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ABSTRACT

Introduction: Intravenous propofol anesthesia
is widely used in painless endoscopy. However,
propofol injection pain is a common adverse
effect. This study investigated the effects of
nalbuphine and lidocaine in reducing propofol-
induced injection pain.
Methods: In this double-blind, randomized
study, 330 patients were randomly divided into
three groups by using a random number table:
the nalbuphine group (N), lidocaine group (L),
and control group (C). The N, L, and C groups
received either 0.1 mg/kg nalbuphine, 0.5 mg/
kg lidocaine, or an equivalent volume of normal
saline, respectively, as pretreatment drug. Then

propofol was manually injected. The primary
outcome of this study was the incidence of
propofol-induced injection pain, and secondary
outcomes included the severity of propofol-in-
duced injection pain, vital signs, and adverse
events, including hypotension, bradycardia
(\50 beats/min), hypoxemia (SpO2\90%),
drowsiness, physical movement, and cough.
Results: The percentages of patients with
propofol injection pain were higher in group C
than in group N and group L (64, 34, and 27%,
respectively, p\ 0.05). The percentage of
patients with severe pain after propofol injec-
tion was significantly higher in group C than in
group N and group L (12, 1, and 0%, respec-
tively, p\ 0.05). The doses of propofol in group
C and group L were significantly higher than
that in group N. More patients suffered hypox-
emia in group N than in group C and group L.
Then, less patients got physical movement and
cough in group N.
Conclusions: Pretreatment with nalbuphine
0.1 mg/kg was effective in reducing propofol-in-
duced injection pain and propofol consumption.
Propofol combined with nalbuphine can be safely
and effectively used during gastroscopy.
Trial Registration: Chinese Clinical Trial Reg-
istry; ChiCTR1900025438.
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Key Summary Points

Why carry out this study?

Propofol is widely used in painless
endoscopy anesthesia, however, the
incidence of pain induced by propofol
injection range from 28 to 90% in
untreated patients.

Nalbuphine, a synthetic agonist and
antagonist analgesic that exerts its
pharmacological effects mainly through
activation of j receptors and partial
antagonism of l receptors, has also been
effectively used to treat adverse effects
such as opioid-induced pruritus and
myoclonus due to etomidate.

We hypothesized that pretreatment with
nalbuphine can effectively reduce
propofol-induced injection pain.

What was learned from the study?

This study revealed that pretreatment with
nalbuphine 0.1 mg/kg effectively
decreased propofol-induced injection pain
and propofol consumption during
gastroscopy.

Pretreatment with nalbuphine 0.1 mg/kg
can reduce propofol-induced injection
pain.

The combination of propofol and
nalbuphine is effective and safe and did
not cause any adverse effects in painless
gastroscopy.

INTRODUCTION

Propofol is often used in painless endoscopy
anesthesia because of its advantages, including
its rapid onset and its association with early
recovery. However, the incidence of pain
induced by propofol injection range from 28 to
90% in untreated patients [1, 2]. To reduce

propofol-induced injection pain, medium-
chain and long-chain triglycerides have been
used. In addition, many pharmacological
interventions, such as dexmedetomidine [3]
and lidocaine [4], have been used to prevent
pain associated with propofol. However, the
addition of lidocaine may disrupt the stability
of propofol emulsions and may cause pul-
monary embolism [5]. Although pretreatment
with dexmedetomidine can reduce propofol-
induced injection pain safely and effectively, its
lengthy onset is not convenient for clinical use.

Nalbuphine has also been effectively used to
treat adverse effects such as opioid-induced
pruritus [6] and myoclonus due to etomidate
[7]. In addition, pretreatment with opioids can
prevent propofol-induced pain through central
or peripheral effects [8, 9]. Data on the influence
of nalbuphine on pain caused by propofol have
not been published. Therefore, the principal
objective of the current study was to investigate
the efficacy of nalbuphine 0.1 mg/kg and lido-
caine 0.5 mg/kg compared to placebo in reduc-
ing propofol-induced pain during gastroscopy.

