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Background: Propofol-induced injection pain (PIP) is a well-known problem in general 
anesthesia. We hypothesized that pre-treatment with remimazolam prevents PIP in patients 
undergoing abortion or curettage.
Materials and Methods: In this prospective, single-center, double-blinded, randomized, pla-
cebo-controlled clinical trial, adult patients aged 18 to 60 undergoing abortion or curettage were 
randomly assigned to three groups. Group Lido received system lidocaine (a bolus of 0.5 mg kg−1, 
iv). Group Remi received remimazolam (a bolus of 0.1 mg kg−1, iv). Group NS received identical 
volumes of 0.9% normal saline. Sixty seconds after the injection of lidocaine, remimazolam or 
saline, patients were injected with propofol at a rate of 12 mL/min until the loss of consciousness. 
The primary outcome was the incidence of PIP at the time of induction using 4-point scale. 
Secondary outcomes included propofol-induced injection pain, vital signs, the characteristics of 
anesthesia and surgery, and adverse events.
Results: The incidence of patients with PIP was higher in group NS than that in group Lido 
and group Remi (75.7, 44.3, and 42.9%, respectively, p < 0.001). The percentages of patients 
with moderate PIP were higher in group NS than that in group Lido and group Remi (20.0, 
2.9, and 1.4%, respectively, p < 0.001). Moreover, the consumption of propofol and the 
incidence of adverse event (hypoxemia and chin lifting) in group Remi were lower than that 
in group NS and Lido, and less patients got physical movement and cough in group Remi. 
The recovery time in group NS was longer than that in group Lido and Remi.
Conclusion: Our findings indicate that pre-treatment with remimazolam reduced the inci-
dence and intensity of PIP in abortion or curettage patients, equivalent to that of lidocaine 
without severe adverse effects.
Trial Registration: Chinese Clinical Trial Registry (identifier: ChiCTR2100041805).
Keywords: lidocaine, remimazolam, propofol injection pain, abortion, curettage

Introduction
Due to its rapid onset and recovery, propofol is popularly used during general 
anesthesia. However, the intravenous injection of propofol induces local pain and 
discomforts. The incidence of propofol-induced injection pain (PIP) varies from 
approximately 28 to 90%.1–3 To reduce the incidence of PIP, many techniques 
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have been developed, including pre-treatment or mixed 
use with medium-chain and long-chain triglycerides,4 

pre-treatment or mixed use with lidocaine,5–9 nonsteroi-
dal anti-inflammatory drugs,10 magnesium sulfate,6,11 

dexmedetomidine,12 opioids,13–16 or ketamine.11,17 

Although these strategies relieved PIP in varying 
degrees, the adverse event of these drugs such as emer-
gence agitation,18 laryngospasm,19 pulmonary 
embolism,20 gastrointestinal ulcer,10 lengthy onset21 or 
tinnitus and dizziness22 limit their widespread clinical 
use. More patients complained of tinnitus or dizziness 
after the injection of lidocaine,22 and the addition of 
lidocaine may disrupt the stability of propofol emulsions 
and may cause pulmonary embolism.19 These drawbacks 
limited the use of lidocaine for preventing PIP. 
Consequently, there is a need for finding news drugs to 
decrease the incidence of PIP.

Remimazolam is an ultrashort-acting benzodiazepine, 
acting on GABA receptors to induce sedation. It is devel-
oped for procedural sedation.23–25 Unlike midazolam, 
remimazolam differs from all other benzodiazepines by 
its carboxylic ester linkage, metabolized by tissue esterase 
rapidly to inactive metabolites only.23–25 Remimazolam 
provided adequate procedural sedation for endoscopy, 
and faster recovery than midazolam.26–29 Data on the 
influence of remimazolam on PIP during abortion or cur-
ettage have not been published. Therefore, we designed 
this prospective, single-center, double-blinded, rando-
mized, placebo-controlled clinical trial to investigate the 
efficacy of remimazolam 0.1 mg/kg and lidocaine 0.5 mg/ 
kg compared to placebo in the prevention of PIP during 
abortion or curettage.

