
OVERVIEW

Trigeminal Neuralgia as a Clinical Entity

Trigeminal neuralgia, also known as tic douloureux or
Fothergill disease, is a clinical syndrome distinguished by
brief paroxysms of unilateral, lancinating facial pain that is
characteristically triggered by cutaneous stimuli, such as a
breeze on the face, chewing, talking, or brushing the teeth.3,4,

38 Many of those who are affected experience multiple
attacks daily, and, although they are free of pain between
attacks, they live in constant fear of recurrences.38 The mys-
terious nature of this disease confused the early de-
velopment of treatment, because the origin remained elu-
sive. Nevertheless, a review of the history of TN indicates
that innovative observations made by discerning clinicians
resulted in methods that were at least partially successful in
alleviating the pain of this disease, despite the limited un-
derstanding of its exact pathogenesis. 

Aretaeus of Cappodocia provided one of the earliest de-
scriptions of migraine headache in the second century, and
his description has also been credited as the first account of
TN.50,51,59 As Stookey and Ransohoff59 relate, in his chapter
“Cephalaea,” Aretaeus made no clear distinction between
symptoms that represented a migraine headache and those
that represented TN. Approximately 900 years later (AD
1037), as recounted by Ameli,1 Avicenna described two
facial syndromes; one was characterized by “a disease in
which the face is pulled unnaturally, its normal shape is dis-
torted and the natural ability of both lips meeting is inhib-
ited.” This clearly was a description of facial palsy, but the

second case included pain that had a throbbing, tearing, and
stabbing nature, characteristics consistent with TN.

The first clear description of TN that was not confused
with another disease entity was made in 1688 by Drs. Jo-
hannes Michael Fehr and Elias Schmidt, secretaries of the
Imperial Leopoldian Academy of Natural Sciences.59 In
their eulogy of Johannes Laurentius Bausch, they vividly
described the painful symptoms that had plagued the dis-
tinguished founder of their Academy for the 4 years prior
to his death. Bausch was said to have experienced a sharp,
shooting pain in his right maxilla that came on suddenly
like a bolt of lightening, varying in intensity, leaving him
unable to speak or eat solid food.59 In the fall of 1665, the
pain disappeared, only to return early that same winter. The
pain that Bausch subsequently experienced was so intense
that it forced him to remain bedridden. He eventually died
of malnutrition because his dietary intake was limited by
the excruciating pain.19

John Locke, a physician and well-known philosopher,
provided the first full description of TN by a medical prac-
titioner, along with an account of its treatment. In 1677,
while in Paris, Locke was called in to evaluate the wife of
the English ambassador, the Countess of Northumberland,
who was suffering from excruciating pain in the face and
lower jaw.37,52 Locke deliberated whether to prescribe
“opening medicine” (laxative therapy), because of the win-
try weather at the time. In spite of the cold and the inconve-
nience he would cause his patient, he eventually overcame
his reluctance and thoroughly purged the Countess. Her
pain improved several weeks later.59

Nearly a century after that, two prominent clinical ac-
counts were reported, one by Nicolas André (Fig. 1A) and
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one by John Fothergill (Fig. 1B) that further characterized
this disease entity. In 1756, André reported two cases of
TN, which he termed tic douloureux.2,14,52 He conceptual-
ized the disease in terms of convulsions, and he believed
that true tonic convulsions, tetanus, and spasm clinique
belonged in a single disease spectrum. The term tic dou-
loureux was used to imply contortions and grimaces ac-
companied by violent and unbearable pain. André believed
that the cause was “vicious nervous liquids” that distressed
the nerve and caused painful shocks. Using this reasoning,
he followed the proposal of Maréchal (a contemporary sur-
geon) by applying caustic substances to the infraorbital
nerve at the infraorbital foramen over a period of days until
the nerve was destroyed.43,59

In 1773, John Fothergill, an English physician, present-
ed 14 cases of a painful affliction of the face.20 His descrip-
tion of TN has been considered an accurate and clear
account.59 In Fothergill’s description he made the following
comments: 

The affection seems to be peculiar to persons advancing in
years, and to women more than to men.... The pain comes sud-
denly and is excruciating; it lasts but a short time, perhaps a
quarter or half a minute, and then goes off; it returns at irregu-
lar intervals, sometimes in half an hour, sometimes there are
two or three repetitions in a few minutes.... Eating will bring it
on some persons. Talking, or the least motion of the muscles of
the face affects others; the gentlest touch of a hand or a hand-
kerchief will sometimes bring on the pain, whilst a strong pres-
sure on the part has no effect.20

