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Abstract
Trigeminal neuralgia (TN) is a debilitating condition characterized by severe facial pain. Various surgical
interventions are employed to manage this condition, including microvascular decompression (MVD),
percutaneous radiofrequency rhizotomy (PRR), glycerol rhizotomy, percutaneous balloon compression
(PBC), and stereotactic radiosurgery such as Gamma Knife radiosurgery (GKRS). This review synthesizes the
outcomes of these interventions to provide an understanding of their efficacy and associated risks. MVD,
known for its high initial relief rates, shows substantial long-term effectiveness, with recurrence rates
varying based on patient demographics and comorbidities. GKRS offers significant pain relief with a
favorable adverse event profile; however, recurrence rates increase over time, necessitating repeat
procedures for sustained efficacy. PBC demonstrates high initial success, but pain recurrence is common,
especially in patients with atypical TN. PRR provides immediate relief with a manageable recurrence rate
and is particularly suitable for elderly patients and those with comorbidities. Glycerol rhizotomy, a cost-
effective procedure, yields comparable outcomes to other interventions but requires careful patient
selection. This review highlights the importance of tailored treatment approaches based on individual
patient profiles, emphasizing the need for precise diagnostic criteria and careful patient selection to
optimize outcomes. Long-term follow-up and the potential for repeat interventions are critical
considerations in managing TN surgically.

Categories: Neurology, Neurosurgery, Pain Management
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Introduction And Background
Trigeminal neuralgia (TN) manifests as transient, painful attacks within the trigeminal nerve distribution,
affecting approximately 4-13 of 100,000 individuals annually. This condition induces moderate to severe
facial pain, often triggered by various stimuli, and can severely incapacitate patients. The frequency of
episodes varies widely, from multiple occurrences daily to only a few times annually, significantly
compromising patients' quality of life [1]. TN arises from compression of the trigeminal nerve by various
factors such as blood vessels, tumors, or other disorders. This compression triggers intense, shooting pain
lasting from seconds to minutes. Patients often endure excruciating pain during routine activities like
speaking, eating, or exposure to cold air. These painful episodes alternate with pain-free intervals, ranging
from minutes to weeks. Typically, TN affects one side of the face (unilaterally), particularly near the
trigeminal nerve's end in the jaw region. Consultation with a neurologist is advisable if the pain radiates to
the upper forehead or cervical nerve distribution [2].

TN can significantly impact daily activities and contribute to depression. This rare condition, often initially
mistaken for tooth pain, manifests as unilateral facial pain triggered by light touch. It is classified as TN with
concomitant pain by the International Classification for Headache Disorders, necessitating the exclusion of
other facial pain causes. While neurological examinations are typically normal, individuals may report
sensory and autonomic symptoms, with subtle sensory loss observed in longer-standing cases [3]. 

Incidence and prevalence data, predominantly from the USA, indicate an annual incidence of 5.9 per 100,000
women and 3.4 per 100,000 men, with higher rates in women across all age groups, particularly in men over
80 years (45.2/100,000) [3]. The exact cause of TN remains unclear, though the ignition theory is commonly
hypothesized. Peripheral and central mechanisms, along with potential alterations in trigeminal nerve
microstructure, may be involved. TN is more prevalent in individuals with multiple sclerosis (MS) and
stroke. Hypertension poses a risk factor, particularly in women (relative risk (RR) 2.1, 95% CI 1.2-3.4),
although evidence is less conclusive for men [3]. TN primarily stems from blood vessel compression on the
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trigeminal nerve root at the brain stem, yet conditions like MS, especially in young patients, are also linked
to its development [1]. This condition affects various segments of the trigeminal nerve, which innervates the
forehead, cheeks, and lower jaw via its maxillary, ophthalmic, and mandibular divisions [1]. While TN
predominantly affects females after age 50, it can manifest unilaterally, with the right side more commonly
affected, though bilateral involvement has been reported [1].

Characterized by electric shock-like sensations, TN's unpredictable and intense pain significantly impacts
both physical and mental health, profoundly affecting patients' overall quality of life [4]. Even routine
activities such as washing, shaving, smiling, or speaking can trigger these painful episodes [5]. TN presents
as recurrent, unilateral, short-lasting pain attacks affecting one or more branches of the trigeminal nerve.
The pain is described as sharp, lancinating, or electric-like, often accompanied by tic-like facial muscle
spasms, earning it the nickname "tic douloureux." Attacks can be triggered by innocuous stimuli like talking
or touching the face, occurring multiple times daily and worsening in frequency, duration, and intensity over
time.

The etiology of TN remains elusive, although most cases stem from compression of the trigeminal nerve
root near its entry into the pons. This compression, often accompanied by demyelination of sensory fibers
within the nerve root or entry zone, is primarily attributed to vascular compression by an anomalous artery
or vein, accounting for 80-90% of idiopathic TN cases. Less commonly, other compressive factors, such as
benign posterior fossa tumors like acoustic neuroma, meningioma, and epidermoid cysts, can contribute to
the condition [6]. TN has been associated with 25% of suicide attempts, with medication side effects
exacerbating psychological distress and impacting social and occupational functioning. While randomized
controlled trials on cognitive-behavioral therapies for TN are scarce, evidence from general pain studies
suggests their potential efficacy [7].

For patients with persistent pain or those unable to tolerate medication due to side effects, several surgical
interventions are possible. These encompass microvascular decompression (MVD), percutaneous
radiofrequency rhizotomy (PRR), percutaneous glycerol rhizotomy, percutaneous balloon compression
(PBC), and stereotactic radiosurgery (SRS), such as Gamma Knife radiosurgery (GKRS) or Cyberknife.
However, the effectiveness and risks associated with these procedures vary [8].

MVD involves a suboccipital craniotomy to alleviate trigeminal nerve compression, offering highly effective
pain control with initial relief rates between 80.3% and 96%, as established by Jannetta et al. [9,10]. GKRS,
another treatment for refractory facial pain such as TN, achieves complete pain relief in approximately 70%
of patients, with maintenance rates of 40-55% at three years and 25% at 10 years [11]. It is known for a
favorable adverse event profile, primarily causing sensory changes such as facial numbness. PBC of the
trigeminal ganglion, introduced in 1983, disrupts nerve signal transmission through controlled injury, a
technique evolving from procedures developed in the 1950s [12]. PRR involves accessing the Gasserian
ganglion with a needle to induce injury via heat, chemicals, or mechanical compression, with initial
response rates of 97.6-99% [13,14], six-month response rates of 83.3-89.9% [13,15], and varied recurrence
rates from 38.2% at one year to 10% at 6.5 years, with 41% maintaining complete pain control after 20 years
[13].

