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Abstract. – The aim of this meta-analysis 
was to assess the efficacy and safety of propo-
fol sedation for colonoscopy in comparison with 
traditional sedative agents. We performed a sys-
tematic search of PubMed, Embase, Scopus, 
Web of Science CENTRAL (Cochrane Central 
Register of Controlled Trials) and Google Schol-
ar databases to identify eligible randomized 
controlled trials (RCTs) published before No-
vember 2019, and compared the effect of tra-
ditional sedative agents (TA) with the effect of 
propofol/propofol combined with TAs for rou-
tine colonoscopy. We included 22 eligible tri-
als in our analysis, with a total of 2575 partici-
pants. We found strong associations between 
propofol use and short recovery (SMD MD, -1.15 
[-1.55, -0.75], p<0.00001), procedure duration 
(SMD -0.28 [-0.55, -0.02], p<0.05), discharge 
times (SMD= -0.71 [-1.06, -0.36], p<0.0001), and 
sedation scores (SMD 1.29 [0.36, 2.22], p<0.05). 
Propofol in combination with traditional agents 
led to a significant decrease in discharge time 
compared with the discharge times of tradi-
tional sedatives alone (SMD=-0.69 [-1.07, -0.31], 
p<0.0004). The effects of propofol on cecal in-
tubation rates, and occurrences of hypotension 
and apnea were similar to those of TAs. Our re-
sults suggest that propofol can be used as a 
safe alternative to TAs, and can significantly 
shorten procedure duration, recovery and dis-
charge times, and improve sedation depth.
Key Words:

Propofol, Sedation, Colonoscopy, Meta-analysis.

Introduction

The majority of low-risk endoscopic proce-
dures such as colonoscopy and esophagogastro-
duodenoscopy are performed with some form of 

sedation1. While the sedation rates vary through-
out the world, over 98% of routine colonoscopies 
in the US use sedation2. The use of sedation 
during colonoscopies decisively influences the 
quality of the procedure, and results in high pol-
yp detection rates3. The standard colonoscopy 
protocol in the United States and Europe in-
volves conscious sedation, using a combination 
of a benzodiazepines and opioid agents, such 
as midazolam, diazepam, remifentanil and/or 
meperidine, pethidine, and fentanyl4. However, 
these agents carry risks of adverse effects (1:200 
to 1:2000) and mortality, as a result of cardiore-
spiratory complications5. 

Propofol (2,6-diisopropyl phenol) is often 
used for general anesthesia in combination with 
nitrous oxide and muscle relaxants, and induces 
conscious sedation at lower doses. Studies have 
suggested that propofol has significant benefits 
over other agents used for conscious sedation. 
It has no active metabolites and is efficiently 
and quickly cleared by the liver6. Since propofol 
has a significantly shorter half-life than other 
agents used for conscious sedation, patients 
experience much faster recovery from sedation7. 
However, reports of respiratory depression as-
sociated with propofol conscious sedation exist, 
and its effects cannot be reversed by a specif-
ic antagonist8. Randomized controlled studies 
(RCTs) have assessed the efficacy of propofol 
for colonoscopy with varying results. Zhang et 
al9 summarized the potential benefits of propo-
fol sedation during colonoscopy, and concluded 
that it leads to shorter recovery, discharge, and 
ambulation times, and a more efficient sedation. 
However, the consistency of the results may 
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have been compromised by the significant het-
erogeneity among the included RCTs, resulting 
in potential bias. 

We aimed to analyze and summarize current 
findings on the safety and efficacy of propofol as 
a sedative agent for colonoscopy incorporating 
more recent RCTs and including sub group anal-
yses to evaluate the effects of propofol alone or 
in combination with other agents for sedation in 
patients undergoing colonoscopy.

Materials and Methods

Search Strategy
We performed this systematic review and me-

ta-analysis following to the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis 
(PRISMA) statement guidelines. This study did 
not involve human or animal experiments, there-
fore, Ethical approval was not necessary. We 
identified relevant articles by searching PubMed, 
Embase, Scopus, Google Scholar, and Web of 
Science CENTRAL (Cochrane Central Regis-
ter of Controlled Trials) databases for papers 
published before the 30th of November 2019 us-
ing the following search terms: (“propofol” OR 
“Propofol-fentanyl” AND “sedation” or “Tradi-
tional Sedative Agent” AND (“colonoscopy” OR 
“gastrointestinal surgery”). We also searched the 
references of the selected studies for additional 
possibly relevant publications.

