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Objective: To examine the role of intraoperative awake anesthesia and the three-dimensional reconstruc-
tion technique in percutaneous microballoon compression (PBC) for the treatment of trigeminal neuralgia.
Methods: Seventy patients diagnosed with trigeminal neuralgia and admitted to Guangdong Sanjiu Brain Hospital from 2019 to 2022
were selected for the study.All patients were treated with PBC by three-dimensional (3D) reconstruction of preoperative and
intraoperative images and intraoperative awake anesthesia. The duration of balloon compression during surgery was three minutes.
After balloon compression during the procedure, the patient is awakened for effect assessment, allowing for real-time adjustments of
the surgical strategy based on the evaluation.Postoperative pain relief was evaluated using the Brisman criteria.

Results: Pain completely disappeared immediately post-operation in 68 patients, and was significantly alleviated in two patients, with an
efficacy rate of 100% and a cure rate of 97.1%. 60 patients experienced facial numbness on the affected side postoperatively, which showed
different degrees of remission or disappearance within 6—12 months after surgery. Eleven cases of herpes labialis (15.7%), one case of facial
hematoma (1.4%), and three cases of postoperative psychiatric symptoms (4.3%) occurred, all of which recovered within 1-2 weeks after
surgery. Weakness in the masticatory muscles on the affected side was observed in four patients (5.7%), and all cases returned to normal
within six months post-surgery.During follow-up 36-60 months, there were five cases (7.1%) of pain recurrence on the affected side.
Conclusion: Awake anesthesia combined with 3D reconstruction technology for PBC surgery may provide a safer and more effective
alternative for the treatment of trigeminal neuralgia.

Keywords: trigeminal neuralgia, awake anesthesia, three-dimensional reconstruction, microballoon compression

Introduction
Trigeminal neuralgia (TN) is primarily characterized by transient and episodic severe pain in the innervated area of the
trigeminal nerve. The nature of the pain varies, presenting as electric shock-like, stabbing, cutting, or burning sensations,
which seriously affect patients’ quality of life, as well as their ability to study and work.' In the early stages of the
disease, oral medications are typically prescribed for treatment.” However, surgery is often required eventually due to
drug resistance and side effects.**

Percutaneous microballoon compression (PBC) is currently a more commonly used minimally invasive surgical
method for the treatment of TN. This technique was proposed by Mullan et al in 1983.> PBC offers several advantages,
including simplicity of operation, minimally invasive nature, low cost, painlessness under general anesthesia, and high

reproducibility.®’ For elderly and frail patients, individuals with refractory recurrent pain, individuals who are resistant or
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unable to tolerate craniotomy, or patients experiencing recurrence after microvascular decompression (MVD), PBC may
be considered as the preferred surgical treatment option.®

After nearly four decades of clinical practice,various studies have reported PBC postoperative complications, such as
hypoesthesia or paresthesia on the operated side, masticatory muscle weakness, corneal hyporeflexia, abducens nerve
palsy, and intracerebral hemorrhage.® The occurrence of these complications is closely related to the puncture site,
direction, depth, specific position, size, compression time of the balloon.® Therefore, the process of intraoperative
puncture and the control of the balloon position, shape, size, and compression time are particularly important when
conducting the PBC procedure. Moreover, TN is a condition characterized by subjective symptoms, and the degree of
pain and relief cannot be quantified objectively. When the operation is performed under general anesthesia, the subjective
feelings of the patient cannot be known to change, and the effect of the operation cannot be evaluated. Local anaesthesia
does not completely resolve the severe pain generated when the puncture needle enters the trigeminal semilunar ganglion
and balloon dilatation.Additionally, the patient’s anxiety, tension, and fear regarding the surgery can lead to discomfort
during the procedure, hindering their cooperation and potentially causing fluctuations in blood pressure and heart rate,
which negatively impacts the safety and effectiveness of the surgery.

