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The EC50 of propofol with different doses 
of dexmedetomidine during gastrointestinal 
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A double-blind, placebo-controlled trial
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Abstract 
Purpose: The goal of this study was to evaluate the dose-response relationship between dexmedetomidine and propofol in 
sedating patients and to determine the optimal dosage of dexmedetomidine during gastrointestinal endoscopy.

Methods: One hundred fifty patients were divided into 5 groups, each receiving a loading dose of dexmedetomidine (0.4, 0.6, 
0.8, 1.0 µg/kg) or saline, with propofol for sedation. The median effective concentration (EC50) of propofol was calculated using 
the modified Dixon up-and-down approach. Adverse effects, vital signs, procedure, and recovery times were recorded.

Results: The EC50 of propofol in groups NS, D0.4, D0.6, D0.8, and D1.0 were 3.02, 2.44, 1.97, 1.85, and 1.83 µg/mL, 
respectively. Heart rate in the dexmedetomidine groups decreased more than the NS group (P < .001). The mean arterial pressure 
(MAP) in the NS group experienced a decline compared to groups D0.8 and D1.0 when the plasma concentration and effect-site 
concentration reached equilibrium. Additionally, the respiratory rate was found to be lower in groups NS, D0.4, D0.6, and D0.8 
(P < .05). Recovery time in groups D0.8 and D1.0 was longer than the NS group (P < .05). Bruggemann comfort scales score was 
higher in group D1.0 (P < .05). No significant difference was found in the incidences of hypotension and bradycardia, and the dose 
of ephedrine and atropine. Respiratory depression was significantly reduced in groups D0.8 and D1.0 compared to the NS group.

Conclusion: A single dose of 0.6 to 0.8 µg/kg of dexmedetomidine should be recommended in combination with propofol for 
gastrointestinal endoscopy. And the EC50 of propofol is 1.97 to 1.85 µg/mL.

Abbreviations: BCS = Bruggemann comfort scales, EC50 = the median effective concentration of 50% patients, HR = heart 
rate, MAP = mean arterial pressure, PACU = post anesthesia care unit, TCI = target-controlled infusion.
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1. Introduction
As public health awareness grows, regular medical examina-
tions, such as gastrointestinal endoscopy, have become essen-
tial for diagnosing and treating gastrointestinal diseases.[1] 
Gastrointestinal endoscopy, an effective and widely used proce-
dure, involves the insertion of a flexible camera-equipped tube 
into the digestive tract to assess the condition of the gastroin-
testinal system.[2] While this procedure may cause some discom-
fort, a variety of sedative and anesthesia options are available to 
alleviate pain and anxiety, ensuring patient comfort and safety.

Currently, a common sedative protocol involves the use of 
propofol combined with opioids.[3] Nevertheless, these sub-
stances can adversely affect the respiratory and circulatory 
systems, potentially leading to hypotension and respiratory 
depression, especially when used together.[4] Other potential 
side effects of opioids include nausea, vomiting, drowsiness, and 
confusion.[5] Consequently, the exploration of alternative seda-
tives or anesthesia techniques is a viable approach to mitigate 
these risks. Therefore, the exploration of alternative sedatives 
or anesthesia techniques is a viable approach to mitigate these 
risks.
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Dexmedetomidine, a highly selective α2 receptor agonist, has 
demonstrated sedative, analgesic, and antisympathetic effects 
without significant respiratory side effects.[6,7] It has been uti-
lized in various clinical settings, including general anesthesia[8,9] 
and gastrointestinal endoscopy,[10] reducing the need for other 
anesthetics and analgesic drugs. However, high doses of dex-
medetomidine can lead to bradycardia and hypotension.[8,11,12]

The optimal dose of dexmedetomidine for gastrointestinal 
endoscopy remains uncertain, particularly in balancing the 
desired sedation level while minimizing side effects. This uncer-
tainty highlights the need for further research and investigation. 
So, we propose conducting a randomized, double-blinded, and 
controlled study to explore the dose relationship between dex-
medetomidine and propofol in gastrointestinal endoscopy. By 
administering varying doses of dexmedetomidine with propofol 
and comparing the EC50 of propofol in each group, we aim to 
determine the optimal dexmedetomidine dose when combined 
with propofol for sedation during gastrointestinal endoscopy.

