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Purpose: Prophylactic intravenous nalbuphine was administered to observe its median effective dose (ED50) in reducing pain after
undergoing laparoscopic total hysterectomy. To investigate the effect of different doses of nalbuphine on postoperative analgesia and
adverse reactions in patients.
Patients and Methods: The 120 patients undergoing laparoscopic total hysterectomy were divided into 6 groups: group
C (control) and group P (5 different doses of nalbuphine) with 20 patients per group. The doses of nalbuphine in group
P were in an equally proportional series (groups P1, P2, P3, P4, and P5 received doses of 0.280, 0.200, 0.140, 0.100, and
0.070 mg/kg, respectively), diluted to 20 mL with saline and administered 5 min before the induction of anesthesia. A similar
volume (20 mL) of saline was administered to group C 5 min before the induction of anesthesia. The numeric rating scale (NRS)
of patients during awakening and after surgery, the number of postoperative salvage analgesia, and the occurrence of post-
operative adverse effects were recorded.
Results: The ED50 (95% confidence interval (CI)) of nalbuphine in preventing pain during the awakening period in patients
calculated using the point-slope method was 0.125 (0.108, 0.145) mg/kg. NRS scores differed among the 6 groups at 30 min and
1 h after extubation (P < 0.001; P < 0.001). Pairwise comparisons between groups revealed that, at 30 min after extubation,
compared with group P1, the NRS scores of groups P4, P5, and C were higher (P = 0.001, P < 0.001, P < 0.001); compared with
group P2, groups P5 and C had higher NRS scores (P = 0.011, P = 0.001). At 1 h after extubation, the NRS scores of groups P1
and P2 were lower than that of group P4 (P = 0.046, P = 0.036). Compared with the control, only the group P1 had a lower
cough score (P = 0.009) and there were no differences in the other groups. There were no differences in sedation score at 10 min
after extubation, the incidence of adverse events at 24 h postoperatively, or the number of remedial analgesics at 24
h postoperatively (P > 0.05).
Conclusion: The ED50 (95% CI) of nalbuphine as a prophylactic in reducing pain during recovery was 0.125 (0.108, 0.145) mg/kg.
Compared with the control, nalbuphine at doses of 0.140, 0.200, and 0.280 mg/kg prevented pain during the awakening period. Among
these doses, 0.280 mg/kg was determined to be the best, the occurrence of cough was less during extubation and the postoperative
analgesic effect was good. However, it is necessary to pay attention to the occurrence of adverse reactions.
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Introduction
Benign lesions of the uterus are a common condition of the female reproductive system. Hysterectomy is the procedure
that is often chosen when surgery is required for benign uterine lesions.1,2 An analysis of a retrospective study in 2017
reported benign lesions in 81.3% of the 223,000 patients who had their uterus removed.3 With the development of
Enhanced Recovery After Surgery (ERAS), the surgical approach to many gynecological conditions has shifted from
open to laparoscopic surgery.4 Laparoscopic surgery has the advantages of thorough exploration and small surgical
wounds. However, surgical incisions, CO2 pneumoperitoneum, and remifentanil-induced hyperalgesia (RIH) can lead to
pain and agitation during the awakening period,5,6 which not only makes anesthesia management more difficult but also
renders patients susceptible to unintentional injury.7 Studies have shown that patients treated with gynecological
laparoscopy are up to 80% more likely to experience post-procedural pain.8,9

Preventive analgesia refers to analgesic methods used at any time during the perioperative period to reduce pain and
prevent nociceptive sensitization.10 Drugs commonly used for prophylactic analgesia include opioids and nonopioids.11

Previous studies have reported that opioids are effective in reducing pain during the awakening period; however, adverse
effects such as pruritus, constipation, respiratory depression, and addiction are also likely.12 Nalbuphine is a synthetic,
mixed opioid and both an agonist of κ receptor and an antagonist of μ receptor.13 It has good analgesic and sedative
effects, mildly depresses the respiratory system, and is associated with good hemodynamic stability.14,15 Moreover, it has
relatively fewer adverse effects and low addiction potential. Previous studies have used nalbuphine for prophylactic
analgesia; however, only a few studies have focused on determining the appropriate dose of prophylactic nalbuphine for
pain relief in patients during the awakening period.16 Therefore, in this study, we used the point-slope method as a trial
design to calculate the ED50 of prophylactic nalbuphine for pain relief during the awakening period in patients under-
going laparoscopic total hysterectomy.17 The other aim of our study was to compare the effects of different doses of
prophylactic nalbuphine versus saline during the operation, awakening period and 24 h postoperatively to provide
a reference for the clinical use of nalbuphine.

