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Purpose: To evaluate the effectiveness and safety of CT-guided radiofrequency thermocoagulation (RFT) for the treatment of
infraorbital neuralgia following the failure of conservative management.

Patients and Methods: This was a single center, retrospective study which included 196 patients between the ages of 37 to 90 years,
who suffered from infraorbital neuralgia, and had undergone CT-guided RFT treatment. The medical records of these patients were
retrieved between January 7, 2015 and February 5, 2020, and the patients were followed up for 2 years. Follow-up outcomes included
Numerical Rating Scale (NRS) scores, dosage of carbamazepine, time to take effect, status of recurrence and side effects. The effective
rate was defined as the percentage of patients with postoperative NRS score reduction of >50%.

Results: The effective rates were 92.9%, 100%, 100%, 100%, 93.4% and 85.7% on the same day, week 1, month 1, month 6, year 1
and year 2 after RFT, respectively. After RFT, the postoperative NRS scores and dosage of carbamazepine were significantly reduced
than those preoperatively (P < 0.05). The median time to take effect was zero day. Twenty-eight patients with recurrence underwent
RFT again and achieved complete pain relief. All patients experienced numbness in the infraorbital nerve innervation area and the
numbness scores gradually decreased over time.

Conclusion: CT-guided RFT treatment may be an effective and safe technique for pain relief in patients with infraorbital neuralgia
following failed results from conservative treatment.
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Introduction

Infraorbital nerve is the terminal branch of maxillary nerve, and the largest terminal branch of trigeminal nerve. It enters
the orbit via the infraorbital fissure, passes through the infraorbital groove and then through the infraorbital canal. It
reaches the face from the infraorbital foramen and innervates the skin and mucosa of the lower eyelid, nasal wing and
upper lip." Infraorbital neuralgia is an unbearable facial pain, characterized by sudden, severe, paroxysmal, electric
shock-like pain in the area of infraorbital nerve distribution.* Infraorbital neuralgia is usually induced or aggravated by
basic daily activities such as brushing teeth, washing face and chewing food, and even causes disability in severe cases.*
Currently, there are no reports available on the morbidity of infraorbital neuralgia. Herpes zoster, maxillary sinusitis and
trauma have been reported as common factors inducing infraorbital neuralgia,”’ however, it may also be of idiopathic
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origin.? As one of the most excruciating diseases, this severe chronic pain can lead to various psychological disorders
such as anxiety and depression, which seriously affects patients’ quality of life.’

Due to lack of relevant researches, there are no systematic guidelines currently available for the treatment of
infraorbital neuralgia.*’~® Similar to trigeminal neuralgia, the first line of treatment for infraorbital neuralgia is oral
drug therapy, which generally includes antiepileptics, analgesics or antidepressants.* However, in many patients,
infraorbital neuralgia cannot be completely relieved by drug therapy alone. These drugs may also have severe side
effects such as dizziness and drowsiness in many cases. Patients who respond poorly to oral drug therapy can be
supplemented with nerve block, which is another conservative treatment.” Nerve block using a local anesthetic is the
essential diagnostic criteria for infraorbital neuralgia, which can be administered with or without glucocorticoids as an
initial interventional treatment option.*”? However, due to the unsatisfactory results from single injection, repeated
injections are generally required, which are accompanied by disadvantages such as complications caused by repeated
puncture and drug-related risks. Neurodestructive techniques can be utilized for patients with unbearable infraorbital
neuralgia, who failed to benefit from conservative treatments.'® Trescot reported that nerve cryoneurablation (intraoral or
extraoral) can also be used in these cases.'' However, nerve ablation results in numbness of the innervated area of the
infraorbital nerve, causes discomfort and affects the quality of life. Moreover, the short-term remission rate from this
technique is high, the duration of pain relief is short and recurrence is also more likely. Furthermore, the injection of
neurolytic agents could lead to nerve necrosis, tissue fibrosis, formation of neuroma and other side effects.'?
Conventional open procedures such as infraorbital nerve decompression, neurectomy and avulsion are also
beneficial>'*'>!> Although traditional open surgeries are beneficial in patients with failed conservative treatments,
they are now rarely performed in clinical practice due to their highly invasive nature.

