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Abstract
Background: Anesthesiologists are often tasked with overseeing sedation in non-surgical set-
tings. We aim to determine whether adding adjuvant sedatives to propofol affects the recovery
times and complication rates after endoscopy.
Methods: We conducted a retrospective cohort study of adults (≥18) who received propofol
while undergoing esophagogastroduodenoscopy (EGD) and/or colonoscopy (COL) at a large aca-
demic institution over a four-year period. Patients receiving propofol alone were compared
against patients receiving propofol in combination with midazolam, fentanyl, ketamine, or dex-
medetomidine. The primary outcome was PACU length of stay, adjusted for age, sex, and ASA
Score. Secondary outcomes included incidence of PACU postoperative nausea and vomiting, hyp-
oxemia (SpO2 < 90%), bradycardia (HR < 60 bpm), and escalation of care (hospital admission),
reported in adjusted odds ratios and their 95% confidence intervals.
Results: Across the study period, 28,532 cases were included. Colonoscopies performed under
propofol+fentanyl sedation were associated with significantly longer PACU LOS compared to pro-
pofol alone. Adjusted mean PACU LOS was significantly longer in patients receiving adjuvant fen-
tanyl, compared to propofol alone (p < 0.01) and propofol + dexmedetomidine (p < 0.01).
Patients receiving propofol alone exhibited a 9.4% incidence of bradycardia, 16.0% hypoxia,
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0.89% PONV, and 0.40% hospitalization. Adjuvant fentanyl use was associated with higher odds of
hypoxia across all procedure types (p < 0.05). Adjuvant dexmedetomidine was associated with
higher rates of bradycardia, but lower rates of hypoxia, PONV, and hospitalization (p < 0.05).
Conclusions: With the exception of fentanyl, combining propofol with other sedatives was not
associated with longer recovery times. The incidence of complications differed significantly with
the use of adjuvant fentanyl or dexmedetomidine.
© 2025 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

The number of endoscopic procedures performed annually
in the US continues to increase,1 and various regimens are
used for sedation in the procedural setting. Recent deca-
des have seen a rise in anesthesia-supported sedation,
which leverages the anesthesiologist’s expertise in seda-
tives and endotracheal intubation to improve patient
comfort and safety.

Owing to its reliability and rapid onset of action, propofol
is among the most popular sedative agents. Large observa-
tional studies (n > 100,000) have reported on the extremely
low complication rates associated with propofol sedation,2-4

and randomized controlled studies have attempted to com-
pare single-agent versus combination regimens containing
propofol in regards to recovery times,5-7 patient satisfaction
scores,8-11 and complication rates.3,4,12-18 Unfortunately,
the size and direction of the effects vary by report. For
example, Molina-Infante et al. reported that combining pro-
pofol with midazolam prolonged recovery times after colo-
noscopy,7 whereas Julian-Gomez et al. reported no
difference.19 Pooled analysis is difficult due to the various
procedures, sedatives, and outcomes represented in these
studies. The ASA’s meta-analyses of propofol versus single-
agent alternatives have shown decreased recovery time and
recall in the propofol groups but equivocal rates of hyp-
oxia.20 No such analysis has been conducted for combination
therapies involving propofol. While dexmedetomidine has
been studied as an adjuvant or alternative to benzodiaze-
pines or opioids, combination therapy with propofol is not
discussed. The ambiguity in the existing literature is
reflected in the ASA guidelines on moderate procedural
sedation, which broadly calls for clinical judgment on a
case-by-case basis.20

Due to propofol’s relatively good safety profile, the com-
plication rates associated with propofol sedation are low
and difficult to quantify. Even when an adequate sample size
is achieved, as in the ProSed2 study,4 medication selection
and post-procedural monitoring are often not standardized
across participating centers, leaving room for confounding
effects. It follows that a single-center study may allow for a
higher degree of consistency and standardization, but to our
knowledge, no single institution has performed a study of
comparable size/power. Our institution performs over
10,000 endoscopy procedures annually, half of which are
performed under anesthesia-supported sedation with propo-
fol. Hospital policy states that only anesthesiologists, anes-
thesiologists in training, and nurse anesthetists are
permitted to administer propofol. Furthermore, all nurse
anesthetists and trainees must work under supervision of an
anesthesiologist.
2