Materials and Methods
Patients
The randomization schedule was computer-generated by 
using Epical 2000 soft. According to the randomization 
schedule, all 210 patients were randomly divided into 
three groups (n = 70 in each group) in a 1:1:1 group 
allocation to receive either lidocaine (Group Lido, 
received system lidocaine, a bolus of 0.5 mg kg-1, iv), 
remimazolam (Group Remi, received remimazolam, 
a bolus of 0.1 mg kg-1, iv), or normal saline (Group NS, 
received equivalent volume of 0.9% normal saline). Sealed 
envelopes were used for concealment of study group allo-
cation until the pretreatment drug was prepared. An assis-
tor who did not participate in anesthesia induction 

prepared all drugs. Both patients and investigators were 
blinded to the randomized grouping allocation and the 
drugs.

Study Protocol
After obtaining approval from the Ethics Committee of the 
first affiliated hospital of Guangxi Medical University and 
written consent from the selected patients, we enrolled two 
hundred ten ASA physical status 1 and 2, aged 18–60 years, 
who were scheduled for elective abortion or curettage pro-
cedures with general anesthesia. Patients with liver and 
kidney dysfunction, drug allergy, nervous system or cardi-
ovascular disease, obesity, difficult airway were excluded. 
Patients receiving analgesics were also excluded. The study 
was registered in the Chinese Clinical Trial Registry 
(ChiCTR2100041805, Principal investigator: Xuehai 
Guan, Date of registration: 2021-1-6). This study was con-
ducted in accordance with the Declaration of Helsinki. All 
participants were informed about the purpose of the trial.

Patients were fasted for 6 hours. Only clear liquids 
were allowed up to 2 hours before the induction of 
anesthesia. No sedative premedication was given before 
induction. A 22-gauge cannula was inserted into the vein 
on the dorsum of the left hand without local anesthetics, at 
least 10 min before the induction of anesthesia, and an 
infusion of Ringer’s Lactate (2 mL/kg/h) was started to 
maintain its patency. The infusion of Ringer’s lactate was 
closed during the induction period.

After entering the operation room, patients were given 
routine nasal catheter oxygen inhalation of 2L/min, and 
the noninvasive blood pressure, electrocardiogram, and 
peripheral capillary oxygen saturation (SpO2) were mon-
itored. The pre-treating drugs were prepared in a 10-mL 
syringe with either 10mL of normal saline, 0.5 mg/kg of 
lidocaine (Shanghai Harvest Pharmaceutical CO., China), 
or 0.1 mg/kg of remimazolam (Jiangsu Hengrui Medicine 
Co., China; diluted with normal saline to 10 mL) accord-
ing to the group allocation by an assistor who did not 
participate in anesthesia induction. Both patients and 
investigators were blinded to the randomized grouping 
allocation and the drugs. All drugs were prepared and 
stored at room temperature and used within 10 mins. 
All patients were injected with a mixture of fentanyl 
(Yichang Humanwell Pharmaceutical Co., China) and 
atropine (1 ug/kg and 5 ug/kg, respectively). Fifteen 
seconds later, patients in Group Lido received system 
lidocaine (a bolus of 0.5 mg kg-1, iv), in Group Remi 
received remimazolam (a bolus of 0.1 mg kg-1, iv), and 
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in Group NS received equivalent volume of 0.9% normal 
saline. Sixty seconds after the injection of lidocaine, 
remimazolam or saline, all patients received propofol 
(Guangdong JiaBo Pharmaceutical Co., China) at a rate 
of 12 mL/min until loss of consciousness. The sedation 
was monitored by using the Modified Observer’s 
Assessment Alertness/Sedation Scale (OAA/S; 5: 
responds readily to their name spoken in a normal tone, 
4: lethargic response to their name spoken in a normal 
tone, 3: response only after their name is called loudly 
and/or repeatedly; 2: response only after name spoken 
with mild prodding or shaking; 1: unresponsive to mild 
prodding or shaking; 0: unresponsive to noxious 
stimuli)30 with 1 min interval. If an OAA/S score of 0 
was not achieved, infusions of propofol continued until it 
reached 0.

