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Endoscopic microvascular
decompression for primary
trigeminal neuralgia: surgical
experience and early outcomes
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Objective: This study aimed to investigate the clinical efficacy and early outcomes of endoscopic
microvascular decompression (MVD) for primary trigeminal neuralgia (TN) and provide clinical
experience for the application of full endoscopic techniques in MVD surgery. Methods: This study
retrospectively collected medical records of patients who underwent microvascular decompression
(MVD) surgery at our institution between January 2020 and January 2023. According to predefined
inclusion and exclusion criteria, a total of 137 patients were ultimately included in the study. To
evaluate the severity of facial pain in these patients, we utilized the Barrow Neurological Institute (BNI)
pain intensity rating system. Additionally, this study analyzed and compared the clinical outcomes

of MVD procedures performed endoscopically versus those performed under microscopy. Results:
There were no statistically significant differences between endoscopic and microscopic microvascular
decompression (MVD) in terms of postoperative hospital stay, recurrence rate, complication incidence,
and surgical duration (P> 0.05). However, regarding the efficacy of treatment, the effectiveness

rate after endoscopic MVD was superior to that of microscopic MVD, with a statistically significant
difference observed between the two groups (P <0.05). Conclusion: Endoscopic microvascular
decompression (MVD) for primary trigeminal neuralgia is a safe and effective treatment, with the
critical success factor being the accurate localization of the vessel compressing the nerve. Compared to
traditional microscopic MVD, endoscopic MVD shows superior postoperative outcomes, offering wide-
angle and multi-angle views along with close-up inspection capabilities. However, it requires attention
to overcoming limitations such as a lack of stereoscopic vision and potential blind spots.
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Primary Trigeminal Neuralgia (PTN), also known as idiopathic trigeminal neuralgia, has unclear etiology and
pathogenesis. Most scholars believe that the lesion occurs within the trigeminal ganglion and its sensory nerve
root, possibly due to vascular compression, bony deformities in the petrous bone, and other factors leading to
mechanical compression, traction, and metabolic disturbances of the nerve'2 It can cause severe, debilitating
facial pain, significantly affecting quality of life. Typically, it presents as “recurrent unilateral paroxysmal
stabbing pain, with sudden onset and termination, along the distribution of the trigeminal nerve, usually lasting
from a few seconds to two minutes, often occurring in the facial area supplied by the maxillary or mandibular
branches”” Pain is often triggered by touching a specific sensitive area of the face, known as “trigger points.>.
Treatment methods mainly include drug therapy, radiofrequency thermocoagulation, balloon compression
of the trigeminal ganglion, glycerol injection, trigeminal nerve rhizotomy, stereotactic radiosurgery, and
microvascular decompression (MVD)*~°. MVD has shown better efficacy compared to other treatment methods,
providing longer pain relief duration, lower recurrence rates postoperatively, and preservation of nerve function,
thus improving long-term quality of life for patients”®. In recent years, the application value of endoscopy in
cranial surgery has been demonstrated, such as in the treatment of lesions in the anterior skull base, saddle area,
and slope’. Recently, endoscopy has been applied in lateral skull base surgery, especially in the surgical treatment
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of primary trigeminal neuralgia'®. However, there are still few reports on the full endoscopic MVD for PTN!!.
This study aims to evaluate the clinical efficacy of full endoscopic MVD for PTN and share clinical experience.

Materials and methods

General information

This study retrospectively analyzed the clinical data of 137 patients who underwent microvascular decompression
(MVD) for PTN at the Affiliated Hospital of Xuzhou Medical University from January 2020 to January 2023.
The data collected included: gender, age, duration of follow-up, length of postoperative hospital stay, side of
pain, distribution range of pain, duration of illness, degree of postoperative pain relief, recurrence, occurrence of
complications, duration of surgery, identification of responsible vessels, and types of responsible vessels (Table 1).
Preoperative imaging systems were used to assess the relationship between the affected side of the trigeminal
nerve and adjacent blood vessels. Statistical analysis of the differences between the two groups was conducted
using SPSS 26.0 software. This study was in accordance with the provisions of the Medical Ethics Committee
of the Affiliated Hospital of Xuzhou Medical University. It has been reviewed by the Ethics Committee and
exempted from the informed consent requirement, Ethics No. ( XYFY2023-KL441-01 ).

