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Abstract
Abstract Background: Propofol may result in hypotension, bradycardia, and loss of protective reflexes, especially in elderly
patients, while esketamine, a N-methyl-D-aspartate receptor antagonists, has analgesic, anaesthetic and sympathomimetic
properties and is known to cause less cardiorespiratory depression. We hypothesized that esketamine may reduce the median
effective concentration (EC50) of propofol and cause more stable haemodynamic responses during gastrointestinal endoscopy
in elderly patients. Methods: Ninety elderly patients, aged 65-89 years, undergoing gastrointestinal endoscopy were randomly
assigned into three groups: SK0.25 group (0.25 mg/kg esketamine), SK0.5 group (0.5 mg/kg esketamine) and saline control
group. Anaesthesia was achieved by target-controlled infusion of propofol with an initial plasma concentration of 2.5 μg/ml
with different bolus doses of esketamine during gastrointestinal endoscopy. The EC50 of propofol for gastrointestinal endoscopy
was determined by using an up-and-down method of Dixon with an adjacent concentration gradient at 0.5μg/mL to prohibit
purposeful movements. Cardiovascular parameters were also measured and recorded. Results: Propofol EC50 and its 95%
confidence interval for gastrointestinal endoscopy in elderly patients were 1.71 (1.15-2.27) μg/mL in SK0.5 group, 2.45 (1.853.05) μg/mL in SK0.25 group and 3.69 (2.59-4.78) μg/mL in control group respectively (P < 0.05). The average percent change
to baseline mean arterial pressure (MBP) was -19.7 (7.55), -15.2 (7.14) and -10.1 (6.73) with P¡0.001, in the control group, the
SK0.25 group and the SK0.5 group, respectively. Conclusions: Combination medication of propofol with esketamine reduced the
propofol EC50 during gastrointestinal endoscopy in elderly patients and caused more stable haemodynamic responses compared
with single administration of propofol.
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Abstract
Background: Propofol may result in hypotension, bradycardia, and loss of protective reflexes, especially in
elderly patients, while esketamine, a N-methyl-D-aspartate receptor antagonists, has analgesic, anaesthetic
and sympathomimetic properties and is known to cause less cardiorespiratory depression. We hypothesized
that esketamine may reduce the median effective concentration (EC50 ) of propofol and cause more stable
haemodynamic responses during gastrointestinal endoscopy in elderly patients. Methods: Ninety elderly
patients, aged 65-89 years, undergoing gastrointestinal endoscopy were randomly assigned into three groups:
SK0.25 group (0.25 mg/kg esketamine), SK0.5 group (0.5 mg/kg esketamine) and saline control group.
Anaesthesia was achieved by target-controlled infusion of propofol with an initial plasma concentration of
2.5 μg/ml with different bolus doses of esketamine during gastrointestinal endoscopy. The EC50 of propofol
for gastrointestinal endoscopy was determined by using an up-and-down method of Dixon with an adjacent
concentration gradient at 0.5μg/mL to prohibit purposeful movements. Cardiovascular parameters were
also measured and recorded.Results: Propofol EC50 and its 95% confidence interval for gastrointestinal
endoscopy in elderly patients were 1.71 (1.15-2.27) μg/mL in SK0.5 group, 2.45 (1.85-3.05) μg/mL in SK0.25
group and 3.69 (2.59-4.78) μg/mL in control group respectively (P < 0.05). The average percent change to
baseline mean arterial pressure (MBP) was -19.7 (7.55), -15.2 (7.14) and -10.1 (6.73) with P¡0.001, in the
control group, the SK0.25 group and the SK0.5 group, respectively.Conclusions: Combination medication
of propofol with esketamine reduced the propofol EC50 during gastrointestinal endoscopy in elderly patients
and caused more stable haemodynamic responses compared with single administration of propofol.
Introduction
Gastrointestinal endoscopy is an essential screening and therapeutic tool for gastrointestinal diseases. It is
important to perform endoscopic procedures under sedation for higher patient comfort and acceptance [1,2].
Propofol, a good hypnotic with rapid onset, rapid recovery, and minimal side effects, is the most widely used
in anesthesia induction and maintenance during endoscopic procedures [3-7]. However, propofol may result
in hypotension, bradycardia, respiratory depression, and loss of protective reflexes [8], especially in elderly
patients. Adjuvants are usually needed in many cases because co-administration can improve anaesthetic
efficacy and reduce the incidences of adverse events caused by a single drug [9].
Esketamine, a noncompetitive, N-methyl-D-aspartate receptor antagonists [10], has analgesic, anaesthetic
and sympathomimetic properties and is known to cause less cardiorespiratory depression [11,12]. Therefore,
it could be an ideal adjunct to propofol for endoscopic procedures [12,13]. However, very few studies have
been reported the effectiveness and safety of esketamine adjunct to propofol sedation during endoscopic
procedures in elderly patients.
We therefore designed this randomized, double-blinded and controlled study to assess the effectiveness and
