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Abstract

Background

Propofol injection pain (PIP) is common and may decrease patient comfort. The aim of this
study was to compare the effects of dezocine with lidocaine on prevention of PIP.Methods
235 patients, who scheduled for elective surgery, aged 18-80 years and American Society
of Anesthesiologists (ASA) | or Il, were randomly assigned into five groups (n = 47 each).
All patients were induced through the dorsal hand vein or antecubital vein. The five
groups were given the following medication intravenously: saline (Group 1), lidocaine 20
mg (Group Il), lidocaine 40 mg (Group Ill), dezocine 2 mg (Group IV) and dezocine 4 mg
(Group V). Twenty seconds later all patients received a propofol infusion and were asked
to grade pain or discomfort in the hand or forearm according to a four-point scale until
anesthesia.Results

Three groups showed a significantly lower incidence of total PIP than Group I: Group lll
(OR Odds ratio: 0.39 (0.16, 0.93)); Group IV (OR: 0.21 (0.09, 0.51)) and Group V (OR: 0.12
(0.05, 0.30)). Group IV showed a significantly lower incidence of total PIP than Group Il
(OR: 0.32 (0.13, 0.77)). Group V showed a significantly lower incidence of total PIP than
Group Il (OR: 0.15 (0.06, 0.39)) or Group Il (OR: 0.30 (0.13, 0.72)).Conclusion

Dezocine is a novel agent to alleviate PIP and appears to some extent to be more effective

than lidocaine.

Background

Propofol is a widely-used intravenous anesthetic agent for the induction and maintenance
of general anesthesia and for moderate to deep sedation, due to its rapid onset of action
and fast recovery process. However, propofol injection pain (PIP) is common in clinical

practice and has been ranked seventh among the 33 most important low-morbidity clinical


https://www.researchsquare.com/

outcomes by a panel of expert anesthesiologists [1]. The overall incidence of PIP and high
intensity PIP have been found to be 28-90% and 38%, respectively, during the course of
induction [2-4]. Although PIP is not a very serious problem, it can be an unpleasant
sensation for some patients and lead to a fear of anesthesia.

Previous studies have assessed various methods to alleviate PIP, including changing the
injection speed, warming up propofol, choosing a large vein and the addition of some
drugs [5-13]. At present, lidocaine is the most common drug used to relieve PIP. However,
even if pretreatment with lidocaine or lidocaine mixed with propofol were given, the
overall incidence of PIP and high-intensity PIP were still as high as 30.2% and 11.8%,
respectively [4]. Regardless, this study proposes to demonstrate the potential of dezocine
for attenuating PIP and improvement of patient satisfaction with induction of anesthesia.
Dezocine is widely used as perioperative analgesic drug in China. It is a mixed agonist-
antagonist opioid, a full agonist of k-receptors and a partial agonist of u-receptors [14,
15]. The analgesic effect of dezocine originates mainly from its binding to k-receptors. The
aim of this study was to investigate the effects of different doses of dezocine on

prevention of PIP compared with lidocaine.

Methods

Ethics

This prospective randomized, double-blind trial was approved by Fudan University,
Shanghai, Cancer Center Institutional Human Ethics Committee (Protocol number:
1703170-14) on April 5th, 2017. The trial was registered in the Chinese Clinical Trial
Registry (ChiCTR.org ID: ChiCTR-IPR-17011234).

Study protocol

After providing written informed consent, 235 patients were included in the trial. The

sample size was based on previously-published studies [4, 16]. The incidence rates of PIP



in the control group, lidocaine pretreatment group and dezocine pretreatment group in
these studies were 64%, 30% and 28%, respectively. The incidence of PIP in the lidocaine
pretreatment group was closer to the control group. 42 patients per group would be
required to provide the study with 90% power with a significance level of 5% (B = 0.9 and
o = 0.05). Assuming a dropout rate of 10%, 47 patients were enrolled in each group.
Patients were American Society of Anesthesiologists physical status I-1l, aged 18-80 years
and scheduled for elective surgery induced through the dorsal hand vein or antecubital
vein. Exclusion criteria included a history of hepatic or renal insufficiency, severe
neurological or cardiovascular disease, psychological disease or cognitive disorder,
obesity or difficult airway, peripheral phlebitis, drug abuse or opioid therapy for chronic
pain, allergy to dezocine, lidocaine and other drugs, pregnancy and difficulty in
communicating well.

