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Background: Propofol injection pain, despite various interventions, still occurs during the anesthesia induction and causes intense discomfort and anxiety in patients. This study aimed to explore the effect of intravenous dexmedetomidine on propofol injection pain prior to anesthesia induction with propofol at 4°C.

Methods: A total of 251 patients (American Society of Anesthesiologists I–II) who underwent oral and maxillofacial surgery were randomly assigned to a combination group (n = 63), lidocaine group (n = 62), dexmedetomidine group (n = 63), and placebo-control group (n = 63); they received 0.5 ug/kg dexmedetomidine prior to anesthesia induction with propofol at 4°C, 40 mg lidocaine, 0.5 ug/kg dexmedetomidine prior to anesthesia induction, and normal saline, respectively. Incidence of pain, pain intensity, and reaction to the pain stimulus were evaluated by using verbal categorial scoring (VCS), a numerical rating scale (NRS), and the Surgical Pleth Index (SPI), respectively. In addition, hemodynamic parameters such as heart rate (HR) and mean arterial pressure (MAP) were also measured. The VCS and NRS were evaluated at 5 s after propofol injection. In addition, SPI, HR, and MAP were evaluated at three time points (before anesthesia induction and 5 and 30 s after propofol injection).

Results: The incidence of pain in the combination group (51%) was significantly lower than that in the lidocaine group (71%), dexmedetomidine group (67%), or placebo-control group (94%) (p < 0.001). VCS and NRS scores in the combination group were also lower compared with the other three groups (p < 0.001), with no statistically significant differences between the lidocaine group and dexmedetomidine group (p > 0.05). The SPI of the combination group decreased significantly in comparison with the other three groups at 5 s after propofol injection (F = 96.23, p < 0.001) and 30 s after propofol injection (F = 4.46, p = 0.005). Further comparisons between HR and MAP revealed no significant differences across the groups (p > 0.05).

Conclusion: Because of the sedative nature of dexmedetomidine and analgesic effect of low temperature, this study showed that intravenous dexmedetomidine prior to anesthesia induction with propofol at 4°C is highly effective in attenuating the incidence and severity of pain during injection compared with lidocaine (40 mg), dexmedetomidine 0.5 ug/kg) and placebo. This approach was not associated with any anesthesia complications.

Clinical Trial Registration: ClinicalTrials.gov, identifier: ChiCTR-2000034663
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INTRODUCTION

Propofol, a common intravenous anesthetic, is extensively used in induction, sedation, and maintenance of general anesthesia because of its rapid onset and quick patient recovery (1, 2). However, pain with its injection has been identified as a troubling experience for patients. About 28–90% of patients receiving propofol injection via the dorsal hand vein suffer different levels of pain intensity (3, 4). In addition, many anesthesiologists rank the pain experienced during propofol injection pain as the seventh-worst outcome among 33 known anesthesia outcomes, based on clinical importance and frequency (5). Injection pain may influence the quality of anesthesia in patients and cause an unpleasant experience (4, 6, 7).

Several factors account for propofol injection pain. For instance, increasing evidence has demonstrated that the lipid solvent irritates the vein intima and activates a local kallikrein-kinin cascade by releasing bradykinin and inflammatory factors (8, 9), and injection pain has been shown to occur when peripheral nerve endings are directly exposed to propofol (4). Moreover, investigations of clinical factors have revealed that female patients of younger age, with a peripheral vein site (especially the dorsum of hand), are highly sensitive to injection pain (10). Current recommendations suggest propofol injection in an antecubital vein for reducing propofol injection pain; however, this is not always practical in clinical situations.

