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Trigeminal Neuralgia: Toward a Multimodal Approach
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-OBJECTIVES: Trigeminal neuralgia (TN) is the most common cranial neuralgia
in adults, with a slight prevalence in women. Antiepileptic drugs represent the
mainstay of the medical treatment, whereas microvascular decompression is the
best option in case of neurovascular conflict. Although these treatments showed
a good rate of efficacy, they can be contraindicated in some patients and >50%
of patients undergoing these treatments will present recurrence of pain in the
following months. In this majority of patients, pain becomes chronic and can
severely affect their quality of life and cause cognitive disturbances, such as
anxiety and depression.

-METHODS: The purpose of this study was to review the efficacy and safety of
current treatment modalities for TN, as well as to propose a multimodal
approach for those patients presenting with a chronic form of TN.

-RESULTS: Current treatment modalities have been reviewed. Actual pain
evaluation systems and the neuropsychologic features of TN have been analyzed
in order to propose an alternative treatment algorithm.

-DISCUSSION: Chronic pain can also lead to the misperception of patients’
own selves leading to enhanced pain perception and altering therapeutic out-
comes. Thus, there is the need to define a personalized multimodal approach of
treatment, taking into account other available TN therapies and the neuro-
psychologic aspect of chronic pain.
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INTRODUCTION

Trigeminal neuralgia (TN) is the most
common cranial neuralgia.1 The incidence
of TN ranges between 4.5 and 28.9 per
100,000 per year, increasing with age and
having a slight prevalence in women over
men (male-to-female ratio 1:1.8).2-5

Symptoms onset is mainly in the middle
age; young adults and children can be
less frequently affected.3,4
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TN is a usually unilateral facial painful
sensation confined to the somatosensory
distribution of�1 branches of the trigeminal
nerve.1,6,7 TN is characterized by recurrent,
short-time, shocklike episodes of pain, with
abrupt onset and end, triggered by non-
painful stimuli like chewing, brushing teeth,
washing the face, shaving, speech, or
touching the affected dermatome zone.4,6-8

TN attacks were well summarized in the
French term “tic douloureux,” first reported
by Nicolas André in 1756.6,8,9 Commonly,
pain attack episodes occur over weeks and
months followed by pain-free periods last-
ing months or years.4

On the basis of its etiology, TN is
divided into classic and painful trigeminal
neuropathy (PTN), according to the Inter-
national Classification of Headache Dis-
orders (ICHD-3).6,10

Classic TN includes idiopathic cases
and those caused by vascular compression
of the trigeminal nerve.10,11 PTN is less
common (15%) and includes all those
cases of symptomatic TN not caused by
WORLD NEUROSURGERY, http://
vascular compression, such as tumors, or
postherpetic cases, multiple sclerosis
(MS), and other causes.10 The mean age of
onset is 48 years for symptomatic TN and
57 years for classic TN.2 TN caused by
arterial or venous compression of the
cisternal segment of the trigeminal nerve
represents the most common type,
accounting for 80%e90% of cases.4,12

The pulsatile compression of the
trigeminal nerve at its root entry zone to
the pons causes demyelination of the
nerve.11,13 The damaged axons generate
an ectopic response to normal nerve
function, leading to an ephaptic
transmission of pain sensation.2,11,13 The
demyelination mechanism has been also
demonstrated in MS cases.2,4,11,13,14

The clinical picture is different between
typical and atypical TN. In typical TN (or
type 1), patients mostly describe their pain
as sharp, shocklike, and lancinating with
pain-free intervals, whereas patients
reporting constant pain (defined as aching
or burning) are classified as atypical TN
dx.doi.org/10.1016/j.wneu.2017.03.126
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Table 1. Summary of Available Treatment Modalities for Trigeminal Neuralgia

Treatment Modality

Pharmacologic
Treatments

Surgery Ablative
therapies

Stereotactic radiosurgery Gamma knife radiosurgery
Cyberknife radiosurgery

Percutaneous rhizotomy
techniques

Glycerol percutaneous rhizotomy
Percutaneous radiofrequency

rhizotomy
Percutaneous balloon compression

Partial sensory neurectomy

Anatomic
therapies

Microvascular decompression

Neuromodulation Peripheral techniques Trigeminal branch stimulation
Gasserian ganglion stimulation
Transcutaneous electrical nerve

stimulation

Central techniques Motor cortex stimulation
Deep brain stimulation

Subdermal
therapies

Botulinum toxin type A
Subcutaneous alcohol blockage
Lidocaine peripheral block

Other therapies Cryotherapy
Streptomycin injection
Peripheral neurectomy
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(type 2).6,15 Notably, these 2 groups
demonstrate different pathologic and
prognostic features.6,15

Despite extensive literature on the
treatment options for TN, knowledge of
the natural history of this disorder is still
limited.16,17

Antiepileptic drugs, such as phenytoin
and carbamazepine (CBZ), are widely used
and their efficacy is well known; however,
the pain response rate differs between short-
and long-term follow-up (FU).2,11,18

