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1. INTRODUCTION

Ronald Brisman, M.D.

This book will discuss three areas where the
neurosurgeon may provide an important
contribution to the relief of intractable pain:
trigeminal and other facial neuralgias, chronic
noncancer pain, and cancer pain. By one
intervention, the neurosurgeon often may pro-
vide long-lasting pain relief. New techniques,
which have developed since the 1970s and
continue to evolve, dominate the neurosur-
gical armamentarium because they are not only
effective, but safe. These include percutaneous
radiofrequency electrocoagulation for trigem-
inal neuralgia, spinal stimulation for chronic
noncancer pain, and intraspinal morphine in-
fusion for cancer pain.

Sometimes a procedure relieves pain but the
pain recurs; it may be necessary to repeat the
procedure, which in the case of radiofrequency
electrocoagulation for trigeminal neuralgia
can be done without added risk and again with
a reasonable probability that it will work well.
Sometimes pain cannot be relieved by these
safe maneuvers and another operation with a
little more risk, but still a good chance of
helping, may be recommended, such as the
suboccipital operating microscope procedure
for trigeminal neuralgia, deep brain stimu-
lation for intractable noncancer pain, or
stereotaxic ablations for cancer pain.

There are other operations that are in-
dicated for specific circumstances: sympa-
thectomy for causalgia, dorsal-root entry zone
lesions for nerve root avulsion or herpes
zoster radiculopathy, sacral rhizotomies, com-
missural myelotomy, or anterolateral cordot-
omy for certain kinds of cancer pains.

The multiplicity of procedures with varying
degrees of risks and benefits sometimes re-
quires a sequential approach, but always an
individual one, matching an appropriate treat-
ment plan or procedure for a particular patient
at a specific time in his or her illness.

The neurosurgical chapters in this book
represent my experience with several hundred
patients during a 12-year period from 1975
through 1987. T have relied heavily on the
works of others, which have been quoted from
the neurosurgical literature, but this book is
not meant to be encyclopedic.

At least as important as knowing when to
operate is knowing when not to do so, and this
is particularly true of the treatment of pain.
Most patients with pain do not require neuro-
surgical intervention.

When a thorough diagnostic evaluation
indicates that there is no further specific medi-
cal or surgical treatment that is likely to help,
patients may still benefit from a variety of
methods that are aimed at relieving pain,
emotional distress, or harmful life styles.
Experts from neurology, psychiatry, anesthe-
siology, and physical medicine and rehabilita-
tion have written chapters on their respective
roles in the treatment of pain.

Neurosurgical intervention is usually re-
served for those patients who continue to have
agonizing pain in spite of extensive nonsurgi-
cal management. It is remarkable that many in
this highly selected but difficult group of
patients will be helped by the proper neuro-
surgical procedure.

Advances in the treatent of pain have paral-

Brisman, R., (cd.), Newrosurgical and Medical Management of Pain: Trigeminal Neuralgia, Chronic Pain, and Cancer Pain.
) 1989 Kluwer Academic Publishers. ISBN 978-1-4612-8917-3. All rights reserved. 1



leled developments in the basic sciences: neurosciences explain some of the funda-

neuroanatomy, neurophysiology, and neuro-  mental principles behind curtent treatments

chemistry. These are reviewed in detail. The  and may help direct attention to new and
improved forms of pain management.
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2. NEUROANATOMICAL,
NEUROPHYSIOLOGICAL, AND
NEUROCHEMICAL BASIS OF PAIN

Robert R. Goodman, M.D., Ph.D.

Introduction

Pain can be defined as the experience produced
when a part of the body is physically damaged.
The perception and discrimination of pain is
distinct from distress or suffering, which may
relate to an emotional experience. This chapter
concerns itself with the neural substrate for the
production of the sensation termed pain. Sher-
rington observed that pain usually accom-
panies tissue injury [1]. Tissue damage repre-
sented the common denominator for stimuli
evoking pain, and he suggested the label
noxious for these stimuli. The function of these
neural systems was felt to be protective, and
Sherrington thought that they were activated
by the threat of damage. The proposed periph-
eral detectors of pain were termed nocicep-
tors. Decades of study have determined a great
deal regarding the mechanisms of nociception.
First the peripheral nervous system and the
mechanisms involved in the detection of the
threat of tissue damage and the transmission of
this information to the spinal cord will be
discussed. Then the organization of the spinal
cord with respect to its role in the transmission
of the pain sensation to higher levels of the
nervous system will be considered. Next, a
summary of the present understanding of pain
processing at higher central nervous system
levels will be given. The final section will deal

with the explosion of knowledge regarding
the relatively recently discovered nervous sys-
tem mechanisms involved in the modulation
of the sensation/perception of pain and their
relevance to the treatment of clinical pain
syndromes. The discussion of the neural
mechanisms involved at each level of nervous
system processing will include their specific
anatomical pathways, neurophysiology, and
neurochemistry. Each of these aspects is pat-
ticularly relevant to any attempts at the
manipulation of pain processing.

The sensation of pain is necessary for sur-
vival, but diseases or injuries often produce an
ongoing perception of pain without usefulness
to the individual. These individuals represent
the large population of chronic pain patients
that have stimulated students of the nervous
system to pursue their search for the mechan-
isms underlying the pathological processes
involved, and methods to relieve their suffer-
ing. Our knowledge of the basic mechanisms
involved in pain processing has resulted in
numerous new and effective treatments for
many of these patients. This chapter also
reveals that the nervous system utilizes re-
dundancy that allows adaptation to frustrate
many of the attempts at its manipulation.
Further study of pain mechanisms should yield

Brisman, R., (ed.), Neurosurgical and Medical Management of Pain: Trigeminal Neuralgia, Chronic Pain, and Cancer Pain.
© 1989 Kluwer Academic Publishers. ISBN 978-1-4612-8917-3. All rights reserved. 5



6 1. BASIC SCIENCE OF PAIN

many more improvements in our ability to
help these patients.

Peripheral Nervous System

Originally there was a controversy concerning
the way that pain processing was carried out in
the periphery. Pattern theory held that all
neurons were capable of conveying pain in-
formation depending on the pattern of their
impulses. The alternative theory held that
specialized peripheral neurons responded to
specific types of stimuli and each might be
associated with distinct specialized peripheral
receptors. A large body of evidence supports
the latter theory. Strong evidence for this
includes the occurrence of nervous system
lesions (peripheral and central) that can dis-
sociate pain from other types of sensation.
Studies in the early 1900s concerning the
segregation of fine and coarse dorsal root
fibers as they enter the spinal cord, and recov-
ery of sensation after peripheral nerve damage,
suggested that unmyelinated fibers particularly
carried pain information [2, 3]. Pressure
anoxia was used by some investigators [4, 5] to
induce the loss of tactile and proprioceptive
input before pain and temperature sensation.
This was correlated with the preservation of
the slower conducting components of the
compound action potential. Electrical stimula-
tion of only the slowest myelinated fibers
produces pain in human subjects [6], while in
animal experiments the unmyelinated (C)
fibers and the thinly myelinated (A-delta) fibers
provoke “pain” reactions [7]. Pinprick and
heat evoke a double flash of pain in human
beings that has been correlated to the separate
input of the small myelinated and unmyelin-
ated groups of fibers [8—11]. While it was
becoming clear that these specific fiber sub-
groups carried the pain message, it was not
known how they were specifically activated, or
if a subset of these fibers represented specific
nociceptors. It is known that 20% of ventral

root fibers are C afferents, however, their
function is not known [12]. Unmyelinated (C)
fibers represent 70% of all afferents, and most
of these appear to be involved in nociception.

A large body of research has concentrated
on correlating noxious stimuli with unique
responses. A class of myelinated fibers was
defined (HTM fibers) that had a high thresh-
old for
(e.g., responded only to noxious type stimula-
tion), and then responded proportionally to
increasing stimulus intensity [13, 14]. These
fibers are poorly responsive or nonresponsive
to temperature and chemical nociceptive

injurious mechanical stimulation

stimuli. They innervate skin and subcutaneous
structures (e.g., muscles and joints) and have a
range of conduction velocities of 5-50 meters
per second (mostly A-delta fibers). Electrical
stimulation of many A-delta fibers elicits
prolonged intense dorsal horn cell firing and
pain in humans [12]. A-delta fibers carry the
pain message in sunburn [15, 16]. A portion of
the unmyelinated (C) fibers have high thresh-
olds for all types of stimuli and graded
responses to noxious levels of mechanical
stimuli, heat, and irritant chemicals. Thus
these fibers differ from the myelinated fibers in
that they are polymodal nociceptors [17]. Interest-
ingly, these fibers have almost no background
activity until damaged, when they have mark-
edly increased background firing rates. Also,
the threshold for activation markedly de-
creases with repetitive activation, in contrast
to the opposite response in low-threshold
sense organs of the skin. The fact that this
sensitization can spread to nonstimulated
fibers, and can be prolonged, suggests that the
mechanism may be the release of an algesic
substance (possibly bradykinin, substance P,
or another substance) [18]. However, some
postulate that sensitization is due to nerve
membrane damage [19]. It is important to note
that not all C fibers are pain fibers. In the cat,
40% of C fibers respond to innocuous mechan-
ical stimuli and in the primate, 10% re-
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spond. Although several types of neurons are
involved in the detection of tissue damage,
humans are unable to differentiate pain of
different chemicals [20] or pain caused by heat,
cold, or mechanical damage [21].

Buman skin C fibers have a low firing rate,
intermediate adaptation, often have afterdis-
charges, and a velocity of 0.4 to 1.8 m/sec [22].
The activation of human C afferents that have
nociceptor characteristics produces pain [11].
The study of both A-delta and C fibers
confirmed that C afferents account for the
second or dull pain, while A-delta afferents
carry sharp pain [23]. The mechanisms for
hyperalgesia (allodynia) and causalgic pain are
not definitely known, however, the aberrant
transfer of non-noxious impulses to nocicep-
tor pathways via abnormal connections along
axons, termed ephapses, is a postulated mechan-
ism. Such ephapses have been demonstrated in
peripheral nerves containing C afferents and
sympathetic efferents [24]. The responses of C
fibers (not A-delta fibers) to temperatures
above 43°C in the monkey have been closely
correlated with human reports of pain magni-
tude, and the duration of pain outlasts that of
the C fiber response, possibly secondary to
spinal cord integration [25].

The anatomical details of the peripheral {26]
and central [27] terminations of nociceptors
are important for our understanding of pain
processing. The peripheral endings of C fibers
have not yet been identified, while those of the
A-delta HTM fibers lose their myelin as they
enter the epidermis and are covered by a
Schwann cell’s basal lamina as they terminate
between or invaginate into keratinocytes. It is
not known by what mechanism they are ac-
tivated. The A-delta mechanical nociceptors
branch in the spinal cord, and the branches
follow around part of the dorsal horn in the
marginal zone (layer I) and give multiple
terminal branches, with enlargements near or
in the white mater. Most fibers also have
terminals at the junction of layer I and the

outer substantia gelatinosa (layer Ilo). All
have terminations ventral to the nucleus pro-
prius in layer V, mainly at the lateral border of
the dorsal horn. Many fibers have branches
that terminate near the central canal, and some
branches end in contralateral layer V. The
layer 1 terminals contain clear, round vesicles
and are often presynaptic in axodendritic and
occasionally in glomerularlike arrangements
(here they can be found postsynaptic in axo-
The

(non-

axonic and dendroaxonic contacts).
low threshold mechanoreceptors
nociceptors) have a much different termina-
tion pattern, primarily in layers 111 and IV, not
in layers 1 and II. The central termination of
the C fiber nociceptors have been less well
determined. They travel in Lissauer’s tract
(laterally) [28], make a major contribution to
the primary afferent input of the substantia
gelatinosa, and have some branches deep in
this layer.

The chemical basis of neurotransmission in
the peripheral nervous system is not yet vety
well understood. There are at least 16 func-
tional classes of cutaneous afferents, each with
a particular pattern of axon collateral arboriza-
tion in the dorsal horn [12]. One approach to
the determination of the specific neurotrans-
mitters utilized by primary afferents has been
the analysis of rat dorsal root ganglion cells in
culture. The 25% of these neurons with a
diameter greater than 30 microns share a
particular type of neurofilament [29], but their
neurotransmitter(s) is not known. The cell
bodies of the 75% of neurons with 10-30
micron diameters do not contain this neuro-
filament, but have been identified to contain
discrete and overlapping populations of
neuropeptides considered to be putative
neurotransmitters [30}. The most important
neuropeptide for this discussion is substance
P, an 11-amino-acid peptide. It is found in
15%-20% of rat sensory neurons (small-
diameter afferents only), with terminations in
layers I, II, 111, and V. Nearly all of these
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neurons also contain a peptide very similar to
cholecystokinin. Small percentages of sensory
neurons, with dorsal horn terminations, have
been identified to somatostatin,
vasoactive intestinal polypeptide, angiotensin
II, gastrin-releasing peptide, dynorphin, en-
kephalin, and catecholamines [31]. A large
body of evidence suggests that substance P is a
sensory transmitter of primary afferents, partic-
ularly nociceptors [32]. The stimulation of C
and A-delta fibers results in the accumulation
of substance P in the CSF overlying the
superficial dorsal horn, and this is blocked by
opiate agonists such as morphine. Iontopho-
resis of substance P increases the firing rate of
many dorsal horn neurons, and a substance-P
antagonist abolishes a slow spinal reflex
elicited by dorsal root stimulation. Also, sub-
stance P is particularly concentrated in periph-
eral terminals in the skin and tooth pulp.

contain

Tooth pulp afferents generate only pain with
stimulation. Peripheral nerve injury results in
significant changes within the spinal-cord
dorsal horn, particularly a marked depletion of
substance P. Capsaicin administered to neo-
nates results in permanent loss of a large
proportion of small-diameter primary afferent
fibers, substance P depletion, and loss of
thermal pain sensitivity. Capsaicin adminis-
tered systemically or intrathecally in adults
induces a massive primary afferent discharge
and a reversible substance P depletion. Thus,
substance P may be the major pain transmitter

of the peripheral nervous system.
Recently there has been a great deal of work

to determine the mechanism of the peripheral
stimulation of nociceptors. This has partic-
ularly concentrated on the potent algesic
(pain-producing) substances found in the pe-
riphery. The mechanism by which tissue
damage elicits pain and hyperalgesia involves
the activation of nociceptors [33]. Bradykinin
potently sensitizes these nociceptors [34], and
these contain high-affinity
bradykinin receptors [35]. Recent work with
selective bradykinin antagonist peptide ana-

sensory fibers

logues has demonstrated their ability to act as
analgesics in certain animal tests [36]. These
findings suggest that there may be an impor-
tant clinical application for topically admin-
istered bradykinin antagonists in the treatment
of certain types of pain (e.g., burns).

