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Objective: This study aimed to systematically assess the efficacy and complications of radiofrequency thermocoagulation (RFT) and percutaneous balloon compression (PBC) for treating trigeminal neuralgia (TN).

Methods: Chinese and English studies on RFT and PBC in the treatment of TN were systematically searched using CNKI, Wanfang Data, VIP, PubMed, EMBASE, Cochrane Library, and until December 31, 2022. Further, the literature was strictly screened using specific inclusion and exclusion criteria. The RevMan 5.4 software was used for data processing and meta-analysis.

Results: Overall, 16 studies with 3,326 patients were included. The results of meta-analysis revealed that no significant difference was present between the two groups in terms of the rate of efficacy immediately after surgery, 1 month after surgery, and 3 months after surgery (odds ratio [OR] = 0.73, 95% confidence interval [CI] 0.35–1.54, p = 0.41; OR = 0.41, 95% CI 0.13–1.32, p = 0.13; OR = 0.40, 95% CI 0.10–1.60, p = 0.20); however, at 12 months after surgery, the difference was statistically significant (OR = 0.27, 95% CI 0.10–0.75, p = 0.01). Notably, there was no significant difference in the postoperative sleep quality index between the two groups immediately after surgery and 1 month after surgery (SMD = −0.01, 95% CI −2.47 to 2.44, p = 0.99; SMD = 0.14, 95% CI −3.95 to 4.22, p = 0.95). Further, statistically significant differences were observed between the two groups in the incidence of postoperative masticatory muscle strength decline and oral herpes (OR = 0.37; 95% CI 0.21–0.63, p = 0.0003; OR = 0.25, 95% CI 0.10–0.61, p = 0.003). In addition, a statistically significant difference was found in the recurrence rate at 1-year follow-up (OR = 2.23, 95% CI 1.03–4.81, p = 0.04); however, no statistically significant differences were found in the recurrence rate at the 2-year follow-up (OR = 1.95, 95% CI 0.33–11.59, p = 0.46).

Conclusion: In the treatment of TN, both RFT and PBC can achieve good short-term efficacy, and no significant differences were noted between the outcomes of the two approaches. Compared with RFT, PBC may result in a lower pain score and recurrence rate in the medium and long terms, but it is a higher incidence of cold sores, and the decrease of masticatory muscle strength is more obvious.
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1. Introduction

Trigeminal neuralgia (TN) refers to chronic neuropathic pain that manifests as spontaneous, electric shock-like, or pins-and-needles-type paroxysmal pain on the face. It is recognized as a common cause of maxillofacial headache (1). Further, depending on the cause, TN can be classified into the following types: classic (primary), secondary, or idiopathic. According to Maarbjerg et al. (2), the etiology of primary TN is currently unknown, but it may be attributed to ectopic pulses and tactile crosstalk caused by the demyelination of primary sensory neurons of the afferent trigeminal nerve. Sahoo and Perez (3, 4) reported that vascular compression leading to microvascular injury initiating focal demyelination may be linked to local changes that lower the excitability threshold of affected nerve fibers and facilitate inappropriate synaptic propagation to adjacent fibers. Further, Mannerak et al. (5) reported that the occurrence of TN may be linked to genetic factors. According to Lambru et al. (6), the lifetime prevalence of TN ranges from 0.16 to 0.3%, with an annual incidence ranging from 4 to 29/100,000 person years. The incidence of TN increases with increasing age, and the average age of onset in adults is 53–57 years. Carbamazepine—an antiepileptic drug—is the drug of choice for the treatment of TN and can provide satisfactory results. Moreover, this drug can block voltage-gated sodium channels, stabilizing the overexcited neuronal membrane and inhibiting competitive firing (7, 8). Liu Chong et al. (9) introduced surgical treatment for TN, which included microvascular decompression and radiofrequency thermocoagulation (RFT). Furthermore, percutaneous balloon compression (PBC), stereotactic radiotherapy, and RFT are the most widely used treatment options for TN. The efficacy of RFT and PBC in the treatment of TN is debatable. For example, according to Zhang Jian and Yu Liang (10, 11), RFT is more effective than PBC in the immediate postoperative period. Conversely, according to Chen Yanru, Maiira Mamaidi, and Meglio et al. (12–14), PBC is more effective than RFT in the immediate postoperative period. However, to the best of our knowledge, there are no large-sample multicenter studies comparing the efficacy of the two procedures. Thus, this study aimed to propose evidence-based clinical treatment by systematically evaluating the effectiveness, recurrence, and complications of RFT and PMC in the treatment of TN.



