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a b s t r a c t

Trigeminal neuralgia is a rare but debilitating pain syndrome with a distinct clinical presentation mainly
affecting people advancing in years. Compression of the trigeminal nerve by an aberrant vascular loop
has been proposed as the causative factor in the majority of cases leading to the development of a highly
effective surgical treatment approach termed “microvascular decompression”. Nevertheless the mainstay
of treatment remains medical. This article gives a brief overview of current treatment options for tri-
geminal neuralgia with special emphasis on radiosurgery. Possible mechanisms underlying the thera-
peutic effect of radiosurgery are discussed with some consideration of implications for optimizing
prescription dose and target definition.
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Historical background

As its name implies trigeminal neuralgia refers to a neuropathic
condition involving cranial nerve V. It is characterized by the
frequent occurrence of paroxysms of severe pain felt unilaterally in
the distribution of the trigeminal nerve alternating with periods of
complete absence of pain and usually follows a chronic course with
spontaneous remissions being the exception rather than the rule.
The onset of the condition is usually in adult life with children
being rarely affected. Because of the excruciating and ongoing na-
ture of pain attacks trigeminal neuralgia ranks among the most
painful conditions known to mankind to the point where the
deliberate ending of one's life may be seen as the only effective
means of escape from suffering. Because of its association with this
very sad outcome trigeminal neuralgia has also come to be referred
to as the “Suicide Disease”. Accounts of this pain syndrome can be
traced back to the earliest part of the recorded history of medicine
giving testament to the great burden of suffering imposed by it
upon mankind. The first succinct description of the condition was
given by John Fothergill, an English physicianwho lived in the 18th
century and who apart from recognizing the paroxysmal nature of
the pain as well as a female preponderance also stressed the fact
that the pain could usually be elicited by “triggers” such as eating,
talking or shaving. It wasn't, however, until the groundbreaking
work of Sir Charles Bell, a 19th century Scottish surgeon, anatomist
and neurologist who unraveled the separate functions of the

trigeminal and facial nerves, that a dysfunction of the trigeminal
nerve could be established as the anatomical substrate underlying
trigeminal neuralgia [1].

Epidemiology and clinical picture

Trigeminal neuralgia is a rare condition with an incidence of
about 2e5/100,000/year. There is a progressive increase of the
incidence with age reaching values of up to 25.6/100,000/year for
people aged 70 or over. Women are known to be more commonly
affected than men [2].

The main clinical feature of classical trigeminal neuralgia is the
occurrence of discrete bouts of sharp, lancinating, “electric shock”-
like facial pain that is limited to one side of the face, i.e. the dis-
tribution of the sensory fibers of the trigeminal nerve. Attacks are
frequently preceded by an identifiable stimulus such as brushing
teeth, shaving or even noise but there is usually no painwhatsoever
between attacks, a feature that is very helpful in distinguishing it
from other pain syndromes affecting the head area. The second and
third divisions that supply sensation to the cheek and jaw are the
most commonly affected while the forehead which derives its
innervation from the first division is frequently spared. Pain is not
only felt in the skin of the affected areas but also inside the mouth
and the sinuses thereby mimicking dental problems frequently
leading to diagnostic confusion and sometimes even culminating in
unnecessary root canal procedures or tooth extractions.

It is now recognized that apart from the classical picture just
described, there is also another much rarer presentation of tri-
geminal pain that differs from the classical variant in manyE-mail address: sebastian.lettmaier@uk-erlangen.de.
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important ways. In this atypical form of the condition the pain is
not sharp but rather aching, crushing or burning in quality.
Although its intensity tends to fluctuate it never goes away
completely. Distinct attacks of pain that are so characteristic of the
classical type do not occur. Because of this, diagnosis tends to be
more difficult and response to treatment is also poorer than in
classical trigeminal neuralgia [3].

Etiology

Although trigeminal neuralgia may be secondary to underlying
pathology such as shingles (post-herpetic neuralgia), demyelin-
ating disorders such as multiple sclerosis or space occupying le-
sions such as cerebellopontine tumors or arachnoid cysts, in the
majority of cases this is not true.