Measurements
The primary outcome of this study was the incidence of 
PIP. Secondary outcomes included the intensity of PIP, 
vital signs, and adverse events, including hypotension, 
bradycardia (<50 beats/min), hypoxemia (SpO2 < 90%), 
chin lifting, physical movement and cough. Investigators 
who were blinded to the groups location evaluated the 
severity of propofol injection pain according to the 
4-point pain scale every 5 seconds during anesthesia 
induction: grade 0, no pain; grade 1, mild pain but no 
physical movement; grade 2, moderate pain, pain accom-
panied by physical activity when the anesthetist asked, or 
during the injection; and grade 3, severe pain, accompa-
nied by facial pain, painful expression, or strong vocal 
response, arms retracted, or tears.31 The characteristics of 
anesthesia and surgery, and adverse events were 
recorded too.

Sample Size
Our preliminary study revealed that the incidence of PIP 
was about 50% in our department which was among the 
previous study between 28 and 90%. We hypothesized 
a 50% reduction in the incidence of pain after propofol 
administration based on an alpha of 0.05 and a power of 
80%. Under these assumptions, 57 patients were included 
in each group to detect a significant difference. 
Considering potential loss (20%) to follow-up, we 
increased the sample size to 70 in each group.

Statistical Methods
All data are expressed as numbers (%) or the mean ± SD. 
Continuous data of patients among the three groups were 
compared by one-way analysis of variance or two-way 
analysis of variance where appropriate. Categorical data 
were compared by x2 test or Fisher`s test, as appropriate. 
All statistical analyses were performed with IBM SPSS 
25.0 statistical software. A p-values or corrected p-values 
of 0.05 were defined as statistically significant.

Results
All 210 patients enrolled in the study were evaluable 
(Figure 1; from 2021-1-6 to 2021-5-6). There were no 
significant differences among the three groups in demo-
graphics – age, height, weight, ASA score rate, or 
Mallampati score rate (Table 1).

The overall incidence and intensity of PIP during pro-
pofol injection in the three groups were showed in Table 2. 
The incidence of PIP was significantly less in group Lido 
(44.3%) and Remi (42.9%) than those in group NS 
(75.7%) (p < 0.001). There was no significant difference 
between group Lido and group Remi in incidence of PIP 
(p > 0.05). No significant difference was found in the 
percentages with mild pain among the three groups. The 
percentage of patients with moderate pain was signifi-
cantly less in group Lido (2.9%) and group Remi (1.4%) 
than those in group NS (20.0%) (p < 0.001). No significant 
difference was found in the percentages of patients with 
moderate pain between group Lido and group Remi. 
Although there was no significant difference among the 
three groups in the percentages of patients suffering from 
severe pain (p > 0.05), 2 cases and 1 case were found in 
group NS and group Lido, respectively.

The incidence of adverse event is shown in Table 3. 
There were no differences in the proportion of patients 
developed hypotension and bradycardia among the three 
groups. The proportion of patients with hypoxemia in 
group Remi (11.4%) was lower than that in group NS 
(34.3%) and group Lido (38.6%) (p < 0.001). The propor-
tion of patients needing chin lift in group Remi (4.3%) was 
lower than that in group NS (34.3%) and group Lido 
(38.6%) (p < 0.001). Although there was no significant 
difference among the three groups in the percentages of 
patients with physical movement (p > 0.05), 5 cases, 7 
case and 1 case were found in group NS, group Lido and 
group Remi respectively. Although there was no signifi-
cant difference among the three groups in the percentages 
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of patients with cough (p > 0.05), 1 case and 4 cases were 
found in group NS and group Lido respectively.

The characteristic of anesthesia and surgery is shown 
in Table 4. The overall consumption of propofol in group 
Remi (119.4 ± 25.33 mg) was lower than those in group 
NS (134.6 ± 28.37 mg) and group Lido (140.1 ± 37.16 mg) 
(p < 0.001). There was no difference in the length of 
anesthesia and surgery among three groups. The recovery 

time was shorter in group Lido (2.20 ± 1.73 min) and 
group Remi (2.09 ± 3.08 min) than that in group NS 
(3.74 ± 1.81 min) (p < 0.001). But there was no difference 
in recovery time between group Lido and group Remi.

There were no differences in the systolic blood 
pressure, diastolic blood pressure, mean blood pres-
sure, heart rate and SpO2 at any time point among 
the three groups (Figure 2).