A very important aspect of pain perception
concerns the change in activity that occurs
within nociceptors in response to injury/
activation. Following peripheral nerve in-
juries, a high percentage of regenerating axons
fail to reach their physiologic target and may
form a neuroma [37]. These sprouts often are
spontaneously active, mechanically sensitive,
and may contain adrenergic receptors that
result in their activation by circulating
epinephrine/norepinephrine [38]. Also, ab-
normal (ephaptic) connections between adja-
cent axons can result in the inadvertent activa-
tion of nociceptors by action potentials in
other axons [39]. This mechanism has been
suggested to explain reflex sympathetic dys-
trophy (causalgia). There is also evidence that
central connections are altered by peripheral
nerve injury, as well as descending inhibitory
systems. These phenomena and others prob-
ably form the basis of many clinically encoun-
tered chronic pain syndromes.

Spinal Cord Mechanisms

in Nociception

An overview of the anatomical organization of
the dorsal horn is an essential prerequisite to
understanding pain processing at the spinal
cord level. In recent years, the combination of
various techniques has dramatically broadened
our knowledge of the morphology, physi-
ology, and pharmacology involved. Intracel-
lular recordings allow cell characteristics to
be studied, and subsequently the morphology
of that cell can be examined in detail, includ-
ing its axon/dendrite distribution and types
of synapses. Immunohistochemical methods
and DNA/RNA techniques can provide in-
biochemical

formation  concerning  the
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specialization of these cells. These studies have
greatly increased our appreciation of the com-
plexity of spinal cord organization and are
constantly expanding our understanding of
spinal cord function.

The dorsal horn consists of a number of
cytoarchitecturally defined layers [40]. The
superficial portion of the dorsal horn consists
of the marginal zone (layer I} at the surface
and the substantia gelatinosa (layer II) just
beneath. The marginal zone is a thin band with
various neuronal types [41]. The Waldeyer cell
is large and its dendritic arbor caps the dorsal
horn. Many of the marginal zone neurons have
long ascending projections to the reticular
formation, thalamus, cerebellum, or to other
parts of the spinal cord (propriospinal), and
nearly all of the neurons in this layer are
involved in nociception [42]. The layer 1
neurons either respond specifically to noxious
stimuli or are so-called wide-dynamic-range
neurons (responsive to innocuous stimuli,
but more vigorously responsive to noxious
stimuli). Essentially the sole excitatory input
to most of these cells is by A-delta cutaneous
HTM nociceptors. Some cells receive their
major excitatory input from C-fiber polymodal
nociceptors, while a small number of cells
respond to non-noxious thermal stimuli. The
substantia gelatinosa (layer II) can be divided
into two layers [43]. The outer layer (Ilo)
receives a high density of high-threshold
(nociceptive) inputs and small
neurons tesponsive to both noxious and non-

contains

noxious stimuli. This layer is the major ter-
mination region for unmyelinated afferents (C
fibers) carrying both nociceptive and non-
nociceptive inputs. The inner layer (IIi) re-
ceives small-diameter, low-threshold inputs
and contains cells that mainly respond to non-
noxious stimuli. Morphologically there is no
distinction between nociceptive and non-
nociceptive neurons in the substantia gela-
tinosa, except that the specifically nociceptive
neurons have their dendrites in the marginal
zone and layer Ilo, while cells that respond to

low-threshold mechanical stimuli have their
dendritic trees in layers 1Ii and III.

The substantia gelatinosa contains two pro-
minent cell types. The stalk cell lies at the
junction of layers I and II, with dendrites
extending into layer III and its axon to layer 1.
It is felt to be an excitatory interneuron that
transmits high-threshold mechanoreceptive
input to the marginal zone. The islet cell has
an unclear function. It is oriented longitudin-
ally with the spinal cord and some are known
to be GABAergic or enkephalinergic (e.g.,
inhibitory). Thus layer II neurons are almost
exclusively interneurons, without distant
projections.

The region of the dorsal horn termed the
nuclens proprins consists of layers 111, IV, and V.
Many neurons in this area contribute to major
ascending pathways (e.g., spinocervical,
spinoreticular, spinothalamic, etc.), and few
have dendrites extending out to the substantia
gelatinosa. Layers III and IV particularly con-
tain neurons with small receptive fields and
relay mainly non-noxious information. Layer
V represents a site of convergence for low and
high threshold inputs, along with visceral
input, and thus may be the site of origin for
referred pain. Layer V receives some inputs
directly from nociceptors (A-delta fiber col-
laterals), although much of its nociceptive
input is via relays from layers I and II

The remainder of the spinal cord gray
matter, layers VI, VII, VIII, and the ventral
hotn, probably contribute in some way to
nociceptive transmission. Some layer VII
neurons respond specifically to high-threshold
mechanical stimuli (probably without direct
afferent input) and give rise to ascending
spinal pathways (e.g., spinothalamic and
spinoreticular). These neurons have complex
receptive fields, often with bilateral input.

The distribution of primary afferents to
these various spinal cord areas is quite dis-
tinct. The large-diameter, myelinated afferents
of the dorsal roots take a medial course as they
enter the spinal cord and either ascend in the
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posterior columns or penetrate the superficial
gray layers to end in the nucleus proprius or
more ventrally. Few end in the substantia
gelatinosa. The dorsal root A-delta HTM
fibers arborize extensively in the marginal
zone, with collaterals passing laterally down to
layer V and some to layer X (the region
around the central canal). The unmyelinated
C-iber afferents (including those that enter via
the ventral roots) terminate almost exclusively
in the outer substantia gelatinosa. Neurons
within layers I and Ilo respond differentially
or exclusively to noxious stimuli [42, 44].

In recent years a large number of neuropep-
tides have been discovered and characterized
as putative neurotransmitters or neuromodu-
lators [45]. As described above, substance P
may be the major neurotransmitter of the
primary nociceptive afferents. Most of the
other known neuropeptides occur in partic-
ularly high concentrations in the spinal cord
dorsal horn. As mentioned previously, some
of these are also associated with primary
afferents, while the others occur either in
local interneurons or in axon terminals of
neurons projecting from the brain stem. The
most extensively studied neuropeptides, and
probably the most important relating to
nociception, are the endogenous opioid pep-
tide agonists, the enkephalins. Also, the study
of their specific neuronal membrane receptors
(the opioid receptors) has yielded very im-
portant information about the processing of
nociceptive  input. Enkephalin-containing
neurons and axon terminals are concentrated
in the supetficial dorsal horn (layers I and II),
layers V and VII, and around the central canal
(46, 47). As noted above, these are all of the
spinal cord regions that contain cells respon-
sive to noxious stimuli. Also, opioid receptors
are seen in all of these areas, although most are
concentrated in layers I and II [48]. Most of
the spinal cord enkephalin is located within
local interneurons, although a small fraction is
known to occur within terminals of bulbo-
spinal axons [49]. The enkephalin neurons in

the marginal zone most likely act as a local
negative feedback circuit, since almost all layer
I neurons are nociceptive. Systemically and
intrathecally administered opiates markedly
inhibit layer V nociceptors, but interestingly
this may be via superficial opioid receptors,
since this inhibition occurs with microinjec-
tion of opiates into the substantia gelatinosa
[50]. These opioid effects may be mediated
either by presynaptic inhibition of nociceptive
primary afferents or by acting on dendrites of
layer V neurons that extend up to layers I and
II. Evidence exists supporting both mechan-
isms of opioid action. Anatomic and phy-
siologic evidence most directly supports a
traditional postsynaptic inhibitory effect. This
includes the demonstration of some spec-
ialized synapses [51], opiate-induced hypet-
polarization of postsynaptic membranes
[52], and the blockade of glutamate-induced
depolarization [53]. Opioid receptors have
been demonstrated on primary afferents [54]
and on neurites of cultured dorsal root
ganglion cells [55]. Dorsal rhizotomies or gan-
glionectomies tresult in 40% to 60% reduc-
tions of opioid receptors in the dorsal horn
[56]. Also, capsaicin-induced destruction of C
fibers results in a similar partial loss of dorsal
horn opioid receptors [57]. Physiological
effects on primary afferents include direct
effects of opioid agonists on membrane con-
ductance in cultured dorsal root ganglion cells
[58] and hyperpolarization of primary afferent
terminals in the dorsal horn [59]. Although
axoaxonic contacts with synaptic specializa-
tion have not been identified in the dorsal
hotn, arrangements of neurons in so-called
glomeruli are seen that could explain endogen-
ous opioid release at a short distance from
primary afferent terminals and a neurohumoral
type of action [21].

As noted above, opiates suppress the release
of substance P in the spinal cord (the putative
C-fiber afferent neurotransmitter). Systemic
opiates selectively reduce dorsal horn neuron
responses to A-delta/C afferent stimulation
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and painful somatic and visceral stimuli with-
out changing responses to A-beta afferent
stimulation or innocuous stimuli [60, 61]. In
addition, iontophoresed opiates suppress the
activity in ascending nociceptive neurons
(e.g., spinoreticular and spinothalamic) [62].
All of the above information helps to explain
the potent and specific analgesia achieved by
spinally administered morphine as demon-
strated in rat, cat, primate, and humans
[63—-66]. Motphine selectively inhibits noci-
ceptors without altering two-point discrimina-
tion or muscle tone. Interestingly, certain
types of pain appear to be much more respon-
sive to morphine than others. Continuous pain
from visceral and deep somatic structures are
potently relieved, while intermittent, inci-
sional, and deafferentation pain syndromes are
pootly responsive. This may be explained by
opiates affecting C-fiber-mediated nociception
(e.g., burning or “second” pain), more than
A-delta fiber (“first”) pain.

It is important to mention briefly here that
multiple subtypes of opioid receptors have
been identified and have unique distributions
throughout the nervous system. The two most
thoroughly studied subtypes are the mu, or
alkaloid, and delta, or peptide, receptors. Ex-
tensive animal studies on spinal opiate action
support the concept of separate mediation of
potent analgesia by the mu and delta receptors
[63]. An important aspect of this phenomenon
is the relative lack of cross tolerance seen
between the two systems. This provides a
strong impetus for the search for specific mu
and delta agonists and the investigation of
their possible effectiveness as intrathecally ad-
ministeted analgesics in humans.

Many of the putative peptide neurotrans-
mitters occur in relatively high density in the
dorsal horn. Neurotensin terminals are dense
in layer II, neatly exclusively from substantia
gelatinosa neurons [67], and neurotensin selec-
tively excites spinal nociceptors when applied
iontophoretically  [68]. Somatostatin-con-
taining neurons occur in layer IIi [69] and the

dorsal root ganglion [70], and somatostatin is
known to inhibit spinal nociceptors [71].
Other peptides found in the superficial dorsal
horn bombesin,
vasoactive intestinal peptide, avian pancreatic
polypeptide hormone, and oxytocin [69, 72].
These peptides often occur in neurons along
with nonpeptidergic neurotransmitters, and it

include cholecystokinin,

is felt that they may function as neuromodu-
lators. The actual relevance of these peptides
to the processing of nociception is not known.,

Another important class of neurons present
in the dorsal horn utilizes GABA as its neuro-
transmitter [73, 74]. GABA is known to be
inhibitoty on spinal nociceptors, and intra-
thecal baclofen (a GABA-mimetic agent) is
analgesic in animal studies [75]. Its physiologic
role in nociception is not yet known.

Other neurotransmitter candidates (includ-
ing substance P, enkephalin, somatostatin,
thyrotropin releasing hormone, norepineph-
rine, and implicated in
bulbospinal pathways that may modulate
nociception. These will be discussed below.

serotonin) are

Supraspinal Pain Pathways

It is classically held that the spinothalamic
tract is the principal pain pathway. However,
in actuality it appears that multiple parallel
pathways carry important nociceptive inputs
to several different supraspinal regions. An-
terolateral cordotomies provide effective pain
telief by severing the tracts that travel in the
anterolateral quadrant of the spinal cord.
These include the spinothalamic tract, and the
spinoreticular, spinotectal and many pro-
priospinal fibers. It is not known which, if any,
of these individual tracts is most important for
pain perception.

Most layers of the spinal cord have inputs to
the thalamus [76, 77]. Primarily layers I and V
give rise to the lateral thalamic inputs that
carry localized pain sensations. However,
there are also layer IV and VI inputs to the
lateral thalamus that are not nociceptive, since
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layer IV neurons respond only to non-noxious
tactile stimuli and layer VI neurons to joint
manipulation. Layers I, VII, and VIII provide
inputs to the intralaminar nuclei of the medial
thalamus. Layers VII and VIII of the ventral
horn have neurons with wide receptive fields
and respond to a wide dynamic range of
stimuli (non-noxious and noxious). This type
of input has been postulated to be the most
relevant to clinically
syndromes.

