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Introduction

Trigeminal neuralgia (TN) that was once called the “suicide
disease” is a form of neuropathic pain affecting the face and

has a remarkably consistent clinical picture including
severe (usually unilateral), lancinating, paroxysmal electric
shock-like pain, occurring in the territories of one or more
of the divisions of the trigeminal nerve (TGN). It is usually
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Abstract Background Although medical treatment is the mainstay of therapy, in trigeminal
neuralgia (TN), patients failing to respond to it make them candidates to ablative or
nonablative procedures.
Objective The aim of this study was to compare the outcome of Microvascular
decompression (MVD) and radiofrequency (RF) thermocoagulation in the manage-
ment of TN affecting the mandibular and maxillary divisions.
Materials and Methods Retrospective analysis of the data of 40 patients suffering
from intractable classical TN affecting themaxillary or mandibular divisions or both was
carried out. Twenty patients were operated upon by MVD of the trigeminal nerve; and
20 had RF ablation of the maxillary or mandibular divisions of the trigeminal nerve or
both.
Results In MVD the overall successful outcome was achieved in 16 patients (80%), while
the failure was in 4 patients (20%) of which 3 had a fair outcome and 1 patient had a poor
outcome.Whereas in RF the overall successful outcomewas achieved in 17 patients (85%),
while the failure was in 3 patients (15%) of which 2 had a fair outcome and 1 patient had a
pooroutcome.Outcomewas insignificantly different betweenbothgroups (p-value0.806).
Conclusion MVD and RF ablation represent safe and efficacious surgical choices for
addressing TN that encompasses both the mandibular and maxillary divisions. Long-
term follow-up studies demonstrate that MVD consistently yields favorable outcomes,
establishing it as the preferred primary surgical technique, unless contraindicated by
the patient’s general health and specific needs.
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associated with fear, anxiety, depression, and in severe
cases suicidal tendencies. Pain severely alters the patient’s
physical and mental status and impairs his daily
functions.1,2

The pathogenesis of TN has remained elusive. Demyelin-
ation of the nerve by vascular compression at the root entry
zoneof thebrainstemhasbeenproposedas theprincipal factor
involved in the genesis of TN. Compressivedamage to thenerve
fibers is hypothesized to cause hyperexcitability, allowing for
impulses traveling in Aβ touch fibers to be abnormally trans-
mitted by nociceptive C fibers (ephaptic transmission).3–5

Recently, hyperactivity of the trigeminal nuclei has been
implicated in addition to the vascular compression, based on
the absence of compressive arteries in some patients during
exploratory posterior fossa surgeries, as well as the absence of
the history of TN prior to death in cadaveric studies which
revealed an intimate relationship between arteries and the
cranial nerves.3–5 All the patients suffering from TN seek
treatment aiming to achieve a sustained pain relief and
improvement of their life quality. Pharmacological treatment
should be the first-line treatment of TN, and only when it fails
to control the pain, or when side effects set in, are the patients
offered surgical options.Medical treatment includes theuse of
antiepileptic drugsmainly carbamazepineor oxcarbazepine to
modulate the pain and ameliorate symptoms, but their side
effects may be debilitating by themselves to the extent of
affecting the patient’s quality of life. In addition, in a consider-
able number of patients the pain control provided by these
medication wanes with time, rendering them ineffective.6

Surgical treatments can be ablative (destructive) or non-
ablative. The surgeries are performed at different levels of the
TGNtrigger points,Gasserianganglion, or rootentryzone in the
posterior fossa. The procedures done at the trigger points or
Gasserian ganglion are destructive procedures, as the TGN
sensory function is intentionally destroyed, whereas proce-
dures directed to the root entry zone as microvascular decom-
pressive (MVD) procedures preserve the nerve’s normal
function. The destructive procedures include percutaneous
radiofrequency (RF) thermocoagulation, Gasserian ganglion
balloon compression, and glycerol or absolute alcohol
rhizolysis.1,6