Eligibility Criteria
We only included RCTs, case-control or co-

hort studies with adult patients who underwent 
colonoscopy with sedation done either using 
propofol alone or propofol in combination with 
another sedative agents, and compared with se-
dation using traditional sedative agents (TAs). 
Our measured outcomes included recovery time, 
procedure duration, time-to-discharge, sedation 
scores, and hypotension, apnea occurrence, and 
cecal intubation rates.

Risk of Bias in Individual Studies
We applied the Jadad score to evaluate the risk 

of bias in the selected studies.

Data Collection and Analysis
Two authors (K. Zhang and H. Xu) inde-

pendently extracted the essential information 
from each included study. Their initial selection 
was at the level of the title and abstract, and 

then they focused on the full-texts. We includ-
ed variables about participants details, sedation 
methods, procedures, recovery times, procedure 
durations, discharge times, sedation scores, and 
complications rates (apnea and hypotension). Any 
disagreement was resolved by discussion. 

Statistical Analysis
We used the Review Manager Statistical Soft-

ware (RevMan, version 5.3; Nordic Cochrane 
Centre [Cochrane Collaboration], Copenhagen, 
Denmark; 2014) to calculate standardized mean 
differences (SMDs), Odds ratios (ORs) with 95% 
Confidence Intervals (CIs), and publication bias. 
We also evaluated the heterogeneity among the 
included studies using the Cochran’s Q statistic 
and I2 metric tests. If the I2 was less than 50%, 
we used a fixed-effects model, otherwise we used 
a random-effects model to combine the results. 
We conducted sub-group analyses for the use of 
propofol in combination with traditional sedative 
agents. We applied the Begg and Egger’s test to 
assess publication bias. We considered p-values < 
0.05 as statistically significant.

Results

Literature Search 
We retrieved 408 published articles from the 

systematic search during the initial screening. 
Out of those, we deleted 367 items (305 abstracts, 
45 non-English, and 17 review papers) that were 
duplicate records. After the title and abstract 
review, we selected 41 potential studies for full-
text review. Out of these papers, we excluded 15 
due to lack of relevant data, and 4 that were not 
RCT studies. The remaining 22 studies met all 
the inclusion criteria and we included them in our 
meta-analysis (Figure 1).

Characteristics of Eligible Studies 
Table I summarizes the characteristics of the 

selected prospective RCTs, published between 
1994 and 2019, with a total of 2575 participants. 
The population sizes in each study varied be-
tween 14 and 300 participants. The dosage of 
propofol ranged from 0.3 mg/kg to 1 mg/kg. Out 
of 32 RCTs in the analysis, 18 evaluated recovery 
times, 14 evaluated procedure times, and 8 eval-
uated discharge times. The traditional sedative 
agents used in the RCTs included midazolam 
alone (4 studies), midazolam in combination with 
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fentanyl (5 studies), midazolam in combination 
with pethidine (2 studies), remifentanil (4 stud-
ies), midazolam in combination with meperidine 
(3 studies), midazolam plus flumazenil (1 study), 
midazolam plus nalbuphine (1 study), fentanyl 
(1 study), fentanyl plus ketamine (1 study) di-
azemuls in combination with pethidine/ meper-
idine (2 studies), midazolam/diazepam (1 study), 
and etomidate (1 study). 

Recovery Time 
Recovery time data were reported on 16 stud-

ies10-25, with averages of 17.18 min in the propofol 
alone group (P), 27.3 min in the traditional agent 
(TA) group, and 15.5 min in the propofol com-
bined with traditional agents (PTA) group. The 
mean recovery time for all the patients receiving 
propofol was 16.1 min. Our results suggested that 
patients in the P plus PTA groups had similar 
recovery times to those in the TA group (SMD, 
95% CI, -0.59 [-1.21, 0.04]) (Figure 2) with sig-
nificant heterogeneity (I2 = 98%, p < 0.001). 
Subgroup analysis demonstrated that propofol 
alone led to a significantly shorter recovery time 
than traditional sedative agents (10.12 min of sta-

tistically significant decrease; SMD-1.15 [-1.55, 
-0.75], p<0.00001). While the recovery times 
were still 11.8 min shorter in the PTA group, but 
this difference was not significant (SMD-0.33 
[-1.15, -0.50], p=0.44). 