Phenytoin is effective in controlling pain in
most (60% of) patients, and its efficacy de-
creases to <25% over time.11 CBZ is
nowadays considered the first drug of
choice on the basis of its initial efficacy in
80% of cases. However, its effect decreases
in 50% of cases over time.11 Oxcarbazepine
is a ketoderivate of CBZ, with the same
efficacy and fewer side effects, such as
drowsiness, nausea, dizziness, ataxia,
hyponatremia, and transaminase
induction, and is usually dose dependent.11

Generally, surgical microvascular
decompression (MVD) is able to control pain
WORLD NEUROSURGERY 103: 220-230,
in >90% of cases in short-term period;
however, this rate decreases to 50%e70% in
long-termperiods associatedwith an annual
recurrence rate of about 3.5%.11

TN is considered a complex and dynamic
disease, leading to a chronic course in more
than half of patients, given that the major
therapies have a limited efficacy over time.11

For this reason, many nonpharmacologic
and nonsurgical treatments have been
introduced (Table 1).19 The management of
such chronic pain is an unsolved problem,
and further treatment should be
considered.2,4,5,7,11,15,18,20-22 Apart from the
sensory disturbance, chronic pain must be
considered a social, emotional, and
psychologic disorder that requires a
personalized and multidisciplinary strategy.
METHODS

The aim of this study was to review the
efficacy and safety of the current non-
pharmacologic and noninvasive treat-
ments for TN and to propose a
multimodal treatment algorithm.
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RESULTS

Ablative Treatments
Radiosurgery. Gamma Knife radiosurgery
(GKRS) is one of the most reported radi-
osurgical techniques.23 GKRS is a
noninvasive neurosurgical procedure for
different functional central nervous
system disorders such as TN.19

The mechanism of pain control after
GKRS has not been entirely understood.24

The stereotactic irradiation of the nerve
causes an electric block of the ephaptic
transmission maintaining a normal
axonal sensory conduction in the vast
majority of patients.24-26 The irradiation
of the nerve is focused 2e3 mm anterior
to the root entry zone of the trigeminal
nerve, in the proximal cisternal portion
of the nerve between the pons and the
Meckel cave, with a dose between 70 and
90 Gy.25,27

In classic TN, GKRS is effective in pain
control in 75%e90% of patients after 1
year of FU, both with or without continued
medication.19

The initial clinical efficacy of GKRS
starts from 2 weeks to 2.7 months after
treatment, with a total pain relief after a
median time of 5 months.19,26 Pain relief is
maintained in 46%e65% of patients at 5-
years’ FU time, especially in patients
experiencing relief in the first months af-
ter GKRS and suffering from classic TN.19

GKRS as a primary surgical treatment is
reported as a positive prognostic factor,
while efficacy in patients who previously
underwent MVD or other lesional tech-
niques showed lower rates of success,
which is about 40% in previous surgically
treated cases and >70% for nonsurgically
treated cases.19,23,28,29

In 10%e42% of cases, a well-tolerated
trigeminal sensory deficit is reported af-
ter GKRS treatment.19 Post-GKRS facial
numbness is related to prolonged positive
effects of the treatment and lower rates of
pain recurrence, as well as a pain-free in-
terval in 75% of cases at 3 years of FU.23

GKRS can be redone in case of first
failure, with a pain relief rate of 60% to
100% and a hyperesthesia rate of 11% to
80%.19

Despite the lack of randomized control
studies about the efficacy of GKRS in TN,
some comparative studies reported similar
pain control rates between GKRS and
w.WORLDNEUROSURGERY.org 221

http://www.WORLDNEUROSURGERY.org


LITERATURE REVIEW

ALFIO SPINA ET AL. MULTIMODAL MANAGEMENT OF TRIGEMINAL NEURALGIA
rhizotomy, even if the latter showed a
faster pain control onset; on the other
hand, MVD showed higher long-term ef-
ficacy in controlling pain compared with
GKRS.19

Other radiosurgical techniques have re-
ported similar results.27 Cyberknife
showed a higher rate of initial pain relief
(92.7%); the pain-free interval at long
term is maintained in only 78% after a
mean period of 11 months.27

Percutaneous Rhizotomy Techniques
Different percutaneous techniques for
nerve injury through mechanical, chemi-
cal, and thermal forces have been devel-
oped for the treatment of TN.
Glycerol percutaneous rhizotomy (GPR)

consists of a 0.2e0.4 mL injection of
glycerol after cannulation of the Gasserian
ganglion (GG) through the foramen ovale,
with the aid of frameless stereotaxy.30 This
chemical destructive technique allows
pain control in about 90% of cases and
70% of complete pain relief.30 However,
despite these good results, GPR is
related to pain recurrence in >70% of
cases with a mean pain-free time of 32
months.30 In a single study, the pain
recurrence was reported in 54% of cases
at 4-years’ FU.22 GPR is also related to a
complication rate of 30%, such as
trigeminal hyperesthesia in 20% of cases,
anaesthesia dolorosa in 0.8%, and
hearing loss and meningitis in 1.9% and
1.5% of cases, respectively. Facial
numbness as a possible complication of
GPR has been reported in 60%.22

Patients showed a similar rate of pain
control in short-term periods after GPR or
GKRS.30 However, GKRS showed less
recurrence rate and later response when
compared with GPR.30

