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Background: Due to pain and other stimuli, patients with traumatic brain injury (TBI) after surgery show excited Sympathetic Nervous system, increased intracranial pressure, brain tissue swelling, intracranial hemorrhage, or reduced cerebral perfusion pressure, seriously threatening the life and prognosis of patients. The effect of dezocine on postoperative analgesia after TBI remains largely undetermined.
Objective: In the present study, we aimed to investigate the efficacy and safety of dezocine in postoperative sedative and analgesic therapy for a craniocerebral injury.
Methods: The patients were randomly divided into two groups (n = 40) as follows: dezocine group (Group A) and control group (Group B). Electrocardiography (ECG), heart rate (HR), blood pressure, and oxygen saturation (SpO2) were routinely monitored after postoperative return to the ward. Both groups were initially injected with 5 mg·kg−1·h−1 propofol to maintain sedation, and the dose was adjusted according to the patient’s condition. Vital signs of patients were recorded at T1 (the base value when arriving at the ward), T2 (before the sedative agent was used) and T3 (use of dezocine or 0.9% saline solution for 8 h), T4 (use for 1 day), T5 (use for 3 days), T6 (termination of dezocine or 0.9% saline solution for 1 day), and T7 (termination for 3 days), and mean arterial pressure (MAP) and HR values were also recorded. The total amount of propofol, total fluid inflow, blood loss, and urine output were recorded within 24 h. The number of coughs of each patient was recorded within 1 day after entry, and the incidence of adverse events, such as insufficient oxygenation (SaO2 reduced by about 5% from the base value), hypotension, bradycardia, laryngospasm, bronchospasm, and so on, was assessed.
Results: Compared with the control group (group B), the hemodynamics of the dezocine group (group A) was more stable, there were significant differences in MAP and HR (p < 0.05), and the stress response was milder. The total amount of propofol, total fluid inflow, blood loss, and urine volume of the dezocine group were significantly improved compared with the control group (p < 0.05). Moreover, the incidence of adverse events, such as cough, in the dezocine group was significantly reduced compared with the control group (p < 0.05).
Conclusions: Dezocine, as a drug with a strong analgesic effect and obvious sedative effect, was suitable for craniocervical surgery, and it could significantly improve the stability of airway and hemodynamics in TBI patients during anesthesia recovery.
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INTRODUCTION
In the peri-anesthetic period, patients with traumatic brain injury (TBI) will be excited by various stimuli, resulting in increased intracranial pressure, brain tissue swelling, intracranial hemorrhage, or reduced cerebral perfusion pressure, seriously threatening the life and prognosis of patients (Lafrenaye et al., 2012; Wiener et al., 2019). Therefore, it is particularly necessary to reduce adverse stimulation and sympathetic overexcitement, decrease metabolism and oxygen consumption, lessen injurious stimulation, and lower excessive hemodynamic changes caused by stress factors in TBI patients. (Fragen and Caldwell, 1978; Ramirez-Ruiz et al., 1995; Han et al., 2016; Wiener et al., 2019). As an opioid receptor mixed agonist-antagonist with a strong analgesic effect, dezocine has been widely used in various pain treatments (Fragen and Caldwell, 1978; Sun et al., 2012; Liu et al., 2014; Li et al., 2019). Pain after TBI in neurosurgery is a common phenomenon. There have been few reports and related studies on dezocine in neurosurgery (Lafrenaye et al., 2012; Han et al., 2016; Wiener et al., 2019). However, the effect of dezocine on TBI patients has not been well studied. From this study, we observe the effect of dezocine on hemodynamic indexes of TBI patients during anesthesia recovery.
MATERIALS AND METHODS
Thi s study was approved by the Ethics Committee of our hospital, and written informed consent was obtained from all patient guardians.
General Information
Inclusion criteria were set as follows: patients with Glasgow Coma Scale (GCS) of 5–12 points, age of 18–60 years, and body mass of 50–80 kg. The types of craniocerebral injury included brain contusion, skull fracture, intracranial hematoma, subdural hematoma, and epidural hematoma. There was no shock before or during the operation. There was no cerebral hernia. Craniocerebral surgery was required. Patient guardians signed the consent form.
