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BACKGROUND: The sedative drug combination that produces minimal cognitive
impairment and optimal operating conditions during colonoscopy has not been
determined. We sought to determine if the use of propofol alone results in less
cognitive impairment at discharge than the use of propofol plus midazolam and/or
fentanyl in patients presenting for elective outpatient colonoscopy.
METHODS: Two hundred adult patients presenting for elective outpatient colonoscopy
were randomized to receive propofol alone or propofol plus midazolam, and/or
fentanyl for IV sedation. Baseline cognitive function was measured using the comput-
erized CogState test battery (Cogstate™, Melbourne, Australia) before sedation.
During the procedure, sedative drug doses, depth of sedation (via the bispectral index
and observer’s assessment of alertness/sedation score), complications, and treatability
were recorded. Patients were interviewed about recall immediately after emerging
from sedation, and cognitive testing was repeated at hospital discharge. Recovery
times, quality of recovery, and satisfaction with care were also recorded.
RESULTS: In the propofol plus adjuvants group, 84 patients received fentanyl 50 �g
(25–100) (median [range]) and 57 patients received midazolam 2 mg (0.5–10).
Patients’ cognitive function at discharge was worse than their performance at
baseline. However, the changes in cognitive function between discharge and
baseline were not significantly different between the two groups. At discharge,
18.5% of patients were cognitively impaired to an extent equivalent to a blood-
alcohol concentration of 0.05%. Sedation with propofol plus midazolam and/or
fentanyl produced better operating conditions than sedation with propofol alone
and was associated with shorter procedure times. Recovery times, recall, dreaming,
quality of recovery, and patient satisfaction with care were similar between the
groups. Administration of �2 mg of midazolam was a predictor of impaired
cognitive function at discharge.
CONCLUSIONS: Significant cognitive impairment was common at discharge from elec-
tive outpatient colonoscopy. However, the addition of midazolam and/or fentanyl to
propofol sedation did not result in more cognitive impairment than the use of propofol
alone. Furthermore, the use of adjuvants improved the ease of colonoscopy without
increasing the rate of complications or prolonging early recovery times.
(Anesth Analg 2009;109:1448–55)

Colonoscopy is one of the most widely performed
procedures worldwide, so effective sedation with
prompt recovery is important. Although the goal of
sedation is to facilitate the endoscopy, sedation may
also result in continuing cognitive impairment that
may delay discharge or result in patients being dis-
charged from hospital with levels of cognitive func-
tion that contraindicate complex activities of daily

living. The drug combination that produces optimal
operating conditions although minimizing postopera-
tive cognitive impairment has not been determined.

Propofol alone or combined with midazolam
and/or fentanyl is used widely for sedation during
endoscopy.1–3 The risks and benefits of adding adju-
vant sedatives or analgesics to propofol are controver-
sial.4,5 Theoretically, adjuvants may increase patient
comfort and improve operating conditions,4,5 but they
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could also delay return to normal cognition because
their duration of action exceeds that of propofol.
However, few investigations comparing propofol se-
dation with or without adjuvants have been con-
ducted and these did not test cognitive function at
discharge.4,6,7

We therefore tested the hypothesis that, in patients
presenting for elective outpatient colonoscopy, the use
of propofol alone would result in less cognitive im-
pairment at discharge (as evidenced by an increased
reaction time over baseline) than the use of propofol
with midazolam and/or fentanyl. In addition, operat-
ing conditions, depth of sedation, recovery times,
quality of recovery, and satisfaction with care were
compared between the two groups.

METHODS
This trial was conducted in the Day Procedure Unit

of the Royal Melbourne Hospital between March 2007
and March 2008. All sedation for colonoscopy is
administered by anesthesiologists in our institution.
Approval by the Human Research Ethics Committee
was obtained and each patient gave written informed
consent.

Eligible patients were aged �18 yr, were of ASA
physical status I-III and were presenting for elective
colonoscopy. Patients with inadequate English com-
prehension, mini mental state examination score �26,
significant cardio-respiratory instability (ASA IV–V),
or prior IV fluid administration were excluded.

All patients received oral bowel preparation the
night before endoscopy (two 45-mL doses of sodium
phosphate solution [Fleet�, CB Fleet, Australia]). Pa-
tients were randomized by computer generation to
receive sedation with propofol alone or propofol with
adjuvants (midazolam and/or fentanyl). Randomiza-
tion results were concealed in opaque envelopes until
after consent was obtained. Patients, endoscopists,
and postoperative observers were blind to group
allocation.