Fothergill asserted that TN was not within the spectrum of
a convulsive disorder. Instead, he postulated that this dis-
ease might be the manifestation of some type of cancer; he
found a hard tumor of the breast in two of the 14 cases he
presented. Given his meticulous description of the clinical
symptoms, many thereafter referred to this condition as
“Fothergill’s disease.”43,59

Thus, although a clear description of this distinctive con-
dition had been made by the end of the 18th century, it was

not until the 1820s, when Charles Bell established the sep-
arate functions of the trigeminal and facial nerves, that tic
douloureux and Fothergill disease would be truly differen-
tiated from other conditions.67 Bell’s contribution enabled
tic douloureux to be localized to the trigeminal nerve,
which ultimately led to the evolution of the name of the dis-
ease to trigeminal neuralgia. 

EVOLUTION OF THERAPIES FOR TN 

Because of the lack of understanding of the disease, early
treatments prescribed for TN were haphazard.56,65 Tooth
extraction was often tried because the pain frequently in-
volved the mandibular or maxillary area of the mouth.
Other historical approaches included hot baths, rest in a
dark room, and ingestion of wine.66 Near the turn of the
20th century, medical therapy, chemoneurolysis, rhizotomy,
manipulations of the trigeminal nerve, and radiation ther-
apy were promulgated as possible treatments for providing
relief of this painful condition. Since the 1960s, percu-
taneous ablative procedures and MVD have proven to be
reliable and acceptable surgical treatments for TN. More re-
cently, stereotactic radiosurgery has been advocated as well. 

Medical Treatment

Early Medicines. In 1773, Fothergill suggested the bark
of the cinchona tree (also known as Peruvian bark) for the
treatment of TN.20,59 Quinine is the chief alkaloid agent
found in this bark, and this agent has analgesic effects on
the central nervous system. In 1820, Hutchinson29 provided
an extensive review of the medical treatments offered at the
time; these included the following: “... blistering, purging,
pills of conium maculatum [sic], muriate of mercury, cam-
phorated mercurial ointment, ether, opium and arsenic in
gruel.” In 1874, Sawyer and Mackey59 recommended pow-
der of gelsemium soaked in a pint of spirits. This treatment
was thought to be effective if it caused the patient to expe-
rience symptoms such as loss of sight, double vision, head-
aches, or paralysis. 

Trichloroethylene. In 1915, Plessner59 reported the acute
toxic manifestations of trichloroethylene, a sweet-smelling,
white liquid that was used widely in Germany during World
War I for removing grease from machinery. The toxic man-
ifestations included vertigo, vomiting, swelling of the optic
disc, and bilateral loss of sensation in the distribution of the
trigeminal nerve with sparing of the motor root.59 Learning
of Plessner’s original presentation, Oppenheim suggested
that his colleague use this agent for treating TN, and in
1918 Plessner reported a series of 17 patients who were
treated with inhalations of trichloroethylene for this dis-
ease.59 All patients experienced improvement in their pain
with no facial anesthesia. This treatment was, however, not
without side effects. Later investigators reported adverse
effects including nausea, transient unconsciousness, ven-
tricular tachycardia, and cardiac arrest.59

Stilbamidine. In 1942, Napier and Sen Gupta described
bilateral trigeminal neuropathy that occurred 2 to 5 months
after administration of stilbamidine in patients with kala
azar.41 In 1955, Woodhall and Odom68 reported their expe-
rience with 41 patients who were treated with stilbamidine
for TN. These patients were given a 10-day course of intra-
venous stilbamidine and did not experience lasting pain re-
lief until 40 to 150 days later. Adverse effects of this treat-
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Fig. 1. A: Portrait of Nicolas André. (Reprinted from Brown
JA, et al: Mercury water and cauterizing stones: Nicolas André and
tic douloureux. J Neurosurg 90:977–981, 1999.) B: Portrait of
John Fothergill. (Reprinted with permission from Stookey B, Ran-
sohoff J: Trigeminal Neuralgia: Its History and Treatment.
Springfield, IL: Charles C Thomas, 1959.)
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ment included bilateral facial numbness, paresthesias, it-
ching, burning, tingling, and watering of the eyes, and ir-
reversible hepatic and renal damage if the drug or the pa-
tient was exposed to ultraviolet light.41,59

Anticonvulsant Agents. The use of anticonvulsant agents
as a possible treatment modality for TN was first introduc-
ed by Bergouignan11 in 1942, when he reported the use of
sodium diphenylhydantoin.66 He believed that the episodic
nature of TN was similar to that of epilepsy. Other hydan-
toin preparations were subsequently tried and phenytoin
was widely used until 1962, when Blom12 demonstrated
greater efficacy with carbamazepine in controlling TN. This
remains the drug of choice today in the medical treatment
of TN, because it controls the pain in approximately 90% of
patients.38