Figure 1 CONSORT flow of clinical procedures. 
Abbreviations: NS, normal saline; Lido, lidocaine; Remi, remimazolam.

Table 1 Demographic Data of the Patients (n = 70 in Each Group)

Parameter Group NS Group Lido Group Remi p value

Age (yrs) 30.73±6.83 32.01±7.66 29.90±5.72 0.1848
Height (cm) 159.0±5.19 157.5±12.66 158.9±5.30 0.4918

Body weight (kg) 54.14±10.44 54.09±7.81 53.45±7.84 0.8830

ASA score (I/II) 63/7 60/10 62/8 0.7277
Mallampati (I/II) 14/56 16/54 17/53 0.8254

Notes: Data are displayed as means ± SD or numbers of cases. No statistically significant differences between groups were noted. 
Abbreviations: NS, normal saline; Lido, lidocaine; Remi, remimazolam.
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Discussion
To the best of our knowledge, this was the first findings 
revealed that pre-treatment with remimazolam (0.1 mg/kg, 
iv) effectively reduced the incidence and intensity of PIP 
in abortion or curettage patients, equivalent to that of 
lidocaine without severe adverse effects. Moreover, pret- 
reatment with remimazolam could reduce the consumption 
of propofol and the incidence of adverse event, and shorter 
the recovery time.

Propofol has become a popular sedative agent. Due to 
its rapid onset and recovery, propofol was widely used in 
endoscopy, abortion and curettage. However, PIP is 

a common adverse event.32,33 The incidence of PIP varies 
from approximately 28 to 90%.1–3 But the definite patho-
physiological mechanism of PIP is still unknown. Many 
factors are related to PIP, such as concentration of free 
propofol in aqueous solution, type of preparation, oil and 
solvent, injection technology (injection site,34 injection 
speed,35 intravenous infusion, puncture technology, syr-
inge material), blood buffering, filtration treatment, age, 
sex, and so on. To reduce the incidence of PIP, many 
techniques have been developed, including medium-chain 
and long-chain triglycerides, pre-treatment or mixed use 
with lidocaine, nonsteroidal anti-inflammatory drugs, mag-
nesium sulfate, dexmedetomidine, opioids, or ketamine. 
These various strategies relieved PIP in varying degrees. 
Lidocaine is a common local anesthetic, reversibly block-
ing peripheral pathway. Premedication with lidocaine 
0.5 mg/kg before the injection of propofol reduced the 
incidence of PIP significantly, which was consistent with 
previous study.21,36 A dosage of 40 mg lidocaine is an 
appropriate dosage to alleviate PIP within the same vein 
through a local anesthetic effect. Lidocaine reduces PIP 
through a central analgesic effect and a local anesthetic 
effect when the dosage reaches 1.5 mg/kg.22 In our study, 
we believe that lidocaine prevented PIP through a local 
anesthetic effect under the use of 0.5 mg/kg.

The incidence and intensity of PIP was significantly less 
in group Lido and group Remi than those in group NS. γ- 
aminobutyric acid (GABA), a central inhibitory neurotrans-
mitter acting on GABAA receptor and benzodiazepines can 
enhance the synaptic inhibitory effect of GABAergic neuro-
transmission. A lot of research showed that benzodiazepine 
has analgesic effect. For example, intravenous midazolam-a 
classic benzodiazepine drug administered in conscious seda-
tion doses was found to significantly reduce the affective and 
motivational component of the pain experience.37 

Midazolam intervention was revealed to substantially reduce 
the pain scores and analgesic consumption after knee 
arthroscopy.38 Midazolam was effective in decreasing pain 

Table 2 Incidence of Propofol Induced Injection Pain (n = 70 in 
Each Group)

Group NS Lido Remi

Patients with pain [No. (%)] 53 (75.7%) 31(44.3%) *** 30 (42.9%) ***

Severity of pain [No. (%)]

0 17 (24.3%) 39(55.7%) *** 40 (57.1%) ***

1 37(52.9%) 28 (40.0%) 29 (41.4%)

2 14 (20.0%) 2 (2.9%) *** 1 (1.4%) ***

3 2 (2.9%) 1 (1.4%) 0 (0%)

Notes: Data are displayed as numbers of cases. Chi-squared tests was used to 
analyze the incidence of PIP. ***p < 0.001, compared with group NS. 
Abbreviations: NS, normal saline; Lido, lidocaine; Remi, remimazolam.

