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Abstract. 
This study aimed to explore the application value of nalbuphine in pulsed radiofrequency operation of trigeminal ganglion in patients with postherpetic neuralgia (PHN). Thirty patients with PHN were randomly divided into the nalbuphine (Nalbu) group and ketorolac tromethamine (KT) group and received CT-guided pulsed radiofrequency surgery on trigeminal ganglion. The numeric rating scale (NRS) scores of patients were recorded at preoperative, intraoperative, and postoperative time points, before going to bed, and the next morning after the operation. In addition, the number of breakthrough pain before operation and within 24 hours after operation, the incidence of nausea and vomiting within 24 hours after surgery, and the patient’s sleep quality before and on the day after surgery were evaluated. The outcome data demonstrated that patients treated with nalbuphine had lower NRS scores after the pulse radiofrequency operation during and after the pulse radiofrequency operation compared to those with KT. In addition, nalbuphine effectively decreased the number of breakthrough pain, reduced the occurrence of nausea and vomiting after surgery, and improved the sleep quality. In conclusion, intramuscular injection of nalbuphine 30 min before trigeminal ganglion pulse radiofrequency surgery can be conducive to pain relief and improve the postoperative comfort of patients, providing an effective alternative for the alleviation of PHN in clinic.

1. Introduction
Postherpetic neuralgia (PHN) refers to the pain of herpes zoster that lasts 1 month or more after the rash healed [1], representing as the most common complication of herpes zoster [2]. PHN is a kind of stubborn neuropathic pain [3], with which patients may experience different types of pain including a steady burning pain and a sudden stabbing pain or stimulus-evoked pain (allodynia) [2, 4]. The annual incidence of herpes zoster reaches about 3 to 5% [5], and the reported risk of developing PHN in patients with herpes zoster varied widely ranging from 5% to more than 30% [6], exhibiting an increasing tendency with age [5, 7]. The emotion, sleep quality, and daily life of some patients with PHN are moderately to severely disturbed [8]. The more severe the pain is, the greater the impact on vitality, sleep, and overall quality of life [9]. It is worth noting that the family members of patients are also prone to fatigue, stress, insomnia, and emotional distress [10]. The conventional drug treatment takes suboptimal efficacy, and the mechanism of PHN remains not fully understood. Research studies have revealed that the underlying mechanism may involve peripheral sensitization, central sensitization, inflammatory reaction, and differentiation [11]. Increasing attention has been paid to the trigeminal nerve which is challenging due to its special location and severity of pain.
PHN that cannot be controlled by drugs can be treated with minimally invasive interventional surgery to alleviate the pain. Minimally invasive interventional therapy refers to the technique of inserting instruments or drugs into the diseased tissue with minimal trauma under the guidance of imaging, followed by physical, mechanical, or chemical treatment on it [4]. Pulse radiofrequency is a neuromodulation therapy in which pulsed radiofrequency current is usually used for treatment. It is safe and minimally invasive, with few side effects, exhibiting great potential and clinical application value for the treatment of neuropathic pain in patients who are refractory to conservative treatments [12]. It is now clear that pulsed radiofrequency technology can effectively relieve neuralgia after herpes zoster and trigeminal neuralgia [13, 14]. Pulsed radiofrequency could effectively alleviate pain and improve the life quality of patients without damaging effect on nerve fiber structure. Additionally, such complications as hypoesthesia, soreness, burning pain, and motor nerve injury are less common [15]. Trigeminal pulse radiofrequency surgery has a good effect on PHN in the head and face area [16, 17]. As a result of the need for sensory testing during the pulsed radiofrequency process, the original pain area can be replicated to confirm that the radiofrequency needle tip is adjacent to the corresponding ganglion area. Thus, severe pain will be induced, and analgesics need to be given before surgery to reduce intraoperative pain. Nonsteroidal analgesics are commonly used as perioperative pain control drugs, but such drugs are contraindicated in patients with gastrointestinal bleeding and peptic ulcer and have a greater impact on renal function. Therefore, it is urgent to find effective analgesic drugs with small side effects.
Nalbuphine hydrochloride injection has both μ-antagonist and κ-agonist activities with strong analgesic effect, which can reduce μ receptor-mediated related complications, such as respiratory depression, itching, nausea, and vomiting [18]. Nalbuphine can be administered by intravenous infusion, intramuscular injection, subcutaneous injection, or intrathecal injection. The intravenous administration takes effect within 2-3 minutes, and the subcutaneous and intramuscular injection takes effect within 15 minutes; the peak effect reaches 30 minutes. It has certain advantages in day surgery. Studies have shown that nalbuphine assisting nonsteroidal anti-inflammatory drugs can significantly enhance postoperative analgesia and reduce postoperative complications [19], which have a good clinical application prospect. Ketorolac has an anti-inflammatory and analgesic effect by inhibiting the biosynthesis of prostaglandins, prostacyclin, and thromboxane; however, whose postoperative analgesic effect was found to be not quite satisfactory when used alone [20]. Relative to commonly used nonsteroidal intraoperative analgesic ketorolac tromethamine, nalbuphine provides analgesia without the undesirable side effects of the pure agonists and provides superior postoperative analgesia by reducing inflammatory and oxidative stress [21]. However, the differential efficacy of these two drugs remains obscure in alleviating PHN. Hence, in this study, we compared the analgesic effect of nalbuphine and ketorolac tromethamine in patients with pain in the trigeminal innervation area secondary to PHN after trigeminal ganglion pulse radiofrequency surgery and exploited the advantages of nalbuphine in the pulsed radiofrequency operation of the trigeminal ganglion for treating PHN.
2. Materials and Methods
2.1. Case Collection and Grouping
This study was reviewed and approved by the Medical Ethics Committee of the Affiliated Hospital of Zunyi Medical University. Thirty cases of PHN patients with V2, V3, or V2/V3 trigeminal neuralgia and planned to undergo the trigeminal/semilunar ganglion pulsed radiofrequency surgery were included from January 2018 to September 2020. Meanwhile, basic information of patient was collected (Figure 1). The patients were randomly divided into two groups, including the nalbuphine (Nalbu) group and ketorolac tromethamine (KT) group. In the Nalbu group, patients received intramuscular injection of 0.2 mg/kg nalbuphine 30 min before surgery; in the KT group, patients received intramuscular injection of 60 mg ketorolac tromethamine 1 h before surgery.