This study presents a modified PBC surgical technique that integrates intraoperative awake anesthesia with 3D
reconstruction. Preoperative and intraoperative use of 3D reconstruction technology ensures successful puncture, precise
balloon positioning, and satisfactory shaping. During surgery, assisted by awake anesthesia, communication with the
patient is maintained to confirm the surgical outcome. This modified surgical approach was applied to treat 70 cases of
TN. Clinical insights are summarized with the aim of exploring a safer and more effective adjunct method for PBC
surgery, with the hope of further promoting its utilization.

Materials and Methods

Clinical Data
Basic Information

Seventy patients with trigeminal neuralgia (TN) were admitted to our center from January 2019 to March 2022, Inclusion
criteria:classical TN and secondary TN, diagnosed according to the International Classification of Headache Disorders,
3rd edition (ICHD-3, 2018). Exclusion criteria: secondary TN (tumor and multiple sclerosis).Patients’ characteristics are
presented in Table 1.

Table | Patient Characteristics of 70 Patients Undergoing PBCs

Sex (male/female) 27/43

Age at treatment (years)

Median (IQR) 67 (61-70)

Range 56-85

Preoperative duration of TN (months)

Median (IQR) 52(23-86)

Range 4-156

Pain site(%)

Right 42(60)
Left 28(40)
(Continued)
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Table | (Continued).

Branch of pain(%)

Vi 2(2.9)
V2 9(12.9)

V3 12(17.1)
VI+V2 12(17.1)
V2+V3 20(28.6)
VI+V2+V3 15(21.4)

Previous reatment for TN (%)

Craniotomy (MVD) 3(4.3)
Minimal invasive techniques 10(14.3)
Medication treatment 66(94.3)

Acupuncture treatment based on Traditional Chinese Medicine | 10(14.3)

Non 3(4.3)

Notes: VI, V2, V3 = first, second, and third branches of the trigeminal nerve. Minimal invasive
techniques: PBC, trigeminal nerve peripheral branch amputation, electrocoagulation, gamma knife.
Medication treatment = Conventional Western medicine,Chinese herbal medicine. Continuous
variables were expressed as medians (and interquartile ranges [IQR]).

Radiological Examination

Preoperative three-dimensional computed tomography (CT) was conducted for image reconstruction (Philips 64-layer
CT, the scanning layer thickness is set at 0.75—1mm. The Extended BrillianceTM workstation software is used for three-
dimensional reconstruction of skull, which can be completed within a few minutes with simple operation). Following
skull reconstruction, the size of the foramen ovale was measured (Figure 1A and B), as well as the distance from the
foramen ovale to the trigeminal foramen (Figure 1C), and the depth of the foramen ovale (Figure 1D). In 70 cases, the
short diameter of the foramen ovale ranged from 2.1 mm to 6.5 mm, with an median of 3.8 mm (interquartile range [IQR]
3.1-4.8mm); the long diameter ranged from 4.2 mm to 11.8 mm, with an median of 5.6 mm (IQR 4.9-6.1mm). The
largest foramen measured 6.5 mm X 11.8 mm, while the smallest was 2.1 mm x 4.2 mm.

Surgical Methods-The Same Surgical Approach Was Applied to All Patients
Preoperative Preparation

Patients were instructed to fast for six hours prior to the procedure. After the induction of general anesthesia, the patient
was positioned supine with the head slightly tilted back, approximately 10-15 degrees.

Anesthesia Implementation Details

Remifentanil was administered intravenously at a dose of 0.8—1.2pg/kg. Muscle relaxant: Rocuronium was injected
intravenously at a dose of 0.6—1.0mg/kg. Anesthetic: Cyclopropylphenol was administered intravenously at a dose of
0.4-0.6mg/kg. For elderly, frail patients, or those classified as ASA III-1V, the dosage should be reduced to 0.2—0.4mg/
kg, with slow administration (over approximately 10 seconds). Following rapid sequence induction, tracheal intubation,
and mechanical ventilation, intraoperative maintenance involved continuous infusion of Remifentanil at a rate of
[1.2-12pg/(kg-h)] and Cyclopropylphenol at a rate of [0.4-0.6 mg/(kg-h)], without the use of muscle relaxants. The
dosage of maintenance anesthetics was adjusted based on changes in vital sign monitoring. All maintenance anesthetics
were discontinued three minutes after successful puncture, balloon formation, and compression of the trigeminal