Oxcarbazepine, a derivative of carbamazepine, is a new-
er drug that is reported to have similar clinical effectiveness
but fewer side effects than carbamazepine. Several other
medications, most of which are anticonvulsant agents, have
also been used as ancillary drugs and may on occasion pro-
vide a measure of control, either alone or in conjunction
with carbamazepine or phenytoin. These include clon-
azepam, lamotrigine, and valproic acid.15,58,66 In general,
these drugs have not been as effective as carbamazepine,
oxcarbazepine, or phenytoin.38 More recently, gabapentin
has been widely promoted for this indication, but there are
no published controlled studies supporting this use, and in
the senior author’s (R.I.A.’s) experience, it has not been
effective.

Muscle Relaxants. The use of muscle relaxants for treat-
ment of TN was proposed by King in 1966.31 He published
the results of a 7-year study of 52 consecutive patients
treated with mephenesin carbamate, a centrally acting skel-
etal muscle relaxant.66 Although he found that this medi-
cation offered some benefit, it was never widely adopted.
More recently, baclofen, a g-aminobutyric acid agonist, has
been shown to be somewhat effective in the treatment of
TN.21,38 Follow-up reports of the use of baclofen in patients
with TN have indicated that there may be a synergism be-
tween this agent and carbamazepine or phenytoin.8,38

Carbamazepine. In the senior author’s experience with
several thousand patients with TN, carbamazepine is the
most effective medication, initially controlling the pain in
approximately 90% of cases. This drug must be started at a
low dose and the dose escalated slowly to avoid side effects
that can limit its use. If such side effects occur, phenytoin
is the second-best drug, helping approximately 50% of pa-
tients. It may also be used with carbamazepine to achieve a
synergistic effect. The other medications mentioned only
help an occasional patient when used alone but may have a
role as a secondary drug along with either phenytoin or car-
bamazepine. The goal of all treatments is to render the pa-
tient free of pain and of the fear of recurrent pain. If this
cannot be achieved with medications that have an accept-
able level of side effects, surgical treatment should be con-
sidered.

Percutaneous Surgical Procedures

Chemoneurolysis. Bartholow (in 1876) and Neuber (in
1883) were the first to promote the benefits of chemoneu-
rolysis in the treatment of TN.59 Bartholow described the

use of chloroform and Neuber of osmic acid; these materi-
als were injected into the vicinity of the nerve trunks.
Shortly thereafter, animal experiments performed by Pitres
and Vaillard in 1888 demonstrated that both motor and sen-
sory paralysis occurred after injection of alcohol directly
into a nerve.59 According to Stookey and Ransohoff,59 these
experiments led to the first reported use of alcohol injection
into peripheral nerves in the treatment of TN, by Schloesser
in 1904. Many investigators subsequently advocated
peripheral alcohol injections in the treatment of TN, even
though side effects included temporary weakness of the
muscles of mastication, transient sensory loss, and/or pares-
thesia.59 The limitations of this treatment also included the
expected eventual recurrence of TN as the nerve regenerat-
ed and sensation returned.66

In an effort to provide more permanent pain relief than
could be achieved by peripheral injections, attention was
turned to the injection of destructive substances into the
gasserian ganglion.59 In 1907, Wright injected osmic acid
into the gasserian ganglion through an operative expo-
sure.59 In contrast, Harris, in 1910, performed a percuta-
neous injection of alcohol directly into the ganglion with-
out a surgical incision. Thirty years later, Harris25 published
the results of this procedure in 1433 patients in whom he
was able to produce complete anesthesia and pain relief.
Approximately two thirds of his patient population
required a second or third injection before anesthesia was
permanent. 

Although no deaths were associated with this method of
alcohol injection, substantial morbidity was present and in-
cluded postinjection paresthesia, herpes, hyperesthesia,
neuroparalytic keratitis, and unilateral loss of taste, along
with the expected paralysis of the muscles of mastication,
which lasted approximately 3 months after treatment.59,66

Percutaneous insertion of a needle through the foramen
ovale via an extraoral approach, a method that is still used
today, was originally described by Härtel26 in 1914 (Fig. 2).
Although alcohol chemoneurolysis involved the aforemen-
tioned trigeminal morbidities, the main limitation of alcohol
injection into the gasserian ganglion was the possibility of
multiple cranial nerve palsies if the agent spread through the
cerebrospinal fluid spaces at the base of the brain (Fig. 3). 