Multiple strategies such as pharmacological and non-pharmacological therapy have proved to be efficacious in attenuating injection pain. In addition, drugs including lidocaine, ketamine, magnesium sulfate, and triglycerides are commonly used as pain relievers during propofol injection (4, 5, 11, 12). In a systematic review, it was concluded that lidocaine pretreatment effectively lowered the incidence of propofol injection pain (13). It is widely acknowledged that lidocaine is an acceptable anesthetic that prevents injection pain. Nevertheless, its adverse cardiovascular and hemodynamic effects and swelling at its injection site need to be further studied (14, 15). Recent reports have shown that dexmedetomidine (Dex-) is as highly effective in attenuating propofol-induced pain as lidocaine (6, 16). On the other hand, Dex- is a highly selective alpha-2 adrenoceptor agonist and exhibits analgesic, sedative, and sympatholytic properties that regulate the incidence and intensity of propofol injection pain. Non-pharmacological interventions such as the selection of larger veins (e.g., antecubital vein), adjusting injection speed, and controlling propofol dose (7, 17) are rarely in use for unknown reasons. Previous studies illustrated that temperature of propofol affected the intensity of injection pain and indicated that heating and cooling of propofol could lower pain intensity (18–20). Of note, propofol is generally kept at 25°C, and when warmed up to room temperature or 37°C, its chemical structure or efficiency may be altered. As a result, propofol at 4°C is more likely to be effective in reducing the intensity of pain.

Compared to lidocaine used alone, combination therapy is recommended in clinical situations (3). Therefore, the purpose of our study was to explore the effect of intravenous Dex- prior to anesthesia induction with propofol at 4°C in attenuating propofol injection pain compared with lidocaine applied independently.



MATERIALS AND METHODS


Study Design and Ethical Aspects

This study was designed as a double-blinded, randomized, and placebo-controlled clinical trial and all patients underwent oral and maxillofacial surgery at the Affiliated Stomatological Hospital of Sun Yat-sen University. The objectives and procedures of this study and adverse effects were explained completely, and all patients signed the written informed consent after a preoperative interview with an anesthetist. This clinical trial was conducted in accordance with the Declaration of Helsinki and obtained approval by the Ethics and Research Committee of the Affiliated Stomatological Hospital of Sun Yat-sen University, Guangzhou, China [Number (2018)3-105]. This trial was registered at the Chinese clinical trial registry (http://www.chictr.org.cn. Number ChiCTR-2000034663).



Study Participants

All patients were scheduled for elective surgery under general anesthesia between September 2018 and July 2019. The main exclusion criteria were as follows: patients aged <18 years, status of ASA > II, history of any drug allergies or use of analgesic medication within 24 h before surgery, any organ dysfunction, and neurological disease and mental disorders. A total of 278 patients were initially enrolled in this study; however, 16 patients were excluded after they declined to participate or surgery was canceled, 5 patients were also excluded as a result of the withdraw of surgery schedule, and 6 patients did not meet the inclusion criteria. Eventually, 251 patients aged between 18 and 56 years with the American Society of Anesthesiologists physical status I–II (ASA I–II) were eventually enrolled in the four groups through random allocation (Figure 1).
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FIGURE 1. CONSORT flow diagram of the study.




Randomization and Blinding

Using a computer-generated randomization table, patients were randomly assigned into “Dex- (0.5 ug/kg) plus propofol at 4°C group (combination group),” “lidocaine group (40 mg),” “Dex- (0.5 ug/kg),” and “placebo-control group” according to a 1:1:1 ratio. A random allocation sequence of 251 consecutive and numbered envelopes, representing different group assignments, were directly delivered to an anesthetic nurse. Throughout the period of study and data collection, the principal investigator and participants remained unaware of each group assignment, while two anesthetic nurses and anesthetists were also blinded to participants' group assignment. the group assignments were announced only after finishing data analysis.



The Study Protocol and Data Collection

Demographic data including age, gender, American Society of Anesthesiologists (ASA) physical status, weight, and height were recorded for all patients in the 30 min before they entered the operating room. After entering the operating room, patients received standard monitoring of the electrocardiograph, non-invasive blood pressure, and pulse oximetry. Hemodynamic indexes, including mean arterial pressure (MAP) and heart rate (HR), were recorded when patients remained silent. After that, an 18G cannula was inserted into a large vein on the dorsum of the non-dominant hand 20 min before anesthesia induction, and an infusion of lactated Ringer′s solution (5 ml/kg/h) was applied to maintain its patency.