Previous studies have demonstrated that pulsed radiofrequency (PRF), a percutaneous minimally invasive treat-
ment, is an alternative for patients experiencing ineffective conservative therapy with infraorbital neuralgia.®'®'” We
previously reported that the postoperative effective rates of PRF treatment for infraorbital neuralgia were 69% and
50% at one month and two years, respectively.® Properly increasing the voltage could further improve short-term
efficacy of PRF treatment; however, the effectiveness of treatment remains limited and there was still a significant
long-term recurrence rate.'® Jia et al suggested that the postoperative effective rates of 42°C PRF combined with 60°C
continuous radiofrequency (CRF) treatment were 95.5% and 72.7% at one month and two years, respectively.'’
Although there are no significant adverse effects of PRF treatment for infraorbital neuralgia, their effective rates
still need improvement.

Unlike PRF, radiofrequency thermocoagulation (RFT) is a neurodestructive technique. The thermal effect of RFT can
result in degeneration and conduction blockade of the targeted nerve, which has been proved to be effective in the
treatment of trigeminal neuralgia and other painful diseases.'® ' Moreover, some studies have reported that the efficacy
of PRF is less than that of RFT in the treatment of trigeminal neuralgia.”*** Ren et al suggested that RET provided long-
term pain relief when compared to PRF for neuralgia of supraorbital nerve, which is also a branch of the trigeminal
nerve.'” However, there is little literature available on the treatment of infraorbital neuralgia by RFT. This study aims to
evaluate the effectiveness and safety of CT-guided RFT in patients with infraorbital neuralgia, following failed
conservative management.

Materials and Methods

This retrospective study was approved by the Medical Ethics Committee of Beijing Tiantan Hospital affiliated to
Capital Medical University. This study was conducted in compliance with the Declaration of Helsinki. Data included
in analysis were all de-identified. This retrospective study involved no more than minimal risk to subjects, and the
waiver of consent did not adversely affect the subjects’ welfare and rights. The application for waiver of informed
consent for this study was also approved by the Medical Ethics Committee of the study center. Patient informed
consent was not required due to the retrospective nature of this study. The medical records of patients with infraorbital
neuralgia, who had undergone CT-guided RFT after failed conservative treatment, were reviewed between
January 2015 and February 2020.
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Study Design and Participants

This was a single center, retrospective study, without a control group, conducted at Beijing Tiantan Hospital, Capital
Medical University. Patients who met the following criteria were eligible for study: (1) Age >18 years; (2) Met the
diagnostic criteria of 8B 82.0 in the international classification of diseases 11th revision (ICD-11);** (3) Showed
positive response to diagnostic block (1 mL of 2% lidocaine) before RFT treatment;>’ (4) Failed to achieve pain relief
from conservative treatment and previous RFT treatment. The exclusion criteria were as follows: (1) Patients with
incomplete medical records; (2) Patients with secondary neuralgia by intra- and extra-cranial lesions, herpes zoster and
trauma; (3) Patients with history of invasive treatment such as decompression, neurectomy and avulsion of the
infraorbital nerve. A total of 217 patients with infraorbital neuralgia who had failed conservative treatment were
reviewed, and the medical records of 196 patients were collected and analyzed based on the inclusion and exclusion

criteria.

Procedures

All RFT treatments were conducted by experienced pain physicians. Patients were made to lie down in supine position on
the computed tomography (CT) scanner bed. Electrocardiogram (ECG), heart rate (HR), blood pressure (BP), oxygen
saturation and respiratory rate (RR) were continuously monitored. Negative plate of Pain Management Generator (PMG-
230, Baylis Medical, Inc., Canada) was placed on the back of the patients.