METHODS

Study Protocol

The study protocol was conducted at the First
Affiliated Hospital of Anhui Medical University
from September 1 to 30, 2019, in accordance
with the Declaration of Helsinki. The study was
approved by the hospital’s research ethics
committee (The First Affiliated Hospital of
Anhui Medical University Ethics Committee, PJ
2019-12-19) and was registered in the Chinese
Clinical Trial Registry (ChiCTR1900025438,
Principal investigator: Yao Lu, Date of registra-
tion: 2019-8-26). Written informed consent was
obtained from all participants in this study.

A total of 330 patients who were American
Society of Anesthesiologists (ASA) I–II, aged
between 18 and 60, and planned to undergo
gastroscopy were recruited for this research.
Participants with no recent history of hepatic or
renal insufficiency, a severe allergic or hyper-
sensitivity reaction to the study drugs, cardio-
vascular or neurological disease, pregnant

564 Pain Ther (2020) 9:563–571



women, or a difficult airway, obesity, and
patients taking opioids were excluded. We used
a random number table to randomly divide the
300 patients into three groups of 100 patients
each. Group N was pre-treated with nalbuphine
(Yichang Humanwell Pharmaceutical Co.,
China) 0.1 mg/kg; group L was pre-treated with
lidocaine 0.5 mg/kg; and group C was pre-trea-
ted with an equivalent volume of normal saline.
The randomized grouping results were sealed in
opaque envelopes until the pretreatment drug
was prepared. Neither the patients nor the par-
ticipating anesthesiologists were blinded to the
randomized grouping results. The pre-treating
agents were prepared in a 10-ml syringe with
either 10 ml of normal saline, 0.1 mg/kg of
nalbuphine, or 0.5 mg/kg of lidocaine (diluted
with normal saline to 10 ml) by an anesthesi-
ologist who did not participate in anesthesia
induction.

Standard Anesthesia Protocol

On arrival to the gastroendoscopic room, rou-
tine monitoring, including non-invasive blood
pressure, electrocardiography, and peripheral
capillary oxygen saturation (SpO2) monitoring,
was performed. In addition, we placed an 18G
intravenous catheter in the largest vein on the
back of the patients’ hands, and a 0.9% sodium
chloride infusion was started. The patients were
oxygenated and the pre-treating agents were
infused before the administration of propofol.
After 1 min of pre-treating drug administration,
we manually injected 0.5 mg/kg propofol over
15 s.

Outcome Measures

Our primary outcome of this study was the
incidence of propofol-induced injection pain.
Secondary outcomes included the severity of
propofol-induced injection pain, vital signs,
and adverse events, including hypotension,
bradycardia (\50 beats/min), hypoxemia
(SpO2\90%), drowsiness, physical movement,
and cough. An anesthesiologist who was blin-
ded to the intervention assessed the pain
according to a four-point pain scale. From the

injection of propofol to sedation, we asked the
patient whether they had any discomfort. The
severity of propofol-injection pain was evalu-
ated using the following four-point pain
response scale: level 0, no pain; level 1, mild
pain but no physical activity; level 2, moderate
pain, pain when asked by the anesthesiologist,
or complaint of pain during the injection
accompanied by physical activity; and level 3,
severe pain, a response accompanied by a facial
expression of pain, or a strong vocal response,
arm withdrawal, or tears [9]. After assessing the
pain response, we injected an additional
amount of propofol to complete the
gastroscopy.

Statistical Analyses

In the published data, the incidence of pain due
to propofol injection is 46% in untreated
patients [10]. We hypothesized a 50% reduction
in the incidence of pain after propofol admin-
istration based on an alpha of 0.05 and a power
of 80%. Under these assumptions, 69 patients
were included in each group to detect a signif-
icant difference. Considering potential loss to
follow-up, we increased the sample size of each
group to 100 patients.

All data are reported as number (percentages)
or the mean ± standard deviation. We used
analyses of variance to compare the continuous
data of patients among the three groups. Chi-
squared tests were used to analyze the incidence
and severity of pain induced by propofol, ASA
class, and gender. We used SPSS 13.0 statistical
software to analyze all data; p val-
ues\ 0.05 were defined as statistically
significant.

