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ABSTRACT

Background

For medically refractory trigeminal neuralgia (TN), percutaneous radiofrequency
thermocoagulation (RFTC) of the Gasserian ganglion is a proven minimally invasive
treatment. Radiation exposure, repeated cannulation attempts, and possible challenges with
precise targeting are connected with conventional fluoroscopy/CT-guided procedures,
especially in patients with complex skull base anatomy. Real-time three-dimensional picture
guiding is provided via neuronavigation, which may increase procedural safety and accuracy.
Objective

To evaluate the feasibility, targeting accuracy, safety, and short-term clinical outcomes of
neuronavigation-guided Gasserian ganglion RFTC in patients with refractory trigeminal
neuralgia.

Methods

In this prospective case series, neuronavigation-guided percutaneous RFTC was performed
on patients with pharmacologically resistant TN at our institution. For trajectory planning and
real-time guiding during foramen ovale cannulation, preoperative CT-MRI fusion imaging
was used. The Barrow Neurological Institute (BNI) Pain Intensity Scale was used to measure
pain outcomes both at discharge and at the three-month follow-up. Complications pertaining
to the procedure were prospectively documented.

Results

All patients had successful cannulation and lesioning. All patients experienced immediate
postprocedural pain reduction, and at discharge, 100% of patients had a BNI Grade I-II
outcome. Eighty percent of patients had good pain control at the three-month follow-up.
Forty percent of patients experienced transient facial hypoaesthesia, which went away on its
own without help. There were no significant side effects, such as corneal anesthesia,
anesthesia dolorosa, cerebrovascular injury, or death.

Conclusion

Neuronavigation-guided Gasserian ganglion RFTC is a safe, practical, and effective treatment
for refractory trigeminal neuralgia. Excellent rapid pain alleviation, long-lasting short-term
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results, and a favorable safety profile are all provided by this approach. To confirm these
results and ascertain long-term efficacy, larger prospective trials with longer follow-up are
necessary.

Keywords: Trigeminal Neuralgia (TN), Radiofrequency Thermocoagulation (RFTC),
Navigation guided radio frequency lesioning, Neuronavigation, Neuronavigation in
trigeminal neuralgia.

INTRODUCTION

Trigeminal neuralgia (TN) is a chronic neuropathic pain condition manifested by paroxysms
of unilateral, shooting facial pain — in the distribution of one or more of the branches of cranial
nerve V, occurring in 4—13 per 100,000 population/year.!!") Carbamazepine is the treatment
of choice; however, a considerable number of patients become resistant or experience effects
that cannot be tolerated prompting interventional or surgical measures.>*! Microvascular
decompression provides the best sustained long-term pain relief; however, its anesthetic and
surgical requirements make it inappropriate for elderly or medically comorbid patients;
therefore, percutaneous Gasserian ganglion procedures are an important treatment option.

Over 90% of patients regularly report immediate pain alleviation following
percutaneous radiofrequency thermocoagulation (RFT) of the Gasserian ganglion, which
selectively ablates pain-conducting A-delta and C fibers at 60—-80°C.[**! However, due to the
anatomical variability of the foramen ovale, conventional fluoroscopy-guided RFT using the
Hartel anterior approach carries a clinically significant first-pass cannulation failure rate with
associated risks of cardiovascular instability, vascular injury, and, in rare cases,
encephalitis.[! These restrictions are further exacerbated by radiation exposure and a
challenging operator learning curve, especially at establishments starting a new percutaneous
rhizotomy program.

With reported first-pass cannulation success rates of 92—-100% and initial pain
alleviation rates close to 97%, neuronavigation-guided RFT incorporates real-time CT-MRI
fusion imaging to offer precise three-dimensional targeting of the foramen ovale.[*! Dong et
al. showed that a neuronavigation-guided strategy considerably decreased 36-month
recurrence when compared to the traditional Hartel procedure in a randomized trial involving
108 patients (16.3% vs. 39.2%; p= 0.03).] Despite this body of evidence, there is still little
organized institutional experience with neuronavigation-guided RFT in the Indian
neurosurgery setting.

The present study describes our initial institutional experience with neuronavigation-
guided percutaneous RFT, assessing short-term pain outcomes using the Barrow
Neurological Institute (BNI) Pain Intensity Scale, first-pass cannulation success, and
procedural feasibility. %!