This retrospective cohort study represents the largest
single-center study to date comparing single-agent propo-
fol to combination regimens, and it is among the first to
characterize recovery times, hospitalization rates, and
postoperative nausea and vomiting (PONV) simultaneously
in a non-surgical setting.21 We hypothesized that propofol
with adjuvants is associated with longer recovery times
and increased rates of complications compared to propo-
fol alone.
Methods

This study was conducted in accordance with the guidelines
for Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) (ESM 1).

Study design

We conducted a retrospective cohort study including
adults (≥ 18) undergoing EGD and/or colonoscopy under
propofol sedation at our institution between October 1,
2018, through December 31, 2022. Data were retrieved
from institutional data warehouses that provide a near
real-time replica of our hospital’s Electronic Healthcare
Record (EHR).

Data filtering and cohort construction

The original 63,663 records contained 180 unique procedure
codes, including “Colonoscopy”, “Colonoscopy [with] possi-
ble biopsy”, “Colonoscopy [with] endoscopic mucosal resec-
tion”, among others. Based on independent review by two
investigators, equivalent or comparable procedures were
reclassified as “EGD”, “Colonoscopy”, or “Both” and all
other procedures were excluded. Data was further filtered
for completeness, and any entries with missing demographic
or outcome data (with the exception of missing race and ASA
Rating) were excluded.

For each patient, sedation type was determined by filter-
ing the dataset based on drugs infused. Patients not receiv-
ing propofol were excluded, as well as patients who were
electively or emergently intubated. All patients receiving
propofol with rocuronium or succinylcholine were excluded
as “General Anesthesia”, regardless of other infusions. Of
the remaining patients, those receiving propofol were fur-
ther categorized as “Prop” for propofol, “Prop+Benzo” for
adjuvant midazolam, “Prop+Fent” for adjuvant fentanyl,
“Prop+Ket” for adjuvant ketamine, “Prop+Dex” for adjuvant
dexmedetomidine, and “Prop+Multi” for multiple simulta-
neous adjuvants.
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Outcomes

The primary outcome was PACU length of stay ‘PACU LOS’,
which was calculated as the difference between Procedure
End Time and Recovery Phase II End Time and reported in
minutes. Date and time parameters were formatted as ‘MM/
DD/YYYY hh:mm’ by default, and calculations were per-
formed using Excel and verified using the dplyr:lubridate
package in R.

Secondary outcomes included postoperative nausea and
vomiting (PONV), hypoxemia (SpO2 < 90%), bradycardia (HR
< 60 bpm), and escalation of care (hospital admission). Com-
plications were identified using a combination of procedure
records, vital signs data, and ICD10 diagnoses entered in the
PACU. Absolute incidence and percentages were reported,
and relative incidence was expressed as an odds ratio
between adjuvant and propofol.

Statistical analysis

All statistical analysis was conducted in R4.1.3 in accordance
with CRAN policies on open-source use.

The effect of adjuvant medications on PACU LOS was
modelled using a multivariate linear model to adjust for
Age, Sex, procedure type, and ASA Score. Adjusted mean
PACU LOS was calculated using the emmeans package using
median values as a reference point (ASA 3, age 63, female
sex), and pairwise comparisons were conducted using the
Scheffe Test.

The effects of adjuvant medications on complication
rates were modelled using logistic regression while adjusting
for age, sex, procedure type, and ASA score. Adjusted odds
ratios and 95% confidence intervals were computed by apply-
ing the Wald Test. Unadjusted incidence counts and rates
were also reported for the sake of transparency.
Results

Patient demographics

63,663 procedures were performed between October 1,
2018, through December 31, 2022. All procedures were
screened, and 6,501 were excluded based on procedure
type, 28,375 were excluded based on sedatives used, and
255 were excluded for incomplete data, leaving 28,532 pro-
cedures for analysis. Of the included procedures, 54%
were performed on females and 88% on Caucasians. Average
patient age was 58 (SD = 14.4), median age was 61 (IQR
Table 1 Demographic information and multilinear regression for