Puncture point was the surface projection point of infraorbital foramen on the affected side, which is located at the
intersection of the connecting line between external canthus and midpoint of upper lip and vertical line of pupil. RFT
was performed after skin disinfection and local anesthesia with 1% lidocaine at the puncture site. A 10-cm-long
insulated RF trocar needle with a 5-mm bare needle tip (PMF-21-100-5, Baylis Medical Inc.) was inserted upward,
backward and outward in the direction of the infraorbital foramen, under the guidance of thin-layer CT (2 mm/layer,
medical x-ray CT machine, model SOMATOM, SIEMENS Company, Germany). The needle was readjusted until the
trocar reached the infraorbital foramen (Figure 1).* After negative aspiration for blood or air was confirmed, the RF
treatment electrode (PMK-21-100, Baylis Medical, Inc.) was inserted into the trocar after the stylet was removed.
Parameters of RFT were set in proper order as 60°C, 75s; 65°C, 75s; 70°C, 75s; 75°C, 75s; and 80°C, 755.2526 After
the effect of infraorbital nerve block disappeared, hypoalgesia of infraorbital nerve indicated that the nerve had been
ablated.

Data Collection

Preoperative demographic data, intraoperative data and postoperative follow-up data were retrieved from HIS medical
record system and routine postoperative follow-up database, which was established to improve the quality of clinical
treatment. Preoperative demographic data included gender, age and body mass index (BMI) of patients, affected side,
duration of disease, numerical rating scale (NRS) score of pain, history of treatment such as PRF, etc., the preoperative
dosage of carbamazepine (milligrams per day) along with comorbidities such as hypertension, diabetes mellitus, coronary
heart disease and stroke. The intraoperative data included operation time, vital signs, NRS score immediately after RFT
treatment and intraoperative complications or side effects. Routine follow up were performed on the same day (after the
effect of local anesthetics gradually subsided before leaving the hospital), week 1, month 1, month 6, year 1, and year 2,
postoperatively. Follow-up outcomes were NRS scores, the dosage of carbamazepine and the time of recurrence. The
effective rate was defined as the percentage of patients with NRS score reduction of >50% postoperatively, and the
effective rate at each follow-up time points were calculated. Time to take effect was defined as the time from RFT
treatment to NRS score reduction of >50%. Recurrence was defined as NRS score greater than 50% of that before RFT
treatment, without any oral medications. In addition, postoperative side effects such as facial swelling, facial numbness,
ecchymosis, hematoma at puncture site, eye injury, blindness or infection were also recorded. The degree of facial
numbness was scored as follows:>” 0: no numbness; 1: mild numbness (with no significant impact on life); 2: moderate

numbness (with some impact on life); and 3: severe numbness (intolerable).
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Figure | Operative procedure of puncturing the infraorbital foramen. (A) Localization for puncture. (B) The tip of the trocar entering the ipsilateral infraorbital foramen as
shown in axial CT scan of maxillary sinus.(C) The needle entering the ipsilateral infraorbital foramen as shown in sagittal CT scan of maxillary sinus. (D) The needle entering
the ipsilateral infraorbital foramen as shown in 3-D reconstruction of spiral CT. White marks indicate the needle in the infraorbital foramen.

Statistical Analysis

Statistical analyses were performed by IBM SPSS Statistics software (version 26, IBM, Inc., USA). Normally distributed
continuous data were expressed as means + standard deviations (SDs), and non-normally distributed continuous data
were expressed as medians and interquartile ranges (IQRs). NRS scores and dosage of carbamazepine at different time
points were analyzed by Wilcoxon signed-rank tests. Categorical data were described as frequency and percentage, and
were analyzed by Friedman test. Bonferroni correction was used to correct multiple comparisons. P value <0.05 was
considered statistically significant.

Results

A total of 217 patients with infraorbital neuralgia who had failed conservative treatment and underwent CT-guided RFT
treatment were reviewed between January 2015 and February 2020. Twenty-one patients were excluded based on the
exclusion criteria and the medical records of 196 patients were collected and analyzed.

