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Abstract: Trigeminal neuralgia is a condition confined to the trigeminal nerve, causing one or more branches of facial nerve pain. Surgical
treatment options for trigeminal neuralgia include microvascular decompression(MVD), percutaneous balloon compression (PBC), radio-
frequency thermocoagulation(RF), percutaneous retrogasserian glycerol rhizotomy(PRGR), gamma knife, etc. Of these treatments, PBC is
increasingly being used by clinicians for trigeminal neuralgia. PBC is a simple surgical operation performed to treat trigeminal neuralgia.
Owing to its advantages, PBC is favored by many clinicians. In this study, we aimed to emphasize the need to analyze the shape of the
balloon, position, compression time, and pressure, as these factors can affect the efficacy of PBC. The relief of pain by balloon compression
is related to the shape of the balloon on X-ray, which is the key to the operation. Owing to continued progress and advances in current
imaging technologies, clinicians revealed that the precise positioning of the foramen ovale is no longer an intraoperative problem. Instead,
the anatomy of Meckel’s cave and the shape of the balloon must be the focus to achieve the best treatment effect. For clinicians, PBC is
simple and is associated with a short operation time. PBC also has other advantages, such as low cost and immediate postoperative pain
relief. The recurrence rate of pain post-PBC is low, despite the occurrence of facial numbness post-op. However, this side effect is reversible
and does not affect daily life of the patient. In fact, the patient can be discharged 1-2 days after surgery. Overall, PBC can be considered as
one of the preferred surgical methods for the treatment of primary trigeminal neuralgia. In this paper, we explain the main points of PBC
operation in detail in terms of Meckel’s cave, surgical procedure, complications, discussion of the focus and new progress, etc.
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Introduction

Trigeminal neuralgia is a common neuropathic pain experienced in neurosurgery that is mainly manifested as pain in the unilateral
distribution area of facial trigeminal nerve branches. The pain is mainly in the distribution of second and third branches, and
bilateral is relatively rare. Trigeminal neuralgia can often be triggered by minor actions in the face, which have characteristic
trigger points. These actions cause electric shock or shooting-like pain. In the early stages of the disease, the pain can last from
a few seconds to 2 min and can gradually develop into persistent facial pain as the disease progresses.'*

At present, trigeminal neuralgia is first treated with drugs, mainly carbamazepine. If patients exhibit drug tolerance and the
treatment effect is not obvious, surgery is employed for treatment. According to the classification of IASP, trigeminal neuralgia is
currently divided into three types: classic, secondary, and idiopathic. Classical trigeminal neuralgia causes pain due to focal
demyelination induced by compression of the trigeminal nerve root by the responsible blood vessel, especially in the central
myelin-peripheral myelin transitional zone.> ® Microvascular decompression (MVD) is currently the first-line surgical therapy
for trigeminal neuralgia. However, not all patients with trigeminal neuralgia have neurovascular conflict. In fact, approximately
12% of patients do not have a neurovascular conflict’ Based on continuous research and attempts to discover trigeminal
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neuralgia treatment methods, other surgical methods have emerged. Of these methods, PBC is favored by a growing number of
clinicians owing to its simple operation and evident efficacy.

Percutaneous balloon compression (PBC) was first proposed by Mullan and Lichtor'® in 1983 for the treatment of
trigeminal neuralgia. By using a puncture needle, placing the balloon in the Meckel’s cave, and filling the balloon to form
a “pear” shape, the shape can be maintained and the trigeminal ganglia in the Meckel’s cave can be compressed for a short
time, thereby immediately relieving facial pain after surgery. The postoperative pain relief effect of PBC is significant and is
associated with a long pain relief period. Compared to many minimally invasive or non-invasive therapies, the overall surgical
procedure of PBC is simple, the operation time is short, the surgical wound is small, and the operation can be repeated. Further,
the postoperative complications of PBC will not affect the daily life of the patient. Therefore, PBC has been increasingly used
by clinicians in recent years. With the continuous development of auxiliary technologies, the surgical focus of PBC is
increasingly on the morphological changes of the balloon. As a result, the surgical details of PBC must be carefully analyzed.