MATERIALS AND METHODS

Study Design and Setting

The Department of Neurosurgery at Balaji Hospital, a tertiary care referral facility, was the
site of this retrospective observational study. Neuronavigation-guided percutaneous
radiofrequency thermocoagulation (RFT) of the Gasserian ganglion was performed on
consecutive patients with medically resistant trigeminal neuralgia between May 2025 and
April 2026. Prior to data collection, institutional ethics committee approval was sought, and
all procedures were carried out in accordance with institutional norms.
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Patient Selection

Inclusion Criteria

o Patients aged >18 years with classical trigeminal neuralgia diagnosed according to
established clinical criteria.

o Failure of or intolerance to medical management, including carbamazepine or other
antineuralgic medications.

o Patients undergoing neuronavigation-guided percutanecous RFT as the primary
intervention.

o Availability of complete clinical and follow-up records.

Exclusion Criteria

Secondary trigeminal neuralgia due to tumors and multiple sclerosis.
Previous ablative trigeminal procedures.

Incomplete medical records or inadequate follow-up.
Contraindications to percutaneous intervention.

Preoperative Evaluation

Clinical Assessment

A detailed history was obtained, including duration of symptoms, affected trigeminal
divisions, previous treatments, and neurological examination findings.

Imaging Workup

All patients underwent preoperative magnetic resonance imaging (MRI) to exclude secondary
causes of trigeminal neuralgia. Thin-slice computed tomography (CT) imaging was performed
for neuronavigation planning and visualization of the skull base anatomy.

Pain Severity Assessment (VAS, BNI Pain Scale)
Pain intensity was assessed preoperatively using the Visual Analog Scale (VAS) and the
Barrow Neurological Institute (BNI) Pain Intensity Scale.

Neuronavigation Planning

Imaging Acquisition and Registration

Preoperative CT datasets were imported into the neuronavigation workstation. Image
registration was performed using standard surface-matching techniques to ensure accurate
anatomical localization.

Trajectory Planning

A safe and optimal trajectory was planned using neuronavigation software, targeting the
foramen ovale through a modified Hartel approach while avoiding critical neurovascular
structures.

Identification of Foramen Ovale
The foramen ovale was identified on multiplanar reconstructed CT images, and the planned
entry point and needle trajectory were confirmed prior to the procedure.

Surgical Technique

Patient Positioning

Patients were placed in the supine position with mild neck extension. The head was secured
and registered to the neuronavigation system.
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Percutaneous Cannulation

Under local anesthesia with monitored sedation, a radiofrequency cannula was introduced
percutaneously through the predetermined entry point and advanced toward the foramen
ovale.

Neuronavigation Guidance
Real-time neuronavigation guidance was used throughout cannulation to facilitate accurate
targeting of the foramen ovale and Gasserian ganglion.

Electrophysiological Confirmation
Following cannula placement, sensory and motor stimulation testing was performed to
confirm appropriate localization within the target trigeminal division.

Radiofrequency Lesioning Parameters
After satisfactory confirmation, radiofrequency thermocoagulation was performed at
temperatures of 60°C for 60-90 seconds twice.

Outcome Measures

Pain Relief

The primary clinical outcome was immediate postoperative pain relief assessed using the BNI
Pain Intensity Scale and VAS score.

Procedural Accuracy
Procedural accuracy was evaluated by successful cannulation of the foramen ovale and first-
pass cannulation success rate.

Operative Time

Operative duration was measured from skin puncture to completion of lesioning.
Complications Procedure-related complications including facial numbness, dysesthesia,
corneal hypoesthesia, masticatory weakness, vascular injury, infection, and other adverse
events were recorded.

Recurrence
Pain recurrence during follow-up at 3 months was documented and defined as reappearance
of trigeminal neuralgia requiring medical or procedural intervention.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 12 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean =+ standard deviation or median with
interquartile range, while categorical variables were presented as frequencies and percentages.
Preoperative and postoperative pain scores were compared using appropriate parametric or
non-parametric tests. A p-value <0.05 was considered statistically significant.