2. Materials and methods

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines (CRD42023387069).


2.1. Search strategy and selection criteria

The search was conducted by two independent investigators (Wu, Fan). Any disagreements or discrepancies were resolved by consensus. Computer search of CNKI, Wanfang data, VIP, PubMed, EMbase, CochraneLibrary and other Chinese and English database, The time is from the establishment of the database to December 31, 2022.Chinese search terms: “trigeminal neuralgia,” “radiofrequency thermocoagulation,” “microballoon compression” and their respective synonyms and synonyms. English search words: ((((((((((Radiofrequency Ablation) OR (Ablation, Radiofrequency)) OR (Radio Frequency Ablation)) OR (Ablation, Radio Frequency)) OR (Radio-Frequency Ablation)) OR (Ablation, Radio-Frequency)) OR (radiofrequency thermocoagulation)) OR (RF thermocoagulation)) OR (Thermocoagulation)) AND ((((((microballoon compression) OR (balloon compression)) OR (PBC)) OR (PBC)) OR (percutaneous balloon compression)) OR (percutaneous microballoon compression))) AND (((((((((((((((((((((trigeminal neuralgia) OR (Neuralgia, Trigeminal)) OR (Trigeminal Neuralgias)) OR (Tic Doloureux)) OR (Fothergill Disease)) OR (Disease, Fothergill)) OR (Trifacial Neuralgia)) OR (Neuralgia, Trifacial)) OR (Trifacial Neuralgias)) OR (Tic Douloureux)) OR (Epileptiform Neuralgia)) OR (Epileptiform Neuralgias)) OR (Neuralgia, Epileptiform)) OR (Trigeminal Neuralgia, Idiopathic)) OR (Idiopathic Trigeminal Neuralgia)) OR (Idiopathic Trigeminal Neuralgias)) OR (Neuralgia, Idiopathic Trigeminal)).



2.2. Inclusion and exclusion criteria

Inclusion criteria were as follows: clinical trials of RFT and PBC in the treatment of TN published before December 31, 2022 in the United States and abroad; studies of patients with a clinical diagnosis of primary TN or secondary recurrence after surgery; studies in which the intervention measures were only RFT and PBC; and studies in which outcome measures included pain relief, postoperative recurrence, and complications.

Exclusion criteria were as follows: studies of patients with secondary TN (tumor and multiple sclerosis); relevant papers without clear data (such as reviews, case reports, and conference papers); papers in which outcome measures did not include effective rate, recurrence rate, or complication rate; studies with unclearly reported follow-up time and results; and studies involving other intervention measures.



2.3. Outcome evaluation index

We compared the safety and efficacy of RFT and PBC in the treatment of TN using the following primary outcomes: digitally measured pain intensity scale (NRS) or visual analog scale (VAS) score, rate of efficiency, rate of complications (such as numbness, decreased masticatory muscle strength, cold sores, and corneal discomfort), rate of recurrence, and sleep quality score. If the definition of the results differed, we categorized the authors’ original results according to the specific criteria.



2.4. Literature quality evaluation

After thoroughly reading the full text, two researchers with relevant knowledge strictly screened the literature according to the specific inclusion and exclusion criteria and extracted the relevant data. In cases of disagreement, the entire research team discussed and made the decision as a group. The improved Jadad scale was used to assess the quality of randomized controlled trials, with scores ranging from 0 to 7 and scores ranging from 4 to 7 as high quality literature, respectively. To assess the quality of case–control and cohort studies, the Newcastle–Ottawa scale (NOS) was used, with the total score was 10 and the scores of ≥5 indicating high-quality literature.



2.5. Statistical methods

The RevMan 5.4 software was used for data processing and analysis. The M–H method was used for statistical analysis. When the p-value was >0.05, I2 of <50% was used for statistical analysis; otherwise, random effect model analysis was selected, and subgroup or sensitivity analysis was performed to determine the source of heterogeneity. The effect size was calculated using the odds ratio (OR), and the judgment index was calculated using 95% confidence interval (CI) of the effect size. A p-value of <0.05 was considered statistically significant.