A further lesional technique is the
percutaneous radiofrequency rhizotomy
(PRR), which consists of 70 degrees for 70
seconds of thermal damage performed by
an electrode placed in contact with the
trigeminal nerve through the foramen
ovale.30 More than 90% of patients
experience immediate pain relief after
treatment.22,30 In a long-term FU study,
the initial pain relief was reported in 98%
of cases; however, patients experienced
pain recurrence in 15% of cases at 5-years’
and 20% at 9-years’ FU.22 The rate of
recurrence ranges from 7%e37%, but
these percentages are strictly related to
222 www.SCIENCEDIRECT.com
the length of the FU periods.1 The
possible complications of PRR are
anaesthesia dolorosa (range 0.5%e25%);
deficit of the corneal reflex (1%e35%);
keratitis (0%e20%); dysesthesia (1%e
24%); masseter weakness (8%e65%),
mostly transient; diplopia (0.2%e4%);
and mortality (0%e0.2%).1

In PRR, like other percutaneous pro-
cedures, the rate of facial numbness at FU
is >90%, even if this is well tolerated by
most patients.22

Percutaneous balloon compression is a
mechanical technique to provide nerve
damage.22,30 After cannulation of the fo-
ramen ovale, a Fogarty balloon is inserted
to reach the GG to apply a compression of
650e950 mm Hg for 1 minute.30,31

After this procedure, pain is controlled
in >93% of cases.22,31 In a large series
with long FU, pain recurrence was re-
ported in 19.2% at 5 years and 31.9% at
long-term FU.31 The reported rate of
complication is lower with percutaneous
balloon compression compared with the
other percutaneous techniques. Long-
term facial numbness was reported in
4.6% of cases, and symptomatic dyses-
thesia ranged from 2.8% to 11.4% of cases
depending on the series.31

One of the main limitations of all
percutaneous procedures is the cannula-
tion of the foramen ovale, which cannot be
performed in about 1% of cases for
anatomic reasons.1,22,31
NEUROMODULATION

Invasive Stimulation Techniques
The previously mentioned ablative treat-
ments are highly effective in achieving
pain control, especially in patients
suffering from typical TN.32 Atypical TN,
particularly PTN, is characterized by the
absence of pain-free intervals and inef-
fectiveness of standard therapies.15,33

Postherpetic neuralgia of the trigeminal
nerve, post-trauma or surgery-related su-
praorbital or infraorbital nerve neuralgia,
MS, or space-occupying lesions related TN
represent those cases reporting the higher
rate of failure of the previously mentioned
treatments.32 These kinds of neuralgia
resemble neuropathic pain conditions,
frequently resistant to the medical
therapy.34 According to these findings
and the good results achieved by spinal
WORLD NEUROSURGERY, http://
cord stimulation for back and extremity
pain, peripheral neurostimulation (PNS)
has been introduced for the treatment of
atypical TN or, more generally,
headache.32-34 PNS, as well as spinal cord
stimulation, is based on the gate-control
theory of pain control by direct electrical
stimulation of the spinal cord or periph-
eral nerve.32-35 Since the transmission of
impulse of nociceptive afferent pathways
is modulated by the activity of large
myelinated non-nociceptive A efferent fi-
bers, this gate mechanism leads to
suppress pain sensation by causing a
paraesthesia in the same territory.34,35

Pulsed radiofrequency is able to achieve
pain control and avoids nerve tissue
destruction in comparison with contin-
uous stimulation and is not related to
temperature.36 Currently, there are
different targeting techniques of PNS
for TN.
Trigeminal branch pulsed stimulation

(TBS) electrically targets the supraorbital
nerve of the infraorbital nerve and the
point where they exit from the frontal and
maxillary bones, respectively, by applying
a subcutaneous electrode.34 Usually
patients undergo a local anaesthetic
block of the branches of the trigeminal
nerve in order to assess the anatomic
pain distribution and qualitatively
evaluate pain response to the block test.34

Once the electrode is inserted, it is
connected to an external and, in case of
positive response, an implantable pulse
generator.34 The aim of this treatment is
to obtain at least 50% of pain relief.34

The rate of pain control of TBS ranged
from 70%e100% of patients depending
on the series.35 In a series of 10 patients,
TBS provided 50% or greater pain relief
in about 70% of cases, with a decrease in
medication use and an overall surgical
complication rate of 30%.37 In this
series, 80% of patients kept their clinical
improvement after 24 months.37 Post-
traumatic pain showed a better response
to TBS than postherpetic pain.37

In another series of 10 patients with
supraorbital neuralgia, the use of opioids
was reduced in at least 50% of patients
resulting in a decrease of headache score
at postsurgery evaluation, after a FU of 30
weeks.38

Together with the supraorbital and
infraorbital nerves, the greater occipital
nerve has been stimulated in case of PTN
dx.doi.org/10.1016/j.wneu.2017.03.126
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and MS-related TN.39 Despite the good
results in short-term periods, this treat-
ment has been inefficient in long-term
pain control in cases of MS, and PTN pa-
tients showed no pain reduction.39

Another stimulation technique is the
Gasserian ganglion pulsed stimulation. It
consists of electrical stimulation the of the
GG through insertion of an electrode in
the foramen ovale by applying the same
technique as in the percutaneous
procedure.40

