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Background and purpose: Trigeminal neuralgia is a common condition that is associated with severe pain, which seriously affects the quality of life of patients. When the efficacy of drugs is not satisfactory or adverse drug reactions cannot be tolerated, minimally invasive interventional therapy has become an important treatment because of its simple operation, low risk, high repeatability and low cost. In recent years, minimally invasive interventional treatments, such as radiofrequency thermocoagulation (RF) of the trigeminal nerve and percutaneous microcompression (PMC), have been widely used in the clinic to relieve severe pain in many patients, however, some related problems remain to be addressed. The Pain Association of the Chinese Medical Association organizes and compiles the consensus of Chinese experts to standardize the development of minimally invasive interventional treatment of trigeminal neuralgia to provide a basis for its clinical promotion and application.

Materials and methods: The Pain Association of the Chinese Medical Association organizes the Chinese experts to compile a consensus. With reference to the evidence-based medicine (OCEBM) system and the actual situation of the profession, the Consensus Development Committee adopts the nominal group method to adjust the recommended level.

Results: Precise imaging positioning and guidance are the keys to ensuring the efficacy and safety of the procedures. RF and PMC are the most widely performed and effective treatments among minimally invasive interventional treatments for trigeminal neuralgia.

Conclusions: The pain degree of trigeminal neuralgia is severe, and a variety of minimally invasive intervention methods can effectively improve symptoms. Radiofrequency and percutaneous microcompression may be the first choice for minimally invasive interventional therapy.
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Overview

Trigeminal neuralgia is a common condition that is associated with severe pain, which seriously affects the quality of life of patients. When the efficacy of drugs is not satisfactory or adverse drug reactions cannot be tolerated, minimally invasive interventional therapy has become an important treatment because of its simple operation, low risk, high repeatability and low cost. In recent years, minimally invasive interventional treatments, such as RF of the trigeminal nerve and PMC, have been widely used in the clinic to relieve severe pain in many patients, however, some related problems remain to be addressed.

In order to standardize the development of minimally invasive interventional treatment for trigeminal neuralgia and provide a basis for its clinical promotion and application, The pain Association of Chinese Medical Association organized Chinese experts to compile a consensus with reference to evidence-based medicine (OCEBM) system and the actual situation of the profession, using the nominal grouping method to adjust the recommendation level (Table 1).


TABLE 1    Oxford University Center for Evidence-Based Medicine (OCEBM) evidence level and recommendation level standard.
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Definition

Trigeminal neuralgia is a typical neuropathic pain. ICD-11(International Classification of Diseases11) defines trigeminal neuralgia as “a unilateral disease characterized by transient electrical shock-like pain, with sudden onset and resolution, and the location of the pain is limited to one or more innervation areas of the trigeminal nerve” (Jones et al., 2019; Scholz et al., 2019a).



Epidemiology

Approximately 12–29/100,000 people suffer from trigeminal neuralgia every year (Tai and Nayar, 2019). The incidence among women (5.9/100,000) is slightly higher than that among men (3.4/100,000) (Obermann and Katsarava, 2009). Trigeminal neuralgia can appear for the first time at any age, but more than 90% of cases have an onset age after 40, and the peak age is between 50 and 60 years old (MacDonald et al., 2000). The right side of the face is more affected than the left side (Cruccu et al., 2020).



Pathogenesis

Trigeminal neuralgia is mainly divided into primary and secondary neuralgia. Primary neuralgia is divided into classic and idiopathic trigeminal neuralgia. The mechanism of primary trigeminal neuralgia is unknown. The main hypothesis of classic trigeminal neuralgia is that the trigeminal nerve root is compressed by abnormal blood vessels, which causes morphological changes in the trigeminal nerve. This may be related to ectopic impulses caused by demyelination and remyelination of the trigeminal nerve after compression (Cruccu et al., 2016; Tai and Nayar, 2019). Secondary trigeminal neuralgia is caused by identifiable diseases, such as trauma, tumors, viruses, and infections.