RESULTS

A total of 330 patients were recruited for this
study. However, 30 patients were excluded due
to failure to meet the inclusion criteria or
patient refusal (Fig. 1). The demographic data
and ASA status were compared among the three
groups. We found no statistically significant
differences in the demographic data among
three groups. The doses of propofol in group C
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and group L were significantly higher than that
in group N (Table 1). The incidence of propofol-
induced injection pain was higher in group C
than in group N and group L. The percentage of
patients with mild pain after propofol injection
significantly decreased in group N compared
with the percentages in group C and group L.
No statistically significant difference between
the percentages of patients with moderate pain
of these groups was evident. The percentage of
patients with severe pain following propofol
injection significantly increased in group C
compared with the percentages in group N and
group L (Table 2).

The proportion of patients with hypoxemia
significantly increased in group N compared
with the proportions in group C and group L. In

addition, the proportion of patients who
required a chin lift significantly increased in
group N compared with those in group C and
group L. The proportion of patients with phys-
ical movement and cough significantly
decreased in group N compared with those in
group C and group L (Table 3).

There were no differences in the systolic
blood pressure (SBP) or diastolic blood pressure
(DBP) at any time point among the three
groups. At T1, the heart rate was significantly
higher in group C than in group N and group L.
At T2, the heart rate was significantly higher in
group C than in group N and group L, and SpO2

decreased in group N compared with that in
group C and group L (Fig. 2).

Fig. 1 CONSORT flow of clinical procedures for the study. Group C: placebo; group L: lidocaine 0.5 mg/kg; group N:
nalbuphine 0.1 mg/kg
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DISCUSSION

This study revealed that pretreatment with
nalbuphine 0.1 mg/kg effectively decreased
propofol-induced injection pain compared to
placebo. In group C, the incidence of propofol-
induced injection pain was 64%, which is con-
sistent with the incidence in a previous study
[11].

Propofol has become a popular sedative-
hypnotic agent in endoscopy. However, pain
associated with propofol is a common adverse
event [12]. The exact mechanism of propofol-

induced injection pain is unknown. Many fac-
tors, including the size of the vein [13, 14],
injection site [15] and injection speed [13], and
concentration of propofol in the aqueous phase
[16], seem to contribute to the incidence of
injection pain. Various strategies have been
applied to reduce the incidence of pain induced
by propofol, such as diluting the propofol
injection solution, embedding larger veins, and
administering lidocaine [2]. Other drugs, such
as nonsteroidal anti-inflammatory drugs [17],
ketamine, and magnesium sulfate, have been
used to relieve pain associated with propofol.

Table 1 Demographic data of the patients and propofol dose in three groups

Group N
(n = 100)

Group L
(n = 100)

Group C
(n = 100)

p value

Gender (F/M) 66/34 54/46 55/45 0.161

Age 46 ± 8 45 ± 11 46 ± 10 0.759

Height 163 ± 6 164 ± 8 165 ± 8 0.633

Weight 59 ± 9 61 ± 11 60 ± 10 0.776

ASA score (I/II) 86/14 87/13 91 ± 9 0.515

Mallampati (I/II) 12/88 10/90 8/92 0.641

Propofol dose 136 ± 20 158 ± 34a 160 ± 29a 0.000

Group C = placebo; group L = lidocaine 0.5 mg/kg;, group N = nalbuphine 0.1 mg/kg
ASA American Society of Anesthesiologists
a Multiple comparison on dose of propofol: p\ 0.05 vs. group N

Table 2 Incidence of injection pain due to propofol in different groups

Group

Group N (n = 100) Group L (n = 100) Group C (n = 100)

Patients with pain [no. (%)] 27 (27%) 34 (34%) 64 (64%)

Severity of pain [no. (%)]

0 73 (73%)a 66 (66%)a 36 (36%)

1 19 (19%)a 25 (25%) 37 (37%)

2 7 (7%) 9 (9%) 15 (15%)

3 1 (1%)a 0 (0%)a 12 (12%)

Group C = placebo; group L = lidocaine 0.5 mg/kg; group N = nalbuphine 0.1 mg/kg
a Multiple comparison on incidence of propofol injection pain: p\ 0.05 vs. group C
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Lidocaine is a common local anesthetic, which
reversibly blocks peripheral pathways by acting
on excitable membranes. In a previous study,
premedication with lidocaine 0.5 mg/kg before
propofol injection reduced the incidence of
propofol-induced injection pain [18]. In our

study, the incidence of propofol injection pain
was 34% in group L, which is consistent with
the incidence in a previous study [18].