safety of esketamine as an adjunct to propofol target-controlled infusion (TCI) and determine the effect of
different doses of esketamine on the median effective concentration (EC50 ) of propofol for gastrointestinal
endoscopy in elderly patients.
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Methods
Study design and patients
This randomized, double-blinded and controlled study was approved by the Committee on Ethics of
Biomedicine Research, Shidong Hospital in Shanghai and was also registered in Chinese Clinical Trial Registry ChiCTR2100042252 prior to its start. A total of 90 ASA I-III elderly patients undergoing gastrointestinal endoscopy from November, 2020 to March, 2021, aged 65-89 years, were enrolled in this study and
patients’ consents were signed before the endoscopic procedures. In our gastrointestinal endoscopy center,
as a routine, each patient undergoes both gastroscopy and colonoscopy under one anesthesia experience.
Criteria for inclusion and exclusion
Patients were included if they (1) were 65-89 years old; (2) were American Society Anesthesiologists physical
status (ASA) I to III; (3) had body mass index (BMI) 19–27 kg/m2 .
Patients were excluded when they had (1) allergy to either esketamine or propofol; (2) alcohol abuse; (3)
chronic use of sedative or analgesics; (4) neurological or pyschiatric disorders; (5) heart failure (ejection
fraction <40%); (6) severe respiratory disease (vital capacity and/or forced expiratory volume <50%); (7)
end stage liver or renal diseases or (8) uncontrolled hypertension, blood pressure is over 180/120mmHg.
Preoperative preparations and anesthesia protocol
The patients were computer-randomized into three groups, SK0.25 group (0.25 mg.kg-1 esketamine), SK0.5
group (0.5 mg.kg-1 esketamine) and saline control group (equivalent volume of normal saline). The patients,
anesthesiologist, gastroenterologists and nurses in the recovery room were blinded to the grouping.
After an overnight fasting, the non-premedicated patients were brought to the endoscopy room, where a
20-gauge intravenous cannula was established in the peripheral vein for Ringer Lactate solution infusion and
drugs. Heart rate (HR), noninvasive blood pressure (BP), electrocardiogram (ECG) and peripheral oxygen
saturation (SpO2 ) were monitored continuously during endoscopic procedures (Philips HP Viridia 24/26
M1205A). Oxygen was administered at a rate of 3 L/min by nasal catheter during the study.
After preoxygenation, propofol (AstraZeneca Company, Italy) was administered by a computer-controlled
infusion TCI (Graseby 3500 TCI Syringe Pump, SIMS Graseby Ltd., Herts, England) using the Marsh
pharmacokinetic parameters at an initial plasma target concentration of 2.5 μg/mL in three groups. We
started the first dose of propofol at 2.5 μg/mL based on our pre-test. Once the target concentration of
propofol achieved, esketamine was injected immediately. All esketamine solutions were diluted into 10 ml and
prepared by an anesthesiologist nurse who was no longer involved in the follow-up. Patients were administered
with different doses of esketamine: 0.25 mg/kg esketamine (SK0.25 group), 0.5 mg/kg esketamine (SK0.5
group) and blank saline solution (Control group). In our endoscopy center, as a rule, the patients underwent
gastroscopy first followed by colonoscopy. Qualified and experienced gastroenterologists started gastroscopy
3 min after esketamine injection and propofol TCI pump was stopped just before the end of the colonoscopy.
Coughing, retch, and purposeful movement of the head or limbs during endoscopy are defined as “responsive”.
If the patient presented “responsive”, propofol 2-3 mL was given as a rescue medication immediately, and
the target plasma concentration of propofol for the subsequent patient would be increased by 0.5 μg/mL. If
coughing, or retch, or purposeful movements did not occur, which defined as “non-responsive”, the subsequent
target plasma concentration of propofol was decreased by 0.5 μg/mL. This method was called up-and-down
method of Dixon, described as early in 1965 [14].
Emergency equipment was available throughout the procedure. A bolus of 6-10 mg ephedrine was given
once mean arterial pressure (MBP) decrease by 30 % over the baseline value, and 0.25mg atropine was
injected once heart rate (HR) fell below 50 bpm. Appropriate nitroglycerin was injected once MBP rose
above 120 mmHg. If spontaneous ventilation was insufficient (SpO2 < 90%), the anesthesiologist performed
an unarmed airway opening and an artificial ventilation support as necessary.
Measurements
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Baseline values of MBP and HR were defined as the lowest of the three measurements during 3 min interval
just before TCI propofol. MBP and HR were measured and recorded at the designated time points and at
a 3-min interval duration of endoscopic procedure. The designated time points: T0 = baseline values; T1 =
the target concentration achieved after TCI propofol; T2 = 3 min after esketamine injection; T3 = at scope
intubation and T4-x = by 3-min intervals during the procedure.