Procedure
After consent was obtained, demographic and

medical data were recorded and patients completed
the CogState brief computerized cognitive test bat-
tery.8,9 On arrival in the endoscopy room, IV access
was obtained and oxygen was administered at 4
L/min via a clear plastic mask. Patients were not
given IV fluids. Routine patient monitoring included
pulse oximetry, electro-cardiography, and noninva-
sive arterial blood pressure measurement. Bispectral
index (BIS) monitoring was also commenced (BIS-XP�
Version 4.0, A2000 monitor, 15-s smoothing; Aspect
Medical Systems, Newton, MA). The monitor was
covered, blinding those present to BIS values during
sedation.

Sedative drugs were administered IV according to
the randomized group allocation (propofol alone or
propofol plus midazolam and/or fentanyl). The

method of propofol administration in both groups
(i.e., repeated bolus or bolus plus manually controlled
infusion) was determined by the anesthesiologist. In
the propofol plus midazolam and/or fentanyl group,
the choice of one or both drug, and the dosage and
administration method for each were determined by
the anesthesiologist without further input from the
researchers. Adjuvants were administered before propo-
fol. Anesthesiologists were advised to aim for a depth
of sedation in which patients were responsive to
repeated verbal command (observer’s assessment of
alertness/sedation [OAA/S] score � 3 [responds only
if name called loudly or repeatedly]10) for the whole
procedure. No other instructions were given and the
reasons for the choices made by the anesthesiologists
were not recorded.

Colonoscopy commenced when the anesthesiolo-
gist decided that the depth of sedation was adequate.
Predefined complications (over-sedation, underseda-
tion, hypotension, bradycardia, airway obstruction,
hypoventilation, hypoxia, nausea and/or vomiting,
and pain) were managed according to our study
protocol (not shown). Endoscopists were asked to
assess patient treatability at the end of endoscopy (the
ability to complete the procedure effectively and effi-
ciently) as good, fair, poor, or impossible. After the
procedure, patients were transferred to the Stage 1
postanesthesia care unit (PACU) and then subse-
quently to the Stage 2 PACU from which they were
discharged home. The times that patients reached an
OAA/S � 5 (assessment every 60 s) and were ready
for discharge from the Stage 1 PACU using hospital
criteria (oxygen saturation �95% on air, heart rate �55
bpm, systolic blood pressure �30 mm Hg from pre-
operative values, orientated, pain score �4/10, no
nausea or vomiting) were recorded. Patients were
interviewed before Stage 1 PACU discharge using the
modified Brice questionnaire.11 When the patients
were classified as ready for hospital discharge (from
Stage 2 PACU) according to Chung criteria (score �9
of 10),12 they were questioned about quality of recov-
ery and satisfaction with care and completed the
CogState battery a second time.

Measurements
Age, sex, weight, and ASA physical status were

recorded, preoperative medications, and quality of
recovery score (QoR: a validated 9-point scoring sys-
tem with a minimum value of 0 and a maximum value
of 1813) were recorded preoperatively. Oxygen satura-
tion, heart rate, arterial blood pressure, and OAA/S
score were recorded every 2.5 min during sedation.
BIS data were downloaded from the monitor with
patient consent using software provided by Aspect
Medical Systems. Recordings with signal quality be-
low 50 were removed from the analysis. Sedation time
was defined as the time from administration of the
first drug and until removal of the endoscope. Endos-
copy time was defined as time from the insertion of
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the endoscope and until removal of the endoscope.
Recovery times, including the time to OAA/S � 5,
time to Stage 1 PACU discharge, time to commence-
ment of the discharge cognitive testing, and time to
hospital (Stage 2 PACU) discharge, commenced at the
removal of the endoscope. Patient satisfaction with
anesthetic care was measured using a 100-mm visual
analog scale (0 � completely dissatisfied and 100 �
completely satisfied).

Cognitive Testing
The CogState brief computerized test battery

(Cogstate™, Melbourne, Australia) consisted of four
tests and these are summarized in Table 4. The tests
measured psychomotor function (Detection task: “Has
the card turned over?”), attention (Identification task:
“Is the card red?”), visual memory (One Card Learn-
ing task: “Have you seen this card before in this
task?”), and working memory (One Back task: “Is the
card the same as the previous card?”) and required
approximately 10 min for completion. These tasks
have been described in detail previously8,9,14–16 and
were administered according to standard instructions.

Statistical Analyses
For each CogState task nonnormally distributed

data were log-transformed before calculating mean
reaction times and accuracy.14,15 The primary end
point for this study was the difference in performance
on the CogState Detection task between the discharge
and baseline assessments. Secondary end points in-
cluded OAA/S scores, BIS, complications, treatability,
recovery times, dreaming, QOR scores, and patient
satisfaction with sedation.

