Metitur, Jyvaskyld; Figures 2 and 3). Postural sway, ex-
pressed as velocity moment (mm?/sec), was recorded with
the eyes open and the eyes closed (the method is describ-
ed in [3,4]).

Colonoscopy was carried out by one of three experi-
enced endoscopists. At the beginning of the procedure, a
bolus of 4 ml of propofol/alfentanil (9 mg/ml and 0.08
mg/ml, respectively) was given intravenously. During
colonoscopy, a further bolus was injected one or more
times as requested by the patient, and during the proce-
dure, blood pressure, pulse, and oxygen saturation were
monitored.

After colonoscopy, the patients were transferred to the
recovery room and stayed there until they had recovered
completely and were ready for discharge, as judged by
the patients themselves and the nursing staff. The criteria
included being fully awake, having no pain or nausea,
and being capable of eating and drinking. At this time, all
the tests described above were repeated.

Before the statistical analysis, a Spearman correlation
test was carried out on the measurements obtained before
and after colonoscopy to ensure effective pairing. The
results obtained before and after colonoscopy were com-
pared using the Wilcoxon signed-ranks test for matched
pairs, with p-values < 0.05 considered significant.

No particular ethical considerations were deemed to
arise as a result of the methods of investigation and the
patients entered the study anonymously after informed
consent. The study was approved by the Danish Data
Protection Agency, and conformed to the provisions of
the Declaration of Helsinki.

3. RESULTS

Complete colonoscopy was performed in all patients.
The median duration of investigation was 13 minutes
(range 8 - 26 minutes). The patients received 14 ml of
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Figure 2. Testing of postural stability (balance).

Figure 3. Monitor showing postural sway during testing.

sedative/analgesic (median; range 4 - 28 ml), which cor-
responds to a median of 126 mg of propofol and 1.12 mg
of alfentanil. A linear correlation was demonstrated be-
tween the duration of colonoscopy and the amount of
sedative (ml/kg) given (r = 0.45, p < 0.03), but not be-
tween the amount of sedative given and the duration of
stay in the recovery room, the median for which was 55
minutes (range 35 - 90 minutes).

3.1. Short-Term Memory

No statistically significant difference was found between
the WAIIS test score before colonoscopy (median score 9,
range 7 - 12) and that after colonoscopy (median score 9,
range 6 - 13).

3.2. Psychomotor Function

Overall reaction time was prolonged significantly after
colonoscopy, from a median of 600 msec to 680 msec (p
< 0.01), with a maximum increase in one patient of 470
msec. The overall increase was due mainly to the pro-
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longation of perception time (from a median of 400 msec
to 460 msec, p < 0.003). Movement time did not increase
significantly (from a median of 210 msec to 230 msec).
No correlation was found between the reduction in psy-
chomotor function observed and the amount of sedative
given.

3.3. Postural Stability

The velocity moment was increased significantly (i.e. ba-
lance was impaired) in measurements obtained with the
eyes closed as compared with measurements with the

eyes open, both before and after colonoscopy (p < 0.001).

In addition, the velocity moment was increased after co-
lonoscopy as compared with before colonscopy, both
with the eyes open (median: 6.35 and 6.45 mm?/sec) and
with the eyes closed (median: 8.8 and 8.9 mm?/sec), but
not to a statistically significant degree.

4. DISCUSSION

In some institutions, colonoscopy is performed routinely
without sedation. However, the procedure may occasion-
ally be painful and unpleasant, and in our experience
most patients prefer some type of sedation together with
analgesia. Until a few years ago, diazepam and pethidine
were used widely for this purpose, but in recent years
newer, short-acting agents, such as propofol and alfen-
tanil, have been used increasingly. The use of these agents
has been shown to be safe in several studies [5-11], and
has been reported in a Cochrane review [12]. It is a mat-
ter of discussion in the literature whether propofol should
be used alone or in combination with opoids and/or ben-
zodiazepines. Whether propofol should always be admi-
nistered by anaesthesiologists is also controversial. How-
ever, the present study did not aim to address these is-
sues.