Perioperative anaesthesia related adverse events, such as bradycardia, hypotension, frequency of respiratory depression, nystagmus, mental symptoms, and postoperative nausea and vomiting (PONV) were also
recorded. TCI propofol was maintained till the removal of the colonoscopy. Recovery time was defined as
the time from discontinuing propofol to Observer’s Assessment of Alertness/Sedation scale (OAA/S) = 5
(responds readily to name spoken in normal tone). The endoscopic time were also recorded.
The patient’s satisfaction with the procedure was assessed 45 min after endoscopic procedure as: 4, no
discomfort; 3, slightly uncomfortable; 2, extremely uncomfortable; 1, unacceptable. The gastroenterologist’s
satisfaction (4 = excellent, 3 = good, 2 = fair, 1 = poor) was assessed immediately after endoscopic procedure
[15].
The primary endpoint was the median effective concentration (ED50 ) of propofol with different doses of
esketamine during gastrointestinal endoscopy in elderly patients. The secondary endpoint was to compare
the change of haemodynamics among three groups: the average percent change to baseline in MBP and HR.
We defined that percent change at the designated time points = (MBPT1-x – MBPT0 )/ MBPT0 * 100.
Statistical analysis
It was reported that anesthesia researches using the up-and-down methodology typically need 20-40 patients
per group [9,16,17]. We have also considered a dropout rate of 10%. Therefore, the estimated sample size
will be 30 patients per group, and a total of 90 patients will be randomized.
Data were expressed as mean (standard deviation, SD) for continuous variables, median (Min, Max) for
continuous variables with skewed distribution, or number (n) for categorical variables. First, all data are
tested for normality by shapiro.test. For data that does not conform to the normal distribution, we use
the Kruskal-Wallis rank sum test to check the differences between groups; for the data whose variance
conforms to the normal distribution, we use the Bartlett test of homogeneity of variances to test whether
the variances are homogeneous. Subsequently, we used ANOVA’s Tukey method or Kramer Nemenyi test to
test the differences between groups, as appropriate. The modified Dixon’s up-and-down method was used
for determining the ED50 of propofol with different doses of esketamine. We use Dixon method to test either
the minimum or maximum value is an outlier. Using log-logistic dose-response model test was used to test
the differences of EC50 between groups. We defineP value < 0.05 as a significant difference between groups.
Results:
Fig.1 showed the study flow diagram. There was no statistical significance between characteristics of patients
such as age, gender, BMI, or preoperative laboratory values (Table 1).
Propofol EC50 and its 95% confidence interval for gastrointestinal endoscopy in elderly patients were 1.71
(1.15-2.27) μg/mL in SK0.5 group, 2.45 (1.85-3.05) μg/mL in SK0.25 group and 3.69 (2.59-4.78) μg/mL
in control group respectively (P < 0.05) (Table 2). EC50 of propofol in SK0.5 group and SK0.25 group
was statistically significantly decreased compared with control group (P < 0.05). Furthermore, there was
statistically significant difference between SK0.5 group and SK0.25 group (P < 0.05). The propofol TCI
concentrations for consecutive patients and their responses to the gastrointestinal endoscopy are shown in
Fig.2-4.
The average percent change to baseline MBP was -19.7 (7.55), -15.2 (7.14) and -10.1 (6.73) with P ¡0.001,
and average percent change to baseline HR was -7.30 (8.39), -5.41 (9.68) and -3.75 (7.30) withP = 0.275 in
the control group, the SK0.25 group and the SK0.5 group, respectively (Table 3). MBP values in the SK0.25
group and the SK0.5 group decreased significantly less than those in the control group (P ¡0.05). Figure 5, 6
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shows the time course of percent change to baseline in MBP and HR. Recovery time in the control group was
significantly longer than those in the SK0.25 group and the SK0.5 group (P ¡0.001). There was no statistical
significance between groups for patient satisfaction and gastroenterologist satisfaction (P >0.05) (Table 3).
The study was completed without any significant clinical complication. Major complications included hypotension or/and bradycardia (3 patients in control group), respiratory depression (1 patient in control
group), PONV (1 patient in control group), and eye tremor (1 patient each for the SK0.25 group and the
SK0.5 group). There was no psychotomimetic effects in our study.
Discussion
The primary endpoint of this study was to determine the median effective concentration of propofol with
different doses of esketamine during gastrointestinal endoscopy in elderly patients. We found a significant
decrease in propofol EC50 when co-administration with 0.5 mg/kg esketamine or 0.25 mg/kg esketamine.
The secondary endpoint was to compare the change of haemodynamics among three groups. Our results
show that the co-administration of esketamine and propofol caused more stable haemodynamic responses
compared with single administration of propofol in elderly patients.