The sample size was calculated from the results of
a pilot study of 70 patients who received sedation with
propofol and adjuvants. Reaction time on the Detec-
tion task increased from 2.58 log10 ms (standard
deviation: 0.08 ms) at baseline to 2.77 log10 ms (sd �
0.09) ms after sedation (7.3% increase). We assumed
that sedation with propofol alone would result in a
smaller increase in reaction time on the Detection task
(approximately 25%) than would sedation with propo-
fol and adjuvants (i.e., a detection task speed post
sedation � 2.72 log10 ms). Therefore, 76 patients per
group were required (� � 0.05 [two-tailed]; � � 0.2).
Two hundred patients were studied to allow for any
loss to follow-up.

Continuous data were tested for normality. Nor-
mally distributed data were summarized using mean
and standard deviation and were compared using
unpaired two-tailed t-tests. Skewed data were sum-
marized using median and range and were compared
using Wilcoxon’s ranked sum test. Categorical data
were summarized using number (%) and were com-
pared using �2 test or Fisher’s exact test. Paired data
were compared using paired two-tailed t-tests or
signed-rank tests. When there were more than two
groups, normally distributed data were compared

using analysis of variance and skewed data were
compared using the Kruskell–Wallis test. Measures of
effect size were used to express the magnitude of
differences between- (Cohen’s d) or within-groups
(Dunlaps’ d).8,16

Change in cognitive function was also analyzed at
the level of individual patients. To achieve this, a
reliable change index was used to express change
from baseline to discharge in the speed of perfor-
mance on the Detection task for each patient (i.e.,
speed of performance at discharge minus speed of
performance at baseline divided by the group within
subject standard deviation14). Previous studies have
shown that a 0.05% breath alcohol concentration is
associated with a decline in performance of one stan-
dard deviation on this task,9 and therefore patients
with an reliable change index of one or more were
classified as having undergone clinically significant
cognitive change.

Logistic regression was used to determine predic-
tors of impaired cognitive function, treatability, and
dreaming. Categorical variables were created from
continuous variables where applicable. Predictors
from univariate analyses with P values �0.2 were
included in the multivariate models. Stepwise elimi-
nation of predictors were used to arrive at a parsimo-
nious model and tested for interactions. Analysis of
the randomized comparison (propofol alone versus
propofol plus adjuvants) was conducted on an
intention-to-treat basis. All analyses were conducted
using Stata 9.0. A P � 0.05 was considered statistically
significant.

RESULTS
The trial profile is outlined in Figure 1. Patients

who received drugs other than propofol, midazolam,
and fentanyl were replaced. Five patients with proto-
col violations involving midazolam and fentanyl were
analyzed in their randomized groups on an intention-
to-treat basis. Ninety-seven patients in the propofol
only group and 98 patients in the propofol plus
adjuvants group completed the discharge cognitive
test and were eligible for inclusion in the analysis of
the primary outcome.

Patients were similar at baseline except that more
patients in the propofol alone group were taking
selective serotonin reuptake inhibitors (SSRIs) than in
the propofol plus adjuvants group (Table 1). Because
of this apparent inequality, we tested this difference
for significance (P � 0.022).17 In the propofol plus
adjuvants group, 84 patients received fentanyl 50 �g
(25–100) (median [range]) and 57 patients received
midazolam 2 mg (0.5–10). Eight-three percent of pa-
tients in each group were administered propofol by
repeated bolus and 17% were administered propofol
bolus plus manually controlled infusion (P � 1.0).
Propofol doses were substantially higher in the propo-
fol alone group than in the propofol plus adjuvants
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group, but OAA/S scores and BIS values were not
significantly different (Table 2). Minimum systolic
blood pressures, heart rates, respiratory rates, and
oxygen saturations were acceptable and rates of com-
plications were low. There were no clinical differences
between the two groups (results not shown).

Treatability was rated as “fair” in 20% of propofol
alone patients compared with 10% propofol plus
adjuvants patients (P � 0.048). Endoscopy times were
significantly longer in the propofol alone group com-
pared with the propofol plus adjuvants group (22 vs
17 min; P � 0.01).

In the multivariate model, predictors of “good”
treatability were lower ASA physical status and the
administration of midazolam (Table 3). Recovery
times, incidences of dreaming and recall, and QOR
scores were similar in the two randomized groups.
Patients who received midazolam took longer to reach
an OAA/S � 5 after the procedure than patients who
did not (10 vs 7 min; P � 0.041). Times to Stage 1
PACU discharge (22 vs 21 min; P � 0.9188) and
hospital discharge (64 vs 65 min; P � 0.4603) were
similar.