To overcome the possibility of inadvertently involving
multiple cranial nerves during the injection of alcohol into
the gasserian ganglion, in 1916 Pollock and Potter47 sug-
gested the use of x-ray images to check the position of the
needle. This original suggestion came about as a result of
findings in cadaver studies, but in 1936 Putnam and Hamp-
ton,48 and later Kulenkampff59 in 1942 reported excellent
results when x-ray films were used to verify the position of
the needle prior to injection.66 To minimize further the ad-
verse consequences of alcohol injection into the gasserian
ganglion, Selverstone, in 1955, developed a needle insulat-
ed to the tip, through which he passed an electrical current
to indicate when the tip was in contact with the nerve (see
Stookey and Ransohoff59). 

A more refined type of gasserian ganglion injection, in
which glycerol was used, eventually developed by chance.
In 1981, during the development of a stereotactic technique
for gamma irradiation of the trigeminal ganglion, Häkan-
son24 used glycerol as a medium to introduce tantalum dust
into the trigeminal cistern. The sensory root adjacent to the
trigeminal ganglion was marked by the tantalum dust for
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stereotactic targeting.24,66 Serendipitously, Häkanson found
that the intracisternal injection of glycerol alone complete-
ly freed the patient from the paroxysmal pain, thereby in-
troducing percutaneous retrogasserian glycerol chemoneu-
rolysis. All percutaneous procedures yield only temporary
relief. The less destructive procedures produce less numb-
ness and fewer dysesthetic sequelae, but the pain tends to
recur sooner. This may be a good trade-off, however, be-
cause it is easier to repeat the procedure to treat recurrent
pain than to treat dysesthesias, which can be very severe at
times. In our experience, 75% of patients treated with glyc-
erol neurolysis obtain at least 3 years of pain relief.39

Radiofrequency Lesioning. Electrocoagulation of the tri-
geminal nerve was attempted by Réthi66 in 1913, soon after
peripheral chemoneurolytic injections began to be used. In
1931, Kirschner32 described his elaborate operative setup
that included a specially designed head frame to guide the
insertion of an insulated needle through the foramen ovale
to perform electrocoagulation of the gasserian ganglion
(see Wilkins66). In these techniques, monopolar Bovie type
current was used for the coagulation. Despite modest tech-
nical advances over the next few decades, electrocoagula-
tion therefore continued to have a relatively high complica-
tion rate. 

In 1974, Sweet and Wepsic60 introduced radiofrequency-
generated thermal energy to damage the preganglionic tri-
geminal rootlets in the Meckel cave. They also integrated
the use of short-acting anesthetic agents, electrical stimula-
tion for precise localization, and temperature monitoring to
control the lesion delivery more precisely. These adjuncts
improved the efficacy and safety of the procedure.38 Since
the popularization of this technique by Sweet and Wepsic,

many neurosurgeons have improved on this approach, per-
mitting partial, precise destruction within the gasserian
ganglion and its sensory root.66 Nugent42 and also Rovit55

advocated using a fine cordotomy-type electrode and a
neuroleptic anesthetic agent to allow repeated small lesions
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Fig. 2. A: Photograph demonstrating percutaneous insertion of a needle through the foramen ovale for an injection into the trigeminal
cistern by using Härtel’s technique. B: Illustration demonstrating the needle placed through the foramen ovale, through the ganglion, and
into the trigeminal cistern containing the preganglionic rootlets. (Reprinted with permission from Ferner H: Die Trigeminuszisterne und ihre
praktische Bedeutung für die Alkoholinjektion in das Gasser’sche Ganglion. Nervenarzt 20:26–29, 1949.). V1,V2, V3 = first, second and third
divisions of the trigeminal nerve.

Fig. 3. Drawing demonstrating the main limitation of alcohol
injection into the gasserian ganglion. Multiple cranial nerve palsies
can occur if the alcohol spreads through the cerebrospinal fluid
spaces at the base of the brain (arrows). (Reprinted from Dandy
WE: The brain, in Walters W, Ellis FH Jr (eds): Lewis–Walters
Practice of Surgery. Hagerstown, MD: W.F. Prior Co., 1963, Vol
XII, pp 1–671.)
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to be made while testing the patient to control the lesion
size. Tew and Taha62 introduced the use of a curved ther-
mistor-tipped electrode that allowed close contact with the
involved sensory fibers to allow selective lesioning. With
experience, it was recognized that less dense lesions work-
ed equally well. This modification of the technique de-
creased the incidence of postoperative dysesthesias. 