A. Procedure Time 
 Procedure times were analyzed in 13 out 

of the 22 studies included in the analy-
sis10,13,14,16,17,19-22,24-27, with average procedure 
times at 18.4, 19.7 and 20.54 minutes in P, 
TA and PTA groups, respectively (Figure 3). 
Pooled results under our random effect model 
showed that the procedure times for patients 
in the P group was similar to that of the 
TA group (SMD=-0.01 [-0.20, 0.18]) (Figure 
3), with significant heterogeneity (I2 = 67%, 
p=0.002). The subgroup analysis showed that 
combining propofol with other agents resulted 
in procedure times similar to those observed 
with traditional sedative agents (SMD=0.16 
[-0.08, 0.40], p=0.9). At the same time, use of 
propofol alone resulted in a significant drop in 
procedure times compared to those in the TA 
group (SMD=-0.28 [-0.55, -0.02], p=0.03) 

Figure 1. Flow diagram of the 
selection of studies and specific 
reasons for exclusion from the 
meta-analysis.
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B. Discharge Time
 Discharge time was reported in 8 of the 22 

studies12-17,23,26. On average, patients that re-
ceived propofol were discharged after 29.65 
min. Patients in the P group (propofol alone) 
were discharged after 35.66 min, patients in 
the TA group were discharged after 58.42 
min, and patients administered propofol in 
combination with TA were released after 
31.63 min (Figure 4). The pooled estimate 
under the random effect model showed a 
significantly lower time-to-discharge for pa-
tients in the P groups (P and PTA together) 
compared to those in the TA group (SMD= 
-0.71 [-1.06, -0.36]). We found a significant 
heterogeneity between the studies analyzed 
(I2 = 99%, p < 0.001). Our sub-group analysis 
further showed that propofol alone resulted 
in a not statistically significant reduction in 
discharge times (SMD=-0.73 [-1.24, -0.22], 
p=0.05), while propofol in combination with 
TA led to a significant decrease in time-
to-discharge compared to those after tradi-
tional sedatives (SMD=-0.69 [-1.07, -0.31], 
p<0.0004) (Figure 4). 

C. Sedation Score 
 Eight studies13-15,17,24,27-29 calculated sedation 

scores. Patients administered propofol showed 
significant changes in sedation scores compared 
to those in the TA group (OR = 0.85 [0.10, 
1.60], p=0.03). We found significant heteroge-
neity between the studies analyzed (I2= 99%, 
p < 0.001) (Figure 5). Our subgroup analysis 
showed small differences in sedation scores 
when propofol was used in combination with 
other agents (average score of 3.12 vs. 2.88 
in TA group, OR=0.29 [-0.86, 1.45], p=0.62). 
However, in the subgroup of studies reporting 
the effect of propofol alone, the difference 
in sedation scores was statistically significant 
when compared to that in the TA group (aver-
age score of 3.98 in the P group vs. 2.88 in the 
TA group, OR=1.29 [0.36, 2.22], p=0.006).

D. Cecal Intubation 
 Eight studies13-15,17,21,23,24,30 reported data on 

cecal intubations (CI). The included stud-
ies reported 5 CI events when propofol was 
used as a sedative, and 2 events in the TA 
group (rates, 1.14 and 0.5% respectively). The 

Figure 2. Forest plot comparing recovery times after propofol and after traditional agents.
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pooled estimate under our fixed effect model 
suggested that the propofol group had slightly 
higher CI rates than the TA group (Odds Ra-
tio (M-H, Fixed, 95% CI, 1.41 [0.34, 5.82]), 
with insignificant heterogeneity (I2 = 0%, p < 
0.84; Figure 6). 