In this study, we used the modified Dixon’s up-and-down methodology to determine the median effective
concentration of propofol with different doses of esketamine, because the Dixon’s up-and-down method has
a long history [18,19] and is often used in anesthesia research [16]. The advantage of the sequential method
is that it can make full use of the data provided by fewer cases, and get results quickly and accurately. To
adopt the sequential method, two conditions must be met: the dosage of the drug should be easy to change,
and the negative or positive result can be quickly revealed. Both of propofol and esketamine meet the above
two conditions, so we can think that our sequential research method is feasible.
Various types of analgesic and sedative techniques have been used during gastrointestinal endoscopy. The
propofol, a good hypnotic with rapid onset, short duration of action, and minimal side effects, is one of
the most commonly used intravenous anesthetics during endoscopic procedure [5,7,20,21]. However, it was
reported in a guideline of anesthesia and sedation in GI endoscopy that transient hypoxia occurs in 3% to
7% of cases using propofol sedation and that transient hypotension occurs in 4% to 7% of cases [22]. It is
well known that propofol may cause shows dose-dependent hemodynamic instability, such as bradycardia
and hypotension, during induction or bolus administration [23]. The hemodynamic instability is due to
dose-dependent reduced systemic vascular resistance and myocardial contractility [24-26] especially in elderly
patients. Many studies also demonstrated that the requirements of propofol are reduced in elderly individuals
[27,28] because of the age-related changes in pharmacodynamics, pharmacokinetics or both [29].
Some studies are exploring the medication strategy of propofol for endoscopic procedure, such as combination
medication to reduce the dosage of propofol requirement [9,30-32]. A randomized, double-blinded and
controlled trial for elderly patients subjected to colonoscopy showed that EC50 of propofol was reduced
when combined with 1 μg/kg fentanyl and there was no significant difference in adverse events but prolonged
awake and discharge time [9]. Mortero et al.[30] demonstrate that the combination of propofol with small-dose
ketamine reduced hypoventilation caused by propofol, induced positive mood effects, and produced earlier
recovery of perception compared with propofol alone during monitored anesthesia for surgical interventions.
Recently, Susanne Eberl et al. [32] found that the combination of esketamine with propofol for sedation in
patients undergoing ERCP is superior to a combination of propofol with an opioid.
Esketamine, a N-methyl-D-aspartate receptor antagonist, has analgesic, anaesthetic and sympathomimetic
properties. It is reported that esketamine cause less respiratory or cardiovascular depression than other
sedatives due to an increase in sympathetic tone[12,32]. Jonkman K et al. found that esketamine could
counter opioid-induced respiratory depression [11]. It is also reported that esketamine nasal spray could
cause transient and asymptomatic blood pressure elevations [33]. Therefore, there has been growing interest
in the use of esketamine as an ideal adjunct to propofol for procedural sedation and analgesia [12,34]. It was
reported that the use of a combination of propofol and esketamine for procedural analgesia and sedation
during MR-guided HIFU treatments of uterine fibroids is feasible and safe, with a short recovery time and
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a low risk of major adverse events [34]. Recently, Eberl, S. et al. demonstrated low-dose esketamine reduces
the requirement of propofol for sedation during ERCP in ASA I-II patients without affecting recovery time,
side effects, cardiovascular or respiratory adverse events and satisfaction of endoscopists and patients, when
compared with alfentanil [12].
In this study, we demonstrated that combination medication of propofol with esketamine reduced the propofol
EC50 during gastrointestinal endoscopy in elderly patients and caused more stable haemodynamic responses.
Due to the decrease in the dose of propofol, the dose-dependent depression of propofol on the circulation
was alleviated. Furthermore, the sympathomimetic properties of esketamine may, at least partially, counter
propofol-induced haemodynamic depression.
There was a limitation in our study. When hypotension caused by excessive sedation occurs, we use vasoactive
drugs to increase blood pressure without reducing the propofol infusion rate, which may lead to excessive
sedation in some patients. A Bispectral Index or entropy monitoring should be considered during endoscopic
procedure in our next step.
Conclusions
Combination medication of propofol with esketamine reduced the propofol EC50 during gastrointestinal
endoscopy in elderly patients and caused more stable haemodynamic responses with the shorter recovery
time and the same satisfaction of endoscopists and patients, when compared with single administration of
propofol.
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Table 1 Characteristics of participants.