Journal of Pain Research 2025:18 https: 4835



Li et al

Figure | Preoperative CT 3D reconstruction to understand the skull base and foramen ovale. (A) Long and short diameters of the extracranial foramen ovale(redline). (B)
Long and short diameters of the intracranial foramen ovale(redline). (C) Distance from the foramen ovale to the trigeminal nerve foramen(redline). (D) Depth of the
foramen ovale(redline).The red line indicated by the green arrow represents the measured length.Scale bar,|0mm.

ganglion. Awakening generally occurs within 10—15minutes.The duration of anesthesia required throughout the surgical
procedure is approximately 25 to 30 minutes.

Puncture Site

The Hartel anterior approach was utilized for the puncture. The puncture site was situated approximately 2.5cm lateral to
the corner of the mouth on the affected side. Two additional reference points were identified: approximately 0.5cm below
the ipsilateral pupil and approximately 3cm anterior to the external auditory canal at the level of the zygomatic arch.

Puncture Procedure

A CTZ-14 gauge puncture needle from Qinyuan Company, Shenzhen, was utilized for the puncture. Under fluoroscopic
guidance from a dual C-arm digital subtraction angiography (DSA) X-ray machine by GE, USA, the puncture needle was
directed into the foramen ovale. 3D reconstruction of the skull base was performed using the DSA X-ray machine to
confirm the positioning of the puncture needle at the foramen ovale when necessary (Using the integrated InSpace 3D
software,The voxel size is in the range of 0.1-1 mm).

Balloon Formation and Compression Process

The stylet of the puncture needle was removed, and a No.5 balloon catheter was inserted into the Meckel’s cave.
Subsequently, 0.2—0.4 mL of contrast agent was injected into the balloon cavity. 3D reconstruction using the DSA X-ray
machine was performed to confirm the positioning of the balloon within Meckel’s cave when necessary. Then, additional
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Figure 2 Intraoperative 3D reconstruction of the balloon and awake anesthesia process. (A) Balloon shape under lateral fluoroscopy. (B) Balloon shape after 3D
reconstruction. (C) Removal of the laryngeal mask, awakening the patient during surgery. (D) Communication with the patient, touching the trigger points, inquiring about
any occurrence of pain, hypoesthesia, and numbness on the affected side.Scale bar,|0mm.

contrast agent was injected into the balloon until it achieved an ideal pear shape (Figure 2A). A comprehensive 3D
reconstruction was performed to confirm the shape of the balloon (Figure 2B). The volume of contrast agent injected into
the balloon ranged from approximately 0.45 mL to 1.0 mL, and the compression time of the balloon was approximately

three minutes.

The intraoperative anesthesia awakening process

Under the supervision of an anesthesiologist, the patient was awakened during the procedure. Meanwhile, the laryngeal
mask was removed, while the puncture needle remained in place (Figure 2C), and communication with the patient was
initiated. For patients exhibiting obvious trigger points preoperatively, stimulation of these trigger points and touching the
area of preoperative pain onset (Figure 2D) were performed. Patients were asked whether they experienced numbness or
pain on the affected side. For patients without obvious trigger points preoperatively, both the affected and unaffected
sides were touched, and the patient was asked to compare the sensation between the two sides, particularly noting any
reduction in sensation or numbness on the affected side. If pain was not triggered or if numbness was evident on the
affected side, the surgery could be concluded. If the patient still experienced pain or lacked numbness, the balloon
catheter could be readjusted in terms of size and shape, followed by an additional compression period of 30 seconds to
3 minutes. Communication with the patient was resumed after achieving the desired effect. Upon achieving the desired
outcome, the puncture needle was withdrawn, pressure was applied to the puncture site for a few minutes, and sterile
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dressings were applied. The patient was observed for any complications, such as impaired eye movement or conjunctival
congestion on the affected side.

