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KEY POINTS
• Question: Does the addition of low-dose midazolam to propofol and opiate-based sedation for 

colonoscopy affect the quality of recovery?
• Findings: The addition of midazolam did not show evidence of any differences in the quality of 

recovery after colonoscopy, and recovery beyond 15 minutes was not delayed.
• Meaning: The use of midazolam as a component of sedation for colonoscopy should be deter-

mined by the anesthesiologist’s clinical judgment.

BACKGROUND: There is a concern that midazolam, when used as a component of sedation for 
colonoscopy, may impair cognition and prolong recovery. We aimed to identify whether midazolam 
produced short- and longer-term effects on multiple dimensions of recovery including cognition.
METHODS: A 2-center double-blinded, placebo-controlled, parallel-group, randomized, phase IV 
study with a 1:1 allocation ratio was conducted in adults ≥18 years of age undergoing elective 
outpatient colonoscopy, with sufficient English language proficiency to complete the Postoperative 
Quality of Recovery Scale (PostopQRS). Participants were administered either midazolam (0.04 
mg·kg−1) or an equivalent volume of 0.9% saline before sedation with propofol with or without an 
opiate. The primary outcome was incidence of recovery in the cognitive domain of the PostopQRS 
on day 3 after colonoscopy, which was analyzed using a χ2 test. Secondary outcomes included 
recovery in other domains of the PostopQRS over time, time to eye-opening, and hospital stay, and 
patient and endoscopist satisfaction. All hypotheses were defined before recruitment.
RESULTS: During September 2015 to June 2018, 406 patients were allocated to either midazolam 
(n = 201) or placebo (n = 205), with one withdrawn before allocation. There was no significant 
difference in recovery in the cognitive domain of the PostopQRS on day 3 after colonoscopy (mid-
azolam 86.8% vs placebo 88.7%, odds ratio, 0.838; 95% confidence interval [CI], 0.42–1.683; 
P = .625). Furthermore, there was no difference in recovery over time in the cognitive domain of 
the PostopQRS (P = .534). Overall recovery of the PostopQRS increased over time but was not 
different between groups. Furthermore, there were no differences between groups for nociceptive, 
emotive, activities-of-daily-living domains of the PostopQRS. Patient and endoscopist satisfaction 
were high and not different. There were no differences in time to eye-opening (midazolam 9.4 ± 
12.8 minutes vs placebo 7.3 ± 0.7 minutes; P = .055), or time to hospital discharge (midazolam 
103.4 ± 1.4 minutes vs placebo 98.4 ± 37.0 minutes; P = .516).
CONCLUSIONS: The addition of midazolam 0.04 mg·kg−1 as adjunct to propofol and opiate 
sedation for elective colonoscopy did not show evidence of any significant differences in recov-
ery in the cognitive domain of the PostopQRS, overall quality of recovery as measured by the 
PostopQRS, or emergence and hospital discharge times. The use of midazolam should be deter-
mined by the anesthesiologist.  (Anesth Analg 2020;131:741–50)
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GLOSSARY
ADL = activities-of-daily-living; ASA = American Society of Anesthesiologists; BMI = body mass index; 
CI = confidence interval; CONSORT = CONsolidated Standards of Reporting Trials; GLMM = general-
ized linear mixed model; MIMiCRY trial = MIdazolaM and Cognitive RecoverY; NHP = nonhuman 
primates; PACU = postanesthesia care unit; PostopQRS  = Postoperative Quality of Recovery 
Scale; SD = standard deviation

Midazolam is an intravenous benzodiazepine 
widely used for procedural sedation as a 
sedative and anxiolytic drug. It has largely 

replaced diazepam, as it is water-soluble and shorter 
acting. It has been used as a sole agent, or in a lower 
dose in combination with opiates and propofol for 
colonoscopy sedation.1,2