Anatomy of Meckel’s Cave

As the dural space containing the trigeminal ganglion, the anatomy of the Meckel’s cave determines the intraoperative shape of the
balloon in the Meckel’s cave. In fact, Meckel’s cave is the dural concave protruding from the postcranial fossa. Based on the
sagittal image from MRI, the shape of Meckel’s cave can be divided into three different types: bulbous, oval, and flat, with the oval
as the most common shape, accounting for 60% of cases. Few trigeminal neuralgia patients do not have Meckel’s cave.'""'
Meckel’s cave is divided into upper, lower, anterior, posterior walls, inner and lateral walls. The anterior and upper walls are
adjacent to the posterior venous space of the posterior cavernous sinus; the lateral wall is adjacent to the dura of the medial fossa,
and the front of the inner wall is adjacent to the posterior cavernous sinus segment of the internal carotid artery. As the internal
carotid artery enters the cavernous sinus below the Meckel’s cave, special attention must be paid to avoid damage to the internal
carotid artery, as the resulting bleeding will lead to delayed surgery to enable emergency treatment. The arachnoid and meningeal
layers of the dura mater are closely connected to the trigeminal ganglia, which reverse on the nerve surface to form a dural sheath.
Further, the three branches of the trigeminal ganglia penetrate the dura. The cavernous sinus is adjacent to the trigeminal ganglion,
where V1 and V2 exit through the cavernous sinus. In contrast, V3 does not penetrate the cavernous sinus.'* Intraoperative
puncture or balloon injury can cause a cavernous fistula. Fiber masses in the trigeminal ganglion occupy most of the ganglia. The
three branches originating from the trigeminal ganglion each correspond to the respective fibrous nerve masses.'* Brown et al
found that balloon compression relieves the pain of trigeminal neuralgia by damaging myelinated axons in rabbits, and that large
fibers are more affected than smaller fibers, because they undergo greater mechanical deformation than smaller fibers at a given
pressure. Surgery can be used to relieve pain as the balloon selectively damages the larger myelinated nerve fibers associated with
the conduction of nociception, while the smaller unmyelinated nerve fibers are not damaged. As a result, the conduction in corneal

reflex fibers is preserved, which is a unique advantage in the treatment of pain in the branch I distribution area.'>'®

Operative Procedure

Patients subjected to PBC are treated under general anesthesia in the supine position. The Hartel approach method is used. The
point of the needle entering the skin is 2.5 cm lateral to the corners of the mouth, and the other two reference points are located
3 cm anterior to the ipsilateral external auditory canal and 1 cm below the pupil. The relative position of the needle and the
foramen ovale is constantly determined using the C-arm. During the puncture process, the puncture needle should not pierce the
oral mucosa, which would cause contamination. The author suggests that the front end of the puncture needle should be at the
outer mouth of the foramen ovale on the lateral X-ray film (Figure 1). After importing the balloon, it is most appropriate that the
mark of the end of the balloon catheter exceeds the clivus line by 0.5 cm (Figure 2), enabling the “pear” shaped balloon to be
obtained smoothly (Figure 3). If the puncture is too deep, the balloon may slip away from the Meckel’s cave and form an ovale
balloon shape. If the puncture is too shallow, the balloon may leave part of the bone pipe in the foramen ovale and eventually form
an inverted “pear” shape with a small protuberance oblique. After the balloon is inserted into the Meckel’s cave, approximately
0.4-0.8 mL of contrast media is slowly injected into the balloon to fill the balloon; the position and shape of the balloon are then
verified. If the balloon does not possess a good shape, the angle and position of the needle will be adjusted, and the balloon will be
readjusted to obtain the ideal “pear” shape. After the balloon is compressed for approximately 3 min, the contrast media is
removed, the catheter is removed, and the skin is pressed on the puncture site for 5-10 min. Pear shaped is not always
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Figure 2 (A) The clivus line; (B) the mark of the end of the balloon catheter.

radiologically obtained, in fact we can use the presence of conjunctival hyperemia as evidence of successful compression. After
surgery, only a small facial puncture would be visible, and the pain would be relieved immediately. If there are no side effects
after the operation, patients can be discharged 1-2 days later.

Common Intraoperative Phenomenon: Trigeminocardiac Reflex

During PBC, when the needle in the foramen ovale causes mechanical compression of the mandibular nerve or the
enlarged balloon compresses the trigeminal ganglion, the heart rate and blood pressure of patients are found to decline.
Further, balloon compression of the trigeminal ganglion is more obvious. This phenomenon is called the trigeminocar-
diac reflex (TCR), and it is often observed during the operation. The incidence of TCR is approximately 97.3%.'”