Classical trigeminal neuralgia is thought of today as a “vascular
compression syndrome”. This insight is owed to observations made
by Walter Dandy, an American neurosurgeon who operated on a
large number of patients with trigeminal neuralgia using nerve
transection which was popular among neurosurgeons during the
first half of the 20th century. He noticed that in the majority of
patients there was an aberrant vascular loop that was given off by
the superior cerebellar artery and that was abutting the nerve near
the point where it exits the brainstem. It is presumed that due to its
incessant pulsations this aberrant arterial loop is able to cause
chronic injury to the myelin sheath and that this then leads to
ephaptic signal transmission and spontaneous neural activity thus
explaining how clinical symptoms arise [4].

Despite these advances in our understanding of the underlying
pathophysiology of the condition diagnosis remains essentially
clinical. History-taking tries to elicit the characteristic clinical fea-
tures previously described while the importance of a thorough
physical examination and the acquisition of a brainMRI consists not
so much in confirming the clinical diagnosis as in ruling out un-
derlying pathology such as mass lesions, multiple sclerosis or
aneurysms.

Treatment options

Treatment options for trigeminal neuralgia are many and varied.
Because of its promise of rapid and uncomplicated symptomatic
relief medical treatment is usually seen as the first choice. Anti-
convulsant medications such as carbamazepine, phenytoin or
lamotrigine have proven clinical benefit with carbamazepine being
effective in about 90% of cases. By blocking membrane sodium
channels they are known to enhance electrical stability of cell
membranes and to suppress erratic signaling offering a good
explanation for their effectiveness in the treatment of neuropathic
pain states such as trigeminal neuralgia. If symptoms cannot be
sufficiently controlled with one of these drugs, drugs with different
mechanisms of action may be tried. These include amitriptyline,
pregabaline, baclofen and oxycodone. Themain disadvantage of the
medical approach is that the treatment is purely symptomatic and
that there is no effect beyond the time during which the drug is
present in the body at therapeutic concentrations. Lifelong treat-
ment is therefore usually necessary. Unfortunately there is
frequently a decline in the drug's effectiveness over time requiring
repeated increases in dose while at the same time dose-limiting
side effects may occur. These may be severe including bone
marrowand liver toxicity as well as neurological side effects such as
drowsiness, double vision and ataxia [5].

For this reason sooner or latermore definitive treatment options
will be needed in a large proportion of patients. These treatments
are all essentially surgical and all target the anatomical area
thought to be involved in symptom generation, i.e. the intracranial

part of the trigeminal nerve. Surgery can be performed “open”,
“minimally invasive” using percutaneous procedures or even “non-
invasive” using radiosurgery.

Open surgery

Open surgery nowadays employs a technique that has come to
be known as “microvascular decompression”. In this procedure,
pioneered by the American neurosurgeon Peter Jannetta and based
on the assumption that compression of the nerve by a vascular loop
is the direct cause of the problem the neurosurgeon by making a
small opening in the skull first obtains access to the trigeminal
nerve where it exits the brainstem. The aberrant vascular loop is
then identified and separated from the adjacent trigeminal nerve.
Following this, a small Teflon pad is placed between the nerve and
the vascular loop to prevent chafing of the loop against the nerve in
the future [4]. The success of this procedure has been evaluated in a
large number of patients lending credence to the vascular
compression theory. In the largest patient series with a total of 1185
patients and a median follow-up of 6.2 years published by Jannetta
himself, the reported initial success rate was as high as 98% with
82% of patient becoming completely pain-free. At ten years 70% of
patients remained free from symptoms. Considering that micro-
vascular decompression requires open surgery the complication
rate in this series was relatively low with death occurring in 0.2%,
brainstem infarction in 0.1%, hearing loss in 3% and facial weakness
in 0.5% [6].

Percutaneous minimally invasive procedures

In patients who are not candidates for open surgery minimally
invasive percutaneous procedures may be tried. Unlikely micro-
vascular decompression they are all ablative, i.e. they work through
causing destruction of nerve fibers and therefore cause facial
anesthesia to varying degrees.

Radiofrequency rhizotomy uses thermal energy to damage
preganglionic trigeminal rootlets. It may give immediate pain relief
in up to 97% of cases with a 42% recurrence rate at 5 years. As might
be expected from an ablative procedure pain relief is dependent
upon the depth of facial anesthesia [7,8].

In glycerol rhizotomy glycerol is injected percutaneously into
the retrogasserian portion of the trigeminal nerve causing chemical
damage to sensory nerve fibers. It is able to achieve good or
excellent outcome in 60e83% of cases at 1 year but recurrence rate
at 6 years has been reported as high as 92%. Main complications
include corneal disturbance from anesthesia of the first division of
the nerve (5e24%), facial hypoesthesia (3e33%) and anesthesia
dolorosa (0e5%) [9].