Trigeminal Nerve Compression. In 1952, Taarnhøj61 de-
scribed decompression of the dorsal root of the trigeminal
nerve in the dural canal over the margin of the petrous
ridge, whereas Pudenz and Shelden described decompres-
sion of the second and third divisions of the trigeminal
nerve.59 Taarnhøj reported excellent results after decom-
pressing the posterior part of the gasserian ganglion and the
posterior trigeminal root via a subtemporal approach in 10
patients; however, he made no mention of having found the
dorsal root compressed or abnormally angulated. 

In 1955, Shelden, et al.,57 reported excellent long-term re-
sults among the patients they originally described in 1952.
They showed that the decompression of the maxillary and
mandibular divisions at the foramen rotundum and the fora-
men ovale as well as the dorsal root decompression used by
Taarnhøj were effective in relieving the pain of TN. They
and others59 reasoned that the common denominator be-
tween these methods was the operative trauma to the nerve
fibers. Thus, nerve compression had its beginnings when
Shelden and colleagues began to rub the posterior root just
behind the ganglion with the intent to induce a mild trauma
that might result in pain relief without causing significant
sensory impairment. Subtemporal compression operations
were hailed as a success because this method of relieving
TN reduced the incidence of sensory loss, keratitis, and
paresthesia.66 This type of treatment was not long lasting,
however, and in 1964 Shelden provided a follow-up report
showing a 25% recurrence rate.

The original work of Taarnhøj and Shelden, et al., pro-
vided a basis for Mullan and Lictor,40 who introduced the
technique of percutaneous balloon compression of the gas-
serian ganglion in 1983. The goal was to traumatize the
trigeminal ganglion and preganglionic rootlets mechanical-
ly by using a percutaneously inserted Fogarty balloon cath-
eter. The catheter was threaded through the foramen ovale
and into the trigeminal cistern, where the balloon was in-
flated. Ipsilateral trigeminal motor weakness was common
postoperatively but usually resolved within 3 months. In
1996, Brown, et al.,13 added a refinement to Mullan and Lic-
tor’s technique.66 They emphasized the use of a blunt stylet
following skin penetration to avoid the possibility of vascu-
lar injury. Despite the continued experience and refinement
of percutaneous balloon compression, severe limitations
exist; namely, approximately two thirds of patients experi-
ence bradycardia and brief hypotension, 61% have post-
operative numbness, and 16% experience ipsilateral mas-
seter–pterygoid muscle weakness that resolves within 3 to
12 months.

Open Surgical Procedures

Nerve Sectioning and Microvascular Decompression. Circa
1750, Maréchal, surgeon to Louis XIV, believed that cutting
the infraorbital nerve would relieve painful tics.59 He sub-
scribed to the theories of André, namely that the pain of TN
was due to vicious nervous liquids that distressed the nerve

and caused painful shocks. Interestingly, the first two pa-
tients with TN treated by André had undergone unsuccess-
ful surgeries by Maréchal that were aborted because of ex-
tensive hemorrhage. In 1768, Veillard and Dussans made
two attempts to sever the infraorbital nerve to relieve the
pain of tic douloureux. Their surgical outcomes were not
successful in the first two instances, so they elected not to
try a third time.59

Armed with the understanding that Bell and others had
developed regarding the trigeminal and facial nerve distri-
butions and functions, the unsuccessful beginning of surgi-
cal intervention for the treatment of TN was in part over-
come by Carnochan in 1858.59 Carnochan believed that the
gray matter of the gasserian ganglion was a “generator of
nervous power of which, like a galvanic battery, it affords
a continuous supply; while the branches of the ganglion un-
der the influence of the diseased trunk, serve as conductors
of the accumulated nervous sensibility.” He therefore ap-
proached the ganglion through the maxillary sinus to re-
move this ganglionic gray matter along with an inch or
more of the maxillary branch of the nerve.59

Working independently, Drs. Rose of London (1890)53

and Andrews of Chicago (1891)59 refined Carnochan’s the-
ory and developed an operation that consisted of cutting the
zygoma and coracoid process along with detaching the
masseter and temporal muscles to expose the base of the
skull and foramen ovale. Sectioning of the second and third
divisions of the trigeminal nerve was performed with a lim-
ited craniectomy to expose the gasserian ganglion. This
procedure, however, remained unsatisfactory because the
ganglion could not be adequately visualized with this ap-
proach, which often led to its incomplete removal, along
with frequent hemorrhage.59

A more satisfactory surgical approach was advocated by
Horsley, Taylor, and Colman28 in 1891, wherein sectioning
of the preganglionic trigeminal rootlets was accomplished
via a middle fossa approach.6 For this approach, the gasser-
ian ganglion was accessed through the temporal bone, fol-
lowed by opening of the dura and retraction of the temporal
pole.59 Complications were encountered in this procedure
because attempts to strip the ganglion near the cavernous
sinus regularly resulted in tearing of the sinus. Nevertheless,
this procedure would become a seminal innovation that oth-
ers refined, eventually offering a sound surgical alternative
in the treatment of TN.