2. Materials and methods
This study, approved by the Ethics Committee of the Affiliated 
Hospital of North Sichuan Medical College (2019ER(R)095-
1) and registered with the Chinese Clinical Trial Registry on 
December 17, 2019 (http://www.chictr.org.cn/; Registration 
Number: ChiCTR1900028279), adhered to the Declaration of 
Helsinki and CONSORT Standards.

After obtaining informed consent, 150 patients, aged 18 to 
60, with an American Society of Anesthesiologists physical clas-
sification status of I to II, for elective gastrointestinal endoscopy 
at the Affiliated Hospital of North Sichuan Medical College 
were enrolled. The study was conducted from December 2019 
to April 2020. Patients with allergies to propofol or dexmedeto-
midine; cardiovascular disease (arrhythmia, aortic stenosis, isch-
emic heart disease, severe hypertension, heart failure, ejection 
fraction < 30%), liver disease (Child-Pugh C), renal disease; his-
tory of abdominal surgery; recent use of sedatives and opioids; 
obstructive sleep apnea syndrome (OSAS), alcoholism; history 
of drug addiction were excluded. Those experiencing intraoper-
ative bowel perforation or a procedure exceeding 1 hour were 
withdrawn from the study.

Patients were randomly assigned to 1 of 5 groups using SPSS 
software, Patients were categorized based on their surgical 
sequence, with unique codes from 1 to 150 assigned to each. 
Following this, patients were assigned random numbers, which 
were used to sort and group them. Each receiving varying doses 
of dexmedetomidine or an equivalent volume of 0.9% saline. 
The groups were designated as follows: D0.4 (0.4 µg/kg dexme-
detomidine), D0.6 (0.6 µg/kg dexmedetomidine), D0.8 (0.8 µg/
kg dexmedetomidine), D1.0 (1.0 µg/kg dexmedetomidine), and 
NS (0.9% saline).

Upon the patient’s arrival in the operating room, an anesthe-
tist nurse prepared the test drug based on the allocation assigned 
by the SPSS software. The nurse loaded the drug into the infu-
sion pump and established a target-controlled concentration of 
propofol. To mitigate potential bias in drug distribution influ-
enced by the numerical values visible on the pump’s screen, the 
screen was concealed. The same anesthetist, who was blinded to 
the treatment allocation, sedated all patients and did not partic-
ipate in patient monitoring or data collection. This process was 
designed to maintain the treatment allocation unknown to both 
patients and anesthetists.

The “up-and-down” method was used to determine the EC50 
of propofol, which inhibits the movement response during 
gastrointestinal endoscopy.[13,14] Before the procedure, patients 
were instructed to fast and undergo bowel preparation. Upon 
entering the endoscopy suite, peripheral venous access was 
established and 10 mL/kg/h Ringer lactate solution was infused. 
The nasal catheter oxygen inhalation was administered with a 

flow rate of 3 L/min (FiO2: 33%). Patients were continuously 
monitored for electrocardiogram, noninvasive blood pressure 
(NIBP), respiratory rate (RR), and oxygen saturation (SpO2). 
Rescue medications and materials were prepared.

Anesthesia induction was standardized. Before induction, 
all patients received either dexmedetomidine or 0.9% sodium 
chloride over 10 minutes by an infusion pump, followed by an 
intravenous injection of fentanyl 0.5 µg/kg. Propofol was then 
administered with an initial effect-site concentration of 3.0 µg/
mL in each group using a target-controlled infusion (TCI) (the 
Marsh model).[15]

The endoscopic procedure commenced after the patient lost 
consciousness, the eyelash reflex ceased, and an equilibrium was 
established between the propofol concentration in the effect-site 
and plasma. Movements of the head or limbs during the proce-
dure were regarded as “responsive.”[13,14] If a patient exhibited 
purposeful movements, an intravenous bolus of propofol 0.5 to 
1.0 mg/kg was administered until the procedure was completed. 
For the next patient, the effect-site concentration of propofol 
was increased by 20% times with an adjacent concentration 
gradient. If patients exhibited “nonresponsive” behavior, a  
lower-level concentration (20%) was administered with an adja-
cent concentration gradient for the next patient. Upon reaching 
the ileocecal valve, intravenous infusion of propofol was discon-
tinued. Patients were then transferred to the postanesthesia care 
unit (PACU) for further monitoring until they regained a satis-
factory level of consciousness. Patients were discharged when 
the Adrete score was >9.[16]