Completion rates for patients attempting the
CogState tasks were high (Detection task � 97.4%,
Identification task � 98.5%, One Card Learning task
98.5%, and One Back task � 98.9%). When considered
for the entire sample, performance at discharge had
declined significantly from baseline for the Detection
(P � 0.0024) and Identification (P � 0.0001) tasks, but
not for the One Card Learning or One Back tasks
(Table 4). However, the magnitude of decline in
cognitive function was small for both tasks (Table 4)
and not significantly different between the two ran-
domized sedation groups (Table 5). When considered
for individual patients, 37 patients (18.5%) were clas-
sified as showing clinically significant cognitive
decline. Multivariate analysis indicated that the pre-
dictors of this decline were the consumption of psy-
chotropic drugs preoperatively and administration of
more than 2 mg of midazolam during the procedure
(Table 6).

DISCUSSION
Sedation for endoscopy should provide optimal

operating conditions although allowing rapid recov-
ery so that the patients can return to their normal lives
safely and promptly. Drug selection is a crucial deter-
minant of these outcomes. Contrary to our initial
hypothesis, the use of propofol alone did not result in
less cognitive impairment at discharge than the use of
propofol plus adjuvants. Nor did propofol alone con-
fer any benefit in terms of complications, QOR scores,
or time to hospital discharge. In fact, the use of
propofol alone was associated with poorer treatability
and longer endoscopy times.

Among the studies researching drug combinations
for endoscopy, only three have made similar compari-
sons to ours.4,6,7 Seifert et al.6 reported faster hospital
discharge times in propofol alone patients than in
propofol plus midazolam patients having gastros-
copy, but they prescribed fixed doses of midazolam
(2.5 mg [�70 kg] or 3.5 mg [�70 kg]). Fanti et al.7

found no difference in hospital discharge times be-
tween propofol alone and propofol plus midazolam

Figure 1. Flow chart of patients. P � propofol; M � midazolam;
F � fentanyl.

Table 1. Baseline Data

Propofol �
adjuvants
(n � 100)

Propofol alone
(n � 100)

Age (yr) 48 � 16 51 � 14
Sex (M) 47 (47) 46 (46)
Weight (kg) 78 � 17 79 � 20
ASA physical status

I 37 (37) 35 (35)
II 47 (47) 51 (51)
III 16 (16) 14 (14)

Preoperative SSRIs 4 (4) 13 (13)*
Other preoperative

antidepressants
or antipsychotics

5 (5) 5 (5)

Preoperative opioids 3 (3) 3 (3)
Preoperative QoR

score
15 (10–18) 15 (7–18)

Data presented as mean � SD (normally distributed data), median (range) (skewed data), or
number (%) (categorical data).
ASA � American Society of Anesthesiologists; SSRI � selective serotonin receptor
antagonist; QoR � quality of recovery score.
* Because of this apparent inequality, we tested this difference for significance (P � 0.022).
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Table 2. Intraoperative and Postoperative Data

Propofol � adjuvants
(n � 100)

Propofol alone
(n � 100) P

Induction time (min) 2 (0–7) �1–3� 2 (0–20) �1–3� 0.0457
Scope time (min) 17 (1–76) �13–24� 22 (2–86) �13–30� 0.0151
Sedation time (min) 20 (3–67) �14–27� 25 (5–87) �16–33� 0.0051
Propofol (mg) 200 (40–660) �120–280� 285 (80–940) �200–410� �0.0001
OAA/S

Minimum 1 (0–5) �1–2� 1 (0–4) �1–2� 0.2278
Median 2 (0–5) �2–3� 2 (0–5) �2–3� 0.06
Maximum 4 (0–5) �3–5� 4 (0–5) �3–4� 0.1969

Bispectral index
Minimum 47 (23–82) �37–58� 42 (17–79) �36–49� 0.0677
Median 63 (30–90) �57–71� 60 (33–92) �51–69� 0.1574
Minimum 78 (44–97) �72–86� 77 (43–98) �72–84� 0.4533

Treatability
Impossible 0 (0) 0 (0) 0.048
Poor 0 (0) 0 (0)
Fair 10 (10) 20 (20)
Good 90 (90) 80 (80)

Time to OAA/S � 5 (min) 9 (0–60) �5–14� 7 (0–63) �4–14� 0.1440
Time to PACU discharge (min) 21 (0–60) �16–29� 21 (5–83) �15–30� 0.8516
Time to CogState test (min) 51 (34–107) �44–60� 52 (26–143) �44–63� 0.8599
Time to hospital discharge (min) 64 (19–177) �52–71� 66 (32–147) �54–78� 0.2046
Recall 3 (3) 4 (3) 1.0
Dreaming 16 (16) 22 (22) 0.279
Discharge QoR score 17 (9–18) �16–18� 17 (8–18) �15–18� 0.6601
QoR difference score 1 (�4 to 7) �0–2� 1 (�5 to 8) �0–2� 0.9437
Patient satisfaction

