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Abstract
Background: Hypovolemia is common in colonoscopy due to fasting and bowel preparation, 
and propofol itself can reduce systemic vascular resistance, resulting in relative hypovolemia. 
Therefore, hypotension is not a rare event during propofol-based sedation for colonoscopy.
Objectives: Our objective was to explore the efficacy of esketamine as a sedative adjuvant in 
reducing the incidence of hypotension during colonoscopy.
Design: This was a prospective randomized trial. The trial was registered with the Chinese 
Clinical Trial Registry (ID: ChiCTR 2100047032).
Methods: We included 100 eligible patients who planned to receive a colonoscopy and 
randomly divided them into 4 groups with 25 patients in each group, which were propofol 2 mg/
kg (Group P), propofol 1 mg/kg with esketamine 0.2 mg/kg (Group E1), propofol 1 mg/kg with 
esketamine 0.3 mg/kg (Group E2), and propofol 1 mg/kg with esketamine 0.4 mg/kg (Group 
E3). The hemodynamic and respiratory parameters were documented at various times during 
the procedure, including the patient’s entry into the endoscopic room (T0), the induction of 
sedation (T1), the insertion of the colonoscope (T2), the removal of the colonoscope (T3), and 
the awakening of the patient (T4). The primary outcome was the incidence of hypotension. 
Secondary outcomes were cardiovascular side effects other than hypotension, incidence of 
hypoxia, cumulative changes in cardiovascular and respiratory parameters, total propofol 
dosage, anesthesia recovery time, and satisfactory levels of both patients and endoscopists.
Results: The incidence of hypotension in Group E1 (16%), Group E2 (16%), and Group E3 (12%) 
was significantly lower than in Group P (60%), with p values 0.003, 0.003, and <0.001 respectively. 
The cumulative changes in diastolic blood pressure and mean arterial pressure in Groups E1, 
E2, and E3 were significantly higher than in Group P (p = 0.024, p < 0.001, p = 0.006, respectively). 
Cumulative changes in systolic blood pressure in Group E3 were significantly higher than those 
in Group P (p = 0.012). The respiratory-related parameters were not statistically significant.
Conclusions: This study showed that the application of 0.4 mg/kg esketamine in propofol-
based sedation reduced the incidence of hypotension during colonoscopy while providing 
satisfactory sedation.
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Plain language summary 
Impact of different doses of esketamine on incidence of hypotension in propofol-based 
sedation for colonoscopy

Background: When people undergo colonoscopy and are sedated with propofol, about 
one-third of them experience low blood pressure. This study aims to see if adding 
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esketamine to the propofol can help prevent or lessen these episodes of low blood 
pressure during colonoscopy.
Methods: This study examined four groups who received different doses of esketamine 
along with propofol. It focuses on differences in the occurrence of low blood pressure, 
respiratory measures, the amount of anesthetic used, and levels of satisfaction. The 
study analyzed the relevant data for these parameters to understand the differences 
between the groups.
Results: The results indicated that using esketamine along with propofol for sedation 
during colonoscopy led to several key outcomes, such as:

•  Three different concentrations of esketamine effectively reduced the occurrence of 
low blood pressure in patients undergoing colonoscopy.

• Less propofol was needed in the groups that included esketamine.
•  Esketamine at a dosage of 0.4 mg kg-1 showed the best respiratory parameters 

among the four groups

Conclusions: During colonoscopy, using esketamine along with propofol for sedation 
not only achieves satisfactory sedation but also lowers the occurrence of hypotension. 
Specifically, employing 0.4 mg kg-1 esketamine along with propofol not only reduces 
hypotension occurrences but also enhances respiration.
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Introduction
Colonoscopy is a common diagnostic and thera-
peutic tool for various colorectal diseases, such as 
polyps, tumors, and inflammation, as well as a 
primary screening test for colorectal cancer.1 In 
the United States, United Kingdom, and China, 
almost all colonoscopies are performed under 
sedation.2 Propofol-based sedation is widely 
employed for colonoscopy not only by anesthesi-
ologists but also by a growing number of non-
anesthesiologists.3 It provides a favorable patient 
experience and operator satisfaction while facili-
tating efficient patient throughput. More than 
one-third of patients who underwent a colonos-
copy with propofol sedation experienced episodes 
of hypotension that reached a level and duration 
typically associated with adverse effects in surgi-
cal patients. Extended duration of propofol seda-
tion and larger doses of propofol were associated 
with more sustained and more severe hypoten-
sion due to the vasodilatory effects of propofol.4 
Furthermore, the administration of bowel prepa-
ration and fasting will lead to relative hypovolemic 

status for patients planned for colonoscopy. Other 
factors such as age and comorbidity would also 
predispose patients to hypotension.