Hypotension, defined as a mean arterial pressure (MAP) 
<60 mm Hg or a decrease in MAP of more than 30% from base-
line, was treated with ephedrine 6 mg. Respiratory depression 
was defined as SpO2 <90% or an apnea lasting more than 15 
seconds,[17] and was treated with assisted ventilation until recov-
ery of breathing. Bradycardia, defined as a heart rate (HR) <50 
beats per minute, was managed with a dose of 0.5 mg of atro-
pine. The dosages of ephedrine and atropine were recorded.

The primary endpoint was the concentration of propofol in 
the effect-site across all patients, which was used to calculate 
the EC50 of propofol. Secondary endpoints encompassed base-
line measurements of HR, MAP, and RR, recorded 5 minutes 
after the patient’s arrival in the endoscopy room. HR, MAP, and 
RR were continuously monitored at set intervals: T0 baseline 
values; T1, when the plasma concentration and effect-site con-
centration reached equilibrium; T2, 1-minute post gastroscopy 
commencement; T3, 1-minute post colonoscopy start, and T4, 
upon the patient’s awakening. Perioperative adverse events, 
including hypotension, bradycardia, and respiratory depression, 
along with propofol dosage, endoscopy duration, recovery time 
(time from propofol infusion cessation to patient regaining con-
sciousness), Bruggemann comfort scale (BCS: 0, persistent pain; 
1, no pain at rest; severe pain when breathing or coughing; 2, no 
pain at rest; mild pain during breathing or coughing; 3, no pain 
during deep breathing; 4, no pain during deep breathing and 
coughing), and Aldrete score, were documented. The Aldrete 
score was evaluated at 5-minutes intervals postoperatively until 
it exceeded 9. The time from the patient’s arrival to their depar-
ture from the endoscopy room was also recorded.

3. Statistical analysis
The Dixon up-and-down method, further refined by Brownlee, 
necessitates a group size of 20 to 40 patients.[13,14] Our study esti-
mated a roughly 10% incidence of follow-up failure. Therefore, 
we decided on a group size of 30 cases. In this study, the up-and-
down method was employed to ascertain the EC50 of propofol.

All data were analyzed using the statistical software SPSS20. 
Categorical variables were analyzed using either the chi-square 
(χ2) test or Fisher exact test, applying Bonferroni correction 
to all pairwise comparisons. Measurement data, expressed as 
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mean and standard deviation, underwent ANOVA, followed by 
one-way ANOVA with Bonferroni correction. Then post hoc 
Bonferroni multiple comparison tests was used to identify vital 
sign differences among the 5 groups. nonnormally distributed 
data were analyzed using the U test with adjusted P values, 
and probability-regression analysis was used to calculate the 
EC50 of propofol. We considered a P value <.05 as statistically 
significant.

4. Results
Out of 198 eligible patients were screened, and 150 patients 
completed the study (Fig. 1). The demographic data and char-
acteristics of the patients are detailed in Table 1. No significant 
differences were noted across the 5 groups regarding sex, age, 
height, weight, American society of anesthesiologists physi-
cal status, gastrointestinal endoscopy procedure time, and the 
PACU stay (P > .05) (Table 1).

Propofol plasma concentrations and patient responses 
during endoscopy are depicted in Figure 2. The EC50 of 
propofol and the 95% CI for groups NS, D0.4, D0.6, D0.8, 
and D1.0 were 3.02 (2.75–3.47), 2.44 (1.52–3.09), 1.97 
(1.75, 2.23), 1.85 (1.61–2.10), and 1.83 (1.52–2.21) µg/mL, 
respectively. Groups D0.6, D0.8, and D1.0 showed a signifi-
cant decrease in EC50 of propofol compared to group NS. No 
significant differences were found between groups D0.4 and 

NS or among groups D0.6, D0.8, and D1.0 (P > .05) (Fig. 3). 
Dexmedetomidine pretreatment significantly reduced propo-
fol requirements (P < .05). Additionally, propofol needs were 
lower in groups D0.6, D0.8, and D1.0 than in groups D0.4 
and NS, with groups D0.8 and D1.0 requiring less propofol 
than group D0.4 (P < .05). No significant differences in propo-
fol needs were observed among groups D0.6, D0.8, and D1.0 
(Fig. 3).