Patients were randomly assigned into five groups using computer-generated codes. Group
| received saline 2 ml; Group Il received lidocaine 20 mg; Group Ill received lidocaine 40
mg; Group IV received dezocine 2 mg and Group V received dezocine 4 mg. The doses of
lidocaine were chosen according to previous studies [16, 17]. The medication given to
patients in Groups II-V was diluted to 2 ml with saline. The study was performed by three
blinded investigators. The first investigator prepared each test medication. The second
investigator, who was blind to the type of test medication, performed induction of general
anesthesia. The third investigator, who was also blind to the type of test medication,
evaluated pain score and recorded relevant information.

Before entering the operating room, a 20-gauge cannula was placed into each patient’s
dorsal hand vein or antecubital vein. Upon arrival, each patient received routine
monitoring including non-invasive arterial pressure, electrocardiography and pulse

oximetry. Patients were then given medication or placebo, and 20 seconds later were



given the propofol infusion (target-controlled infusion plasma concentration: 3-4 ug/ml).
Patients were asked to grade pain in the hand or forearm according to a four-point scale
(none, mild, moderate, severe) during propofol infusion until anesthesia. The infusion time
was divided into two periods: early period (from 0 to 10th second) and late period (from
11th second to anesthesia). Just after anesthesia was induced, sufentanil and muscle
relaxant were administered and anesthesia proceeded as normal.

Statistical analysis

All statistical analyses were performed with SPSS v 18.0 software package, and forest
plots were generated with Stata v 14.0. Continuous variables were described as mean =
SD (standard deviation), and count variables were described as frequency and percentage.

A T test, ANOVA or non-parametric test was used to compare continuous variables, while

count variables were compared using a X2 or Fisher exact test. Odds ratios (ORs) were
used to compare the incidence of PIP among different groups and were adjusted, while
baseline information was not balanced. All tests were two-sided and 0.05 was set as the P

value for significance.

Results

Of the 245 enrolled patients, ten were excluded from the study due to failure to insert into
the patients’ dorsal hand vein or antecubital vein or difficulty in communicating well with
investigators. Therefore, 47 patients in each group were included and subjected to further
statistical analysis (Fig. 1).

No significant differences were observed between groups in terms of sex, height, weight,
BMI (body mass index) and IV (intravenous injection) placement. However, there was a
significant difference in age between the five groups (Table 1).

The effects of dezocine on prevention of total propofol injection pain



The incidence of total PIP (early period and late period) was 74.5% in Group I, 66.0% in
Group Il, 53.2% in Group Ill, 38.3% in Group IV and 25.5% in Group V. Two patients in
Group | and one patient in Group Il experienced severe pain. No severe PIP was observed
in the other three groups (Table 2). Groups Ill, IV and V showed significantly lower
incidence of total PIP than Group I. Group IV showed significantly lower incidence of total
PIP than Group Il. Group V showed significantly lower incidence of total PIP than Groups Il
and Il (Fig. 2).

The effects of dezocine on prevention of early propofol injection pain

Groups llI, IV and V showed significantly lower incidence of early PIP than Groups | and Il
(Table 3, Fig. 3).

The effects of dezocine on prevention of late propofol injection pain

Groups IV and V showed significantly lower incidence of late PIP than Group I. Groups IV
and V showed significantly lower incidence of late PIP than Groups Il and Ill, respectively
(Table 4, Fig. 4).