In a series of 13 patients who under-
went Gasserian ganglion pulsed stimula-
tion for TN, 92% experienced immediate
pain relief.36 However, in case of
postherpetic neuralgia, the clinical
efficacy was maintained in 80% of cases
at 3, 6, and 12 months; and the mean
pain-free interval was 2.8 weeks for atyp-
ical facial pain.36 In another series, in
three of five patients the clinical efficacy
was maintained for a mean period of
19.2 months.41

Notably, even if these treatment mo-
dalities are effective, in patients with
atypical trigeminal pain, to date there is
no consensus about their use in the clin-
ical management of TN because most of
the reported series dealt with few patients
and short-term FU periods.41,42 Another
issue is the wide range of indications and
different stimulation targets, such as the
greater occipital nerve, making it difficult
to draw definitive conclusions in case
of TN.36,41,42

Among the neuromodulator techniques,
the motor cortex stimulation (MCS) has
been also introduced for the treatment of
PTN. This approach consists of implant-
ing an electrode on the motor cortex
contralateral to the painful side. MCS
could achieve �50% pain relief in >70%
of patients.43 Nevertheless, MCS
represents a more invasive stimulation
therapy and complications are higher and
more serious than PNS.43,44

Some reports of deep brain stimulation
for TN and PTN are available in the liter-
ature. However, deep brain stimulation is
considered a second-line treatment mo-
dality due to its more invasive nature and
lack of long-term FU periods.39,45

Interestingly, the transcutaneous elec-
trical nerve stimulation (TENS) technique
has been adopted to treat TN.46-48 Its ef-
fects seemed to be similar to other neu-
romodulatory therapies.48 It is a
WORLD NEUROSURGERY 103: 220-230,
noninvasive, self-administrated, and low-
cost treatment.46 In 2 large series
published in 2011, TENS improved pain
in 83.7% and reduced pain scale scores
in all patients.46,48

Unfortunately, little is known about the
long-term efficacy of TENS since the
longest reported case series FU is 3
months and the only reported long-term
patient, who was administered a high
voltage dose, remained pain free for 3
years.46,47
Noninvasive Brain Stimulation
Noninvasive brain stimulation techniques
such as repetitive transcranial magnetic
stimulation (rTMS) or transcranial direct
current stimulation (tDCS) have also been
proposed to reduce pain perception in
various chronic neuropathic pain disor-
ders. Indeed, magnetic resonance imaging
(MRI) studies have shown morphologic
changes occurring in the gray matter vol-
ume, cortical thickness of central struc-
tures, and brain white matter functional
organization.49-52 The involved structures
have been shown to play crucial roles in
pain perception, modulation, cognitive-
affective systems, and motor functions.
In rTMS a focal magnetic field is applied
to the patient’s head. This field has the
property of inducing a local electric field
over the targeted cortical area, enhancing
or reducing its activity according to the
frequency of stimulation, probably
through long-term potentiation/depres-
sion-like effects.53 High-frequency rTMS
has been shown to reduce intractable
chronic neuropathic pain, including tri-
geminal neuralgia.54 Significant
reductions of pain perception measured
on VAS could be obtained up to 2 weeks
after a single rTMS session applied at 10
or 20 Hz over the motor cortex
contralateral to the painful side.55-60

Multiple sessions repeated over several
weeks also showed positive effects of
rTMS on pain, suggesting stronger and
longer-lasting effects compared with sin-
gle stimulations.61-63 Moreover, it has been
shown that better results were obtained
with hand motor cortex stimulation
compared with facial motor cortex.59

Patients presenting with TN showed
better analgesic responses to rTMS
(28.8%) compared with other subgroups
of patients with neuropathic pain.64
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tDCS differs from rTMS in the sense
that the induced current intensity is not
high enough to generate by itself action
potentials into the brain. Thus tDCS
depolarizes or hyperpolarizes the axon
potential according to the polarity of the
stimulation. Anodal tDCS creates a depo-
larization of the membrane potential and
thus enhances the activity of the underly-
ing cortex. A few sham-controlled studies
have demonstrated the potential benefits
of anodal tDCS over the primary motor
cortex contralateral to the painful side in
TN.65,66 Antal et al65 demonstrated that
the analgesic effects could last 3e4
weeks after 5 consecutive days of
treatment, suggesting a longer lasting
effect of tDCS compared with rTMS on
chronic pain.54
SUBDERMAL THERAPIES

Botulinum toxin type A (BTA) is a neuro-
toxin that blocks acetylcholine release in
the presynaptic nerve endings.67 Together
with its relaxing action on muscle tone,
BTA showed a separate and independent
analgesic action, especially in neuropathic
pain patients. However, its mechanism of
action is not fully understood.7,11,67 BTA
can be administered intradermally and/or
submucosally, and it is not related to any
sensorial manifestations.7

Positive clinical response has been re-
ported in 70%e100% of cases and a
decreased pain attack frequency and in-
tensity in 60%e80%.68 No major side
effects have been reported with BTA
administration.7,11,18,67,68