	
		
	
		
	
	
	
	
		
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	















Figure 1: The flowchart of the study. PHN, postherpetic neuralgia; CT, computer tomography; NRS, numeric rating scale.


2.2. Case Inclusion and Exclusion Criteria
Inclusion criteria: patients were diagnosed with PHN of the V2, V3, or V2/V3 trigeminal nerve by two or more chief physicians at the same time; patients suffer severe pain (NRS score ≥8), which cannot be relieved by medicine. The PHN patients were aware of this study and signed informed consent. Patients suffered PHN lasts for more than one month after the rash has healed [22], and PHN-induced trigeminal neuralgia is distributed in the trigeminal nerve innervation area. Patients suffered various types of trigeminal neuralgia, a steady burning pain, a sudden stabbing pain, or stimulus-evoked pain (allodynia) in the V2 or/and V3 distributed area, but without Ramsay Hunt syndrome, e.g., facial paralysis, tinnitus, ear pain, and hearing loss.
Exclusion criteria: patients underwent astrointestinal bleeding or gastrointestinal ulcer; patients with chronic gastritis, coagulation dysfunction, a history of mental illness, or unable to cooperate with surgery; patients with insufficiency of the heart, kidneys, and lungs; patients with respiratory or digestive diseases or infections; and patients who had contraindications to puncture and who refused invasive treatment were excluded.
2.3. Pulsed Radiofrequency Operation
After entering the computerized tomography (CT) room, the electrocardiograph (ECG), noninvasive blood pressure, and pulse oximetry of the patients in the supine position were routinely monitored, and the peripheral venous access was established. The operation area was disinfected and covered with sterile towels. After local anesthesia with 3 ml of 1% lidocaine, a radiofrequency trocar (22G, 10 cm, 5 mm, Inomed, 240102, Germany) was punctured passing 2 cm outside the affected side of the mouth under the guidance of CT. Three-dimensional reconstruction of the bone window was used to determine the needle direction and depth until the needle tip enters the trigeminal ganglion in the ipsilateral foramen ovale (Figure 2). The sensory test was performed after the needle tip reached the foramen ovale. A radiofrequency thermocoagulator (Beiqi Medical, R2000B, Beijing) with a frequency of 50 Hz, a voltage of 0.1–0.3 V, and a resistance of 300–500 Ω was used for sensory testing to replicate the pain in the original pain area so as to confirm the tip of the radiofrequency needle and simulate the corresponding ganglion area. After that, a pulsed radiofrequency procedure (42°C, 2 Hz, 10 min) was conducted. After the operation, the radiofrequency electrode and radiofrequency needle were removed, and the puncture point was attached. The patient was observed and returned to the ward without discomfort.