Spinal inputs to the reticular formation are
now felt to be very important for nociception
and very possibly in chronic pain situations.
They primarily originate from layers VII and
VIII [78], and most medullary reticular forma-
tion cells respond to noxious stimuli with
large, bilateral receptive fields. Reticular
formation stimulation evokes pain behavior in
the cat [79].

To summarize, the anterolateral tracts can
be divided into two distinct systems as they
reach supraspinal levels. The lateral system

seen chronic pain

subserves pain, burning, and discriminative
This tract maintains a
strict somatotopic organization and provides
for the perception of sharp, well-localized
painful stimuli. Peripheral nqciceptive affer-
ents reach nociceptive spinal cells (primarily
layers I and V) and from there the neospino-
thalamic tract crosses and ascends to the
and
thalamic nuclei, and from there is relayed to
the primary sensory cortex along the posterior
bank of the Rolandic fissure. Stimulation of
this cortical region elicits well-localized pain

thermal sensations.

ventral posterior adjacent posterior

sensations, and ablations produce small areas
of analgesia [80]. The medial is the paleospino-
thalamic system, which originates in layers
V—VIII and passes via multisynaptic relays to
the mesencephalic region and the medial
thalamic zone (the centralis lateralis, para-
fascicularis, and centrum medianum). It is not
clear what if any important cortical connec-
tions exist. This system seems to be relevant to

pain sensation only in deafferented patients,
since in normal subjects stimulation in the
mesencephalic portion yields only occasional
pain/burning responses and in the medial
thalamic zone produces no sensation. How-
ever, stimulation in this thalamic zone in
patients with deafferentation pain syndromes
yields severe pain and burning in the deaf-
ferented regions [81]. Thus, this system at least
serves as an alternative mechanism for
nociception.

Selective lesions of the lateral spinothalamic
tract at the midbrain-thalamic junction can
eliminate the localized pain sensation without
altering diffuse, burning, and chronic pain.
Thus the other two pathways described above,
the medial spinothalamic and spinoreticular
pathways, are likely to be primarily respon-
sible for the conduction of diffuse or chronic
pain inputs.

It is also known that anterolateral cordot-
omies only temporarily eliminate pain sensa-
tion, suggesting that an alternative pathway
must at least have the potential to carry
nociceptive input. While the dorsal columns
can respond to noxious stimuli, under normal
circumstances the anterolateral pathways are
necessary for the perception of these stimuli as
painful. The dorsal-column postsynaptic
(DCPS) spinomedullary system is an ipsilateral
ascending pathway involved in nociception
that travels in the dorsal columns and termi-
nates in the dorsal column nuclei [82]. The
cells of origin are mostly in layers 111 and IV of
the dorsal horn. As noted previously, these
neurons almost exclusively respond to low-
threshold (i.e.,
stimuli, however, the DCPS system contains
equal numbers of wide dynamic range and
low-threshold mechanoreceptive neurons [83].

non-noxious) mechanical

It is not known to what extent this pathway is
involved in pain sensation, but it is likely
involved in the recurrence of pain subsequent
to anterolateral cordotomies. The failure of
bilateral spinal cord hemisections separated by
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two root levels to abolish pain suggests that
short-chain polysynaptic pathway(s) can relay
pain [8].

The location and characteristics of the
nociceptors of the thalamic and cortical levels
are not well understood. Electrophysiologic
studies reveal some nociceptors in the medial
thalamic zone and many in the ventral pos-
terior medial and lateral nuclei [85]. Although
the ventral posterior medial (face) and lateral
(body) nuclei carry nociceptive information
with a strict somatotopic representation, the
electrophysiologically identified nociceptors in
the thalamus do not have a somatotopic
organization. In primates, nociceptors are also
found in the postcentral gyrus cortical projec-
tion area of the ventral posterior lateral nu-
cleus [86]. Thete is some reason to think that
much pain sensation becomes conscious at a
thalamic level. Large cortical ablations, even
including the postcentral gyrus, produce
minimal changes in pain sensation [87]. Thus
the actual cortical localization of the pain
message is not definitely known.

Some studies have suggested cettain physio-
logic changes that may underlie certain
chronic pain syndromes. Chronic pain models
convert lateral thalamic neurons from pri-
marily non-nociceptors with very low sponta-
neous activity to neurons with much sponta-
neous activity, and a relatively high fraction
become nociceptors [85]. The medial thalamic
zone is of unclear importance as a pain relay,
since some studies report pain telief with large
lesions of this area, while others found no
significant pain relief [88].

Pain Modulatory Systems

Over the past 20 years there has been rapid
expansion of our knowledge regarding previ-
ously unknown nervous system mechanisms
that appear to play an important role in
modifying nociception. The first significant
consideration of these mechanisms was the

proposal of the gate control theory by Melzack
and Wall [89]. Subsequently, empirical
observations of profound inhibitions of pain
induced by electrical stimulation of certain
brain areas provided the first strong evidence
that such mechanisms actually exist [90, 91].
Most importantly, it has been the exhaustive
investigation of the endogenous opioid system
and the detailed mechanism of action of exog-
enous opiates [92] that has led to our present:
understanding of these important neuronal
mechanisms.

Briefly summarized, the originally proposed
gate control theory held that the sensation of
pain (i.e., nociception) depended on the bal-
ance of activity in the large- and small-
diameter afferent fibers. This largely resulted
from the observation that activity in large-
diameter afferents appeared to significantly
decrease pain perception under cettain con-
ditions. Melzack and Wall originally proposed
that the key interaction occurted in the sub-
stantia  gelatinosa, whete large-diameter
afferents would activate interneurons that
would inhibit ascending nociceptive systems.
Furthermore, small-diameter (nociceptive) af-
ferents both activate ascending nociceptive sys-
tems and inhibit the inhibitoty interneurons
in the substantia gelatinosa. We now know
that many of the mechanisms detailed in this
theoty are not in effect, however, there is
strong evidence supporting the general prop-
osition that large-diameter afferents inhibit
nociception at the spinal cord level. The
anatomical location and exact mechanism of
this inhibition is not known. The large-
diameter afferents have no direct input to the
substantia gelatinosa so that if they inhibit
substantia gelatinosa nociceptors, it must be
via interneurons. Their spinal cord termina-
tions are mainly in layers III and I'V, but their
activity could be relayed via interneurons to
substantia gelatinosa neurons. Inhibitory in-
terneurons have been identified in the substan-
tia gelatinosa, including GABAergic and en-
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kephalinergic neurons, which synapse either
on the dendrites or cell bodies of second-order
neurons or, in rare cases, on ot near small-
diameter afferent axon terminals (see above).
Acupuncture analgesia is possibly the best
example of the gate control theory. Two
distinct types of electroacupuncture analgesia
have been demonstrated. One type utilizes
low-intensity/high-frequency stimulation and
produces a non-naloxone reversible local anal-
gesia, while the second type uses high-
intensity/low-frequency stimulation to pro-
duce a naloxone-reversible relatively gen-
eralized analgesia [93]. Thus, the second type
appears to involve an activation of the enkeph-
alinergic spinal cord neurons. While both
types involve the general mechanism of
nociception inhibition via the activation of
afferents, it is not known which afferents (i.e.,
large versus small diameter) mediate this in-
hibition. It may in fact not be solely the large-
diameter non-nociceptive afferents, as pro-
posed by the gate control theory.

These phenomena demonstrated the
existence of a spinal mechanism of nociceptive
modulation. The empitical observation that
electrical stimulation in specific brain regions
produces a profound analgesia revealed the
existence of a distinct supraspinal mechanism
for the modulation of nociception. These
studies were initially carried out in animals
[90, 91], and subsequently similar results were
obtained in human patients [94, 95]. The
regions that most effectively elicit analgesia are
the diencephalic periventricular and midbrain
periaqueductal gray matter (PVG and PAG).
A large body of evidence supports the con-
clusion that the analgesia is mediated by
multiple descending inhibitory pathways that
utilize various neurotransmitters. Enkephalin
neurons and opioid receptors play an impor-
tant role in some of these processes.

Much is now known regarding the anat-
omy, physiology, and neurochemistry of
brain-stem-activated descending modulatory
systems. The PVG/PAG region exerts its

influence on nociceptive processing in the
dorsal horn indirectly via the region of the
raphe nuclei [96, 97]. The descending pathway
travels in the dorsolateral funiculus (DLF) of
the spinal cord, since lesioning the DLF
blocks PAG-stimulation-produced analgesia
[98]. The neurons that compose the DLF are
primarily in the ventral tegmentum of the
rostral medulla and caudal pons, particularly
the nucleus raphe magnus (NRM) and the
adjacent reticular formation ventral to the
nucleus reticularis gigantocellularis  [99].
These neurons project mostly to layers I, II,
and V of the dorsal horn, prime locations of
nociceptive processing. Stimulation of the
NRM can produce analgesia and decrease the
firing of nociceptive dorsal horn cells [100]. In
humans, stimulation of the ventrobasal com-
plex of the thalamus can also produce anal-
gesia [101]. In primates, this stimulation
inhibits spinothalamic tract cell firing via de-
scending pathways that travel in both the
dorsolateral and the ipsilateral lateral funiculi
[102]. The descending pathways have various
specific afferent
innervation.

origins, courses, and

There is still significant controversy regard-
ing the various neurotransmitters that appear
to be utilized by various components of these
pathways. At present the three most important
neurotransmitters known to be involved in
these modulatory pathways are enkephalin
(endogenous opioids), serotonin, and norepi-
nephrine. Others have been implicated as hav-
ing roles, but only these will be considered
here. The discovery of opioid receptors [92],
and subsequently their endogenous ligands or
neuromodulators (enkephalins, beta-endor-
phin, and dynorphin) (see review in [103]),
resulted in a rapid expansion of our knowl-
edge of the central nervous system’s modula-
tion of nociception. The various endogenous
opioid ligands are generally termed endorphins.
Opioid receptors and the endorphins ate partic-
ularly concentrated in key anatomical regions
that play a role in the inhibition of nocicep-
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tion. As noted above, opioid receptors and
endorphins are concentrated in the spinal cord
regions involved in the processing of nocicep-
tion. Also, they are concentrated in the peri-
ventricular and periaqueductal gray regions
and raphe nuclei. This information led to
extensive investigations into the mechanism of
action of opioid agonists, such as morphine. It
was discovered that microinjection of mot-
phine into the PAG produces profound anal-
gesia [103] and markedly depresses nociceptor
responses in the dorsal horn [104]. Descending
impulses from the brain stem via the DLF are
necessary for systemic morphine analgesia at
low morphine doses [105]. Additive analgesic
effects are seen with selective morphine ad-
ministration into the fourth ventricle and
spinal intrathecal space, and spinal intrathecal
naloxone blocks the analgesia induced by
fourth ventricular administration [106]. Anal-
gesia can also be produced by microinjection
of morphine into the nucleus raphe magnus
and adjacent ventral tegmentum (110). Anal-
gesia produced by stimulation of this region is
also naloxone reversible [108]. A small num-
ber of enkephalin neurons in the ventral
medulla project to the spinal cord and may
partly transmit inhibitory input to the dorsal
horn [109]. While this knowledge helps us to
understand the mechanisms by which opioid
agonists produce analgesia, it is not yet known
to what extent the endogenous opioid sys-
tem is naturally active in influencing pain
perception.

Investigations have been conducted both in
animals and humans to determine what situa-
tions
mechanisms. The ability of naloxone to re-
verse acupuncture analgesia in some cases
suggests the involvement of endogenous opi-
oid neurons [110]. Naloxone reversal of
placebo-induced analgesia has raised the possi-
bility that this analgesia may be mediated by
opioid neurons [111]. Certain
animals (such as foot shock) produce anal-
gesia. For example, brief front-paw shock

may activate endogenous analgesic

stimuli in

produces a naloxone-reversible analgesia that
is cross while
hind-paw shock produces a non-naloxone-
reversible analgesia [112, 113]. The front-
paw-shock-induced analgesia is also blocked
by medullary raphe nuclei and dorsolateral
funiculus cord lesions and lumbar, but not
thoracic, intrathecal naloxone, suggesting the
existence of a critical opioid synapse in the
lumbar spinal cord [114]. Naloxone prevents
the analgesia but cannot reverse it, suggesting

tolerant with morphine,

that activation of an endogenous opioid sys-
tem produces a prolonged effect on nocicep-
tion that is no longer dependent on continued
opioid action. Opioids may thus be acting as
neuromodulators (i.e., altering the response to
classical Decerebration
does not alter front-paw-shock-induced anal-
gesia, however, classical conditioning can be
used to provoke analgesia that is abolished by
decerebration, PAG lesions, or naloxone
[114]. Hind-paw, foot-shock-induced anal-
gesia is only partially decreased by dorsolateral
funiculus lesions, thus much of its analgesia is
mediated by intraspinal mechanisms that are
not opioid mediated. Also, serotonin and
norepinephrine depletion do not alter this
analgesia, while serotonin depletion markedly

neurotransmitters).

decreases front-paw, foot-shock-induced anal-
gesia. To summarize, various neural mechan-
isms can be utilized to modulate nociception.
Conditioned stimuli can activate a descending
pathway via the PAG, the medullary raphe
region, and the dorsolateral funiculus that has
an important opioid synapse in the spinal cord.
This same system can be directly activated at
the medullary level by front-paw shock. Hind-
paw-shock-induced analgesia is mediated by
nonopioid systems that are either wholly intra-
spinal or supraspinal (descending via the dot-
solateral funiculus).