Prior to anesthesia induction, Dex- (200 ug/2 ml, Hengrui Medicine, Jiangsu, China) was dissolved in a 50-ml syringe and the combination group was injected of 0.5 ug/kg DEX- for about 5 min, 40 mg lidocaine was dissolved in a 10-ml syringe and gently injected in 3 min in the lidocaine group, and patients in the placebo-control group were informed of being injected with an analgesic and received an equivalent volume of normal saline. Injections of Dex-, lidocaine, and normal saline were all undertaken via a three-way connector. Then, 6 L/min of pre-oxygenation was administered to patients with a mask, after which the principal anesthetist informed the anesthetic nurse to start anesthesia induction. During anesthesia induction, the combination group received propofol refrigerated at 4°C, and another three groups received propofol at room temperature. Because propofol injection (0.5 mg/kg) is a targeted dose, it should be injected within 30 s. However, it is worth noting that injection of 4°C propofol must be close to the puncture point of the intravenous infusion to avoid increasing its temperature. Therefore, another three-way connector close to the intravenous site was used to inject 4°C propofol.

In this experiment, primary outcomes included data collection on the pain scale of VCS, NRS, and SPI, and MAP and HR were recorded as secondary outcomes. Two anesthetic nurses assessed the intensity of propofol injection pain in about 5–10 s by using VCS and NRS. VCS is a 4-point pain scale: 0–no pain, 1–mild pain with no behavioral sign, 2–moderate pain accompanied by a behavioral sign, and 3–severe pain with a strong vocal response accompanied by facial grimacing, arm withdrawal, or crying (7). Patients were instructed to report any discomfort through an 11-point NRS which ranges from 0 (no pain) to 10 (worst pain) (15). The arms of all patients were covered with a cloth to blind the two nurses to the group assignment. Moreover, a measure of the SPI was taken via an anesthesia monitor that recorded the patient's response to stressful surgical stimuli or pain during general anesthesia. MAP, HR, and SPI were separately recorded at three time points: before propofol injection, 5 s after propofol injection, and 30 s after propofol injection. After the targeted 0.5 mg/kg of propofol was finished, the remaining induction of propofol (1.5 mg/kg) at room temperature was administered immediately, accompanied by a complete injection of cis-atracurium (0.2 mg/kg) and remifentanil (1 ug/kg). After patients' eyelash reflexes began to disappear, a mixture of 100% oxygen and air combined with sevoflurane was delivered to the patient via a face mask. In the meantime, an anesthesiologist checked any anesthesia-induced complications after tracheal intubation. The dose of propofol for anesthesia induction, duration of surgery, and recovery time were recorded for the four groups.



Sample Size

Based on findings from a previous study in which 64% of patients experienced propofol injection pain (13), it was hypothesized that pre-administration of Dex- plus 4°C propofol would cause a 40% reduction in the injection pain. In our study, to provide the two-sided test at an α level of 0.05 and a power of 80%, we used a minimum sample size of 54 patients per group to detect a significant difference, considering a 15% dropout rate. We finally enrolled 63 patients in the combination group (0.5 ug/kg Dex- + 4°C propofol), 62 patients in the lidocaine group, 63 patients in the Dex- group and 63 patients in the placebo-control group (normal saline).



Statistical Analyses

All data were analyzed using SPSS 20.0 for Windows (SPSS, Inc, Chicago, IL, USA). Demographic and clinical characteristics were expressed as means ± standard deviation (continuous variables) or frequency (categorical variables) and analyzed by the χ2-test and one-way ANOVA test across the groups. Because the VCS scores were not normally distributed, we used the Kruskal-Wallis test to compare VCS, whereas the Mann-Whitney U-test was used for multiple comparisons between different groups. Comparisons of the incidence of pain between groups were determined by the χ2-test or Fisher's exact test. Repeated measures ANOVA was used to compare hemodynamic parameters (HR, MAP) between different groups and the three time points. A comparison of the two groups was made by Bonferroni correction where necessary. A p < 0.05 was considered statistically significant.




RESULTS


Demographic Characteristics

Demographic characteristics and clinical baseline data are summarized in Table 1. No significant differences were found between the four groups regarding age, gender, status of ASA, height, weight, HR, MAP, SPI, recovery time, and dose of propofol for anesthesia induction (p > 0.05).


Table 1. Baseline characteristics of included patients (n = 251).
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Comparisons Between Groups in the Incidence and Severity of Propofol Injection Pain

The total incidence of propofol injection pain in the combination group (51%) was significantly lower than in the lidocaine group (71%), Dex- group (67%), or control group (94%) (p < 0.001) (Table 2). According to the different levels of severity of pain among the four groups, the incidence of patients with no pain in the combination group (49%) was the highest compared with the placebo-control group (6%), the lidocaine group (29%), and Dex- group (33%) (p < 0.001). Additionally, no significant differences in mild pain were found among the groups. However, the incidence of moderate pain in the placebo-control group (40%) was significantly higher compared to the other three groups (p < 0.001). Further, severe injection pain occurred in only three patients in the placebo-control group.