	
		
	













Figure 2: The images of pulsed radiofrequency operation.


2.4. Indicator Collection
The vital signs of the patient were closely monitored during the operation. The numeric rating scale (NRS) was used to evaluate the degree of pain. The NRS scores were collected before, during, and at the end of the operation, before going to bed, and the next morning after the operation. In addition, the total number of breakthrough pain was recorded, and the sleep quality before operation and within 24 hours after surgery was evaluated with the Self-Rating Scale of Sleep (SRSS). The higher the score, the more serious the sleep problem [23]. The incidence of nausea and vomiting were recorded within 24 hours after surgery.
2.5. Statistical Analysis
SPSS 22.0 statistical software was used to analyze the data. Data were analyzed by the independent sample t-test and expressed as mean ± standard deviation (SD). Sex ratio between two groups was analyzed with the chi-square test.  indicated that the difference was statistically significant.
3. Results
3.1. Comparison of Basic Information
Among 15 patients in the Nalbu group, there were 7 males and 8 females, 50–79 years old, with an average age of 64.0 ± 5.1 years old. The course of disease was 1–20 months, with an average course of 6.3 ± 4.8 months. In the KT group, there were 15 patients, including 9 males and 6 females, 50–75 years old, with an average age of 63.7 ± 6.3 years old. The course of disease ranged from 1 to 20 months, with an average course of 6.6 ± 5.1 months. There was no statistical significance in sex, age, and course of disease between the two groups (, Figures 3(a)–3(c)).
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(c)
Figure 3: General information of patients between two groups. (a) The sex ratio of PHN patients; (b) age of patients; (c) disease duration of patients. Nalbu, nalbuphine; KT, ketorolac tromethamine. n = 15 for each group.


3.2. NRS Scores between Two Groups
There was no statistical difference in the preoperative NRS scores between the two groups (, Figure 4(a)). During the operation, at the end of the operation, and before bedtime after the operation, the NRS scores of patients in the Nalbu group who received pulsed radiofrequency were lower than those in the KT group, and the difference was statistically different (, Figures 4(b)–4(d)). The NRS scores of patients exhibited no statistical difference at the next morning after the operation between Nalbu and KT groups (, Figure 4(e)).
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(e)
Figure 4: The NRS scores of patients between two groups. (a) NRS score before surgery; (b) NRS score during surgery; (c) NRS score after surgery; (d) NRS score before bedtime; (e) NRS score in the next morning. NRS, numerical rating scale; Nalbu, nalbuphine; KT, ketorolac tromethamine. n = 15 for each group, .