Gamma Knife radiosurgery (GKR) is another viable option
for TN, whether as a primary or a secondary treatment. The
mechanism of pain relief after GKR remains unclear. Howev-
er, it seems that GKR diffusely damages all axons of the TGN,
raising the pain thresholds, whichmeans that pain sensation
is not conveyed.7

Gasserian ganglion therapies are considered minor proce-
dures but are associated with a high rate of recurrence and
possible ophthalmological complications if the fibers of the
ophthalmic division are injured. MVD, on the other hand, is a
major neurosurgical procedure that carries risks of complica-
tions,either intheimmediateperioperativeperiodorinthelong
term and has been associated with a small risk of mortality.1,6

Although TN is not a life-threatening condition, the inten-
sity of pain associated with it may be so distressing to the
patient to the extent of warranting the application of the
previously mentioned procedures despite their associated

risks, especially if the patient is not tolerating the cost and
side effects of medical treatment.6

Throughout the literature MVD is the best surgical
intervention for the treatment of TN as it optimizes out-
come while minimizing recurrence rates.6,8,9 Challenges,
such as lack of tools, patient refusal, or medical unfitness for
intracranial procedures, may necessitate alternative
approaches to this ideal technique. Thus, was the decision
to explore the alternative technique of RF which became
available to the authors in the past 3 years, when met by
such challenges.

Objectives

To compare the outcome of MVD and percutaneous RF in the
management of TN of the maxillary and mandibular
divisions

Patients and Methods

Retrospective analysis of the data of 40 patients that were
admitted to the Neurosurgical Department of Menoufia
University and Anesthesia and Pain Management Depart-
ment of the Medical Research Institute of Alexandria Univer-
sity, suffering from intractable classical TN affecting the
maxillary or mandibular divisions or both was carried out.
Twenty patientswere operated upon byMVDof the TGN, and
20 had RF ablation of the maxillary or mandibular divisions
of the TGN or both. For each group the data incorporated in
the study was that of 20 consecutive patients meeting the
inclusion criteria, starting from the earliest available records,
from the year 2013 to 2022.

Criteria for RF:

(1) Inclusion criteria:
• Classical TN patients showingminimal or no pain relief

after adequate dose and duration of medication or
those unable to tolerate the medications or their side
effects; as well as patients medically unfit for MVD
surgery or refusing it.

(2) Exclusion criteria:
• Recurrent cases of TN and patients suffering from other

demyelinating disease were excluded from the study;
additionally patients with neuralgia affecting the
ophthalmic division were excluded for fear of occur-
rence of corneal anesthesia.

Criteria for MVD:

(1) Inclusion criteria:
• Classical TN patients showingminimal or no pain relief

after adequate dose and duration of medication or
those unable to tolerate the medications or their side
effects.

(2) Exclusion criteria:
• Exclusion criteria are similar to those for RF, but

patients with affection of the ophthalmic division
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were not included in this study for the sake of compar-
isonwith RF as these patients are not candidates for RF.

Magnetic resonance imaging (MRI) was ordered for all
patients to detect any vascular loops compressing the TGN
and to exclude other possible pathologies. But the absence of
MRI evidence of vascular loops or compression did not
exclude the patient fromposterior fossa exploratory surgery.

MVD surgery was performed through a posterior fossa
retrosigmoid approach in a three-quarter prone position.
After the craniotomy was performed the dura was opened
and the cerebellopontine angle was explored exposing the
whole length of the TGN from its exit from the Meckel’s cave
to its entry zone in the brainstem; this step sometimes
necessitated division of the superior petrosal vein for ade-
quate exposure.

Meticulous atraumatic dissection of the nerve to free it
from any arachnoid filaments was performed; to detect any
vascular compression of the nerve, whether arterial or
venous. When a compressing vessel was found, it was
adequately dissected away from the nerve followed by
insertion of interposing material between the two struc-
tures; in case of venous compression, the vein was coagulat-
ed and divided without the use of Teflon.