Diagnosis and treatment


Clinical manifestations

Trigeminal neuralgia is characterized mostly by a chronic course of illness that gradually worsens, and there may be a period of symptomatic relief. The pain is located in the distribution area of one or more branches of the unilateral trigeminal nerve. The nature of the pain is mostly that of an electric shock or knife cut that is. characterized by a paroxysmal onset and sudden cessation. The duration is usually several seconds to several minutes, and there is no pain in the intermittent period. Chewing, brushing, and touching can trigger pain. On physical examination, the “trigger point” can be elicited in the area of pain; trigger points are mostly located beside the nose, upper and lower lips, and gums.



Imaging examination

Head CT or MRI can determine whether there is secondary trigeminal neuralgia caused by intracranial lesions, such as cerebellopontine angle-occupying lesions (1b evidence level, A level recommendation) (Chun-Cheng et al., 2009). Three-dimensional time-of-flight magnetic resonance angiography (3D-TOFMRA) can help clarify the anatomical relationship between the trigeminal nerve root and surrounding blood vessels(2b evidence level, B level recommendation) (Cha et al., 2011). Although it cannot be used as a diagnostic basis for primary trigeminal neuralgia, it can help guide the formulation of treatment plans (Bendtsen et al., 2020).



Diagnosis and differential diagnosis

The diagnosis of primary trigeminal neuralgia is mainly based on clinical manifestations. You can refer to the following diagnostic criteria for trigeminal neuralgia in ICHD-3 of the International Headache Association:


(1)Recurrent unilateral pain occurs in one or more branches of the trigeminal nerve, does not involve the trigeminal nerve outside the distribution area, and fully meets the criteria of (2) and (3).




(2)Pain meets all of the following characteristics:




➀It lasts from a few tenths of a second to 2 min;

➁Severe pain;

➂The nature of the pain is lightning, electric shock, acupuncture or sharp pain.




(3)Harmless stimuli on the affected side can induce pain.

(4)Other ICHD-3 diagnoses cannot provide a better explanation for the pain.



The differential diagnosis includes glossopharyngeal neuralgia, sphenopalatine neuralgia, cluster headache, atypical facial pain, and temporomandibular joint pain.



Treatment

If the effect is not satisfactory or an adverse drug reaction cannot be tolerated, the choices for the treatment of trigeminal neuralgia include minimally invasive intervention, surgery, and gamma knife treatment.

(1) Drug treatment: Carbamazepine is the first-line choice, followed by oxcarbazepine. To avoid the risk of serious adverse reactions, it is recommended that drug genetic tests be performed before taking the drug when possible. If the patient cannot tolerate the side effects of the above drugs, other drugs can be used, such as pregabalin, gabapentin, phenytoin and sodium valproate. If the pain is persistent, a combination of medications can be used.

(2) Minimally invasive interventional treatment: Therapies include image-guided trigeminal nerve branch block or RF therapy, trigeminal nerve semilunar ganglion RF, chemical damage, or PMC. A minimally invasive interventional treatment technique is easy to perform, causes less trauma, is less costly and reliable. The main complications are hypoesthesia, keratitis, and masticatory muscle disorders.

(3) Surgical treatment: Surgeries include trigeminal nerve MVD, selective trigeminal nerve sensory roototomy, and peripheral neurotomy. MVD may be a non-destructive but highly traumatic surgical method for trigeminal neuralgia, with high immediate satisfaction of patients, a low incidence of postoperative complications such as facial numbness and weakness in mastication, and a complete pain relief rate of more than 90% after surgery, and 71% after 10 years (Sarsam et al., 2010). However, patients need to bear the risk of craniotomy, and high treatment costs, and frail elderly patients with more comorbidities have a higher risk. Surgical risks mainly include loss of facial sensation, hearing loss, cerebrospinal fluid leakage, and cerebellar hematoma.