Table 3 Incidence of Adverse Event Between Groups (n = 70 in 
Each Group)

Group NS Lido Remi

Hypotension 2 5 4

Bradycardia (<50 beats/ min) 0 0 0

Hypoxemia (SpO2 < 90%) 24 27 8***, ###

Chin lift 24 27 3***, ###

Physical movement 5 7 1

Cough 1 4 0

Notes: Data are displayed as numbers of cases. Chi-squared tests was used to 
analyze the incidence of adverse event. ***p < 0.001, compared with group NS; 
###p < 0.001, compared with group Lido. 
Abbreviations: NS, normal saline; Lido, lidocaine; Remi, remimazolam.

Table 4 Characteristics of Anesthesia and Surgery (n = 70 in Each Group)

Parameter Group NS Group Lido Group Remi p value

Propofol dose (mg) 134.6±28.37 140.1±37.16 119.4±25.33 *, ### 0.0003

Anesthesia time (min) 10.96±2.81 9.87±3.21 10.21±2.88 0.0723

Surgery time (min) 6.87±2.05 8.26±2.29 7.68±2.56 *, 0.0400
Recovery time (min) 3.74±1.81 2.20±1.73*** 2.086±3.08*** 0.0000

Notes: Data are displayed as means ± SD. ANOVA was applied to all comparisons, followed by Bonferroni’s Multiple Comparison Test. *p < 0.05, ***p < 0.001, compared 
with group NS; ###p < 0.001, compared with group Lido. 
Abbreviations: NS, normal saline; Lido, lidocaine; Remi, remimazolam.
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after nasogastric tube insertion.39 Remimazolam is an ultra-
short-acting benzodiazepine, acting on GABA receptors to 
induce sedation.23 Based on this, we infer that the first 
underling mechanism remimazolam preventing PIP may be 
its role by acting on GABA receptors to enhance the synaptic 
inhibitory effect of GABAergic neurotransmission. Propofol 
acts on the vein endothelial tissue, and then stimulates the 
kallikrein kinin system to produce bradykinin, which makes 
the blood vessel dilate and increase the permeability, and 
causes the free propofol to contact with the nerve endings 
on the inner wall of the blood vessel to cause pain. A recent 
study revealed that treating with remimazolam intraperitone-
ally alleviated pain behaviors induced by injecting complete 
Freund`s adjuvant in hind paw via regulating bradykinin 
receptors B1.40 Therefore, we deduced that the treatment of 
remimazolam intravenously alleviated PIP by blocking bra-
dykinin signal too.

The consumption of propofol in group Remi was lower 
than that in group NS and group Lido. The recovery time in 
group NS was longer than that in group Lido and group Remi. 
As mention about, remimazolam can act on GABA receptors 
to enhance the synaptic inhibitory effect of GABAergic neu-
rotransmission, which may result in less consumption of 
propofol and faster recovery from sedation in the present 
study. The incidence of adverse event (hypoxemia, chin lift-
ing, physical movement and cough) in group Remi were 

lower than that in group NS and group Lido, which was in 
consistent with previous results that the adverse event was 
positively correlated with the dosages of propofol.21

There were some limitations. First, our study was only 
conducted in single center. Additionally, we just investi-
gated one dose of remimazolam on the incidence of PIP. In 
the future, we will coordinate with multi center to evaluate 
the effect of remimazolam on the prevention of PIP.

In conclusion, our current findings indicate that pre- 
treatment with remimazolam reduced the incidence and 
intensity of PIP in abortion or curettage patients, equiva-
lent to that of lidocaine without severe adverse effects. 
Moreover, pre-treatment with remimazolam 0.1 mg/kg can 
reduce the consumption of propofol and the incidence of 
adverse event, and shorter the recovery time.

Data Sharing Statement
The data generated during the current study are available 
from the corresponding author (Xuehai Guan) on reason-
able request. The study protocol, statistical analysis plan 
and clinical study report will also be available.
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