The point-slope method was calculated as follows:
ED50 = log−1[Xm–i (∑P–0.5) + i/4 (1–Pm–Pn)]
When containing 0% and 100% response rates,
ED50 = log-1[Xm–i (ΣP–0.5)]
95% confidence interval for ED50 = log-1(logED50±1.96·S)
S = i·[(∑P–∑P2)/(n–1)]1/2,
where n is the number of test groups, Xm is the logarithm of the dose in the Pm group, i is the logarithm of the dose

ratio between groups, P is the response rate for each group, Pm is the highest response rate, and Pn is the lowest response
rate.

Materials and Methods
This study was approved by the Clinical Research Ethics Committee of the Affiliated Hospital of Xuzhou Medical
University (No. XYFY2020-KL092-02) and registered on the website of the China Clinical Trials Registry (registration
number ChiCTR2000030375; Principal investigator: Min Wang, Date of registration: February 29, 2020) prior to patient
enrollment. This study was conducted in accordance with the Declaration of Helsinki. The trial was conducted from
September 10, 2020, to March 31, 2021, and all patients were enrolled in the trial after providing written informed
consent. One hundred and twenty patients aged ≥ 45 years, American Society of Anesthesiologists (ASA) class I~II,
weighing 50–70 kg, and undergoing laparoscopic total hysterectomy were included.

Patients with an operative time of ≥ 120 min or intraoperative bleeding ≥ 300 mL, a diagnosis of malignancy,
a history of chronic pain, a history of opioid addiction, an inability to assess pain correctly, severe cardiopulmonary
system disease, and those who had participated in other trials were excluded.

Patients were randomized into the following 6 groups: Group C (control) and Group P (trial group: divided into 5
groups, namely, P1, P2, P3, P4, and P5) with 20 patients per group. A statistical analyst who was not involved in the
follow-up study, generated the randomization sequence using SPSS version 25.0, and was also responsible for producing
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the envelopes containing the subjects’ trial protocols daily. On the day of the procedure, the statistician handed the
envelopes to the anesthesiologists, who used a 20-mL syringe to prepare the drug based on the grouping in the envelope.
The prepared solutions were colorless and clear. Each syringe was labeled with a number. The subject, surgeon, and data
follow-up recorder were unaware of the contents of each numbered syringe.

Patients were asked to visit the clinic before the procedure for the collection of basic information and introduction to
the NRS.18 All patients were required to fast for 8 h and abstain from drinking for 2 h before the procedure. After
entering the operating room, the peripheral veins were exposed, and standardized monitoring was performed including
the noninvasive blood pressure (BP), pulse oxygen saturation (SpO2), and electrocardiogram. Oxygen was administered
to the patient using a face mask at a flow rate of 5 L/min. Five minutes before induction, the anesthetist slowly
administered the test drug intravenously. No other adjuvant drugs were used. The drugs used for induction were
midazolam 0.05 mg/kg, sufentanil 0.4 μg/kg, rocuronium 0.6 mg/kg, and etomidate 0.3 mg/kg. Patients’ anesthesia
index (Ai) and circulatory changes were observed. After the patients’ muscles relaxed, their trachea was intubated,
mechanical ventilation was performed, and relevant parameters were adjusted as follows for the micropump: Vt 6–8 mL/
kg, RR 10–12 times/min, FiO2 60%–100%, and inspiratory: expiratory ratio of 1:1.5. The initial dose was as follows:
4 mg/ (kg•h) propofol, 0.08 mg/ (kg•h) cis-atracurium, and 0.25 μg/ (kg•min) remifentanil, which led to the maintenance
of Ai index values between 40 and 60 and PETCO2 between 35 and 45 mmHg. The dose of the pumped drug was
adjusted based on patients’ intraoperative conditions. Pumping of muscle relaxants was stopped 30 min before the end of
the operation and the pumping of anesthetics was stopped at the end of the suture.