Recently, in a systematic review of case
control studies about BTA injection for
typical and atypical TN, patients who un-
derwent BTA were 2.9 times more likely to
experience �50% pain reduction
compared with the placebo group.67 To
date, there is no standard dose for BTA
injection therapy; both low-dose and
high-dose injections showed the similar
short-term results for pain control.7,67,68

Subcutaneous alcohol blockage (SAB) to
the affected trigeminal branches provided
excellent short- to mid-term clinical re-
sults, lasting 2e30 months.11,69

In a series of 67 patients who underwent
multiple injections, pain relief was re-
ported in 90% of cases within 1 month,
and failure in 10% of cases; the mean
pain-free interval was 11 months (range 1e
w.WORLDNEUROSURGERY.org 223
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53 months).69 The authors did not find any
statistical difference in pain relief between
MS and non-MS groups, the pain-free in-
terval was similar after multiple SAB
therapies in the same patient, and SAB did
not affect the outcome of further treat-
ments.69 On the basis of their findings,
SAB could be considered as a mean to
provide quick pain relief in patients
experiencing continuous pain awaiting
further treatment.69

Moreover, the use of BTA as an upfront
therapy has been reported.70 Similarly to
SAB, BTA provided pain control for a
short-term period (60e90 days) and was
used to temporarily control pain before
GKRS.70 In these patients, the expensive
price of each BTA injection represented
the main limitation of its continuous use.70

One of the main issues of TN is to
provide pain relief during the pain
attack.11,18,68

In case of predominance of maxillary
nerve involvement, intranasal local anaes-
thesia can provide pain control for up to 4
hours.18,68

During pain attacks, the combined use
of intranasal anaesthetic application and
intravenous fosphenytoin seems to be an
effective attack therapy.68
OTHER THERAPIES

Peripheral cryotherapy has been intro-
duced for patients who are refractory to
pharmacologic treatments.26 This
technique consists of a frozen application
after having surgically exposed the
affected branch of the trigeminal nerve.26

Immediate pain relief has been reported
in most of the cases; however, the
efficacy lasted only a few months and
<30% of patients were pain free at 1
year.26 Additionally, >30% of cases may
develop some complications, such as
facial pain worsening, anaesthesia
dolorosa, and pain migration to another
trigeminal branch.26

Peripheral neurectomy involves surgical
disconnection of the affected trigeminal
branch.26 Short-term pain-free rates are
reported between 58% and 79%. Less than
30% of patients are pain free at 4e5 years
FU.26

Other peripheral techniques, such as
helium-neon laser therapy, streptomycin-
lidocaine injections, and peripheral glyc-
erol injections have been described with
224 www.SCIENCEDIRECT.com
short-term and long-term results similar
to the previously mentioned techniques.26
PAIN RECURRENCE

In TN management, it is mandatory to
consider the rate of those patients expe-
riencing pain recurrence after a first-line
treatment.
The initial pain response in CBZ as

monotherapy is 80% and, among those
patients who initially responded to CBZ,
pain response is maintained in about
50%e75% at long-term FU.6,71 The rate of
patients who became refractory to CBZ,
despite dose increasing, is up to 55%.18

Nonetheless, CBZ or oxcarbazepine dose
increasing is related to higher rates of
adverse drug events.17,71

In case of failure of a single anticon-
vulsant agent, more than one drug can be
combined to improve the clinical efficacy
and decrease the side effects related to the
dose.6 It has been reported that
satisfactory pain relief is reported in 50%
of patients taking a single drug and in
70% among those taking 2 drugs: in case
of failure, the introduction of a third
drug is generally not suggested.6

The estimated probability of pain
complaint during medical therapy is
0.7125 (range 0.61e0.79; 95% confidence
interval [CI]); while the probability of pain
relief with medical therapy is 0.286 (range
0.20e0.38, 95% CI); the probability of no
side effects of the medical therapy is 0.176
(range 0.11e0.27, 95% CI); minor side
effects, 0.514 (range 0.41e0.61, 95% CI);
and major side effects, 0.311 (0.22e0.41,
95% CI).72

Despite the high reported rates in initial
pain control, patients undergoing MVD
may also experience some kind of recur-
rence. The risk factors for pain recurrence
after MVD are age younger than 53 years,
being a female, left-sided TN, and history
of pain lasting more than 11 years.30

Immediate postoperative pain remission
in patients suffering from typical pain is
a positive prognostic factor for long-term
pain control.68 At 5-years’ FU after MVD,
58%e78% of patients are still pain
free.13,68

The overall estimated pain recurrence
(uncontrolled pain with medication) rate
after MVD is 3.5% annually, while the
minor pain recurrence rate (no medication
of controlled pain with medication) is
WORLD NEUROSURGERY, http://
14.5% annually.26 At long-term FU, the
probability to experience recurrence is 2%
after 5 years of MVD, 1% after 10 years,
and 0.7% in the second decades after
MVD.26

After 10 years, it was reported that only
64% experienced pain disappearance or
reduction.26 Furthermore, the rate of pain-
free patients without medication at FU
longer than 5 years (mean 11.3 years) was
73.7%.26 The estimated probability to still
complain of pain 10 years after MVD is
0.355 (range 0.35e0.36, 95% CI), whereas
the probability to have pain relief 10
years after MVD is higher (0.64).72