Delayed neurocognitive recovery, or potentially, cog-
nitive decline is a serious consequence of anesthesia and 
surgery. It is unclear if this decline unmasks the existing 
cognitive impairment or is a predictor of future dementia. 
A large population-based study observed an increased 
risk of dementia within 3–7 years of anesthesia and sur-
gery, and a shorter mean duration of diagnosis of demen-
tia compared to their control patients.3 Advanced age4,5 
and major surgery have been reported to be the most 
important predictors of postoperative cognitive decline,6 
though this is known to occur in younger patients and 
with less complex surgery. Persistent residual cognitive 
effects of general anesthesia 3 days following surgery 
procedures have been reported previously.7 According to 
an observational study on endoscopy patients, recovery 
in the cognitive domain of the PostopQRS was incom-
plete in approximately 15% of patients days to weeks 
after endoscopy.8 Padmanabhan et al9 found that 18.5% 
of patients undergoing colonoscopy had impaired cogni-
tion at hospital discharge but did not examine later time 
points. The incidence of impaired cognition was not dif-
ferent from the addition of midazolam, but a midazolam 
dosage >2 mg was associated with impaired cognition. 
Midazolam did not affect recovery times but improved 
operating conditions and facilitated shorter operating 
times.9 Delayed recovery in cognition with low-dose 
midazolam was also demonstrated by Hsu et al,10 mea-
sured 120 minutes after sedation. While investigating 
different sedation protocols for colonoscopy procedures, 
Watkins et al11 observed that administering propofol as a 
sole anesthetic caused the least cognitive disturbance at 
24 and 48 hours postprocedure when compared to any 
other combination regimen. Conversely, other studies 
have shown improved operating conditions and patient 
satisfaction when midazolam was used as a component 
of sedation.12

The current evidence gap is whether the use of mid-
azolam affects the quality of recovery beyond the early 
recovery period. The aim of this study was to identify 
whether there were longer-term effects on multiple 
dimensions of recovery including cognition. The null 
hypothesis was that there would be no significant 

difference on recovery in the cognitive domain of the 
PostopQRS with midazolam 0.04 mg·kg−1 as a sup-
plement to propofol and opiate-based sedation for 
patients undergoing outpatient colonoscopy.

METHODS
This 2-center study was approved by The Prince 
Charles Hospital Human Research Ethics Committee 
on June 2, 2015 (HREC/15/QPCH/84), and at the 
Royal Melbourne Hospital on March 14, 2017 (HREC 
2017.043). Written informed consent was obtained from 
all participants. The trial was registered before any par-
ticipant enrollment on the Australian and New Zealand 
Clinical Trials Registry (ACTRN12615000625572, 
Principal investigator: Usha Gurunahan, Date of reg-
istration: June 16, 2015, MIdazolaM and Cognitive 
RecoverY [MIMiCRY trial]). This manuscript adheres 
to the applicable CONsolidated Standards of Reporting 
Trials (CONSORT) guidelines.13

Trial Design
Two-center double-blind, placebo-controlled, paral-
lel-group, randomized, phase IV study with 1:1 allo-
cation ratio was conducted. No changes to methods 
occurred after trial commencement.

Participants
Eligible participants were adults ≥18 years of age 
undergoing elective outpatient colonoscopy, with suf-
ficient English language proficiency to complete the 
PostopQRS. Although the PostopQRS is available in 
multiple languages, the research staffs conducting the 
PostopQRS were only proficient in English. Participants 
were excluded if there was a history of drug/alcohol 
abuse, psychiatric illness, neurological disease, audi-
tory or visual disturbances that could affect reliability 
of conducting the quality of recovery survey; pre-exist-
ing memory or cognitive impairment, weight >120 kg, 
clinically significant renal or hepatic dysfunction, sig-
nificant cardiorespiratory instability, or anesthesiolo-
gist refusal to use midazolam. The study took place in 
the endoscopy suites of The Prince Charles Hospital in 
Brisbane, Australia, and the Royal Melbourne Hospital, 
Melbourne, Australia, between September 2015 and June 
2018. Both institutions are tertiary referral institutions.

Interventions
Participants were allocated to receive midazolam 
0.04 mg·kg−1 or an equivalent volume of 0.9% saline 
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intravenously before sedation with propofol with or 
without an opiate. No further use of midazolam was 
permitted. The dose of propofol and use of opiate 
was determined by the anesthesiologist and titrated 
to effect.

Outcomes
The primary outcome was the incidence of recovery in 
the cognitive domain of the PostopQRS on day 3 after 
colonoscopy. This time point was sufficiently distant 
from the procedure to remove confounding effects of 
anesthesia and analgesia drugs, bowel preparation, 
and surgical inflammation on the measurement of 
cognition.