Dissatisfied 0 (0) 1 (1) 0.721
Neutral 3 (3) 4 (4)
Satisfied 97 (97) 95 (95)

Data presented as mean � SD (normally distributed data), median (range) �interquartile range� (skewed data), or number (%) (categorical data).
OAA/S � observer’s assessment of alertness/sedation score15; SBP � systolic blood pressure; PACU � postanesthesia care unit; Induction time � time from start of drug administration to
insertion of endoscope; Endoscope time � time from endoscope insertion to endoscope removal; Sedation time � time for start of drug administration to endoscope removal; Times to OAA/S �
5, PACU discharge, discharge CogState test, and hospital discharge start at the time of endoscope removal; QoR � quality of recovery.18

Table 3. Predictors of Good Patient Treatability

Characteristic n (%) Univariate OR (95% CI) P Adjusted OR (95% CI) P
Groupa

Propofol plus adjuvants 90 (90) 1.00
Propofol alone 80 (80) 0.44 (0.20–1.00) 0.052

Age (yr)
�50 87 (86) 1.00
�50 83 (84) 0.83 (0.38–1.82) 0.649

Sex
Male 80 (86) 1.00
Female 90 (84) 0.86 (0.39–1.88) 0.706

Weight (kg)
�100 149 (87) 1.00
�100 21 (75) 0.46 (0.18–1.21) 0.117

ASA physical status
I 66 (92) 1.00 1.00
II–III 104 (81) 0.39 (0.15–1.01) 0.054 0.38 (0.14–0.98) 0.045

SSRI, other psychotropic or opioid
No 147 (87)
Yes 23 (72) 0.36 (0.149–0.89) 0.028

Midazolam administeredb

No 115 (82) 1.00 1.00
Yes 55 (93) 3.11 (1.03–9.34) 0.043 3.25 (1.07–9.85) 0.037

Fentanyl administeredb

No 91 (81)
Yes 79 (91) 2.39 (1.01–5.66) 0.048

OR � odds ratio; 95% CI � 95% confidence interval; ASA � American Society of Anesthesiologists; SSRI � selective serotonin reuptake inhibitor.
a As randomized (intention-to-treat).
b As administered. In the propofol plus adjuvants group, anesthesiologists were asked to administer one or either drug according to their preference. In the propofol alone group, two patients
received propofol and three received midazolam (protocol violations).
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patients having upper gastrointestinal ultrasound, but
they prescribed a relatively low midazolam dose (20
�g/kg). Finally, VanNatta and Rex4 compared propo-
fol alone with propofol plus midazolam (1 mg),
propofol plus fentanyl (25 �g), and propofol plus
midazolam (1 mg) and fentanyl (25 �g) in patients
having colonoscopy. Combination therapy led to
faster discharge times, but the propofol alone group
was deliberately titrated to a deeper level of sedation
than the other groups. Because of this design issue and
others, such as fixed dosing and absence of cognitive
testing, these studies cannot be compared directly to
ours. Furthermore, as was evident in this study,
cognitive function may still be abnormal when dis-
charge criteria are met.

Other studies have investigated cognitive impairment
after colonoscopy. Theodorou et al.18 demonstrated im-
paired performance up to 120 min after propofol/
midazolam/fentanyl or nitrous oxide/sevoflurane seda-
tion for colonoscopy. In contrast, Moerman et al.19 found
no cognitive impairment after 15 min in colonoscopy
patients sedated with propofol or remifentanil. How-
ever, neither study identified the number of patients
who were significantly impaired at discharge nor the
predictors of impaired performance.

The only modifiable factor we identified that pre-
dicted cognitive impairment in individuals at discharge
was administration of �2 mg of midazolam, whereas
fentanyl use was not a predictor of cognitive impair-
ment. In patients having general anesthesia for laparo-
scopic sterilization, Richardson et al.20 demonstrated
that patients who received midazolam (40 �g/kg) were

cognitively impaired up to 30 min postoperatively,
whereas those who received placebo were not. In volun-
teers receiving propofol, fentanyl, and midazolam, Tha-
par et al.21,22 identified midazolam as the key drug
producing prolonged psychomotor impairment (equiva-
lent to a blood alcohol of 0.11%). In contrast, Fredman et
al.23 reported that midazolam (0.5 or 2 mg given 30 min
preinduction) had no effect on psychomotor tests, but
prolonged Stage 1 PACU discharge time in patients
having minor urological surgery. This highlights the
poor correlation of cognitive function tests and discharge
criteria and the need for greater clarity about the predic-
tors of cognitive impairment at discharge.23

Colonoscopy was more difficult in patients in the
propofol alone group. BIS values, OAA/S scores,
sedation-related complications, early recovery times,
and recall were similar in the two groups and were
consistent with those recorded in other studies of
procedural sedation using propofol-based tech-
niques.24,25 Perhaps deeper sedation is required if
propofol is used alone or the quality of propofol alone
sedation is not particularly suited to colonoscopy.