Review
Material and methods
The review used the methods outlined in the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines for the organization and reporting of its results. A bias assessment was not
performed because this study is not a systematic review.

Source Information and Search Strategy

An electronic search was performed across multiple research databases, including PubMed, Embase, Scopus,
Web of Science, and Cochrane (Table 1). All databases were accessed on May 16, 2024. The search spanned
the period between January 2014 and May 2024.
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Database Search strategy Filters used

PubMed

(("Trigeminal Neuralgia"[Title/Abstract] OR "Trifacial Neuralgia"[Title/Abstract] OR "Tic Douloureux"
[Title/Abstract])) AND (("Surgical Interventions"[Title/Abstract] OR "Surgery"[Title/Abstract] OR
"Operative Procedures"[Title/Abstract]) AND ("Outcomes"[Title/Abstract] OR "Results"[Title/Abstract]
OR "Efficacy"[Title/Abstract]))

Humans only, English
language, exclude
preprints, filter years
2014-2024

Embase
'trigeminal neuralgia':ab,ti AND ('surgical interventions':ab,ti OR 'surgery':ab,ti OR 'operative
procedures':ab,ti) AND ('outcomes':ab,ti OR 'results':ab,ti OR 'efficacy':ab,ti) 

Humans only, English
language, filter years
2014-2024  

Scopus
TITLE-ABS-KEY ( "Trigeminal Neuralgia" OR "Trifacial Neuralgia" OR "Tic Douloureux" ) AND (
"Surgical Interventions" OR "Surgery" OR "Operative Procedures" ) AND ( "Outcomes" OR "Results"
OR "Efficacy" )    

Humans only, English
language, filter years
2014-2024

Web of
Science

(AB=("Trigeminal Neuralgia" OR "Trifacial Neuralgia" OR "Tic Douloureux")) AND AB=("Surgical
Interventions" OR "Surgery" OR "Operative Procedures")) AND AB=("Outcomes" OR "Results" OR
"Efficacy")

Humans only, English
language, filter years
2014-2024

Cochrane
("Surgical Interventions" OR "Surgery" OR "Operative Procedures"):ti,ab,kw AND ("Outcomes" OR
"Results" OR "Efficacy"):ti,ab,kw AND ("Trigeminal Neuralgia" OR "Epileptiform Neuralgia" OR
"Trifacial Neuralgia" OR "Tic Douloureux" OR "Fothergill Disease"):ti,ab,kw  

Humans only, English
language, filter years
2014-2024

TABLE 1: Summary of the search strategy from the databases.

Inclusion and Exclusion Criteria

The inclusion criteria covered studies involving outcomes of different surgical interventions for treating TN
in adult humans. Eligible study designs included primary research studies published in English. Clinical
cases were only included if they involved more than 10 participants. Studies that report the follow-up of
patients (followed or monitored for a period of time) who underwent surgical interventions (MVD, GKRS,
balloon compression, glycerol rhizotomy, or radiofrequency thermal injury). Only peer-reviewed journal
articles in English were considered for inclusion. Exclusion criteria covered animal, pediatric, non-TN
articles, non-peer-reviewed articles, systematic reviews, reviews, conference abstracts, and editorials.

Results
Through our search strategy, we identified a total of 2430 articles (Figure 1), comprising 396 from
PubMed/Medline, 667 from Embase, 933 from Scopus, 374 from Web of Science, and 60 from Cochrane.
Filters were applied based on the inclusion/exclusion criteria. The articles were transferred to an Excel sheet,
where 1151 duplicates were manually removed, resulting in 1279 articles. These 1279 articles were further
scrutinized based on their titles and abstracts, leading to the disqualification of 944, leaving 335 articles. Full
texts for 89 articles could not be retrieved, leaving us with 246 papers for eligibility assessment. After a
thorough full-text review, 219 papers were excluded, resulting in 27 articles being included/used to
synthesize this review.
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FIGURE 1: PRISMA flow diagram showing the steps taken to filter the
articles for this review.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 

Discussion
GKRS: Primary Outcomes and Recurrence Rates

GKRS has shown promising results in providing pain relief for patients, with various studies documenting
significant rates of initial and sustained pain relief over different follow-up periods. A study observed that
the average onset of pain relief following GKRS occurred at 2.2 months, with a cure rate of 53.6% and an
improvement in 35.7% of patients [16]. It was reported that a recurrence rate led to 10.7% of cases being
classified as ineffective treatments [16]. It was reported that GKRS is highly effective for elderly patients,
with a cure rate of 53.6% and an improvement rate of 35.7% [16]. Facial numbness and dysesthesia were
observed in 12.5% of patients following GKRS [16]. Facial numbness was recorded as a common side effect of
GKRS, often associated with improved long-term pain control. Additionally, it was documented that 46.8%
of patients achieved complete pain relief at Barrow Neurological Institute (BNI) within an average of 30 days
[17]. In a study of 503 patients, 89% experienced initial pain relief after GKRS, with 73% maintaining
significant pain relief (BNI scores I-IIIa) at one year, 65% at two years, and 41% at five years. Additionally, it
was noted that 78.7% of patients did not require additional surgical interventions post-GKRS, suggesting a
low recurrence rate [17]. It was found that 82.5% of patients experienced good outcomes, with 46.8%
achieving complete pain relief (BNI I) [17]. The study indicated a 4.2% incidence of facial numbness, with no
significant cases of radiation necrosis, edema, or diplopia [17].

In a study, identified post-GKRS complications included facial sensory dysfunction in 10.5% of patients,
with reports of new or increased facial numbness. Notably, patients experiencing sensory loss often had
better long-term pain control [18]. Including cases with adequate pain control (BNI scores I-IIIb), relief rates
were 80% at one year, 71% at three years, 46% at five years, and 30% at 10 years [18]. It was reported that
89% of patients achieved initial pain relief post-GKRS, with significant pain relief (BNI scores I-IIIa)
sustained in 73% at one year, 65% at two years, and 41% at five years. Including those with adequate pain
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control (BNI scores I-IIIb), the rates were 80% at one year, 71% at three years, 46% at five years, and 30% at
10 years [18]. Pain recurrence occurred in 193 patients, with a median time to recurrence of 48 months.
Factors contributing to earlier recurrence included additional symptoms and a history of multiple failed
surgeries [18]. It is recommended that patients should be informed about the high likelihood of significant
pain relief, especially in the initial years following GKRS. It is important to also highlight the possibility of
some pain recurrence and the availability of repeat procedures if necessary. Educating patients on the long-
term pain relief rates and the options for additional GKRS or other interventions in case of pain recurrence is
essential [18].

