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Background: Remifentanil-induced hyperalgesia (RIH) is a paradoxical phenomenon that

may increase sensitivity to painful stimuli. Nalbuphine, which is both a μ-receptor antagonist

and κ-receptor agonist, may affect RIH. The aim of this study was to evaluate the effects of

nalbuphine on RIH during laparoscopic cholecystectomy.

Methods: A total of 96 patients were divided into the following four groups: 0.4 μg/kg/min

of remifentanil with 0.2 mg/kg of nalbuphine (HRNA), 0.4 μg/kg/min of remifentanil with

saline (HRSA), 0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine (LRNA), and

0.1 μg/kg/min of remifentanil with saline (LRSA). The pain thresholds of postoperative

mechanical hyperalgesia were measured with von Frey filaments. Pain intensity and analge-

sic consumption were recorded up to 48 h after surgery.

Results: Pain thresholds on the inner forearm decreased in the HRSA group compared with

the HRNA (P = 0.0167), LRNA (P = 0.0027), and LRSA (P = 0.0318) groups at 24 h after

surgery. Pain thresholds on the peri-incisional area decreased in the HRSA group compared

with HRNA, LRNA, and LRSA (all P < 0.0001) groups at 24 h after surgery. Patients in the

HRNA group showed lower numeric rating scale scores at 1 h (P = 0.0159), 3 h (P =

0.0118), 6 h (P = 0.0213), and 12 h (P = 0.0118) than those in the HRSA group.

Postoperative requirement for sufentanil was greater in the HRSA group than the HRNA

group during the first 3 h (P = 0.0321) and second 3 h (P = 0.0040). Postoperative sufentanil

consumption was also greater in the LRSA group than in the LRNA group during the first 3 h

(P = 0.0321) and second 3 h (P = 0.0416).

Conclusion: Preemptive nalbuphine can ameliorate postoperative hyperalgesia induced by

high-dose remifentanil in patients undergoing laparoscopic cholecystectomy.
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Introduction
Laparoscopic cholecystectomy is one of the most commonly performed surgical

procedures in the world. Fast-track anesthesia has been proposed as the best choice

for this short procedure as it offers enhanced recovery after surgery and decreased

loss of functional capacity.1 Anesthesia with remifentanil is considered an effective

fast-track anesthesia with both rapid induction and emergence for short surgeries.2
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However, remifentanil is a potent µ opioid receptor agonist

with rapid onset and offset and has been consistently

associated with the development of remifentanil-induced

hyperalgesia (RIH), a paradoxical phenomenon whereby a

patient receiving opioids for intraoperative pain control

may have increased postoperative sensitivity to painful

stimuli.3 Postoperative hyperalgesia usually results in

unsatisfactory pain control, and increased postoperative

pain has become the most common reason for prolonged

convalescence after laparoscopic cholecystectomy.4,5

The underlying mechanisms of RIH are likely associated

with alteration of N-methyl-D-aspartate (NMDA) receptor or

μ-receptor activities. Research has shown that administering

an opioid receptor antagonist such as naloxone before remi-

fentanil infusion may attenuate hyperalgesia development

but does not reduce postoperative pain.6 Nalbuphine is a

semisynthetic opioid analgesic with mixed μ-receptor

antagonist and κ-receptor agonist characteristics and a weak

affinity to δ-receptors.7 It is as potent as morphine for provid-

ing analgesia but without the propensity for respiratory

depression and drug addiction.8 In preclinical models of

capsaicin-induced thermal hypersensitivity, nalbuphine pro-

duced a dose-dependent antiallodynic effect;9 however,

whether its preemptive administration could provide more

satisfactory pain control and modulate postoperative RIH

after laparoscopic cholecystectomy remains unknown.

To address this question, we investigated the antihyper-

algesic and analgesic effects of preemptive nalbuphine

administration before anesthesia in patients undergoing

laparoscopic cholecystectomy. We believe our results pro-

vide useful information that could guide the future use of

nalbuphine under remifentanil-based fast-track anesthesia

for short surgeries.