Sedation % Female % Caucasian

Prop 55.08 88.01
Prop+Fent 50.78 88.74
Prop+Benzo 67.82 89.94
Prop+Ket 50.77 84.62
Prop+Dex 55.16 87.44
Prop+Multi 50.00 86.70
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49‒70), and average ASA score was 2.57. Baseline demo-
graphics were broadly consistent across categories, with a
few notable exceptions (Table 1). 16,206 patients (56% of
total included) were documented ASA score 3 or higher.
Sedative agents

Of the included patients, 23,607 received prop, 2,054
received prop+dex, 2,052 received prop+fent, 406 received
prop+multi, 348 received prop+benzo, and 65 received prop
+ket. Fentanyl was the most common adjuvant in colonosco-
pies, and dexmedetomidine was the most common adjuvant
in EGD and combined procedures (Table 2).
Length of stay

With the exception of prop+fent, adjuvant groups did not
differ significantly in mean PACU LOS. Among patients
receiving propofol alone, adjusted mean PACU LOS was
33.05, 34.48, 34.38 minutes following EGD, COL, and Com-
bined procedures, respectively. This was compared against
36.77, 38.20, 38.10 for prop+fent, 38.28, 39.71, 39.61, for
prop+benzo; 30.32, 31.74, 31.65 for prop+ket, 31.53, 32.95,
32.86 for prop+dex; and 35.94, 37.37, 37.27 for prop+multi.

Adjusted PACU LOS differed significantly between prop
+fent and other groups, specifically prop (p < 0.01) and prop
+dex (p < 0.01). Among prop+fent patients, median PACU
LOS was 27, 33, and 29 for EGD, COL, and Combined proce-
dures, respectively (Table 2, Fig. 1, 2). No significant differ-
ences in median PACU LOS were observed between prop and
any other group, specifically prop+dex, prop+benzo, prop
+ket, or prop+multi.
Complication rates

Hypoxia was the most common PACU complication across all
procedure and sedation types, with an incidence rate of
16.5%, followed by bradycardia at 9.5%, PONV at 0.9%, and
hospitalization at 0.4% (Table 3). Compared to prop, prop
+fent and prop+multi patients had higher odds of exhibiting
hypoxia across all procedure types, whereas prop+dex
patients had lower odds (Fig. 3).

Prop+dex was associated with higher rates of bradycardia
and lower rates of PONV and hospitalization compared to
prop. Prop+benzo and prop+ket did not exhibit significant
differences compared to prop (Fig. 3). Certain prop+benzo
and prop+ket sample sizes were insufficient to assess for
complication rates.
analysis of covariates of PACU LOS.

Mean Age (SD) Median Age Mean ASA

59.81 (15.2) 62.0 2.58
54.05 (16.6) 57.0 2.54
46.61 (16.0) 47.0 2.45
47.20 (17.7) 48.0 2.80
50.90 (16.6) 52.0 2.52
44.59 (16.5) 44.5 2.55



Table 2 Mean and median PACU LOS (minutes) with associated intervals.

Procedure Adjuvant
Type

N Mean
LOS

Adjusted
Mean LOS

95% CI of
mean (lower)

95% CI of
mean (upper)

Median
LOS

25th %
tile

75th %
tile

EGD Prop 9622 31.71 33.05 32.17 33.93 26.0 17.00 43.00
Prop+Fent 1052 35.07 36.77 34.99 38.56 27.0 17.00 44.00
Prop+Benzo 128 33.12 38.28 34.28 42.29 25.5 18.00 41.00
Prop+Ket 48 29.08 30.32 21.24 39.40 26.0 16.00 38.25
Prop+Dex 901 30.11 31.53 29.74 33.32 25.0 19.00 38.00
Prop+Multi 180 36.20 35.94 32.20 39.69 27.0 19.00 43.25