Inclusion and exclusion criteria

Inclusion criteria: Patients were included if they met the following criteria: (1) Diagnosis of PTN according to
the 3rd edition of the International Classification of Headache Disorders; (2) Patients who experienced reduced
efficacy or intolerance to standardized drug therapy; (3) Preoperative confirmation of the close relationship
between the affected side of the trigeminal nerve and adjacent blood vessels through 3D FIESTA combined with
3D TOF sequence magnetic resonance imaging (Fig. 1); (4) In the treatment of patients with primary trigeminal
neuralgia, a microvascular decompression surgery assisted by endoscopy or microscopy is employed throughout
the procedure.

Exclusion criteria: Patients were excluded if they met any of the following criteria: (1) Secondary trigeminal
neuralgia; (2) Patients with recurrent PTN after MVD treatment; (3) Patients with primary trigeminal neuralgia
(PTN) who underwent other treatment modalities such as radiofrequency ablation, balloon compression,
Gamma Knife radiosurgery, sensory root sectioning, etc.; (4) Patients who were unable to tolerate anesthesia and
surgery or refused MVD treatment; (5) Patients with bilateral trigeminal neuralgia; (6) Patients lost to follow-up
for various reasons during the follow-up period.

Surgical procedure

In the MVD surgery performed entirely under endoscopic guidance, 0° and 30° neuroendoscopes along with
their corresponding surgical instruments were utilized (Fig. 2). Patients were placed in a lateral decubitus
position with the back as close as possible to the edge of the operating table, and the head frame was secured to
slightly tilt the head towards the incision side. A straight incision parallel and close to the midline was made,
measuring 6-7 cm in length, and the skin, muscles, and periosteum were sequentially dissected. A bone window
of approximately 2.5 cm x 2.5 cm was created using a bone drill, with the window positioned as close as possible
to the transverse sinus and extending upward towards the lower edge of the transverse sinus. The dura mater
was suspended along the periphery, and a “U” shaped incision was made in the dura mater, exposing the angle
between the transverse and sigmoid sinuses. Under endoscopic guidance, the trigeminal nerve was dissected
from the outer side to the inner side of the cerebellum, cerebrospinal fluid was slowly released, and the arachnoid
membrane was thoroughly dissected to expose the trigeminal nerve. The 0°and 30°endoscopes were used to
explore the entire length of the trigeminal nerve cisternal segment, identify the responsible vessels, and place
Teflon pads for adequate decompression (Fig. 3). Before closing the skull, it was ensured that there was no active
bleeding in the surgical field. Warm saline was gently injected under endoscopic observation to replace bloody

Characteristics Endoscope (%) | Microscope (%) | t/ X*/Z | P
Gender 0.085 | 0.770
Male 24(38.1) 30(40.5%)
Female 39(61.9) 44(59.5%)
Age (years) 59.11+£9.28 59.19+1.04 0.050 | 0.960
Pain side 0.855 | 0.355
Left 27(42.9) 26(35.1%)
Right 36(57.1) 48(64.9%)
Course of disease (years) | 4.13+0.20 6.11+0.71 0.681 | 0.496
Distribution of pain 2(3.2) 2 (2.7%) 3.241 | 0.663
‘\g 8(12.7) 10 (13.5%)
v 12(19.0) 18 (24.3%)
V14V2 4(6.3) 2(2.7%)

35(55.6) 36 (48.6%)
V2+V3 2(32) 6 (8.1%)
V1+V2+V3 : R
Follow-up time (months) | 25.13+1.20 23.49+1.47 1.143 | 0.253

Table 1. Baseline clinical characteristics of 63 patients. V1: Ophthalmic nerve; V2: Maxillary nerve; V3:
Mandibular nerve.
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Fig. 1. A: Magnetic resonance 3D TOF sequence scanning result; B: Magnetic resonance 3D FIESTA sequence
scanning result; Preoperative magnetic resonance scan confirmed that there were anterior and posterior vessels
in the upper part of the right trigeminal nerve, and it was in close contact with the right trigeminal nerve.

Fig. 2. A: Microvascular decompression field under microscope; B: Microvascular decompression field under
endoscope 0 ° mirror, C: Microvascular decompression field under endoscope 30 ° mirror.

cerebrospinal fluid and gas, while ensuring that the pads remained in place. The dura mater was meticulously
sutured, the bone flap was replaced, and the skull was closed layer by layer.