(4) Gamma knife treatment: Gamma knife treatment for trigeminal neuralgia is widely used in the clinic, but there are few randomized controlled trials in clinical studies. Gamma knife treatment often does not relieve pain immediately and can take 1–2 months. At 3, 5, 7, and 10 years after treatment, the probabilities of remaining pain-free without the use of drugs were 77.9%, 73.8%, 68%, and 51.5%, respectively; the incidence of facial sensory disturbances was 20.8% (Régis et al., 2016).

(5) Other treatments include acupuncture, traditional Chinese medicine, and botulinum toxin injection.




Minimally invasive interventional therapy


Radiofrequency treatment

The common method of percutaneous RF involves puncture through the foramen ovale to reach the semilunar ganglion and temperature control to thermally coagulate the trigeminal nerve (Rabb and Cheema, 2015).

Sweet (1974) first reported that RF was used to treat primary trigeminal neuralgia. After years of improvement and development, this technique has many advantages, such as good curative effects, less trauma, low risk, and repeatable treatment (2a evidence level, B level recommendation) (Yan et al., 2021). RF, is indicated for patients with contraindications to surgery, especially elderly patients with underlying diseases. According to reports, during the 20-year follow-up, 41% of patients underwent a single operation, 100% of multiple operations resulted in pain relief, and there were no deaths (Kanpolat et al., 1999). Mathews (Mathews and Scrivani, 2000) reported the results of a study of 258 cases with an average follow-up of 38 months. Among them, the rate of excellent pain relief in the early follow-up was 87%. At the end of the long-term follow-up, 83% of patients had good pain relief.

The most commonly used puncture approach of RF for trigeminal neuralgia is the Hartel approach, which refers to the precise positioning of the foramen ovale and puncture path through X-ray or CT and selective puncturing into the corresponding trigeminal ganglion. Combined with electrophysiological stimulation for precise positioning tests, selective thermocoagulation damages the corresponding area of the trigeminal nerve semilunar ganglion to achieve analgesia (Fang et al., 2014). In addition to the commonly used semilunar radiofrequency, radiofrequency for the peripheral branch of the extracranial trigeminal nerve can also be selected to relieve the pain. The puncture sites include the supraorbital foramen, infraorbital foramen, mental foramen, circular foramen, and foramen ovale. In particular, RF for precise positioning of the circular hole under image guidance provides a good treatment option for patients with pain involving only the second branch of the trigeminal nerve (V2). When multiple branches are painful, multitarget radiofrequency treatment can be used (Wan et al., 2018).


(1)Indications

➀Patients with poor drug-protection treatment for primary trigeminal neuralgia or those who are unable to tolerate adverse drug reactions;

➁Patients with severe systemic diseases who cannot tolerate surgery or who refuse surgery;




➂Patients with secondary trigeminal neuralgia who still have pain after treatment of the primary disease or who refuse treatment of the primary disease;

➃Patients who relapse after various operations (Huang et al., 2019; Abdel-Rahman et al., 2020).

(2)Contraindications (Emril and Ho, 2010)

➀Patients with infection at the puncture site;

➁Patients with coagulation dysfunction;

➂Patients with severely unstable heart and cerebrovascular diseases;

➃Patients with severe mental illness.

(3)Operating routine

➀Preoperative preparation



Tests such as routine blood tests, coagulation studies, biochemical examinations, and electrocardiograms should be performed to assess the patient’s body condition, along with head CT or MRI examination. The patients and their families should be fully informed of the treatment methods, expected results and possible complications before surgery.


➁Methods of anesthesia



Sedative and analgesic drugs are recommended during local anesthesia to reduce the pain of puncture; thus, the patient can obtain analgesia and maintain sufficient cognition to achieve sensory positioning during puncture. After the positioning is successful, intravenous general anesthesia can be implemented.