In 1892, Hartley27 and Krause34 (Fig. 4) independently
described an extradural subtemporal approach for gasserian
ganglionectomy.54,66 Their approach eventually became
known as the Hartley–Krause procedure (Fig. 5), and it in-
volved creating a small V-shaped incision just above the
zygoma and turning down a tissue flap composed of skin,
muscle, and bone to expose the ganglion.59 The nerves were
divided at the foramen ovale and the foramen rotundum and
excised to a point back beyond the gasserian ganglion. The
Hartley–Krause procedure was refined and popularized by
Spiller and Frazier59 in 1901. The major contribution of
Spiller and Frazier was the implementation of Tiffany’s
idea of subtotal resection by sparing the upper portion of the
ganglion and the first branch of the trigeminal nerve to de-
crease the risk of corneal anesthesia.59

In 1900, Cushing16 modified the procedure by using a
more basal trajectory to work below the middle meningeal
artery as it passed along the basal surface of the dura mater
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to minimize brain retraction. His contribution eventually
decreased the mortality rate of the procedure to 5%.66 Fraz-
ier subsequently suggested the idea of subtotal sectioning of
the nerve, specifically sectioning only the fasciculi of the
sensory root (outer two thirds) while sparing the motor root
(inner third).59 In 1921, Frazier stated: 

In the past the motor root was often sacrificed because the
surgeon was afraid he might be leaving a fasciculus of the sen-
sory root with all its unfortunate possibilities. But with the use
of the electrode, the motor root, when exposed, can positively
be identified as motor, by observing the temporal muscle con-
tact.... The exposure of the motor root is so easily obtained that
one wonders why for so many years it was needlessly sacri-
ficed. 

Finally, in 1928, Stookey added the concept of differential
sectioning of the dorsal root, which involved sectioning on-
ly those fibers within the affected division of the trigeminal

root, leaving intact the remaining fibers, thereby limiting
the area of sensory loss.59 With all of the refinements to the
Horsley and subsequent Hartley–Krause procedures, the
percentage of patients who obtained relief after undergoing
subtemporal retrogasserian neurotomy ranged from 95 to
99%; this became the preferred form of surgical treatment
for TN for more than 50 years.22,64

While Frazier and others were perfecting the subtempo-
ral retrogasserian neurotomy, Dandy (Fig. 6) devised an al-
ternative surgical approach for partial sectioning of the tri-
geminal nerve via a lateral suboccipital craniectomy (Figs.
7 and 8), also referred to as the “cerebellar approach.”6,18

This approach provided exposure of the trigeminal nerve
root near the pons.66 Although Dandy achieved good results
with a low complication rate, he cautiously stated that one
could not conclude whether his cerebellar approach was
equal or superior to the Spiller–Frazier method of section-
ing the trigeminal nerve.6,66

Dandy claimed, however, that his cerebellar approach
was “much easier and quicker to perform than the tempo-
ral method, for the route is bloodless.” (see Pinkus44 and
Wilkins 66). Dandy also noted that his approach facilitated
preservation of the motor root. He stated, “... the motor root
was uninjured and could be seen intact through the hiatus
in the severed sensory root....”18 Despite the advantages of
Dandy’s operation, his innovation was commonly rejected
among neurosurgeons of the time. The Spiller–Frazier pro-
cedure remained the surgery of choice during Dandy’s life-
time and for at least 15 years after his death, in part because
of the political lines that had been drawn between Cushing
and Dandy.22,23,44,59,63 The Dandy–Cushing feud produced a
political climate that divided the neurosurgical community
and demanded loyalty to certain persons regardless of ad-
vantages in theory or technique proposed by others.44 In ad-
dition, because they were working at a time when the oper-
ating microscope was not used in neurosurgery, it may have
been safer for most surgeons who did not possess Dandy’s
excellent vision and superior surgical skill to use the mid-
dle fossa approach.

