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Objective: This prospective study evaluated the 50% effective dose (EDsg) and 95%
effective dose (EDgs) of nalbuphine combined with propofol during painless gastroscopy.

Methods: Seventy-five patients who underwent painless gastroscopy were randomly
divided into five groups (group No, No.os, No.1, No.15, and Ng o), with doses of 0, 0.05, 0.1,
0.15, or 0.2 mg/kg nalbuphine in each group. Propofol was given to all groups as the
sedative. The bispectral index (BIS) value, propofol dose, examination time, and
awakening time were recorded. The number of patients with intolerance indexes
(coughing, retching, swallowing, or limb movement) was recorded in each group. The
EDso/EDgs of nalbuphine combined with propofol for gastroscopy were calculated.

Results: Compared with those of groups Ng, Ngos, or Ng+, the propofol dose and
awakening time were significantly reduced in group Ng_.15 or Ng.» (0 < 0.05). The successful
rate of painless gastroscopy in group Ng_15 Or Ng.» significantly increased compared to that
of group Ng or Ngos (o < 0.05). When combined with propofol, nalbuphine had an EDsq
and EDgs for painless gastroscopy of 0.078 mg/kg (95% Cl, 0.056-0.098 mg/kg) and
0.162 mg/kg (95% CI, 0.134-0.217 mg/kg), respectively.

Conclusion: The EDsy/EDgs of nalbuphine combined with propofol are 0.078 and
0.162 mg/kg, respectively, for painless gastroscopy. Nalbuphine at 0.162 mg/kg
combined with propofol is effective and safe for painless gastroscopy in adults.

Keywords: nalbuphine, propofol, gastroscopy, dose-effect relationship, ED50, ED95, effective dose

1 INTRODUCTION

Gastroscopy is an efficient method for the diagnosis and treatment of digestive system diseases,
including those of the throat, esophagus, stomach, and duodenum (Liu et al.,, 2015). Gastroscopy is a
noninvasive operation, but gastroscopy without sedation/anesthesia often causes adverse reactions such
as nausea, vomiting, and coughing (Meng et al, 2016). To provide patients with comfortable
(i.e., painless) gastroscopy, propofol is considered the best sedation anesthetic according to many
studies (Smith et al., 1994; Ellett, 2010; Olofsen et al., 2010; LaPierre et al., 2012; Zhang et al., 2014; Kilic
etal, 2016; Ma et al., 2016). Propofol has no analgesic effect; so, propofol combined with opioids can
alleviate the cardiovascular response, reduce noxious stimuli, and reduce the dose of propofol (LaPierre
et al,, 2012; Anesthesiology Branch of Chinese Medical Association, Digestive Endoscopy Branch of
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Chinese Medical Association, 2014; Zhang et al., 2014; Kilic et al,,
2016). Too large a dose of opioid drugs could inhibit the patients’
respiratory and circulatory systems, and too small a dose of opioid
drugs could not help patients to finish a gastroscope placement.
Thus, exploration of the 50% effective dose (EDsp) and 95%
effective dose (EDos) of opioid drugs is useful to achieve a
comfortable and safe gastroscopy for patients.

Nalbuphine is a k-receptor agonist and partial p-receptor
antagonist. As a k-receptor agonist, nalbuphine has a unique
analgesic effect on visceral pain (Riviere, 2004), which is suitable
for gastroscopy. As a partial antagonist of the p-receptor, nalbuphine
use may avoid a series of adverse reactions related to the activation of
the p-receptor (e.g., respiratory depression, addiction, euphoria,
bradycardia, itching, immunosuppression, nausea and vomiting,
intestinal peristalsis, and impaired bladder muscle function)
(Misiotek et al, 2014). At the same time, the activity of
nalbuphine on the §-receptor is very weak; so, the drug does not
produce irritability and anxiety (Misiofek et al., 2014). Low-dose
nalbuphine has almost no effect on hemodynamics and respiration;
so, it is very suitable for outpatient surgery (Lake et al., 1982). The
application of nalbuphine in painless gastroscopy has a certain
advantage over other opioids: nalbuphine acts quickly and safely
(Liu, 2017). Finding the ED5o/EDys of nalbuphine combined with
propofol will help patients have a safe, painless gastroscopy.