Using an adjunct medication during propofol 
sedation reduced the consumption of propofol 
consumption and associated hypotension.5 
Esketamine is an antagonist of N-methyl-D-
aspartate (NMDA) receptors, employed as an 
adjunct in propofol-based sedation for endo-
scopic procedures.6 It has been used as an anes-
thetic and analgesic agent, inducing less 
hypotension than other anesthetics due to its 
sympathomimetic effect.7 Esketamine, the 
S-enantiomer of ketamine, manifests potent seda-
tive and analgesic effects along with reduced psy-
chotropic side effects compared to racemic 
ketamine.8 A low dose of esketamine reduced the 
need for propofol and maintained cardiorespira-
tory stability in endoscopic retrograde cholangio-
pancreatography9 and esophageal variceal 
ligation.10 But there is limited evidence for 
colonoscopy.
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In this randomized clinical study, we aim to 
explore the use of esketamine as an adjunct to 
propofol during colonoscopy procedures. We 
hypothesized that by the inclusion of esketamine, 
we could potentially reduce the occurrence and 
severity of hypotension during propofol sedation 
for colonoscopy.

Methods

Study design
This prospective randomized trial is registered 
prior to the enrollment of patients and is strictly 
conducted according to the CONSORT guide-
lines.11 This study protocol was approved by  
the Hospital Ethics Committee of the Second 
Affiliated Hospital, Chongqing Medical 
University (Approval ID: 2021-044), and all 
patients provided their written informed consent 
prior to the study. The study was registered in the 
Chinese Clinical Trial Registry (ID: ChiCTR 
2100047032).

We included patients undergoing colonoscopy in 
our center from July 2021 to September 2021 with 
inclusion criteria as follows: age more than 18 years 
old, body mass index 18.5–28, American Society 
of Anaesthesiologists (ASA) physical status I–III, 
and provided informed consent statement. 
Exclusion criteria included a documented drug 
allergy to propofol and esketamine, uncontrolled 
hypertension, history of severe cardiovascular dis-
ease, cognitive dysfunction, glaucoma, and partici-
pation in other drug trials within the preceding 
3 months. We prepared 100 opaque envelopes, 
used computers to generate random numbers, and 
randomly assigned patients to four groups. The 
random numbers were encapsulated in sequen-
tially numbered envelopes. After the patients were 
enrolled, an independent investigator (YL) used 
envelopes to assign them to various groups. The 
envelopes were subsequently resealed and kept at 
the investigation site until the conclusion of the 
study. The group assignments were concealed 
from both participants and researchers involved in 
the colonoscopy procedure. The anesthesiologists 
in charge of administering drugs were not involved 
in collecting, entering, or analyzing data.

Endoscopic procedure and monitoring
Upon entering the endoscopic suite, patients 
were equipped with standard monitors, including 

pulse oximetry (SpO2), electrocardiogram, non-
invasive blood pressure, and heart rate (HR). 
Patients were positioned on their left side with a 
slight backward tilt of the head and were given 
3 L/min of oxygen through a nasal cannula. 
Cardiovascular and respiratory parameters were 
monitored as described in our previous research.10 
The level of sedation was evaluated using the 
Observer’s Assessment of Alertness and Sedation 
Scale (OAA/S), which delineates the spectrum of 
responsiveness grading from 0 to 5.12 A score of 0 
denotes an absence of response to painful stimuli, 
whereas a score of 5 denotes an alert patient capa-
ble of promptly responding to their name in a 
normal tone.