From February 2018 to January 2020, 80 patients with moderate and severe TBI who received emergency treatment from the neurosurgery department in our hospital were selected, and the injury time ranged from 6 to 24 h. There were 44 males and 36 females, and their average age was 37.23 ± 9.56 years, ranging from 18 to 56 years. The above-mentioned patients were randomly and evenly divided into the dezocine group (group A) and control group (group B) using the random number method. There was no statistically significant difference in general data between the two groups (Table 1).
TABLE 1 | Comparison of general condition indexes and operation time between the two groups (n = 40).
[image: Table 1]Anesthesia Methods
Electrocardiography (ECG), heart rate (HR), blood pressure, and oxygen saturation (SpO2) were routinely monitored after the patient returned to the ward. Both groups were initially injected with 5 mg·kg−1·h−1 propofol to maintain the sedation, and the dose was adjusted according to the patient’s condition. Meanwhile, patients in group A received 100 ml 0.9% sodium chloride containing 5 mg dezocine every 12 h. Patients in group B received 100 ml 0.9% sodium chloride every 12 h.
Observation Indicators
Vital signs of patients were recorded at T1 (the base value when arriving at the ward), T2 (before the sedative agent was used) and T3 (use of dezocine or 0.9% saline solution for 8 h), T4 (use for 1 day), T5 (use for 3 days), T6 (termination of dezocine or 0.9% saline solution for 1 day), and T7 (termination for 3 days), and the mean arterial pressure (MAP) and HR values were also recorded. The total amount of propofol, total fluid inflow, blood loss, and urine output were recorded for 24 h. The number of coughs for each patient was recorded within 1 day after entry, and the incidence of adverse events, such as insufficient oxygenation (SaO2 reduced by about 5% from the base value), hypotension, bradycardia, laryngospasm, and bronchospasm, were also recorded.
Statistical Analysis
SPSS 20.0 statistical software was used for analysis. Measurement data were expressed as (‾X ± S), and a Student’s t-test was used for pairwise comparison between groups. Besides, the chi-square test was used for comparison of count data. p < 0.05 was considered statistically significant.
RESULTS
Changes of Hemodynamic Index
After two groups of patients returned to the ward, the indexes of T1, T2, T6, and T7 had no difference, while the MAP of the dezocine group at other time points (T3, T4, and T5) was lower compared with the control group (t = 4.11, 5.42, 5.31, p < 0.05) (Table 2; Figure 1, Figure 2).
TABLE 2 | Comparison of vital signs between the two groups (n = 40).
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[image: Figure 2]FIGURE 2 | Comparison of heart rate (HR) between the two st.
Comparison of the Amount of Propofol Used and the Amount of Liquid in and out Between the Two Groups
The amount of propofol used in the dezocine group was significantly lower compared with the control group (t = 12.58, both p < 0.05). There was no statistically significant difference in blood loss, urine volume, and fluid inflow between the two groups (p > 0.05) (Table 3).
TABLE 3 | Comparison of propofol usage and fluid inflow and outflow between the two groups (N = 40, X ± s).
[image: Table 3]Comparison of Respiratory Events and Other Results Between the Two Groups
One and eight cases of cough were observed in the dezocine group and control group within 1 day after the operation (F = 4.02, p < 0.05), respectively. Moreover, one and three cases in the dezocine group and control group had insufficient oxygenation, respectively, which was improved after oxygen flow was increased or the mask was changed to take oxygen. There were two cases and one case of postoperative hypotension in the dezocine group and control group, respectively, both of which were improved after intravenous fluids or vasopressors were administered. Bradycardia occurred in one case in each group, which was improved by dopamine treatment. There was no laryngospasm or bronchospasm in both groups (Table 4).
TABLE 4 | Comparison of postoperative respiratory events and other results between the two groups (n = 80,%).