All patients were operated upon by the same group of gynecological surgeons. During the operation, the patients’
blood pressure and heart rate (HR) were maintained within 20% of the baseline value. When the patients’ blood pressure
and HR increased only slightly, and the Ai increased, the pump dose of propofol was increased by 0.4 mg/ (kg•h) and that
of remifentanil by 0.05 μg/ (kg•min). If the opposite situation occurred during the operation, propofol and remifentanil
doses were reduced accordingly. After the operation, patients were asked to open their eyes and their ability to recover
spontaneous breathing (respiratory rate > 10 beats/min, SpO2 > 95% without oxygen inhalation) was determined. Upon
correctly responding to the physician’s instructions, the tracheal tube was removed. Patients were observed for 30 min in
the post-anesthesia care unit (PACU) after extubation. During the observation period in the PACU and during the
postoperative follow-up period, flurbiprofen axetil injection was used to adjust analgesia based on their needs. If
nonsteroidal anti-inflammatory drugs were ineffective in relieving pain, the opioids nalbuphine or fentanyl were used
for analgesia. The administered doses were recorded.

The dose of the test drug was determined based on quantitative pharmacology and the point-slope method. The point-
slope method requires patients to be divided into 5–8 groups with an equal number of subjects in each group. The dose
ratio of drugs between groups is 1:0.60–1: 0.85 is considered suitable.17 Previous studies have reported that when the
nalbuphine dose exceeds 0.3 mg/kg, there is no further increase in analgesia, but the adverse reactions increase.19 In
clinical trials in China, the usual dose of nalbuphine is 0.2 mg/kg. Therefore, we divided patients into 5 groups with
0.2 mg/kg as the base, and no patient in any group received a dose higher than 0.3 mg/kg. The ratio between groups was
0.70. The final test doses that were selected were 0.280, 0.200, 0.140, 0.100, and 0.070 mg/kg. In the test group,
nalbuphine was diluted with normal saline to 20 mL and injected intravenously 5 min before the induction of anesthesia.
Patients in group C were given an equivalent volume (20 mL) of normal saline at the same time and via the same route.

The ED50 and its 95% confidence interval (CI) from the NRS score obtained 30 min after extubation were calculated.
NRS scores were used to evaluate the degree of pain in patients at four time points, namely, 1, 4, 8, and 24 h after the
operation. A score of 0 indicated that the patient had no pain, 1–3 indicated mild pain, 4–6 indicated moderate pain, and
> 6 indicated severe pain. Among them, an NRS score ≤ 3 is classified as effective analgesia, and a score ≥ 4 is classified
as postoperative acute pain. The cumulative amount of remifentanil and propofol pumped during the operation and the
time for anesthesia and operation were recorded. During recovery from anesthesia, the cough score during extubation and
the sedation score 10 min after extubation were recorded. The specific scoring standards of Minogue cough score are as
follows: 1 point for no cough, 2 points for mild cough (1–2 times) and able to pull out the tracheal tube smoothly, 3
points for moderate cough (3–4 times), 4 points severe cough (5–10 times), 5 points for restlessness, where the tracheal
tube could not be pulled out. The Ramsay score was as follows: 1 point indicates that the patient was awake, restless, and
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irritable; 2 points indicate that the patient was sedated and drowsy but responded well and cooperated; 3 points indicate
that the patient was lethargic, easy to awaken, and could follow instructions; 4 points indicate that the patient was asleep
and was difficult to awaken, but had eyelash reflex; 5 points indicate that the patient was asleep, the eyelash reflex was
absent, and the call response was slow; 6 points indicate that the patient was asleep and did not wake up. When the score
was greater than 5, it was classified as excessive sedation. The incidence of adverse reactions and the number of remedial
analgesics used within 24 h after the operation were recorded.

Statistical Analysis
Based on the requirements of the point-slope method in quantitative pharmacology, each group of large-scale biological
count tests requires the enrollment of 5–15 subjects. Previous studies suggest a requirement of 5–20 cases per group.20 In
this study, a maximum of 20 patients was selected and a total of 120 patients were required. Conducted the post hoc test
of sample size using the Cochran-Armitage test for proportional trend using PASS 11.0 software with a power of 0.90
and alpha of 0.05.21 One-hundred patients were equally allocated to 5 trial groups and 5 effective rates of 15%, 35%,
55%, 80%, and 90% were obtained for nalbuphine for pain prevention during the awakening period. A continuously
corrected Z test was chosen to determine the efficacy of the linear trend and was calculated for a total sample size of 35
(7 per dose group). The sample size of 20 patients per group in this study was sufficient to calculate the median of the
effective doses.