In this study, we evaluated the EDso/EDgs; of nalbuphine
combined with propofol during painless gastroscopy, and we
determined the feasibility of nalbuphine combined with propofol
for painless gastroscopy in adults.

2 MATERIALS AND METHODS

This experiment has been approved by the Medical Ethics
Committee of Hainan General Hospital (China, Reference No.
2018-103). Informed consent forms were signed by patients.

2.1 Patients

Overall, 75 patients who underwent painless gastroscopy in Hainan
General Hospital from April 2020 to July 2020 were selected. The
inclusion criteria were as follows: age 18-60 years, body mass index
of 18-25kg/m? and American Society of Anesthesiologists
classification I-II. The exclusion criteria included hepatitis and
renal failure, habitual sedative or analgesic use, mental illness, and
allergy to nalbuphine or propofol.

2.2 Clinical Protocol
The patients were randomly divided into five groups of nalbuphine
according to dose, as follows: 0 mg/kg (group Nj), 0.05 mg/kg
(group Nyps), 0.1 mg/kg (group Ny ;), 0.15 mg/kg (group Ny ;s),
and 0.2 mg/kg (group Nj.,). All patients fasted from solids for 8 h
and from liquids for 2h. All patients took the left recumbent
position in the operating room, with standard monitoring that
included oxygen saturation (SpO,), noninvasive blood pressure,
and electrocardiogram. All patients inhaled oxygen using the nasal
catheter (3 L/min) for 5 min before anesthesia.

Nalbuphine (batch number: 1189503; Yichang Renfu
Pharmaceutical Co., Ltd. Yichang, Hubei province, China) was
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injected intravenously at the onset; at 3 min after the onset,
propofol (Batch number: RA170; AstraZeneca UK Limited,
Macclesfield, Cheshire, SK10 2NA, United Kingdom) was
administrated intravenously at a rate of 50-150 pg/kg/min
until the patient lost consciousness, as reflected by a bispectral
index (BIS) (BIS Complete Monitoring System, Covidien) value
between 50 and 65. Then, the gastroscopy was performed. If the
gastroscopy failed (defined as any coughing, swallowing, retching,
or limb movement by the patient), the propofol dose was
increased to facilitate completion of the examination. When
the heart rate decreased to 50 beats per min, 0.2-0.5mg
atropine was injected. When the mean arterial pressure was
less than 60 mmHg, 5-10 mg ephedrine was applied. When
SpO, decreased to 90%, assisted ventilation with oxygen via a
facial mask was applied.

Observation indexes included the following: the BIS value at
baseline (before the beginning of anesthesia) and at the beginning
of gastroscopy, the effect-site concentration of propofol at the
beginning of gastroscopy and at the end of gastroscopy, the
propofol dose (the amount of propofol), the examination time
(the time of gastroscopy), and the awakening time (the time
between the end of the gastroscopy and when the patients to
awake) were recorded. The number of patients with any
coughing, swallowing, retching, or limb movement was
recorded in each group. The number of patients who
experienced a successful gastroscopy (defined as having none
of the intolerance of coughing, swallowing, retching, or limb
movement) was recorded in each group. The number of patients
with apnea, postoperative pruritus, postoperative nausea/
vomiting, or postoperative anxiety/irritability was recorded.

The effect index was the number of patients who experienced a
successful gastroscopy, and the index was used to calculate the
EDs(/EDys of nalbuphine combined with propofol. The patients
who required increasing propofol doses were regarded as having a
failed gastroscopy.

2.3 Statistical Analysis

IBM SPSS Statistics 23.0 (IBM Corporation, version 19; Armonk,
NY, United States) was used for statistical analyses of data. The
median effective dose (i.e., the EDs() and the EDgys as well as the
95% CIs of nalbuphine when combined with propofol were
determined by binary regression (probit) (Gorges et al., 2017).