RF cases were all operated upon in the supine position
under general intravenous anesthesia, sterilization of the
face was performed, and drabs were applied, then local
infiltration with Xylocaine 2% was done at the site of needle
insertion which is generally located 3 cm lateral to oral
fissure. Under fluoroscopic control the foremen ovale is
localized in a mento-occipital view (rotating C-arm with
15–25degrees in the coronal plane and 20–30degrees in
the sagittal plane also called oblique submental view) after
which an active 5-mm curved tip, 22-gauge, 15 cm RF needle
(Cosman; Cosman Medical, Burlington, Massachusetts, Unit-
ed States) is inserted guided to the lateral wall of the
foramen, and once engaged the stilette is removed to detect
cerebrospinal fluid egress, at this point the C-arm is reposi-
tioned to achieve lateral views to assess the needle depth for
proper positioning which is the petroclival junction and
5mm anterior to plane of the clivus for the mandibular
and at the clivus for the maxillary division (►Fig. 1). At this
point the patients are awakened to perform sensory stimu-
lation, which is first applied at 50Hz starting at 0.3 to 0.5
volts to detect sensory stimulation of the affected area and
motor stimulation at 2Hz, 0.1ms, 0.1 to 0.3 volts. Once the
patient reports of paresthesia and/or twitching in response
to the stimulation in the affected dermatome, the param-
eters of radiofrequency (RFT) were set to 70°C.

The outcome was regarded as:

• Excellent: if the patient became pain-free and off
medication.

• Good: if the patient became pain-free but at times need-
ing medications, but without the medication side effects
(all were medically intractable preoperatively).

• Fair: if the patient requires medications but has break-
through pain or side effects from the medication.

• Poor: if still with pain.

Excellent and good results are considered as successes,
while fair and poor results are considered as failures.

Statistical Analysis

Statistical analysis was done by SPSS v27 (IBM, Armonk, New
York, United States). Shapiro–Wilk test and histograms were
used to evaluate the normality of the distribution of data.
Quantitative parametric data were presented as mean and
standard deviation andwere analyzed by unpaired Student’s
t-test. Qualitative variables were presented as frequency and
percentage (%) and analyzed using the chi-square test. Cor-
relation betweenvarious variableswas done using Spearman
rank correlation equation for nonnormal variables/nonlinear
monotonic relation. A two-tailed p-value of<0.05 was con-
sidered statistically significant.

Results

Age, sex, radiological evidence, side of affection, and division
of TGN affected were insignificantly different between both
groups. Preoperative medical treatment duration was signif-
icantly higher in the microvascular group than the pulsed
group (p-value 0.010) (►Table 1). Follow-up duration was
significantly higher in the microvascular group than the
pulsed group (p-value<0.001) (►Table 1).

As regards the MVD patients, the superior cerebellar
artery (SCA) was the sole offending vessel in 13 patients

Fig. 1 Male patient, 53 years old, presented with trigeminal neuralgia
of the mandibular and maxillary divisions. (A) After needle insertion
through the foramen oval, stellate is removed to detect cerebrospinal
fluid (CSF) egress. (B) Oblique submental view showing the radio-
frequency (RF) needle in the foremen ovale. (C) Lateral fluoroscopic
view showing the needle placed 5mm anterior to the clivus for
mandibular RF. (D) Lateral fluoroscopic view showing the needle
placed at the clivus for maxillary RF.
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(65%) while the anterior inferior cerebellar artery (AICA)
compression was detected in 3 patients (15%) (►Table 2).
Nine of the patients with arterial compression had an excel-
lent outcome of which six were recognized in the preopera-
tive imaging.

In two patients (10%) no definite compressing vessel was
detected, so only complete removal of the arachnoid fila-
ments was done, with one patient reporting a fair outcome
and the second reported a poor outcome and developed
tinnitus and mild sensory neural hearing loss (SNHL)
(►Table 2).