Materials and Methods
Patients
This single-center, prospective, randomized, parallel-group,

double-blind study was conducted between January and June

2019. The study was performed in compliance with the

Declaration of Helsinki and registered in the Chinese

Clinical Trial Registry (ChiCTR1800020209). It was

approved by the Ethics Committee of the Tongling People’s

Hospital of Anhui University, and written informed consent

was obtained from the patients before surgery. Patients with

an American Society of Anesthesiologists physical status of

I–II, aged 18–60 years, and undergoing elective laparoscopic

cholecystectomy under general anesthesia were included.

The exclusion criteria were as follows: bronchial asthma;

severe hypertension; coronary heart disease; diabetes melli-

tus; obesity (body mass index [BMI]>30 kg/m2); cardiac,

hepatic, or renal dysfunction; psychiatric disease; history of

chronic pain; history of alcohol or opioid abuse; chronic use

of opioids; intake of any analgesic within 48 h before sur-

gery; pregnancy; allergy or contraindication to nalbuphine;

or incapacity to comprehend pain assessment instructions.

After randomization and allocation, patients were withdrawn

from the study if laparoscopy was converted to open surgery

or if they required reoperation for any reason.

Randomization and Masking
Subjects were randomly assigned to one of the four groups

in a 1:1:1:1 ratio. A random sequence was generated using

a computer-generated randomization program and kept in

sealed envelopes by an assistant not involved in the trial.

On the morning of the surgery, the assistant opened a

sealed envelope and prepared the drugs in identical syr-

inges according to the group allocation. The anesthesiolo-

gist who administered the injections, the outcome assessor,

and the subjects were blinded to the allocation and study

drugs. All investigators and patients were blinded to the

group assignment.

Anesthesia and Drug Intervention
Nurses not involved in the study prepared remifentanil, nal-

buphine, and normal saline according to the group assign-

ment. Two investigators performed anesthetic management

according to a predetermined protocol. Patients were mon-

itored with non-invasive blood pressure, pulse oximetry,

electrocardiography, and bispectral index (VISTA™ moni-

toring system; Aspect Medical Systems Inc., Norwood, MA,

USA). Patients were randomly assigned to one of four groups

depending on the intraoperative infusion concentration of

remifentanil with or without a preemptive administration of

nalbuphine before anesthesia: 0.4 μg/kg/min of remifentanil

with 0.2 mg/kg of nalbuphine (HRNA), 0.4 μg/kg/min of

remifentanil with saline (HRSA), 0.1 μg/kg/min of remifen-

tanil with 0.2 mg/kg of nalbuphine (LRNA), and 0.1 μg/kg/
min of remifentanil with saline (LRSA). Nalbuphine and

saline were administered during a 10-min period before

anesthetic induction. General anesthesia was induced by

intravenous (i.v.) midazolam (0.05 mg/kg), propofol (0.8–

1.2 mg/kg), rocuronium (0.6 mg/kg), and bolus remifentanil

(1.5 μg/kg). After the onset of muscle relaxation, the patients

were intubated with a video laryngoscope. An endotracheal

tube was inserted with inner diameters of 7.0 and 7.5 mm for
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women and men, respectively. Mechanical ventilation was

performed in volume-controlled ventilation mode to achieve

an adjusted an end-tidal carbon dioxide content of

35–45 mmHg with variables and an inspired oxygen fraction

of 0.5 with a fresh gas flow 2 L/min of oxygen and air.

Anesthetic depth was maintained at a bispectral index of

40–60 by adjusting the end-tidal sevoflurane concentration.

Muscle relaxation was maintained with intermittent doses of

rocuronium. Intravascular volume treatment was controlled

in all groups with lactated Ringer’s solution to maintain a

stable fluid balance. Bradycardia (heart rate [HR] <40 beats/

min) was treated with i.v. atropine 0.5 mg. Hypotension,

defined as mean arterial blood pressure (MAP) <60 mm Hg

for 1 min, was treated with i.v. ephedrine 5 mg or pheny-

lephrine 30 μg as appropriate. At skin closure, administration

of sevoflurane and remifentanil was discontinued. After pro-

cedure completion, muscle relaxation was reversed as appro-

priate, and the endotracheal tube was removed. After

confirming adequate spontaneous breathing, responses to

verbal commands, and opening their eyes, the patient was

transferred to the postanesthesia care unit (PACU).