3. Results


3.1. Literature screening results

Initially, 258 studies were examined. The Endnote X9 software was used to resend these studies, after which the titles and abstracts were screened before reading the full text. Finally, 16 studies with 3,326 patients were included—12 in Chinese and 4 in English (Figure 1).
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FIGURE 1
 PRISMA flow chart for study identification and inclusion/exclusion.


The RFT and PBC groups included 1,966 and 1,360 cases, respectively. The following data were extracted: first author, publication year, patient age, onset course, onset location, pain score, operation, and outcome index. Overall, 12 observational studies had the NOS scores of ≥5. Further, four randomized controlled trials had the Jadad scores of ≥4, and all of them were of high quality (Table 1).



TABLE 1 Basic characteristics of the included literature for RFT versus PBC for TN.
[image: Table1]



3.2. Efficiency comparison

An effective rate of 790 cases was reported in 11 articles (12–14, 17–21, 24). Heterogeneity analysis revealed that the included studies did not have good homogeneity. Further, a random effect model was used and subgroup analysis was performed (for immediate postoperative effective rates at 3, 6, and 12 months after surgery). No significant differences were observed in the effective rate between the two groups immediately (OR = 0.73, 95% CI 0.35–1.54, p = 0.41), 1 month (OR = 0.41, 95% CI 0.13–1.32, p = 0.13), and 3 months (OR = 0.40, 95% CI 0.10–1.60, p = 0.20) after surgery; however, 12 months after surgery, the difference was statistically significant (OR = 0.27, 95% CI 0.10–0.75, p = 0.01) (Figure 2).

[image: Figure 2]

FIGURE 2
 The effective rates were compared between the two groups immediately, 3 months, 6 months and 12 months after surgery.




3.3. Comparison of recurrence rates

In total, 613 cases of pain recurrence at discharge were reported in 8 articles (10, 11, 13–15, 18, 21, 24). Heterogeneity analysis revealed that the included studies did not have good homogeneity. Subgroup analysis was performed (for recurrence rates within 3 months, 6 months, 1 year, and 2 years after surgery) using a random effect model. A statistically significant difference was found in the recurrence rate between the two groups at 1-year follow-up after surgery (OR = 2.23, 95% CI 1.03–4.81, p = 0.04); however, no statistically significant differences were observed in the recurrence rate at 3-month (OR = 1.09, 95% CI 0.42–2.84, p = 0.32), 6-month (OR = 1.91, 95% CI 0.22–16.82, p = 0.13), and 2-year follow-ups after surgery (OR = 1.95, 95% CI 0.33–11.59, p = 0.46) (Figure 3).
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FIGURE 3
 The recurrence rates of the two groups at 3 months, 6 months, 1 year and 2 years after surgery were compared.




3.4. Comparison of complication rates

Postoperative complications were reported in 14 articles (12, 14–23, 25) with 3,231 cases. Heterogeneity analysis revealed that the included studies did not have good homogeneity. A random effect model was used and subgroup analysis was performed (for facial numbness, masticatory muscle weakness, oral and labial herpes, and corneal discomfort). There were statistically significant differences in the incidence of decreased masticatory muscle strength and oral herpes postoperatively. However, no significant difference was found in the incidence of postoperative facial numbness (OR = 0.66; 95% CI 0.0.39–1.11, p = 0.11) and corneal discomfort (OR = 0.78; 95% CI 0.24–2.49, p = 0.67) (Figure 4).
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FIGURE 4
 The incidence of complications was compared between the two groups.




3.5. Comparison of postoperative pain scores (NRS)

Four articles (12, 15, 16, 19) reported 246 cases of postoperative NRS. Heterogeneity analysis indicated that the included studies did not have good homogeneity. Subgroup analysis was performed (for NRS scores immediately, 3 days, 1 week, 1 month, and 3 months after surgery) using a random effect model. The scores of the two groups were significantly different immediately (SMD = 0.79, 95% CI 0.40–1.18, p < 0.0001), 3 days (SMD = 0.70, 95% CI 0.34–1.07, p = 0.0001), 1 week (SMD = 0.95, 95% CI 0.77–1.33, p < 0.0001), and 3 months (SMD = 1.58, 95% CI 0.40–2.75, p = 0.008) after surgery. Notably, no statistically significant difference was found in the NRS score at 1 month after surgery (SMD = 0.58, 95% CI −0.24–1.40, p = 0.17) (Figure 5).
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FIGURE 5
 Comparison of postoperative pain scores (NRS) in the two groups.