Pure venous compressionwas detected in one patient (5%)
by a tributary of the superior petrosal vein in the cisternal
portion of the TGN that was coagulated and divided with no
postoperative sequelae and a good outcome (►Table 2).

Another patient had multiple vascular compressions by
both the SCA and superior petrosal vein, both compression
sites were decompressed with the patient achieving an
excellent outcome.

In MVD the overall successful outcome was achieved in
16 patients (80%), while the failure was reported in 4

patients (20%) of which 3 had a fair outcome and 1 patient
had a poor outcome (►Table 3). Whereas in RF the overall
successful outcome was achieved in 17 patients (85%), while
the failure was reported 3 patients (15%) of which 2 had a
fair outcome and 1 patient had a poor outcome. Outcome
was insignificantly different between both groups (p-value
0.806).

Complication rate was insignificantly different (p-value
0.131) between both groups. In MVD complications were
observed in 2 patients (10%), in the form of a patient that
developed a pseudomeningocele that was managed conser-
vatively. The second was the previously mentioned patient
that had persistent tinnitus and mild SNHL.

In RF the most common complication was paresthesia,
whichwasobserved in sixpatients (30%), followedbymasseter
weakness that was observed in four patients (20%). The pares-
thesia was transient and improved in five patients. In those
who developed weakness, three had RF of the mandibular
division, while the fourth patient developed weakness despite
targeting the maxillary division alone. The weakness was
transient in three patients,while the fourth casehadpersistent

Table 1 Demographic and topographic distribution of the studied groups

MVD group
(n¼20)

RF group
(n¼ 20)

p-Value

Age (y) 48.85�10.8 (range 29–67) 50.15� 14.83 (range 22–76) 0.753

Sex Male 5 (25%) 7 (35%) 0.490

Female 15 (75%) 13 (65%)

Radiological evidence Positive 13 (65%) 11 (55%) 0.519

Negative 7 (35%) 9 (45%)

Medical treatment duration (mo) 29.15�12.43 19.7�9.54 0.010

Side of affection Right 6 (30%) 10 (50%) 0.197

Left 14 (70%) 10 (50%)

Division of trigeminal nerve affected V2 4 (20%) 5 (25%) 0.817

V3 12 (60%) 10 (50%)

V2þV3 4 (20%) 5 (25%)

Follow-up (mo) 38.45�6.04 (range 30–48) 15.75� 7.0 (range 6–30) < 0.001

Abbreviations: MVD, microvascular decompression; RF, radiofrequency.
Note: Data are presented as mean� standard deviation (SD) or frequency (%).

Table 2 Offending vessel of microvascular group

MVD group
(n¼ 20)

SCA 13 (65%)

AICA 3 (15%)

Petrosal vein 1 (5%)

SCA and vein 1 (5%)

No definite compressive 2 (10%)

Abbreviations: AICA, anterior inferior cerebellar artery; MVD, micro-
vascular decompression; SCA, superior cerebellar artery.

Table 3 Follow-up and outcome of the studied groups

MVD group
(n¼20)

RF group
(n¼20)

p-Value

Outcome

Excellent 7 (35%) 10 (50%) 0.806

Good 9 (45%) 7 (35%)

Fair 3 (15%) 2 (10%)

Poor 1 (5%) 1 (5%)

Abbreviations: MVD, microvascular decompression; RF, radiofrequency.
Note: Data are presented as frequency (%).
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weakness as well as severe persistent paresthesia and
reported a final poor outcome; worth mentioning is that
this patient was the second patient in our experience with
RF for TN. There was no correlation between division of TGN
affected and complications (correlation coefficient –0.245,
p-value 0.127).