E. Side Effects
 We also analyzed the effect of propofol se-

dation on the possible adverse effects of con-
scious sedation such as hypotension and apnea. 
Twelve studies10,14,15,17,18,21,22,26-28,31 reported data 
on hypotension, and 8 reported data on ap-

Figure 3. Forest plot comparing procedure lengths with propofol and those with traditional agents.

Figure 4. Forest plot comparing time-to-discharge after propofol and after traditional agents.
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nea11,13,14,23,24,26,30 occurrences. The pooled es-
timate under our fixed effect model suggested 
that propofol administration led to a slight 
insignificant increase in hypotension rates as 
compared to traditional sedation agents (rates, 
9.78% in the P group vs. 7.76% in the TA group, 

OR = 1.30 [0.93, 1.82]), with non-significant 
heterogeneity (I2 = 35%, p < 0.11). We found a 
small insignificant increase in the hypotension 
rate in the PTA group, compared to that in the 
P group (9.78% and OR = 1.16 [0.72, 1.88] in 
the P group vs. 8.76% and OR= 1.45 [0.91, 2.31] 

Figure 5. Forest plot comparing sedation scores with propofol and with traditional agents.

Figure 6. Forest plot comparing cecal intubation rates after propofol and after traditional agents.
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in the PTA group). These results suggest that 
the effect of propofol on hypotension rates was 
not markedly affected by its combination with 
other sedatives (when comparing the P group 
vs. the PTA group; Figure 7). 

 Patients in the propofol group also showed a 
slight but non-significant reduction in apnea 
rates compared with the TA group (rates, 0.74% 
in the P group vs. 1.23% in the TA group; OR = 
0.58 [0.13, 2.55]), with insignificant heterogene-
ity (I2 = 0%, p = 0.48; Figure 8). 

Publication Bias 
We used Begg’s funnel plots to assess the poten-

tial selection and performance publication biases. 
As shown in supplementary figures, the shape of 
the funnel plot suggests the absence of publication 
bias (Supplementary Figures 1, 2, 3, 4, 5, 6, 7).

Discussion

Our meta-analysis of 22 RCTs shows that 
propofol as a sedative during colonoscopy leads 
to shorter recovery and procedure times, and 

higher sedation scores. Combination of propofol 
with other sedative agents significantly lowered 
the time-to-discharge compared to traditional 
sedative agents. The efficiency of the procedure, 
as indicated by the rate of cecum intubation rates 
in the propofol group was comparable with those 
in the patients administered traditional sedatives. 
Moreover, propofol was not associated with in-
creased occurrences of adverse effects such as 
hypotension or apnea.

Our meta-analysis has demonstrated that 
propofol-mediated sedation is associated with 
overall faster recovery compared with sedation 
using benzodiazepines and opioids. The recovery 
time was 11.8 min shorter in patients receiving 
propofol alone, and 10.2 min shorter when propo-
fol was used in combination with other sedative 
agents10-25. The majority of RCTs that reported 
recovery rates, showed a consistently lower mean 
recovery time with propofol alone, with a pooled 
SMD at -1.15 [-1.55, -0.75], p<0.0000110,12-15. We 
discovered a significant heterogeneity in the in-
cluded RCTs that can be explained by the differ-
ences in dosages and administration of sedatives, 
and by recovery time characteristics between the 

Figure 7. Forest plot comparing hypotension rates after propofol and after traditional agents.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-1.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-2.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-3.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-4.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-5.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-6.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-figure-7.pdf
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studies. Ng et al13, Bright et al17, Mandel et al22, 
and Roseveare et al24 the mode of propofol de-
livery was by patient-controlled sedation (PCS). 
In the RCT by Lee et al20 propofol/alfentanil was 
administered by PCS, while traditional sedatives 
were delivered intravenously in fixed doses. In 
the RCT conducted by Liu et al21, the median 
recovery time after propofol was 8.5 times longer 
than that after diazemuls/pethidine sedation (16.2 
min vs. 1.9 min respectively). This discrepancy 
may be explained by the fact that the patients 
in the diazemuls/pethidine group remained con-
scious throughout the procedure21. Similarly, in 
the study by Moerman et al11, the patients in the 
TA group were administered remifentanil, and 
were awake throughout the procedure, with a 
mean recovery of 0 min11. Taken together, these 
factors may contribute to the observed heteroge-
neity of the data.