Similarly, it was found that favorable pain relief was observed in patients with a median follow-up of 11
months. Diffusivity metrics at three months post-GKRS correlated with long-term pain relief, suggesting an
early predictor of success [19]. A study of a smaller cohort of 16 patients observed favorable pain relief at a
median follow-up of 11 months. Significant improvements were noted in patients who responded well to
GKRS at three months post-procedure [19]. Additionally, no severe complications were reported, although
31% of participants experienced facial numbness, which did not significantly impact the overall positive
outcomes in pain relief [19]. It was also reported that 75% of patients were pain-free post-GKRS, with a
median time to pain recurrence of 53 months, highlighting the procedure's effectiveness and the need for
long-term follow-up [20]. GKRS has shown promising results in the treatment of patients with chronic pain,
as evidenced by multiple studies. A prospective study found that 75% of patients were pain-free post-GKRS,
with a median time to pain recurrence of 53 months, demonstrating the consistency of GKRS with other
large series and underscoring the importance of long-term follow-up [20]. Furthermore, it was observed that
the median time to pain recurrence was 53 months post-GKRS, highlighting the necessity for extended
monitoring to evaluate the long-term effectiveness of pain relief [20]. Sensory deficits were significantly
associated with favorable pain outcomes post-GKRS, suggesting a trade-off between efficacy and side effects
[20]. In comparison, a study on microsurgery versus SRS for small petrous apex meningiomas indicated that
while GKRS is effective, microsurgery may be preferred for specific anatomical considerations [21]. The high
success rates, consistent with other studies, in relieving TN symptoms were reaffirmed [22].

GKRS has been associated with high levels of patient satisfaction due to its significant pain relief and
minimal invasive complications, leading to notable improvements in quality of life, highlighting
improvements in quality of life, especially among elderly patients who are often at higher risk with more
invasive surgical options [16,17,20]. It was found that most patients expressed high satisfaction with their
quality of life post-GKRS, despite some experiencing sensory disturbances. Notably, a majority of patients
with persistent sensory dysfunction reported improved quality of life after treatment, indicating a favorable
balance between pain relief and manageable side effects [18]. Using the BNI scale, 73% of patients
experienced significant pain relief (BNI Scores I-IIIa) at one year, with 46% maintaining this relief at five
years [18]. Similarly, patients with favorable responses reported significant pain relief (BNI Scores I-III) at
the last follow-up [19]. Another study using the BNI Pain Scale reported a 46.8% complete pain relief (BNI
score of I) within an average of 30 days [17]. The BNI Pain Intensity Scale, which categorizes pain from I (no
pain) to V (severe pain/no pain relief), is extensively used to quantify the level of pain relief following GKRS
and plays a crucial role in comparing patient outcomes across various studies. Pain scales were applied to
evaluate outcomes in another study, although specific details of the measures were not included in the
summary [22]. Additionally, the potential of imaging biomarkers to predict treatment responses and tailor
therapeutic strategies early in the treatment course was underscored by investigating changes in diffusion
tensor imaging (DTI) metrics as a diagnostic tool, linking these changes to clinical outcomes [19].

Patients with no prior surgical history and a shorter duration of TN symptoms before GKRS show better
outcomes. It was found that patients who had not undergone previous surgical interventions and those who
had experienced pain for less than three years achieved quicker and more durable pain relief [18].
Additionally, the presence of preoperative sensory disturbances was associated with improved pain control
post-GKRS. Such pre-existing sensory disturbances indicate a more favorable prognosis for pain relief [19].
Elderly patients, especially those over 80, are ideal candidates for GKRS due to its non-invasive nature and
lower complication rates compared to more invasive procedures like MVD [16]. A patient's history of prior
surgical interventions does not significantly affect the efficacy of GKRS, underscoring its broad applicability
even for patients with previous surgical treatments [17]. The importance of precise diagnostic criteria and
careful patient selection to optimize treatment outcomes are relevant.

The proficiency of the medical team performing GKRS significantly impacts patient outcomes. Research has
demonstrated that experienced practitioners achieve better pain control and fewer complications due to
their expertise in precise targeting and dose planning [18]. It has been highlighted that precision in
targeting the trigeminal nerve root entry zone is crucial for GKRS, with typical doses ranging from 35 to 40
Gy. While specific details on practitioner experience are not explicitly outlined, the studies suggest that a
strong background in neurosurgery and radiology is essential for successful outcomes. GKRS involves
meticulous planning and execution, often requiring the collaboration of multidisciplinary teams to ensure
optimal patient care [16,17].

Younger patients generally experience better outcomes with GKRS due to fewer comorbidities and better
overall health. Research has shown that younger patients with a shorter duration of symptoms before
surgery tend to have more favorable outcomes [18]. Conversely, elderly patients, especially those over 80,
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also tend to have better outcomes due to the high safety profile of GKRS. Studies indicate that older age does
not negatively impact the effectiveness of GKRS, making it a suitable option for older adults [16,17]. Patients
with classic TN respond better to GKRS compared to those with atypical or secondary forms of TN.
Significant pain relief was observed in classic TN patients post-GKRS [19]. Additionally, preoperative
sensory disturbances such as numbness are associated with better pain control post-GKRS, with patients
having pre-existing sensory disturbances more likely to experience significant pain relief [19]. Patients with
clear vascular compression as the underlying cause of TN typically experience better outcomes, while the
presence of MS or other complicating factors can influence the effectiveness of GKRS, necessitating tailored
treatment approaches [16].

MVD: Primary Outcomes and Recurrence Rates

MVD has been shown to achieve significant pain relief for the majority of TN patients. In a study, 93.18% of
patients experienced complete pain relief at discharge, with 15.66% developing recurrent pain during a
mean follow-up of 8.9 years [23]. Additional treatments, such as pharmacologic therapy, SRS, and
percutaneous rhizotomy (PR), provided adequate pain control for many failed cases, though 6.12% had
persistent pain despite various treatments. Persistent facial sensory dysfunction was observed in 4.47% of
patients, with hearing impairment in 0.94%, minor wound infections in 2.12%, and cerebrospinal fluid (CSF)
leakage in 0.47%, sometimes requiring surgical repair. One patient developed a bilateral frontal epidural
hematoma, which was successfully removed, while another suffered a fatal cerebellopontine angle
hematoma [23].