The TCR is essentially a brainstem reflex. Owing to this physiological response, systemic and cerebral circulation are
adjusted, blood is transferred to the brain, or blood flow increases in the brain. The potential mechanism of the TCR is
still not clear. However, when the trigeminal ganglion nerve branch is compressed, trigeminal nerve sensory endings via
the trigeminal ganglion to trigeminal nerve sensory nucleus are thought to form the afferent pathway of the reflex and
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Figure 3 Contrast media is injected into the balloon to fill the balloon and obtain the “pear” shape.

connect with the efferent pathway in the vagus nerve motor nucleus, causing parasympathetic activation and sympathetic
inhibition, eventually leading to reduced heart rate and blood pressure.'®'?

When the TCR occurs during the operation, the reflex can be automatically relieved quickly after halting the operation, and
the normal heart rate and blood pressure can be restored. At this time, the operation can continue. Notably, the TCR is often
particularly severe for some patients and can cause cardiac arrest. In this case, the operation must be immediately stopped and
atropine must be injected to inhibit the vagus pathway.”**' Generally, the heart rate and blood pressure will return to normal
even if the reflex recurs, as the reflex strength will be weaker than before.”” Some surgeons administer atropine at the
beginning of surgery to prevent the occurrence of the TCR. For patients with TCR that cannot be controlled with atropine and
lidocaine, a continuous infusion of isoproterenol can be used to ensure that the heart rate is maintained above 90 bpm.** TCR is
very common in surgery. Generally, proper prevention and treatment measures will not affect the completion of the treatment
process. Further, the emergence of this reflex shows that the balloon does compress the trigeminal ganglion located in the
Meckel’s cave, which is a common phenomenon to ensure the success of surgery.

Surgical Effect After Surgical Operation

When PBC is used as a surgical method for trigeminal neuralgia, the initial postoperative pain relief rate is approximately 82—
97.1%, the pain relief time is approximately 18-20 months.****” The time of symptom recurrence after PBC is related to the
degree of balloon compression on the trigeminal ganglion, the length of compression, and the recovery after nerve injury. For
patients with recurrent pain after PBC, repeated PBC can be performed. The immediate pain relief rate of postoperative pain
after repeated PBC is approximately 93.8%. The recurrence rate of repeated PBC is slightly higher than that after the first
operation. In another study, the mean pain relief time to recurrence was 11.8 months for PBC versus 9.0 months for MVD.**

Complications

As with any destructive surgery, the most common postoperative complication is the loss of facial sensation. Facial
numbness is directly related to the success of the operation and is an important indicator of sufficient compression.
Complications include facial hypesthesia, masseter weakness, herpes labialis, meningitis, arterial hemorrhage, etc.2032

For corneal sensation, the effect of PBC was not significant Table 1.

Other Operative Treatments Compared with PBC
Drugs or surgery can be used to treat trigeminal neuralgia. For patients that are unresponsive to drugs, several surgical
methods are available, such as MVD, RF, PRGR, Gamma Knife, etc Table 2.'3-2426:3133
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Table | Possible Complications in the Operation

Complications Cause

Facial hypesthesia Compress to trigeminal ganglion

Bradycardia and hypotension Trigeminocardiac reflex

Masseter weakness Injury to motor root of trigeminal nerve

Injury to cranial nerves llI, IV, VI Deep and medial displacement of the needle

Herpes labialis Direct mechanical injury on trigeminal ganglion neurons

Meningitis The needle puncturing the oral mucosa and entering the oral cavity

Arterial hemorrhage The most dangerous complications, most of which are punctured the internal carotid artery, should be
stopped immediately.

Carotid-cavernous fistula The cavernous sinus of the internal carotid artery injured by puncture needle or balloon

Table 2 Surgical Treatment of Other Trigeminal Neuralgia

Surgical Treatment Principle Deficiency Compared with PBC

MVD Pad is used to separate the trigeminal nerve | The first choice for patients with classical trigeminal neuralgia, but not all
from the responsible vessels patients have neurovascular conflict

Gamma Knife Radiosurgery of the trigeminal nerve root The pain cannot be relieved immediately

near the brainstem

RF The trigeminal ganglion was injured by Corneal reflex is often affected, technical learning time is long
controlling the temperature

PRGR Glycerol is injected into the Meckel’s cave Facial hypoesthesia and corneal reflex are more affected than PBC and
to damage the nerve fibers that conduct PRGR requires patients to be awake, there are many factors that may
pain affect the effect of operation

Abbreviations: MVD, microvascular decompression; RF, radiofrequency thermocoagulation; PRGR, percutaneous retrogasserian glycerol rhizotomy; PBC, percutaneous
balloon compression; TCR, trigeminocardiac reflex.