Colonoscopy Prop 9008 32.63 34.48 33.49 35.46 28.0 17.00 43.00
Prop+Fent 371 39.95 38.20 36.27 40.12 33.0 21.00 48.00
Prop+Benzo 115 45.78 39.71 35.68 43.74 29.0 20.00 45.50
Prop+Ket 6 29.33 31.74 22.62 40.86 28.0 23.25 36.50
Prop+Dex 539 31.34 32.95 31.06 34.84 27.0 19.00 41.00
Prop+Multi 86 35.56 37.37 33.57 41.17 30.0 21.25 38.75

Combined Prop 4977 33.31 34.38 33.27 35.48 27.0 18.00 44.00
Prop+Fent 629 34.82 38.10 36.21 39.99 29.0 19.00 45.00
Prop+Benzo 105 36.09 39.61 35.57 43.65 30.0 20.00 46.00
Prop+Ket 11 30.64 31.65 22.53 40.77 24.0 20.00 41.00
Prop+Dex 614 31.81 32.86 30.97 34.74 28.0 20.00 39.00
Prop+Multi 140 33.76 37.27 33.49 41.05 30.0 20.75 45.00
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Discussion

In this study, we retrospectively examined the PACU course
of over 20,000 patients undergoing endoscopic procedures
at a large academic institution. Length of stay has not been
studied in the context of sedative regimens containing pro-
pofol. In this study, only fentanyl was associated with a suffi-
cient change in PACU LOS that met the predefined
thresholds for statistical significance.

Complications and side effects of the anesthetic agents
under study are well documented in the literature. We
observed a higher incidence of hypoxia among prop+fent
patients, which is unsurprising given its known propensity
for respiratory depression. We observed decreased rates of
hypoxia among prop+dex patients, which is broadly consis-
tent with its applications in the OR and ICU as a non-respira-
tory depressive sedative agent. Prop+dex patients also
exhibited more bradycardia, which is a known adverse effect
Figure 1 Adjusted mean PACU LOS with associated 95% Confi-
dence Intervals.
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of the drug, as well as decreased PONV and hospitalization,
which are not documented elsewhere in the literature but
could be a product of lower propofol dosage to achieve the
same level of sedation. Interestingly, while opioids are
believed to contribute to PONV,22 the odds ratio was not sig-
nificant when comparing PONV rates between prop+fent and
prop groups. The incidence of PONV has not been widely
studied in the procedural setting, but other risk factors
include usage of nitrous oxide,23,24 inhaled anesthetics,25

duration of anesthesia,22 and age younger than fifty.26 Of
these, only duration, age, and perioperative opioid use were
relevant to this study. Average age was 5.8-years younger in
the prop+fent group, but this was accounted for in our logis-
tic model. Our observed rates of PONV were significantly
lower than those reported previously,27 possibly due to the
lower level of sedation and the lack of aforementioned risk
factors. We also attempted to compare hospitalization rates
between subgroups, but even with over 200 hospitalizations,
Figure 2 Unadjusted Median PACU LOS with associated IQR
and 5th, 95th percentile ranges.



Table 3 Incidence of PACU complications.

Procedure Adjuvant Type Total Bradycardia (%) Hypoxia (%) PONV (%) Hospitalization (%)

EGD Prop 9622 735 (7.6) 1776 (18.5) 111 (1.2) 42 (0.4)
Prop+Fent 1052 77 (7.3) 270 (25.6) 12 (1.1) 13 (1.2)
Prop+Benzo 128 8 (6.2) 30 (23.4) 3 (2.3) 0 (0.0)
Prop+Ket 48 1 (2.0) 12 (25.0) 1 (2.0) 0 (0.0)
Prop+Dex 901 71 (7.8) 130 (14.4) 2 (0.2) 1 (0.1)
Prop+Multi 180 16 (8.8) 38 (21.1) 0 (0.0) 1 (0.5)