The degree to which any of these endoge-
nous analgesia mechanisms are important in
humans is not known. Naloxone can decrease
pain thresholds in subjects with relatively high
baseline thresholds [115] and can increase pain
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in certain clinical pain states. Two different
forms of acupuncture analgesia are analogous
to the front-paw and hind-paw foot-shock
paradigms, respectively. Traditional acupunc-
ture yields analgesia in areas distant from the
point of stimulation and can be naloxone
reversible [110], while electroacupuncture
yields analgesia in adjacent areas only and is
not naloxone reversible [116].

There is now a large body of evidence that a
descending serotonin projection originating in
the nucleus raphe magnus (NRM) plays a very
important role in the modulation of nocicep-
tion at the spinal cord level [98]. Stimulation
of the NRM produces behavioral analgesia
and increased serotonin synthesis and release
[117, 118]. Repeated stimulation leads to di-
minished analgesia coincident with decreased
serotonin release that is reversed by the ad-
ministration of L-tryptophan (a serotonin pre-
cursor) [119]. This is also true of tolerance to
PAG stimulation analgesia [120], which as
noted previously appears to operate via the
raphe nuclei. The front-paw, foot-shock-
induced analgesia described above is markedly
decreased by spinal cord serotonin depletion,
while the hind-paw, foot-shock-induced anal-
gesia is not altered by serotonin and norepi-
nephrine depletion. Serotonin iontophotesed
in the spinal cord dorsal horn decreases the re-
sponses of many cells to noxious stimuli,
including spinothalamic tract neurons [121,
122]. Intrathecal serotonin or its precursor is
analgesic in animals and this analgesia is
blocked by serotonin antagonists [123]. Sys-
temic morphine and microinjections of mot-
phine into the PAG and nucleus raphe magnus
both increase serotonin release in the dorsal
horn of the spinal cord [124—126]. It is partic-
ularly significant that with morphine tolet-
ance, increasing doses of morphine are needed
both for analgesia and to increase the spinal
cord release of serotonin [127]. Serotonin-
induced analgesia is not mediated by spinal
enkephalin neurons, since it is not naloxone
reversible [128]. Thus many very different

lines of evidence strongly support the impor-
tant role of descending serotonin pathway(s) in
mediating the netvous system’s modulation of
nociception.

There is 2 much smaller amount of evidence
implicating a role for descending brain stem
norepinephrine in the modulation of nocicep-
tion [121, 129]. In fact some studies have
suggested that norepinephrine may be more
potent than serotonin in mediating spinal-
cord-level analgesia. Antagonists of alpha-
adrenergic receptors can markedly decrease
analgesia produced by morphine injection into
the PAG [63].

Certainly many other neurotransmitters
have been implicated as having roles in
nociceptive modulation. We have much to
learn before we understand the various nerv-
ous system mechanisms involved in modify-
ing nociception.

Summary

Pain is both a universal sensation/perception
that is essential for survival and the source of
tremendous suffering. The elimination or con-
trol of pain has been a prime objective of
physicians throughout history. Our success in
this endeavor requires a thorough understand-
ing of the mechanisms by which we perceive
pain. This chapter provides an overview of the
anatomical pathways, with their physiology
and chemistry, that are responsible for trans-
mitting and modulating the awareness of pain.
The pain message is initiated in specific periph-
eral nociceptors, passes through specific
relays in the spinal cord, is carried via certain
pathways through the brain stem and thala-
mus, and then reaches a conscious level within
the thalamus and cerebral cortex. Endogenous
systems exist at brain stem and spinal cord
levels that are capable of powerful modulation
of the pain message, either spontaneously or
via exogenous activation. Our knowledge and
understanding of these systems has been ex-
panding rapidly over the past 20 years and has
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greatly enhanced our ability to treat patients
with pain. However, a great deal remains to be
learned regarding this complex aspect of the
human nervous system. Particularly, our ex-
panding understanding of the neurochemistry
of nociception has the potential to provide
important new therapeutic modalities that will
greatly improve our ability to relieve clinical

pain syndromes.
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3. TRIGEMINAL NEURALGIA AND
OTHER FACIAL PAINS: DIAGNOSIS,
NATURAL HISTORY, AND
NONSURGICAL TREATMENT

Ronald Brisman, M.D.

Trigeminal neuralgia (tic douloureux) is an
episodic condition of paroxysmal pain in the
trigeminal distribution that is triggered by
light touch. It is unilateral at any one time, is
associated with a normal neurologic examina-
tion, and usually responds to carbamazepine
and denervation.

Clinical Features

Trigeminal neuralgia is episodic, and patients
may have weeks or months of remission
interspersed with varying intervals of pain. An
analysis of 155 patients seen at the Mayo Clinic
in 1953 showed that

78 patients had experienced one or more sponta-
neous remissions lasting 6 months or longer and
that 38 had had similar remissions of 12 or more
months. [1]

Of these 38 patients, 8 had a remission lasting
3 to 5 years, and 2 had remissions of more than
5 years. Spontaneous remission may explain
the apparently good responses from treat-
ments that are probably ineffective,

Modified from Medical/neurosurgical management of
orafacial pain. In Handbook of Chronic Pain Manage-
ment, C.D. Tollison, ed., Williams and Wilkins, Baltimore

such as remissions lasting up to 4 years in 17 out
of 39 patients after the extraction of apparently
sound teeth [1].

It is possible that those patients seen at the
Mayo Clinic may have represented a more
intractable group of patients, and there may be
others with even longer spontaneous re-
missions who do not seek further treatment
for their condition.

According to Harris [2], trigeminal neural-
gia becomes more chronic with the passage of
time, and the intervals decrease between the
episodes of pain, although some patients have
periodic bouts of pain for several weeks or
months every year. He describes one case
where the pain disappeared with advancing
age but says that is a very rare occurrence [2].

The pain is paroxysmal and is characterized
by sudden bursts of extremely intense pain
lasting from a few seconds to a few minutes [3]
or 20-30 seconds [4]. The pain is like an
“electric shock” and is followed by relative
freedom from pain for a few seconds to a
minute [4], to be followed again by another jab
of severe pain. Attacks of these recurring pains
may occur for hours. Sometimes milder forms
of the pain are present.

The pain is triggered by light touch about

Brisman, R., (ed.), Neurosurgical and Medical Management of Pain: Trigeminal Neuralgia, Chronic Pain, and Cancer Pain.
© 1989 Kluwer Academic Publishers. ISBN 978-1-4612-8917-3. All rights reserved. 25
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the face especially in the perioral area. Talking,
eating, brushing the teeth, washing the face, a
light wind, and, in severe cases, any movement
of the body may precipitate the pain. The pain
is followed by a refractory period of up to 2—3
minutes during which it is difficult to elicit
pain [5].

At any one time, the pain is unilateral. The
right side is more likely to be affected (58% of
the time) than the left (see Chapter 5). Con-
tralateral pain may develop sometime in the
course of the illness in approximately 10% of
patients (see Chapter 9).

The pain is in the trigeminal distribution,
either the second or third divisions alone or in
combination. The first division is affected less
often, sometimes in combination with the
second division (see Chapter 5).

The neurologic examination is usually
normal in patients who have not had previous
denervating procedures. Definite hypoalgesia
in the absence of previous surgical denerva-
tion, or other neurologic abnormalities should
raise the suspicion of a structural lesion involv-
ing the trigeminal nerve, such as a brain
tumor or multiple sclerosis. Approximately
20% of patients with typical trigeminal neural-
gia and normal computerized tomography
may have abnormal areas of decreased sensa-
tion when the face is tested with careful
sensory examination and the aesthesiometer

[6].

Incidence of Trigeminal Nenralgia

Approximately 7000 new cases a year (3.5 per
100,000) were estimated to occur in the United
States as of 1973 [7]. Older people are more
likely to be affected than younger ones: The
average age of onset is 55 years (see Chapter
5). As the population of this country gets
older, it is probable that there will be more
people with trigeminal neuralgia.

Patients with multiple sclerosis are more
prone to develop trigeminal neuralgia than
others [8].

The age-adjusted sex ratio is 1.17 females to
1.00 males [8]. Many series give a higher
female preponderance but do not consider
the age-adjusted factor, whereby there are
mote females than men in the older age
groups.

Medical Treatment

CARBAMAZEPINE

Carbamazepine (Tegretol) is so effective in
treating trigeminal neuralgia [9, 10] that the
diagnosis should be doubted if the patient
does not show some response to this medica-
tion. Treatment is usually begun at a dose of
100 mg twice a day. The daily dose is incteased
by 100 mg or 200 mg until the patient gets
relief. The usual maintenance dose is a total of
400 mg to 800 mg daily, which is given in
divided doses from 2 to 4 times a day. It is
rarely necessary to give more than 1200 mg
daily. After the patient is free of pain for
several weeks, attempts should be made to
reduce the dose gradually to the minimum
necessary.

Many unpleasant side effects may occur
from catbamazepine. The most common are
dizziness, drowsiness, unsteadiness, nausea,
and vomiting, and these are most likely to
develop when carbamazepine is initiated or the
dose is too high. They usually subside when
the dose is lowered. Central nervous system
toxicity is more likely to develop in the elderly
(a common group afflicted with trigeminal
neuralgia) and in those with multiple sclero-
sis. Carbamazepine is contraindicated in
those with a known sensitivity to tricyclic
compounds.

Other toxic effects may appear from the use
of carbamazepine, these include skin rashes,
bone marrow suppression, and liver or renal
impairment. A complete blood and platelet
count, and liver and renal chemistries should
be done before beginning treatment, after 2
weeks, and at approximately 6 week intervals.
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Substantial changes require that the medica-
tion be stopped.

Aplastic anemia is a rare but sometimes fatal
complication of carbamazepine therapy; 20
cases (13 fatal) were reported between 1964
and 1982 [11].

BACLOFEN
If satisfactory relief cannot be obtained from
carbamazepine, then baclofen (Lioresal)

should be tried alone ot in combination with
carbamazepine (if the patient does not have a
toxic reaction to carbamazepine and it is no
longer effective by itself) [12]. The dose of
baclofen is gradually titrated for each indi-
vidual; an initial dose of 5 mg 3 times a day is
given for 3 days then increased every 3 days by
a total daily dose of 15 mg until the optimal
dose (usually 40 mg to 80 mg) is achieved. The
most common adverse reactions are drowsi-
ness, dizziness, and fatigue.

PHENYTOIN

Although it is not effective in many patients,
phenytoin (Dilantin) may be tried if treatment
is not successful with carbamazepine or bac-
lofen. The usual dose of phenytoin is 100 mg 3
or 4 times a day. In a study by White and
Sweet, in only 5 of 70 patients was a medical
regimen including phenytoin successful with-
out surgical treatment, although another 8
patients were taking it as an effective supple-
ment to surgical denervation [13]. Others have
reported that phenytoin-induced pain relief
was complete in 8 of 20 patients and partial in
6 [13].

Baclofen may act synergistically with either
carbamazepine or phenytoin, and patients who
do not respond to either medication alone may
benefit from a combination of baclofen and
either carbamazepine or phenytoin [12].

CLONAZEPAM
Clonazepam (Klonopin) is a benzodiazepine
anticonvulsant that was effective in 65% of

cases with trigeminal neuralgia [14]. The
initial dose was 0.5 mg 3 times a day and was
increased every 3 days by a total daily incre-
ment of 0.5 mg—1 mg until pain was relieved.
Somnolence developed in 80% and unsteadi-
ness of gait in 88%; these were severe and
incapacitating in 9 of 25 patients.

MEPHENESIN

Mephenesin carbamate and chlorphenesin car-
bamate (Maolate) are muscle relaxants that are
now used infrequently but have relieved pain
in some patients with trigeminal neuralgia [4,
15]. Mephenesin carbamate provided sufficient
comfort in 60% of 52 patients to make a
surgical procedure unnecessary [15]. One
gram to 3 grams were given orally every 3
hours. Patients who were unable to take oral
medication were treated with intravenous
mephenesin; 4 grams were added to 5% glu-
cose in water, and this was given by slow
intravenous drip over a 12-hour period. Some
unpleasant side effects were light-headedness
and unsteady gait. The dose of chlorphenesin
carbamate was from 800 mg to 2400 mg per
day [4], and drowsiness sometimes developed.

Related Conditions

Multiple sclerosis should be suspected in
younger patients with trigeminal neuralgia
(those whose symptoms began before they
were 45-years-old) and those with bilateral
symptoms [16]. Other diagnostic tests for
multiple sclerosis such as cerebrospinal fluid
examination for gamma-globulin and oligo-
clonal bands, visual-evoked responses, and
magnetic resonance imaging should be put-
sued if multiple sclerosis is a possibility and
microvascular decompression is being con-
sidered as treatment for the trigeminal neural-
gia, because microvascular decompression is
contraindicated in the presence of multiple
sclerosis.

Only a few patients with trigeminal neural-
gia will have a brain tumor (1%-5%), and
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many of these will have other neurological
abnormalities caused by the brain tumor [17].
Rarely, a patient with trigeminal neuralgia and
no other signs or symptoms will have a brain
tumor causing the trigeminal neuralgia. In
those whose face pain symptoms are intrac-
table enough to require a neurosurgical proce-
dure, computerized tomography (with and
without contrast) or magnetic resonance imag-
ing [18] should be done to exclude the possi-
bility of a brain tumor, even though most
patients will not have one.

ATYPICAL TRIGEMINAL NEURALGIA
Some patients with triggered, paroxysmal pain
in the trigeminal distribution have the atypical
feature of constant pain that persists in be-
tween the paroxysms. These patients are often
helped by the medications used for trigeminal
neuralgia (carbamazepine, baclofen, pheny-
toin).