In patients who underwent GKRS,
49.2% were pain free without medication
after a mean FU of 20.8 months; 51.2%
were pain free with or without medication
at FU of 23 months; and 64.3% experi-
enced only a partial pain response after a
mean FU of 19.6 months.26 By considering
these 3 classes of responses, recurrence
has been reported in 15.4% after a mean
FU of 22.3 months of those “no paineno
medication”; 25.7% after a mean FU of
23.5 months of those pain-free with or
without medication; and 25.7% after a
mean FU of 21.6 months of those experi-
encing only partial pain response after
GKRS.26 The rate of pain-free patients at
>5 years of FU ranged between 22% and
64.9%.19 The overall rate of recurrence
after GKRS ranged between 34.4% and
45.1% at long-term FU.19
PAIN EVALUATION AND
NEUROPSYCHOLOGIC APPROACH

Few scales have been developed to rate
and quantify TN.73 BNI scale has been
adopted in several GKRS reports in order
to demonstrate the radiosurgical
outcome. However, this scale is useful
only to clinicians to classify patient pain
control and medication intake; it is not
focused on patients’ pain perceptions.74

Conversely, some pain questionnaires
have been administered to TN patients,
even if a specific and validated
instrument for TN is still lacking.73

The McGill Pain Scale, Numerical Rat-
ing Scale, and Brief Pain Inventory are
validated scales for different disorders that
can help the clinician in understanding
and quantifing pain variations.
Recently, the Penn Facial Pain Scale

(PFPS) has been proposed to assess
dx.doi.org/10.1016/j.wneu.2017.03.126
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patients’ pain and outcome.74 PFPS
includes a Brief Pain Inventory and 7
additional items specific for facial pain
disorders, validated by a group of TN
experts. The PFPS has the advantage of
being able to differentiate between
atypical facial pain and classic TN.74

Apart from the sensory experience, pain
presents important emotional, physical,
and social aspects, which can affect a
patient’s own perception of pain and
body, as well as quality of life (QoL).74

When the pain becomes chronic,
patients can experience a somatic
misperception that can lead to an
unconscious enhancement of the painful
experience. This “distortion of self” can
lead to an incorrect pain rating, leading
in turn to incorrect treatment, and can
also increase pain perception itself or
influence therapeutic outcome. Virtual
reality, which allows patients to
experience and interact with a computer-
generated environment, provides several
advantages over standard care, such as a
realistic simulation of real-life exercises, a
possibility to personalize the environment,
and activities to meet the specific needs of
the patient. Virtual reality enhances pa-
tients’ motivation and enjoyment, both of
which are important factors in successful
rehabilitation, and offers the possibility of
remote supervision of patient’s perfor-
mance (online or offline).75 Rehabilitation
based on virtual reality has been
demonstrated effective in motor and
cognitive rehabilitation.75,76 Recently,
virtual reality rehabilitation based on
motor execution was able to reduce
chronic pain in patients with intractable
phantom limb pain, showing the
potential of such technique for
improving the perception of self.77

The chronicity of pain can also cause
depression, anxiety, or mood disorders.
Moreover, various cognitive deficits can
also be observed in patients with chronic
pain, although the factors associating
pain with cognitive dysfunctions and
cause-effect relationships are still
unclear.78

Chronic patients should thus be pro-
posed a complex, dynamic, and person-
alized neuropsychologic support for TN
treatment. Unfortunately, this aspect is
often underevaluated in chronic pain and
more efforts need to be dedicated on
neuropsychologic evaluation and support
WORLD NEUROSURGERY 103: 220-230,
of patients.79 Only 1 study explored
cognitive functions in TN.80 In
accordance with previous reports on
other types of chronic pain, the authors
reported dysfunction in memory,
psychomotor speed, reaction time,
complex attention, cognitive flexibility,
and general cognitive functioning in TN
patients. The neuropsychologic aspect of
chronic TN should thus be extensively
studied and taken into account in the
treatment of chronic pain. Such
evaluations should especially include the
testing of 1) attention, using Stroop task
and numerical interference; 2) memory
using digit span backward test, word list
recall, recognition tests, and RBANS
immediate and delayed memory and
language subtests; 3) broad cognitive
functioning using MinieMental State
Examination; 4) reaction time using
visual or auditory reaction time tests; and
5) executive function using the
Wisconsin Card Sorting Test. Moreover,
as mentioned earlier, carefully
monitoring patients’ QoL is essential in
the treatment of chronic pain. A few
studies assessed the effects of treatment
on patients’ QoL for TN. For example, in
some GKRS series, authors reported the
improvement in QoL by using Karnofsky
Performance Status, SF-36, McGill Pain
Scale, modified 11-point Likert scale, Pro-
file of Mood States, Global Impression of
Change, and BNI scale. Unfortunately
none of these are instruments tailored for
TN, which may represent a potential
bias.73,74,81-87 Moreover, the neuro-
psychologic evaluation of patients
suffering from chronic TN should be taken
into account before treatment adminis-
tration in order to provide patients with
complete neuropsychologic support.
DISCUSSION