Colonoscopy Prop 9008 918 (10.2) 1026 (11.4) 44 (0.5) 28 (0.3)
Prop+Fent 371 51 (13.7) 55 (14.8) 7 (1.8) 0 (0.0)
Prop+Benzo 115 5 (4.3) 10 (8.7) 0 (0.0) 0 (0.0)
Prop+Ket 6 0 (0.0) 1 (16.6) 0 (0.0) 0 (0.0)
Prop+Dex 539 69 (12.8) 48 (8.9) 2 (0.3) 0 (0.0)
Prop+Multi 86 9 (10.4) 16 (18.6) 0 (0.0) 0 (0.0)

Combined Prop 4977 572 (11.5) 971 (19.5) 54 (1.1) 24 (0.5)
Prop+Fent 629 76 (12.0) 165 (26.2) 11 (1.7) 2 (0.3)
Prop+Benzo 105 6 (5.7) 20 (19.0) 5 (4.7) 0 (0.0)
Prop+Ket 11 2 (18.1) 2 (18.1) 0 (0.0) 0 (0.0)
Prop+Dex 614 94 (15.3) 101 (16.4) 6 (0.9) 0 (0.0)
Prop+Multi 140 8 (5.7) 30 (21.4) 2 (1.4) 2 (1.4)

Figure 3 Odds ratios of complications.
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the number of cases in each subgroup was often insufficient
for analysis and calculation of odds ratios (Fig. 3). Overall
complication rates of PONV and hospitalization were
extremely low across all sedation types.

We did observe differences in baseline demographics,
notably age and sex, and we performed multilinear regres-
sion to adjust for confounding effects of age, sex, and ASA
score on PACU LOS. We also performed logistic regression to
adjust for confounding effects on rates of hypoxia, bradycar-
dia, PONV, and hospitalization. Interestingly, our coefficients
imply that age and ASA are weak confounders at best, sug-
gesting that perhaps providers are already successful in tai-
loring their anesthetic plans and dosages to sicker and older
patients. Female sex was associated with a significantly
higher PACU LOS, and this effect was corrected by calculat-
ing estimated marginal means.

The strengths of this study include a large sample size,
uniform recovery protocols, and a wide range of both medi-
cations and complications assessed. We believe that at the
time of authorship, this study represents the largest single-
center study of propofol sedation to date. As previous inves-
tigators have observed, a large sample size is needed to
measure the incidence of rare complications that often go
undetected in smaller samples, but the lack of standardiza-
tion across multi-center studies presents a challenge to con-
trolled comparison.4 In contrast, all patients included in this
study were monitored in the same recovery unit, thus ensur-
ing uniform recovery and discharge protocols. Our status as
a hospital-based endoscopy suite also allows us to report on
hospitalization, which has significant implications for
patient comfort and safety, as well as resource utilization.

The weaknesses of this study include the lack of random-
ization and medication dosage data. As an observational
study, our results are subject to confounding factors,
including those listed in Table 1, as well as factors not cap-
tured in our dataset. Although robust statistical methods
were used to account for baseline differences in age, sex,
and ASA score, all models will exhibit residuals that are not
predicted or accounted for. In addition, confounding varia-
bles may exist outside our dataset, to which the only solu-
tion would be randomization. Medication dosage represents
a potential unmeasured confounder in this study. While dos-
ages are typically adjusted to body weight, differences in
dosing may partially account for differences in PACU LOS, as
well as any dose-dependent complications of procedural
sedation. Finally, generalizability is negatively impacted by
the single-center nature of this study. Given these limita-
tions, additional prospective investigation is needed to ver-
ify the findings described above.
Conclusions

The addition of fentanyl may be associated with prolonged
recovery, whereas the addition of dexmedetomidine, mida-
zolam, or ketamine does not correlate strongly with recov-
ery times. Fentanyl is associated with higher rates of
hypoxia, whereas dexmedetomidine is associated with lower
rates of hypoxia, but higher rates of bradycardia. Overall
complication rates were low across all sedation types. Taken
together, this data suggests that more research is needed in
this area, and for now propofol remains a relatively safe and
6

effective sedative agent regardless of adjuvant medications
used, although rates of adverse effects should be consid-
ered.
Conflicts of interest

The authors declare no conflicts of interest.
References

1. Peery AF, Crockett SD, Murphy CC, et al. Burden and cost of gas-
trointestinal, liver, and pancreatic diseases in the United
States: Update 2021. Gastroenterology. 2022;162:621−44.