3.3. Nalbuphine Decreased the Number of Breakthrough Pain
There was no significant difference in the number of breakthrough pain between the two groups before surgery (, Figure 5(a)); however, the number of postoperative breakthrough pain in the Nalbu group was significantly less than that in the KT group, and the difference was statistically significant (, Figure 5(b)).
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(b)
Figure 5: Number of breakthrough pain. (a) Number of breakthrough pain 24 h before surgery; (b) number of breakthrough pain 24 h after surgery. Nalbu, nalbuphine; KT, ketorolac tromethamine; (h) hours. n = 15 for each group, .


3.4. Nalbuphine Decreased Nausea and Vomiting
Patients in the Nalbu group had fewer nausea attacks than those in the KT group at 24 hours after surgery (, Figure 6(a)). At the same time, the number of vomiting attacks in the Nalbu group was also reduced relative to that in the KT group 24 hours after surgery (, Figure 6(b)).
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(b)
Figure 6: The number of nausea and vomiting 24 h after surgery. (a) The number of nausea 24 h after surgery; (b) the number of vomiting 24 h after surgery. Nalbu, nalbuphine; KT, ketorolac tromethamine; (h) hours. n = 15 for each group, .


3.5. Nalbuphine Improved Sleep Quality
No statistical difference was shown in the preoperative sleep scores between the two groups (, Figure 7(a)), while the sleep scores of patients in the Nalbu group were higher than those in the KT group 24 hours after surgery, and the difference was statistically significant (, Figure 7(b)).
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(b)
Figure 7: The scores from the Self-Rating Scale of Sleep (SRSS) between two groups. (a) The score of sleep quality before surgery; (b) the score of sleep quality after surgery. Nalbu, nalbuphine; KT, ketorolac tromethamine. n = 15 for each group, .