RESULTS
Patient Demographics and Baseline Characteristics

Ten consecutive patients with medically refractory trigeminal neuralgia underwent
neuronavigation-guided percutaneous radiofrequency thermocoagulation (RFT) of the
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Gasserian ganglion during the study period. The cohort comprised five men and five women,
with a mean age of 59 + 11.7 years (range 32—71 years). Trigeminal neuralgia affected the
right side in five patients and the left side in five. The mandibular (V3) division alone was
involved in four patients, the maxillary (V2) division alone in three, and combined V2-V3
involvement was present in three patients; no patient had isolated V1 involvement.

The mean duration of symptoms prior to intervention was 33 + 14.5 months (range 12—
60 months). All patients had a documented history of failed or poorly tolerated medical
therapy: four patients were on carbamazepine monotherapy, while six were on combination
regimens (carbamazepine with gabapentin in three, oxcarbazepine in two, and pregabalin in
one). On the basis of pre-procedural Barrow Neurological Institute (BNI) Pain Intensity Scale
grading, six patients were classified as BNI Grade IV and four as BNI Grade V, reflecting
severe, treatment-refractory pain at baseline.

Baseline Characteristic Value
Number of patients 10
Mean age (years) 59 + 11.7 (range 32-71)
Sex (M / F) 5/5
Side of TN (Right / Left) 5/5
Division involved — V2 only 3 (30%)
Division involved — V3 only 4 (40%)
Division involved — V2 + V3 3 (30%)
Mean duration of symptoms (months) 33 £ 14.5 (range 12-60)
Previous therapy — carbamazepine 4 (40%)
monotherapy
Previous therapy — combination therapy 6 (60%)
Pre-operative BNI Grade IV 6 (60%)
Pre-operative BNI Grade V 4 (40%)
Table 1: Baseline Characteristic

Trigeminal Division Involvement

V2

Figure 1. Distribution of trigeminal nerve division involvement (n = 10)

Procedural Findings
CT-MRI fusion imaging for neuronavigation-guided trajectory planning was utilised in all
ten patients (100%). Foramen ovale cannulation was successful in all patients (100%), with
first-pass cannulation achieved in 7 of 10 patients (70%); the remaining three patients
required a second cannulation attempt. No patient required abandonment of the percutaneous
approach or conversion to an alternative technique.

The mean total procedure duration, measured from skin puncture to completion of
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lesioning, was 37.3 £ 11.8 minutes (range 20—60 minutes). Procedures requiring a second
cannulation attempt were associated with a longer mean duration (51.7 = 7.6 minutes)
compared with first-pass successes (31.1 £ 6.4 minutes); this difference was statistically
significant (Welch’s t-test, p = 0.022), supporting first-pass cannulation success as a key
determinant of overall procedure efficiency.

Procedure Duration by Cannulation Attempts
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. Figure 2. Mean procedure duration (+ SD) stratified by number of cannulation attempts
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Pain Outcomes and Statistical Comparison
Immediate post-procedural pain relief was reported in all ten patients (100%). At discharge, 7
patients (70%) achieved BNI Pain Intensity Scale Grade I (no pain, no medication) and 3
patients (30%) achieved Grade II (occasional pain, no medication), giving an overall BNI
Grade I-1I rate of 100% at discharge.

At the 3-month follow-up assessment, 5 patients (50%) remained at BNI Grade I and
3 patients (30%) at BNI Grade II, together representing 8 of 10 patients (80%) with
satisfactory pain control (BNI I-II). Two patients (20%) experienced pain recurrence during
follow-up, with one progressing to BNI Grade III and one to BNI Grade IV, both requiring
resumption of or escalation in medical management. No patient required a repeat ablative
procedure within the follow-up period.

= Distribution of BNI Pain intensity Grades Over Time

. Pre-operative
| At discharge
s - 3.month follow.up

64
4
] I ]L
]

Number of Patients

BNI Pain Intensity Grade

Figure 3. Distribution of BNI Pain Intensity Grades at baseline, discharge, and 3-month

follow-up
BNI Pain Intensity ) . o . o 3-Month Follow-up n
Grade Pre-operative n (%) [Discharge n (%) (%)
Grade | 0 (0%) 7 (70%) 5 (50%)
Grade 11 0 (0%) 3 (30%) 3 (30%)
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Grade IIT 0 (0%) 0 (0%) 1 (10%)

Grade IV 6 (60%) 0 (0%) 1 (10%)

Grade V 4 (40%) 0 (0%) 0 (0%)
Total 10 (100%) 10 (100%) 10 (100%)

Table 2: Pain Intensity Monitoring

Table. BNI Pain Intensity Grade distribution at Pre-operative, discharge, and 3-month
follow-up (n = 10), corresponding to Figure 3.