Table 2. Incidence and severity of propofol injection pain (n = 251).
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Comparisons Between Groups in the Scores of Pain VCS, Pain NRS, and SPI

By comparing the pain scores of VCS, NRS, and SPI between groups (Table 3), we found significant differences in VCS scores (H = 44.90, p < 0.001), Also, the NRS scores had statistically significant differences among the four groups (F = 34.71, p < 0.001). Meanwhile, it was obvious that scores of VCS and NRS in the combination group were also lower compared with the other three groups (p < 0.05). In other words, the combination group was superior to the other three groups with respect to pain reduction. Through ANOVA, SPI showed a significant difference among groups in 5 s after propofol injection (F = 96.23, p < 0.001) and 30 s after propofol injection (F = 4.46, p = 0.005). Primary outcomes in the combination group were significantly different from those in the other three groups, whereas the lidocaine group and Dex- group showed a significant difference compared with the placebo-control group.


Table 3. Comparisons of pain scores (VCS/NRS) and surgical pleth index between groups (n = 251).

[image: Table 3]



Comparisons Between Groups in the HR and MAP

Comparisons of the hemodynamic parameters (HR, MAP) among the four groups are presented in Table 4. Repeated-measures ANOVA for hemodynamic parameters revealed a significant difference at different time points (HR, F = 186.28, p < 0.001), (MAP, F = 182.23, p < 0.001). Further, comparisons between HR and MAP showed no significant difference among the four groups (HR, F = 1.24, p = 0.27), (MAP, F = 1.05, p = 0.31), and interaction by times and groups was also showed no significant difference (HR, F = 0.83, p = 0.37), (MAP, F = 0.69, p = 0.41).


Table 4. Comparisons of Hemodynamic parameters between groups (n = 251).
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DISCUSSION

We designed a randomized, double-blind study to explore the efficacy of 0.5 ug/kg Dex- given prior to anesthesia induction with propofol at 4°C to attenuate injection pain in patients under general anesthesia. According to the findings, it was evident that 0.5 ug/kg Dex- pre-administration plus 4°C propofol had a favorable effect in alleviating propofol injection pain compared to lidocaine (40 mg) and Dex-(0.5 ug/kg). In addition, the difference between HR and MAP was not statistically significant among the four groups, and no anesthesia-induced complications such as anaphylaxis, hypotension, and bradycardia occurred during surgery.

Prevention of propofol injection pain deserves more attention, especially because of the discomfort experienced during anesthesia induction, and the mechanism of propofol injection pain should be elucidated. It is well-recognized that propofol is an excellent anesthetic that has a phenol group, and resultant pain can occur immediately or be delayed after propofol injection. However, propofol can directly irritate the afferent nerve endings within the mucous membranes and venous intima and cause immediate pain. Additionally, delayed pain arises when the kallikrein-kinin systems are activated by propofol molecules, generating bradykinin and inducing local vasodilation and hyperpermeability (6). Consequently, the contact between the aqueous phase of propofol and free nerve endings of vessel walls is increased (21). Nevertheless, a previous study revealed that the generation of bradykinin via activation of the plasma kallikrein-kinin system is completely not associated with propofol injection pain (22). It is worth noting that immediate pain caused by direct contact between propofol molecules and peripheral nerve endings is predominantly linked to propofol injection pain. As a result, we evaluated pain intensity in 5 s after injection of propofol by using VCS and NRS scales. Because propofol injection pain occurs rapidly once propofol injection starts, premedication for injection pain prior to anesthesia induction is a common approach in clinical practice.