[image: Table 4]DISCUSSION
TBI patients should reduce the metabolic level and oxygen consumption as much as possible after surgery to reduce further damage caused by strong stressors. (Sharma and Vavilala, 2012; Zhou et al., 2015). Sedation and analgesia are the main measures to improve postoperative stress response. (Urwin and Menon, 2004; Woldegerima et al., 2016). Currently known sodium thiopental, propofol, midazolam, etomidate, and so on can not prevent and reduce the stress response. However, traditional opioid analgesics, such as morphine and fentanyl, have strong analgesic effects, which can reduce the postoperative stress response. However, they also have adverse reactions, such as respiratory depression, nausea, and vomiting, leading to an increased risk of postoperative complications in TBI patients. If a tranquilizer drug is used, it may put the patient back into a deep sleep, accompanied by residual anesthesia, resulting in an elevated risk of respiratory depression or aspiration.
Dezocine is a new type of compound agonist-antagonist of opioid receptors. As a phenylmorphine derivative, it mainly excites the receptors in the brain, brain stem, and spinal cord, leading to analgesic and mild sedative effects. Meanwhile, it exerts partial excitatory and antagonistic effects on the receptor. Therefore, dezocine does not result in typical receptor dependence but has a strong analgesic effect and obvious sedative effect (Sun et al., 2012). Moreover, it does not induce fidgeting and anxiety, showing fewer clinical adverse reactions. (An et al., 2017). A great deal of evidence supports that κ opioid receptor (KOR) plays a significant role in the development of µ opioid receptor (MOR)–mediated opioid dependence, tolerance, and withdrawal. (Spanagel et al., 1994; Bolanos et al., 1996; Wang et al., 2010). Dezocine in combination with opioid agonists and antagonists exhibits a stronger analgesic effect compared with morphine and codeine alone. One study (de Nadal et al., 2000) has reported that a bolus injection of morphine is associated with a significant increase in ICP and significant decreases in CPP and MAP.
Dezocine has a strong analgesic effect due to its unique pharmacological action, and its side effect is very slight. Therefore, it is an ideal analgesic drug for intravenous use. We showed that compared with the control group, dezocine could reduce the postoperative MAP and HR fluctuation (p < 0.05), effectively reduce the effect of stress factors, and help maintain the stability of the brain environment.
In traditional surgeries, propofol sedation, inhalation anesthesia, or opioid analgesics, is often used alone, which may result in overdose, increase cerebral blood flow, and even affect the recovery of postoperative respiratory function. (Chen et al., 1993). Some experts (Lauer et al., 1997) have reported a significant difference between opioids, showing that fentanyl infusion is associated with significantly lower ICP and CPP compared with an infusion of either morphine or sufentanil. In this study, the use of continuous propofol in combination with the adjuvant infusion of dezocine, as well as the use of analgesics, reduced the dose of propofol and avoided the occurrence of complications, such as respiratory depression, bradycardia, and hypotension (Wu et al., 2019). We further compared the amount of propofol used and the amount of liquid in and out between the two groups. We found that the amount of propofol used in the dezocine group was significantly less compared with the control group.
From the perspective of complications, the use of sedative agents and opioids has been extensively reported in the literature. (Pfeiffer et al., 1986; Suzuki et al., 1992; Zhang et al., 2005; Carlezon et al., 2006; Bruchas et al., 2007). Choking and hypoxemia are the most common side effects of anesthesia postoperative TBI, as well as hypertension, tachycardia, elevated intracranial pressure, increased myocardial oxygen consumption, bronchospasm, and postoperative bleeding. In the present study, we found that the application of dezocine after surgery significantly reduced the incidence of cough reflex, and the adverse reactions in the dezocine group were significantly improved compared with the control group. These findings indicated that dezocine could make patients tolerate intubation, and significantly reduce postoperative cough, leading to remarkably attenuated adverse reactions. This might be closely related to the sedative and analgesic effects of dezocine itself.
CONCLUSION
Collectively, dezocine, as a drug with a strong analgesic effect and obvious sedative effect, was suitable to be used after craniocerebral surgery to reduce the incidence of adverse reactions, such as choking and agitation. Dezocine could significantly improve the stability of the airway and hemodynamics of TBI patients during postoperative recovery from anesthesia, thus improving the comfort level and vital signs of patients.
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