When used alone, propofol was associated with 
significantly lower procedure durations than use 
of other agents or combinations10,13,14,16,17,19-22,24-27. 
Six works19-21,24,26,27 did not report any difference 
in the procedure times between propofol and TA 
groups, while Akcaboy et al16 showed that the 
colonoscopy duration in the propofol group was 
longer than that in the TA group. Despite the 
heterogeneity of the data, our analysis shows a 

significant reduction in procedure duration with 
propofol (SMD -0.28 [-0.55, -0.02], p<0.05).

In this meta-analysis, we found that patients 
in the propofol group, were discharged quicker 
after the procedure12-15,17,23,26. Akcaboy et al16 did 
not report any significant differences in the time-
to-discharge. Overall, propofol led to 28.77 min 
shorter time-to-discharge than traditional seda-
tives. Moreover, patients that received propofol 
in combination with other agents reported even 
faster time-to-discharge (38.42 min difference 
compared to TA group) than the others17,23; this 
may be attributed to the cumulative effects of 
benzodiazepine and opioid agents9,13,17.

Our results show that propofol has a sig-
nificantly stronger effect on the depth of se-
dation of the patients than traditional seda-
tives. Administration of propofol was associated 
with 1.38-fold increase in sedation scores. We 
showed that when administered alone, propofol 
led to a marked improvement of sedation depth 
(SMD 1.29 [0.36, 2.22], p<0.05)13–15,27,28. Of note, 
combining propofol with other agents had a 
slight, but insignificant effect on the sedation 
scores17,24,28,29. This may be explained by the het-
erogeneity of the data.

The cecum intubation rate has been proposed 
as a quality indicator for colonoscopy, as lower 

Figure 8. Forest plot comparing apnea occurrence rates after propofol and after traditional agents. 
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cecum intubation rates have been correlated with 
increased risk of colorectal cancer post-colonos-
copy32. No consensus exists on whether deep 
sedation with propofol during routine colonos-
copies maximizes the cecal intubation rates33,34. 
In our analysis of 8 included RCTs, propofol-me-
diated sedation was associated with a slightly 
higher cecal intubation rate than other sedations, 
although the difference was not statistically sig-
nificant13-15,17,21,23,24,30. 

Our meta-analysis evaluated the prevalence 
rate of the most common sedation-related ad-
verse effects (hypotension and apnea). Any 
sedation during routine colonoscopy carries 
a risk of possible cardiorespiratory complica-
tions that are responsible for about 50% of all 
procedure-related deaths35. In a meta-analysis 
conducted in 2013, Wang et al36 showed that 
propofol use caused shorter recovery times 
and better sedation than traditional sedative 
agents, without an increase in cardiopulmo-
nary complications. Our results agree with 
these observations. Although all the studies 
included in this meta-analysis reported data 
on potential adverse effects of sedation, on-
ly 8 provided results for statistical analysis 
of apnea11,13,14,17,23,24,26,30 and 12 reported data 
for hypotension10,14,15,17,18,21,22,26-28,31. Our analysis 
showed that the rate of propofol-related adverse 
effects was similar to that of the traditional 
sedative agents. However, we found a slight 
increase in hypotension rates in patients that 
received propofol, this effect was not statisti-
cally significant (OR = 1.30 [0.93, 1.82]), and 
combination of propofol with other agents had 
no marked effect on hypertension rates. Propo-
fol use was not associated with any changes in 
apnea occurrences (OR = 0.58 [0.13, 2.55]).

The main limitation of this study is the sig-
nificant heterogeneity among the included RCTs, 
which may have affected our results. 

Conclusions

We suggest that propofol as a sedative during 
routine colonoscopy significantly shortens the 
procedure duration and recovery times, and in-
creases the sedation depth. Moreover, propofol 
reduces the time-to-discharge, when combined 
with other agents. Propofol may lead to a higher 
efficiency of the procedure without increasing 
the potential sedation-related adverse effects.
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