3.6. Comparison of postoperative pain scores (VAS)

In total, 3 articles (10, 13, 17) on postoperative VAS reported 258 cases. Heterogeneity analysis revealed that the included studies did not have good homogeneity. A random effect model was used, and the results of subgroup analysis (for VAS scores immediately and 1 month after surgery) indicated no significant differences in the VAS scores immediately (SMD = −0.70, 95% CI −1.80 to 0.39, p = 0.21) and 1 month (SMD = −1.76, 95% CI −3.90 to 0.37, p = 0.11) after surgery (Figure 6).
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FIGURE 6
 Comparison of postoperative pain scores (VAS) in the two groups.




3.7. Score for postoperative sleep quality index (PSQI)

Two articles (15, 17) on PSQI reported 177 postoperative cases. Heterogeneity analysis revealed that the included studies did not have good homogeneity. Subgroup analysis (for PSQI scores 3 days [SMD = −0.01, 95% CI 2.47–2.44, p = 0.99] and 1 month [SMD = 0.14, 95% CI 3.95–4.22, p = 0.95] after surgery) revealed no statistically significant differences between the two groups (Figure 7).
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FIGURE 7
 The postoperative sleep quality index (PSQI) scores of the two groups were compared.




3.8. Sensitivity analysis

A funnel plot was created using the postoperative numbness index. The plot was found to be symmetrical, indicating that the likelihood of publication bias was low (Figure 8).

[image: Figure 8]

FIGURE 8
 Study publication bias analysis.





4. Discussion

Recently, the treatment options for TN have become increasingly diverse. In addition, there are no uniform selection criteria for the treatment indications for TM, and the postoperative effective, complication, and recurrence rates vary greatly. Zheng (26) introduced two common surgical methods: (1) microvascular decompression using Teflon spacers to isolate the responsible blood vessels and (2) full release and decompression of the trigeminal nerve to achieve the therapeutic purpose. Notably, full release and decompression of the trigeminal nerve has the characteristics of a definite curative effect and a low recurrence rate. Conversely, microvascular decompression should be performed under general anesthesia, which has stringent requirements for both patients and operators and is not the best option for all patients with TN. According to Guo (27), stereotactic radiotherapy is an effective and minimally invasive procedure for the treatment of TN, with accurate position, good safety and effectiveness, and a few side effects. However, this method does not provide immediate pain relief and needs to be performed again after surgery, which itself has some limitations. Notably, RFT and PBC have rapid effect, little trauma, high safety factor, high pain relief rate, and few postoperative complications, and these methods are being performed by an increasing number of hospitals.

Radiofrequency thermocoagulation is used to achieve pain relief by destroying the fine fibers that conduct the sensation of facial pain in the semilunar ganglion and preserving the coarse fibers that conduct the sensation of touch and movement, which are more resistant to heat (28, 29). This procedure is often used in patients who cannot undergo craniotomy. Numbness of the face is the most common complication of RFT, but when heat coagulation is applied to the first branch of the trigeminal nerve, the end of the ophthalmic branch may be damaged, leading to corneal ulcers. Deng et al. (30) examined 70 patients with pain in the ophthalmic branch of trigeminal nerve and found that compared with RFT alone, RFT used in combination with pulse radiofrequency for corneal ulcers (17.1%, 6/35) is associated with a lower rate of complications (40.0%, 14/35). Because RFT is only performed under local anesthesia, it is highly selective for some patients with TN who cannot tolerate anesthesia. Notably, mechanical compression damages the thick myelinated nerve fibers while leaving the small myelinated nerve fibers and unmyelinated nerve fibers unaffected. To achieve the goal of pain relief, PMC can be used to block the pain conduction pathway and relieve the possible local compression of the trigeminal nerves Gasseric ganglion (31). Du et al. (32) reported that the balloon shape was an independent prognostic factor affecting the immediate disappearance of postoperative pain in 200 patients with TN following PBC treatment, and the location of the balloon should be adjusted to the maximum possible appearance of the pear shape. However, notably, a previous history of surgery may cause local adhesion of Meckel’s cavity, making it impossible to achieve the ideal pear shape, thereby affecting the surgical effect. Furthermore, Yu et al. (33) reported that the effect of PBC surgery was influenced by the balloon compression time as well as whether the balloon was pear-shaped. He Ruelin et al. (34) examined the short- and long-term effects and complications of different compression durations on patients with TN, and they found that the compression time of 120 s ensured effective treatment as well as reduced the incidence of facial numbness and masseter muscle asthenia. Furthermore, PBC may selectively damage pain-sensing nerve fibers while retaining unmyelinated nerve fibers that mediate the corneal reflex. In addition, PBC provides some benefits for the pain in the first branch of the trigeminal nerve.