A study highlighted racial disparities, with Black or African American patients reporting higher
postoperative recurrence rates (41.7%) compared to White patients (25.1%) and experiencing shorter pain-
free durations [24]. A larger proportion of Black or African American patients were at nearly 50% greater risk
for pain recurrence. It was reported that patients who underwent MVD as a second-line treatment had a
longer pain-free duration compared to those undergoing repeat SRS. Immediate pain relief was reported in
95.7% of patients, with 94.2% pain-free at the first follow-up after three months. Temporary sensory
changes post-SRS were noted, but no permanent numbness or dysesthesias were reported before second
procedures [25].

In a study, long-term follow-up indicated that patients aged 70 or older had a tendency towards higher
recurrence rates [26]. Long-term deficits included moderate hearing impairment in a few patients and
persistent hypoesthesia in six patients. Chronic headaches and severe vertigo were rare, with no significant
differences in persistent neurological deficits between age groups and no treatment-related mortality [26].
MVD was the primary surgical treatment for 96.1% of patients under 70 and 86.2% of those 70 and older,
with similar surgery and hospital stay durations. Transient neurological deficits were low, with mild facial
hypoesthesia being the most common [26]. Another study reported that initial pain relief was achieved in
80% of patients at discharge, but pain recurred in 75% within a median of four months [27]. It was observed
that 83.3% of patients experienced complete pain relief immediately after MVD, and 72.2% of them
maintained this relief at the last follow-up [28]. Post-MVD, no fatalities or major morbidities were reported,
with 19.4% experiencing new or worsened facial numbness, 8.3% reporting bothersome sensory loss, and
2.8% with CSF leakage resolved via lumbar drainage [28]. The risk of facial numbness was higher in patients
with prior GKRS [28].

Long-term pain-free rates were documented at 94.1% at one year and 83.0% at 10 years, with postoperative
complications including minor wound infections and aseptic meningitis [29]. Additionally, it was found that
patients requiring additional procedures typically achieved pain relief after multiple interventions, with the
average number of procedures per patient being higher in the radiofrequency (RF) cohort [30]. Facial
numbness was reported in 16% of RF MVD patients, 50% of patients, and 36% of SRS patients, although
numbness was not necessary for pain relief. The MVD cohort experienced a 9% complication rate, including
CSF leakage (two patients), presumed meningitis (two patients), pulmonary embolism (one patient), and
wound infections (two patients), all of whom fully recovered [30]. 

It was reported that 83.4% of patients achieved long-term pain relief (BNI I-III) after MVD, although 9%
developed refractory recurrent pain [31]. Complications included CSF leakage in 7% and wound infections in
5%. One patient developed permanent hypoacusia, and another required urgent surgery for a cerebellar
hematoma, fully recovering. The complication rates between older and younger patients were similar, with
no significant difference in neurological or medical complications [31]. A cohort of 40 individuals (59%
female, average age 54.26 years) underwent MVD [32]. Preoperatively, 61.76% had a BNI pain score of 4, and
55.6% had a score of 5. Postoperatively, 50% achieved a BNI score of 1 or 2, indicating full recovery without
medication, while 14.71% had a score of 3 or 5, indicating no recovery. Regarding complications, 9%
experienced CSF leaks, 6% had wound infections, and 3% suffered hearing loss [32]. A total of 80% of
participants were satisfied with their outcomes, and 84% of TN patients were satisfied post-MVD [32].

MVD shows superior long-term outcomes compared to other surgical treatments, making it a preferred
option, especially for older patients [26]. Kaplan-Meier survival curves show that MVD has cure rates of
89.3% at one year, 80.5% at three years, and 71.2% at eight years, outperforming PR and SRS [23]. However,
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in cases with poor response to MVD, percutaneous procedures might be more appropriate [27]. Racial and
socioeconomic factors influence pain presentation and outcomes, emphasizing the importance of patient-
physician trust and patient involvement in treatment decisions. Environmental risk factors and race may
affect pain outcomes, suggesting a need for further investigation into their impact on postsurgical results
[24]. Decision-making between MVD and repeat SRS should consider patient preferences, medical
comorbidities, and magnetic resonance imaging (MRI) evidence of vascular compression. In a study,
univariate ordinal regression analysis indicated that total surgical duration, previous rhizotomy, prior MVD,
patient income, and the time between symptom onset and neurosurgical visit or between neurosurgical visit
and MVD did not predict worse pain outcomes at final follow-up [24].

Glycerol Rhizotomy: Outcomes

Percutaneous retrogasserian glycerol rhizotomy (PRGR) is a simple, safe, and cost-effective procedure that
does not require expensive equipment, offering outcomes comparable to other, more costly open and
minimally invasive procedures [33]. Percutaneous radiofrequency thermocoagulation is strongly
recommended for patients with intractable TN and those who cannot tolerate medications due to its
simplicity, safety, and cost-effectiveness, with minimal complications. It demonstrates high efficacy, with
recurrence rates comparable to those of other procedures [33]. A study that included 93 patients with typical
TN who successfully received glycerol injections recorded immediate pain relief in 96.8% of patients, and
long-term pain relief was maintained in 89.4% of patients. Three patients (3.2%) experienced continued
pain with reduced intensity. Pain recurrence occurred in 10.4% of patients (eight cases) [33].

Studies have investigated the effectiveness and outcomes of different rhizotomy techniques for pain
management. In a cohort study, 21 patients with 26 surgically treated sides underwent their first rhizotomy,
including 13 GKRS procedures and 13 percutaneous rhizotomies (10 glycerol injections and three balloon
compressions). Initial pain relief, defined as BNI scores of 1-3, was achieved in 12 of 13 (92%) sides treated
with GKRS and 10 of 13 (77%) sides treated with PR [34]. In a study using PRGR, excluding technical failures,
the initial success rate was 85%, with a median pain-free duration of 21 months. At the last follow-up, 47
patients (38%) remained pain-free. Eight procedures (6%) in the PRGR group were preceded by technically
failed attempts. The median duration of pain relief was 21 months after PRGR and 20 months after PBC.
Both methods carried a high risk of hypesthesia/hypalgesia (p<0.001), which partially reversed over time
[35]. 