Postoperative Outcome Assessment

Postoperatively, the degree of pain relief was assessed using the Brisman standard.’ (Complete cure: no pain and no
medicine; Significant efficacy: pain relief rate >90%, occasional medication still required).The pain relief rate was
calculated using the Visual Analogue Scale (VAS) scores: the preoperative VAS score minus the postoperative VAS
score, divided by the preoperative score. The resulting value represents the relief rate.

Results

Intraoperative Observation

With the assistance of 3D reconstruction, successful puncture of the foramen ovale was achieved in all patients, with the
balloon catheter fully entering Meckel’s cave. Awake anesthesia was successfully administered to all patients intraopera-
tively. Among the patients, 69 cases exhibited a pear-shaped or pear-like morphology of the balloon (Figure 3A and B),
while one case presented with a peanut-like morphology (Figure 3C).Upon awakening from anesthesia, six patients
reported that they were still experiencing pain symptoms. Consequently, the balloon was reinflated to maintain
compression on the trigeminal ganglion. The compression was sustained for 60 seconds in four patients and 90 seconds
in two patients,following which the pain symptoms subsided. Intraoperatively,the median balloon volume was 0.59mL
(IQR 4.6-7.1mL).

Postoperative Conditions

After surgery, 68 patients experienced a complete disappearance of pain symptoms (including patients in whom the balloon
exhibited a peanut shape), with two patients showing significant efficacy. The efficacy rate was 100%, and the cure rate was
97.1% (Postoperative pain resolved completely and immediately, and did not recur within three months). No serious

Figure 3 Types of balloon formation during the surgery. (A) Pear-shaped balloon. (B) Pear-like balloon. (C) Peanut-shaped balloon.Scale bar,|0mm.
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Table 2 Side Effects and Complications in 70 Patients After PBC (Complications Immediately Following Surgery)

Facial numbness 60(86) All patients experienced relief within 12 months

Herpes labialis 11(15.7) All patients recovered within 2 weeks

Mastication weakness 4(5.7) All patients recovered within 6 months

Postoperative psychiatric symptoms 3(4.3) All patients recovered within | weeks

Facial hematoma 1(1.4) Complete recovery within two weeks

Facial numbness and herpes labialis and Mastication weakness 4(5.7) Recovery times for each symptom are consistent with those mentioned above
Facial numbness and herpes labialis 5(7.1) Recovery times for each symptom are consistent with those mentioned above
Facial numbness and facial hematoma 1(1.4) Recovery times for each symptom are consistent with those mentioned above
Facial numbness and postoperative psychiatric symptoms 1(1.4) Recovery times for each symptom are consistent with those mentioned above
Herpes labialis and postoperative psychiatric symptoms 1(1.4) Recovery times for each symptom are consistent with those mentioned above

[e32 1
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Table 3 Results of 70 Patients After PBC

Postoperative patient with facial numbness 60 2

Postoperative patient without facial numbness | 10 3

Notes: p=0.0091, chi-square test.

complications were observed. The most common complication was ipsilateral facial numbness (60 out of 70 cases), which
alleviated or resolved within 6—12 months. Other complications are detailed in Table 2.

Follow-up

In this study, the postoperative hospital stays ranged from two to three days.During follow-up 36—60 months. Among the
cases, there were five instances of pain recurrence (7.1%). Both cases with significant efficacy experienced pain resolution
within 1 month without intervention. Among the 60 patients who experienced facial numbness postoperatively, all patients had
varying degrees of relief or disappearance of facial numbness were observed within 6—12 months (At the six-month
postoperative follow-up, 11.5% of patients reported complete resolution of numbness. By the 12-month mark, 28.6% of
patients had experienced complete resolution of numbness), After 60 months of follow-up, facial numbness disappeared in
82% (49/60). It was observed that patients with postoperative numbness had a lower recurrence rate of pain (Table 3).

Discussion

This study is the first to explore the 3D reconstruction of images combined with awake anesthesia for PBC surgery.
Preoperative and intraoperative image reconstruction techniques were used to ensure successful puncture, satisfactory
balloon shape, and surgery was performed with the aid of awake anesthesia, and the surgical results could be confirmed
during surgery. Among the 70 cases of TN patients in this study who underwent this modified PBC, according to the
Brisman standard,The immediate postoperative effectiveness rate was 100%, and the complete cure rate was 97.1%.