Patients were allocated into four sedation groups, 
which were Group P (propofol 2 mg/kg), Group 
E1 (esketamine 0.2 mg/kg with propofol 1 mg/kg), 
Group E2 (esketamine 0.3 mg/kg with propofol 
1 mg/kg), Group E3 (esketamine 0.4 mg/kg with 
propofol 1 mg/kg). The dosage of propofol was 
determined under the Chinese endoscopic guide-
line12 and our previous research.10 For the esketa-
mine groups, esketamine was meticulously 
prepared based on body weight with normal saline 
to achieve the appropriate concentration in a 
10 mL syringe by an independent researcher (XC).

Colonoscopy started when the patient reached a 
level of sedation corresponding to an OAA/S 
score of 2. An additional 0.5 mg/kg propofol was 
added to maintain the patient at the required 
sedation level. Once pulse oxygen saturation 
drops below 90%, jaw thrust maneuverer will be 
performed to open the airway. If saturation fur-
ther deteriorates, we will increase the oxygen in 
the nasal cannula to 6 L/min and face mask venti-
lation will be considered when saturation is con-
tinuously below 80%.13 The systolic pressure or 
the mean arterial pressure (MAP) continues to be 
lower than 40% of baseline, dopamine infusion 
will be given to treat the hypotension.

Outcome measurements
Hemodynamic and respiratory parameters were 
systematically recorded at distinct time points 
during the study, including the patient’s entry 
into the endoscopic room (T0), the induction of 
sedation (T1), the insertion of the colonoscope 
(T2), the removal of the colonoscope (T3), and 
the awakening of the patient (T4). The primary 
outcome of this trial was the incidence of 
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hypotension, defined as a reduction of ⩾20% 
from the baseline blood pressure.14 Secondary 
outcomes included additional cardiovascular 
adverse events, namely bradycardia (HR ⩽ 55 bpm 
or decrease ⩾20% from baseline), tachycardia 
(HR ⩾ 100 bpm or increase ⩾20% from base-
line), hypertension (defined as systolic blood 
pressure ⩾160 mmHg or increase ⩾20% from 
baseline),15 and desaturation (defined as pulse 
oxygen saturation reading ⩽90%) that occurs 
during the procedure.

Furthermore, to assess the comprehensive effects 
of various therapeutic approaches on the cardio-
vascular and respiratory systems, cumulative 
alterations of cardiovascular and respiratory 
parameters at various time points (T1–T4) were 
calculated relative to the baseline (T0). Total 
propofol dosage, duration of recovery from anes-
thesia, and satisfactory rating of patients and 
colonoscopists were recorded.

Statistical analysis
The calculation of the sample size was based on 
the pilot study. Using PASS software 11.0 
(NCSS, LLC), we calculated a sample size of 80 
based on an effect size of 0.422, derived from 
sedation group incidences, to achieve 90% power 
with a χ2 test (three degrees of freedom) at a 0.05 
significance level. Considering an estimated 20% 
loss to follow-up, the overall required sample size 
was adjusted to 100 patients, evenly distributed 
with 25 patients assigned to each group.

In our study, data analysis followed the principle 
of intention-to-treat using the SPSS software 
(version 22.0; Chicago, IL, USA). For normal 
distribution data, continuous variables are repre-
sented by mean and standard deviation, while the 
median with quartile range is used for non-nor-
mal distribution data. Qualitative variables are 
represented by numbers and percentages. The 
incidence of hypotension was subjected to analy-
sis using the Chi-square test or Fisher’s exact test 
when necessary. Following Bonferroni correc-
tion, the unadjusted p-value was adjusted by mul-
tiplication with three.

To compare the incidence of hypotension in three 
esketamine groups against Group P, relative risks 
(RRs) with 95% confidence intervals (CIs) were 
calculated. Comparative analysis of continuous 
data with normal distribution between the 

esketamine groups and propofol group employed 
the Dunnett test. Conversely, for non-normally 
distributed data, comparisons were conducted 
using the Kruskal-Wallis analysis, followed by the 
Bonferroni post hoc test. Significance was estab-
lished at a two-sided p-value <0.05.

Results
As illustrated in Figure 1, the final analysis 
included a total of 100 patients, with 25 individu-
als allocated to each group. A comprehensive 
exposition of the demographic and baseline char-
acteristics of patients across the diverse groups is 
detailed in Table 1, with no statistically signifi-
cant differences observed among the four groups 
in terms of these parameters.