IBM SPSS 25.0 was used for all statistical analysis and the point-slope formula was used to calculate the ED50 of
nalbuphine and its 95% CI. The normality of continuous data was evaluated using the Shapiro–Wilk test. If the
quantitative information was normally distributed, it was reported as mean ± standard deviation (X ± s). One-way
ANOVA was used for comparisons between groups and repeated measures ANOVA was used for the comparison of
repeated measures data. Quantitative data that did not conform to the normal distribution are expressed as median (M)
and interquartile range (IQR). Kruskal–Wallis H-test was used for comparison between groups, and the generalized
estimation equation was used for comparison of repeated measurement data. Bonferroni correction was used for post hoc
comparisons. The count data was expressed as frequency (rate) and the test methods of χ2 or the Fisher exact probability
were selected based on the specific situation. Inspection level: α = 0.05, P < 0.05 indicates the difference to be
statistically significant.

Results
Consort plots are shown in Figure 1. From September 2020 to March 2021, a total of 264 patients undergoing
laparoscopic total hysterectomy were screened. Apart from the inclusion and exclusion criteria, three patients were
excluded due to operative time greater than 2 h, and one patient was excluded due to an intraoperative change in
procedure. Another patient was enrolled to replace the excluded patient and was continued on that dose.18 The data from
120 patients were included in the analysis. The data in the six groups (P > 0.05) were comparable and there were no
statistical differences in demographic data among them. The differences in outcomes between the administration of
nalbuphine and saline before the induction of anesthesia were statistically significant (P < 0.05) in the prevention of
moderate-to-severe pain (NRS score ≥ 4) in patients during the awakening period. Nalbuphine at doses of 0.140, 0.200,
and 0.280 mg/kg was effective in preventing pain during the awakening period compared with the control (P < 0.05)
(Table 1). By substituting the analgesic efficiency of the 5 groups in the test group into the point-slope formula, the ED50

(95% CI) for the prophylactic use of nalbuphine to reduce pain in the waking phase was calculated as 0.125 (0.108,
0.145) mg/kg.

There were no significant differences in intraoperative propofol dosage between different nalbuphine dosage groups
and the control group (P > 0.05). The difference in intraoperative remifentanil dosage among the 6 groups was
statistically significant with a reduction in remifentanil dosage in the 0.280 mg/kg nalbuphine group compared with
group C and the 0.100 mg/kg nalbuphine group (P < 0.001, P = 0.025) (Table 1).

Intergroup and temporal interactions existed for postoperative NRS scores in the 6 groups of patients (Wald χ2 =
73.630, P < 0.001), indicating different temporal trends in the different dose groups of nalbuphine. In terms of varying
effects between groups, there were differences between the NRS scores in the 6 groups at 30 min and 1 h after extubation
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(Wald χ2 = 73.877, P < 0.001; Wald χ2 = 22.842, P < 0.001). Pairwise comparisons among groups revealed that at 30 min
after extubation, compared with group P1, the NRS scores of groups P4, P5, and C were higher (P = 0.001, P < 0.001,
P < 0.001); compared with group P2, groups P5 and C had higher NRS scores (P = 0.011, P = 0.001). At 1 h after
extubation, the NRS scores of groups P1 and P2 were lower than that of group P4 (P = 0.046, P = 0.036) (Table 2).

There was a difference in cough scores at extubation among the 6 groups (P < 0.05), and when further compared, the
differences between groups P1 and C were statistically significant (P = 0.009) (Table 3). There were no differences with

Figure 1 Flow diagram of the study.