Pain is a symptom that cannot be config-
ured in an objective manner or described
entirely except by the person experiencing
it.73,74 Moreover, patient’s QoL and the
psychologic impact of chronic pain and
related symptoms have to be considered in
the management of pain.
Pharmacologic therapies and MVD are

well-known treatment modalities for
TN.6,68,88 As reported, these therapies can
control pain in most of the cases, but the
clinical efficacy is not permanent over time
JULY 2017 ww
and many patients need more than 1
treatment to achieve pain control.26,85

Furthermore, pharmacologic therapy
shows a wide range of side effects, such as
dizziness, ataxia, drowsiness, and alert-
ness impairment.89 Anticonvulsant
therapies, especially CBZ, may have
neuropsychologic side effects: Delcker
et al89,90 showed a significant reduction
of postural stability and alertness during
CBZ related to the administered dose.
CBZ is also related to possible
hematologic toxicity, such as irreversible
anaplastic anemia, which can
contraindicate this drug.71,89 Another
disadvantage is that, because of its short
half-life, CBZ needs to be administered
3e4 times per day.71 Oxcarbazepine
showed similar clinical results than CBZ,
whereas baclofen, lamotrigine, and
pimozide are considered a second-line
therapy possibly effective in controlling
pain.2,17,88,91 Regarding the efficacy of
phenytoin, clonazepam, gabapentin, tiza-
nidine, and valproate, there is no suffi-
cient evidence in the literature to
recommend the use or to refuse them as
alternative drugs for TN.2,17,88,91

MVD represents the only nonablative
procedure among the surgical therapies.
Regrettably, it also represents the most
invasive one.2,17,91,92 MVD presents with
the general complication rate of crani-
otomy: Mortality varies between 0.2% and
0.5% depending on the series, and post-
operative morbidities include cerebrospi-
nal fluid leak, intracranial/extracranial
hematomas, meningitis, and cranial nerve
deficit, and they usually manifest in the
postoperative period.2,17,30,91,92 Unlike the
other surgical procedures, 10% of patients
can experience hearing loss at long-term
periods.17,30,68,88,92,93 Despite these char-
acteristics, MVD is the only therapy
ensuring the high rate of pain relief at
long-term FU.17

The role of MVD for those patients
without NVC is not entirely defined.94,95

These patients showed an earlier pain
onset when compared with those showing
NVC.94,95 In patients who underwent in-
ternal neurolysis for TN without NVC, the
short-term outcome was similar to MVD
and other ablative procedure, yet the long-
term results were worse than the NVC-
positive group but better than other
ablative procedures.94,95 In conclusion, in
patients without NVC the safety and
w.WORLDNEUROSURGERY.org 225
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Table 2. Best Reported Success, Recurrence, and Complication Rates in Literature of
Major Nonmedical Treatments for Trigeminal Neuralgia

Treatment
Pain Relief

[%]
Recurrence

[%]
Time to Recurrence

[Months]
Sensory

Dysfunction [%]
Overall

Complication [%]

MVD 73 36* 60 12e31 11

GKRS 75e84.5y 34.4e45.1 24e58 10.5e32.5 12.1

GPR 70z 70 60 60 30

PRR 90z 7e37 24 24 29.2

PBC 95z 20e30 60 16.1x 11.4

TBS 70e100k 20 24 — 30

BTA 70e100k 10 11{ — —

MVD, microvascular decompression; GKRS, Gamma Knife radiosurgery; GPR, Glycerol percutaneous rhizotomy; PRR,
percutaneous radiofrequency rhizotomy; PBC, percutaneous balloon compression; TBS, trigeminal branch stimulation;
BTA, botulinum toxin type A.

*Some pain recurrence.
yBarrow Neurological Institute grades IeIII.
zInitial complete pain relief.
xTransient masseter weakness in 100% of cases.
k50% or more pain relief.
{Pain-free interval without further injections.
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efficacy of internal neurolysis than other
ablative therapies have yet to be
defined.94,95

As mentioned earlier, pharmacologic
treatments and the chronicity of pain can
cause neuropsychologic disturbances
including impairments in patient’s own
body sensations. Taking into account the
psychologic aspects of pain is thus of major
importance to provide patients with the
best treatment. Neuropsychologic support
should be provided to chronic patients in
order to, first, evaluate the consequences
of chronic pain on the general cognitive
functions of patients and, second, assess
the effects of treatment on their QoL,
mood, and body perception. Thus at the
chronic stage of the disease, a multimodal
treatment approach should be adopted.
This multimodal, multidisciplinary strat-
egy should combine a neuropsychologic
evaluation of the patients inclusive of a
pain rating scale and neurologic or neuro-
physiologic treatments.
On the basis of the chronicity and

pharmacoresistance of pain, alternative
therapies have been developed over the
past decades. Nonetheless, the adoption
of each technique has been related to
several nonclinical factors, such as the
physician’s experience and patient’s pref-
erences, the availability of the facilities,
226 www.SCIENCEDIRECT.com
and, importantly, the cost related to the
treatment modality.26 As already
mentioned, every treatment modality has
shown advantages and drawbacks yet
there is still no consensus about the best
treatment algorithm for TN.26