The advantage of using propofol lies in its rapid onset
and short duration of effect. The mean recovery time
after propofol-sedated colonoscopy has been reported to
range from 5 to 45 minutes [5-9].

In the present study, the patients had recovered clini-
cally, as judged by themselves and the recovery room
staff, after a median of 55 minutes. However, by objec-
tive measurement, they had not recovered fully, because
the median reaction time at this point was still impaired
significantly when compared with pre-procedural, base-
line values. The reduced reaction time was not correlated
with the amount of propofol administered, which may
suggest a degree of individual variation in the metabo-
lism and elimination of propofol. It also probably reflects
the biphasic elimination of propofol, of which the sec-
ondary phase is known to last from 3 to 6 hours. Propo-
fol is distributed mainly in brain tissue, so it exerts its
effects primarily on brain function. This was demon-
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strated in the present study by the fact that the impair-
ment in the overall reaction time was due mainly to re-
duced perception time and not to decreased motor func-
tion.

It is well known that sedation with benzodiazepines or
barbiturates impairs cognitive and psychomotor perfor-
mance, but to our knowledge only one study [6] has ad-
dressed these issues in detail in relation to sedation with
propofol. Theodorou et al. [6] found a reduced reaction
time after 30 minutes, but not after 60 minutes. This dif-
ference in comparison to our study is probably explain-
ed by the fact that the patients in our study received lar-
ger doses of propofol (median: 126 mg). Findings for the
mean dose of propofol necessary for the completion of
colonoscopy vary among different studies, from 66 to
141 mg [5,7,8,13].

As assessed by the WAIS test, we did not find any in-
fluence on short-term memory. This contrasts with the
findings of Theodorou et al. [6], who found a decrease in
short-term memory (using the Picture Recall test) up to 2
hours after colonoscopy. In addition, Theodorou et al.
found impairment of other cognitive functions (by use of
the Digit Symbol Substitution test, Grooved Pegboard
test and Speed of Comprehension test), which lasted for
2 hours after colonoscopy. However, in the latter study,
patients were given midazolam in addition to propofol
and fentanyl, which may explain these findings. Similar-
ly, Padmanabhan et al. [14] found cognitive impairment
after sedation with propofol in combination with midazo-
lam and/or fentanyl by using the CogState test. It is un-
clear which test of cognitive function is the more appro-
priate to use when this combination of drugs is adminis-
tered.

Postural stability (balance) is maintained as the result
of an unconscious, complex, but synchronized interac-
tion between the central and peripheral nervous systems
and several individual muscles and groups of muscles. In
the upright position, the body will constantly sway in all
directions, and the magnitude of sway and the speed with
which it is corrected are an expression of the ability to
maintain postural balance. This ability, which can be
measured as described previously [3,4], is affected nega-
tively by many diseases and neuromuscular conditions
and also by medication. However, the effect of propofol
or other anaesthetics on postural balance has not been
tested previously. As expected, postural control was found
to be poorer with the eyes closed than with the eyes open,
but only a statistically non-significant further impairment
could be demonstrated after sedated colonoscopy. Fur-
ther studies are needed to determine whether our finding
applies in all cases or was due to the limited size of the
test population.

In conclusion, in spite of the use of propofol, a short-
acting anaesthetic agent, some patients were still affected
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by sedation at the time of discharge after colonoscopy,
although they judged themselves to have recovered fully
and their judgement was corroborated by nursing staff.
Sedation results in impaired psychomotor function, and
patients should be warned about the fact that they may
not have recovered fully at the time of discharge, because
it might have serious consequences if they perform cer-
tain activities, for example, driving a motor vehicle or
operating machinery.

This pilot study also shows that the assessment of re-
action time (with separate recording of perception time
and movement time) and the measurement of postural
control could be useful tools in future prospective com-
parative studies of the effects of sedation.
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