A study investigated glycerol rhizotomy as a potential future treatment for TN resistant to medical
treatment. The study included 74 patients who underwent MVD and received a direct glycerin injection into
the inferior third of the cisternal portion of the trigeminal nerve [36]. These patients were compared to a
control group of 526 patients who only underwent MVD. The average follow-up period for the 74 patients
who received both MVD and glycerin injection was 19.1 ± 18.0 months. Of these patients, 33 (44.6%) had
failed a prior TN intervention. The BNI Pain Intensity scores improved on average from 4.1 ± 0.4 before
surgery to 2.1±1.2 after surgery. A total of 95.9% of patients documented improvement in pain following the
surgery. Some patients experienced scorching pain post-surgery, and other minor complications such as
hearing loss, facial palsy, CSF leak, and incisional infection were recorded [36].

Balloon Compression: Primary Outcomes and Recurrence Rates

PBC for MS-associated TN provides significant initial and long-term pain relief, despite some requiring
repeat procedures. The results of PBC treatment in 222 patients after both the initial and final procedures
showed that 89% of patients were pain-free following their first procedure. Despite the recurrence of pain in
69 patients necessitating repeat procedures, 88% of all patients remained pain-free at their last follow-up.
Among the 69 patients who underwent repeated PBC, 93% were pain-free after the initial procedure, and
90% experienced excellent or good pain relief after the final procedure. The proportions of patients with
excellent results after their first PBC procedure were analyzed in relation to demographic and clinical
variables, revealing no significant relationship with age, gender, symptom duration, or previous surgery.
However, patients with atypical pain were less likely to achieve excellent results compared to those with
typical pain (61.4% vs. 82.9%, p<0.001) [37].

Recurrence rates after PBC for TN show that at least 46% of patients experience recurrent pain, and prior
surgery significantly increases the likelihood of recurrence. A study found that a total of 103 patients (46%)
experienced recurrent trigeminal pain after PBC. The estimated recurrence-free rates of TN after PBC were
47.6% at one year, 34% at two years, 18.5% at three years, and 8.7% at four years. Pain most frequently
recurred 12 months after surgery, with a median of 12 months and a range from one day to 180 months.
Patients with atypical pain and longer symptom duration did not appear to be at a higher risk of recurrence
compared to other patients (p=0.10, p=0.81). No statistically significant associations were found between
recurrence and age (p=0.06), sex (p=0.17), or pain location (p=0.80). However, there was a higher rate of
recurrence in patients with prior surgery (p=0.02) [37].

Another study reported that out of 16 patients, eight (50%) experienced a recurrence of their pain, with a
mean interval to recurrence of 13.50±15.26 months. Among these eight patients, two (patients 6 and 7) had
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their pain controlled by medication, eliminating the need for additional surgery. The remaining six patients
(patients 1, 3, 5, 11, 13, and 14) required one additional PBC. At the latest follow-up examination, an
excellent outcome (BNI grade 1 or 2) was achieved for 12 of the 16 patients (75%), while a good outcome
(BNI grade 3) was observed in four patients (25%). No patient was experiencing uncontrolled pain [38].

In a study, subgroup analyses of repeated treatments revealed that the time to recurrence after a fourth or
fifth PBC treatment was significantly shorter compared to the first treatment, with median times to
recurrence being 0 months versus 18 months, respectively. Additionally, patients who underwent three or
more treatments had significantly worse outcomes from their first treatment compared to those who were
treated only once or twice [39]. 

In a retrospective cohort study, 222 patients (142 females) were included, with a median age of 68 years
(range: 25-97 years). Preoperative MRI imaging with gadolinium enhancement, and in some cases MRI
angiography, was conducted to exclude intracranial pathology. None of the patients were found to have an
associated brain tumor or vascular malformation [37]. The median duration of pain before undergoing PBC
was 60 months. Participants were followed up for a median period of 31.1 months (range: less than one
month to 202.7 months). Pain involving multiple divisions of the trigeminal nerve was reported in 160
patients (72.1%), with 121 patients (54.5%) undergoing procedures on the right side. Most patients (68.5%)
experienced typical TN1, while 31.5% had other types of trigeminal pain. A significant portion (31.1%)
underwent more than one procedure, totaling 320 PBCs performed at an average of 1.4 procedures per
patient. In a case series, 10 patients with detectable lesions in the trigeminal pathway were studied. Factors
such as affected trigeminal divisions, presence of preoperative deficits, and history of previous surgery did
not significantly affect clinical outcomes. However, surgical observations like a pear-like balloon shape
during the procedure and MRI-detectable lesions in the trigeminal pathway were associated with longer
progression-free survival [38].

Radiofrequency Thermal Lesioning: Primary Outcomes and Recurrence Rates

In a study, 12 patients reported satisfactory pain relief post-percutaneous RF-trigeminal rhizotomy (TR),
with seven experiencing immediate pain cessation and discontinuing medical therapy. Three patients
occasionally required low-dose medications for pain management post-treatment [40]. During the follow-up
period, one patient experienced recurrence 14 months post-treatment and achieved pain relief with
repeated RF-TR guided by neuronavigation with MRI/intraoperative computed tomography (CT) fusion
images. Intraoperative images revealed a failure of puncture into the trigeminal cistern due to a bony
structure obstacle, with the needle positioned only 3.05 mm above the foramen ovale [40]. Real-time
neuronavigation integrated with MRI/CT, alongside functional imaging of the trigeminal ganglion (based on
anatomical topography derived from MRI/DTI), holds promise as a potential advancement in percutaneous
procedures. This approach could enable more precise targeting and potentially lead to improved long-term
outcomes [40].

A study found that after the second percutaneous radiofrequency rhizotomy (PRR) procedure, 30 patients
(90.9%) experienced immediate pain relief (to an intensity ≤ BNI grade III), while three patients (9.1%) had
persistent symptoms [41]. Excellent outcomes were defined as achieving BNI grade I, indicating no pain and
no medication use. Good outcomes indicated occasional pain not requiring medication (BNI grade II) or
moderate pain adequately controlled with medication (BNI grade III). Among those with immediate pain
relief, 19 patients (63.4%) maintained excellent pain control throughout the follow-up period (mean 44.2
months, range 13-67), gradually discontinuing medications over several weeks. However, 11 patients (36.6%)
who achieved pain relief after the second PRR experienced symptom recurrence (mean time to recurrence
17.1 months, range 5-82) [41]. All patients exhibited mild-to-moderate facial numbness following repeated
PRR, which gradually alleviated. However, persistent numbness was reported in 30 patients (90.9%) during
follow-up. Notably, two patients who reported no numbness during follow-up experienced pain recurrence.
Post-procedural complications included masseter weakness observed in three patients (9.1%) and limited
mouth opening in one patient (0.3%) [41].