Opioids, including remifentanil and sufen-
tanil, have been used to alleviate propofol
injection pain [19]. Roehm et al. [20] found that

Table 3 Comparison of adverse events between the three groups

Group N
(n = 100)

Group L
(n = 100)

Group C
(n = 100)

Hypotension 44 32 31

Bradycardia (\ 50 beats/min) 15 6 8

Hypoxemia (SpO2\ 90%) 18 2a 3a

Chin lift 10 2a 3a

Drowsiness 45 36 46

Physical movement and cough 2 18a 25a

Group C = placebo; group L = lidocaine 0.5 mg/kg; group N = nalbuphine 0.1 mg/kg
a Multiple comparison on adverse events: p\ 0.05 vs. group N

Fig. 2 Changes in the vital signs in the three groups.
a Systolic blood pressure (SBP, mmHg); b diastolic blood
pressure (DBP, mmHg); c heart rate (HR, beats/min);
d peripheral capillary oxygen saturation (SpO2, %). Group
C: placebo; group L: lidocaine 0.5 mg/kg; group N:
nalbuphine 0.1 mg/kg; T0: time before administration of

pretreatment drug or normal saline injection; T1: at the
beginning of the surgery; T2: at the end of surgery.
*P\ 0.05 compared with group C; #P\ 0.05 compared
with group N
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lidocaine 40 mg was as effective as a continuous
intravenous remifentanil infusion (0.25 lg/kg/
min) in the prevention of propofol-induced
injection pain. Honarmand et al. [19] showed
that sufentanil 10 lg significantly attenuated
the incidence of pain without significant
changes in cardiovascular variables. Opioids act
peripherally and centrally [21]. Their preven-
tion of pain due to propofol injection has been
attributed to their interaction with peripheral l-
opioid receptors [9]. In addition, other studies
have suggested that the prevention of propofol-
induced pain by opioids may be mediated by
central opioid receptors [11]. Nalbuphine is a
synthetic agonist and antagonist analgesic that
exerts its pharmacological effects mainly
through activation of j receptors and partial
antagonism of l receptors. This study showed
that pretreatment with nalbuphine 0.1 mg/kg
effectively reduced propofol-induced injection
pain compared with placebo. A previous study
suggested that intravenous administration of
opioids with tourniquet block before propofol
injection was unable to relieve propofol injec-
tion pain [11]. Therefore, we hypothesized that
nalbuphine alleviates pain with propofol injec-
tion mainly through a central pathway.

Tachycardia is often used as a clinical indi-
cator of pain. At T1 and T2, the heart rate was
significant higher in group C than in group N
and group L, which indicates that lidocaine and
nalbuphine were able to reduce propofol-in-
duced injection pain. Nalbuphine can reduce
visceral pain by acting on j receptors [22], and
the dose of propofol was reduced in group N. In
addition, the incidence of physical activity and
cough decreased. The percent of hypoxemia was
significantly higher in patients with nalbuphine
0.1 mg/kg. A possible reason for this is that
nalbuphine 0.1 mg/kg with use of sedative can
cause respiratory depression. Although more
patients had hypoxemia in group N, most of
them demonstrated relief with just a chin lift.

A limitation of our study is that we did not
investigate the effects of other doses of nal-
buphine on the incidence of propofol-induced
injection pain. Additionally, this study was only
conducted at a single center. In the future, we
will coordinate with different hospitals to

evaluate the effects of nalbuphine on the fre-
quency of propofol-induced pain.

CONCLUSIONS

In conclusion, this study clearly indicated that
the combination of propofol and nalbuphine is
effective and safe and did not cause any adverse
effects in painless gastroscopy. Pretreatment
with nalbuphine 0.1 mg/kg can reduce propo-
fol-induced injection pain. In addition, the dose
of propofol was significantly decreased.
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