Outcomes and Measurements
The investigator assessed pain thresholds to mechanical

stimuli threshold using 20 hand-held Von Frey filaments

(North Coast Medical Inc., Gilroy, CA, USA) in an area

2 cm around the incision and on the dominant inner fore-

arm at 3-, 6-, and 9-cm distal to the antecubital crease

according to the published methods.6,10-12 Every position

was measured three times at ∼15-s intervals, and a mean

value was calculated for statistical analysis. The mechan-

ical hyperalgesia threshold was defined as the smallest

force (in grams) necessary to bend a Von Frey filament

that was detected as painful by the patient. The test was

performed preoperatively and 24 and 48 h after surgery.

An investigator evaluated pain intensity using an 11-

point numeric rating scale (NRS): 0 = no pain; 10 = worst

imaginable pain at six time points: 1, 3, 6, 12, 24, and 48 h

after surgery. Patients with an initial pain score >4

received i.v. sufentanil, which was administered in 5-μg
doses at 30-min intervals until NRS <3. Rescue analgesic

medication quantities were recorded.

MAP and HR were continuously measured and

recorded before administration of nalbuphine or saline at

baseline (T1), 10 min later after intervention was initiated

but before induction (T2), immediately after induction

(T3), immediately after tracheal intubation (T4), immedi-

ately after pneumoperitoneum inflation (T5), incision

closure (T6), and tracheal extubation (T7). The amounts

of anesthetic drugs and fluid requirements during surgery

and the lengths of stay in the PACU and hospital were

recorded.

The primary outcomes were the postoperative pain

thresholds on the peri-incisional area and the dominant

inner forearm. The secondary outcomes were postopera-

tive rescue analgesic requirement, pain intensity, intrao-

perative hemodynamic variables, and amounts of drugs or

fluid.

Statistical Analysis
The pain threshold of the dominant inner forearm was the

primary outcome. In the literature, the mean mechanical

hyperalgesia threshold of the dominant forearm at baseline

was 95.5 g.10,11 We estimated a difference of at 25% (error

standard deviation = 25.0) among the intervention groups.

A sample size of 22 patients per group was found to be

sufficient to detect a significant difference (α = 5%) with a

statistical power (β-value) of 0.8, and we increased the

sample size by 15% to reach 24 patients per group to allow

dropouts.

Continuous variables are presented as mean (standard

deviation) or median (interquartile range) depending on

normality as assessed with the Shapiro–Wilk test.

Homogeneity of variance was checked by the Levene

test. Mechanical hyperalgesia threshold, NRS scores and

hemodynamics were analyzed by two-way repeated mea-

sure analysis of variance (ANOVA) with Bonferroni post

hoc comparisons. Data such as age, BMI, mean concentra-

tion of sevoflurane, durations of surgery and anesthesia,

and length of PACU and hospital stays were also analyzed

using one-way ANOVA, Kruskal–Wallis test, unpaired or

paired t-tests, and Mann–Whitney U or Wilcoxon signed-

rank tests as appropriate. Categorical variables were com-

pared with χ2 tests. All analyses were conducted in an

intention-to-treat manner. P < 0.05 was considered statis-

tically significant. SPSS 20.0 software (IBM Corporation,

Armonk, NY, USA) was used for all statistical analyses.

Results
From January to June 2019, 100 Laparoscopic cholecys-

tectomy patients were screened for inclusion; 2 met exclu-

sion criteria, and 2 refused to participate. Ultimately, 96

eligible subjects were included and randomized to 4 equal

groups of 24 (Figure 1). The four groups were comparable

with respect to demographic characteristics and showed no

differences in pre- and intraoperative factors including
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mean end-tidal concentrations of sevoflurane, propofol,

and rocuronium doses, and operative time (Table 1).

Primary Outcome: Mechanical

Hyperalgesia Threshold
As shown in Figure 2A, the baseline mechanical pain

thresholds on the inner forearm were similar among all

groups (P > 0.05). Pain thresholds were significantly lower

in the HRSA group at 24 h after surgery than the pre-

operative baseline (P < 0.0001). Furthermore, they were

decreased in the HRSA group compared with the HRNA

(P = 0.0167), LRNA (P = 0.0027), and LRSA

(P = 0.0318) groups at 24 h. However, no significant

difference was detected at 48 h after surgery. Baseline

mechanical pain thresholds on the peri-incisional area

were comparable in all groups (P > 0.05, Figure 2B).