According to the relevant literature®'%!!

the pain relief rate after PBC surgery is approximately 82% to 97.1%, while the
recurrence rate within 3 to 5 years postoperatively is often greater than 20%. In contrast, our group demonstrated higher
effectiveness and cure rates, along with a lower recurrence rate (7.1%).No severe complications, such as rupture of the
internal carotid artery or intracerebral hemorrhage, occurred during or after the operation6.

In this study, a 3D reconstruction technique was used to ensure successful puncture of the foramen ovale during PBC
surgery. The first step in PBC surgery is the successful puncture of the foramen ovale and Meckel’s cave. Studies'*"?
have revealed significant individual variations in the foramen ovale among adults. There are instances of small foramen

1717 a5 well as other conditions, which may result in puncture failure.Shallow puncture

ovale or nearby bony spurs,
effects surgical outcomes, while deep puncture can lead to various surgical complications such as intracranial hemor-
rhage, damage to the oculomotor nerve, or abducens nerve injury.'® In this study, CT 3D reconstruction technique was
performed preoperatively to visually observe the bone condition near the foramen ovale, measure the size and depth of
the foramen ovale, and identify the approximate depth from the foramen ovale to the trigeminal foramen with adequate
preparation before puncture. During puncture, 3D reconstruction is performed using DSA X-ray machine, and measure-
ment tools can be used to measure the depth of needle insertion and ensure that the puncture needle smoothly reaches the
foramen ovale, so as to reduce the risk of puncture and avoid puncture failure.

3D reconstruction also ensures satisfactory balloon shape and correct positioning during PBC surgery. Intraoperative
acquisition of a pear-shaped balloon is critical to surgical success.'”° In traditional PBC surgery, balloon visualization is
positioned with the aid of a traditional C-arm machine, and whether the balloon is inflated in a “pear-shaped” shape can
only be judged on standard lateral images, which may be completed by repeated head position adjustment during surgery.
In this study, 3D reconstruction using the DSA machine allowed for the precise determination of the specific position of
the balloon, the relationship between the 3D shape of the balloon and the surrounding tissues. Additionally, it enabled
direct observation of the balloon morphology from multiple perspectives, ensuring the balloon appeared pear-shaped.
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Compared to traditional guidance using a C-arm machine for puncture and balloon formation, the use of three-
dimensional reconstruction improves the efficiency of puncture and balloon formation, ensures the balloon is in the
correct position, and thereby reduces the risk of surgical complications. This is particularly beneficial for cases with
abnormal skull base anatomy that may pose difficulties during puncture.Furthermore, the preoperative and intraoperative
3D reconstructions require only routine CT 3D scanning, utilizing the built-in 3D reconstruction software of the CT and
DSA systems.it is simple to operate, has a short learning curve, does not increase surgical costs, and is an easily mastered
and readily promotable technique.

Awake anesthesia not only enhances patient comfort but also allows for real-time assessment of surgical outcomes,
thereby improving the success rate of the surgery. Communication with the patient was conducted to determine whether
the compression time was appropriate and to evaluate the surgical outcome. This allowed for decisions regarding the
termination of the procedure or adjustments to the surgical strategy, as well as the timely detection of related complica-
tions. In this group of patients, pain assessment was performed under awake anesthesia after 3 minutes of balloon
compression, revealing that 6 patients still experienced significant pain on the affected side. Subsequent compression of
the trigeminal ganglion was continued under awake anesthesia, resulting in the resolution of pain symptoms. If
conventional anesthesia had been used, these 6 patients might have experienced persistent trigeminal neuralgia post-
operatively, which could have reduced the cure rate by approximately 8.6% (6/70). It can be inferred that these outcomes
are not only related to the precision of the balloon’s shape and positioning, as guided by intraoperative three-dimensional
image reconstruction, but are also closely associated with the re-compression of the trigeminal ganglion following
adjustments to the balloon during awake anesthesia.