Discussion

Initially, TN was managed through targeting the pregangli-
onic fibers of the TGN in the middle cranial fossa, it was then
that Dandy first described his observation of vascular loops
compression of the TGN at the root entry zone. It was not till
the advent of the operative microscope that Peter Jannetta in
1967was able to confirm this theory of vascular compression
and introduced MVD.1

Alcohol injection of the Gasserian ganglion was intro-
duced early in the twentieth century, following that in 1981,
Håkason introduced glycerol as an alternative chemoneur-
olytic technique capable of producing pain relief. In 1932,
Kirschner used crude monopolar electrocoagulation for TGN
lesioning; four decades later in 1974, Sweet and Wepsic,
utilized the more precise RF current to produce controlled
thermocoagulation of the nerve, which continues to be
employed successfully to this day.7–13

The key to a successful MVD is adequate exposure of the
TGN throughout its course. At times it is difficult to visualize
the medial side of the root entry zone, missing the offending
vessel which is the main reason for MVD failure. Other
identified causes of failure were the use of unshredded
Teflon patch (which may be easily dislodged), free muscle
grafts (that may get resorbed), and nerve compression by the
excessive use of Teflon.4

If the compression originated from the SCA, Sindou et al
opted to elevate the SCAusing a Teflon sling instead of simply
placing Teflon in between, as they were concerned about the
nerve being compressed by the Teflon. On the other hand, if
the offending vesselwas the AICA, they performed a straight-
forward transposition of the loop away from the nerve to
prevent damage to the short perforators to thebrainstem and
the labyrinthine artery originating from the AICA. Veins that
were indenting the nerve were sacrificed in their series.14 In
our study, we inserted interposing material for arterial
compression. One patient in our study had sole venous
compression and in a second patient a vein in addition to
SCA, and these veins were divided without any resulting
complications.

Despite the lack of preoperative MRI evidence of neuro-
vascular compression (NVC) in seven patients in the current
study, NVC was detected during surgical exploration in all
cases except two. This finding aligns with the study con-
ducted by Jo et al, which revealed the presence of NVC in
53.2% of patients intraoperatively, even though their presur-
gicalMRI resultswere negative. The study concluded that the
absence of positive MRI findings does not indicate long-term
failure of MVD for TN. However, the presence of positive MRI
findings predicts long-term success. Additionally, Jo et al
discovered that compression caused by a vein alone or a

combination of venous compression was a poor prognostic
factor for achieving success in MVD.13

Recently, numerous studies have provided confirmation
that the utilization of high-resolution MRI with diverse data
acquisition techniques has proven to be reliable for detecting
NVC, detecting the atrophic changes inTN, and predicting the
extent of compression on the nerve root. Furthermore, these
studies have established a correlation between the degree of
root compression and the resulting outcome.12,15–18

Although the success rate of this study was similar to that
conducted by Sindou et al, where they achieved an 80%
success rate in treating patients, but actually they adhered
to more strict parameters, where they considered an out-
come successful only if complete pain relief and complete
discontinuation of medication were achieved. Additionally,
4.9% of their patients had some residual background pain but
did not require medication, while 15.1% of the patients
experienced treatment failure.14

When treating TN with involvement of the first division,
MVD, glycerol rhizotomy, and Gasserian balloon compres-
sion are considered the procedures of choice. This choice is
due to their lower likelihood of causing corneal anesthesia,
which has been observed when RF is applied in such cases,
potentially leading to neurotrophic keratitis. However, it
should be noted that both glycerol rhizotomy and balloon
compression have higher recurrence rates compared to
MVD.19,20

Hong et al recommended using temperatures between
65°C and 70°C when targeting the maxillary and/or mandib-
ular divisions, to achieve effective pain control and minimiz-
ing permanent complication including masseter weakness
and facial.21

In a retrospective study conducted by Tronnier et al,
involving 225 patients who underwent MVD and 206
patients who underwent percutaneous RF rhizotomy, it
was found that there was a 50% risk of pain recurrence
within 2 years after RF rhizotomy. In contrast, among MVD
patients, 64% remained completely free of pain for up to
20 years following the surgery.22