Because the efficacy of the two surgical methods is controversial, therefore, this meta-analysis was conducted to discuss this situation. Eleven articles compared the effectiveness of the two surgical methods at various time points, including immediately after surgery and 3, 6, and 12 months after surgery. The results revealed no significant differences in the effective rate between the two groups immediately (OR = 0.73, 95% CI 0.35–1.54, p = 0.41), 1 month (OR = 0.41, 95% CI 0.13–1.32, p = 0.13), and 3 months (OR = 0.40, 95% CI 0.10–1.60, p = 0.20) after surgery; however, at 12 months after surgery, the difference was statistically significant (OR = 0.27, 95% CI 0.10–0.75, p = 0.01). In the short term (<12 months), no significant difference was found in the effective rate between the two groups. Both of these procedures have high efficiency after surgery. It is considered to achieve the purpose of analgesia by destroying the trigeminal nerve and destroying the pain perception conduction fibers. However, after ≥12-months, the effective rate of PBC was higher than that of RFT, It can be speculated that the long-term efficacy of PBC is superior than RFT, consistent with most studies (20, 35). The two surgical methods of the treatment of TN (i.e., PBC and RFT) are associated with different degrees of recurrence at follow-up; moreover, the recurrence rate is one of the reasons why patients choose surgery. Notably, the recurrence rate obtained by comparing eight articles and the results of the heterogeneity test revealed that the included studies did not have good homogeneity. The random effect model was used, and subgroup analysis was performed (for recurrence rates within 3 months, 6 months, 1 year, and 2 years after surgery). The results revealed a significant difference in the recurrence rate between the two groups at 1 year after surgery (OR = 2.23, 95% CI 1.03–4.81, p = 0.04), whereas no significant difference was noted in the recurrence rate at 3 months (OR = 1.09, 95% CI 0.42–2.84, p = 0.32), 6 months (OR = 1.91, 95% CI 0.22–16.82, p = 0.13), and 2 years (OR = 1.95, 95% CI 0.33–11.59, p = 0.46) after surgery between the two groups. Considering that the sample size of the two groups was small and there was certain heterogeneity in the 2-year comparison, the possibility of pain recurrence in the long term was lower in the group that underwent PBC than in the group that underwent RFT. This may be attributed to the fact that RFT causes nerve fiber damage, which may be incomplete, thereby inducing partial nerve cell regeneration and leading to a high long-term recurrence rate. Conversely, mechanical compression of PBC causes cell apoptosis, resulting in a low recurrence rate (15). Li et al. (36) used RFT to treat 438 patients with TN and followed up the curative effect of this treatment. They found that the causes of pain recurrence may be atypical pain, long course of disease, previous history of microvascular decompression or gamma knife treatment, and Barrow Neurological Institute Pain Intensity Score of grade V (severe pain that could not be controlled by medication). Shen et al. (37) reported that differences in sensitivity of patients to intraoperative balloon filling size and compression time may be related to the cause of postoperative pain recurrence following PBC.