The PostopQRS is a multidimensional survey-
based tool, which includes a domain designed 
to measure recovery in the cognitive domain of 
the PostopQRS over time during the postopera-
tive period (see www.postopqrs.com).14 The cog-
nitive domain of the PostopQRS includes 5 verbal 
cognitive tests. The other PostopQRS domains are 
physiological, emotive, nociceptive, and activities-of-
daily-living. Supplemental Digital Content 1, Figure 
1, http://links.lww.com/AA/C1000, shows a base-
line time point of the PostopQRS. The PostopQRS 
also includes an overall patient perspective domain 
including satisfaction. In brief, the instrument is 
administered preoperatively to provide individual 
baseline measurements for each patient. Thereafter, 
recovery in various domains of the PostopQRS is 
defined by postoperative values equaling or exceed-
ing individual baseline values, except for the cogni-
tive domain where a tolerance level is added to adjust 
for normal performance variability.15 That is, patients 
can perform a little worse than baseline in the cogni-
tive domain of the PostopQRS, by the magnitude of 
the tolerance factor, and still be scored as recovered. 
For patients whose presurgery cognition values falls 
below the tolerance factor in 1 or more tests are cat-
egorized as “low baseline cognition,” and recovery in 
the cognitive domain of the PostopQRS is scored by 
the number of tests that score below the tolerance fac-
tor, with recovery defined as the same or fewer tests 
scoring below the tolerance factor.16 A dichotomized 
result is given in which patients are recovered or not 
recovered in each of the PostopQRS domains. Overall 
recovery is seen when there is a return to preopera-
tive baseline functions in each of the domains of the 
PostopQRS. The incidence of recovery is expressed as 
a percentage of participants recovered/group total at 
each time point.

The PostopQRS was conducted face-to-face while 
in hospital and then via telephone after hospital dis-
charge. The time points for this assessment were pre-
surgery, 15 minutes after endoscope removal, and 
then at 1 hour, day 1, day 3, day 7, and 3 months.

Secondary outcomes included recovery across 
all time points over 3 months for each PostopQRS 
domain and overall recovery (recovery in all domains 
of the PostopQRS); an additional domain of the 
PostopQRS on the overall patient perspective, includ-
ing patient satisfaction; duration of anesthesia, emer-
gence, postanesthesia care unit and hospital length of 
stay; and anesthesia drug use, volume of intravenous 
fluid administered, and surgical conditions rated by 
the endoscopist. There were no changes to trial out-
comes after enrollment commenced.

Randomization
The randomization sequence was generated using a 
web-based random sequence generator, https://www.
sealedenvelope.com/, in unequal block sizes of 4, 6, 8, 
and 10, without stratification. A nonparticipant in the 
trial placed the allocation in double opaque, sealed 
envelopes. Following informed consent, the anesthesi-
ologist drew up and labeled 2 identical 5 mL syringes, 
with 1 syringe containing 1 mg·mL−1 midazolam and 
the other 5 mL of 0.9% saline. Both syringes were 
handed to an anesthesiology assistant who was not 
involved in administration of drugs nor involved in 
any data collection. That person revealed the alloca-
tion, discarded the nontrial syringe, and relabeled the 
trial syringe as “trial drug.” The trial drug was admin-
istered on a weight basis (0.04 mL·kg−1) to a maximum 
of 5 mL intravenously before any further sedation was 
administered. The patient, anesthesiologist, research 
staff, and endoscopist were all blinded to allocation.

Statistical Analysis
All analyses were performed on an intention-to-treat 
basis. Missing data were not imputed, and incidence 
of recovery was analyzed using available data. A 
χ2 test was used to analyze the primary outcome of 
recovery in the cognitive domain of the PostopQRS 
on day 3 following the colonoscopy. Generalized 
linear mixed models (GLMM) with a logit link func-
tion were used to analyze recovery and patient sat-
isfaction over time, and all outcome variables were 
dichotomized as “recovered” versus “not recovered” 
or “satisfied” versus “not satisfied,” respectively, for 
the analysis.17,18 The allocated treatment, the time as 
categorical variable, and the time by treatment inter-
action were included as fixed effects, and a random 
intercept for patients was included to account for 
the within-patient correlation. Continuous data were 
analyzed with the Student t test. A 2-sided P < .05 
defined significance for the primary outcome and P 
< .01 defined significance for secondary outcomes to 
reduce the risk of type I error. GENSTAT V18 (VSNi 
International Ltd; Hemel Hempstead,  England, UK) 
was used to perform the GLMM test, and SPSS V21 
(SPSS Inc; IBM Corp, Armonk, NY) was used for other 

www.postopqrs.com
http://links.lww.com/AA/C1000
https://www.sealedenvelope.com/
https://www.sealedenvelope.com/
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analyses. Supplemental Digital Content 2, Document 
1, http://links.lww.com/AA/D2, shows a detailed 
statistical analysis plan.