Table 1 Demographic Data of Patients and Intraoperative General Conditions

Group C
(n = 20)

Group P1
(n = 20)

Group P2
(n = 20)

Group P3
(n = 20)

Group P4
(n = 20)

Group P5
(n = 20)

P

Age (years) 50.50 (48.75,
53.50)

48.50 (46.75,
51.50)

51.00 (47.75,
51.25)

49.50 (47.75,
52.00)

48.50 (47.00,
50.50)

50.00 (47.00,
52.50)

0.288

Height (cm) 159.85 ± 5.22 158.90 ± 4.56 159.75 ± 4.64 160.55 ± 4.10 157.40 ± 3.59 159.85 ± 3.44 0.262
Weight (kg) 61.25 ± 6.97 59.65 ± 6.86 60.17 ± 5.89 59.17 ± 5.57 61.58 ± 6.71 60.77 ± 5.06 0.813

ASA Grade (I/II) 15/5 16/4 15/5 17/3 17/3 14/6 0.875

Non-menopausal (%) 50 70 45 60 75 55 0.352
Anesthesia time (min) 121.50 (107.75,

128.50)

122.00 (103.00,

131.00)

122.00 (115.50,

125.00)

117.50 (102.50,

130.25)

120.50 (115.00,

132.00)

117.00 (108.00,

125.75)

0.842

Operation time (min) 95.00 (83.25,
109.75)

97.50 (82.00,
107.25)

100.50 (94.50,
108.00)

101.50 (86.75,
108.00)

102.00 (97.25,
110.00)

100.00 (84.75,
108.50)

0.796

Remifentanil (mg) 2.28 ± 0.54a 1.63 ± 0.41 1.92 ± 0.28 1.88 ± 0.52 2.10 ± 0.43a 2.02 ± 0.52 0.001

1% Propofol (mL) 44.49 ± 11.70 38.17 ± 5.66 42.67 ± 10.40 41.48 ± 7.77 42.76 ± 8.32 40.08 ± 10.35 0.330
Prophylactic analgesic

effect (%)

0 90* 80* 55* 35a 15ab < 0.001

Notes: NRS score ≤ 3 indicates that there is no pain in the recovery period and is classified as effective analgesia; NRS pain score ≥ 4 indicates postoperative acute pain;
Patients with NRS score ≥ 4 were moderate and severe pain; Data are presented as a number or mean ± SD or median (IQR). Statistical significance was defined as P < 0.05;
*P < 0.05 versus group C; aP < 0.05 versus group P1; bP < 0.05 versus group P2.
Abbreviations: ASA, American Society of Anesthesiologists; NRS, numeric rating scale; SD, standard; IQR, interquartile range.
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Table 2 NRS Scores at Different Time Points Within 24 Hours After the Operation

Group C
(n=20)

Group P1
(n=20)

Group P2
(n=20)

Group P3
(n=20)

Group P4
(n=20)

Group P5
(n=20)

Wald χ2 P

30 min after extraction 5.00 (4.00, 6.00)abe 2.00 (1.00, 3.00) 2.50 (2.00, 3.00) 3.00 (2.75, 4.50) 4.00 (3.00, 6.00)a 5.00 (4.00, 5.00)abe 73.877 < 0.001

1 h post-operative 5.00 (4.00, 5.00)e 3.00 (2.00, 5.00)c 3.50 (3.00, 4.00) 4.00 (3.00, 5.00) 5.00 (4.00, 6.00)abe 4.00 (3.00, 5.00)e 22.842 < 0.001

4 h post-operative 4.00 (4.00, 6.00)e 3.00 (3.00, 5.00)cd 3.50 (3.00, 4.00) 4.00 (3.00, 5.00) 4.50 (3.00, 5.25)e 4.50 (3.00, 5.00)e 10.788 0.056
8 h post-operative 4.00 (3.00, 5.00) 3.00 (3.00, 5.00)c 4.00 (3.00, 5.00) 4.00 (3.00, 4.00) 3.50 (3.00, 5.00) 4.00 (3.00, 5.00)e 2.330 0.802

24 h post-operative 3.00 (2.00, 3.25) 2.00 (2.00, 4.00) 3.00 (2.00, 3.25) 3.00 (2.00, 4.00)d 3.00 (2.00, 4.00) 3.00 (2.00, 3.00) 3.663 0.599

Wald χ2 42.127 54.466 10.332 35.911 35.596 45.245
P < 0.001 < 0.001 0.035 < 0.001 < 0.001 < 0.001