In patients with TN, postoperative complications, such as facial numbness and decreased masticatory muscle strength, are common. The incidence of numbness following RFT was higher in four articles (11, 12, 14, 22), whereas the incidence of numbness following PBC was higher in seven studies (10, 15, 17–19, 21, 25); therefore, this meta-analysis was performed to further verify the results. Subgroup analysis was performed for 14 articles that reported complications (in terms of the incidence of postoperative numbness, decreased masticatory muscle strength, the occurrence of oral and labial herpes, and corneal discomfort). Statistically significant differences were observed in the incidence of decreased masticatory muscle strength (OR = 0.37, 95% CI 0.21–0.63, p = 0.0003) and oral and labial herpes (OR = 0.25, 95% CI 0.10–0.61, p = 0.003). However, no statistically significant difference was noted between the two groups in terms of postoperative numbness (OR = 0.66, 95% CI 0.0.39–1.11, p = 0.11) and corneal discomfort (OR = 0.78, 95% CI 0.24–2.49, p = 0.67). This could be attributed to the fact that the sensory nerve fibers are damaged in a short period in both methods, thereby resulting in a similar incidence of facial numbness. Owing to of the eye branch of the trigeminal nerve leaning up, PRF causes less direct damage to this branch, whereas PBC mainly mechanically compresses conduction nociception of large myelinated nerve fibers, does not damage myelinated or unmyelinated nerve fibers, thereby reducing the risk of postoperative ocular complications (38, 39). Thus, no statistically significant difference was noted in the prevalence of corneal discomfort. This study found that compared with RFT, PBC is associated with a higher incidence of decreased masticatory muscle strength and orolabial herpes. As PRT destroys nerve fibers while retaining motor nerve fibers, the mechanical compression of PBC may damage motor nerves to varying degrees, thereby increasing the rate of decreased masticatory muscle strength. Herpes simplex is closely related to the compression and activation of the herpes virus that lurks in the semilunar node of the trigeminal nerve. The most common complication in both groups was postoperative numbness (RFT: 796/1,787 patients; PBC: 743/1,221 patients). Wang et al. (40–42) reported that the main complications of RFT were moderate facial hypesthesia, pain sensory loss, masticatory muscle weakness, facial swelling, corneal ulcer, and abducens nerve palsy. Excessive radiofrequency temperature, incorrect positioning, multiple punctures, and punctures to the peripheral cranial nerves can cause various complications, and most of these complications resolve over time. Among them, the too high temperature is the main reason, studies have shown that, Inappropriately elevated temperature during RFT not only impairs Aδ and C unmyelinated nerve fibers, And also damage the Aα and Aβ fibers in a non-selective manner, Thus inducing serious complications, As in the Severe facial numbness, permanent masticatory atonia, and corneal hypoesthesia (43), For example, diplopia, hearing loss and ptosis may occur at 85°C (44), and abducens nerve damage and visual loss at 95°C (45). Therefore, currently recommended low-temperature RFT (60–75°C) for treatment of TN (46). In the study by Wang Bin et al. (47), the most common complications in the PBC treatment of 1,263 patients with TN were hypesthesia with paresthesia, ipsilateral masticatory muscle weakness, and keratitis. Further, Li et al. (48) reported that the complications can be caused by an incorrect balloon position, insufficient balloon compression time and filling pressure, simultaneous compression of the balloon to the trigeminal ganglion and motor branch, deviation of the needle from the planned puncture direction, and anatomical variation of the skull base. In addition to the compression time, the shape of the balloon is also important, Until now, a pear-shaped balloon may have been the only factor influencing the outcome of PBC in TN treatment (34, 49, 50).

NRS and VAS are quantitative indicators used to assess postoperative pain among patients. Three studies have reported postoperative VAS scores, and subgroup analysis was performed. No significant difference was found in the VAS scores between the two groups immediately and/or 1 month after surgery. The NRS scores at discharge were reported in four articles, and subgroup analysis was performed. The NRS scores of the two groups were significantly different immediately after surgery and 3 days, 1 week, and 3 months after surgery; however, no significant difference was noted at 1 month after surgery. PSQI is a sleep quality score that indicates pain relief among patients. Subgroup analysis of two articles that reported PSQI at discharge was performed. No significant differences were observed in the pain and sleep scores within 1 month after surgery, whereas the pain score of the PBC group was lower than that of the RFT group 3 months after surgery, indicating that the medium- and long-term efficacy of PBC may be better than that of RFT. Both procedures are believed to produce analgesia by destroying the structure of nerve fibers, and their efficacy is dependent on the degree of nerve fiber destruction. PBC mechanical compression following balloon filling causes more direct damage, with a more definite long-term effect, Part of the nerve fibers after RF were regenerated, so the pain occurred again, and the pain score gradually increased.

There is no definite answer to the question of which type of treatment is the most effective. To the best of our knowledge, this is the first meta-analysis comparing balloon compression with RFT for TN treatment. However, this study has some limitations. First, because the number of studies was limited, errors associated with the chance were unavoidable and may have introduced bias in the results. Second, the meta-analysis included some low-quality and small-sample studies, and these studies were mostly retrospective in nature, which may have introduced bias in the results. Third, the RFT radiofrequency time, thermal coagulation temperature, and puncture method were not entirely consistent across all patient groups in the present study. Moreover, the balloon compression time and filling pressure in PBC were different, and the evaluation criteria were not the same; therefore, the results of this analysis may be affected. Finally, we must objectively assess heterogeneity and publication bias; therefore, larger well-designed randomized controlled trials are needed to confirm our findings.