Sample Size Estimation
On the basis of previous studies, the recovery in the 
cognitive domain of the PostopQRS on day 3 approxi-
mates 70% in patients undergoing endoscopy.8 An 
absolute difference of 15% was considered as a clini-
cally important difference, and using a 2-tailed design, 
a sample size of 172 per group would provide a power 
of 90% with an α value of .05 to detect that difference, 
which was increased to a total of 400 participants to 
compensate for loss to follow-up. No interim analyses 
or stopping rules were planned.

RESULTS
From September 15, 2015 to June 3, 2018, a total of 406 
patients were enrolled in the study (331 at the Prince 
Charles hospital and 75 at the Royal Melbourne hos-
pital). One patient withdrew and did not receive the 
intervention nor was follow-up data collected. The 
patient flow chart is shown in Figure 1. The baseline 
characteristics of the patients are shown in Table 1. No 
harms or unintended events occurred to any of the 
participants.

Primary Outcome Cognition
Recovery in the cognitive domain of the PostopQRS 
is shown in Figure 2A. There was no significant dif-
ference in recovery in the cognitive domain of the 

PostopQRS on day 3 after colonoscopy (midazolam 
86.8% vs placebo 88.7%, odds ratio, 0.838; 95% confi-
dence interval [CI], 0.42–1.683; P = .625). Furthermore, 
there was no difference between groups in recovery in 
the cognitive domain of the PostopQRS across all time 
points in the study (P = .534, for time by treatment 
interaction). There was a failure to recover in the cog-
nitive domain of the PostopQRS at 3 months in 11.6% 
of midazolam and 10.6% of placebo patients.

Secondary Outcomes
Overall recovery and recovery in other domains of 
the PostopQRS are shown in Figure  2B–F. Overall 
recovery increased over time but was not different 
between groups. Furthermore, there were no differ-
ences between groups for nociceptive, emotive, and 
activities-of-daily-living domains of the PostopQRS. 
Overall, no significant differences were observed 
between the 2 groups in the physiological domain. 
However, differences in recovery were observed at 
15 minutes in the 2 physiological subdomains: con-
sciousness (midazolam 70.7% vs placebo 86.7%;  
P < .001) and response to command (midazolam 86.4 
% vs placebo 95.6%; P = .001). By 1 hour, all partici-
pants had recovered in those 2 subdomains.

The self-reported patient domain of the PostopQRS 
is shown in Figure 3. Patient satisfaction is reported 
as total satisfaction or satisfaction with the procedure 
and approximated 100% for both groups at all time 
points from day 1. Similarly, nearly all participants 
reported no impact or minimal impact on the ability 

Figure 1. CONSORT participant 
flow diagram. CONSORT indi-
cates CONsolidated Standards 
of Reporting Trials.
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to work, ability to perform activities-of-daily-living, 
and clarity of thought (all P > .05).

Anesthesia details, fluid usage, operating condi-
tions, and postoperative times are shown in Table 2. 
There were no differences in the type or dose of opi-
ates used. No significant differences were observed 
between the 2 groups in the trial drug volume (mid-
azolam 3.3 ± 0.7 mg vs placebo 3.2 ± 0.7 mL). The total 
dose of propofol was lower in the midazolam group 
(275.9 ± 140.0 mg vs 329.3 ± 154.3 mg; P < .001). The 
anesthetic duration was not different between groups 
(midazolam 25.6 ± 12.1 minutes vs placebo 26.5 ± 13.1 
minutes; P = .477). There were no differences in the 
type or volume of fluid administered. Endoscopists 
reported good or excellent operating conditions in 
nearly all patients, with no difference between groups 
(P = .483).