Baseline Characteristic

Preoperative baseline and intraoperative characteristics are summarized in Table 1. Of all the 196 patients, 104 patients
(53.1%) were male. The average age was 64.4 = 10.4 years, and the maximum and the minimum age were 90 and 37
years, respectively. The median course of disease was 4.6 years (IQR, 3.7-5.6 years; range from 2.2 years to 8.5 years),
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Table | Patient Characteristics

Patients Total (n=196)
Age (years, xtSD) 64.4£10.4
Gender, male, n (%) 104(53.1%)
BMI (xtSD) 24.8+2.6
Comorbidities, n (%)

Hypertension 53(27.0%)
Diabetes mellitus 28(14.3%)
Coronary disease 20(10.2%)
Stroke 11(5.6%)
Duration of disease [years, median (IQR)] 4.6 (3.7-5.6)
Affected side, left, n (%) 102(52.0%)
History of PRF treatment, n (%) 61(31.1%)
Previous dosage of carbamazepine [mg/day, median (IQR)] | 800 (600-800)
Preoperative NRS score [median (IQR)] 8 (8-9)
Operation time (min, xtSD) 29.1+6.7
NRS score immediately after RFT treatment 0

and the mean operation time was 29.1+6.7 minutes. All the patients with infraorbital neuralgia were affected unilaterally,
of whom 102 cases (52.0%) were affected on the left-side. All patients had failed to achieve pain relief from conservative
management, such as oral drug therapy, nerve block with local anesthetics with or without glucocorticoids, before CT-
guided RFT treatment. Sixty-one patients (31.1%) had experienced PRF treatment; however, the therapeutic effect was
not ideal or had relapsed. All patients suffered from severe pain, and the median preoperative NRS score was 8 points
(IQR, 8-9 points; range from 7 points to 10 points). The median preoperative carbamazepine dosage was 800 mg per day
(IQR, 600-800 mg/day; range from 200 mg/day to 1000 mg/day).

NRS Score

The NRS scores of all the patients were 0 immediately after RFT treatment due to the effect of local anesthetics. All
patients were tested for hypoalgesia, after the effect of local anesthetics had subsided in the infraorbital innervation area
of the affected side, before being discharged. The NRS scores of 182 patients (92.9%) were reduced by more than 50%
after RFT treatment compared to the preoperative NRS score on the same day. Postoperative NRS scores did not decrease
significantly or decreased by less than 50% of the preoperative score in 12 patients (6.1%), and there were 2 patients
(1.0%) with increased NRS scores on the same day after treatment. However, the NRS scores of all patients decreased
within one week after treatment. The postoperative NRS scores at each follow-up time points were significantly lower in
168 patients than those preoperatively (P < 0.05) (Figure 2).

Dosage of Carbamazepine

Discontinuation cases (rates) of carbamazepine were 20 (10.2%), 71 (36.2%), 119 (60.7%), 193 (98.5%), 181 (98.9%)
(after excluding 13 patients with recurrence) and 167 (99.4%) (after excluding 28 patients with recurrence)
on the same day, week 1, month 1, month 6, year 1, and year 2 after the RFT treatment, respectively. The postoperative
dosage of carbamazepine were significantly reduced than the preoperative dosage in 168 patients (P < 0.05) (Figure 3).

Effective Rate
The median time to take effect was 0 day (IQR, 0-1 day; range from 0 day to 7 days) after treatment. The effective cases
(rate) were 182 (92.9%), 196 (100%), 196 (100%), 196 (100%), 183 (93.4%) and 168 (85.7%) on the same day, week 1,
month 1, month 6, year 1 and year 2 after the RFT treatment, respectively.

A total of 28 patients (14.3%) experienced pain recurrence during the 2-year follow-up, and recurrence time was at
7.8,8,9,9,09, 10, 10, 10, 11, 11, 11, 12, 13, 13, 15, 15, 16, 16, 17, 17, 18, 19, 20, 20, 21, 22 and 22 months after
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Figure 2 Postoperative NRS scores at each follow-up time point.
Notes: The postoperative NRS scores of 168 patients who completed the 2-year follow-up were included. *P < 0.05 was considered as statistically significant compared
with baseline.
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Figure 3 Postoperative dosage of carbamazepine at each follow-up time point.
Notes: The postoperative dosage of carbamazepine of 168 patients who completed the 2-year follow-up were included. *P < 0.05 was considered as statistically significant
compared with baseline.
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treatment. Twenty-eight patients with recurrence underwent RFT treatment for the second time, and complete pain relief
was achieved in all patients, with no recurrence during the follow-up period.