➂Operative process



The patient is placed in a supine position, with a thin pillow under the shoulders, after which the head is tilted posteriorly. Routinely sterilized drapes are used. According to the Hartel approach, the puncture needle point is determined, usually at the intersection of the perpendicular line of the outer edge of the affected orbit and the interlabial line region. The foramen ovale is punctured under image guidance (C-arm, DSA or CT). In the axial view, the first branch of the trigeminal nerve semilunar ganglion radiofrequency target is located above the medial edge of the foramen ovale, the second branch is located at the medial edge of the foramen ovale, and the third branch is located in the center of the foramen ovale. In the lateral view, the second branch of the semilunar ganglion of the trigeminal nerve is approximately, located at the slope line, the first branch is located deeper, and the third branch is loacted shallow relative to the slope line. After the puncture is in place, the RF electrode is connected, and the impedance at 300ȼ500 Ω is observed. A sensory test with 0.1ȼ0.3 V high-frequency current stimulation is performed, and the corresponding nerve innervation area will experience numbness and pain symptoms. When the movement test begins at 0.1ȼ0.3 V, the third innervation area will appear on the masseter. For convulsions, the needle tip position can be adjusted appropriately according to the patient’s response during the stimulation process to make the stimulation area consistent with the branch area to be treated. After the electrophysiological test is completed, radiofrequency thermocoagulation is performed. The recommended temperature for the treatment of the second and third branches is 60ȼ75°C. The first branch should be treated with caution. The time of treatment is based on the decrease in sensation of the target nerve distribution area on the affected side, usually 2ȼ3 min. The higher the temperature is, the longer the time, the greater the extent of nerve destruction, and the lower the recurrence rate. However, this treatment can induce a higher probability of adverse complications, such as keratitis or ulcer perforation, excessive numbness of the corresponding innervation area of the trigeminal nerve, and masseter muscle weakness after the operation (Xie et al., 2020). Therefore, during the treatment process, the patient’s treatment benefits and risks should be weighed, and as low a temperature as possible should be selected while still being effective. In addition, pulsed radiofrequency therapy is available (Elawamy et al., 2017; Telischak et al., 2018; Abdel-Rahman et al., 2020; Xie et al., 2020).


(4)Postoperative test and effect



Generally, immediate pain relief can be obtained, and the original pain area has decreased sensation after the operation.


(5)Matters needing attention

➀Special attention should be given to changes in the operation center rate and blood pressure (Meng et al., 2008; Schaller et al., 2008).

➁Accurate display of the foramen ovale and precise puncture guarantee the success of interventional therapy (Guo et al., 2016; Weßling and Duda, 2019).

➂The RF temperature should be strictly controlled to avoid excessive temperature-induced damage to the target nerve and adjacent branches, which can cause postoperative facial numbness, masseter muscle weakness and other complications (Yao et al., 2016). If the corneal reflex is delayed after surgery, medical care should be implemented to avoid keratitis, ulcers, and perforations (Tang et al., 2015).





Percutaneous microcompression

PMC of the meniscus ganglion refers to the treatment of trigeminal neuralgia by placing a balloon into Meckel’s cavity and injecting a contrast agent into the balloon to mechanically compress the meniscus. Mullan and Lichtor (1983) first used this technique to treat trigeminal neuralgia in 1978 and published his research paper in 1983 (Mullan and Lichtor, 1983). At present, the treatment mechanism of PMC is not clear. In recent years, because this technology is safe and effective, it has been widely used in the treatment of primary trigeminal neuralgia (1a evidence level, A level recommendation) (Wu et al., 2022). Grewal et al. (2018) conducted a median follow-up of 31.1 months for 222 patients with refractory trigeminal neuralgia who were treated using PMC, and all patients had remission within 12 months after PMC. It has been reported that the 5-year effective rate after surgery is 80%, and the 10-year effective rate is 70% (Lichtor and Mullan, 1990). Fan et al. conducted a 12 months follow-up of study of 121 patients with recurrent trigeminal neuralgia treated using PMC. It has been reported that 101 (83.5%) patients remained pain-free, while 5 patients (4.1%) experienced recurrence. There were significant improvements in anxiety, depression, and sleep status postoperatively compared with the preoperatively status (Fan et al., 2021).