In the MVD surgery conducted under microscopic guidance, patients were positioned in a lateral decubitus
position and underwent retrosigmoid craniotomy via a postauricular straight incision under general anesthesia.
Following this, cerebrospinal fluid was slowly released, and we patiently waited for cerebellar collapse to obtain
sufficient operative space. The trigeminal nerve and its associated anatomical structures were fully exposed,
and the root entry zone (REZ) of the trigeminal nerve was carefully examined under the microscope. To ensure
a clear field of vision, the arachnoid membrane surrounding the trigeminal nerve was incised, thoroughly
exposing the adjacent vessels. Once the culprit vessel was identified, it was adequately mobilized and separated
using Teflon pads (Fig. 4). For cases where the culprit vessel could not be definitively identified, the procedure
involved releasing the arachnoid bands around the trigeminal nerve and performing a neurolysis to improve the
patient’s facial pain symptoms. Finally, the surgical area was thoroughly irrigated with warm saline, the bone flap
was replaced, and the scalp was closed layer by layer.

Outcome measures

Follow-up of all enrolled patients was completed as of March 31, 2024. The follow-up period for patients
postoperatively exceeded 12 months, with the longest follow-up time being 36 months. The postoperative
efficacy, surgical duration, hospitalization time, recurrence rates, and occurrence of postoperative complications
were statistically analyzed. Patients did not use analgesic or antiepileptic drugs (such as carbamazepine)
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Fig. 4. A: Responsible blood vessels were found under the microscope; B: Decompression of blood vessels
under microscope.

postoperatively to observe and assess the efficacy, and pain relief was monitored through telephone and
outpatient follow-ups.

Results

Postoperative efficacy was assessed using the Barrow Neurological Institute (BNI) pain intensity rating scale.
Grade I: No pain; Grade II: Occasional pain, not requiring medication; Grade III: Intermittent pain, controlled
with medication; Grade IV: Intermittent pain, not controlled with medication; Grade V: Severe pain/unrelieved
pain. Grades I to III were defined as effective, with Grade I defined as complete cure and Grades II to III defined
as partial relief.

From January 2020 to January 2023, this study included 137 patients with primary trigeminal neuralgia
(PTN) who received microvascular decompression (MVD) surgery. Patients were allocated into two groups:
the endoscopic group (n=63), where 59 (93.7%) patients achieved complete postoperative cure and 4 (6.3%)
patients had partial relief; and the microscopic group (n=74), where 60 (81.1%) patients were completely cured,
8 (10.8%) patients had partial relief, and 6 (8.1%) patients showed no response to surgery. The statistical data
revealed that the average operative time was 192.62+7.38 min for the endoscopic group and 186.43 +5.39 min
for the microscopic group. Average hospital stays were 7.73 +0.30 days for the endoscopic group and 8.08 +0.38
days for the microscopic group. Within the follow-up period of 12-36 months, recurrence was observed in
3 (4.8%) patients in the endoscopic group and 8 (10.8%) patients in the microscopic group. Additionally, 6
(9.5%) patients in the endoscopic group and 9 (12.2%) patients in the microscopic group reported postoperative
complications (Table 2).

Discussion
Long-standing clinical practices in neurosurgery have demonstrated that nearly all typical cases of trigeminal
neuralgia (PTN) originate from the compression of the trigeminal nerve root by responsible vessels in the
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Characteristics Endoscope (%) | Microscope (%) |t/ x*/Z | P
Efficacy 6.500 | 0.039*
Effective

Healed 59(93.7) 60(81.1)

Mitigation 4(6.3) 8(10.8)

Invalid 0(0) 6(8.1)

Recurrence 3(4.8) 8(10.8) 0.246 | 0.620
Operative time (mins) 192.62+7.38 186.43+5.39 0.285 |0.776
Hospitalization time (days) 7.73+0.30 8.08+0.38 0.102 |0.919
Responsible vessels 4399 |0.883
SCA 46(73.1) 54(73.0)

AICA 7(11.1) 6(8.1)

PICA 1(1.6) 2(2.7)

VA 4(6.3) 3(4.1)

BA 1(1.6) 2(2.7)

PV 1(1.6) 3(4.1)

SCA+AICA 2(3.2) 1(1.4)

SCA +PICA 1(1.6) 1(1.4)

SCA+PV 0(0) 1(1.4)

SCA+BA 0(0) 1(1.4)

Postoperative complications 0.243 | 0.622
Aseptic meningitis 3(4.8) 5(6.8)

Facial paralysis 0(0) 1(1.4)