There were no statistically significant differences in 
time to eye-opening (midazolam 9.4 ± 12.8 minutes 

vs placebo 7.3 ± 7.7 minutes; P = .055), time to post-
anesthesia care unit discharge (midazolam 39.1 ± 16.2 
minutes vs placebo 38.8 ± 13.6 minutes; P= . 842), or 
time to hospital discharge (midazolam 103.4 ± 91.4 
minutes vs placebo 98.4 ± 37.0 minutes; P = .516).

DISCUSSION
Our study shows that the use of midazolam 0.04 
mg·kg−1 as adjunct to propofol and opiate sedation 
did not show any evidence of differences in recovery 
in the cognitive domain of the PostopQRS after colo-
noscopy. Other than a delayed recovery in the level 
of consciousness and response to verbal command 
at 15 minutes in the midazolam group, recovery in 
other domains of the PostopQRS was not different 
between groups, and midazolam did not prolong 
procedural, emergence, or discharge times. The use 
of midazolam was associated with a reduction in 
propofol dose.

Table 1.  Patient Characteristics and Operative Details

Variables
Midazolam  
(n = 201)

Placebo  
(n = 205)

Standardized  
Differencesa (d)

Age, mean (SD), y 56.4 (14.7) 56.5 (15.0) <0.001
Male, no. (%) 108 (53.7) 103 (50.2) 0.057
ASAb physical status, no. (%)    
 I 59 (29.4) 65 (31.7) 0.042
 II 100 (49.8) 99 (48.3) 0.024
 III 36 (17.9) 31 (15.1) 0.061
 IV 2 (1.0) 1 (0.5) 0.046
Obese (BMI >30), no. (%) 75 (37.3) 66 (32.2) 0.087
Education, mean (SD), y 12.3 (3.6) 12.7 (3.4) 0.008
Alcohol consumption, mean (SD) 
(standard units per week)

4.2 (7.0) 5.0 (10.5) 0.008

Smoking status, no. (%)    
 Never 103 (51.2) 90 (43.9) 0.12
 Exsmoker 76 (37.8) 82 (40.0) 0.037
 Current smoker 19 (9.5) 29 (14.1) 0.122
Pre-existing conditions, no. (%)    
 None 81 (40.3) 99 (48.3) 0.132
 Opiate usage for chronic pain 3 (1.5) 4 (2.0) 0.029
 Cardiac 41 (20.4) 36 (17.6) 0.059
 Renal 3 (1.5) 3 (1.5) 0.002
 Hepatic 6 (3.0) 0 (0) 0.175
 Respiratory 25 (12.4) 21 (10.2) 0.056
 Diabetes mellitus 19 (9.5) 12 (5.9) 0.107
 Hypertension 23 (11.4) 20 (9.8) 0.044
 Other 58 (28.9) 51 (24.9) 0.073
Problems with previous anesthesia, no. (%)    
 None 180 (89.6) 186 (90.7) 0.032
 History of severe nausea or vomiting 12 (6.0) 11 (5.4) 0.021
 Difficulty with intubation 0 (0) 0 (0) 0
 Agitation postoperative 1 (0.5) 1 (0.5) 0.001
 Other 8 (4.0) 7 (3.4) 0.024
Employment status, no. (%)    
 Not employed including student or retired 79 (39.3) 92 (44.9) 0.093
 Not working due to ill-health: intending to return 8 (4.0) 9 (4.4) 0.017
 Not working due to ill-health: not intending to return 3 (1.5) 5 (2.4) 0.058
 Currently employed: intending to return to work 108 (53.7) 95 (46.3) 0.121
 Currently employed: not intending to return to work 1 (0.5) 2 (1.0) 0.048

All continuous data are shown as mean (SD) and all categorical data are shown as n (%).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.
aStandardized differences were calculated using Cohen d, and the difference in means or proportions was divided by the pooled standard deviations.
bASA classification of preoperative risk status.
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Our study did not identify the benefit nor harm 
associated with the use of midazolam during colo-
noscopy. The dose was modest and capped at 5 mg. 
Our findings must therefore be interpreted in this 
context as we are unable to identify if a larger dose 
of midazolam could have altered recovery outcomes. 
The study by Padmanabhan et al9 was conducted in 
Australia and included the Royal Melbourne Hospital, 
where some of the patients were studied, and therefore 
represents a similar cohort of patients to ours. Similar 
to our study, they did not show a difference in recov-
ery between groups but did demonstrate improved 

operating conditions and shorter procedural times, 
which we were unable to replicate. At hospital dis-
charge, they reported 18.5% of patients had residual 
cognitive impairment, which is similar to our results 
using a different cognitive scale. Interestingly, another 
study noted that the severe impairment of cognitive 
and psychomotor recovery induced by midazolam 
was only partially reversed even with the administra-
tion of flumazenil.19 Conversely, Seifert et al20 showed 
that the addition of midazolam to propofol seda-
tion for endoscopy increased the recovery time and 
reduced the postanesthesia recovery scores measured 