There are significant differences in the incidence 
of hypotension, as shown in Table 2. The inci-
dence of hypotension in Groups E1 (p = 0.003), 
E2 (p = 0.003), and E3 (p < 0.001) was signifi-
cantly lower than in Group P. Compared to 
Group P, the RRs of hypotension in Groups E1, 
E2, and E3 were 0.44 (95% CI 0.15–0.73), 0.44 
(95% CI 0.15–0.73), and 0.48 (95% CI 0.19–
0.77) respectively. The cumulative change in sys-
tolic blood pressure after induction of sedation 
only in Group E3 (p = 0.012) was significantly 
higher than in Group P. Cumulative changes in 
diastolic blood pressure (DBP) after induction of 
sedation in Group E1 (p = 0.024), E2 (p < 0.001), 
and E3 (p = 0.006) were significantly higher than 
those of Group P. Cumulative changes in MAP 
after induction of sedation in Groups E1 
(p < 0.001), E2 (p < 0.001), and E3 (p < 0.001) 
were all significantly higher than those of Group 
P, as shown in Figure 2. There was no significant 
difference in the cumulative changes in HR 
between the four groups. At different time points, 
the time of cardiovascular parameters such as sys-
tolic blood pressure, DBP, MAP, and HR in four 
groups and the interaction between groups are 
shown in Supplemental Table 1. Dunnett t-test 
showed that at T3 and T4, DBP at T3 and T4, in 
Group E2 was significantly higher than that in 
other groups at T3 (p = 0.037) and T4 (p = 0.038). 
MAP at T4, for Groups E1 and E2, was statisti-
cally higher than other groups, p = 0.046 and 
0.049, respectively.

The respiratory data of four groups at different 
time points, including tidal volume, respiratory 
frequency, ventilation per minute, and SpO2, 
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have no significant statistical significance, as 
shown in Figure 3. The tidal volume in Group E3 
was higher than other groups (p = 0.017). 
However, the minute ventilation showed no dif-
ference between the four groups. Table 2 sum-
marizes the cardiovascular and respiratory adverse 
events among the different groups.

Additional related data during and after colonos-
copy are summarized in Table 3. The total propo-
fol dose in Groups E1 (p = 0.003), E2 (p < 0.001), 
and E3 (p < 0.001) were all significantly higher 
than in Group P. There is no significant differ-
ence in other data among the four groups at dif-
ferent time points.

Discussion
In our study, we found that all three varying con-
centrations of esketamine effectively reduced the 
incidence of hypotension in patients undergoing 
colonoscopy, demonstrating notably more stable 
hemodynamics compared to the propofol group. 
No significant difference was found in respiratory 

parameters. In addition, esketamine was associ-
ated with a reduction in the required dosage of 
propofol.

The stable hemodynamics resulting from esketa-
mine is consistent with previous studies.10,16 
Among the four groups, patients in Group E3 had 
the most stable hemodynamics. It may be related 
to the sympathomimetic effect of esketamine, 
which could cause releasing of catecholamine and 
increase norepinephrine in circulation.17 On the 
other hand, the primary impact of propofol on 
hemodynamics is a notable reduction in sympa-
thetic activity, causing blood vessels to dilate and 
leading to decreased total peripheral resistance, 
which results in a drop in MAP. In our study, the 
total dosage of propofol in the esketamine groups 
was lower than that in the pure propofol group, 
due to the sedative and analgesic effects of esketa-
mine by antagonizing NMDA receptors.18,19 The 
decreased dosage of propofol may make an addi-
tional contribution to the stable hemodynamics in 
the three esketamine groups. Age plays an impor-
tant role in circulatory stability. Elder patients are 

Figure 1. Flowchart of the study.
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Table 1. Baseline parameters for patients in different groups.