Compared with other surgical methods for trigeminal neuralgia, PBC, as a minimally invasive and simple surgical
treatment, has a short operation time. Furthermore, compared with other surgical methods, the postoperative complica-
tions of PBC are less and the most reversible. The most common postoperative facial numbness can gradually recover
within 3—6 months. In terms of pain relief effect and recurrence rate, the cost of PBC is less than other treatments, which
markedly reduces the cost incurred by patients. Further, most patients can be treated with PBC. Owing to more advanced
imaging technologies, the overall performance of PBC is not difficult, and the patient can experience relief from pain
immediately after surgery. Further, the postoperative recurrence rate is low. Most importantly, PBC selectively damages
large, myelinated nerve fibers that conduct pain, without impacting small fibers that maintain corneal reflex.

Discussion

PBC consists of two main steps: correct needle insertion at the foramen ovale and correct balloon insertion in the Meckel’s
cave. Using imaging technology, we can determine whether the needle has accurately reached the foramen ovale and is in the
correct position. The shape of the balloon can also be observed via imaging. If the balloon shape is round, funnel-shaped, or
assumes other shapes, the contrast media should be withdrawn in time, and the position of the puncture needle should be
adjusted, until the balloon presents a typical “pear” shape; this is an important imaging indication to ensure the efficacy of
PBC. In addition to the effect of balloon shape on efficacy, the balloon pressure and compression time are important factors
affecting postoperative efficacy. However, there is no unified standard for these indicators, which still needs to be explored.

Positioning of the Foramen Ovale is No Longer the Main Intraoperative Step
In the past, clinicians emphasized the importance of foramen ovale positioning during PBC and even considered it as the
most critical step in PBC. Indeed, the precision of the foramen ovale puncture is an indispensable step in PBC; however,
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owing to continuous development of imaging technology, except for approximately 2—4% of patients were found to have
a foramen ovale with obvious anatomical variation, it is not difficult for most patients to accurately locate the foramen
ovale.>* For most patients, the position of the foramen ovale is under the C-arm. With intraoperative imaging, the
operator can clearly see the location of the foramen ovale and the puncture needle.

In addition to the most commonly used C-arm, for foramen ovale puncture, a 3D-CT guide can also be selected. A CT
scan of the patient and a 3D reconstruction of the acquired CT images on the post processing workstation can reveal the
exact position of the needle and the ovale to enable adjustments of the position of the needle to achieve fast and accurate
identification of the foramen ovale. Robot-assisted operations have also been performed in recent years, although this
technology requires a long preoperative preparation time. However, for foramen ovale positioning, the use of this
technology can enable high accuracy and safety. Further, positioning error can be controlled at 0.14 mm, the operation
time can be remarkably reduced, and the incidence of serious complications caused by multiple punctures can be
decreased. Moreover, the neuronavigation technique may be an alternative for specific patients with significant anato-
mical variants that cause unsuccessful foramen ovale puncture.**>*

Previously, clinicians emphasized the importance of the foramen ovale puncture. If the imaging technology is in its
infancy and the operator is not skilled, the time taken to find the foramen ovale is often long. Further, due to individual
differences, accurate punctures are needed to locate the foramen ovale position. Multiple punctures often lead to more
muscle, blood vessel, and nerve damage; increase the incidence of postoperative complications; and affect the operation
time and success rate. However, under the current technical conditions and other auxiliary conditions, precise positioning
of the foramen ovale is no longer difficult. In particular, with the availability of different imaging techniques, the location
of the foramen ovale can be identified and reached with the naked eye. Accordingly, the surgeon should mainly focus on
the location and morphological changes of the balloon.

The Key Point—Shape and Morphological Changes of the Balloon

The crucial point of PBC, which is also a sign of surgical success, is the “pear” shape of the C-arm presented by the
balloon located in the Meckel’s cave. Owing to intraoperative emphasis on the appearance of the shape and the anatomy
of the Meckel’s cave itself, when the balloon is in the Meckel’s cave, it naturally assumes the shape of the Meckel’s cave.
Accordingly, the balloon leads to sufficient compression to achieve pain relief in a limited compression time.