Compared with baseline, pain thresholds were decreased

in the HRSA group at 24 and 48 h after surgery (both

P < 0.0001). Furthermore, pain thresholds were decreased

in the HRSA group compared with the HRNA, LRNA,

and LRSA groups 24 h after surgery (all P < 0.0001). At

48 h after surgery, pain thresholds in the HRSA group

were significantly lower than in the LRNA and LRSA

groups (both P < 0.0001). The pain threshold in the

HRNA group was lower 48 h after surgery than at baseline

(P = 0.0018). At 48 h after surgery, pain thresholds were

lower in the HRSA group than the LRNA and LRSA

groups (both P < 0.0001), and the pain threshold in the

HRNA group was significantly lower than in the LRNA (P

= 0.0017) and LRSA (P = 0.0062) groups.

Postoperative Pain Intensity and

Sufentanil Consumption
NRS scores all gradually decreased over time in all groups

(Figure 3). Patients in the HRNA group reported lower NRS

scores at 1 h (P = 0.0159), 3 h (P = 0.0118), 6 h (P = 0.0213),

and 12 h (P = 0.0118) than those in the HRSA group. Patients

in the LRNA group had lower NRS scores at 3 h (P = 0.0118)

and 6 h (P = 0.0213) than those in the LRSA group. The

numbers of patients who received postoperative sufentanil

were significantly different among the four groups (P =

0.0308) (Table 2). Sufentanil consumption was greater in

the HRSA group than the HRNA group during the first 3 h

(P = 0.0321) and second 3 h (P = 0.0040). Postoperative

sufentanil consumption was also greater in the LRSA group

than the LRNA group during the first 3 h (P = 0.0321) and

second 3 h (P = 0.0416) (Table 3).

Hemodynamic Parameters
As shown in Figure 4A, HR was higher in the LRSA group

at T4 (P = 0.0438), T5 (P = 0.0039), and T6 (P = 0.0049)

than in the HRSA group. The LRNA group’s HR was also

Figure 1 CONSORT flow diagram. HRNA, 0.4 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil with saline group; LRNA,

0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group.
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higher than that of the HRSA group at T4 (P = 0.0104) and

T5 (P = 0.0003). However, there were no differences in

HRNA vs HRSA or LRNA vs LRSA. MAP was higher in

the LRSA group at T4 (P < 0.0001) and T5 (P = 0.0004)

than in the HRSA group (Figure 4B). The MAPs were also

higher in the LRNA group at T4 (P = 0.0001) and T5 (P =

0.0046) than in the HRSA group. There were no differences

for HRNA vs HRSA and LRNA vs LRSA during all time

points.

There were no significant differences in the lengths of

stay in the PACU or hospital (Table 2). No postoperative

adverse events or complications were observed in any

group (Table 4).

Discussion
This prospectively randomized clinical trial confirmed that

intraoperative administration of high-dose remifentanil

(0.4 μg/kg/min) compared with low-dose remifentanil

Table 1 Patient Demographics

Characteristic HRNA HRSA LRNA LRSA P value

Age (years) 52 (45–57) 54 (39–55) 49 (42–53) 53 (48–61) 0.2875

Sex (male/female) 5/19 6/18 6/18 8/16 0.7946

BMI (kg/m2) 23.3 (2.6) 22.4 (2.4) 22.8 (2.5) 22.5 (2.2) 0.5587

ASA grade

I (n) 11 13 15 12 0.6906

II (n) 13 11 9 12

Hypertension (n) 4 3 2 5 0.6047

Diabetes mellitus (n) 3 2 3 1 0.7177

Amount of anesthetic drugs

Propofol (mg) 48 (7) 46 (8) 47 (10) 48 (7) 0.5046

Mean sevoflurane concentration (%) 2.8 (0.3) 2.8 (0.3) 2.9 (0.3) 2.8 (0.3) 0.4550