(1)Indications



In recent years, clinical practices have shown that PMC has a wide range of indications, especially for patients with pain involving the first branch of the trigeminal nerve. Because PMC selectively acts on large and medium myelinated nerve fibers, it can reduce the impairment of nerves (small, myelinated fibers) innervating the corneal reflex (Cheng et al., 1982).

The indications include the following


➀Patients with primary trigeminal neuralgia involving single or multiple branches, especially within the first branch;

➁Patients who have undergone strict and regular drug treatment with poor outcomes and those cannot tolerate adverse reactions;

➂Imaging data suggesting that microvascular decompression will be relatively difficult or risky in patients who do not undergo craniotomy;

➃Patients who relapse after other surgery (Fan et al., 2021);

➄Patients with secondary trigeminal neuralgia who still have pain after treatment of the primary disease or who refuse treatment of the primary disease (Liu, 2018).



(2)Contraindications


➀Patients with severe systemic diseases who cannot tolerate surgery;

➁Patients with uncorrected coagulation dysfunction;

➂Severe systemic infection or infection at the puncture site.



(3)Operating routine


➀Preoperative preparation



Before surgery, routine blood tests, routine blood coagulation tests, biochemical examinations, electrocardiograms, head CT or MRI examinations, etc., should be performed to assess the whole body and local nerve condition. Patients provided full informed consent which covers the treatment methods, expected results and possible complications before surgery.


➁Anesthesia method



General anesthesia: The advantage of general anesthesia is that the patient is unconscious and out of pain during the operation, but the disadvantage is that some patients with systemic diseases cannot tolerate it, and the incidence of trigeminal nerve-cardiac reflex is relatively high (Tibano et al., 2010; Agarwal et al., 2015).

General anesthesia-assisted trigeminal ganglion block: the advantages of general anesthesia can be retained, and the incidence of the trigeminal nerve-cardiac reflex is lower than that of general anesthesia alone (Tibano et al., 2010).

Trigeminal ganglion block anesthesia: The puncture point and puncture direction are the same as those under general anesthesia. The local anesthetic needle is used for local anesthesia at the puncture point and needle channel. Under the guidance of imaging, the puncture needle enters through the foramen ovale to reach the ganglion, and 0.3ȼ0.5 ml of the local anesthetics is injected for the ganglion block. This method is suitable for patients who cannot tolerate general anesthesia, and the incidence of the trigeminal nerve-cardiac reflex is low (Ren et al., 2020). The disadvantage is that when some patients are awake and experience anxiety, but they can administered.


➂Operative process



After the image guide reaches the ideal position, non-ionic contrast agent is injected, with a dose of usually no more than 1 ml, and the pressure is adjusted to the balloon such that resistance is experienced. The position is adjusted until the balloon shows a “pear shape.” The balloon compression time is usually 60–180 s (Tibano et al., 2010; Bergenheim et al., 2013; de Cordoba et al., 2015; Grewal et al., 2018), and it can be extended appropriately for elderly or relapsed patients. After the compression is completed, the contrast medium in the balloon is withdrawn, and the balloon catheter and puncture needle are removed. The puncture point is compressed for 5 min to stop the bleeding and then is covered with sterile gauze.


(4)Postoperative test and effect



The ideal balloon filling shape should be a “pear shape.” The affected side will have decreased sensation after surgery, and pain relief can generally be achieved. If the balloon shape is not ideal, the puncture position and direction should be adjusted (Asplund et al., 2010).


(5)Matters needing attention




➀Preoperative MRI thin-slice scans can be used to estimate the volume of Meckel’s cavity. The volume of the contrast medium injected during the operation should be greater than the estimated volume of Meckel’s cavity, but it must be subject to obvious resistance when the contrast medium is injected.