5. Conclusion

The results of the present study indicated that RFT and PBC have good medium-term efficacy in the treatment of TN, with no significant differences in pain relief rate, comprehensive pain score, or recurrence rate between the two groups within 3 months after surgery. PBC may have a lower pain score and recurrence rate than RFT in the long term. Conversely, RFT is associated with fewer postoperative complications, including decreased masticatory muscle strength and oral and labial herpes. Finally, after completely evaluating the indications and contraindications, appropriate treatment can be selected for patients with TN who have poor drug effects and cannot tolerate craniotomy based on the advantages and disadvantages of the two surgical methods.
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a6 R26 R12/16 R65.341261 VI+V2(8), R696£066  R--75°C(2-3mins, 2 Adverseevent  2.3months  study
VI+V24V3(11) V1<65°C)
RVI(D),
VI+V2013),
VI+V24V3(12)
Zhang P8 P:20728 P576444 1544042 None P:V2(8), P764£138  Poppress Smins LVAS 11 days Retrospective 8
etal (17) | Ra9 RI8/31 R57.7£4.4 RiL61£039 V24V3(13), R766£141  R70-75°C 2.psQ1 2.1 week study
v3(27) 3 Effectiverate 3. Imo
V2(5), 4. Recurrence
V24V3(15), rate
V3(29) 5. Adverse event
6.5F-36
Zhang P56 23133 P68I8LI265 | P3(0816) P:19/37 PV2(15),V3(10), | P743+164  Poppress2-3mins  1.VAS 1.1 month Retrospective 8
etal. (15)  Rd8 R23/25 R6SI8£1127 | R4 (29) R18/30 VI+V207), 7885135 R60-85°C (15~ 2.BNI 23months | study
VI+V3(0), 2mins) 3. Effectiverate 3.6 months
V24V3(23), 4. Recurrence 4.12months
VI+V24 V(1) rate
RV2(11), V3(20), 5. Adverse event
VI+V2(3),
VI+V3(D),
V24V3(12),
VI+V2+V3(1)
Rongetal. ~ P:30 P12/18 P:695£95 P:L19£033 P12/18 PVI(),V210), | P754%133  Poppress23min  1NRS L RCT 7
a9 R30 R11N9 R68.248.0 Ri1.05£0.42 R13N17 v3(13), R742£141  R$5°CIminute 2. Effective Immediately
VI+V202), rate(3m) after surgery
V24 V3(4) 3. Adverse 2.1 week
RVI(), V2011), event(Iw/3m) 3.3 months
v3(12),
VI+V21),
V24 V3(6)
Zhaoetal. | P21 P:10/11 P:67.24100 P038£0.19 P13 PVI(),V24), | None Proppress 3min LBNI 1 RCT 7
e} R19 R9/10 R67.24125 R034£0.19 R/11 V3(6), V1+V2(2), R60/70°C Imin, | 2effectiverate  Immediately
V24 V3(8) 75°C 3min 3.QoR after surgery
RVI(1), V2(4), d.adverseevent 2.3 days
V3(5), V1+V2(2), 5. Intraoperative 3. 3months
V24V3(7) hemodynamics
Zhang Pua3 P17/26 P:64.722551 1754047 PV2(7),V3(25), | P7624139  PoppressSmin 1.VAS/QS L RCT 7
etal. (10) | Ra3 RiI5/28 R65.2345.74 RLII£055 V24 V3(11) R751£144  RS5/60/65/7075°C 2. Effectiverate  Immediately
RV2(10), V3(23), 50-705 3. Recurrence after surgery
V24V3(10) rate 2.12m0
4. Adverse event
5.5F-36
Liangetal. | P:42 3750 755+128 0.5 None None None Proppress Smin L Effectiverate | 1. Retrospective 6
an R4S R75/80°C15min | 2. Recurrence Immediately | study
rate after surgery
3. Adverseevent 2. 6months
Yuanetal. | P18 /10 P67+ P5.00041 Pi6/12 None None Poppress 2-3min | 1 Effectiverate 1. Retrospective 6
@ R36 Ri16/20 RG0£13 R8.1647.67 Ri11/25 R60-70°C 2. Recurrence Immediately | study
1-15min rate after surgery
3. Adverseevent 2. 24months.
Maiira P28 P:8/20 P6400£1329 | P385E389 error None P7324066  Poppress 2min 1 VAS/QS L Retrospective 8
Mamaidi | R7 R:19/28 R6601£1383  Rid2643.68 R700£119  R60-80°C1-2min 2. Effectiverate  Immediately  study
etal (13) 3. Recurrence after surgery