The required sample size was calculated using PASS 11.0
(Power Analysis and Sample Size; NCSS, LLC, Englewood, NJ,
United States). The main indicator considered was the awakening
time. The pilot study had 5 cases in each group. The mean +
standard deviation of awakening time in group N, and group
Ny, were 726.13 + 123.46 (s) and 245.00 + 68.74 (s), respectively.
A sample size of 15 in each group was required for a beta value of
0.10 and an alpha value of 0.05.

Normally distributed statistics were analyzed as the mean +
standard deviation and by one-way analysis of variance.
Categorical variables were presented as proportions (%) and
were compared using Fisher’s exact test or the chi-squared
test. Trends in the nalbuphine doses were evaluated using the
chi-squared test for trend. A p value of <0.05 was considered to be
statistically significant.
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3 RESULTS groups Noj, Ngjs, and Ny, were significantly higher than
those in group Ny (p < 0.01); compared with group Ns,
3.1 Included Patients Information groups N ;5 and Ny, had significantly increased incidences of

Overall, 77 patients were enrolled in the study, and 75  successful gastroscopy (p < 0.01). No significant differences in

patients were assessed for eligibility. Two patients were  success were noted among the other groups (p > 0.05). Results are

excluded (one from group N, and one from group Ny ;s) shown in Table 2.

because gastric mucosa tissues were taken for observation by

pathology and the duration of gastroscopy was more than . .

10 min. No significant demographic differences were noted 3.5 ED5o and EDg5 of Nalbuphine Combined

among the five groups (p > 0.05). Results are shown in ~ With Propofol

Table 1. The statistics were analyzed by binary regression (probit). The

EDs, of nalbuphine combined with propofol for painless

. gastroscopy was 0.078 mg/kg (95% CI, 0.056-0.098 mg/kg),

3.2 Intolerance Indexes: Coughing, and the EDys of nalbuphine was 0.162mg/kg (95% CI,

Retching, Swallowing, and Limb Movement  0.134-0.217 mg/kg) for the same procedure. Results are shown

Compared with group Ny, group Ny ; had significantly decreased ~ in Figure 1.

incidences of coughing (p < 0.05); groups Ny ;5 and Ny, had

significantly reduced incidences of coughing, retching, . _Qi
swallowing, and limb movement (p < 0.05). Compared with 3.6 Comparison of the BIS Value, Effect-Site

group Ngos, groups Ngi5 and Ny, had significantly reduced Concentration and Dose of Propofol,
incidences of retching, swallowing, and limb movement (p < Examination Time, and Awakening Time

0.05). Results are shown in Table 2. No statistically significant differences were observed in the

BIS value at baseline or at the beginning of gastroscopy among
3.3 Adverse Effects the five groups (p > 0.05). After the nalbuphine dose was
There was no significant difference in the incidence of apnea,  increased, the effect-site concentration of propofol, the

postoperative pruritus, postoperative nausea/vomiting, or  propofol dose, and the awakening time decreased gradually
postoperative anxiety/irritability among the five groups (p > in groups Ny, Npj, and Ngj5 (p < 0.05), whereas no
0.05). Results are shown in Table 2. statistically significant differences were noted in these

indexes between groups Ny, and Ng;s5 (p > 0.05). The
3.4 Incidences of Successful Gastroscopy examination time for group N, was significantly longer
Forty-four patients experienced successful gastroscopies  than that for any other group (p < 0.05), but no significant
(i.e., without any coughing, retching, swallowing, or limb  difference was noted among the other four groups (p > 0.05).
movement). The incidences of successful gastroscopy in  All results are shown in Table 3.

TABLE 1 | Patient demographic characteristics.