PRETRIGEMINAL NEURALGIA [19]

Some patients who later develop typical trigem-
inal neuralgia have a prodromal pain that is
either dull and aching, or burning. The pain is
localized to a part of one alveolar quadrant.
Although it may occasionally be triggered by
jaw movement, pretrigeminal neuralgia is not
associated with a trigger area in the skin or
mucous membrane. This pain may be episodic,
and it may occur for weeks, months, or even
years before the onset of true trigeminal
neuralgia. A similar kind of pain occurs in
association with multiple sclerosis. Pretri-
does

geminal  neuralgia

carbamazepine.

respond  to

TRIGEMINAL NEUROPATHY

Patients with trigeminal neuropathy show
signs of trigeminal nerve dysfunction, such as
hypoalgesia or hypoesthesia, or impairment of
muscles of mastication and deviation of the
opened jaw to the side of the lesion. There
may also be pain in the distribution of one or

more divisions of the trigeminal nerve; this
pain may be paroxysmal and triggered by light
touch, but sometimes it is continuous and not
triggered. Other nearby cranial nerves may
also be involved and may cause impairment of
extraocular movement, facial weakness, or
eighth nerve dysfunction. Tumors, infection,
granuloma, vascular abnormalities, demyelina-
ting disease, or viral infections are sometimes
responsible for trigeminal neuropathy.
Peripheral tumors that involve the trigem-
inal nerve at the base of the skull are usually
malignant and are more likely to be associated
with atypical facial pains [17]. These can
usually be biopsied via an otolaryngological
apptroach and are treated with radiotherapy.

Other Facial Pains

GLOSSOPHARYNGEAL NEURALGIA
These patients have paroxysmal pain in the
distribution of the glossopharyngeal and
vagus nerves; the tonsillar pillars, base of the
tongue, soft palate, and external auditory canal
may be involved [20, 21]. Pain is triggered by
swallowing or coughing, and temporary relief
can be provided by spraying the throat with
local anesthetics. Carbamazepine, baclofen, or
phenytoin may help.

GENICULATE NEURALGIA

This has been described as pain in either the
ear or the deeper structures of the face, orbit,
posterior nasal, or palatal regions [22]. Some-
times there is evidence of a herpetic rash in the
auricle or external auditory canal, with possi-
ble facial palsy, hearing loss, vertigo, and
tinnitus. Geniculate neuralgia must be dif-
fetentiated from glossopharyngeal neuralgia,
which can also cause otalgia, although local
anesthetics in the pharynx and tonsillar area
may temporarily relieve the pain of glosso-
pharyngeal neuralgia.
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DENTAL PAIN

Pain of the dental and peridental structures is
the most common cause for face pain and can
usually be diagnosed by direct examination of
dental structures. When diseased, these are
frequently sensitive to direct percussion ot
cold temperature.

ATYPICAL FACIAL PAINS

These pains are often continuous, not trig-
gered, and not confined to the distribution of
one cranial nerve. Depression is frequently
present [23, 24], and tricyclic antidepressants
may help. Patients with atypical facial pain
were significantly younger (mean 44.5 years) at
onset than those with trigeminal neuralgia
(mean 55.2 years) [25]. Although females out-
numbered men by 2:1 in both conditions [25],
the younger age of the atypical facial pain
group suggests a stronger female preponder-
ance if age-adjusted data were used. Usually
there is no specific correctable underlying
cause, and surgery is contraindicated because
it is not likely to help and often makes the
patient worse.

VASCULAR DYSFUNCTION

There are some conditions associated with face
pain that are probably a result of vascular
dysfunction and that respond to medications
for migraine. These include cluster headache,
lower-half face pain, and carotidynia. Ergota-
mine may abort an acute attack, and methy-
sergide, lithium carbonate, prednisone, or
propranolol turther
episodes; indomethacin and calcium-channel
blockers may also be helpful.

Cluster headache may involve the orbit and
cheek as well as the head. Men are usually
affected. During an attack there are autonomic
manifestations with conjunctival congestion,

may help prevent

lacrimation, stuffiness in nasal passages, and
occasionally ptosis or myosis associated with
facial sweating and ipsilateral erythema. Dur-

ing a cluster headache, patients often pace
about. Pain lasts for 20 minutes to 2 hours and
recurs at varying times every day for several
weeks, then disappears and returns months or
years later. (Some have suggested that cluster
headache is mediated by the nervus inter-
medius, is a form of geniculate neuralgia, and
may be relieved by section of the nervus
intermedius [22, 26, 27]. However, the data are
not conclusive enough to make this a standard
recommendation.)

Lower-half headache is more typical of
migraine, except that the pain is in the face.
Women ate involved more than men. The face
pain is throbbing and unilateral, and may be
associated with nausea, vomiting, and photo-
phobia. Menstruation and alcohol are frequent
precipitating factors, and there is usually a
family history of migraine.

Carotidynia is a syndrome of lateral neck
pain with radiation to the side of the face and
tenderness over the carotid artery in the neck
[28, 29]. The distribution of pain is not in the
divisions of the trigeminal nerves, but rather
along the branches of the external carotid
artery. The pain is usually constant and dull
with episodes of throbbing exacerbations.
Pain is aggravated by palpation of the carotid
artery and sometimes by turning the neck or
swallowing.

A painful condition of the internal carotid
artery associated with oculosympathetic par-
alysis and anhidrosis of the forehead is a
pericarotid syndrome [30]. Pathogenetically
associated conditions are migraine, cluster
headache, infection, trauma, or dissecting in-
ternal carotid aneurysm; one of these is present
in half the cases. In addition to treating the
underlying condition when one is detected,
symptomatic relief may result from the use of
analgesics rather than vasoactive agents [30].

INFLAMMATORY VASCULAR DISEASES

Many patients with temporal arteritis will have
pain and tenderness of the arteries of the scalp
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and face in addition to systemic disease, which
may present with fever, malaise, anemia, or
other protean manifestations [31]. Vascular
occlusion may cause blindness or infarction of
the brain or facial structures. The elderly are
affected, and the sedimentation rate is almost
always elevated. The diagnosis is established
by biopsy of the supetficial temporal artery. A
large segment of the artery (4—6 cm) should be
obtained because pathologic abnormalities
may be confined to short segments. A negative
initial biopsy does not rule out the diagnosis,
and contralateral biopsy is frequently positive.
Corticosteroid therapy is beneficial.
Wegener’s granulomatosis is associated
with a systemic vasculitis but may cause pain
of the paranasal sinuses, orbit, or palate [32].
Cranial neuropathy, mononeuritis multiplex,
and infarction or hemorrhage of the brain
may occur. Immunosuppressive therapy with
cyclophosphamide is often effective.

REFLEX SYMPATHETIC DYSTROPHY ([33]
Facial reflex sympathetic dystrophy may fol-
low trauma to the face. Most of these patients
have a constant burning that is exacerbated by
light touch. Treatment is directed at sym-
pathetic denervation, which can be produced
by oral medication (phenoxybenzamine), re-
peated local anesthetic blocks of the stellate
ganglion, or, rarely, sympathectomy.

POSTHERPETIC NEURALGIA

As in other forms of trigeminal neuropathy,
analgesia or hypoalgesia is usually present
when patients have postherpetic neuralgia of
the trigeminal nerve. The appearance of
vesicles establishes the diagnosis. The first
division of the trigeminal nerve is usually
involved, and the pain is continuous and not
triggered. Occasionally there is also a paroxys-
mal pain.

Amitriptyline provides good to excellent
pain relief in 67% of patients, as demonstrated
by a double-blind crossover study [34]. The
analgesia may be independent of the anti-

depressant effect. A single dose is given at
bedtime, starting with 12.5 mg to 25 mg, and
increased by half to one pill (25-mg size) every
2 to 5 days. Doses that are too high may
sometimes result in increased pain, which is
ameliorated after dose reduction.

Fluphenazine (Prolixin), 1 mg 3 times a day,
is sometimes given in addition to amitripty-
line, but the possibility of tardive dyskinesia
that may develop from the use of pheno-
thiazines (such as fluphenazine) plus the un-
certainty of their benefit should temper their
use.

Transcutaneous nerve stimulation is a safe
technique and has helped some of these pa-
tients [4]; it is worth trying although it is
frequently disappointing.

Neurosurgical procedures are rarely helpful
but may be considered if there is a paroxysmal,
triggered component in a patient who is not
analgesic.

THALAMIC PAIN

Thalamic infarction can result in hemisensory
dysfunction with agonizing, burning pain in
the face as well as the rest of the body
contralateral to the thalamic lesion. Tricyclic
antidepressants and transcutaneous
stimulation [4] sometimes help. The pain may
petsist in spite of treatment.

nerve

EAGLE’S SYNDROME (ELONGATED
STYLOID PROCESS)

Two clinical syndromes have been attributed
to an elongated styloid process. The first
typical form occurs after tonsillectomy and
includes a sensation of a foreign body in the
pharynx, pain in the ear, dysphagia, and a
petsistent sore throat [35]. The second atypical
syndrome is similar to that described for
carotidynia [36]. Tenderness in the distri-
bution of the symptomatic pain is precipitated
by palpation in the tonsillar fossa, and local
anesthetics in this area abolish the pain tem-
porarily. Panoramic radiographs demonstrate
the elongated styloid process. Surgical reduc-
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tion of the styloid process has been recom-
mended if symptoms are severe [35, 36].

In a recent study [37], it was shown that the
radiologic finding of elongated styloid process
and/or ossification of the stylomandibular or
stylohyoid ligaments occurred in about 30%
of edentulous patients. There was a statisti-
cally significant relationship between facial
pain and pain on turning the neck, and radio-
logic evidence of anatomic aberrations in the
styloid-stylohyoid complex. This
existed only in women and could not be
demonstrated for the other Eagle symptoms of
pain on swallowing or tinnitus. The authors
concluded that the finding of elongated styloid
processes is of minor clinical importance.

relation

SINUS DISEASE

Chronic sinus disease does not usually cause
face pain, although an expanding mass can
produce a dull aching sensation. Sinus disease
is much more likely to cause pain when it is
acute. The pain of acute sinusitis is usually in
the overlying face, which is often tender,
although it may be referred in acute maxillary
sinusitis to the eye or teeth. Acute involve-
ment of the frontal sinus causes pain in the
forehead, and acute ethmoiditis causes pain in
the bridge of the nose and between and behind
the eyes. Infection requires treatment with
appropriate antibiotics; surgical drainage is
sometimes necessary.

TEMPOROMANDIBULAR JOINT

DISEASE [38, 39]

Face pain and disturbance of mandibular
movement are characteristic of myofacial pain
dysfunction (MPD) and temporomandibular
joint (TM]) dysfunction. The pain is a uni-
lateral aching in the jaw with radiation to the
face, ear, temple, and occasionally the lateral
cervical or retroorbital region. Tenderness
may be in the muscles of mastication (MPD)
or joint (TM]). In only a few patients with
pain, impaired mandibulat movement, and
tenderness, are there organic abnormalities of

the joint as demonstrated by imaging tech-
niques; the term TM] disease is restricted to
these. TM] disease may be caused by degen-
erative or rheumatoid arthritis, trauma, in-
fection, or neoplasm; ankylosis ot chronic dis-
location may be present.

Treatment should usually be as conservative
as possible. Excessive muscle contraction, if
present, may be relieved by massage, moist
heat, muscle-relaxing exercises, biofeedback,
or psychological counseling. Obvious mal-
occlusion should be corrected by dental
Non-narcotic analgesics, anti-
inflammatory agents, antidepressants, muscle
relaxants, and minor tranquilizers may be
helpful. Some physicians recommend local
injections of trigger points in spastic muscles
or intra-articular injections. Major surgical
procedures on the joint may be required, but
only for those rare patients with very ad-
vanced disease.

maneuvers.

Summary

Trigeminal neuralgia is an episodic, patoxys-
mal, painful condition in the distribution of
the trigeminal nerve, usually unilateral at any
one time, which is assoéiated with a normal
neurologic examination or minimal hypo-
algesia in untreated patients; it responds
extremely well to carbamazepine and denerva-
tion; other medicines that may help ate
baclofen, phenytoin, clonazepam, and meph-
enesin carbamate.

Atypical trigeminal neuralgia, vagoglosso-
pharyngeal neuralgia, and geniculate neuralgia
are other facial neuralgias that respond to
carbamazepine.

Non-neuralgic facial pains may be caused by
infection, inflammation, ot neoplasm The den-
tist or otolaryngologist may help diagnose
these conditions.

Non-neuralgic pains are frequently atypical
and may be constant, diffuse, or burning. They
are not triggered by light touch and are
beyond the distribution of one cranial nerve.
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These pains are often associated with de-
pression and are sometimes accompanied by
myofacial or vascular dysfunction.
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4. OVERVIEW OF NEUROSURGICAL
TREATMENT OF FACIAL
NEURALGIAS

Ronald Brisman, M.D.

Introduction

There are few situations in neurosurgery, and
indeed in all of medicine, where the physician
can relieve pain and suffering as dramatically
and effectively as in patients with facial neural-
gias. Two factors necessary for a successful
outcome are recognition of which kinds of
patients can be helped and persistence until the
pain has subsided.

Trigeminal neuralgia is the most common
facial neuralgia that can be helped neurosurgi-
cally. Glossopharyngeal neuralgia, which can
also be treated successfully by the neurosur-
geon (Chapter 11), is much less common.

Symptoms, Diagnostic Procedures, and
Nonsurgical Treatment!

SYMPTOMS

Because there are so many other non-neuralgic
face pains that not only cannot be helped
neurosurgically but are often worsened by
neurosurgical procedures, it is important to
emphasize the diagnostic features that charac-
terize trigeminal neuralgia (tic douloureux).
This pain is paroxysmal, episodic, triggered by
light touch about the mouth or face, and
located in the distribution of the trigeminal

! For details see Chapter 3.

nerve. The neurologic examination is usually
normal in untreated patients, pain is unilateral
at any specific time, and carbamazepine (Teg-
retol) relieves the pain.