Remifentanil (mg) 1.8 (4.9) 1.7 (4.4) 0.4 (1.3) 0.4 (0.9) 0.0001

Rocuronium (mg) 59 (20) 55 (17) 57 (17) 59 (14) 0.8859

Lactated Ringer’s solution (mL) 763 (145) 698 (166) 743 (131) 785 (129) 0.1921

Duration of surgery (min) 54 (20) 51 (15) 53 (15) 52 (13) 0.9517

Duration of anesthesia (min) 66 (20) 60 (15) 61 (20) 65 (17) 0.6094

Notes: Data are presented as mean (standard deviation) except age median (interquartile range) or number of patients. ASA, American Society of

Anesthesiologists; BMI, body mass index; HRNA, 0.4 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil

with saline group; LRNA, 0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group.

Figure 2 Postoperative mechanical pain thresholds at the inner forearm (A) and on the peri-incisional area (B). The boxes show means and 25–75th percentiles, whiskers

indicate the minimum and maximum. HRNA, 0.4 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil with saline group; LRNA,

0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group.
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(0.1 μg//kg/min) increased the incidence of postoperative

hyperalgesia, pain scores, and sufentanil requirements

after surgery, in agreement with previous studies.3,6 We

found that preemptive nalbuphine reduced the incidence of

postoperative hyperalgesia and decreased pain scores in

the high-dose remifentanil group compared with using

high-dose remifentanil alone. Furthermore, adding nalbu-

phine to remifentanil-based anesthesia significantly

reduced postoperative sufentanil consumption with effec-

tive pain control in patients undergoing laparoscopic cho-

lecystectomy. Intraoperative high-dose remifentanil seems

to effectively dampen intraoperative noxious stimuli by

attenuating increases in the HR and MAP induced by

tracheal intubation and pneumoperitoneum inflation com-

pared with the low-dose, but caution should be taken to

avoid inducing RIH.

RIH is defined as a state of nociceptive sensitization that

is characterized by lower mechanical/pressure/cold/pain

thresholds following remifentanil use. To test the effect of

nalbuphine on postoperative RIH, remifentanil infusion was

performed at a constant rate of 0.1 or 0.4 µg/kg/min, and

anesthesia depth was maintained with sevoflurane. It has

been reported that sevoflurane does not affect pro-nocicep-

tive thresholds.13 Infusion of remifentanil at 0.4 µg/kg/min is

widely considered to cause RIH.14,15 To more accurately

evaluate RIH, no other intraoperative opioids were adminis-

tered. As expected, compared with low-dose remifentanil

exposure, high-dose remifentanil infusion decreased the

nociceptive thresholds both on the forearm and peri-inci-

sional area. In line with our result, remifentanil also

decreased the pain thresholds in the forearm and around the

incision 24 h after laparoscopic gynecological surgery.10

Unfortunately, Koo et al6 reported that postoperative pain

thresholds on the forearm were comparable between groups,

and the incidence of postoperative hyperalgesia was only

decreased in the peri-incisional area in the high remifentanil

(4 ng/mL) group. The present study showed that the peri-

incisional area pain threshold was decreased 48 h after sur-

gery which was reduced by nalbuphine 24 h after surgery.

Hyperalgesia is a state of nociceptive sensitization and can be

Figure 3 Postoperative pain intensity assessed on an 11-point numeric rating scale (0, no pain; 10, worst pain imaginable). Data are presented as mean (standard deviation).

HRNA, 0.4 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil with saline group; LRNA, 0.1 μg/kg/min of remifentanil with 0.2

mg/kg of nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group. * P < 0.05 vs HRNA, ‡ P < 0.05 vs LRNA.