Baseline parameters Group P 
(n = 25)

Group E1  
(n = 25)

Group E2  
(n = 25)

Group E3  
(n = 25)

Age (years) 54.4 ± 2.7 49.88 ± 2.6 48.9 ± 2.4 48.5 ± 3.0

Sex (male/female) 10 (40.0%)/ 
15 (60.0%)

11 (44.0%)/ 
14 (56.0%)

12 (48.0%)/ 
13 (52.0%)

16 (64.0%)/ 
9 (36.0%)

BMI (kg/cm2) 24.5 ± 0.9 23.8 ± 0.7 24.0 ± 0.6 23.4 ± 0.6

Heart rate (breaths/min) 76.9 ± 2.8 74.1 ± 2.5 76.8 ± 2.0 72.7 ± 2.0

SpO2 (%) 99.76 ± 0.52 99.56 ± 1.04 99.44 ± 1.08 99.56 ± 1.50

SBP (mmHg) 129.12 ± 21.58 127.04 ± 23.43 126.40 ± 19.36 120.84 ± 20.11

DBP (mmHg) 78.52 ± 16.35 78.76 ± 13.58 78.12 ± 13.41 75.56 ± 17.64

MAP (mmHg) 95.00 ± 17.06 92.16 ± 14.14 92.96 ± 14.12 89.12 ± 17.28

Tidal volume (mL) 506.18 ± 164.42 526.69 ± 107.66 493.66 ± 105.07 547.48 ± 172.95

Respiratory rate (breaths/min) 16.13 ± 3.27 15.52 ± 3.02 15.34 ± 3.37 15.69 ± 2.07

Minute ventilation (L) 7.94 ± 2.19 8.08 ± 1.91 7.38 ± 1.48 8.44 ± 2.02

Preoperative OAA/S 5.0 (5.0–5.0) 5.0 (5.0–5.0) 5.0 (5.0–5.0) 5.0 (5.0–5.0)

Data are expressed as means standard deviations, medians (interquartile range), or n (%).
BMI, body mass index; DBP, diastolic blood pressure; MAP, mean arterial pressure; OAA/S, Observer’s Assessment of 
Alertness and Sedation Scale; SBP, systolic blood pressure; SpO2, pulse oximetry.

Table 2. Comparison of adverse events in cardiovascular and respiratory systems among different groups.

Group P (n = 25) Group E1 (n = 25) Group E2 (n = 25) Group E3 (n = 25)

Hypotension 15 (60.0%) 4 (16.0%)** 4 (16.0%)** 3 (12.0%)***

Hypertension 3 (12.0%) 5 (20.0%) 5 (20.0%) 4 (16.0%)

Bradycardia 5 (20.0%) 7 (28.0%) 2 (8.0%) 5 (8.0%)

Tachycardia 7 (0.0%) 3 (0.0%) 2 (4.0%) 2 (0.0%)

SpO2 ⩽ 90% 1 (4.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Data are expressed as n (%).
**Statistical difference compared to group P with p < 0.01.
***Statistical difference compared to group P with p < 0.001.
SpO2, pulse oximetry.

generally more susceptible to propofol-induced 
hypotension. In our study, we recorded the ages 
of patients in four groups and found no statisti-
cally significant differences.

In our study, the heart rate in four groups had no 
significant difference. Only looking at heart rate 
does not reveal changes in the activity of the auto-
nomic nervous system. Changes in autonomic 
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Figure 2. Cardiovascular data, including the cumulative change from baseline value for (a) systolic pressure, 
(b) diastolic pressure, (c) MAP, and (d) HR after drug administration compared to baseline data. P-values after 
Bonferroni corrections for comparisons between groups E1, E2, and E3 and groups P are shown (*P < 0.05, **P 
< 0.01, ***P < 0.001).

nervous activity during colonoscopy play an 
important role in precipitating cardiovascular 
events such as arrhythmias, hypotension, hyper-
tension, and myocardial infarction.20,21 The sym-
pathetic and vagal components of the autonomic 
nervous system could be influenced by stimula-
tion of the bowel during colonoscopy. Through 
the analysis of heart rate variability (HRV), a non-
invasive technique for evaluating sympathovagal 
balance, it was observed that the dominant sym-
pathetic component of the autonomic nervous 
system is enhanced in patients undergoing colo-
noscopy during midazolam or propofol-based 
sedation.22,23 Increased sympathetic modulation 
is also observed in moderate hypotension, a com-
mon cardiovascular event during colonoscopy 

under midazolam or propofol-based sedation, 
while esketamine decreased the incidence of 
hypotension.24,25 Further study about the HRV 
analysis is needed to investigate autonomic nerv-
ous balance fluctuation under esketamine seda-
tion for colonoscopy.