2. Behrens A, Labenz J, Schuler A, et al. [How safe is sedation in
gastrointestinal endoscopy? A multicentre analysis of 388,404
endoscopies and analysis of data from prospective registries of
complications managed by members of the Working Group of
Leading Hospital Gastroenterologists (ALGK)]. Z Gastroenterol.
2013;51:432−6.

3. Frieling T, Heise J, Kreysel C, Kuhlen R, Schepke M. Sedation-
associated complications in endoscopy-prospective multicentre
survey of 191142 patients. Z Gastroenterol. 2013;51:568−72.

4. Behrens A, Kreuzmayr A, Manner H, et al. Acute sedation-asso-
ciated complications in GI endoscopy (ProSed 2 Study): results
from the prospective multicentre electronic registry of seda-
tion-associated complications. Gut. 2019;68:445−52.

5. Moerman AT, Struys MM, Vereecke HE, Herregods LL, De Vos MM,
Mortier EP. Remifentanil used to supplement propofol does not
improve quality of sedation during spontaneous respiration. J
Clin Anesth. 2004;16:237−43.

6. Seifert H, Schmitt TH, G€ultekin 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. Molina-Infante J, Due~nas-Sadornil C, Mateos-Rodriguez JM,
et al. Nonanesthesiologist-administered propofol versus mida-
zolam and propofol, titrated to moderate sedation, for colonos-
copy: a randomized controlled trial. Dig Dis Sci. Sep. 2012;
57:2385−93.

8. Levitzky BE, Lopez R, Dumot JA, Vargo JJ. Moderate sedation
for elective upper endoscopy with balanced propofol versus
fentanyl and midazolam alone: a randomized clinical trial.
Endoscopy. 2012;44:13−20.

9. VanNatta ME, Rex DK. Propofol alone titrated to deep sedation
versus propofol in combination with opioids and/or benzodiaze-
pines and titrated to moderate sedation for colonoscopy. Am J
Gastroenterol. 2006;101:2209−17.

10. Paspatis GA, Manolaraki MM, Vardas E, Theodoropoulou A,
Chlouverakis G. Deep sedation for endoscopic retrograde chol-
angiopancreatography: intravenous propofol alone versus
intravenous propofol with oral midazolam premedication.
Endoscopy. 2008;40:308−13.

11. Hampl KF, Marsch SC, Erb T, Drewe J, Schneider MC. Intravenous
sedation for retrobulbar injection and eye surgery: diazepam
and/or propofol? Acta Anaesthesiol Scand. 1996;40:53−8.

12. Ong WC, Santosh D, Lakhtakia S, Reddy DN. A randomized con-
trolled trial on use of propofol alone versus propofol with mida-
zolam, ketamine, and pentazocine "sedato-analgesic cocktail"
for sedation during ERCP. Endoscopy. 2007;39:807−12.

13. Hsieh YH, Chou AL, Lai YY, et al. Propofol alone versus propofol
in combination with meperidine for sedation during colonos-
copy. J Clin Gastroenterol. 2009;43:753−7.

14. Padmanabhan U, Leslie K, Eer AS, Maruff P, Silbert BS. Early cog-
nitive impairment after sedation for colonoscopy: the effect of

http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0001
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0001
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0001
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0002
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0002
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0002
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0002
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0002
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0002
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0003
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0003
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0003
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0004
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0004
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0004
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0004
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0005
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0005
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0005
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0005
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0006
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0006
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0006
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0006
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0006
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0007
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0007
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0007
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0007
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0007
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0007
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0008
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0008
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0008
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0008
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0009
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0009
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0009
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0009
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0010
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0010
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0010
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0010
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0010
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0011
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0011
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0011
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0012
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0012
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0012
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0012
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0013
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0013
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0013
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0014
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0014


Brazilian Journal of Anesthesiology 2025;75(2): 844602
adding midazolam and/or fentanyl to propofol. Anesth Analg.
2009;109:1448−55.