Table 2 Patient Receiving Analgesics and Postoperative Stays in the PACU and Hospital

Characteristic HRNA HRSA LRNA LRSA P value

Patient receiving analgesics (n) 7 (29.2) 15 (62.5) 6 (25) 8 (33.3) 0.0308

PACU (min) 57 (21) 58 (25) 61 (23) 62 (17) 0.8568

Length of hospital stay (days) 4 (4–5) 4 (4–5) 4 (4–4) 4 (4–5) 0.2109

Notes: PACU data are presented as mean (standard deviation), length of hospital stay (days) is median (interquartile range), and number of patients (%). HRNA, 0.4 μg/kg/
min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil with saline group; LRNA, 0.1 μg/kg/min of remifentanil with 0.2 mg/kg of

nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group; PACU, post-anesthesia care unit.
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a consequence of opioid use or due to tissue trauma and/or

inflammation.16 Hyperalgesia is usually classified as primary

or secondary. Primary hyperalgesia is limited to the area of

the trauma or surgical incision and arises from peripheral

nociceptor sensitization, which occurs as a response to a

noxious stimulation. Secondary hyperalgesia is thought to

originate from central sensitization to pain and usually man-

ifests far from the damaged area. This study assessed the

effect of nalbuphine on pain thresholds in two tested areas

and found slight differences. The decrease of pain threshold

in the forearm indicates that hyperalgesia of non-damaged

tissue is mainly caused by central pain sensitization, and

nalbuphine effectively prevented RIH under this circum-

stance. The central mechanism of RIH is largely associated

with the activity and interaction of μ-opioid and NMDA

receptors; excessive opioid administration induces downre-

gulation of glutamate transporters, which in turn makes more

of glutamate available for NMDA receptors, with subsequent

increased NMDA activity.3 Due to the mixed pharmacology

of nalbuphine, we speculate that it may prevent RIH by

initially occupying and partially antagonizing μ-receptors

and simultaneously stimulating κ-receptors that have also

been implicated in mitigating RIH.17 Alternatively, hyperal-

gesia in the peri-incision area may be affected by both

peripheral and central sensitization. In this scenario, hyper-

algesia of wounded tissues may originate from the sensitiza-

tion of peripheral nociceptive receptors or activation of

peripheral glia by surgery and/or opioid treatment to induce

secretion of inflammatory mediators such as tumor necrosis

factor-α and interleukin-1β, leading to peripheral sensitiza-

tion, postsurgical pain, and hyperalgesia.18 Honda et al

showed that sensitization of peripheral transient receptor

potential (TRP) TRP vanilloid 1 and TRP ankyrin 1 are

involved in mechanical and thermal hypersensitivity,19 sug-

gesting that peri-incisional hyperalgesia is not only due to

RIH. Another study demonstrated that nalbuphine attenuates

pruritus and promotes skin healing through anti-inflamma-

tory effects.20 The antihyperalgesic actions of nalbuphine on

Table 3 Postoperative Sufentanil Consumption

Sufentanil Consumption HRNA HRSA LRNA LRSA P value

P1 P2

0–3 h (μg) 0 (0–5) 5 (0–10) 0 (0–0) 0 (0–9) 0.0321 0.0321

3–6 h (μg) 0 (0–0) 3 (0–5) 0 (0–0) 0 (0–5) 0.0040 0.0416

6–12 h (μg) 0 (0–0) 0 (0–5) 0 (0–0) 0 (0–0) 0.0736 0.6085

12–24 h (μg) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.2340 1.0000

24–48 h (μg) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.4894 1.0000

Notes: Data are presented as median (interquartile range). HRNA, 0.4 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil

with saline group; LRNA, 0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group. P1, HRNA vs HRSA by

Mann–Whitney U-test; P2, LRNA vs LRSA by Mann–Whitney U-test.

Figure 4 Heart rate (A) and mean arterial pressure (B) at different time points during surgery. Data are expressed as mean (standard deviation). HRNA, 0.4 μg/kg/min of

remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil with saline group; LRNA, 0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine

group; LRSA, 0.1 μg/kg/min of remifentanil with saline group. * P < 0.05, ** P < 0.01, *** P < 0.001, † P < 0.0001 vs HRSA.
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wound tissues remain to be confirmed. Several lines of