In balloon compression an inflatable balloon is inserted percu-
taneously to the area around the Gasserian ganglion. Inflation of
the balloon by exerting pressure on the nerve then causes me-
chanical damage to nerve fibers. This procedure has reported suc-
cess rates of around 90% with recurrences during follow-up in
about 30%. Marked facial numbness may follow and there is often
transient weakness of the muscles of mastication on the affected
side. There is usually better sparing of corneal sensation than in
glycerol rhizotomy [8].

Radiosurgery

It may come as a surprise that the concept of using ionizing
radiation to treat trigeminal neuralgia dates back nearly to the
discovery of X-rays themselves when their therapeutic potential
was just starting to be recognized by the medical profession. Her-
mann Moritz Gocht (1869e1938), a German radiologist and
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orthopedic surgeon introduced the use of X-rays in the treatment of
trigeminal neuralgia in 1897 after becoming a witness to their
palliative powers when using them to treat a case of painful
advanced stage breast cancer. He treated a total of 20 patients in
this manner achieving successful relief of pain in 17 of them. These
good results were later confirmed by other authors and because of
the lack of good therapeutic alternatives at the time e a pharma-
cological treatment approach had not yet been identified and sur-
gery was still marked by very high morbidity and mortality e
radiotherapy became widely used in Europe as well as the U.S.A.
until the early sixties [10].

However around this time the damaging biological effects of
ionizing radiationwere starting to become recognized and with the
introduction of carbamazepine as an effective pharmacological
treatment approach as well as with the advances being made
regarding neurosurgical techniques the use of radiotherapy for
trigeminal neuralgia soon became obsolete [10].

Interest in the field was rekindled with the introduction of the
GammaKnife by Leksell in 1971 which allowed the deposition of
large doses of radiation with great spatial precision thereby miti-
gating concerns regarding unwanted effects. As a result Gamma-
Knife treatment for trigeminal neuralgia becamewidely used in the
early 1990s. A wealth of clinical data has been accumulated to date
[11,12]. In a series published by B. Young et al. 315 patients were
treated with a target single dose of 90 Gy using a 4 mm isocenter
and restricting the maximum dose at the brainstem to 18 Gy. Mean
follow-upwas 68.9months. They reported 43.7% of their patients to
be pain-free without medication, another 27.7% were pain-free
while still requiring medication and only 5.9% had got worse.
Facial numbness was reported in 32.9% of patients [13].

In another series published by Z. Smith et al. a total of 169 pa-
tients were treated using a dedicated linear accelerator. They used
different levels for their target dose (70 Gy in 16.5% of patients vs.
90 Gy in 83.5% of patients) and for the high dose group they also
used two different dose constraints for the brainstem (30% vs. 50%).
They were able to establish a doseeresponse relationship with
superior pain-free survival being seen in the high dose group. They
were also able to show that there was a relationship between dose
and the speed of onset of pain relief, with the fastest response seen
in the 90 Gy dose group with 50% brainstem dose (1.45 months)
and the slowest response seen in the 70 Gy group (3.81 months).
The result for the 90 Gy group with 30% brainstem dose was in-
termediate (1.99 months) [14].

It has recently been suggested that stereotactic radiotherapy
using charged particles may find an important application in the
treatment of this condition [12]. This seems interesting considering
the need for spatial precision which may be best met by this mo-
dality [26]. Clinical trials to define the role of particle therapy in the
treatment of trigeminal neuralgia are therefore badly needed.

Possible mechanisms

Although in the light of the clinical data published in the liter-
ature the therapeutic effect of radiosurgery is beyond doubt, very
little is known regarding its exact mechanism of action. Because
sensory loss accompanying a good pain response is usually mild or
even totally absent an indiscriminate destruction of nerve fibers
such as occurs from percutaneous ablative procedures cannot be
inferred. Several alternatives have been proposed:

Ionizing radiation may exert a differential effect on injured vs.
uninjured axons thereby selectively pruning axons responsible for
erratic signaling. This could, however, not be confirmed in histo-
logical studies. G. Szeifert et al. analyzed histological sections from
a patient who had died from an unrelated cause 26 days after
radiosurgery for trigeminal neuralgia with a target dose of 70 Gy.