Overall comparisons

Group (Wald χ2, P) 23.984, < 0.001
Time (Wald χ2, P) 97.083, < 0.001

Interaction between group and time

(Wald χ2, P)
73.630, < 0.001

Notes: Data are presented as median (IQR); aP < 0.05 versus group P1; bP < 0.05 versus group P2; cP < 0.05 versus 30 min after extraction; dP < 0.05 versus 1 h post-operative; eP < 0.05 versus 24 h post-operative.
Abbreviations: NRS, numeric rating scale; IQR, interquartile range.
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respect to the number of patients requiring remedial analgesia within 24 h postoperatively among the 6 groups (P > 0.05),
and none of the patients were administered opioid analgesics postoperatively (Table 4). There were no differences among
groups in the incidence of adverse events postoperatively within 24 h among the 6 groups of patients (P > 0.05). None of
the patients developed respiratory depression postoperatively. Among the adverse reactions, postoperative nausea and
vomiting (PONV) had the highest incidence (Table 5).

Discussion
The dose-effect curve of the drug was symmetrical and “S” shaped, with a large slope at the middle of the curve, ie, small
changes in drug dose can cause large fluctuations in the positive rate. Therefore, it may be more clinically relevant to use ED50

as an indicator of pharmacodynamic evaluation than to use 95% of the effective drug dose. There are various methods of
calculating ED50, and the point-slope method is one of the more practical methods of calculation. It requires uncomplicated
test conditions and is easy to implement, simpler to calculate, and utilizes a rational test design. The ED50 (95% CI) of
nalbuphine as an analgesic for prophylaxis during the awakening phase of patients was determined to be 0.125 (0.108,
0.145) mg/kg by substituting the effective rate into the point-slope formula. Compared with the control in this study,

Table 4 Comparison of the Number of Postoperative Salvage Analgesia

Group
C (n=20)

Group P1
(n=20)

Group P2
(n=20)

Group P3
(n=20)

Group P4
(n=20)

Group P5
(n=20)

P

Total number (n) 5 1 1 2 3 2 —
Flurbiprofen axetil 5 1 1 2 3 2 —

Nalbuphine 0 0 0 0 0 0 —

Fentanyl 0 0 0 0 0 0 —
Incidence of salvage analgesia (%) 25 5 5 10 15 10 0.498

Table 3 Comparison of Cough Score During Extubation and Sedation Score 10 Minutes After Extubation

Group
C (n=20)

Group P1
(n=20)

Group P2
(n=20)

Group P3
(n=20)

Group P4
(n=20)

Group P5
(n=20)

P

Minogue

Score

2.00

(1.00, 3.00)

1.00

(1.00, 1.00)*

1.00

(1.00, 2.00)

1.00

(1.00, 2.00)

1.00

(1.00, 2.00)

1.50

(1.00, 2.00)

0.018

Ramsay
Score

2.00
(1.00, 2.00)

2.00
(1.00, 2.25)

2.00
(1.00, 2.25)

2.00
(1.00, 2.00)

2.00
(1.00, 3.00)

2.00
(1.00, 2.25)

0.961

Notes: Data are presented as median (IQR); *P < 0.05 versus group C.
Abbreviation: IQR, interquartile range.

Table 5 Comparison of the Incidence of Adverse Reactions After Surgery

Group C
(n=20)

Group P1
(n=20)

Group P2
(n=20)

Group P3
(n=20)

Group P4
(n=20)

Group P5
(n=20)

P

Total number (n) 4 6 3 4 2 4 —

Dizziness 0 1 0 0 0 1 —
Drowsiness 0 1 0 0 0 0 —

Chills 0 0 0 1 0 0 —

Hypotension 0 0 0 0 0 0 —
Respiratory depression 0 0 0 0 0 0 —

PONV 4 4 3 3 2 3 0.955

Incidence of adverse reactions (%) 20 30 15 20 10 20 0.762

Abbreviation: PONV, postoperative nausea and vomiting.
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nalbuphine at doses of 0.140, 0.200, and 0.280 mg/kg prevented pain during the awakening period. Nalbuphine pushes at
a dose of 0.280 mg/kg were associated with fewer cough episodes during extubation (Tables 1 and 3).

In patients undergoing laparoscopic gynecological surgery, irritation from pneumoperitoneum, perforation, and
incision can cause pain and sensitize them to pain at the peripheral and central levels.22 Furthermore, postoperative
visceral referred pain can occur when nerves are stretched or damaged by surgical equipment during surgery or when the
peritoneum is irritated after CO2 absorption.23 We found that at most of time points pain scores were the highest in Group
C postoperatively at 24 h and the lowest at nalbuphine doses of 0.280 mg/kg. The NRS scores of patients during the
awakening period and within 24 h postoperatively decreased with increasing doses of nalbuphine (Table 2), suggesting
that nalbuphine prophylaxis may not only reduce pain during the awakening period but also alleviate postoperative pain
in patients.