In a study reporting surgical procedure comparative data over 19 years, 393 procedures were performed on
210 TN patients, with follow-up extending over 17 years through patient records and telephone follow-up
[42]. The initial rates of complete pain relief, with or without medication, were 72% for glycerol, 80% for
thermocoagulation, and 86% for PBC. PBC provided significantly longer relief than the other two procedures.
The complication rates for glycerol, thermocoagulation, and PBC were 30.3%, 27.1%, and 43.5%,
respectively. Although PBC is more likely to result in numbness and complications, these complications are
largely minor and transitory [42].

Limitations of the study 

This study has some limitations. The retrospective nature of the included studies introduces potential biases
related to patient selection and recall, limiting the ability to establish causation and affecting the robustness
of the findings. Some studies had notably short follow-up periods, making it challenging to assess long-term
efficacy and recurrence rates. The absence of randomized controlled trials (RCTs) in these reviews
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diminishes the strength of the evidence. Future research should aim to include RCTs to provide higher-
quality evidence and enable more reliable comparisons of the treatment modalities.

Conclusions
This review discussed the varying effectiveness and safety profiles of surgical interventions for treating TN.
MVD consistently demonstrated high initial pain relief rates, with long-term efficacy maintained in a
significant proportion of patients. The complication rates were relatively low, making MVD a preferred
option, particularly for patients with clear vascular compression. GKRS also provided substantial pain relief
with the added benefit of being minimally invasive, though some patients experienced sensory disturbances.
Percutaneous procedures, including glycerol rhizotomy, balloon compression, and radiofrequency thermal
lesioning, offered immediate pain relief with varying long-term outcomes. Balloon compression showed
high initial success, though repeat procedures were often necessary due to recurrence. Glycerol rhizotomy
and radiofrequency thermal lesioning were noted for their simplicity and cost-effectiveness, but the risk of
sensory complications was notable. These findings underscore the importance of individualized treatment
plans, considering patient-specific factors such as age, comorbidities, and anatomical considerations, to
optimize clinical outcomes and enhance the quality of life for TN patients.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Billy McBenedict, Wilhelmina N. Hauwanga, Bruno Lima Pessôa

Acquisition, analysis, or interpretation of data:  Billy McBenedict, Wilhelmina N. Hauwanga, Anna
Pogodina, Amro Abdelrahman, Anusha Thomas, Melvin Chun Yang Yau, Gurinder Singh, Emmanuel S.
Amadi, Yee Siew Lim, Siymon Bispo, Bruno Lima Pessôa

Drafting of the manuscript:  Billy McBenedict, Wilhelmina N. Hauwanga, Anna Pogodina, Amro
Abdelrahman, Anusha Thomas, Melvin Chun Yang Yau, Gurinder Singh, Emmanuel S. Amadi, Yee Siew Lim,
Siymon Bispo, Bruno Lima Pessôa

Critical review of the manuscript for important intellectual content:  Billy McBenedict, Wilhelmina N.
Hauwanga, Bruno Lima Pessôa

Supervision:  Billy McBenedict, Wilhelmina N. Hauwanga, Bruno Lima Pessôa

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We are grateful to Zeiki Medical for sponsoring our work, as their support has been invaluable to our
contributions to the scientific community. Dr. Billy McBenedict, Dr. Bruno Lima Pessôa, and Ms. Wilhelmina
Hauwanga are senior authors. Anna Pogodina, Amro Abdelrahman, Anusha Thomas, Melvin Chun Yang Yau,
Gurinder Singh, Emmanuel S. Amadi, Yee Siew Lim, and Siymon Bispo contributed equally.

References
1. Shankar Kikkeri N, Nagalli S: Trigeminal neuralgia. StatPearls [Internet], Treasure Island (FL); 2024.
2. Araya EI, Claudino RF, Piovesan EJ, Chichorro JG: Trigeminal neuralgia: basic and clinical aspects . Curr

Neuropharmacol. 2020, 18:109-19. 10.2174/1570159X17666191010094350
3. Zakrzewska JM, Linskey ME: Trigeminal neuralgia. BMJ. 2014, 348:g474. 10.1136/bmj.g474
4. Zakrzewska JM, Wu J, Mon-Williams M, Phillips N, Pavitt SH: Evaluating the impact of trigeminal neuralgia .

Pain. 2017, 158:1166-74. 10.1097/j.pain.0000000000000853
5. Teshome AA, Walle Ayehu G, Ashagrie BK, et al.: Systematic review on the frequency of occurrence in nerve

branches and the side of the face involved in trigeminal neuralgia and its clinical implication. Front Neurol.
2024, 15:1362602. 10.3389/fneur.2024.1362602

6. Al-Quliti KW: Update on neuropathic pain treatment for trigeminal neuralgia. The pharmacological and
surgical options. Neurosciences (Riyadh). 2015, 20:107-14. 10.17712/nsj.2015.2.20140501

7. Thertus K: The psychological impact and management of trigeminal neuralgia . Trigeminal Nerve Pain: A

 Published via Neuro Series

2024 McBenedict et al. Cureus 16(8): e66724. DOI 10.7759/cureus.66724 9 of 11

https://www.ncbi.nlm.nih.gov/books/NBK554486/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1570159X17666191010094350?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1570159X17666191010094350?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.g474?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.g474?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/j.pain.0000000000000853?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/j.pain.0000000000000853?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fneur.2024.1362602?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fneur.2024.1362602?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.17712/nsj.2015.2.20140501?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.17712/nsj.2015.2.20140501?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/978-3-030-60687-9_21?utm_medium=email&utm_source=transaction


Guide to Clinical Management. Abd-Elsayed, A (ed): Springer, Cham, Switzerland; 2021. 215-27.
10.1007/978-3-030-60687-9_21

8. Bick SK, Eskandar EN: Surgical treatment of trigeminal neuralgia. Neurosurg Clin N Am. 2017, 28:429-38.
10.1016/j.nec.2017.02.009

9. Jannetta PJ, McLaughlin MR, Casey KF: Technique of microvascular decompression . Neurosurg Focus. 2005,
18:5. 10.3171/foc.2005.18.5.6

10. Ko AL, Ozpinar A, Lee A, Raslan AM, McCartney S, Burchiel KJ: Long-term efficacy and safety of internal
neurolysis for trigeminal neuralgia without neurovascular compression. J Neurosurg. 2015, 122:1048-57.
10.3171/2014.12.JNS14469

11. Yang AI, Mensah-Brown KG, Shekhtman EF, et al.: Gamma Knife radiosurgery for trigeminal neuralgia
provides greater pain relief at higher dose rates. J Radiosurg SBRT. 2022, 8:117-25.