HR significantly decreased from T1 to T4 in dexmedetomi-
dine groups compared to T0 (P < .001) and was lower than 
group NS (P < .001). MAP showed a significant reduction in 
group NS compared to groups D0.8 and D1.0 (P < .05). RR at 
T1 was lower than baseline in groups NS, D0.4, D0.6, and D0.8 
(P < .05) (Fig. 4).

Recovery time was longer in groups D0.8 and D1.0 than 
in group NS (P < .05), and BCS was higher in D1.0 versus NS 
(P < .05) (Table 2). Hypotension rates in groups NS, D0.4, D0.6, 
D0.8, and D1.0 were 46.7%, 36.7%, 20%, 23.3%, and 26.7%, 
respectively, with no significant difference between groups 
(P = .152). There was also no significant difference in ephedrine 
dosage among the groups. Incidences of respiratory depression 
were 50% in group NS, and 40%, 33.3%, 13.3%, and 10% 
in groups D0.4, D0.6, D0.8, and D1.0, respectively, with a sig-
nificant variation across groups (P < .001). Groups D0.8 and 
D1.0 had significantly fewer cases than groups NS (P = .005 and 
P = .002, respectively) (Table 2). No significant differences were 

Figure 1. Participant flow diagram.

Table 1

Demographic data and patients’ characters.

Group NS (n = 30) Group D0.4 (n = 30) Group D0.6 (n = 30) Group D0.8 (n = 30) Group D1.0 (n = 30) P value

Gender (M/F) 13/17 14/16 17/13 17/13 12/18 .680
ASA (I/II) 10/20 12/18 11/19 9/21 12/18 .910
Age (yrs) 42.1 ± 8.7 43.6 ± 8.1 44.5 ± 8.7 42.6 ± 8.8 44.2 ± 8.6 .793
High (cm) 163.1 ± 6.7 163.8 ± 6.9 162.2 ± 7.4 164.2 ± 6.2 163.3 ± 8.6 .852
Weight (kg) 60.8 ± 8.2 60.4 ± 10.2 61.0 ± 8.8 63.2 ± 7.3 58.9 ± 9.9 .466

Values are expressed as Mean ± SD. ASA = American society of anesthesiologists.
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found in bradycardia incidence or atropine dosage among the 
groups (P > .05).

5. Discussion
In conclusion, the findings of our study revealed the dose- 
response relationship between dexmedetomidine and propofol 
during gastrointestinal endoscopy. Moreover, with an increase 
in the loading dosage of dexmedetomidine, the EC50 and 
propofol requirements gradually decreased. This was accompa-
nied by a reduction in respiratory depression, an improvement 
in BCS scores, and enhanced hemodynamic stability. However, 
there was a more significant decrease in the HR without an 
increased risk of bradycardia, and a longer recovery time. A 
potential ceiling effect may exist in the dose-response rela-
tionship between dexmedetomidine and propofol. When the 
dosage of dexmedetomidine exceeds 0.6 µg/kg, the decrease 
in EC50 and propofol requirements becomes significantly less 
pronounced. Similarly, dexmedetomidine dosages of 0.8 and 
1.0 µg/kg appeared to have a comparable effect on respiratory 
depression.

To maintain a steady propofol concentration in the plasma, 
this study utilized TCI instead of manually controlled infusion 
(MCI). Previous studies have demonstrated that propofol deliv-
ered via TCI results in a more stable hemodynamic and respi-
ratory state, along with a faster recovery compared to MCI 
methods.[18,19] However, in this research, 46.7% of patients 
reported hypotension, and 50% experienced respiratory depres-
sion. These findings align with those of Zhou et al,[20] whose 
investigation revealed that approximately 32.5% of patients in 
the propofol group experienced hypotension, while 18% and 
10% suffered from moderate and severe hypoxia, respectively. 
It is essential to implement necessary measures to prevent and 
mitigate these adverse effects. The adoption of alternative anes-
thetic procedures or medications can help reduce the likelihood 
of these undesirable outcomes.