Morphological Changes of the Balloon

Based on the anatomy of the Meckel’s cave, when the balloon is in the correct position and the contrast medium is
injected, the balloon assumes the anatomical shape of the Meckel’s cave and appears similar to a “pear.” Balloon filling
pressure can cause enough compression of the trigeminal ganglia and trigeminal nerve root to enable the best compres-
sion effect. Since the establishment of PBC, the intraoperative “pear” shaped balloon has been regarded as a necessary
condition for successful operation. The final efficacy of surgery is mainly related to intraoperative balloon morphology,
compression time, and balloon pressure. Among them, the shape of the balloon is the most important influencing factor,
and the pain relief rate is markedly better in patients with an obvious pear shape than in those without this pear
shape.??° After the balloon enters the Meckel’s cave, the contrast medium is injected into the balloon, leading to a large
abdomen and the tip of a small bulge consisting of a “pear-shaped”. Dissection of the carcass revealed several small

openings in the dura bordering the upper and lower walls of the Meckel’s cave. Li et al*’

called these openings the
“cribriform district.” Cribriform district separates the Meckel’s cave from the peripheral sheath. Only the motor roots of
the trigeminal nerve fibers do not pass through the cribriform region. Instead, a separate sheath enters the wall of the
Meckel’s cave. Due to the anatomy of the Meckel’s cave, when the balloon is located in the Meckel’s cave, it can
eventually present a “pear-shaped” consisting of a large abdomen and a tip. The oblique upward protrusion is very
important. Due to the narrow porus trigeminus, the balloon will form a small protrusion around the narrow porus
trigeminus, causing compression on the trigeminal nerve root and axon damage. In the absence of such a small protrusion
formation, the pain relief effect is often worse. When the balloon is not placed correctly and the needle is too shallow, the
balloon may leave a part of the bony pipe of the foramen ovale to form a small inverted protrusion. When the balloon

presents an inverted “pear” shape, the small protrusion will cause more obvious compression on the mandibular nerve,
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which will be too backward to form the “dumbbell” shape. If the balloon completely slides out of the cavity, only an
original oval shape can form outside the cavity.”’41 Whether “dumbbell” shaped, oval shaped, or inverted “pear” shaped
balloon, the pain relief is worse than that of the “pear” shaped balloon. Some balloon shapes, such as “dumbbell” shaped
balloons, can also cause some degree of postoperative pain relief, as well as effective compression on the trigeminal
ganglion. However, only an ideal “pear shape” can achieve the best surgical results.*

The Current Balloon Compression Time and Pressure

In addition to the position of the balloon relative to Meckel’s cave, the time and pressure of filling the balloon also affect
the shape and compression effect of the balloon. At present, there is no unified standard for the intraoperative balloon
compression time and balloon pressure during compression. However, the span of balloon compression and compressive
pressure are related to postoperative pain relief of the patients, the severity of complications, and the recurrence rate of
pain. At present, the main sign of the ideal “pear” shape is the success of the operation; however, increasing number of
scholars are focusing on the impact of compression time and pressure on the surgical effect.

Time

The time of balloon compression will affect the postoperative recurrence rate and the degree of facial sensory loss. The
appropriate compression time can control the surgical procedure more reasonably, reduce the incidence of postoperative
facial numbness and other complications, and reduce the recurrence rate of pain. Most studies have shown that the
compression time of 1-3 minutes can effectively relieve the pain of patients, and for recurrent trigeminal neuralgia, the
compression time can be extended to 5 min or even more.'>**** In animal experiments for rabbits, a compression time of
2 min could effectively inhibit pain conduction. Further, using an electron microscope, large-diameter myelin nerve axon
swelling, rupture, and demyelination changes could be observed. When the compression time was extended to 5 min,
these phenomena were more obvious, indicating that a long compression time is more effective for pain recurrence or
refractory trigeminal neuralgia.** In recent years, the time of balloon compression has been controversial. To obtain
a perfect “pear” shaped balloon, some surgeons believe that full compression for 60s can achieve effective pain relief. Of
note, more than 5 min of compression has not been found to result in a better pain relief effect. However, a longer

compression time is closely related to the incidence of complications, especially postoperative facial feeling.*>**¢