NONSURGICAL TREATMENT

Some patients with trigeminal neuralgia will
have very long spontaneous remissions and
will not require medication or surgery; other
patients can be managed well with medication;
and the remaining patients who cannot be
treated satisfactorily with medications are
candidates for neurosurgical intervention.

One can err by hastening surgery, without
giving carbamazepine a chance, or delaying
unnecessarily and subjecting the patient to
prolonged discomfort and unpleasant side
effects of medications.

Carbamazepine is so effective for trigeminal
neuralgia that the diagnosis should be doubted
if patients do not respond to it. The dose can
sometimes be decreased and even stopped, and
a long remission may occur because of the
episodic nature of the condition. Occasionally,
an exacerbation may be controlled by increas-
ing the dose temporarily.

Many people cannot tolerate carbamaze-
pine. Others may find that larger doses are
required after a period of time, often with less
effective pain relief and with more unpleasant

Brisman, R., (ed.), Neurosurgical and Medical Management of Pain: Trigeminal Neuralgia, Chronic Pain, and Cancer Pain.
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side effects. Other medications may be added
or substituted for carbamazepine, but these are
much less effective and have their own adverse
effects. When carbamazepine is no longer
effective, patients often benefit from a neuro-
surgical procedure; they find that medication
can then be eliminated or reduced to more
tolerable levels.

Neurosurgical Principles

Many procedures may telieve the pain of
trigeminal neuralgia, but none results in a
permanent cure for all patients. The longer the
period of survival following a procedure, the
greater the chance that recurrent pain will
develop some time in that interval. There is a
risk that the patient will be made worse from
the treatment.

DENERVATION

Trigeminal sensory denervation frequently
stops trigeminal neuralgia symptoms. Periph-
eral denervation that is further away from
the brain stem than the sensory ganglion is less
likely to be effective and more likely to be
associated with early recurrence than denerva-
tion that is in the gasserian ganglion or in
between the ganglion and the brain stem.
When denervation, such as neurectomy or
alcohol injection, is further out in the periph-
ery, recurrence develops more rapidly. The
more extensive the denervation, the longer the
pain-free interval, but the patient is more
likely to develop dysesthesias. Partial denerva-
tion may relieve the pain of trigeminal neural-
gia with a lower incidence of dysesthesias but a
greater chance of recurrence.

PERCUTANEOUS PROCEDURES?

The percutaneous approach to the gasserian
ganglion and retrogasserian rootlets and the
partial denervation induced by radiofrequency

2 See Chapters 5 and 6.

electrocoagulation (RFE) [1] or glycerol [2]
is often associated with the relief of pain;
except for the effects of trigeminal denerva-
tion, complications are rare.

MICROVASCULAR DECOMPRESSIONS3
Blood vessels are usually near the trigeminal
nerve where it exits from the brain stem.
Sometimes, these blood vessels indent the
nerve. Microvascular decompression opera-
tions are often associated with relief of pain
[3]. Surgical mortality occurs in approximately
1% of patients, major neurological morbidity
occurs in another 1% or 2% of patients, and
less severe complications occur in many
others.

Chotce of Procedure

A percutaneous procedure with either radio-
frequency electrocoagulation (RFE) or gly-
cerol should be done on patients with in-
tractable trigeminal neuralgia in the second or
third division and one of the following: age 65
years or older; a medical contraindication to
suboccipital craniectomy and general anes-
thesia, such as marked obesity or severe
cardiovascular disease; or multiple sclerosis.

There is more controversy regarding the
neurosurgical management of those who are
less than G65-years-old without multiple
sclerosis or major medical illness, or patients
with first division pain. Some physicians re-
commend percutaneous RFE or glycerol,
others prefer microvascular decompression,
and a few still advocate peripheral neurectomy
or alcohol injection [4].

It 1s my practice to recommend a modet-
ately denervating percutaneous RFE with or
without glycerol (see Chapter 6) for almost all
patients with intractable trigeminal neuralgia.
I offer a milder percutaneous retrogasserian

3 See Chapter 7.
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denervation for those patients with contra-
lateral facial anesthesia or those who are ex-
tremely fearful of dysesthesias and are willing
to risk the likelihood of recurrence. With these
percutaneous techniques, excellent relief of
pain can be obtained in the vast majority of
patients; the likelihood of a setious complica-
tion is extremely rare; and severe dysesthesias
are infrequent. Recurrent pain may develop
but can be handled successfully by repeating
the procedure, which can be done without
added difficulty and with a similar expectation
of a good result.

For those few patients who cannot be
managed well with percutaneous techniques,
either because of technical problems or fre-
quent recurrences, I favor a suboccipital crani-
ectomy. During this procedure, I will do as
much of a microvascular decompression as
possible, but in addition, I will coagulate or
cut the caudal quarter or third of the trigem-
inal sensory nerve.

There are a few patients who have pure
trigeminal neuralgia restricted to the first divi-
sion. Initially, I offer these patients a periph-
eral neurectomy or supraorbital alcohol in-
jection, because this can avoid the undesirable
consequences of corneal anesthesia. If pain
recurs, which it usually does, then RFE or
glycerol can be used.

Evalnating Results of
Treatment — Methodology

In order to compate two or more treatments
for trigeminal neuralgia, one must look not
only at the safety of the procedures, but also at
their effectiveness. The critical question is pain
relief: What percentage of patients are relieved
of pain and for how long? Ideally, patients
should be randomly and prospectively al-
located to different forms of treatment, fol-
lowed in a uniform manner, and compatred for
parameters that might influence outcome.
Such a study of the neurosurgical treatment of

trigeminal neuralgia has not been done and
would be very difficult to do because many
patients and physicians have a definite pref-
erence for a particular kind of treatment.

Retrospective reviews can provide useful
information, especially if certain methodologi-
cal traps are avoided. Average duration of
followup should be eliminated, because the
constant accrual of new patients who have
been followed for a short period of time falsely
dilutes the data. Recurrence, with or without
reoperation and with or without the resump-
tion of carbamazepine, should be reported as a
percentage of those who are at risk for recut-
rence per unit of time.

It is desirable, but often difficult, to follow
all of the originally treated patients. When this
is not done, it is likely that those who ate
followed are selected because they have re-
curred. If calculations are done using only
those who are followed as the group at risk for
recurrence, then the percentage of treatment
failures will be falsely elevated; but if the entire
group — including those who were not fol-
lowed — 1is used as the group at risk for
recurrence, then the recurrence rate will be
spuriously lowered. The lack of uniformity in
manner of followup among the different
studies impairs the usefulness of one group of
patients as a historical control for another.

Evaluating Dysesthesias —
Methodology

Dysesthesias are one of the most common
complications associated with trigeminal de-
nervation, and their apparent incidence will be
influenced by duration of observation, manner
of inquiry, and recognition of the patient as his
own control.

Dysesthesias frequently tend to diminish
with time, as do othetr manifestations of de-
nervation, and the longer the interval between
surgery and followup, the less likely the pa-
tient is to notice and report them.
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A casual history is less likely to elicit the
presence and severity of dysesthesias than is a
direct questionnaire that asks the patient to
give a numerical score and choose the closest
verbal description (see Appendix).

Some patients are bothered by an abnormal
tightness, numbness, crawling, itching, or
burning sensation in the face prior to the
procedure being evaluated. These dysesthesias
may have been caused by a previous manipula-
tion of the trigeminal nerve, they may be
associated with or linger after paroxysms of
pain, or they may exist because of unexplained
reasons.

The most reliable data regarding postopera-
tive dysesthesias will be based on a com-
parison of the patient’s responses to questions
asked before and after the surgery; only those
with postoperative dysesthesias who did not
have similar unpleasant sensations prior to
surgery should be regarded as having them as
a result of the surgery.

Atypical Facial Pain

There are many more patients with atypical
facial pains than true trigeminal neuralgia. The
neurosurgeon must be particularly aware of
the diagnostic characteristics of this group
because these patients are usually not helped
by neurosurgical procedures and are often
made worse by them. These patients usually
have constant, nonprovokable pain, which is
not triggered by light touch, is not in the
trigeminal distribution, and does not respond
to carbamazepine.

There is a small group of patients who have
some features of trigeminal neuralgia, but with
atypical features. I have used a percutaneous
approach to the gasserian ganglion in a few of
these patients and have injected a small
amount of bupivacaine (Marcaine 0.5%, 0.1
ml to 0.5 ml). This gives the patient an
oppottunity to see if the pain can be relieved
by denervation and whether he or she is
willing to accept permanent sensory alteration.

Summary

Trigeminal neuralgia is characterized by
paroxysmal, triggered, episodic pain in the
trigeminal distribution, which is usually re-
lieved by carbamazepine.

Neurosurgical procedures are recommend-
ed for those who have intractable trigeminal
neuralgia pain that cannot be managed with
medications.

Partial trigeminal sensory denervation can
relieve the pain of trigeminal neuralgia; less
denervation increases the chance of recur-
rence but decreases the possibility of
dysesthesias.

A moderate partial denervation of the gas-
serian ganglion and retrogasserian rootlets
with radiofrequency electrocoagulation or gly-
cerol is an extremely safe and effective way to
treat trigeminal neuralgia, and is recommend-
ed for most patients with intractable pain. A
light denervation is offered to patients with
bilateral trigeminal neuralgia and contralateral
facial analgesia, or those who are extremely
fearful of dysesthesias and are willing to risk
the likelihood of recurrence.

A suboccipital microneurovascular opera-
tion can also relieve the pain in many patients
with trigeminal neuralgia; because of the
added risks, this is advised only for those few
patients who cannot be managed satisfactorily
with percutaneous procedures.

Differences in methods of followup and
groups at risk for recurrence make it difficult
to compare the results in retrospective studies.

The reported incidence of postoperative
dysesthesias will be influenced by the duration
of followup, the use of a questionnaire, and a
comparison with the patient’s preoperative
condition.

Patients with atypical facial pain are less
likely to benefit from neurosurgical proce-
dures and are more likely to have
complications.
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5. TREATMENT OF TRIGEMINAL
NEURALGIA BY RADIOFREQUENCY
ELECTROCOAGULATION

Ronald Brisman, M.D.

Introduction

The radiofrequency electrocoagulation (RFE)
of the gasserian ganglion and retrogasserian
rootlets was performed in Europe in the 1930s
[1] but was refined and popularized in this
country by Sweet in 1974 [2] and others [3-5].

Using this technique, the surgeon can re-
lieve the pain of trigeminal neuralgia in most
patients. Damage to structures other than the
fifth nerve is very unlikely if careful attention
is given to surgical technique. The main
drawbacks are dysesthesias and recurrence.
Dysesthesias can be minimized by making
small lesions, and recurrences can be con-
trolled by repeating the procedure.

From July 1976 to November 1985, the
author has performed 309 RFE procedures on
260 patients. One hundred fifty-seven con-
secutive patients with medically intractable
trigeminal neuralgia, who did not have a brain
tumor or multiple sclerosis and were treated
with RFE alone (without glycerol) between
July 1976 and December 1983, are the subject
of this chapter.

Technique

The patient is positioned supine with a pillow
under the knees to prevent back pain, which
might otherwise occur during hyperextension
of the neck for submentovertex skull x-rays.

The face is prepped with alcohol so that
erythema can be seen during heating, and
Hartel coordinates are marked on the face with
a sterile marking pen; these are 3 cm on the
zygoma anterior to the tragus, just below the
medial aspect of the pupil, and 2.5 (third
division) to 3 (second or first divisions) cm
lateral to the angle of the mouth. An intrave-
nous infusion is started, and droperidol (2.5 mg
to 5 mg) and fentanyl (0.05 mg to 0.1 mg) are
given. The smaller doses are used for the
elderly. During the procedure, more medica-
tion — usually small increments of fentanyl —
may be necessary. Blood pressure is moni-
tored, and nasal oxygen is administered. A
disposable grounding plate is secured on the
arm or upper chest.

The skin (2.5 cm to 3 cm lateral to the angle
of the mouth) is infiltrated with local anesthe-
tic, and a puncture is made with an 18-gauge
needle. The Radionics straight cannula with a
7-mm uninsulated tip needle is inserted, and a
gloved finger is held inside the oral mucosa.
When correct placement in front of the mid-
point of the foramen ovale or slightly anterior
to this is confirmed by submentovertex and
lateral skull x-rays, slumber is induced with
methohexital (Brevital), and the foramen ovale
is penetrated.

The target points are the midpoint of the
foramen ovale, as seen on the submentovertex

Brisman, R., (ed.), Neurosurgical and Medical Management of Pain: Trigeminal Neuralgia, Chronic Pain, and Cancer Pain.
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skull x-ray (Figure 5-1), and the angle between
the petrous bone and clivus, on the lateral
view (Figure 5-2). The mandible may obscure
the foramen ovale on the submentovertex x-
ray, especially in patients who cannot extend
the neck fully. This may be overcome by turn-
ing the head 20° to. the side of the needle
(Figure 5-3).

Patients with severe cervical osteoarthritis
may have difficulty extending the neck. As
long as the x-ray cassette is placed tangential to
the occiput and the x-ray tube is angled
sufficiently, the foramen ovale will be seen on
the submentovertex view, even if the neck is
not completely extended. Under these circum-
stances the x-ray cassette will be at an angle to
the x-ray table rather than flat on top of it,
which is the usual position when the patient
can extend the neck fully.

Skull x-rays in two projections are impot-
tant because only one view can be misleading.
The cannula may appear to be directed prop-
erly on the submentovertex view, but incor-
rect placement (usually posteromedial) may be
demonstrated on the lateral. The lateral x-ray
is necessary to determine depth of penetration.
If the electrode is more than 5 mm anterior to
the clivus, it will often be too shallow and a
postganglionic lesion is more likely to de-
velop. When the electrode is more than 5 mm
posterior to the clivus, the danger of unwant-
ed first division denervation is increased.