Figure 2. Quality of recov-
ery measured using the 
PostopQRS.  A, Proportion of 
patients who have recovered 
in the cognitive domain of the 
PostopQRS; the yellow box high-
lights the primary outcome at 
day 3 (P = .625), this was ana-
lyzed using a χ2 test between the 
groups, the P for overall differ-
ence between groups across all 
time points is P = .534 for the 
time by treatment interaction. B, 
Overall recovery (recovery on all 
items of the scale); (C) nocicep-
tive recovery (pain and nausea), 
(D) emotive recovery (anxiety 
and depressive feelings), (E) 
activities-of-daily-living, and (F) 
physiological recovery. P values 
for group differences over time 
were derived from GLMM and 
represent the time by treatment 
interaction. GLMM indicates 
generalized linear mixed model; 
PostopQRS, Postoperative 
Quality of Recovery Scale.
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30 minutes after the procedure, though with no other 
differences identified.

Our study investigated recovery following mid-
azolam for an extended time period, which has not 
been previously reported. Although we did not find 
any effect from the use of midazolam, the incidence of 
long-term failure of recovery in the cognitive domain 
of the PostopQRS was of concern. According to a pre-
vious study, the incidence of postoperative cognitive 
dysfunction at 3 months was 4.5% in elderly patients 
undergoing outpatient minor procedures under gen-
eral anesthesia.4 Similarly, Brumby et al,8 in an obser-
vational study, reported incomplete recovery in the 

cognitive domain of the PostopQRS after discharge 
from endoscopy procedures8 Another recent system-
atic review found that the overall incidence of postop-
erative cognitive dysfunction was 11.7% at 3 months 
following noncardiac surgery in adult patients.5 
Consistent with these observations, cognitive failure 
was evident at 3 months postprocedure in around 
12% of our patients in both groups. It is important to 
appreciate that different cognitive test batteries could 
produce different results,16 though the scoring of the 
cognitive domain of the PostopQRS has been vali-
dated against a comprehensive 12-item neurocogni-
tive battery. Despite this, however, the PostopQRS is a 

Figure 3. Patient self-reported perspective.Patient self-reported perspective of the procedure on satisfaction (complete or very high satisfac-
tion), ability to work, ability to perform ADL, and clarity of thought (no or minimal impact). P values for group differences over time were derived 
from GLMM and represent the time by treatment interaction. ADL indicates activities of daily living; GLMM, generalized linear mixed model.
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verbal only scale and will not test for visual or motor 
aspects of cognition.

There is evidence of neurotoxic effects of anesthetic 
and sedative agents on the central nervous system in 
neonatal animal models, although the significance of 
this in relation to the adult human brain is yet to be 
fully determined. Potentiation at the GABAA recep-
tors, the mechanism by which both midazolam and 
propofol primarily exert their action, is associated with 
increased apoptosis in neonatal rats and nonhuman 
primates (NHP). Acutely, midazolam as a sole agent 
has not been shown to promote apoptotic neurodegen-
eration in developing NHP brains but did potentiate 
the acute apoptotic effects of general anesthetic agents 
when administered concomitantly.21,22 Midazolam 
was also associated with NHP with a reduction in 
hippocampal long-term synaptic potentiation func-
tion, an effect that was once again amplified with the 
addition of general anesthetic agents, and which was 
associated with a clinically detectable difference in 

spatial learning and memory function.21,23 How these 
effects of midazolam relate to the adult human brain 
is unclear, although it is hypothesized that the effects 
of centrally acting GABAA agents are dependent on 
the cumulative dose of agent administered and the 
neuronal susceptibility,23 the latter being an impor-
tant consideration in the aging perioperative popula-
tion with concomitant neurodegenerative conditions. 
Studies on animal models have reported the effect of 
both propofol and midazolam in the hyperphosphor-
ylation of tau protein in the neuronal microtubule,24,25 
considered as one of the factors in the pathogenesis 
of Alzheimer dementia. Interestingly, the effect of 
midazolam on tau phosphorylation was seen to per-
sist long after its sedative effects.25 However, the link 
between anesthetic drugs and long-term cognitive 
decline in humans is still inconclusive.