No No.os No.1 No.15 No.2
ASA classification (/II, n) 5/10 5/10 5/10 3/12 5/10
Sex (Male/female, n) 6/9 7/8 9/6 7/8 5/10
Age, years (X +s) 42.46 + 10.39 39.60 + 10.20 38.53 + 9.71 45.40 + 8.26 40.20 + 10.77
BMI, I<g/m2 (X+xs) 23.14 +1.89 23.39 + 1.71 23.03 + 1.78 22.88 + 2.16 22.38 + 2.71

Note: ASA, American Society of Anesthesiologists; BMI, body mass index; X + s, mean + standard deviation. One-way ANOVA was used to evaluate the differences in age and BMI. Sex
and ASA classification were compared by the chi-squared test.

TABLE 2 | Comparison of intolerance indexes and successful gastroscopy incidences in five groups.

No No.os No.1 No.15 No.2
Coughing 7 (46.7%) 4 (26.7%) o* o* o*
Retching 7 (46.7%) 7 (46.7%) 3 (20%) 0 o
Swallowing 13 (86.7%) 10 (66.7%) 6 (40%) 1 (6%)" 0"
Limb movement 13 (86.7%) 9 (60%) 6 (40%) 1 (6%)* o*
Numbers of successful gastroscopy 1(6%) 5 (33.3%) 9 (60%)* 14 (93.3%)* 15 (100%)*
Apnea 4 (26.7%) 2 (13.3%) 0 0 0
Postoperative pruritus 0 0 0 0 0
Postoperative nausea/vomiting 0 0 0 0 0
Postoperative anxiety/irritability 0 0 0 0 0

Chi-squared test and Fisher’s exact test were used to evaluate the differences among five groups. Compared with group Ny, *p < 0.05; compared with group N or No.gs, *p < 0.05.
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FIGURE 1 | Effective dose of nalbuphine being combined with propofol
anesthesia for gastroscopy in adults.

4 DISCUSSION

Although the surgery time for gastroscopy is short, it has a great
impact on the physical and mental health of the patient. The
anesthesia for gastroscopy requires a short time to the onset,
adequate sedation and analgesia, quick recovery time after
surgery, and low adverse effects. Gastroscopy often uses propofol
combined with opioid analgesics. Nalbuphine, used in this study, is
a k-receptor agonist with a high concentration in the spinal cord. It
produces mild respiratory depression, has hemodynamic stability,
has a rapid onset, and is widely used in the clinic.

The basic requirement of anesthesia for gastroscopy is loss of
consciousness and no body movement; so, this experiment set the
BIS value at the ideal sedation level of 50-65 (Hao et al., 2014).
According to the pharmacokinetic characteristics of nalbuphine,
the time to the onset of effect is 2-3 min after intravenous
injection (Cai et al, 2011); so, gastroscopy begins 2-3 min
after nalbuphine injection to ensure that the analgesia of
nalbuphine has taken effect.

The probit method (Cai et al., 2011) has been used to calculate
the ED5q and EDgs of drugs. According to the requirements for
the probit method, an arithmetic design of the 5 nalbuphine dose
groups in this experiment was adopted. Dose selection was
calculated according to results by Chen et al. (2018), who
achieved an EDs, and an EDys; of nalbuphine during painless
abortion of 0.068 mg/kg and 0.128 mg/kg, respectively. The
probit method requires that the range of the selected dose in
groups should cover the predicted value, and the result is more
accurate when the arithmetic difference between groups is

ED95 of Nalbuphine for Gastroscopy

smaller. Therefore, intravenous doses of 0, 0.05, 0.1, 0.15, and
0.2 mg/kg nalbuphine were selected for this study.

In this study, six patients had apnea (4 in group Ny and 2 in
group Npgs). If apnea lasts for more than 30s, artificial
respiration with a hand-controlled balloon was used to
maintain blood oxygen saturation greater than 95% until
spontaneous breathing was restored. The momentary apnea
did not cause adverse effects for the patients. No patients had
adverse cardiovascular reactions after receiving the anesthetic
drugs; fluctuations of blood pressure and heart rate were within
the physiological ranges, and cardiovascular drugs were not used.