The only modifiable factor we identified that pre-
dicted “good” treatability was the administration of
midazolam. As depth of sedation was not a predictor
of treatability, the reason for this finding is obscure.
Midazolam has central muscle relaxant properties,26

but to suggest this as a mechanism is purely specula-
tive. Previous studies have reported no differences in
patient cooperation as rated by the endoscopist be-
tween patients who received midazolam and those
who did not.6,7

Table 4. Cognitive Function at Baseline and Discharge

Task Outcome measure Before After P Effect size
Detection (log10 ms) (n � 190) Speed of performance 2.53 � 0.11 2.55 � 0.11 0.0024 �0.15
Identification (log10 ms) (n � 192) Speed of performance 2.72 � 0.08 2.74 � 0.08 �0.0001 �0.32
One-card learning (arcsine

accuracy) (n � 192)
Accuracy of performance 0.77 � 0.16 0.75 � 0.17 0.0971 0.13

One-back memory (arcsine
accuracy) (n � 187)

Accuracy of performance 1.16 � 0.27 1.15 � 0.32 0.8022 0.02

An increase in reaction time (detection and identification) and a decrease in accuracy (one-card learning and one-back memory) indicate impairment.
Effect size � difference between means/Dunlap’s d.

Table 5. Change in Cognitive Function from Baseline

Task Total Propofol � adjuvants Propofol alone P Cohen’s d
Detection (n � 190) (n � 96) (n � 94) 0.6133 0.133
(log10 ms) 0.02 � 0.08 0.02 � 0.08 0.01 � 0.07

(�0.22 to 0.26) (�0.22 to 0.26) (�0.18 to 0.21)
Identification (n � 192) (n � 97) (n � 95) 0.0618 0.167
(log10 ms) 0.02 � 0.06 0.03 � 0.06 0.02 � 0.06

(�0.2 to 0.22) (�0.13 to 0.22) (�0.2 to 0.17)
One-card learning (n � 192) (n � 96) (n � 96) 0.5797 �0.055
(arcsine accuracy) �0.02 � 0.18 �0.03 � 0.19 �0.01 � 0.17

(�0.55 to 0.42) (�0.55 to 0.41) (�0.55 to 0.42)
One-back memory (n � 187) (n � 95) (n � 92) 0.2142 �0.843
(arcsine accuracy) �0.005 � 0.26 �0.03 � 0.28 0.19 � 0.24

(�1.04 to 0.65) (�1.04 to 0.65) (�0.71 to 0.53)
An increase in reaction time (detection and identification) and a decrease in accuracy (one-card learning and one-back memory) indicate impairment.
Cohen’s d (effect size) � difference between means/pooled standard deviation.
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This study has several limitations. The trial was not
designed to assess the effects of fentanyl and midazo-
lam separately; our interest was in determining if the
use of any adjuvants to propofol impaired cognitive
function at discharge. The fact that the choice of
adjuvants was not random limits our ability to draw
conclusions about their individual effects because of
the potential for confounding, but raises hypotheses
and provides pilot data for testing in the future. Rather
than using fixed doses, we targeted the same depth of
sedation by individually titrating doses in each patient
and used BIS monitoring as a measure of drug effect.27

This raises the issue that a different depth of sedation
may be required for good conditions with different
sedative combinations. In addition, more patients in the
propofol alone group were taking SSRIs than patients in
the propofol plus adjuvants group. For this reason, we
included SSRIs as a variable in multivariate models
predicting impaired cognitive function (SSRIs were not a
significant predictor). A further potential limitation is the
possibility of a practice effect obscuring postsedation
impairment, given the brief test-retest interval and use of

only one practice session. However, this approach is
supported by studies in young and older patients stud-
ied repeatedly at short intervals15,28 and is practical in
the setting of ambulatory surgery. In both studies, im-
provements between assessments were most marked
between the first and second assessment, with perfor-
mance remaining fairly stable between subsequent as-
sessments. Other factors also may have influenced our
patients’ performance on the test battery at baseline
and/or discharge, such as fatigue, hunger, thirst, anxi-
ety, and depression. Although these factors may have
operated randomly, they should have acted equally for
the two randomized groups. Finally, cognitive function
could have been measured at a set time rather than
before each patient was deemed ready for discharge.
Although both approaches may lead to variability in the
extent of recovery at testing, our hypothesis related to
cognitive function when patients left hospital.