Control
(N=30)

Control
(N=30)

Group
SK0.25
(N=30)

Group
SK0.5
(N=30)

Gender
(M/F)

10/20

10/20

10/20

11/19

Age (yrs)

70.0 [65.0,
88.0]

70.0 [65.0,
89.0]

70.0 [65.0,
89.0]

69.5 [65.0,
88.0]

BMI
(kg/m2 )
ΤΒΛ
(μμολ/Λ)

24.2 (2.25)

23.8 (2.73)

23.8 (2.73)

24.8 (2.45)

14.3 [7.90,
24.8]

12.1 [9.40,
27.0]

12.1 [9.40,
27.0]

14.2 [9.30,
28.8]

Albumin
(g/L)

43.2 [35.7,
50.7]

41.1 [35.0,
47.3]

41.1 [35.0,
47.3]

44.1 [35.5,
47.9]

ALT
(U/L)

18.0 [10.0,
75.0]

18.0 [10.0,
40.0]

18.0 [10.0,
40.0]

18.5 [10.0,
52.0]

AST
(U/L)

22.0 [17.0,
76.3]

24.0 [16.0,
39.0]

24.0 [16.0,
39.0]

21.0 [13.0,
57.0]

SCR
(mmol/L)

60.5 [6.86,
291]

61.2 [45.0,
109]

61.2 [45.0,
109]

59.4 [38.5,
110]

BUN
(mmol/L)
INR

4.71 (1.55)

5.17 (1.63)

5.17 (1.63)