Pressure and Volume

The pressure of balloon compression and the volume of contrast injection have not been unified. Full compression in the correct
position is crucial for the relief of trigeminal neuralgia using PBC. The balloon pressure determines the extent of damage to the
trigeminal ganglion. If intraoperative balloon pressure monitoring is found when the balloon presents a typical “pear” shape, the
injection of contrast media should be halted, and over time, the balloon pressure will reduce.*’ This occurrence may be related to
slight tissue deformation caused by balloon compression surrounding the tissue. Pressure reduction may also lead to insufficient
trigeminal ganglion compression, ultimately affecting the efficacy of the operation. Brown et al** suggested that the balloon
pressure can be approximately 1160 + 62 mmHg; within this pressure range, the balloon can present a typical “pear” shape and
achieve good compression effect. The pressure of the balloon can be quantitatively analyzed by the volume of the contrast media
injection. Based on practical surgical experience, contrast media injection volume is 0.4-0.8 mL; 0.7 mL can often achieve better
compression effect.”>**® The size of the foramen ovale is also correlated with the balloon pressure, and a narrow foramen ovale is
often associated with lower balloon pressure.*'*** Balloon pressure and volume can be used as an auxiliary reference index. Of
note, the intraoperative pressure can be recorded to build the pressure model.

The Potential of Personalizing the Operation

Based on a postoperative analysis of the sensory sensitivity of PBC, the decreased sensitivity for perception and pain is most
remarkable in the maxillary branch, rather than the mandibular branch.*® For the first trigeminal nerve, eye branch, the
postoperative sensory loss is very minor and is also related to the selective compression damage by PBC. This study raises
important questions regarding whether the efficacy of surgery is different for trigeminal neuralgia mainly in a certain branch,
or whether personalized treatments for pain can be provided in a certain branch. As PBC is a minimally invasive operation
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using a puncture needle, to avoid excessive intraoperative damage to the abundant craniofacial blood vessels and nerves, the
surgical path of PBC adopts the Hartel anterior approach, with the foramen ovale as the intraoperative puncture target, and the
mandibular nerve passing through the foramen ovale. According to the therapeutic effect of simple third branch pain by Lu

et al,5°

the third branch of the trigeminal ganglion has been shown to achieve better pain relief than conventional compression.
For patients with simple mandibular nerve symptoms, after a short compression time, the balloon catheter at the mouth of the
foramen ovale was filled with 0.1-0.2 mL of contrast media. When the compression ranges from 1-2 minutes, the balloon can
present a “dumbbell” or “cylindrical” shape, achieve better pain relief effect, reduce the recurrence rate of pain, and
considerably reduce the impact of the first and second branches. First and second branch pain cannot be targeted owing to
the anatomical position of the first and second branches in Meckel’s cave. This is because the aforementioned trigeminal
ganglion from the three branches of the nerve fiber group gathers separately, thereby corresponding to different nerve fiber
groups. The subtle shape difference of the intraoperative balloon does have an impact on the surgical effect; however, there is
no relevant research to enable further discussions. Further, if the first balloon compression is not satisfied, the balloon

compression can be performed again for these patients.

Future

Owing to the current surgical conditions, the actual performance of PBC is not difficult. However, ensuring that the
balloon can perfectly present the “pear” shape in Meckel’s cave is very critical. The shape of the balloon mainly depends
on the location of the balloon. A “pear” shaped balloon is standard for patients without anatomical variation. Although
the balloon shape is the main indicator of the postoperative effect, the balloon compression time and balloon pressure
must also be considered. At present, compression time and balloon pressure mainly rely on the experience of the
clinicians, which is not conducive to the scientific management of patients with trigeminal neuralgia. A markedly long
compression time will lead to more facial numbness, while a markedly short compression time will easily cause pain
relapse. The currently used compression time is 1-3 min. Owing to a lack of standardized compression time for balloon,
further studies are required to standardize the compression time and achieve the best compression effect with fewer
complications.

Conclusions

PBC has been employed for almost 40 years as a treatment for trigeminal neuralgia. Although PBC has a similar
treatment effect to other surgical methods, it is a simple operation, its surgical process can be shortened to 30 minutes,
and postoperative pain relief can be estimated based on the shape of the balloon via an X-ray. Although almost all
patients have other symptoms, such as facial numbness post-operation, these symptoms do not affect their daily lives. In
fact, most patients gradually recover after months. Of note, patients can be discharged 1-2 days after PBC. Accordingly,
PBC markedly shortens hospital stay and cost. Further, owing to DSA, CT, and neuronavigation technology, the success
rate of PBC is improved and the emergence of complications is reduced. MVD should be considered in forms where
vascular conflict is evident or where there is a secondary cause (such as a tumor) visible on MRI. But for elderly patients
who are unwilling to undergo craniotomy or relapse after MVD,?”>!>2 PBC can be considered as one of the preferred
methods used by clinicians for the treatment of primary trigeminal neuralgia.
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