Final cannula placement within the trigem-
inal complex is determined by the response
of the awake patient to stimulation at 100
cycles per second and 0.1 volts to 0.3 volts.
Deeper insertion will often move the cannula
tip from the third to the second or first sensory
divisions. Sometimes, if second or first divi-
sion denervation is desired, it is necessary to
penetrate the foramen ovale in a more ante-
romedial location. If trigeminal motor re-
sponse is obtained from stimulation, it is
advisable to reenter the foramen ovale in a
more posterolateral position. The conscious

FIGURE 5-1. Submentovertex skull x-ray shows
the cannula through the foramen ovale (arrow).

FIGURE 5-2. Target on lateral x-ray is the angle
between the petrous bone and clivus.



5. TREATMENT OF TRIGEMINAL NEURALGIA 43

FIGURE 5-3. Turning the head 20° to the side of
the cannula makes it easier to see the foramen ovale
(large arrow) on the submentovertex skull x-ray,
because the mandible is moved out of the way. The
contralateral foramen ovale (small arrow) is ob-
scured by the mandible.

patient’s response to low-voltage heating and
the location of facial erythema during more
intense heating are further guides to the divi-
sion that is being denervated.

During the first few years of this study, the
author followed the standard description of
the RFE and made an initial lesion at 60°C for
60 seconds and followed this with additional
heatings for 60 seconds at 5°C increments until
analgesia was induced in the desired division.
In later years, mainly after 1979, most patients

TABLE 5.1. Characteristics of
157 patients: 1976-83

Female 60.5%
Right-sided pain 58%
Bilateral face pain, by history 10%
Average age at first RFE 62 years
Median age at first RFE 64 years
Average duration of preoperative

pain 86 months
Previous trigeminal surgery 13%
received two heatings — one at 65°C for 60

seconds, and, if analgesia did not develop,
then a second lesion was made at 70°C—75°C
for another 45—60 seconds.

A small dose of methohexital (20 mg to 25
mg) is given rapidly intravenously just prior to
heating the nerve.

Results

PATIENT POPULATION (Tables 5-1 and 5-2)

One hundred fifty-seven patients with trigem-
inal neuralgia were treated with at least one
RFE between January 1976 and December
1983. The average age at the time of the first
RFE was 62 years (Figure 5-4). Sixty percent
were females. The right side was the side of
initial RFE in 58%. In 10% of the total group,
the other side was involved at some time, but
simultaneous bilateral trigeminal neuralgia
pain was present in only one patient. The
second and third divisions were most fre-
quently affected. The average onset of original
pain was 86 months prior to the first RFE in
the present study. Twenty-one patients had

TABLE 5-2. Division of pain in 157 patients: 197683

2&3 3 2
37% 30% 19%

Division

Percent

1 &2 1
11% 2%

1&3
0.6%

1-3
0.6%
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TABLE 5-3. Initial results in
157 patients: 197683

No. Percent
Initial technical success 152 97%
Initial good pain relief 143 90%

been operated previously for
neuralgia.

trigeminal

INITIAL RELIEF OF PAIN (Table 5-3)
Technically satisfactory RFE was performed
in 97% of the patients, with initial relief of
pain in 90% of the total group.

REOPERATION (Tables 5-4 and 5-5)

Repeat surgery was done in 38 patients (24%).
The period at risk for reoperation ranged from
2 to 9 years, and the average followup was 25
months. Eighty-nine petcent of the reoperated
patients had their second procedure within 4
years of the first RFE (Figure 5-5). The Meiet-
Kaplan product limit curve was calculated,
and an estimate probability of not being re-
operated was constructed (Figure 5-6). After
72 months following RFE, the estimated
chance of not requiring a repeat operation was
53%.

The reoperated and entire group with an
initial technically successful RFE were com-
pared to see if there were a dispropottionately
higher incidence in the reoperated group of
certain characteristics (Table 5-5). The most
statistically significant factor in the two groups
(p < .003, chi-square with Yates’ correction)
was a tendency for the reoperated group to
have been followed for a longer time (46

TABLE 5-4. Reoperation in 157 patient: 197683

Age at First RFE Number of Patients per Decade
(1976-86) Typical Tic

80.0

60.5

41.0

215

Number of Patients

2.0

Age (Decade) at First RFE

FIGURE 5-4. Most patients were in the 6th (50s),
7th (60s) or 8th (70s) decade at their first RFE.

Number of Patients Reoperated for First Time
Each Year Following RFE
(157 Patients: 1976 -83)

14.00
10.75

7.50

4.25

Number of Patients

P

1.00

Year after First RFE

FIGURE 5-5. Most reoperations appeared to occur
within the first 3 years of the original RFE.

months as opposed to 26 months for the entire
group). Also of statistical significance (p =
.04), was the younger age (average 57 years) of
the reoperated as opposed to the entire group
(62 years). Although not statistically signifi-
cant (< 0.1), but suggesting a possible trend,
was the higher incidence of patients with
previous surgery in the reoperated group

(20%) as opposed to 11% in the entire group.

Operations No.

Patients No. Percent of 157

Reoperation: By author 48
Other doctors

35 22%
3 2%

Total

38 24%




5. TREATMENT OF TRIGEMINAL NEURALGIA 45

Probability of No Reoperation
Following RFE
(157 Patients: 1976 -83)

i

O L | Il i |
20 40 60 80 100

Months

TABLE 5-5. Reoperated patients and
entire group compared

Re- Entire
operated group p value
No. 35 152
Mos. followed
(average) 46 26 <.003!
Age (average) 57 62 o4t
Patients with
previous
surgery 20% 1%  >.12
First symptom
(Ave. mos. pre-
first RF) 78 89 421
Female 57% 60.5% >.12
Right side 54% 58%  >.12

FIGURE 5-6. Estimated probability of not under-
going a repeat operation through any given period
after RFE. The graph is a Meier-Kaplan product-
limit estimate. The numbers in parentheses indicate
how many patients who had not been reoperated
were available for followup.

20 40 60 80 100
Months

FIGURE 5-7. Estimated probability of not having
recurrence after RFE. The numbers in parentheses
indicate how many patients without recurrence
were available for followup.

RECURRENCE (Figure 5-7)

The probability of recurrent trigeminal neural-
gia pain, whether or not it resulted in reopera-
tion, was plotted using the Meier-Kaplan
product limit method. Estimated probability

I Two-tailed test on significance of mean
2 Chi-square with Yates’ correction

or recurrence for 50% of patients was between
40 and 43 months.

Factors associated with nonrecurrence were
analyzed in 152 patients according to Peto and
Peto’s generalized Wilcoxon test and the two-
sided alternative (Table 5-6). Patients who
were followed for more than 48 months and
those with postoperative, but not preopera-
tive, analgesia had longer recurrent-free inter-
vals (statistically significant, p < .003). There
was a suggestion that the absence of previous
surgery might be associated with less recur-
rence (p = .095). Sex, age, time of onset of the
first symptom, and hypoalgesia (50%-89%)
were not associated with an alteration in the
recurrence-free interval.

FINAL PAIN RELIEF (Table 5-7)

At final followup (the last time that the patient
was interviewed), pain relief was excellent (no
pain and no medication) in 26.8%; good
(either no pain or mild infrequent pain with
small doses of medication or mild infrequent
pain and no medication) in 51.6%; fair (both-
ersome pain in spite of medication but not
so bad as prior to RFE) in 13%; and poor (as
bad as before RFE) in 8.5%.
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TABLE 5-6. Factors associated with
nonrecurrence (152 patients)

TABLE 5-8. Complications in
157 patients: 197683

No. p*

Followup > 48 months 14 <.003
Analgesia postop & not preop 23 <.003
No previous surgery 135 .095
Age < 75 132 .267
RFE before Jan 1’80 & no

postop analgesia 33 .285
Age > 40 142 .38
Male 58 .38
Without both preop & postop

analgesia 146 .52
First symptom < 120 months

preop 122 .653
Hypoalgesia (50%—89%) postop

& not preop 25 <.795
First symptom > 12 months

preop 141 .889

* Probability for the two-sided alternative based on Peto and
Peto’s generalized Wilcoxon test.

TABLE 5-7. Pain relief in 153 patients: 1976-83

Pain relief No. patients Percent
Excellent 41 26.8%
Good 79 51.6%
Fair 20 13.1%
Poor 13 8.5%

COMPLICATIONS (Table 5-8)

There was no mortality and no permanent
neurological deficit other than in the trigem-
inal nerve. One patient developed menin-
gitis with fever, increased cerebrospinal fluid
(CSF) white cells, and low CSF sugar.
Although bacterial cultures were negative, the
patient was given a full course of intravenous
antibiotics and made a full recovery. Follow-
ing either the first or subsequent RFE proce-
dures, dysesthesias were severe in 9% and
moderately bothetrsome in 13%. Moderate or

severe dysesthesias occurred in 24 of 152
patients (15.8%) after their first RFE. Dyses-

Mortality 0
Neurological deficit (not V) 0
Infection 1
Dysesthesia: moderate 13%
severe 9%
Keratitis 2.6%

thesias developed in 8 of 32 (25%) of those
who were analgesic post-RFE and in 14 of
120 (11.7%) of those who were not analgesic
(p > .1 using chi-square test). Keratitis oc-
curred in 2.6%.

Trigeminal motor (masseter and pterygoid
impairment) that was not disabling occurred
in six patients, and six others had postopera-
tive herpes simplex eruptions on the face.

One patient developed mild bleeding from
the external auditory meatus immediately fol-
lowing the procedute.

Discussion

HOW MUCH DENERVATION?

By repeating electrocoagulations until anal-
gesia develops, the surgeon may cause exces-
sive denervation with undesirable sequelae
such as anesthesia dolorosa, corneal anesthe-
sia, and keratitis. Many patients find it dif-
ficult to perceive or communicate the presence
of analgesia to pin, and this difficulty is
frequently worsened when they are under the
influence of neuroleptanalgesia. In some pa-
tients, denervation may result in hyperpathia
rather than analgesia, and further denervation
may make the hyperpathia more profound.
Lighter lesions, especially below 65°C for less
than 1 minute, are much less likely to cause
dysesthesias [6].

The first division is particularly senstitive to
denervation, and special precautions should be
taken to prevent an excessive first division
lesion. The risk of first division denervation is
increased when the cannula is 2 mm or mote
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posterior to the clivus, the patient feels stimul-
ation at 50 Hz to 100 Hz per second or low-
voltage heating (45°C to 48°C) in the first
division, or a second division lesion is being
made. Under these circumstances, it is advis-
able to make very small lesions at 5°C incte-
ments starting at 50°C for 10 to 15 seconds,
preferably with the patient awake. The elec-
trocoagulations should stop when mild
first division hypoalgesia develops. It is also
preferable to make a lesion in as shallow a
position as possible (but not more anterior
than 5 mm in front of the clivus). If a second
division is desired, and a second division
response is obtained at 4+ mm posterior to
the clivus, it is wise to withdraw the cannula a
few millimeters; if a second division response
to stimulation is still obtained, then it is
preferable to make the lesion here rather than
at the deeper position.

WHAT INCREASES THE RISK
OF RECURRENCE?

The duration of followup is an important
factor increasing the likelihood of recurrence
(Table 5-5). In the study with the longest
followup period (average 12.7 years), 80% had
a return of pain, but 96.7% ultimately attained
freedom from pain after repeat electrocoagu-
lation [7].

When a recurrence-free interval is cal-
culated using the Meier-Kaplan product limit
method, the final followup time is the time of
recurrence, or in the absence of recurrence, the
time of last patient contact. If patients are
chosen on the basis of an arbitrarily long
followup period (Table 5-6: followup > 48
months), they will automatically have a long
recurrence-free interval, because those with
earlier recurrences would have been excluded.

Patients with dense sensory deficits are less
likely to have recurrence, as demonstrated in
this study (Table 5-6) and elsewhere [6, 8].

Younger patients also appear to have a
greater chance of requiring reoperation (Table
5-5), possibly because they are at risk for a

longer period of time. This relationship was
suggested by the two-tailed test on signifi-
cance of the mean, but was not confirmed by
the more sensitive Wilcoxon test (Table 5-6).
Another study did not find any relationship
between age and outcome [8].

The present data suggest that patients with
previous surgery may possibly have a greater
chance of requiring a repeat operation, but the
data (Tables 5-5 and 5-6) are not statistically
significant to the .05 level. In a different
report, patients previously treated by open
surgery also appeared to receive less benefit
from subsequent RFE [8].

Other studies have shown a lower relapse
rate with classical trigeminal neuralgia than
with nonclassical neuralgia [8]. Although all
patients in this study had paroxysmal triggered
trigeminal face pain, and those who had
primarily atypical facial pain were not in-
cluded, some patients in this study may have
had an atypical feature, such as a constant
substrate of pain or a nontriggered compo-
nent. The author’s data do not allow for a
subdivision within the category of trigeminal
neuralgia for those with a partial atypical
component.

There was no added risk of reoperation
based on the side of the face pain, sex, or the
duration of preoperative symptoms.

HOW SHOULD RECURRENCE
BE CALCULATED?

Other series of RFE report great variations in
recurrence rates (4.3% [9], 22% [2], 80% [7]).
Recurrence is often defined differently —
sometimes as reoperation, other times as re-
turn of pain. The interval of followup has
ranged from 1 month [9] to 33 years [7];
average followup has varied from 15 months
[9] to 12.7 years [7]. It is not always clear how
patients who have been lost to followup were
handled.

A more reliable technique for calculating
and reporting recurrence is the product-limit
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survival curve of Meier-Kaplan [8, 10-12].
This allows incorporation of data from pa-
tients during the period that they have been
observed, even if subsequently they are lost to
tollowup.