Limitations
Our study has several limitations. Propofol as the pri-
mary sedative drug was used in all patients, which 
is consistent with Australian anesthesiology practice. 
Leslie et al26 surveyed Australian anesthesiologists 
and reported 100% used propofol for colonoscopy 
sedation. Our data do not allow us to determine 
whether propofol or opiate could influence cogni-
tion. However, the extent of pain or use of opioids 
is likely to be minimal with colonoscopy procedures. 
The use of midazolam was associated with a reduced 
propofol dose, so any potential benefit or harm from 
either drug could have been counterbalanced. The 2 
hospitals are both tertiary hospitals, and the popula-
tion studied may have more comorbidities than the 
general population undergoing colonoscopy. The 
dose of midazolam was capped at 5 mg, and there-
fore larger patients may have relatively lower doses 
than smaller patients, though randomization and 
weight-based dosing will help to mitigate that effect. 
At one site, many of the anesthesiologists were reluc-
tant to participate as they believed that midazolam 
was associated with delayed recovery introduc-
ing a potential performance bias. Participants with 
prior cognitive decline or memory impairment were 
excluded as they could not be reliably assessed for 
cognitive change, and therefore we cannot exclude 
that midazolam did not affect cognition in this cohort. 
There was substantial attrition for the primary out-
come, due largely to assessor unavailability. Attrition 
due to inability to conduct the PostopQRS was bal-
anced between groups, but potentially patients who 
were cognitively impaired may be more reluctant to 
undergo evaluation.

CONCLUSIONS
The addition of midazolam 0.04 mg·kg−1 as adjunct to 
propofol and opiate sedation for elective colonoscopy 

Table 2.  Anesthesia, Operative, and Postoperative 
Time Detailsa

Variables
Midazolam  
(n = 201)

Placebo  
(n = 205) P

Anesthetic duration, mean 
(SD), min

25.6 (12.1) 26.5 (13.1) .477

Time to eye-opening, mean 
(SD), min

9.4 (12.8) 7.3 (7.7) .055

Time spent in PACU, mean 
(SD), min

39.1 (16.2) 38.8 (13.6) .842

Time to discharge, mean 
(SD), min

103.4 (91.4) 98.4 (37.0) .516

Total propofol dose, mean 
(SD), mg

275.9 (140.0) 329.3 (154.3) <.001

Trial drug amount, mean 
(SD), mL

3.3 (0.7) 3.2 (0.7) .28

Total dose of opiateb, mean 
(SD), µg

77.5 (59.5) 66.9 (30.6) .071

Opiates used, no. (%)    
 None 59 (29.4) 59 (28.8) …
 Alfentanil 112 (55.7) 121 (59.0) …
 Fentanyl 16 (8.0) 11 (5.4) …
 Morphine 1 (0.5) 0 (0) …
 Remifentanil 0 (0) 2 (1.0) …
Fluid volume, mean (SD), 

mL
612.7 (307.6) 596.9 (296.2) .673

Type of intravenous fluid, 
no. (%)

   

 None 50 (24.9) 65 (31.7) …
 Hartmans/Ringers 137 (68.2) 130 (63.4) …
 Normal saline 1 (0.5) 1 (0.5) …
Operating conditions, no. 

(%)
   

 Excellent 137 (68.2) 139 (67.8) .483
 Good 48 (23.9) 49 (23.9)
 Satisfactory 3 (1.5) 7 (3.4)
 Poor 0 (0) 1 (0.5)

Abbreviations: PACU, postanesthesia care unit; SD, standard deviation.
aAll continuous data were analyzed using a Student’s t test and is shown as 
mean (standard deviation). All categorical data were analyzed using a χ2 test 
and is shown as number (%).
bOpiate dose was adjusted by converting alfentanil to fentanyl equivalents 
by 10 divisions.
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did not show evidence of any significant differences in 
the postoperative recovery in the cognitive domain of the 
PostopQRS, and overall recovery of the PostopQRS, or 
emergence and hospital discharge times. The use of mid-
azolam should be determined by the anesthesiologist. E
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