Our research showed that there was no significant 
significance in the incidence of hypoxia or respir-
atory parameters. The effect of esketamine on 
respiration is not completely understood, which 
may be dose related. Studies have proved that 
esketamine can stimulate breathing at sub-anes-
thetic doses,26 and higher doses may inhibit 
breathing.27 Previous studies suggested that 
esketamine counteracted the effect of respiratory 
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Figure 3. Respiratory data, including the cumulative change from baseline value for (a) tidal volume, (b) 
respiratory rate, (c) minute ventilation, and (d) SpO2 after drug administration compared to baseline data.

Table 3. Comparison of perioperative data among different groups.

Perioperative data Group P (n = 25) Group E1 (n = 25) Group E2 (n = 25) Group E3 (n = 25)

Operative time 7.0 (4.0–11.5) 8.0 (5.0–24.0) 8.0 (5.0–12.5) 8.0 (5.0–12.0)

Awake time 2.0 (0.0–4.0) 0.0 (0.0–3.0) 1.0 (0.0–2.0) 0.0 (0.0–2.5)

Total propofol dose 
(mg)

140.0 (114.5–162.0) 87.0 (65.0–147.5)** 75.0 (63.0–104.0)*** 76.5 (67.5–100.5)***

Number of 
additional propofol 
dosages

0.0 (0.0–1.0) 1.0 (0.0–3.0) 0.0 (0.0–1.5) 0.0 (0.0–1.0)

Patient satisfaction 
scale

5.0 (5.0–5.0) 5.0 (5.0–5.0) 5.0 (5.0–5.0) 5.0 (5.0–5.0)

Endoscopic 
physicians’ 
satisfaction scale

5.0 (5.0–5.0) 5.0 (5.0–5.0) 5.0 (5.0–5.0) 5.0 (5.0–5.0)

**Statistical difference compared to group P with p < 0.01.
***Statistical difference compared to group P with p < 0.001.
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depression caused by opioids.28 In our study, we 
did not observe any respiratory benefits from 
esketamine. This could be attributed to several 
factors. First, we did not administer opioids, and 
the respiratory depression induced by propofol is 
typically transient.29,30 Second, the impact of 
propofol on respiratory measures varies with dos-
age.31 Our propofol dosage was relatively low, 
thereby exerting a relatively minimal effect on res-
piration.32 Lastly, unlike gastroscopy, colonos-
copy does not involve airway sharing and exerts 
less influence on breathing.

The recovery time in the four groups was of no 
difference. Both the total dosage of propofol and 
the use of esketamine may affect the recovery 
time. Although esketamine may delay the anes-
thetic recovery, the use of esketamine decreased 
the total dosage of the propofol. In addition, we 
found that compared with the propofol group, sat-
isfactory levels of both patients and endoscopists 
were not affected in the three esketamine groups.

Limitations
Our study had some limitations. First, we use 
propofol by bolus rather than continuous infusion 
to keep all patients at a similar level of sedation. 
Continuous infusion offers greater hemodynamic 
stability compared to a bolus, yet achieving the 
desired sedation level takes a longer time. In addi-
tion, it requires more equipment, such as infusion 
pumps and associated electrical facilities, which can 
be challenging in an endoscopy suite with limited 
space. Second, we did not adjust the doses of propo-
fol and esketamine based on age, as older patients 
may be more prone to have hypotension during 
propofol sedation, despite there being no significant 
age differences among the four groups. Further 
research is needed to clarify the role of esketamine 
in maintaining hemodynamic stability during colo-
noscopy in elderly patients. Finally, although we 
excluded patients with unstable cardiovascular dis-
ease, our study did include some stable patients 
classified as ASA III with good effort tolerance and 
well-managed underlying medical conditions.

Conclusion
In conclusion, this prospective randomized trial 
indicated that esketamine, across three varied 
concentrations, reduces the incidence of hypo-
tension during propofol-based sedation for  

colonoscopy. Notably, the 0.4 mg/kg esketamine 
concentration demonstrated the most consistent 
hemodynamics among the three concentrations. 
Meanwhile, propofol dosage was decreased in 
the esketamine groups. However, further trials 
investigating esketamine are necessary to enhance 
our understanding of its clinical application.
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