Discussion

Propofol can irritate nociceptive receptors or free nerve endings in the peripheral veins,
causing pain or discomfort. The direct irritation of the intima by propofol can stimulate the
production of bradykinin [18]. Bradykinin is a potent inflammatory factor which can cause
vasodilation and hyperpermeability of veins, which in turn increases exposure of the free
nerve endings to propofol. PIP lasts for the duration of propofol infusion: one previous
paper stated that pain during the early stage was due to direct stimulation of propofol in
the veins, while the later pain was due to local generation of bradykinin [19].

Lidocaine is not only commonly used to alleviate PIP, but is also used as a comparator
when studying a new drug to relieve PIP [2, 5, 9, 11, 16, 19]. Therefore, we also chose

lidocaine as a comparison to study dezocine and chose the doses of lidocaine according to



previous studies. In this study we found that just 40 mg lidocaine could significantly
reduce the incidence of total PIP and early PIP, suggesting that its mode of action is
blocking the peripheral nerve pathway to produce short-acting local anesthesia. Therefore,
lidocaine showed no significant effect on late PIP. Moreover, 10 patients experienced
moderate PIP and one patient experienced severe PIP, even when pretreated with
lidocaine. Our results also showed that the effect of 40 mg lidocaine on early PIP was
statistically better than that of 20 mg lidocaine; therefore, we suppose that larger doses
of lidocaine will be more effective to reduce PIP and we will do further study with larger
doses of lidocaine in the future.

In our previous pilot study, pretreatment with 1 mg dezocine did not significantly reduce
PIP. Therefore, we investigated PIP at larger doses of dezocine in the present study. Our
results demonstrated that 2 mg and 4 mg dezocine could significantly reduce the
incidence of PIP in both early and late periods and there was no significant difference
between the effect of 2 mg and 4 mg dezocine on PIP. No patient experienced severe PIP.
This finding is similar to a previous study, which also found that 2 mg dezocine could
reduce PIP [16]. However, our study differed in that we studied dezocine at two different
doses and propofol infusion at two different time periods. It is useful for us to investigate
the mechanisms of how dezocine and lidocaine prevent PIP.

Other previous studies reported that other opioids (remifentanil, alfentanil, fentanil,
pethidine) could also alleviate PIP [2, 11, 20, 21], but the precise mechanisms of how
opioids prevent PIP remain unclear. One previous study [22] found no evidence that opioid
(alfentanil) application with a tourniquet could relieve pain, suggesting that the effects of
opioids on prevention of PIP may be via central, but not peripheral, opioid receptors.
However, other studies showed that administration of other opioids (remifentanil,

alfentanil) without a tourniquet could alleviate PIP [9, 20, 21]. Dezocine injection was



performed without a tourniquet in our study, and we assumed that its effect on PIP was
more likely to be mediated via central opioid receptors.

As shown in Fig. 3, either 2 mg or 4 mg dezocine could eliminate early PIP significantly
more effectively than 20 mg lidocaine. We also found that 2 mg or 4 mg dezocine could
alleviate late PIP significantly more effectively than 20 mg or 40 mg lidocaine,
respectively. In terms of total PIP, the relieving effect of 4 mg dezocine was better than 20
mg or 40 mg lidocaine, respectively. Our study also showed that the incidence of total PIP
was 25.5% in the 4 mg dezocine group, compared to 53.2% in the 40 mg lidocaine group.
Although dezocine could not completely eliminate PIP, its effect on prevention of PIP
appeared to be better than that of lidocaine. It is well worth mentioning that not everyone
is fit to receive lidocaine for prevention of PIP due to local anesthetic allergy or
arrhythmia; in this population, dezocine may be an effective agent in managing PIP.

Other effective non-pharmacological approaches, or combinations of pharmacological
approaches, have been recommended to relieve PIP including warming propofol, venous
occlusion with a tourniquet, applying microfiltration and changing the lipid composition [3,
12,17, 23, 24]. However, no method could eliminate PIP completely and most of these
methods were not routinely available in clinical practice, except venous occlusion with a
tourniquet.