To formally assess the change in pain severity over time, the ordinal BNI grades (I =1
to V =5) were compared using the Wilcoxon signed-rank test for paired non-parametric data.

Comparison Mean = SD (Pre) [Mean + SD (Post) p-value*
Pre-operative vs. Discharge BNI 4.4 +0.52 1.3+048 0.002
Pre-operative vs. 3-month BNI 4.4 +£0.52 1.8 +1.03 0.004
Discharge vs. 3-month BNI 1.3+048 1.8 +£1.03 0.500

Table 3: BNI score assessment
* Statistically significant at p < 0.05 (Wilcoxon signed-rank test)

Both the immediate post-procedural reduction in BNI grade (pre-operative mean 4.4 +
0.52 vs. discharge mean 1.3 + 0.48; p = 0.002) and the reduction sustained to 3 months (pre-
operative vs. 3-month mean 1.8 £+ 1.03; p = 0.004) were statistically significant. The increase in
mean BNI grade between discharge and 3 months (1.3 to 1.8) reflects recurrence in the two
patients described above, but this change did not reach statistical significance (p = 0.500),
indicating that the overall analgesic benefit was largely maintained across the cohort at short-
term follow-up.

Complications
Transient facial hypoaesthesia in the distribution of the treated division occurred in 4 of 10
patients (40%). In all affected patients this sensory disturbance resolved spontaneously
without intervention, with documented resolution within 1-2 days.

No patient developed corneal anaesthesia, anaesthesia dolorosa, masticatory
weakness, cerebrovascular injury, infection, or any other major procedure-related
complication. There was no procedure-related mortality (0%).

Procedure-Related Complications (n=10)
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Figure 4. Incidence of procedure-related complications and pain recurrence (n = 10)
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Summary of Key Outcomes

Parameter Result
Successful cannulation 10/10 (100%)
First-pass cannulation success 7/10 (70%)
CT-MRI fusion neuronavigation used 10/10 (100%)
Parameter Result
Mean procedure duration 37.3 £ 11.8 min (range 20-60)
Immediate pain relief 10/10 (100%)
BNI Grade I-1I at discharge 10/10 (100%)
Pre-op vs. discharge BNI (Wilcoxon) p =0.002
Satisfactory pain control (BNI I-II) at 3 months 8/10 (80%)
Pre-op vs. 3-month BNI (Wilcoxon) p =0.004
Pain recurrence at 3 months 2/10 (20%)
Transient facial hypoaesthesia (spontaneously 4/10 (40%)
resolved)
Corneal anaesthesia / ggaesthesia do!orosa / 0/10 (0%) cach
cerebrovascular injury / mortality
Table 4: Summary of Qutcomes

DISCUSSION

Percutaneous Gasserian ganglion treatments continue to be a crucial interventional alternative
for people unsuitable for microvascular decompression in cases of trigeminal neuralgia, a
crippling neuropathic pain disorder, when pharmaceutical treatment fails or becomes
intolerable.”> Neuronavigation-guided percutaneous RFT produced 100% successful
cannulation, 100% instantaneous pain alleviation, and a 100% BNI Grade I-II rate at
discharge in this retrospective cohort of ten consecutive patients. These numbers are in good
agreement with pooled results from systematic reviews and meta-analyses of image-guided
RFT, which show comparably high early BNI I-II rates and initial pain alleviation in the
range of 90-97%.[+12]

Although it is at the lower end of the 92-100% first-puncture success reported for
neuronavigation-guided series, our first-pass cannulation rate of 70% is comparable.[--13]
The three patients who needed a second attempt had considerably longer operation times
(51.7 £ 7.6 vs. 31.1 £ 6.4 minutes; p = 0.022), supporting Tsai et al.'s finding that when
trajectory planning is optimized, CT-MRI fusion neuronavigation enhances cannulation
efficiency and long-term prognosis.”! The interpretation that our lower first-pass rate
represents an early-experience learning curve rather than a technique limitation is supported
by Gao et al.'s meta-analysis of one-puncture success across guidance modalities, which also
found image-based navigation as a determinant of first-attempt success.['?! Additionally, Xue
et al. demonstrated that cannulation of anatomically challenging foramina in maxillary-
division RFT was significantly enhanced by three-dimensional imaging guidance; this finding
directly relates to our foramen ovale targeting.['4!