Because of its local anesthetic effects on the venous intima by inhibiting sodium-specific ion channels and stabilizing the kinin cascade (23), lidocaine pretreatment is widely used to produce a relative reduction in propofol injection pain. To achieve continuous effects with the use of lidocaine in reducing propofol injection pain, a tourniquet applied to the forearm is necessary to maintain its local analgesic effect by venous occlusion. However, the application time of the tourniquet should last about 30–60 s to exert a maximal effect, which unfortunately causes tourniquet-induced pain or discomfort, and the failure rate of lidocaine in pain relief ranged from 13 to 40% (18). In our study, we used a dose of 40 mg in the lidocaine group as previously recommended in a meta-analysis by Picard and Tramer (24). Given the discomfort caused by a tourniquet, lidocaine was slowly injected without a tourniquet in this trial. Nevertheless, a recent study used a mixture of lidocaine and propofol to pretreat injection pain, and it did not alleviate the propofol injection pain (25). In our study, the incidence of injection pain was reduced from 94% (control group) to 71% (40 mg lidocaine group), which suggested lidocaine pre-administration prior to anesthesia is effective in pain relief. However, the incidence of injection pain in the lidocaine group was still high, even though most patients experienced mild pain intensity.

Dex- may have a great impact on pain relief because of its significant sedative action. Dex-, as a highly potent alpha-2 adrenoreceptor agonist, has been proved to exert significant analgesic effects by raising the pain threshold and is also widely used in the sedation of critical patients on the basis of its sedative and anti-anxiety properties. The analgesic effect of Dex- could be achieved with a high dose of 1 ug/kg over 10 min (26); however, to avoid anesthetic complications, our study used just 0.5 ug/kg of Dex- pre-anesthesia, and its effect on pain relief possibly originates from its sedation property. Current evidence suggests that Dex- acts by inhibiting the release of substance P from the dorsal horn of the spinal cord and the spinal ERK1/2 signaling pathway (27–29). A study by Park et al. demonstrated that Dex- exerted a dose-dependent analgesic effect in rat models. Elsewhere, it was revealed that a high dose of Dex- in patients resulted in rapid pain relief (30, 31). Based on a previous report, a common dose of Dex- used in premedication of propofol injection pain was 0.25, 0.5, or 1 ug/kg; however, 0.25 ug/kg of Dex- did not effectively alleviate propofol injection pain (32). A recent study showed that the safety properties of Dex- at doses of 0.5 or 1 ug/kg could stabilize hemodynamics (33). Upon consultation with the anesthetist, we considered a 0.5 ug/kg dose of Dex- to be the most appropriate. Our study also indicated that there was no statistically significant difference between Dex- and lidocaine in reducing propofol injection pain, and were similar to prior finding (6). Hence, the intravenous administration of Dex- appeared to be effective in pain relief as lidocaine.

Furthermore, low-temperature propofol generated contradictory outcomes in reducing injection pain. However, previous studies showed that using cold propofol in pain relief is an effective method because of decreased speed of the kinin cascade and the stabilization of local pain mediators (20, 34). On the contrary, findings from other studies have revealed that cold propofol had no impact on pain reduction (35), although pre-administration of 4°C propofol was recently shown to potentially lower the incidence of propofol injection pain from 70 to 30%. However, a systematic review demonstrated that 4°C propofol was not effective in reducing injection pain (RR = 0.82, 95% CI:0.64–1.04) (18). Therefore, a single use of 4°C propofol may not result in a remarkable analgesic effect. Therefore, we considered the analgesic effect of combining 0.5 ug/kg Dex- prior to the induction with propofol at 4°C. Notably, results showed that the incidence of injection pain was reduced from 94% (control group) to 51% (combination group), which explained the potential cumulative analgesic effect of 0.5 ug/kg Dex- in combination with propofol at 4°C.

There are some limitations to our study. First, we did not use a high dose of Dex-, such as 0.75 or 1 ug/kg, so it is not clear whether the effects of a high dose of dexmedetomidine could significantly reduce pain. Second, patients were not followed up for potential adverse effects after discharge of operation room. Finally, because patients in the lidocaine group did not use a tourniquet for venous occlusion, the contact between lidocaine and venous intima was not efficient. This explains why pain alleviation in the lidocaine group was inferior to that of the combination group.



CONCLUSION

In summary, considering the sedative nature of Dex- and the analgesic effect of low temperature, this double-blind, randomized, placebo-controlled trial demonstrated that intravenous Dex- prior to anesthesia induction with propofol at 4°C can effectively attenuate propofol injection pain compared with lidocaine (40 mg), Dex- (0.5 ug/kg), and placebo. It is worth noting that no significant adverse events arose during the intervention process.
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