research indicate that non-steroidal anti-inflammatory drugs

(NSAIDs) may be helpful because activation of spinal cyclo-

oxygenase (COX) may play a role in the development of

opioid-induced hyperalgesia. The analgesic and antihyperal-

gesic actions of NSAIDs are attributed to inhibition of per-

ipheral prostaglandin synthesis in inflamed tissues, as well as

COX inhibition in the central nervous system.10,21,22

Postoperative hyperalgesia usually leads to higher pain

scores and earlier need for rescue analgesics.23 We found

that the NRS scores and postoperative analgesic need were

highest in the high-dose remifentanil arm compared to the

other groups. A recent meta-analysis including 27 studies

and nearly 1500 patients showed that high intraoperative

remifentanil is associated with significant increases in

acute pain at 4 and 24 h postoperatively and higher mor-

phine requirements from the first day after surgery.24 As a

combined opioid agonist-antagonist, nalbuphine acts on

the κ-receptor to produce analgesic and sedative effects,

and it exerts μ-receptor antagonistic effects in the presence

of other μ-receptor agonists.8,25,26 Clinical observations

show the analgesic efficacy of nalbuphine is similar to

morphine with only a slight respiratory depression and a

capping phenomenon.27 Our results demonstrate that nal-

buphine can improve generalized pain postoperatively as

evidence by lower NRS scores and postoperative analgesic

requirements, possibly due to its modulatory action on

central κ-receptors. Further studies should be carried out

to elucidate the exact mechanism.

This study has some limitations. As mentioned above,

the commonly accepted intra-operative practice is to

administer infusions ranging from 0.1 to 0.5 µg/kg/min;

doses above 0.2 µg/kg/min are likely to be associated with

hemodynamic instability.28 An infusion of 0.4 µg/kg/min

remifentanil was used as the high-dose in this trial, which

is the most widely reported concentration to induce RIH.

To avoid cardiovascular adverse events, we included only

relatively healthy adults. Furthermore, we only evaluated

postoperative hyperalgesia by mechanical stimuli with von

Frey filaments, although other quantitative measurements

to detect opioid-induced hyperalgesia have been reported

including mechanical (von Frey filament, pinprick and

injection), thermal (cold pressor threshold, heat pain

threshold), electrical, or other stimuli. A recent systematic

review compared these measurements in 14 clinical stu-

dies and concluded that none of the methods tested was

more powerful than the others.29 A weakness of the pre-

sent study is the lack of investigation into how dosages are

related to the effects. It is possible that different doses or

administration times will achieve stronger antihyperalgesic

actions on RIH to the incisional area, but further research

is needed.

Conclusion
Nalbuphine exerts mixed pharmacological actions on opioid

receptors. It antagonizes μ-receptors but stimulates κ-recep-

tors, which appears to be a unique property. Our results show

that preemptive nalbuphine can reduce postoperative hyper-

algesia induced by high-dose remifentanil and could reduce

postoperative pain and rescue analgesic consumption in

patients undergoing laparoscopic cholecystectomy.

Data Sharing Statement
The data used and/or analyzed during the current study

will be available for anyone who wishes to access them on

reasonable request. The data will be accessible from

immediately following publication to 6 months after pub-

lication via the first or the corresponding author by email.

Ethical Statement
The authors declare that all the patients provided written

informed consent and that this study was conducted in

accordance with the Declaration of Helsinki. This study

was approved by the Ethics Committee of the Tongling

People’s Hospital of Anhui University (No. 2018-12), and

Table 4 Postoperative Side Effects

Adverse Events HRNA HRSA LRNA LRSA P value

Nausea (n) 4 (16.7) 5 (20.8) 3 (12.5) 2 (8.3) 0.6431

Vomiting (n) 1 (4.2) 2 (8.3) 1 (4.2) 0 (0) 0.5546

Headache (n) 2 (8.3) 1 (4.2) 0 (0) 2 (8.3) 0.5085

Dizziness (n) 4 (16.7) 6 (25.0) 7 (29.2) 5 (20.8) 0.7580

Respiratory depression (n) 0 (0) 0 (0) 0 (0) 0 (0) 1.0000

Notes: Data are presented as number of patients (%). HRNA, 0.4 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; HRSA, 0.4 μg/kg/min of remifentanil with

saline group; LRNA, 0.1 μg/kg/min of remifentanil with 0.2 mg/kg of nalbuphine group; LRSA, 0.1 μg/kg/min of remifentanil with saline group.
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was registered in the Chinese Clinical Trial Registry

(ChiCTR1800020209).
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