Eighty percent of our patients maintained satisfactory pain control (BNI I-II) at three
months, and the mean BNI grade significantly decreased from 4.4 & 0.52 preoperatively to 1.8
+ 1.03 (p = 0.004). This early durability is mostly in line with the short- to medium-term
results published by Faizo et al. and Brinzeu and Sindou, both of which show high levels of
patient satisfaction and adequate pain control following retrogasserian RFT.I>!1 Our 20%
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recurrence rate is consistent with Dong et al.'s randomized evidence of a lower 36-month
recurrence with neuronavigation-guided mandibular-angle puncture compared to the
conventional Hartel approach (16.3% vs. 39.2%; p = 0.03) and is lower than the 3-5-year
recurrence of 20-35% reported for conventional fluoroscopy-guided RFT.®! Although our
brief follow-up cannot corroborate this, Li et al.'s extensive retrospective examination of
1070 patients also found exact lesioning as a predictor of durable result, thereby confirming
the theory that image-guided, homogeneous thermal lesioning may reduce long-term
recurrence.!!”]

In comparison to the literature, our safety profile is favorable. Forty percent of
patients experienced transient facial hypoaesthesia, which all resolved on their own and was
consistent with the anticipated sensory sequelae reported by Yan et al. and Zhao et al.[*!®]
The rare encephalitis reported in isolated case reports and the cardiovascular instability
described by Zhao et al. during ganglion ablation under local anesthesia are among the
complications that have historically limited enthusiasm for percutaneous Gasserian
procedures. However, no patient experienced corneal anesthesia, anesthesia dolorosa,
cerebrovascular injury, or mortality.[®!®) A benefit highlighted by Thatikunta et al. and Pérez-
Bovet et al.'s evaluation of frameless navigation-guided rhizotomy across modalities is that
avoiding fluoroscopy also minimized cumulative radiation exposure.['>!” The confirmation of
neuronavigation-assisted balloon compression by Rochat et al. provides more evidence that
image-guided targeting can be applied beyond RFT.[!8]

According to Bithal, Mitra et al., Tripathi et al., and Verma et al., percutaneous TN
therapy in India has mostly depended on fluoroscopy- or landmark-guided RFT, pulsed
radiofrequency, or radiosurgery, with little documented usage of specialized neuronavigation
platforms.[1??] Al-Obaydi et al. used conventional guiding in their regional experience with
percutaneous RFT in elderly patients.!> Wu et al.'s comprehensive study supporting wider
adoption of neuronavigation-guided percutaneous rhizotomy is complemented by this series,
which is among the first organized Indian institutional experiences especially using CT-MRI
fusion neuronavigation.®!

The small sample size, brief three-month follow-up, single-surgeon experience, and
retrospective design are among the limitations that restrict generalizability and prevent
inferences on cost-effectiveness and long-term recurrence. To support these results, larger
prospective, multi-surgeon trials against traditional fluoroscopy-guided RFT with longer
follow-up are required.

CONCLUSION

This initial institutional experience shows that a safe and successful treatment for medically
refractory trigeminal neuralgia is neuronavigation-guided percutaneous radiofrequency
thermocoagulation of the Gasserian ganglion. All ten patients underwent effective cannulation
and experienced instant pain relief; after three months, 80% of them maintained satisfactory
pain control (BNI Grade I-II), and their favorable complication profile was restricted to
temporary, self-resolving facial hypoaesthesia. There were no significant adverse effects,
such as cerebrovascular damage, corneal anesthesia, or anesthesia dolorosa. CT-MRI
fusion neuronavigation seems to increase procedural accuracy while removing radiation
exposure related to traditional fluoroscopic methods by permitting real-time three-
dimensional targeting of the foramen ovale. These results encourage the use of
neuronavigation in percutaneous rhizotomy procedures, especially in facilities handling cases
with complex anatomy. Larger prospective comparative studies with longer follow-up are
required to prove long-term efficacy, recurrence rates, and cost-effectiveness in comparison
to traditional image-guided methods because of the retrospective design, small sample size,
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and short follow-up.
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