Because he approached the trigeminal nerve through the
posterior fossa, Dandy was able to make unique observa-
tions relevant to the posterior fossa anatomy. These obser-
vations would not be corroborated until the operating mi-
croscope was adopted, but they eventually would lead to a
more refined surgical approach for the relief of TN. Over
the course of his trigeminal nerve sectioning experience in
more than 500 patients, Dandy noted vascular loops im-
pinging on the root entry zone of the trigeminal nerve in
most patients. He stated, “In many instances the nerve is
grooved or bent in an angle by the artery. This I believe is
the cause of tic douloureux.”17 It seems that Dandy, how-
ever, did not take the next logical step in suggesting that the
nerve be decompressed by transposing the vessel; rather, he
continued to treat the pain with partial sectioning of the
nerve.6

It was not until 1967, when Peter Jannetta (Fig. 9) be-
came the first neurosurgeon to explore the cranial nerves
within the posterior fossa by using the operating micro-
scope, that the idea that TN was a neurovascular compres-
sion syndrome was revived and the treatment of this prob-
lem by MVD was developed.6,30 Like Dandy, Jannetta
observed vascular loops compressing the root entry zone
of the trigeminal nerve in patients afflicted with TN and
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Fig. 4. A: Photograph of Frank Hartley. (Reprinted with per-
mission from Stookey B, Ransohoff J: Trigeminal Neuralgia: Its
History and Treatment. Springfield, Ill: Charles C Thomas,
1959.) B: Photograph of Fedor Krause. (Reprinted from Kolle K
(ed): Grosse Nervenärtze. Stuttgart: Thieme, 1963, 199–206.)

Fig. 5. Illustration of the Hartley–Krause procedure, an ex-
tradural subtemporal approach for resection of the gasserian gan-
glion. (Reprinted from Dandy WE: The brain, in Walters W, Ellis
FH Jr (eds): Lewis–Walters Practice of Surgery. Hagerstown,
MD: W.F. Prior Co., 1963, Vol XII, pp 1–671.)
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believed this was likely the cause. Jannetta, however, took
the next logical step and recommended decompressing the
nerve by moving the offending vascular loop(s) and secur-
ing them with a small, nonabsorbent, synthetic sponge
prosthesis (Fig. 10). Thus, the concept of MVD with no
intentional trauma or disruption of the nerve was born.6

Jannetta subsequently extended his observations to other

cranial nerves and defined other neurovascular compres-
sion syndromes, such as hemifacial spasm, that also can be
treated by MVD. 

Jannetta’s approach was not initially accepted by most
neurosurgeons, who recalled that Taarnhøj’s nondestructive
technique was initially successful before disappointing re-
currences led to its discontinuance. In contrast, the endur-
ingly successful outcomes for most patients treated with
MVD have convinced most neurosurgeons of the validity of
the concept and the treatment.9 Multiple reports confirm the
results initially claimed by Jannetta, and long-term studies
document the durability of the procedure.5,10,36 Successful
relief of the pain of TN can be expected in approximately
95% of patients, and long-term recurrences occur in approx-
imately 1% per year. Today, MVD is regarded as an ef-
fective operation and the open procedure of choice for the
treatment of TN.38 Jannetta deserves the credit for conceiv-
ing this method and for convincing a skeptical and, at times,
hostile world of its validity.

Radiation Therapy and Stereotactic Radiosurgery

In the late 1890s, around the time of the initial develop-
ments in chemoneurolysis, medical, and neurectomy thera-
pies, radiation therapy was introduced as an option for the
treatment of TN. During the early developments of x-rays
as a diagnostic tool, Gocht proposed radiation as a potential
therapy for relieving pain in patients with breast carcino-
ma.7 In 1897, Gocht applied radiotherapy in the treatment
of a patient with TN in whom all previous treatments had
been unsuccessful.59 The patient experienced relief of pain
2 days posttreatment. Despite the early fortuitous treatment
of TN with radiation therapy, however, subsequent experi-
ments by other clinicians produced inconsistent results.59

Finally, in 1971, Leksell35 used stereotactically focused
radiation to create lesions in the trigeminal ganglion and
adjacent root. In 1991, Rand49 began to treat patients in
whom medical and surgical treatment of TN with a Leksell
gamma knife had failed.66 Since then, many clinicians have
reported on the efficacy and initial safety of gamma knife
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Fig. 6. Photograph of Walter Dandy. (Reprinted with permis-
sion from The Alan Mason Chesney Medical Archives of The
Johns Hopkins Medical Institutions.)