12. Park SS, Lee MK, Kim JW, Jung JY, Kim IS, Ghang CG: Percutaneous balloon compression of trigeminal
ganglion for the treatment of idiopathic trigeminal neuralgia: experience in 50 patients. J Korean Neurosurg
Soc. 2008, 43:186-9. 10.3340/jkns.2008.43.4.186

13. Kanpolat Y, Savas A, Bekar A, Berk C: Percutaneous controlled radiofrequency trigeminal rhizotomy for the
treatment of idiopathic trigeminal neuralgia: 25-year experience with 1,600 patients. Neurosurgery. 2001,
48:524-32; discussion 532-4. 10.1097/00006123-200103000-00013

14. Fraioli B, Esposito V, Guidetti B, Cruccu G, Manfredi M: Treatment of trigeminal neuralgia by
thermocoagulation, glycerolization, and percutaneous compression of the gasserian ganglion and/or
retrogasserian rootlets: long-term results and therapeutic protocol. Neurosurgery. 1989, 24:239-45.
10.1227/00006123-198902000-00014

15. Jin HS, Shin JY, Kim YC, Lee SC, Choi EJ, Lee PB, Moon JY: Predictive factors associated with success and
failure for radiofrequency thermocoagulation in patients with trigeminal neuralgia. Pain Physician. 2015,
18:537-45.

16. Yu R, Wang C, Qu C, Jiang J, Meng Q, Wang J, Wei S: Study on the therapeutic effects of trigeminal
neuralgia with microvascular decompression and stereotactic gamma knife surgery in the elderly. J
Craniofac Surg. 2019, 30:e77-80. 10.1097/SCS.0000000000004999

17. Tavakol S, Jackanich A, Strickland BA, et al.: Effectiveness of Gamma Knife radiosurgery in the treatment of
refractory trigeminal neuralgia: a case series. Oper Neurosurg (Hagerstown). 2020, 18:571-6.
10.1093/ons/opz311

18. Kondziolka D, Zorro O, Lobato-Polo J, Kano H, Flannery TJ, Flickinger JC, Lunsford LD: Gamma Knife
stereotactic radiosurgery for idiopathic trigeminal neuralgia. J Neurosurg. 2010, 112:758-65.
10.3171/2009.7.JNS09694

19. Pikis S, Bunevicius A, Donahue J, Lavezzo K, Patterson G, Xu Z, Sheehan J: Diffusivity metrics three months
after upfront gamma knife radiosurgery for trigeminal neuralgia may be correlated with pain relief. World
Neurosurg. 2021, 153:e220-5. 10.1016/j.wneu.2021.06.086

20. Wang DD, Raygor KP, Cage TA, Ward MM, Westcott S, Barbaro NM, Chang EF: Prospective comparison of
long-term pain relief rates after first-time microvascular decompression and stereotactic radiosurgery for
trigeminal neuralgia. J Neurosurg. 2018, 128:68-77. 10.3171/2016.9.JNS16149

21. Hegazy A, Al-Shami HA, Arundhati B, et al.: Microsurgery versus stereotactic radiosurgery for small
petroclival meningiomas presenting with intractable trigeminal neuropathy: a historical cohort study.
Neurol India. 2022, 70:890-6. 10.4103/0028-3886.349681

22. Zhang WB, Min LZ, Tao BB, Sun QY, Li ST, Wang XQ: Prognosis comparison of different branches of
trigeminal neuralgia. World Neurosurg. 2020, 133:e1-5. 10.1016/j.wneu.2019.06.115

23. Wei Y, Pu C, Li N, Cai Y, Shang H, Zhao W: Long-term therapeutic effect of microvascular decompression
for trigeminal neuralgia: Kaplan-Meier analysis in a consecutive series of 425 patients. Turk Neurosurg.
2018, 28:88-93. 10.5137/1019-5149.JTN.18322-16.1

24. So RJ, Kalluri AL, Storm K, et al.: A racial analysis of pain outcomes following microvascular decompression
for trigeminal neuralgia. J Neurosurg. 2023, 139:633-9. 10.3171/2022.12.JNS221884

25. Raygor KP, Wang DD, Ward MM, Barbaro NM, Chang EF: Long-term pain outcomes for recurrent idiopathic
trigeminal neuralgia after stereotactic radiosurgery: a prospective comparison of first-time microvascular
decompression and repeat stereotactic radiosurgery. J Neurosurg. 2018, 131:1207-15.
10.3171/2018.5.JNS172243

26. Greve T, Tonn JC, Mehrkens JH: Microvascular decompression for trigeminal neuralgia in the elderly:
efficacy and safety. J Neurol. 2021, 268:532-40. 10.1007/s00415-020-10187-w

27. Ariai MS, Mallory GW, Pollock BE: Outcomes after microvascular decompression for patients with
trigeminal neuralgia and suspected multiple sclerosis. World Neurosurg. 2014, 81:599-603.
10.1016/j.wneu.2013.09.027

28. Cheng J, Liu W, Hui X, Lei D, Zhang H: Microvascular decompression for trigeminal neuralgia in patients
with failed gamma knife surgery: analysis of efficacy and safety. Clin Neurol Neurosurg. 2017, 161:88-92.
10.1016/j.clineuro.2017.08.017

29. Pines AR, Butterfield RJ, Turcotte EL, et al.: Microvascular transposition without Teflon: a single
institution’s 17-year experience treating trigeminal neuralgia. Oper Neurosurg (Hagerstown). 2021, 20:397-
405. 10.1093/ons/opaa413

30. Hitchon PW, Holland M, Noeller J, Smith MC, Moritani T, Jerath N, He W: Options in treating trigeminal
neuralgia: Experience with 195 patients. Clin Neurol Neurosurg. 2016, 149:166-70.
10.1016/j.clineuro.2016.08.016

31. Amaya Pascasio L, De La Casa-Fages B, Esteban de Antonio E, Grandas F, García-Leal R, Ruiz Juretschke F:
Microvascular decompression for trigeminal neuralgia: a retrospective analysis of long-term outcomes and
prognostic factors. Neurologia (Engl Ed). 2023, 38:625-34. 10.1016/j.nrleng.2021.03.010

32. Haq NU, Shah SN, Ali G, Haq MIU, Khan M, Shah I: Surgical management of idiopathic trigeminal neuralgia
using spongiston a single centre study. Med Forum Mon. 2022, 33:81-3.