Side Effects

Vital signs were stable during the operation, and there were no obvious perioperative complications or side effects such
as eye injury, blindness and infection. Facial swelling occurred in 20 patients (10.2%). Twelve patients (6.1%) suffered
from facial ecchymosis, whereas hematoma at puncture site occurred in 6 patients (3.1%) (Figure 4). These short-term
postoperative complications were completely relieved within 2 to 3 weeks.

All patients experienced numbness in the infraorbital nerve innervation area after RFT treatment. For facial numbness
score, 183 patients completed a one year follow-up (after excluding 13 patients with recurrence), and 168 patients
completed a two years follow-up (after excluding 28 patients with recurrence). The numbness scores are shown in
Figure 5. Of all the 196 patients, the proportion of patients who had a facial numbness score of 2 or 3 points was 81.6%
on the same day after treatment. Numbness scores gradually decreased over time. However, of the 168 patients who
completed the 2-year follow-up, only 18 (10.7%) patients complained of facial numbness with scores of 2 or 3 points.
Facial numbness score of 168 patients were included in the Friedman test. There were no significant differences in facial
numbness scores on the same day, week 1 and month 1 after treatment, respectively. The numbness scores on the
aforementioned time points were significantly different from those at month 6, year 1 and year 2 after treatment. Based
on the Friedman test, the numbness scores at month 6, year 1 and year 2 after treatment were significantly different.

Discussion
Our study reports the effectiveness and safety of CT-guided RFT treatment in patients with infraorbital neuralgia with
failed conservative management, and the results reveal that RFT treatment provides significant pain relief without serious
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Figure 4 Postoperative complications.
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Figure 5 Facial numbness score at each follow-up time point.
Notes: The facial numbness score of 168 patients who completed the 2-year follow-up were included in the Friedman test. Bonferroni correction was used to correct
multiple comparisons. *P < 0.05/15 was considered as statistically significant.

complications. The effective rate was 92.9% on the same day, 100% at week 1, and 85.7% at year 2 after treatment. As
a nerve damaging procedure, our study reports a higher effective rate than previous studies, with effective rates of 69%
and 50% at month 1 and year 2, respectively, after standard parameter PRF therapy, which is a neuromodulatory
procedure for infraorbital neuralgia.® Similarly, the effective rate of this study is also higher than our previous research
about the application of PRF combined with 60°C CRF treatment for infraorbital neuralgia,'” which was 95.5% and
72.7% at month 1 and year 2. Our results are consistent with Wang et al’s study,?® which demonstrates that, once the site
of treatment is accurate, RFT provides a higher initial effective rate and long-term pain relief due to its therapeutic
mechanism of blocking pain transmission.

In this study, we identified the pain source in advance with diagnostic blockade on all patients at the time of
diagnosis. In this study, pain disappeared immediately following RFT procedure due to the effects of local anesthetics in
all patients with infraorbital neuralgia, which proves that the accuracy of diagnosis of pain source and the puncture site
was correct. Furthermore, all punctures were performed under the guidance of CT in our study, which also ensured the
accuracy of puncture. The median time to take effect was 0 day, which was shorter than that in previous studies on
neuromodulatory PRF treatments for infraorbital neuralgia,'®!'” but was consistent with other studies that had rapid onset
after RFT treatment.'®*°

However, not all patients had NRS pain scores immediately reduced to zero on the day of the procedure. We found
that except for the vast majority of patients (92.9%) who experienced an immediate pain relief with decreased NRS
scores, a minority of patients (6.1%) suffered no obvious pain relief for one week after the RFT treatment. Few patients
(1.0%) suffered even more severe pain within the first week after the procedure. Some patients had delayed pain relief
after surgery, which might be related to direct puncture injury or heat damage to the surrounding tissue. Since all patients
in this study had daycare surgeries, our data also provided some clarification to clinicians regarding the postoperative
management of such patients after being discharged. Patients who had temporarily inadequate pain relief after operation
needed to continue taking the same preoperative oral drug dosage, and had to wait for the RFT effect to take place
gradually. However, for very few patients with aggravated postoperative pain, increasing the preoperative oral drug
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dosage and even incorporating nonsteroidal anti-inflammatory drugs (NSAIDs) or opioids was necessary to achieve
adequate analgesic effect.