In conclusion, significant cognitive impairment was
common at discharge after elective outpatient colonos-
copy. However, the addition of midazolam and/or
fentanyl to propofol sedation did not result in more

Table 6. Predictors of Postsedation Impairment on Detection Task

Predictor n (%) Univariate OR (95% CI) P Adjusted OR (95% CI) P
Age (yr)

�50 22 (22) 1.00
�50 15 (16) 0.67 (0.32–1.39) 0.287

Sex
Male 16 (19) 1.00
Female 21 (20) 1.11 (0.54–2.28) 0.783

ASA physical status
I 16 (22) 1.00
II–III 21 (18) 0.76 (0.36–1.57) 0.456

Preoperative SSRIs
No 34 (20) 1.00
Yes 3 (18) 0.88 (0.23–3.22) 0.842

Other preoperative psychotropic drugs
No 32 (18) 1.00
Yes 5 (50) 4.62 (1.26–16.92) 0.021 5.38 (1.46–19.92) 0.012

Preoperative opioid drugs
No 34 (18) 1.00
Yes 3 (60) 6.66 (1.07–41.42) 0.042

Fentanyl dose
�50 �g 29 (19) 1.00
�50 �g 8 (20) 1.08 (0.45–0.61) 0.854

Midazolam dose
�2 mg 31 (18) 1.00
�2 mg 6 (43) 3.51 (1.14–10.83) 0.029 4.04 (1.29–12.60) 0.016

Mean OAA/S during sedation
�2 20 (19) 1.00
�2 17 (20) 1.12 (0.54–2.30) 0.757

General anesthesia
No 25 (17) 1.00
Yes 12 (26) 1.68 (0.74–3.69) 0.196

Sedation time (min)
�21 19 (18) 1.00
�21 18 (20) 1.09 (0.53–2.24) 0.806

Discharge test (min)
�62 27 (19) 1.00
�62 10 (22) 1.25 (0.55–2.83) 0.595

OR � odds ratio; 95% CI � 95% confidence interval; ASA � American Society of Anesthesiologists; SSRI � selective serotonin reuptake inhibitor; OAA/S � observer’s assessment of
alertness/sedation score15; General anesthesia (90% of sedation time with bispectral index �60); Sedation time � time for start of drug administration to endoscope removal; Discharge test �
time from endoscope removal to time of discharge Cogstate™ test.
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cognitive impairment than the use of propofol alone.
Furthermore, the use of adjuvants improved the ease
of colonoscopy without increasing the rate of compli-
cations or prolonging early recovery times. The only
modifiable factor predicting cognitive impairment in
individuals at discharge was administration of �2 mg
of midazolam.

REFERENCES

1. Padmanabhan U, Leslie K. Anaesthetists’ practice of sedation
for colonoscopy. Anaesth Intensive Care 2008;36:436–41

2. Cohen LB, Wecsler JS, Gaetano JN, Benson AA, Miller KM,
Durkalski V, Aisenberg J. Endoscopic sedation in the United
States: results from a nationwide survey. Am J Gastroenterol
2006;101:967–74

3. Heuss LT, Froehlich F, Beglinger C. Changing patterns of
sedation and monitoring practice during endoscopy: results of a
nationwide survey in Switzerland. Endoscopy 2005;37:161–6

4. VanNatta M, Rex D. Propofol alone titrated to deep sedation
versus propofol in combination with opioids and/or benzodi-
azepines and titrated to moderate sedation for colonoscopy.
Am J Gastroenterol 2006;101:2209–17

5. Lubarsky DA, Candiotti K, Harris E. Understanding modes of
moderate sedation during gastrointestinal procedures: a current
review of the literature. J Clin Anesth 2007;19:397–404

6. Seifert H, Schmitt TH, Gültekin T, Caspary WF, Wehrmann T.
Sedation with propofol plus midazolam versus propofol alone
for interventional endoscopic procedures: a prospective ran-
domized study. Aliment Pharmacol Ther 2000;14:1207–14

7. Fanti L, Agostoni M, Arcidiacono PG, Albertin A, Strini G,
Carrara S, Guslandi M, Torri G, Testoni PA. Target-controlled
infusion during monitoried anesthesia care in patients under-
going EUS: propofol alone versus midazolam plus propofol. A
prospective double-blind randomised controlled trial. Dig Liver
Dis 2007;39:81–6

8. Collie A, Darekar A, Weissgerber G, Toh MK, Snyder PJ, Maruff P,
Huggins JP. Cognitive testing in early-phase clinical trials: devel-
opment of a rapid computerized test battery and application in a
simulated Phase I study. Contemp Clin Trials 2007;28:391–400