Intracranial infection 0(0) 0(0)

Low intracranial pressure syndrome 2(3.2) 1(1.4)

Postoperative intracranial hemorrhage | 0(0) 0(0)

cerebrospinal fluid leakage 0(0) 2(2.7)

Hydrocephalus 0(0) 0(0)

Hearing loss 1(1.6) 0(0)

Transient diplopia 0(0) 0(0)

Cerebellar infarction 0(0) 0(0)

Death 0(0) 0(0)

Table 2. Perioperative patients information. SCA: Superior cerebellar artery; AICA: Anterior inferior
cerebellar artery; PICA: Posterior inferior cerebellar artery; VA: Vertebral artery; BA: Basilar artery; PV:
Petrosal vein.

cerebellopontine angle (CPA) zone'2. Therefore, achieving a 100% cure rate has always been the eternal pursuit for
neurosurgeons performing MVD surgery for PTN. As a highly refined form of minimally invasive neurosurgery,
MVD surgery requires further dissemination of its operative techniques to minimize the occurrence of
unacceptable severe complications in patients. Full endoscopic MVD treatment for PTN serves as a beneficial
supplement and improvement to traditional microscopic MVD!3, presenting an effective therapeutic approach.
The application of endoscopy in neurosurgery dates back to the 1960s, and its scope has rapidly expanded to
include lesions in the anterior skull base, saddle area, and slope!*!°. Recently, endoscopy has been widely utilized
in lateral skull base surgeries, particularly in the surgical treatment of trigeminal neuralgia'®.

Surgical experience of full endoscopic MVD treatment for PTN

In trigeminal neuralgia surgery, the most common responsible vessel is the superior cerebellar artery
However, the compression situation of vessels during surgery may differ from preoperative expectations.
Therefore, we recommend comprehensive preoperative 3DFIESTA and 3DTOF examinations to improve the
accuracy of responsible vessel identification!®. Regarding patient positioning requirements, the use of the full
endoscopic microvascular decompression (MVD) position does not require excessive forward tilting compared
to traditional microscopic MVD. We adopt a complete lateral position to allow gravity-induced sagging of the
cerebellum posteriorly. The surgical approach typically involves a retrosigmoid approach, operating below the
surface or lateral aspect of the cerebellum to enter the subarachnoid space and release cerebrospinal fluid. During
the cerebrospinal fluid release process, we recommend appropriately preserving the arachnoid membrane, as it
can serve to protect the transverse sinus. Excessive dissection of the arachnoid membrane may lead to decreased
protection of the transverse sinus during surgery, potentially resulting in serious consequences such as tearing of
the transverse sinus or cerebellar injury!*2°.

Once the cerebellum has sufficiently collapsed and an adequate operating space is obtained, the endoscope
and related instruments are introduced, with the instruments kept at the forefront of the endoscope to enable
the endoscope to follow the instruments into the surgical area. The endoscope is a telescopic instrument rather
than a swinging instrument from side to side. Since the lateral side of the endoscope is out of view, changing the
angle of view cannot rely solely on swinging the endoscope head. When it is necessary to change the endoscope
angle, the endoscope should be removed first and then reinserted at the new angle. Any structure (such as the
transverse sinus, perforating vessels, or nerves) between the two axes of rotation carries the risk of damage from
the endoscope rod?!. Therefore, regardless of how safe and broad the surgical field being operated on appears, it
is essential to cultivate good habits to avoid injuring surrounding structures.

The key to the success of microvascular decompression surgery lies in the clear identification of vascular
compression during surgery*>*’. The majority of responsible vessels are located in the brainstem segment of
the nerve, requiring limited and effective dissection of the nerve at its exit from the brainstem. When necessary,

17,18
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cerebellar-related vessels can be sacrificed, while vessels (veins or arteries) originating from the brainstem should
be preserved as much as possible. After confirming the responsible vessel, a pad should be placed between the
brainstem and the vessel to elevate the vessel, while simultaneously providing loose Teflon isolation between the
vessel and the nerve for better outcomes.