There are some potential limitations in our study. First, although our results showed that 2
mg or 4 mg dezocine could reduce the incidence of PIP, it could not completely eliminate
PIP. Future studies could investigate larger doses of dezocine; however, we should also
consider the side effects of dezocine with increasing dose. We did not collect information
about the effects of dezocine on analgesia and its side effects post-operation. Second,
there was a significant difference in age among the five groups, although patients were

randomly assigned using computer-generated codes. Therefore, ORs were used to



compare the incidence of PIP among the different groups and were adjusted while baseline
information was not balanced. Third, we chose just 20 or 40 mg lidocaine as a comparison;
future studies need to consider larger doses of lidocaine. Fourth, there was a lack of
correction when we made multiple comparisons. Because this was an exploratory study,

we will do further study with larger samples of patients for validation in the future.

Conclusions
Although the precise mechanisms of how dezocine prevents PIP are not yet clear, our
study has shown that it is a potentially effective agent to alleviate PIP, and it appears to

some extent to be more effective than lidocaine.
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Tables

Table 1. Demographic data

Group | Group Il Group lll (n = Group IV Group V

(n=47) (n=47) 47) (n=47) (n=47) P
Age (years) 44.6 = 14.7 51.5+12.6 49.6 = 10.5 45,7 £ 11.9 45,2 £ 13.7 0.0
Sex (M %) 25.5 31.9 25.5 27.7 25.5 0.9
Height (cm) 162 + 7 162 £ 6 163 + 7 163 + 7 164 + 8 0.7
Weight (kg) 60.8 = 11.8 61.6 = 9.6 60.7 = 11.3 60.4 +9.4 61.8 = 10.7 0.9
BMI (kg/m?) 23.1 +3.3 23.5+ 3.1 22.8 + 3.0 22.8 £ 2.7 23.1 + 3.2 0.8
IV placement
Dorsal hand vein (n, %) 29 (61.7%) 28 (59.6%) 30 (63.8%) 27 (57.5%) 32 (68.1%
Antecubital vein (n, %) 18 (38.3%) 19 (40.4%) 17 (36.2%) 20 (42.5%) 15 (31.9%

Values are described as mean = SD (standard deviation) or percentage (%) of patients.
No significant differences were observed between groups in sex, height, weight, BMI (body
mass index) and IV (intravenous injection) placement. Significant difference in age was

observed between groups.

Table 2 Total propofol injection pain and its severity in the five groups

Group None Pain Mild Moderate Severe
(n, %) (n, %)
I (n=47) 12 (25.5%) 35 (74.5%) 24 2
Il (n=47) 16 (34.0%) 31 (66.0%) 25 1
I (n = 47) 22 (46.8%) 25 (53.2%) 20 0
IV (n = 47) 29 (61.7%) 18 (38.3%) 18 0
V (n =47) 35 (74.5%) 12 (25.5%) 12 0

Data are described as frequency and percentage (%) of patients. The severity of pain was

13



graded as: none, mild, moderate or severe.

Table 3 Early propofol injection pain and its severity in the five groups

Group None Pain Mild Moderate Severe
(n, %) (n, %)
I (n=47) 13 27.7%) 34 (72.3%) 23 9 2
Il (n=47) 22 (46.8%) 25 (53.2%) 21 3 1
Il (n=47) 32 (68.1%) 15 (31.9%) 14 1 0
IV (n =47) 33 (70.2%) 14 (29.8%) 14 0 0
V (n =47) 37 (78.7%) 10 (21.3%) 10 0 0

Data are described as frequency and percentage (%) of patients. The severity of pain was

graded as: none, mild, moderate or severe.

Table 4 Late propofol injection pain and its severity in the five groups

Group None Pain Mild Moderate Severe
(n, %) (n, %)
I (n =47 15 (31.9%) 32 (68.1%) 22 8 2
Il (n=47) 21 (44.7%) 26 (55.3%) 21 4 1
I (n=47) 22 (46.8%) 25 (53.2%) 20 5 0
IV (n=47) 34 (72.3%) 13 (27.7%) 13 0 0
V (n=47) 39 (83.0%) 8 (17.0%) 8 0 0

Data are described as frequency and percentage (%) of patients. The severity of pain was

as graded: none, mild, moderate or severe.