To understand the underlying reasons, it is necessary to highlight that the uterus is mainly innervated by the
sympathetic and parasympathetic nervous systems from the spinal cord. κ receptor agonists act on the spinal cord to
inhibit the neuronal uptake of 5-hydroxytryptamine, enhancing the spinal analgesic pathway and stimulating opioid
receptors on the neurons of the central nervous system to inhibit the transmission of action potentials in the nociceptive
ascending pathway, thereby resulting in analgesia.24,25 Secondly, nalbuphine agonizes the opioid receptors in immune
cells, activates their conformation, initiates intracellular signaling, and downregulates the function of the immune
system.16 A study by Zhang et al concluded that nalbuphine prophylaxis is effective in controlling acute pain and
regulating immune homeostasis in elderly patients in the early postoperative period after thoracotomy.26 Additionally,
gene knockout experiments have shown that κ receptor agonists play an important role in regulating and treating visceral
pain and they are superior to μ receptor agonists in alleviating visceral pain.27,28 We also found that patients in the
0.280 mg/kg nalbuphine group received significantly lower remifentanil compared with those in the control. Therefore,
an intravenous bolus injection of nalbuphine before the induction of anesthesia can reduce the number of intraoperative
opioids required, alleviate central sensitization caused by the sudden decrease in opioid concentrations in the body after
remifentanil infusion is stopped, and decreased postoperative RIH.29 It can achieve the effect of preventive analgesia and
relieve early acute pain in patients after the operation. Some researchers have found that local anesthetics injected at the
trocar site, or a nerve block performed before surgery can reduce postoperative pain in patients undergoing laparoscopic
surgery.30,31 If prophylactic nalbuphine is used in combination with these methods, better analgesia may be achieved.
This study only focused on patients undergoing laparoscopic surgery, whereas total hysterectomy includes transabdom-
inal, transvaginal, and laparoscopic-assisted surgery, and the surgical incision and postoperative pain caused by different
methods vary.32–34 The efficacy of prophylactic nalbuphine for analgesia for other surgical modalities is uncertain.

There were no significant differences among the groups of patients who needed salvage analgesics after surgery
(Table 4). Among them, group C had the largest number of patients who needed salvage analgesics after surgery.
Although analgesics were added for these patients after surgery, the NRS score at each time point in the group was
still higher than that in the trail group. We speculated that remedial additional analgesia, after nociceptive sensitiza-
tion, peripheral and central sensitization, may not be as effective in patients who have not undergone prophylactic
analgesia.

We found that the incidence of adverse reactions was highest in the 0.280 mg/kg nalbuphine dose group. The
incidence of PONV in the six groups of patients was not significantly different (Table 5), which was contrary to the
findings of Mao et al who suggested that nalbuphine may reduce the incidence of PONV by reducing the opioid dosage,
decreasing central sensitivity to vomiting, and antagonizing the mu receptors.28 The reasons for these conflicting results
may be that the subjects in our study were all women, which is an independent risk factor for PONV; thus, the effect due
to nalbuphine was relatively small. Secondly, this finding may also be related to the sample size of each group in this
trial; perhaps, different results may be obtained with larger sample sizes.

Limitation
Our study has several limitations. First, it only included female patients without other severe systemic diseases; thus, the
results presented here cannot be extrapolated to patients with comorbidities. Second, the sample size in this paper was
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calculated using the point-slope method; thus, tests to determine postoperative acute pain indicators may lack the
corresponding statistical efficacy.

Conclusion
The ED50 (95% CI) of nalbuphine as a prophylactic in reducing pain during recovery was 0.125 (0.108, 0.145) mg/kg.
Compared with the control, nalbuphine at doses of 0.140, 0.200, and 0.280 mg/kg prevented pain during the awakening
period. Among these doses, 0.280 mg/kg was determined to be the best; the occurrence of cough was less during extubation
and the postoperative analgesia was good. However, it is necessary to pay attention to the occurrence of adverse reactions.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author, upon reasonable request.
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