4. Discussion
This study explored the application value of nalbuphine in pulsed radiofrequency surgery on the trigeminal ganglion of patients with PHN. The results demonstrated that nalbuphine could effectively reduce the pain score and the occurrence of adverse reactions after pulsed radiofrequency and, meanwhile, significantly improve the sleep quality in patients obsessed with PHN.
4.1. Application of CT-Guided Pulsed Radiofrequency Operation on Trigeminal Ganglion
In this study, CT-guided pulsed radiofrequency was performed on trigeminal ganglion to attenuate the PHN. Herpetic neuralgia is a true type of neuropathic pain, and its occurrence in the trigeminal nerve is a challenge in the medical domain because of its special location and severity of pain. Radiofrequency is a reliable method for the treatment of neuropathic pain in patients who are refractory to conservative treatment. Currently, radiofrequency on the trigeminal ganglion is an effective method for the treatment of primary trigeminal neuralgia [24, 25]. Pulsed radiofrequency is a neuromodulation technology that uses electrical impulses to stimulate the nerves that produce pain in a timely manner, adjusting the nerve function in a feedback manner, or producing numbness to cover the painful area and to achieve the effect of treating pain [16]. Pulsed radiofrequency can affect sensory nerve ATP metabolism and ion channel function and continuously and reversibly inhibit C fiber excitatory afferents, thereby blocking the pain transmission of related nerves [25]. Studies have confirmed that pulsed radiofrequency has no damaging effect on the structure of nerve fibers. It can not only relieve pain but also rarely cause sensory loss and motor nerve function damage after treatment, which is increasingly being used in the treatment of PHN [5, 26], trigeminal neuralgia [27], musculoskeletal pain conditions [28], and chronic cervical and lumbosacral pain [29]. Increasing evidence showed that CT-guided radiofrequency can effectively treat the facial neuralgia, such as trigeminal neuralgia [30]. The CT-guided pulsed radiofrequency is one of the classic representative methods and has been widely used for trigeminal neuralgia treatment [31, 32]. In the present study, the pulsed radiofrequency under the guidance of CT greatly increased puncture efficiency and safety during operation. The pulsed radiofrequency surgery significantly reduced the pain intensity in the two groups of PHN patients (NRS before vs after the surgery: 9.54 vs 3.0 in the Nalbu group; 9.45 vs 5.5 in the KT group, Figure 4). The minimal invasiveness and effectiveness of the pulsed radiofrequency will enable it to be widely used in clinical treatment.
4.2. The Analgesic Advantages of Nalbuphine
Here, 0.2 mg/kg nalbuphine was injected intramuscularly 30 min before pulsed radiofrequency surgery to alleviate the discomforts of patients during and after surgery. Nalbuphine is an opioid agonist-antagonist of the phenanthrene series which was synthesized in an attempt to provide analgesia without the undesirable side effects of the pure agonists. Its analgesic and antipruritic effects are mediated via actions on the μ and κ-receptors, which has been indicated for mild to moderate pain. Its analgesic effect is equivalent to morphine [33], which is particularly effective for visceral pain and has a sedative effect [34–36]. Nalbuphine also seems to provide superior postoperative analgesia by reducing inflammatory and oxidative stress [37]. The analgesic effect is rapid (5–10 min) and enduring, which is suitable for prehospital first aid, balanced anesthesia or conscious anesthesia, postoperative analgesia, and treatment of chronic pain [38–41]. In addition, a previous research reported that the response of nalbuphine combined with naloxone significantly alleviated the pain of 3 patients with refractory neuropathic trigeminal neuralgia [42]. Consistently, our results demonstrated that nalbuphine treatment significantly lowered the NRS scores of patients during the operation, at the end of the operation, and before bedtime after the operation relative to ketorolac tromethamine treatment, suggesting that nalbuphine could alleviate the perioperative pain and may be a new treatment for neuropathic pain.
4.3. Nalbuphine Reduces Postoperative Complications
To further validate the efficacy of nalbuphine in patients undergoing the pulsed radiofrequency, the number of postoperative breakthrough pain and the frequency of nausea and vomiting were recorded, and the sleep quality of patients was also evaluated. Nalbuphine exerts a strong, fast, and enduring analgesic and sedative effect, with almost no cardiovascular adverse reactions [43], light respiratory depression, and a capping effect [44, 45]. Many studies have confirmed the efficacy of intravenous nalbuphine in the treatment of itching caused by opioids, which can reduce patients’ nausea and vomiting, and reverse adverse reactions such as respiratory depression [19, 43]. Intravenous administration of low-dose nalbuphine (5 μg/kg/h) in patients with epidural morphine not only maintains the analgesic effect but also reduces the occurrence of itching [46]. Among elderly patients undergoing total hip arthroplasty under spinal anesthesia, the analgesic effect of the nalbuphine was faster than the morphine, and nalbuphine decreased the occurrence of respiratory depression, nausea, vomiting, and itching more effectively than morphine [47]. In addition, nalbuphine suppresses pruritus in a dose-dependent manner and is expected to be used to treat pruritus in uremic patients without the need for dosage adjustment [48]. A recent study reported that the use of opioid receptor agonist-antagonist nalbuphine successfully reversed the adverse effects of urinary retention caused by epidural morphine on the bladder [49]. At the same time, it will not reverse the postoperative analgesic effect or induce other significant adverse reactions [50, 51]. Accumulative evidence demonstrated that nalbuphine is more effective in preventing itching caused by intrathecal morphine after cesarean section [52]. Consistent with abovementioned findings, our work revealed that in comparison with the effect of ketorolac tromethamine, the nalbuphine application significantly diminished the number of postoperative breakthrough pain, decreased the frequency of nausea and vomiting, and greatly improved the sleep quality of patients who underwent pulsed radiofrequency surgery to alleviate PHN.
5. Conclusions and Limitations
Collectively, nalbuphine administration before surgery can alleviate the pain during and after the trigeminal/semilunar ganglion pulse radiofrequency and effectively reduce the postoperative adverse reactions. These findings confirmed the important role of nalbuphine exerting a stronger analgesic and sedative effect than ketorolac tromethamine, providing an alternative for clinical multimodal analgesia. In our study, the mean age (64.0 ± 5.1) of patients is much lower than that found in other publications [53]. This might be attributed to the sampling errors and the small number of patients involved in the present study. The bigger number of included patients is essential for the future studies.
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