➁During balloon compression, a trigeminal nerve-cardiac reflex may occur. It is necessary to closely monitor changes in heart rate and blood pressure and address changes in a timely manner.

➂During the operation, advancing the puncture needle too deeply and allowing it to deviate to the inside should be avoided (Spaziante et al., 1988). Damage to the internal carotid artery, cavernous sinus or other cranial nerves should be avoided.




➃The incidence of postoperative perioral herpes is 14.7%, and preventive antiviral therapy may reduce its incidence (Berra et al., 2019).

➄After PMC, the sensations in the oral cavity on the operative side are decreased. Overheated or sharp foods should be avoided to prevent damage to the oral mucosa.





Other interventional treatments

In addition to the abovementioned mechanical compression or physical damage methods, minimally invasive treatment of primary trigeminal neuralgia employs chemical injections into the semilunar ganglia, trigeminal nerve pool or peripheral branches for chemical damage. Chemical drugs include absolute ethanol, glycerin, botulinum toxin A and doxorubicin. Among them, the effect of glycerol on the semilunar ganglion and trigeminal nerve pool is supported by domestic and foreign literature (2b evidence level, B level recommendation) (Chen et al., 2010; Asplund et al., 2016; Staudt et al., 2020). Anhydrous alcohol can be used for the semilunar ganglion and peripheral division (2b evidence level, B level recommendation) (Han and Kim, 2010; Han et al., 2017), and botulinum toxin A (1a evidence level, A level recommendation) (Morra et al., 2016; Steinberg, 2018; Yang et al., 2018) and doxorubicin are only used in the peripheral branches (Wang et al., 2011; Zheng et al., 2018); these drugs have a damaging effect on the surrounding tissues, and their range of action is not easy to control, which may cause serious injuries. At present, with the popularization and application of technologies such as radio frequency and microballoon compression, the use of chemical damage has become increasingly less common (Udupi et al., 2012; Asplund et al., 2016; Noorani et al., 2016, 2019), and it is only used at the grassroots level or on specific occasions. It is recommended that chemical damage in the peripheral branches of the trigeminal nerve be used as a supplementary treatment for other therapies. It should be used with caution in the intracranial semilunar ganglion. When used in peripheral branches, attention should be given to signs of local tissue damage, such as swelling.

In summary, among these minimally invasive interventional treatments for trigeminal neuralgia, RF and PMC are the most widely performed and effective treatments. The comparison of the characteristics of minimally invasive interventional treatment for trigeminal neuralgia is shown in Table 2. Precise imaging positioning and guidance are the key to ensuring the efficacy and safety of the procedures. X-ray has the advantages of being convenient, fast and involving low radiation, and it is easy to determine the shape of the balloon in the lateral view. 3D CT involves the use of a large amount of radiation, but it can help to analyze the size and shape of the foramen ovale and simulate the puncture path, and it is easier to observe the path of the RF needle and puncture needle, thus, it is suitable for beginners. Many clinicians have accumulated much experience in puncture procedures, but there are still many controversies about the key criteria of radiofrequency temperature, time, microballoon volume, compression time, and related factors. Further basic and clinical studies are needed to provide more accurate evidence to guide clinical applications.


TABLE 2    Comparison of minimally invasive interventional treatments of characteristics for trigeminal neuralgia.
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Systematic review of randomized controlled trials (homogeneity)

Individual randomized controlled trials (narrow confidence interval)

When all patients died before the measure was introduced, but some patients now survive on it.
Systematic review of cohort studies (homogeneity)

Individual cohort studies (including low-quality randomized controlled trials; e g., follow-up rate < 80%)
A study of the outcome; an ecological study
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clinically important differences rather than the original research)

Level 4 evidence, or extrapolation based on level 2 or 3 evidence

Level 5 evidence, either inconsistent or inadequate research (any level)
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