The comparison between different mo-
dalities both in terms of pain relief and
complication rate remains a relevant issue
because the available data are mainly from
a single-institutional retrospective series,
the diagnostic criteria for TN and patients’
cohorts are not uniform, the outcome
definitions are uneven, and no random-
ized trial results are available in current
literature (Table 2).26 Additionally, there
are no definitive treatment algorithms
widely accepted for TN.2,3,6,11,18,25,26,30,71

On the basis of the wide availability of
different treatments for TN, as suggested
by different authors, the actuarial treat-
ment algorithm should consider each
treatment according to its efficacy, both
the short and long term, their rate of
complications, their invasiveness, and the
possibility of repeating over time these
therapies.2,6,7,11,13,18-22,25,26,30,40,48,67,70,93,96,97

Furthermore, each treatment modality must
be individualized in light of the underlying
etiology and patients’ general status and
expectations.26 Importantly, to date, there
are no randomized clinical trials
WORLD NEUROSURGERY, http://
comparing different techniques and their
outcomes.17,74,88,97

Figure 1 summarizes a potential
multimodal treatment algorithm of TN
based on the previously mentioned
features.
According to these data, pharmacologic

treatments represent the mainstay of TN
therapy. However, their clinical benefits
are limited in time and more than half of
patients experience pain recurrence over
time.6,11,26,71 At this chronic stage of the
disease, a multimodal approach should be
recommended, including a comprehensive
evaluation of the psychologic functions of
patients together with continuous psy-
chologic support along the further treat-
ments. Further therapies should then be
needed in case of refractory pain to med-
ical therapy, occurrence of side effects of
therapy, or intolerance to increases in
drug dosage.6,11,25,26,71 Indeed, further
nonmedical treatments can also be com-
bined along with continued drug therapy,
in order to obtain pain control while
avoiding the possible effects of maximum
doses of drugs.6,11,25,26,71

Subcutaneous injection therapies, such
as BTA and SAB, should represent the
second step of intractable TN because of
their less invasive nature, excellent short-
term results, and possibility of undergo-
ing multiple administrations.7,11,69,70

MVD must be considered in case of
NVC-positive MRI even if a little percent-
age of patients could show NVC at the
operation table and not at preoperative
MRI.26 Among the surgical strategies,
MVD seems to provide the best result in
terms of pain control for short- and
long-term periods.4,6,11,25,26,30 All percuta-
neous procedures are related to good im-
mediate and short-term pain relief.
However, the rate of possible complica-
tions and failure over time can be impor-
tant, especially compared with GKRS,
which, despite a low success rate in the
short-term period, demonstrated the best
reliability and lowest complications rates
in comparison with other surgical
techniques.19,26

Conversely, subdermal injection thera-
pies reported an excellent success rate.
But pain control is maintained only for
short periods.6,7,20,69,70

These therapeutic options have also
proven effective in the immediate treat-
ment of several painful facial syndromes
dx.doi.org/10.1016/j.wneu.2017.03.126
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Figure 1. Proposed treatment algorithm for trigeminal neuralgia (TN). NCV, neurovascular conflict.
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including TN and could be considered as
first-line surgical treatments in case of
persistent facial pain before undergoing
WORLD NEUROSURGERY 103: 220-230,
further therapies or in those patients
where others therapies were
contraindicated.6,7,20,69,70
JULY 2017 ww
Invasive neuromodulation procedures
have to be considered in those cases re-
fractory to several therapies while
w.WORLDNEUROSURGERY.org 227
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peripheral neuromodulation can be
offered to patients suffering from PTN,
usually more resistant to the previously
mentioned therapies.6,26,40,41,96

Furthermore, secondary TN, especially
MS-related TN, showed the poorest
results regardless of the adopted
technique.14

The proposed treatment algorithm
considers this multimodal approach and
takes into account the technique’s inva-
siveness, probability of immediate pain
relief, and capability to maintain it during
short- and long-term periods.
FUTURE PERSPECTIVES

Future studies must be focused on
different aspects of TN. The complete
understanding of different pathophysi-
ology related to the clinical subtypes may
improve the possibility to tailor the med-
ical and surgical therapy to the patient’s
expectations. Randomized control studies
comparing not only different treatment
modalities but also different treatment
algorithms may improve the rate of pain
control over time, and considering also
the increasing life expectation of the
world’s population, it may improve
the QoL of TN patients. Importantly, the
knowledge of the neuropsychologic aspect
of this disorder has to be increased in
order to improve patients’ outcome.
CONCLUSIONS

TN is a common complex facial pain
syndrome of which the pathophysiologic
mechanism is not entirely understood.
Different treatment modalities are avail-
able, but there is no consensus about the
best treatment algorithm based on the
clinical subtype. Innovative multimodal
approaches should be taken into account
for those patients presenting with chronic
intractable pain. In this multimodal
approach, the neuropsychologic aspects of
pain should take an important part and
the patient should always be put in the
core of a multidisciplinary curing team. To
this aim, future studies are needed to
better understand the mechanisms related
to this disease and the impact of multi-
modal therapies in pain control and QoL
of patients suffering from TN.
228 www.SCIENCEDIRECT.com
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