5.29 (1.64)

0.906
(0.0705)

0.943
(0.0586)

0.943
(0.0586)

0.906
(0.0541)

Data are Mean (SD), Median [Min, Max] or number.
Table 2. Propofol EC50 and its 95% confidence interval
Control
(N=30)
Group SK0.25
(N=30)
Group SK0.5
(N=30)
Προποφολ Ε῝50 (μγ/μΛ)
3.69

8

statistic
method

P

KruskalWallis rank
sum test
KruskalWallis rank
sum test
anova

0.95

KruskalWallis rank
sum test
KruskalWallis rank
sum test
KruskalWallis rank
sum test
KruskalWallis rank
sum test
KruskalWallis rank
sum test
anova

0.578

anova

0.098

0.991

0.321

0.306

0.988

0.583

0.851

0.429
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2.45*
1.71**,#
95% ῝Ι (μγ/μΛ)
[2.59, 4.78]
[1.85, 3.05]
[1.15, 2.27]
Using log-logistic dose-response model test: * Compared with Control,P = 0.0086; ** Compared with
Control, P = 1.157x10-5 ; # Compared with Group SK0.25, P = 0.0284.
Table 3 Procedure time, satisfaction, hemodynamics and recovery time (n = 30 in each)
Control
(N=30)
Procedure
21.0 [12.0, 30.0]
time (min)
Patient
4 [3, 4]
satisfaction
Gastroenterologist
4 [3, 4]
satisfaction
MBP (%)
-19.7 (7.55)
HR (%)
-7.30 (8.39)
Recovery time 620 [420, 900]
(s)

Group SK0.25
(N=30)

Group SK0.5
(N=30)

statistic
method

18.0 [15.0, 30.0]

21.0 [16.0, 35.0]

4 [3, 4]

4 [3, 4]

4 [3, 4]

4 [3, 4]

-15.2 (7.14)*
-5.41 (9.68)
470 [320, 900]**

-10.1 (6.73)*
-3.75 (7.30)
420 [300, 720]**

Kruskal-Wallis
rank sum test
Kruskal-Wallis
rank sum test
Kruskal-Wallis
rank sum test
anova
anova
Kruskal-Wallis
rank sum test

P
0.351
0.814
1
6.63×10-6
0.275
3.03×10-6

Data are Mean (SD) or Median [Min, Max]; *Compared with Control using Tukey test, p < 0.05;**Compared
with Control using Tukey and Kramer Nemenyi test, p < 0.05.
Awake time to OAA/S 5 (s)
Figure 1. Study flow diagram.
Figure 2. Consecutive target propofol concentrations during gastrointestinal endoscopy for EC50 determination in control group. The red dot represents “non-responsive”; and the blue triangle represents “responsive”.
The horizontal line represents the ED50 . Propofol EC50 and its 95% confidence interval were 3.69 (2.59-4.78)
μg/mL.
Figure 3. Consecutive target propofol concentrations during gastrointestinal endoscopy for EC50 determination in SK0.25 group. The red dot represents “non-responsive”; and the blue triangle represents “responsive”.
The horizontal line represents the ED50 . Propofol EC50 and its 95% confidence interval were 2.45 (1.85-3.05)
μg/mL.
Figure 4. Consecutive target propofol concentrations during gastrointestinal endoscopy for EC50 determination in SK0.5 group. The red dot represents “non-responsive”; and the blue triangle represents “responsive”.
The horizontal line represents the ED50 . Propofol EC50 and its 95% confidence interval were 1.71 (1.15-2.27)
μg/mL.
Figure 5. The time course of percent change to baseline in mean arterial pressure. T0 = baseline values;
T1 = the target concentration achieved after TCI propofol; T2 = 3 min after esketamine injection; T3 = at
scope intubation and T4-x = by 3-min intervals during the procedure.
Figure 6. The time course of percent change to baseline in heart rate. T0 = baseline values; T1 = the target
9
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concentration achieved after TCI propofol; T2 = 3 min after esketamine injection; T3 = at scope intubation
and T4-x = by 3-min intervals during the procedure.
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