In this study, as the dose of nalbuphine is increased, the total
propofol dose is decreased; so, the awakening time of patients is
shortened accordingly. It has shown that nalbuphine could be
applied for patients safely in gastroscopy; no obvious respiratory
depression, postoperative pruritus, postoperative nausea/
vomiting, or postoperative anxiety/irritability occurred. Chen
et al. (2018) compared nalbuphine with sufentanil—both in
combination with propofol as anesthesia for abortion—and
found that the awakening time in the nalbuphine group was
significantly shorter than that in the sufentanil group. The
incidence of dizziness (10%) in the nalbuphine group was
significantly lower than that in the sufentanil group (33%)
(Chen et al., 2018).

The incidences of coughing, retching, swallowing, and limb
movement in patients decreased gradually with an increasing
dose of nalbuphine. The reduction of these stress responses is
conducive to successful gastroscopy. These results showed that
the incidences of coughing, retching, swallowing, and limb
movement in groups Ng;5 and Ny, with high-dose
nalbuphine, were lower than those in groups Nggos and Ny,
with low-dose nalbuphine. The number of successful
gastroscopies in each group also increased with increasing
nalbuphine dose: 1 case in group Ny, 5 cases in group Nggs, 9
cases in group Ny ;, 14 cases in Ny 15, and 15 cases in group N ,.
Groups Ny ;5 and Ny, had higher rates of successful gastroscopy
than groups Ny s and Ny ; had.

The probit regression method showed that the EDsy and EDgs
of nalbuphine combined with propofol anesthesia for gastroscopy
were 0.078 mg/kg (95% CI, 0.056-0.098 mg/kg) and 0.162 mg/kg
(95% CI, 0.134-0.217 mg/kg), respectively. Therefore, 0.162 mg/kg
of nalbuphine combined with propofol anesthesia is safe and
effective for gastroscopy in adults, and it could provide the best
conditions for gastroscopy, without any adverse reactions.

TABLE 3 | Comparison of the BIS value, propofol dose, examination time, and awakening time in five groups.

NO N0.05 N0.1 N0.15 N0.2
BIS value at baseline 97.40 + 0.73 97.40 + 0.73 97.40 + 0.73 97.26 + 0.59 97.00 + 0.75
BIS value at the beginning of gastroscopy 58.80 + 4.09 58.06 + 3.05 58.26 + 4.09 58.26 + 4.51 60.13 + 5.62
EC of propofol at the beginning of gastroscopy (ug/ml) 2.60 + 0.37 242 +0.32 2.50 + 0.45 2.34 + 0.37 2.50 + 0.41
EC of propofol at the end of gastroscopy (ug/ml) 418 + 0.58 3.40 + 0.78" 2.92 + 0.73*" 2.42 + 0.41%%4 2.40 + 0.39~"4
Propofol dose (1%, ml) 23.83 + 3.22 19.66 + 3.54* 16.32 + 3.01** 12.29 + 4.42+%5 11.64 + 2.027*4

225.33 + 33.59
740.13 £ 165.71

Examination time (s)
Awakening time (s)

201.40 + 28.92"
540.93 + 205.37*

199.46 + 30.95%
379.13 + 198.69*"

190.33 + 33.96
225.86 + 105.52*4

194.93 + 25.73*
250.00 + 64.45%#4

One-way ANOVA was used to evaluate the differences among five groups. Compared with group No, *p < 0.05; compared with group No,os, *p < 0.05; compared with group No. 1, p <

0.05. BIS: bispectral index, EC: effect-site concentration.
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5 CONCLUSION

The EDs5¢/EDygs of nalbuphine combined with propofol for
patients with painless gastroscopy are 0.078 and 0.162 mg/kg,
respectively. So, nalbuphine at 0.162 mg/kg combined with
propofol is an effective and safe way for painless gastroscopy
in adults.

This study had some limitations. First, no serum nalbuphine/
propofol assays were used. Second, clinical examinations of
outpatients were usually incomplete. Last, the hidden diseases
and different sensitivities to drugs in individuals might have
affected the results.
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