Comparison of endoscopic and microscopic MVD procedures

The microscope projects a tubular beam of parallel light onto the surgical area and magnifies the field of view,
necessitating that the light is directed accurately and directly onto the surgical target to observe anatomical
structures clearly. To ensure that the light path reaches the surgical target in a straight line, it often requires
retracting the cerebellum, which can increase the risk of postoperative complications if overdone during
surgery**. In contrast, endoscopy allows for the comprehensive exposure of the three-dimensional structure of
the cerebellopontine angle from multiple angles, providing full illumination and enabling close-up observation
of the contact between nerves and vessels. This technique makes it possible for surgeons to more clearly identify
and manage blind spots that are difficult to observe with traditional microscopic MVD, especially critical areas
such as the root entry zone (REZ) of the trigeminal nerve and the Meckel’s cave. The application of endoscopy
can fully expose the entire length of the trigeminal nerve within the subarachnoid pool, leading to more precise
identification of the offending vessel. It not only facilitates the thorough separation of compressive vessels but
also enhances the safety and accuracy of surgical operations, improving long-term patient outcomes.

In this study, we compared the efficacy and recurrence rates of microvascular decompression (MVD)
procedures performed entirely endoscopically versus under microscopy. Results showed that patients who
underwent full endoscopic MVD had a postoperative recurrence rate of 4.8%, while those who received
microscopic MVD had a recurrence rate of 6.8%, the difference in recurrence rates between the two groups
was not statistically significant (P>0.05). Regarding treatment outcomes, the rate of complete pain relief after
full endoscopic MVD reached 93.7%, whereas the rate for microscopic MVD was 81.1%, the difference in
complete pain relief rates between the two groups was statistically significant (P<0.05). Thus, although both
approaches show similar recurrence rates, the full endoscopic MVD exhibits a notable advantage in enhancing
the postoperative rate of complete pain relief. For patients seeking optimal pain relief, full endoscopic MVD may
be a preferred treatment option.

Advantages and limitations of endoscopy

Advantages

(1) Wide-Angle View: Endoscopy can enter the cerebellopontine angle (CPA) area, providing a wide-angle view
similar to a flask shape?. Compared to the magnified local structures through narrow channels by microscopes,
endoscopy offers significant advantages in observing deep intracranial lesions, particularly suitable for
monitoring from the Meckel’s cave to the root entry zone (REZ) of the trigeminal nerve during MVD surgery.

(2) Multi-Angle View: Endoscopy features multi-angle viewing capabilities that allow it to overcome
obstructions and occlusions, directly observing anatomical blind spots inaccessible to microscopes, such as the
Meckel’s cave, the ventromedial region of the trigeminal nerve, or structures within the internal auditory canal®.
By using 30° or 45° endoscopes and rotating them, one can fully observe surrounding structures of the cisterns,
even when obstructed by the petrous bone or veins?’.

(3) Close-Up Observation: The close-up observation function of endoscopy combines optical and digital
magnification effects to further enlarge the anatomical details of the surgical area. This feature aids in displaying
subtle characteristics of vascular compression in the REZ of the trigeminal nerve, distinguishing between arterial
and venous compressions, and accurately confirming the condition of neural compression?:.

Limitations

(1) Visual Blind Spots: Despite offering wide-angle and multi-angle views, endoscopy’s close-up observation is
limited to specific areas, with other extensive surgical pathways and areas behind or outside the scope potentially
becoming blind spots?’. This is a major disadvantage compared to microscopes.

(2) Two-Dimensional Images and Lack of Depth Perception: Endoscopic images are two-dimensional
and exhibit a “fish-eye effect,” where the center is magnified while the periphery is compressed, lacking depth
perception. This increases the difficulty of intraoperative manipulation, requiring surgeons to overcome visual
distortion to identify true anatomical structures, presenting a particular challenge to beginners who may easily
injure surrounding nerves and vessels*®.

(3) Impact on Image Quality: Minor bleeding causing cerebrospinal fluid staining significantly degrades the
quality of endoscopic images, making them difficult to observe, posing an additional challenge to the surgical

process’!.

Conclusion

This study demonstrates that performing microvascular decompression (MVD) using an endoscopic approach
for the treatment of primary trigeminal neuralgia is a safe and effective method. During the procedure, accurately
identifying and confirming the location of the vessel causing nerve compression is a crucial factor for surgical
success. Compared with traditional microscopic MVD, endoscopic MVD exhibits superior postoperative
efficacy. Endoscopic surgery is characterized by its wide-angle vision, multi-angle observation capabilities, and
the capacity for close inspection. However, it also presents certain limitations, such as a lack of stereoscopic
vision and potential blind spots behind the scope, which need to be recognized and addressed in practice.
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Data availability

All

data generated or analyzed during this study are included in this published article and its supplementary
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