Fig. 7. A: Illustration demonstrating the incision and location of the lateral suboccipital craniectomy for Dandy’s cerebellar approach
to the sensory root of the trigeminal nerve. B: Drawing to compare the cerebellar and temporal routes by which the sensory root of the
trigeminal nerve is reached and divided. The petrosal nerves are sketched to show their relationship to the facial nerve, which can be injured
in the temporal approach. (Reprinted from Dandy WE: The brain, in Walters W, Ellis FH Jr (eds): Lewis–Walters Practice of Surgery.
Hagerstown, MD: W.F. Prior Co., 1963, Vol XII, pp 1–671.)
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stereotactic radiosurgery for TN.33,69 The target has chang-
ed from the ganglion to the preganglionic root in the pos-
terior fossa adjacent to the brainstem, which is the same
area in which vascular compression is found. Concern re-
mains about the time it takes for the treatment to achieve
an effect. The completeness of relief afforded by irradia-

tion and possible long-term consequences of this treatment
also await further investigation.45,46 For patients in whom
an open or needle procedure would carry high risk, such as
those with bleeding dyscrasias, stereotactic radiosurgery
may be the procedure of choice.

Current Treatment Options for TN

Although the exact origin of TN remains elusive, the
unique nature of the symptoms and inciting events of this
disease have led to the development of numerous treatment
modalities over the years. Despite uncertainty about the ex-
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Fig. 8. Illustration of Dandy’s cerebellar approach for partial
trigeminal nerve section. The illustration also depicts compression
of the trigeminal nerve at the root entry zone by the superior cere-
bellar artery, an observation that Dandy noted in most patients. He
suggested that this vascular compression was the cause of TN. (Re-
printed from Dandy WE: The brain, in Walters W, Ellis FH Jr
(eds): Lewis–Walters Practice of Surgery. Hagerstown, MD:
W.F. Prior Co., 1963, Vol XII, pp 1–671.)

Fig. 9. Photograph of Peter Jannetta.

Fig. 10. A: Intraoperative photograph showing an elongated loop of superior cerebellar artery (SCA) compressing the trigeminal nerve
(TN) at the root entry zone. This is also diagrammed in the inset. B: An Ivalon prosthesis has been inserted between the artery and nerve.
It sits as a saddle over the nerve to secure it in place. Note the redirection of the artery to a horizontal course, which is again diagrammed in
the inset. (Reprinted with permission from Liu JK, Apfelbaum RI: Treatment of trigeminal neuralgia. Neurosurg Clin N Am 15:319–334,
2004.)
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act pathophysiology, it is clear that root entry zone seg-
mental demyelination is a common denominator in most, if
not all, cases. Multiple sclerosis causes such demyelination
and causes 1 to 3% of the cases of TN. Vascular compres-
sion causes similar demyelination, again affecting the cen-
trally myelinated fibers extending into the nerve at the root
entry zone (Obersteiner–Redlich zone). The other recog-
nized cause of TN is a mass lesion compressing the nerve.
These lesions are located in the same area and likely cause
similar internal derangement in the nerve. Some abnormal
circuitry appears to result from this demyelination, which
results in nonnoxious stimuli provoking paroxysms of in-
tense pain. Peripheral denervation, decompressing the site
of compression, or using nonanalgesic medications that af-
fect nerve conduction and hence likely alter the timing in
the deranged circuits have been beneficial for these pa-
tients.

The goal of treatment in patients suffering from this ex-
cruciating pain must be complete pain relief at an accept-
able level of side effects. The patient should be free of pain
as well as of the fear of its recurrence. Medical therapy is
the initial treatment of choice. When medical treatment
fails or is limited by significant side effects, surgical treat-
ment options with excellent success rates are available. The
best surgical treatment for a particular patient depends on
the individual’s medical comorbidities, on the risks he or
she is willing to assume, and, to a lesser extent, on the pa-
tient’s age. The Jannetta MVD appears to be the best choice
for younger (, 65–70 years old), healthy patients with
longer life expectancy because it avoids intentional neural
damage while achieving excellent durable relief of their
pain. It can be used in older patients as well if they are will-
ing to accept the slightly higher risks of the procedure. Per-
cutaneous trigeminal neurolysis is a useful minimally in-
vasive approach that, while intentionally destructive,
endeavors to produce an incomplete lesion that often spares
some trigeminal function. It probably should be the proce-
dure of choice for older patients, for those with significant
medical comorbidities, and for patients with multiple scle-
rosis.38 Partial nerve sectioning as recommended by Dandy
may be considered in patients in whom explorations during
an MVD have yielded negative findings, or when other less
invasive procedures have failed. Finally, the role of stereo-
tactic radiosurgery in the treatment of TN is currently being
defined.
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