33. Kodeeswaran M, Ramesh VG, Saravanan N, Udesh R: Percutaneous retrogasserian glycerol rhizotomy for
trigeminal neuralgia: a simple, safe, cost-effective procedure. Neurol India. 2015, 63:889-94. 10.4103/0028-

 Published via Neuro Series

2024 McBenedict et al. Cureus 16(8): e66724. DOI 10.7759/cureus.66724 10 of 11

https://dx.doi.org/10.1007/978-3-030-60687-9_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.nec.2017.02.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.nec.2017.02.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/foc.2005.18.5.6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/foc.2005.18.5.6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2014.12.JNS14469?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2014.12.JNS14469?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9489081/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3340/jkns.2008.43.4.186?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3340/jkns.2008.43.4.186?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00006123-200103000-00013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00006123-200103000-00013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1227/00006123-198902000-00014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1227/00006123-198902000-00014?utm_medium=email&utm_source=transaction
https://www.painphysicianjournal.com/linkout?issn=&page=537&utm_medium=email&utm_source=transaction&vol=18
https://dx.doi.org/10.1097/SCS.0000000000004999?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/SCS.0000000000004999?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ons/opz311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ons/opz311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2009.7.JNS09694?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2009.7.JNS09694?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2021.06.086?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2021.06.086?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2016.9.JNS16149?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2016.9.JNS16149?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0028-3886.349681?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0028-3886.349681?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2019.06.115?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2019.06.115?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5137/1019-5149.JTN.18322-16.1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5137/1019-5149.JTN.18322-16.1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2022.12.JNS221884?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2022.12.JNS221884?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2018.5.JNS172243?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2018.5.JNS172243?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00415-020-10187-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00415-020-10187-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2013.09.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2013.09.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clineuro.2017.08.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clineuro.2017.08.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ons/opaa413?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ons/opaa413?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clineuro.2016.08.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clineuro.2016.08.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.nrleng.2021.03.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.nrleng.2021.03.010?utm_medium=email&utm_source=transaction
https://www.medforum.pk/article/18surgical-management-of-idiopathic-trigeminal-neuralgia-using-spongiston-a-single-centre-study?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0028-3886.170103?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0028-3886.170103?utm_medium=email&utm_source=transaction


3886.170103
34. Krishnan S, Bigder M, Kaufmann AM: Long-term follow-up of multimodality treatment for multiple

sclerosis-related trigeminal neuralgia. Acta Neurochir (Wien). 2018, 160:135-44. 10.1007/s00701-017-3383-
x

35. Asplund P, Blomstedt P, Bergenheim AT: Percutaneous balloon compression vs percutaneous retrogasserian
glycerol rhizotomy for the primary treatment of trigeminal neuralgia. Neurosurgery. 2016, 78:421-8;
discussion 428. 10.1227/NEU.0000000000001059

36. Kim TY, Jackson CM, Xia Y, et al.: Retrosigmoid approach for glycerin rhizotomy in the treatment of
trigeminal neuralgia without overt arterial compression: updated case series. J Neurosurg. 2019, 132:1227-
33. 10.3171/2018.12.JNS182572

37. Grewal SS, Kerezoudis P, Garcia O, Quinones-Hinojosa A, Reimer R, Wharen RE: Results of percutaneous
balloon compression in trigeminal pain syndromes. World Neurosurg. 2018, 114:e892-9.
10.1016/j.wneu.2018.03.111

38. Montano N, Gaudino S, Giordano C, Pignotti F, Ioannoni E, Rapisarda A, Olivi A: Possible prognostic role of
magnetic resonance imaging findings in patients with trigeminal neuralgia and multiple sclerosis who
underwent percutaneous balloon compression: report of our series and literature review. World Neurosurg.
2019, 125:e575-81. 10.1016/j.wneu.2019.01.134

39. Asplund P, Linderoth B, Lind G, Winter J, Bergenheim AT: One hundred eleven percutaneous balloon
compressions for trigeminal neuralgia in a cohort of 66 patients with multiple sclerosis. Oper Neurosurg
(Hagerstown). 2019, 17:452-9. 10.1093/ons/opy402

40. Chen KT, Lin MH, Tsai YH, Lee MH, Yang JT: Application of MRI and intraoperative CT fusion images with
integrated neuronavigation in percutaneous radiofrequency trigeminal rhizotomy. Acta Neurochir (Wien).
2015, 157:1443-8; discussion 1448. 10.1007/s00701-015-2459-8

41. Tang YZ, Jin D, Li XY, Lai GH, Li N, Ni JX: Repeated CT-guided percutaneous radiofrequency
thermocoagulation for recurrent trigeminal neuralgia. Eur Neurol. 2014, 72:54-9. 10.1159/000357868

42. Noorani I, Lodge A, Vajramani G, Sparrow O: Comparing percutaneous treatments of trigeminal neuralgia:
19 years of experience in a single centre. Stereotact Funct Neurosurg. 2016, 94:75-85. 10.1159/000445077

 Published via Neuro Series

2024 McBenedict et al. Cureus 16(8): e66724. DOI 10.7759/cureus.66724 11 of 11

https://dx.doi.org/10.1007/s00701-017-3383-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-017-3383-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1227/NEU.0000000000001059?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1227/NEU.0000000000001059?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2018.12.JNS182572?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2018.12.JNS182572?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2018.03.111?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2018.03.111?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2019.01.134?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2019.01.134?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ons/opy402?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ons/opy402?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-015-2459-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-015-2459-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000357868?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000357868?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000445077?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000445077?utm_medium=email&utm_source=transaction

	Outcomes of Different Surgical Interventions for Treating Trigeminal Neuralgia: A Review
	Abstract
	Introduction And Background
	Review
	Material and methods
	TABLE 1: Summary of the search strategy from the databases.

	Results
	FIGURE 1: PRISMA flow diagram showing the steps taken to filter the articles for this review.

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