Numerous studies have suggested that the use of dexmedeto-
midine as an adjuvant medication reduces the need for propo-
fol, opioids, and inhalation anesthetics.[9,21] For example, Eun 
et al[22] discovered that the insertion of an I-gel supraglottic air-
way device without the use of muscle relaxants, accompanied 
by a bolus dose of dexmedetomidine at 1.0 µg/kg, resulted in 

Figure 2. Target propofol concentration in group NS (A), group D0.4 (B), group D0.6 (C), group D0.8 (D) and group 1.0 (E). The responses shown were deter-
mined using the modified Dixon up-and-down method.
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a decrease in the EC50 of propofol from 6.75 to 3.18 µg/mL. 
Nevertheless, the administration of dexmedetomidine at high 
doses has been associated with significant risks, including bra-
dycardia and hypotension. In order to mitigate these risks, the 
dexmedetomidine dosage in our study was confined to a maxi-
mum of 1 µg/kg.

In the present study, the EC50 of propofol was assessed in 
combination with 4 various concentrations of dexmedetomi-
dine, as compared to 0.9% saline. The findings indicated that 
the EC50 of propofol in the dexmedetomidine groups (0.4, 0.6, 
0.8, and 1.0 µg/kg dexmedetomidine) decreased by 19.20%, 
34.77%, 38.74%, and 39.40%, respectively. These findings are 
in line with prior research conducted by Zhao et al,[13] which 
examined the administration of various doses of dexmedeto-
midine as a pretreatment before induction. The research also 

revealed a similar dose-dependent drop in EC50 of propofol. 
However, the decrease in the EC50 of propofol progressively 
lessens as the dosage of dexmedetomidine exceed 0.6 µg/kg. 
Further increases in the dosage of dexmedetomidine may not 
correspond to the decreases in propofol, indicating a potential 
ceiling effect in the dose-response relationship between dexme-
detomidine and propofol during gastrointestinal endoscopy.

Determining the optimal dosage of dexmedetomidine 
requires a careful balance between achieving the desired anes-
thetic effect and minimizing the risk of potential side effects. 
In this study, we compared both the vital signs and the adverse 
effects. As shown in Figure 4(B), the MAP curve appeared more 
stable for the dexmedetomidine groups than for the placebo 
group. However, there was no statistically significant difference 
in hypotension incidence or the need for ephedrine doses among 
the 5 groups. This lack of significant difference could be due to 
several factors, such as the relatively small sample size of our 
study, which may have limited our statistical power to detect 
group differences. Additionally, the side effects of dexmedetomi-
dine on blood pressure regulation could also be a contributing 
factor.[8]

The study found that patients administered with dexmede-
tomidine experienced a significant decrease in HR compared to 
those who received a placebo. Furthermore, a higher dosage of 
dexmedetomidine was associated with a lower HR. Importantly, 
the HR of patients given dexmedetomidine remained above 50 
beats per minute. Furthermore, there was no significant dif-
ference observed in the incidence of bradycardia and the need 
for atropine across all 5 groups. These results suggest that a 
dexmedetomidine loading dose up to 1.0 µg/kg was generally 
well-tolerated in terms of HR, without a significant increase in 
bradycardia occurrence. However, it’s crucial to closely monitor 
patients and evaluate individual responses to dexmedetomidine, 
given the potential risk of bradycardia.

Maintaining spontaneous ventilation is crucial during gas-
trointestinal endoscopy procedures to ensure patient safety, 
especially in the outpatient setting.[23] However, in the pla-
cebo group, nearly half of the patients experienced respiratory 
depression, necessitating airway support. Furthermore, the 

Figure 3. Propofol’s EC50 and dosage in groups NS, D0.4, D0.6, D0.8, and 
D1.0; a P < .05 versus the group NS, b P < .05 versus the group D0.4.