Along with the decrease in postoperative NRS scores, the dosage of carbamazepine reduced gradually after RFT
treatment. However, our results were inconsistent with Jia et al’s study,® who reported of a one week requirement for
drug reduction after combined PRF and 60°C CRF treatment for infraorbital neuralgia, which was longer than that in our
study. Our study reports a rapid median onset time of standard RFT treatment. The discontinuation rate of carbamazepine
was only 36.2% with an effective rate of 100% at week 1 after treatment, and 60.7% with the median NRS score of 0
point at month 1 after treatment, which might be due to patients’ concern about pain recurrence.

A total of 28 patients (14.3%) experienced pain recurrence within 2 years and all of these patients were willing to
receive a second RFT treatment, indicating that the patients were highly satisfied with the operation. Moreover, no
patients experienced resistance to second treatment, which was consistent with Gunduz et al’s study, which reported that
the repeatability of this intervention was a distinct advantage.’® Xue et al demonstrated that the recurrence was mainly
caused by nerve regeneration after RFT treatment.”’ Nerve fibers disassemble rapidly in the early stages and neuro-
pathological changes such as axonal regeneration may occur in the nerve. Further studies are needed to explore the ways
to reduce the recurrence rate of infraorbital neuralgia following RFT treatment.

The proportion of patients reporting satisfactory pain relief was 92.9% on the same day of RFT treatment, which
should be related to the therapeutic mechanism of RFT. As a neuroselective and disruptive technology, RFT treatment
plays an important role in ion oscillation in tissue through high-frequency current generated by radiofrequency instru-
ment, which results in local rise in temperature. Conductive tactile neurofibrils (Ao and AB-type) can tolerate higher
temperatures; therefore, gradual heating can preserve the tactile fibers relatively, and selectively destroy conductive pain
neurofibrils (A and C-type).*’ Pain relief can be achieved by cutting off the sensory pathway and the sense of touch can
be partially or completely preserved.>' ** However, the optimal temperature of RFT treatment has not been confirmed
yet.** The temperature range is between 50°C and 95°C in previous studies.”* The higher the temperature within
a certain range, the better the treatment effect and the higher the risk of adverse reactions from the RFT treatment.*” In
the future, ideal therapeutic parameters of RFT for different painful diseases should be further explored to improve
efficacy and reduce side effects.

There were no puncture-related serious adverse effects in our study, precisely because our procedures were performed
under CT guidance. Mild swelling and ecchymosis were observed after the procedure, which resolved in a short time.
Hematoma at puncture site occurred in some patients due to injury to facial blood vessels during puncture, and recovered
spontaneously without treatment. Therefore, the application of RFT is safe in the treatment of infraorbital neuralgia.
However, RFT treatment was a destructive procedure and caused numbness, which is consistent with previous studies on
RFT treatment for trigeminal neuralgia, supraorbital neuralgia and other painful diseases.'®>*” Postoperative numbness
might be caused by the disconnection of infraorbital nerve. Although the patients suffered from varying degrees of facial
numbness, most patients claimed that they would prefer numbness over pain.>’*° We speculated that the reason why
facial numbness score decreased over time was because patient’s adaptation to numbness or potential nerve repair.
However, a considerable number of patients still suffered from numbness one year after RFT treatment, and the ideal
therapeutic parameters for reducing numbness should be further explored in the future.

There were several limitations to our study. First, this was a single-center retrospective study with a relatively small
sample size. Multicentric, randomized, controlled studies with a larger sample size must be conducted. Second, our study
had a follow-up period of 2 years; long-term effectiveness and safety of CT-guided RFT treatment for patients must be
explored. Third, the optimal parameters of RFT treatment such as temperature and duration need to be further studied.
Fourth, due to lack of a control group, the conclusion of our study must be acknowledged with caution.

Conclusions
The current study provides preliminary evidence that CT-guided RFT treatment may be an effective and safe pain relief

technique for patients with infraorbital neuralgia who failed to achieve pain relief from conservative treatment.
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