Although achieving a pear-shaped balloon during PBC surgery is considered a key factor for surgical success, there
are instances where the balloon fails to assume a pear-shaped configuration. Such conditions may result from balloon
displacement, causing it to be positioned outside of Meckel’s cave, which could lead to a lower pain relief rate
postoperatively and difficulties in confirming surgical effectiveness during the procedure. With three-dimensional
reconstruction during surgery, the correct position of the balloon can be clearly identified; moreover, patient awakening
following balloon compression allows for immediate assessment of surgical outcomes. In one case in our series, the
intraoperative balloon exhibited a peanut shape (Figure 3C). Using intraoperative three-dimensional reconstruction, we
confirmed the balloon position within Meckel’s cave. Complemented by awake anesthesia, the patient’s postoperative
pain symptoms completely disappeared., and no recurrence was observed during the 60-month follow-up period. It is
suggested that in special cases, a balloon may not necessarily present as pear-shaped; however, confirming that the
balloon is located within Meckel’s cave and conducting evaluations under awake anesthesia can enhance the surgeon’s
confidence in successfully completing the procedure.

Regarding complications, PBC is believed to produce analgesic effects by disrupting the structure of nerve fibers,
with its efficacy depending on the extent of nerve fiber destruction. The primary mechanism involves the mechanical
compression of large myelinated nerve fibers by the balloon, leading to damage of sensory nerve fibers.®?' In this
group of cases, 60 patients (86%) experienced postoperative facial numbness on the affected side, indicating
a relatively high incidence. This phenomenon may be related to the repeated adjustments of the balloon morphology,
position, and compression time during the surgical procedure in pursuit of an ideal balloon shape. Furthermore, if the
patient is awakened intraoperatively and pain has not yet resolved, additional procedures such as extending compres-
sion time or adjusting the balloon position may be conducted, potentially resulting in more severe damage to sensory
nerve fibers. Statistical analysis in this group also revealed that patients experiencing facial numbness had a lower
recurrence rate of pain (Table 3). Recent reports have highlighted a modified percutaneous balloon compression (PBC)
technique. Compared with conventional methods, this technique inflicts greater damage to sensory nerve fibers,
resulting in improved long-term efficacy.”” It can be hypothesized that the more severe the damage to sensory
nerve fibers, the better the pain relief may be, although this is associated with a higher probability of facial
numbness.The mechanical compression in PBC primarily affects sensory nerve fibers, with minimal injury to motor
nerve fibers. Consequently, there are few cases of masticatory muscle weakness in this group of cases, reported in only
4 instances, all of which recovered to normal within 6 months. Herpes simplex is closely associated with the
compression and reactivation of the herpes virus latent in the trigeminal ganglion."' During PBC, the trigeminocardiac
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reflex (TCR) may occur, manifesting as a significant decrease in heart rate and a reduction in blood pressure. This
physiological response results in the adjustment of systemic and cerebral blood circulation, leading to blood being
redirected to the brain and an increase in cerebral blood flow.® In patients who developed transient psychiatric
symptoms postoperatively in this group, a significant TCR was observed during the procedure. It is hypothesized
that the increase in cerebral blood flow within a short period may lead to associated adverse symptoms, such as
transient psychiatric symptoms. Notably, there were no major complications, including oculomotor disturbances,
carotid artery rupture, or cerebral hemorrhage in this group, which may be attributed to the assistance of the three-
dimensional reconstruction technique.

Conclusion

This study is the first to utilize modified PBC surgery with 3D reconstruction, combined with awake anesthesia, for the
treatment of TN. The overall cure rate and efficacy rate are at a high level, with no occurrence of serious complications.
This study aims to provide an easy-to-implement alternative to the modified PBC technique. However, this study also has
several 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, this study tended to be a retrospective analysis and lacked
a necessary control group, resulting in significant limitations. It is imperative to objectively evaluate heterogeneity and
publication bias; therefore, future studies should be large-scale, well-designed randomized controlled trials, and multi-
center studies are warranted to validate our findings.

Abbreviations
3D, Three-dimensional; CT, Computed tomography; DSA, Digital subtraction angiography; MVD, Microvascular
decompression; PBC, Percutaneous microballoon compression; TN, Trigeminal neuralgia.
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