rate 2. 1month
4. Adverseevent 3. 6months

5.SAS/SDS
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6.1.1 PSQl score within 3 days after operation

Wang et al. 2022 741 156 40 539 116 40 49.9%
Zhangetal.2022 1116 174 49 1362 241 48 50.1%
Subtotal (95% CI) 89 88 100.0%

Heterogeneity: Tau? = 3.0
Test for overall effect: Z

hi* = 56.98, df = 1 (P < 0.00001); I* = 98%
.01 (P =0.99)

6.1.3 PSQI score within 1 month after operation

Wang et al. 2022 562 093 40 379 068 40 49.9%
Zhang etal . 2022 111 034 49 216 068 48 50.1%
Subtotal (95% Cl) 89 88 100.0%

Heterogeneity: Tau
Test for overall effect:

8.62; Chiz = 120.61, df = 1 (P < 0.00001); I = 99%
07 (P = 0.95)

Test for slibavous differencos: Clé

Std. Mean Difference

1.24[0.76,1.72)
-1.26 [1.70, -0.83]
-0.01[-2.47, 2.44]

222[1.66,2.79]
-1.94 [-2.43, -1.46]
0.14[-3.95, 4.22]

Std. Mean Difference
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studies data could not be extracted
6 studies included patients with secondary
trigeminal neuralgia (neoplasm, multiple
sclerosis, etc.)
9 'studies designs were substandard
5 studies examined interventions that
included the remaining measures.
3 studies had no clear follow-up time points
and poorly described results.
1 one study was reported by the same
authors within 1 year.
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4.1.1 Immediate postoperative effective rate

Anuj 2019 10 10 10 10

Chen et al. 2022 25 30 27 30 236%
Ma yila.2022 46 47 28 28 53%
Meglio et al . 1989 27 33 69 74 345%
Yuan. 2019 34 36 17 18 91%
Yuetal . 2011 43 45 39 42 164%
Zhang et al. 2018 42 43 39 43 111%
Zhao et al. 2021 19 19 21 21
Subtotal (95% CI) 263 266 100.0%
Total events 246 250

Heterogeneity: Tau® = 0.00; Chi* = 5.00, df = 5 (P = 0.42); I*
Test for overall effect: Z = 0.82 (P = 0.41)

0%

4.1.2 The effective rate was 3 months after operation

Chen et al. 2022 25 30 29 30 215%
Rong etal . 2021 23 30 29 30 222%
Zhang et al. 2022 45 48 54 56 282%
Zhang et al . 2022 47 49 45 48 282%
Zhao et al. 2021 19 19 21 21
Subtotal (95% CI) 176 185 100.0%
Total events 159 178

Heterogeneity: Tau* = 0.4
Test for overall effect: Z

hi = 4.15, df = 3 (P = 0.25); I* = 28%
50 (P =0.13)

4.1.3 The effective rate was 6 months after operation

Ma yila 2022 43 47 27 28 37.7%
Zhang et al. 2022 44 48 54 56 623%
Subtotal (95% CI) 95 84 100.0%
Total events 87 81

Heterogeneity: Tau = 0.00; Chi* = 0.00, df = 1 (P = 0.99); I* = 0%
Test for overall effect: Z = 1.29 (P = 0.20)

4.1.4 The effective rate was 12 months after operation

Chen et al. 2022 19 30 27 30 514%
Zhang et al. 2022 42 48 53 56 48.6%
Subotal (95% CI) 78 86 100.0%
Total events 61 80

Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 1 (P = 0.48); 1= 0%
Test for overall effect: Z = 2.53 (P = 0.01)

Test for subaroup differences: Chi?

Odds Ratio
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Not estimable
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4.31[0.46, 40.23]
Not estimable
0.73[0.35, 1.54]

0.17[0.02, 1.58]
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Not estimable
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