9. Maruff P, Falleti MG, Collie A, Darby D, McStephen M. Fatigue-
related impairment in the speed, accuracy and variability of
psychomotor performance: comparison with blood alcohol lev-
els. J Sleep Res 2005;14:21–7

10. Chernik DA, Gillings D, Laine H, Hendler J, SIlver JM, Davidson
AB, Schwam EM, Siegel JL. Validity and reliability of the observ-
er’s assessment of alertness/sedation scale: study with intravenous
midazolam. J Clin Psychopharmacol 1990;10:244–51

11. Brice DD, Hetherington RR, Utting JE. A simple study of
awareness and dreaming during anaesthesia. Br J Anaesth
1970;42:535–42

12. Chung F. Discharge criteria–a new trend. Can J Anaesth
1995;42:1056–8

13. Myles PS, Hunt JO, Nightingale CE, Fletcher H, Beh T, Tanil D,
Nagy A, Rubinstein A, Ponsford JL. Development and psycho-
metric testing of a quality of recovery score after general
anesthesia and surgery in adults. Anesth Analg 1999;88:83–90

14. Maruff P, Werth J, Giordani B, Caveney AF, Feltner D, Snyder PJ.
A statistical approach for classifying change in cognitive function
in individuals following pharmacologic challenge: an example
with alprazolam. Psychopharmacology (Berl) 2006;186:7–17

15. Falleti MG, Maruff P, Collie A, Darby DG. Practice effects
associated with the repeated assessment of cognitive function
using CogState battery at 10-minute, one week and one month
test-retest intervals. J Clin Exp Neuropsychol 2006;28:1095–112

16. Fredrickson A, Snyder PJ, Cromer J, Thomas E, Lewis M, Maruff
P. The use of effect sizes to characterize the nature of cognitive
change in psychopharmacological studies: an example with
scopolamine. Hum Psychopharmacol 2008;23:425–36

17. Burgess DC, Gebski VJ, Keech AC. Baseline data in clinical
trials. Med J Aust 2003;179:105–7

18. Theodorou T, Hales P, Gillespie P, Robertson B. Total intrave-
nous versus inhalational anaesthesia for colonoscopy: a pro-
spective study of clinical recovery and psychomotor function.
Anaesth Intensive Care 2001;29:124–36

19. Moerman AT, Foubert LA, Herregods LL, Struys MM, De Wolf
DJ, De Looze DA, De Vos MM, Mortier EP. Propofol versus
remifentanil for monitored anaesthesia care during colonos-
copy. Eur J Anaesthesiol 2003;20:461–6

20. Richardson MG, Wu CL, Hussain A. Midazolam premedication
increases sedation but does not prolong discharge times after
brief outpatient general anesthesia for laparoscopic tubal steril-
ization. Anesth Analg 1997;85:301–5

21. Thapar P, Zacny JP, Thompson W, Apfelbaum JL. Using alcohol
as a standard to assess the degree of impairment induced by
sedative and analgesic drugs used in ambulatory surgery.
Anesthesiology 1995;82:53–9

22. Thapar R, Zacny JP, Choi M, Apfelbaum JL. Objective and
subjective impairment from often-used sedative/analgesic com-
binations in ambulatory surgery, using alcohol as a benchmark.
Anesth Analg 1995;80:1092–8

23. Fredman B, Lahav M, Zohar E, Golod M, Paruta I, Jedeikin R.
The effect of midazolam premedication on mental and psy-
chomotor recovery in geriatric patients undergoing brief surgi-
cal procedures. Anesth Analg 1999;89:1161–6

24. Drake LM, Chen SC, Rex DX. Efficacy of bispectral monitoring
as an adjunct to nurse-administered propofol sedation for
colonoscopy: a randomized controlled trial. Am J Gastroenterol
2006;101:2003–7

25. Stait ML, Leslie K, Bailey R. Dreaming and recall during sedation
for colonoscopy. Anaesth Intensive Care 2008;36:685–90

26. Richter JJ. Current theories about the mechanisms of benzodi-
azepines and neuroleptic drugs. Anesthesiology 1981;54:66–72

27. Glass PS, Bloom M, Kearse L, Rosow C, Sebel P, Manberg P.
Bispectral analysis measures sedation and memory effects of
propofol, midazolam, isoflurane and alfentanil in healthy vol-
unteers. Anesthesiology 1997;86:836–47

28. Collie A, Maruff P, Darby DG, McStephen M. The effects of
practice on the cognitive test performance of neurologically
normal individuals assessed at brief test-retest intervals. J Int
Neuropsychol Soc 2003;9:419–28

Vol. 109, No. 5, November 2009 © 2009 International Anesthesia Research Society 1455