15. García Guzzo ME, Fernandez MS, Sanchez Novas D, et al. Deep
sedation using propofol target-controlled infusion for gastroin-
testinal endoscopic procedures: a retrospective cohort study.
BMC Anesthesiol. 2020;20:195.

16. Angsuwatcharakon P, Rerknimitr R, Ridtitid W, et al. Cocktail
sedation containing propofol versus conventional sedation for
ERCP: a prospective, randomized controlled study. BMC Anes-
thesiol. 2012;12:20.

17. Rex DK, Deenadayalu VP, Eid E, et al. Endoscopist-directed
administration of propofol: a worldwide safety experience.
Gastroenterology. 2009;137:1229−37. quiz 1518-9.

18. Holas A, Krafft P, Marcovic M, Quehenberger F. Remifentanil,
propofol or both for conscious sedation during eye surgery
under regional anaesthesia. Eur J Anaesthesiol. 1999;16:741−8.

19. Juli�an G�omez L, Fuentes Coronel A, L�opez Ramos C, et al. A
clinical trial comparing propofol versus propofol plus midazolam
in diagnostic endoscopy of patients with a low anesthetic risk.
Rev Esp Enferm Dig. 2018;110:691−8.

20. Practice Guidelines for Moderate Procedural Sedation and Anal-
gesia 2018: A Report by the American Society of Anesthesiolo-
gists Task Force on Moderate Procedural Sedation and
Analgesia, the American Association of Oral and Maxillofacial
Surgeons, American College of Radiology, American Dental
7

Association, American Society of Dentist Anesthesiologists, and
Society of Interventional Radiology. Anesthesiology. 2018;
128:437−79.

21. Fourth Consensus Guidelines for the Management of Postoperative
Nausea and Vomiting: Erratum. Anesth Analg. 2020;131:e241.

22. Apfel CC, Heidrich FM, Jukar-Rao S, et al. Evidence-based anal-
ysis of risk factors for postoperative nausea and vomiting. Br J
Anaesth. 2012;109:742−53.

23. Tram�er M, Moore A, McQuay H. Omitting nitrous oxide in general
anaesthesia: meta-analysis of intraoperative awareness and
postoperative emesis in randomized controlled trials. Br J
Anaesth. 1996;76:186−93.

24. Fern�andez-Guisasola J, G�omez-Arnau JI, Cabrera Y, del Valle
SG. Association between nitrous oxide and the incidence of
postoperative nausea and vomiting in adults: a systematic
review and meta-analysis. Anaesthesia. 2010;65:379−87.

25. Apfel CC, Kranke P, Katz MH, et al. Volatile anaesthetics may be
the main cause of early but not delayed postoperative vomiting:
a randomized controlled trial of factorial design. Br J Anaesth.
2002;88:659−68.

26. Apfel CC, Philip BK, Cakmakkaya OS, et al. Who is at risk for
postdischarge nausea and vomiting after ambulatory surgery?
Anesthesiology. 2012;117:475−86.

27. Koivuranta M, L€a€ar€a E, Sna
�
re L, Alahuhta S. A survey of postop-

erative nausea and vomiting. Anaesthesia. 1997;52:443−9.

http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0014
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0014
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0015
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0015
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0015
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0015
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0016
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0016
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0016
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0016
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0017
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0017
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0017
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0018
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0018
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0018
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0019
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0020
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0021
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0021
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0022
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0022
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0022
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0023
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0023
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0023
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0023
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0023
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0024
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0024
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0024
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0024
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0024
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0024
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0025
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0025
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0025
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0025
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0026
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0026
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0026
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0027
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0027
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0027
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0027
http://refhub.elsevier.com/S0104-0014(25)00018-1/sbref0027

	Single-agent versus combination regimens containing propofol: a retrospective cohort study of recovery metrics and complication rates in a hospital-based endoscopy suite
	Introduction
	Methods
	Study design
	Data filtering and cohort construction
	Outcomes
	Statistical analysis

	Results
	Patient demographics
	Sedative agents
	Length of stay
	Complication rates

	Discussion
	Conclusions
	Conflicts of interest
	References