They found a well-circumscribed necrotic lesion at the proximal
part of the treated nerve with no evidence of surviving nerve fibers
within the lesion [15].

In an animal study two baboons were treated with doses of
80 Gy and 100 Gy to one of their trigeminal nerves and were
sacrificed 6 months following the procedure. Histology was per-
formed on the treated trigeminal nerves and focal nerve damage
involving demyelination, axonal degeneration and necrosis was
seen in both cases. The extent of damage was found to be greater in
the baboon treated to the higher dose but there was no evidence of
preferential damage to a specific type of fiber [16].

Radiotherapy may induce changes at the level of the cell mem-
branes of neurons such as changes in sodium permeability resulting
in decreases in the peak sodium current thereby stabilizing the
membrane in analogy to the mechanism of action thought to un-
derlie pharmacological therapy with anticonvulsants. Although
such effects have been elicited in vitro they have only been seen at
very high doses way beyond the range used in clinical practice [17].

Theremay also be a central neural component to themechanism
[17]. This is supported by the clinical observation that brainstem
dose correlates with response to treatment [18].

It might also be speculated based on the “vascular compression
hypothesis” originally put forward by Walter Dandy that the
mechanism involves vascular effects. Ionizing radiation at high
doses is used clinically in other settings to effect “vascular occlu-
sion”which by abolishing pulsatile motion of the vascular loopmay
be enough to achieve lasting pain relief in analogy to surgical
microvascular decompression which in many cases is able to cure
the syndrome while keeping the nerve intact.

There is also evidence from clinical studies that there may be
some heterogeneity in the mechanisms that underlie the response
to radiosurgery in a particular patient. C. Tuleasca et al. treated 497
patients between 1992 and 2010 with a median dose of 85 Gy
(range 70e90 Gy) using a 4 mm isocenter targeted to the cisternal
portion of the trigeminal nerve. They observed three types of
response that differed significantly in their time course and asso-
ciated degree of facial numbness. In the fast responders (n ¼ 169,
time to onset of pain relief less than 48 h) 13.7% experienced facial
hypoesthesia whereas in the slowest responders (n ¼ 91, time to
onset of pain relief greater than 30 days) this figure was more than
twice as high at 30.6%. In the intermediate group (n ¼ 194, time to
onset of pain relief 48 h-30 days) the rate of facial numbness
attained an intermediate value of 19% [19].

Prescription dose and target definition

Considering our lack of knowledge of underlying mechanisms it
does not come as a surprise that to date there is still uncertainty as
to what the exact target and optimum dose should be. In many
clinical target volume definitions the root entry zone of the tri-
geminal nerve situated at 2e3 mm from the brainstem surface is
chosen [20e22]. This is supported by the biological fact that in this
area which constitutes a transition zone between the central
myelin produced by the oligodendrocytes and the peripheral
myelin produced by the Schwann cells the nerve reaches its
greatest radiosensitivity.

Alternative targets include the trigeminal nuclei in the brain-
stem which might explain the dependence of the clinical response
on brainstem dose or even the vascular loop itself which by virtue
of its proximity to the root entry zone is probably unwittingly
included in the target volume to a greater or lesser degree in most
cases [23].

The question of what the optimum dose should be is difficult to
address while there is still uncertainty regarding the exact target.
Clinical series have established a dose dependence of pain relief
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even for very high doses (70e90 Gy) in terms of its speed of onset,
its quality and its duration but there is also a dose dependence of
unwanted side effects such as facial numbness [24,25]. Many
studies have found a correlation of pain relief with numbness but
without knowledge of the exact therapeutic target and mechanism
of action underlying the response it is impossible to say for sure if it
will be possible to find a therapeutic window where a good pain
response can be achieved with a very low risk of side effects which
would thus define the optimum dose.

Conclusion

Treating trigeminal neuralgia continues to pose a true thera-
peutic challenge. Thanks to robust clinical data attesting to its ability
to cure or at least alleviate symptoms with little toxicity radio-
surgery is now a firmly established treatment entity. Nevertheless
there seems tobe roomfor improvement. Publishedoutcomeresults
are veryheterogenouswhich at least inpartmust reflect the lack of a
standardized approach to dose prescription and target definition. It
is to be hoped that with improvements in our understanding of the
mechanisms underlying pain relief we will be able to further opti-
mize the treatment strategy to achieve the best possible outcome for
the unfortunate sufferers of this debilitating condition.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.ejmp.2014.05.006.
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