Figures
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Figure 1

Flow diagram of subjects inclusion and exclusion.
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Group Il (Lidocaine 20mg) vs. Group | (Saline)

Group Il (Lidocaine 40mg) vs. Group | (Saline)

Group Il (Lidocaine 40mg) vs. Group |l (Lidocaine 20mg)
Group IV (Dezocine 2mg) vs. Group | (Saline)

Group V (Dezocine 4mg) vs. Group | (Saline)

Group V (Dezocine 4mg) vs. Group |V (Dezocine 2mg)
Group IV (Dezocine 2mg) vs. Group Il (Lidocaine 20mg)
Group IV (Dezocine 2mg) vs. Group 1l (Lidocaine 40mg)
Group V (Dezocine 4mg) vs. Group |l (Lidocaine 20mg)

Group V (Dezocine 4mg) vs. Group |11 (Lidocaine 40mg)

————
[ —

—_—
.
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S

OR (85% CI)

0.81(0.32, 2.04)
0.39(0.16, 0.93)
0.59 (0.26, 1.34)
0.21(0.09, 0.51)
0.12 (0.05, 0.30)
0.55(0.23, 1.34)
0.32(0.13,0.77)
0.53(0.23, 1.22)
0.15 (0.0, 0.39)

0.30(0.13,0.72)

Comparison of total propofol injection pain among the five groups.

-
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Figure 2

confidence interval, OR = odds ratio.
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Group Il (Lidocaine 20mg) vs. Group | (Saline)
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Group IV (Dezocine 2mg) vs. Group | (Saline)

Group V (Dezocine 4mg) vs. Group | (Saline)

Group V (Dezocine 4mg) vs. Group |V (Dezocine 2mg)
Group IV (Dezocine 2mg) vs. Group Il (Lidocaine 20mg)
Group IV (Dezocine 2mg) vs. Group 1l (Lidocaine 40mg)
Group V (Dezocine 4mg) vs. Group |l (Lidocaine 20mg)

Group V (Dezocine 4mg) vs. Group |11 (Lidocaine 40mg)
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OR (95% CI)

0.54 (0.22, 1.33)
0.18 (0.07, 0.43)
0.41(0.18, 0.95)
0.16 (0.07, 0.40)
0.10 (0.04, 0.26)
0.64 (0.25, 1.63)
0.33(0.13, 0.80)
0.88 (0.36, 2.16)
0.20 (0.07, 0.51)

0.58 (0.23, 1.45)

Comparison of early propofol injection pain among the five groups.

-
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Figure 3

confidence interval, OR = odds ratio.
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Study

ID OR (95% CI)
Group Il (Lidocaine 20mg) vs. Group | (Saline) —_— 0.70(0.29, 1.70)
Group Il (Lidocaine 40mg) vs. Group | (Saline) —_— 0.63(0.23, 1.24)
Group Il (Lidocaine 40mg) vs. Group |l (Lidocaine 20mg) —_— 0.91(0.41, 2.04)
Group IV (Dezocine 2mg) vs. Group | (Saline) _— 0.18 (0.07, 0.43)
Group V (Dezocine 4mg) vs. Group | (Saline) —_— 0.10(0.04, 0.26)
Group V (Dezocine 4mg) vs. Group |V (Dezocine 2mg) —_—l 0.54 (0.20, 1.46)
Group IV (Dezocine 2mg) vs. Group Il (Lidocaine 20mg) —— 0.29(0.12,0.71)
Group IV (Dezocine 2mg) vs. Group 1l (Lidocaine 40mg) —_— 0.31(0.12, 0.76)
Group V (Dezocine 4mg) vs. Group |l (Lidocaine 20mg) ~————— 0.15(0.06, 0.41)
Group V (Dezocine 4mg) vs. Group Il (Lidocaine 40mg) —_———— 0.18(0.07, 0.46)
T T
.03 1 2
Figure 4

Comparison of late propofol injection pain among the five groups. Cl = confidence

interval, OR = odds ratio.
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