Figure 4. Cardiorespiratory variables across the following groups during gastrointestinal endoscopy: NS (■), D0.4(⊙), D0.6 (♦), D0.8(∆), and D1.0(◊). The 
variables included HR (A), MAP (B), RR (C), and SpO2 (D). All data are presented as mean ± SD. *P < .05 baseline (T0); #P <.05 versus group NS. T0: baseline 
values; T1: when the plasma concentration and effect-site concentration reached equilibrium; T2: 1 minute after the start of gastroscopy; T3: 1 minute after the 
start of colonoscopy; and T4: upon awakening of the patient. HR = heart rate, MAP = mean arterial pressure, SpO2 = oxygen saturation.
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onset of the gastroscopy procedure was more likely to induce 
hypoxia and apnea. At the point, a dramatic increase in the 
plasma concentration of propofol can lead to a decrease in 
both respiratory frequency and tidal volume.[24,25] A previous 
study conducted by Makoto et al[25] concluded that incor-
porating a single low-dose of dexmedetomidine into propo-
fol sedation reduced the need for airway support in children 
undergoing magnetic resonance imaging. In our study, the 
results revealed a gradual decrease in the incidence of respira-
tory depression as the dosage of dexmedetomidine increased. 
The mechanism by which dexmedetomidine decreases respira-
tory depression may be related to its dose-dependent propofol- 
sparing effect. However, dexmedetomidine dosages of 0.8 and 
1.0 µg/kg appeared to have a comparable effect on respiratory 
depression.

The findings of this study, specifically the higher score on the 
BCS in the group of patients who received dexmedetomidine 
compared to those who received a placebo, suggest a potential 
benefit of dexmedetomidine in enhancing patients’ comfort 
level. Dexmedetomidine is known to induce a state of nonrapid 
eye movement sleep, thereby improving sleep quality, and may 
also have analgesic effects.[12,13] These properties could help 
explain the observed improvement in postoperative comfort 
and reduction in discomfort when dexmedetomidine is used as 
an adjuvant to propofol sedation.

To minimize the adverse effects associated with the rapid 
infusion of dexmedetomidine, our study adopted an infusion 
rate over 10 minutes in the preparation room before the pro-
cedure. This approach did not increase the waiting time for 
endoscopists. However, we must acknowledge that this method 
inevitably increases the labor cost. Furthermore, our findings 
indicate that the recovery time was prolonged in the groups that 
received higher doses of dexmedetomidine (0.8 and 1.0 µg/kg) 
compared to the group that received a placebo. This is consis-
tent with previous studies that have demonstrated the potential 
for dexmedetomidine to delay anesthesia recovery and hospi-
tal discharge.[4,26,27] Nonetheless, the average difference in the 
increased recovery time in our study was approximately 2 min-
utes; it did not produce a significant clinical effect on patients, 
and dexmedetomidine did not prolong the time to leave the 
PACU in our study.

In conclusion, taking into account factors such as anesthe-
sia effectiveness, potential side effects including hypotension, 
respiratory depression and bradycardia, and recovery time and 
comfort, it is suggested that a single dose of 0.6 to 0.8 µg/kg of 
dexmedetomidine should be used in combination with propofol 
for gastrointestinal endoscopy.

This study does have a few limitations. Firstly, the depth of 
anesthesia was determined by the anesthesiologist’s subjective 
assessment, not by bispectral index, due to budget constraints. 

However, it’s important to note that no patients reported 
intraoperative consciousness. Second, the study employed the 
up-and-down approach, which requires a smaller sample size. 
Therefore, future research should consider a larger sample and 
a longer observation period for more comprehensive results. 
Lastly, the average age of patients in this study was between 42 
and 44 years. Consequently, the applicability of our findings to 
older patients may be limited.

6. Conclusion
In conclusion, a dosage of 0.6 to 0.8 µg/kg of dexmedetomidine 
combined with propofol is recommended for gastrointestinal 
endoscopy. This combination reduces the EC50 and dosage of 
propofol, provides effective sedation, lessens respiratory depres-
sion, improves patient satisfaction, without increasing the risk 
of bradycardia or prolonging the recovery period. Additionally, 
the EC50 of propofol is found to be between 1.97 to 1.85 µg/
mL.
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