Several reviews have thoroughly examined various per-
cutaneous modalities used in the treatment of TN. These
reviews consistently emphasize that percutaneous proce-
dures offer excellent alternatives to MVD. RF treatment has
shown a commendably lowcomplication rate, comparable to
other percutaneous techniques.6,17,20–24 Despite this, since
its introduction in 1974 by Sweet and Wepsic, with its
extensive application in TN, and improvement of RF gener-
ators and parameters used, an immediate pain relief was
reported to be as high as 85 to 97% by more recent
studies.11,25–27

MVD is not a minor procedure and its application in
elderly patients has been always a concern, but recently
published series in older age groups indicate that the deci-
sion to recommend MVD should be based upon the patient’s
fitness rather than his age.28,29

But in this study elderly patients more readily choose RF
rather than MVD, although they were informed that MVD
had the lowest recurrence rates at long-term follow-up and
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was considered to be the best option for young healthy
patients.22,30

All the MVD patients of this study were operated at time
period prior to those of RF, a shift due to the lack of
availability of Teflon, and this explains the significantly
lengthier follow-up duration. But the lengthier preoperative
medication duration for MVD was attributed to the patients’
fear from being subjected to an open cranial procedure,
which delayed the intervention until the pain was unbear-
able, which was not the case with RF.

In their systematic review of the efficacy and safety of
percutaneous approaches in the management of TN, Texa-
kalidis et al emphasized that when solely targeting the
maxillary division,31 it was difficult to contain the thermo-
coagulatory damage from reaching the ophthalmic or man-
dibular divisions and its real-time detection.31–33

Tang et al in their study, which enrolled older patients
above 70 years of age, reported an excellent pain relief in all
their patients at discharge, with 49% maintaining pain relief
even after 10 years.34

Zhao et al in their RF series of 1,070 patients reported a
pain-free rate in 70.2% of the patients at 10 years and
reported that patients prone to long-term pain recurrence
are those having initial poor response to medications,
patients with atypical facial pain, and patients with previous
facial numbness. The most common complication in their
study was ipsilateral facial numbness reported in approxi-
mately 77% of the patients with 5.4% suffering troublesome
dysesthesia. They also documented the higher incidence of
severe complications including troublesome dysesthesia,
keratitis, and masseter weakness was higher when temper-
ature of 80°C was used.27 In this study, the temperature used
for RF was 70°C but we did have patients having masseter
weakness and dysesthesia, but most of them had a complete
recovery. Yao et al recommended RF at 68°C is for treating
V2/V3 and that RF may be performed at 62 to 65°C if the
patients wish to minimize possible complications such as
facial numbness.32

It is generally agreed that MVD provides the longest
duration of pain relief while preserving facial sensation.
Although major complications may follow MVD (including
severe gait disturbances due to cerebellar brainstem ische-
mia related to vascular spasm from manipulation, trochlear
nerve palsy, facial nerve palsy, loss of hearing, permanent
TGN sensory disturbances, and even death), however, in an
experienced hand, MVD has a low morbidity and mortality
rates.17,20,35–37

No major morbidity or mortality occurred in the present
study with MVD, except for a patient who developed pseu-
domeningocele that was managed conservatively by appli-
cation of a lumbar drain and a patient who developed
tinnitus and mild hearing loss.

Previous studies comparing both MVD and RF confirmed
the superiority ofMVD over RF and even advocated the use of
RF only in patients unfit for surgeryor those refusing invasive
open procedures.8,9

Choosing a neurosurgical approach for treating TN
involves weighing potential pain relief against possible com-

plications. Patients should be informed about pros and cons
of each procedure with full understanding prior to making
their decisions.

The limitations of this study were the limited number of
patients in both groups and the relatively short follow-up for
RF in comparison to theMVD group as theywere operated at
earlier period to the RF group.

Conclusion

MVD and RF ablation represent safe and efficacious surgical
choices for addressing TN that encompasses both the man-
dibular andmaxillary divisions. Long-term follow-up studies
demonstrate that MVD consistently yields favorable out-
comes, establishing it as the preferred primary surgical
technique, unless contraindicated by the patient’s general
health and specific needs.
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