In a previous study where the product-limit
method was used, 50% of patients were free of
recurrence (reoperation or recurrent symp-
toms) at a 5- to 6-year interval [8]. In the
present series (Figure 5-7), the estimated prob-
ability of recurrence of 50% of patients
occurred at 40 to 43 months following the
initial RFE. The discrepancy between the two
series can be partly explained by the inclusion
in the present study of all patients subjected to
RFE, with a risk for recurrence starting with
the initial RFE even if it was unsuccessful
(which was the case in 5 of 157 patients); in the
other study [8], 6 of 96 procedures were
aborted due to difficulty in electrode position-
ing or patient anxiety, and the rescheduled
procedure was treated as the patient’s first.
Even more important is the difference in
analgesia, which was substantial in 34% and
moderate in 55% in the other series [8], while
in the present study analgesia occurred in only

15% and moderate hypoalgesia in another
16%.

OTHER TECHNICAL CONSIDERATIONS
The author has always used submentovertex
and lateral skull x-rays and has rarely encoun-
tered a difficulty in locating the proper target
point. If the foramen ovale cannot be seen on
the submentovertex x-ray but the foramen
spinosum is visualized, the foramen ovale may
be estimated as being 1 cm anteromedial to the
center of the foramen spinosum (Figure 5-1).

Direct fluoroscopic visualization . of the
foramen ovale with anteropostetior image
intensifier has been described [4]. The ex-
tended head is rotated 20° away from the
involved side until the foramen ovale appears
as a rising sun over the petrous ridge.

An alternative target point is 9 mm medial to
the lateral border of the internal auditory

meatus, as seen on the anteropostetior projec-
tion, centered on the orbitomeatal line [13].
It has been suggested that a curved
electrode may facilitate placement of the lesion
in any particular division of the trigeminal
nerve [5, 13]. The author has tried this on a
few occasions with a curved cordotomy
electrode but has not been successful in re-
directing the electrode from the third into the
desired second division. Repositioning the
electrode through a more anteromedial por-
tion of the foramen ovale is often effective in
achieving a second (or first) division lesion,
but this is not always possible to accomplish.

AVOIDING MAJOR COMPLICATIONS

The rare complication of cerebrovascular acci-
dent after RFE has been reported [14]. This
occurs because of the proximity of the internal
carotid artery in the foramen lacerum to the
trigeminal ganglion in Meckel’s cave [14]. It
can be prevented by insisting on excellent
position on both submentovertex and lateral
x-rays prior to penetrating the foramen ovale.
Usually there is minimal resistance when the
foramen ovale is entered, and if much re-
sistance is encountered it should be assumed
that the position is probably incorrect. Good-
quality x-rays in both views should be re-
checked before proceeding.

Meningitis, with or without brain abscess,
has occurred infrequently following RFE [15].
The author does not use prophylactic antibio-
tics for this procedure. Any suspicion of
meningitis must be diagnosed promptly and
treated vigorously. Although it is certainly
possible to have aseptic meningitis following
RFE [2], it is also possible to have a bacterial
meningitis, even though bacteria do not grow
from the initial cultures. The author is aware
of such a case by another neurosurgeon, which
progressed to brain abscess after original cul-
tures of lumbar cerebrospinal fluid were nega-
tive. Because of this, the one case of presumed
meningitis in the author’s own experience was
treated successfully with a 14-day course of
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intravenous antibiotics because of a highly
suspicious clinical and spinal fluid formula,
even though initial spinal fluid cultures were
negative.

Summary

RFE is a very effective method for treating
intractable cases of trigeminal neuralgia. Good
or excellent relief of pain can be obtained in
most patients, although in some the procedure
may have to be repeated.

RFE is an extremely safe procedure; mot-
tality or damage to structures other than the
fifth nerve are very rare and did not occur in
any of the authot’s patients.

The main risks from the procedure are
dysesthesias or corneal denervation. These are
much more likely to develop if lesioning
continues until analgesia develops. Lesser de-
grees of denervation, which this author pre-
fers, are associated with less dysesthesias but a
higher recurrence rate.

High-quality x-rays in two projections (sub-
mentovertex and lateral) are essential for safe
identification of the target points, which
should be determined just prior to penetrating
the foramen ovale.

The product-limit survival curve is the
preferred statistical method for estimating the
probability of recurrence.
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6. RETROGASSERIAN GLYCEROL
INJECTION WITH OR WITHOUT
RADIOFREQUENCY
ELECTROCOAGULATION FOR
TRIGEMINAL NEURALGIA

Ronald Brisman, M.D.

Percutaneous retrogasserian injection of pure
sterile glycerol into the trigeminal cistern may
relieve the pain of trigeminal neuralgia with-
out major complications [1-3]. In the initial
reports, there was little numbness and major
dysesthesias were rare [1, 2]. As further expe-
rience developed, it became apparent that
glycerol is a denervating agent and that it
could cause analgesia with bothersome dyses-
thesias [3—5]. Larger doses of glycerol (more
than 0.25 ml) are likely to cause more denerva-
tion and dysesthesias than smaller doses.

Another problem with glycerol is that initial
pain relief cannot be obtained in all patients,
and there is a substantial recurrence rate.
Initial pain relief may be achieved in most
patients (83%—-96% [1-3]) and is more likely
when there is flow of spinal fluid from the
cannula. Recurrence occurred in 31% of those
followed between 1 to 6 years [6], although
most of these could be treated successfully
with another injection.

Radiofrequency electrocoagulation (RFE)
of the gasserian ganglion and retrogasserian
rootlets appeared to cause less recurrence but
more analgesia and dysesthesia [3] than glyc-
erol. Perhaps the use of RFE and glycerol

together could improve on the beneficial
effects (pain relief) of either one alone with
fewer complications (dysesthesias or corneal
denervation). The author has explored this
possibility with mild and moderate denerva-
tions in two consecutive series of patients with
intractable trigeminal neuralgia who did not
have multiple sclerosis or brain tumort.

Method (Tables 6-1 and 6-2)

1. Mild Denervation [(RFE + glycerol) mild]:
Between December 1983 and January 1986,
61 patients received RFE for 62°C for 25
seconds followed by 0.15 ml glycerol [7].

2. Moderate Denervation [(RFE + glycerol)
moderate]: Between February 1986 and
December 1986, 32 patients received RFE
for 60°C to 65°C for 45—60 seconds. If they
were not analgesic and there was no CSF
draining from the cannula or on the stylet,
then another RFE was given for 70°C-75°C
for 30 seconds. If they were not analgesic
after the first RFE and there was CSF
drainage, then glycerol 0.2 ml-0.25 ml] was
added.

3. RFE: The series of 157 patients treated
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TABLE 6-1. Three treatment groups

TABLE 6-3. Degree of denervation

No. of Date of fitst
Group paients procedure
RFE 157 1976—Nov.’83
(RFE + glycerol)
mild 61 Dec.’83— Jan.”86
(RFE + glycerol)
moderate 32 Feb.’86—Dec.’86

TABLE 6-2. Method of treatment

RFE No standardization of
number, degrees, or
duration of coagulation.
Originally (1976-1978)
analgesia was sought, but
later hypoalgesia was
accepted.

(RFE + RFE (62°C for 25 seconds)

glycerol) mild plus 0.15 ml glycerol

(RFE + RFE (60°C—65°C for 45-60

glycerol) seconds). If not analgesic
moderate and no CSF, then another

RFE (70°C-75°C for 30
seconds). If not analgesic
after first RFE and CSF
present, then glycerol
(0.2 ml-0.25 ml) added.

with RFE and no glycerol between 1976
and November 1983 (see Chapter 5) was
compared with the other two groups in
which glycerol was used.

Final cannula position was determined by
submentovertical and lateral skull x-rays and
response to stimulation at 100 cycles per
second, as described in Chapter 5. The straight
electrode with 7 mm of uninsulated tip was
used.

Results (Tables 6-3 through 6-5
and Figure 6-1)
There was less denervation and less anesthesia

dolorosa in the mild denervation group [(RFE
+ glycerol) mild] than in those treated only

New postoperative hypoalgesia (% of patients)

Moderate!  Severe?
RFE 16% 15%
(RFE + glycerol) mild 10% 0%
(RFE + glycerol) moderate 12.5% 6%

! Moderate hypoalgesia was 50%—89% percent decrease in
perception of pin.

2 Severe hypoalgesia was 90%~100% percent decrease in
perception of pin.

TABLE 6-4. Anesthesia dolorosa

Anesthesia dolorosa (% of patients)

Moderate  Severe
RFE 9% 13%
(RFE + glycerol) mild 5% 0%
(RFE + glycerol) moderate 6% 3%
TABLE 6-5. Recurrence
Recurrent
pain*
Without
Reop Reop Followup
() (%) (years)
RFE 15% 24%  2-10
(RFE +
Glycerol) mild  23% 15% 1-3
(RFE +
Glycerol)
moderate 6% 6% 0.1-0.9

* Includes those who were initially unsuccessful.

with RFE, but the recurrence rate was higher
in the mild denervation group. Meier-Kaplan
survival curves showed a 50% probability of
recurrence in the RFE group at 40 months and
14 months in those with RFE plus glycerol
(mild). This difference was statistically signifi-
cant to the 0.05 level (Peto and Peto’s gen-
eralized Wilcoxon test). In patients with
moderate denervation [(RFE + glycerol)
moderate], the degree of denervation and
incidence of anesthesia dolorosa was midway
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FIGURE 6-1. Meier-Kaplan survival curves show a
50% probability of recurrence in the RFE group at
40 months and 14 months in those with [(RFE +
glycerol) mild].

between that of the mild denervation and RFE
groups. It is anticipated that recurrence in the
moderately denervated group will occur later
than in the mildly denervated group, but
sooner that in the more denervated RFE
group; followup is not long enough at this
time to determine this with certainty.

Discussion

The major factor affecting the frequency of
anesthesia dolorosa and recurrence is the de-
gree of denervation; the more denervation, the
more likely is anesthesia dolorosa and the less
likely is recurrence. If a mildly denervating
lesion is made with RFE [8] or glycerol [1, 2,
5, 9] or RFE plus glycerol, there is likely to be
a small incidence of anesthesia dolorosa and a
great chance of early recurrence (Tables 6-6
and 6-7). Just as a mild, moderate, or severe
denervation can be made with RFE, so can
varying degrees of denervation be accom-
plished with glycerol [3]; larger volumes
(greater than .25 ml or .3 ml) are more likely to
cause more denervation.

Because of the relatively high recurrence
rate following a mild denervation [(RFE +

glycerol) mild], such a lesion should be re-
commended for those who are fearful of
anesthesia dolorosa and are willing to risk the
likelihood of recurrence, usually within 1 or 2
years. Patients with bilateral trigeminal neural-
gia who have profound analgesia and anes-
thesia on the contralateral side may be appro-
priate candidates for a mild denervation [10].
Most patients with trigeminal neuralgia are
best treated with a moderate denervation,
which is unlikely to cause anesthesia dolorosa
and will be associated with a longer remission.

Although we have been unable to prove
that a combination of RFE and glycerol is
better than either agent alone, there are still
reasons to believe that under certain circum-
stances the use of one or the other technique,
or pethaps the two together, may be better
than either one alone. If CSF does not emerge
from the cannula, it is unlikely that glycerol
will be effective and RFE is preferred. If
stimulation with low-voltage RFE at 100 Hz
does not produce a response in the desired
division (the site of the triggered pain), it is
not an optimal condition for making a RF
lesion, because that lesion will probably cause
most denervation in the division of stimula-
tion. One can advance the cannula, reposition
it more medially (for second or first division
lesions), or try a curved electrode [11], but
such tactics do not always work. If there is free
flow of CSF from the cannula, a situation often
associated with a good response to glycerol,
then the use of glycerol is a viable option. If
the response to stimulation is in the desired
division and a lesion for 60°C—65°C for 45 to
60 seconds is not followed by analgesia, then
deepening the lesion by adding a modest dose
of glycerol (0.2 ml) is an appropriate maneuver
when there is flow of CSF from the cannula; it
is unlikely to cause anesthesia dolorosa or
keratitis. The surgeon who undertakes pet-
cutaneous denervation and is prepared to use
either RFE or glycerol, or perhaps the two
together, has an added flexibility in producing
a safe and satisfactory moderate denervation.
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TABLE 6-6. Other series. Glycerol volume, dysesthesia, and hypoalgesia

Patient Glycerol Dysesthesia Hypoalgesia

Authors Yr no. ml major % major %*
Hakanson 1981 [1] 75 2—.4 0%
Hakanson 1983 [6] 100 2-4 0%
Lunsford 1982 2] 30 .15-.35 0%
Lunsford 1984 [9] 112 .15-.50 3.6%
Sweet 1981 [3] 27 2-4 18.5% 59%
* 50% or greater reduction.
TABLE 6-7. Other series. Recurrence and final followup

Initial Pain Final

failure recurs Reop pain Followup
Authors Yr % % of pts % free mos
Hakanson 1981 [1] 1.3% 17% 6.7% 86 2-48
Hakanson 1983 [6] 4% 31% 16% 96 12-72
Lunsford 1982 [2] 17% 97 5-12
Lunsford 1984 [9] 10.7% 17% 17% 90 4-28
Sweet 1981 [3] 11.1%

TECHNIQUE OF GLYCEROL INJECTION

In the original description of retrogasserian
glycerol injection by Hakanson [1], the trigem-
inal cistern is punctured percutaneously by
the anterior route via the foramen ovale, and
contrast (metrizamide) is injected following
spontaneous CSF drainage. Such drainage by
itself does not always indicate proper place-
ment because it may also occur when the
needle tip is in the subtemporal subarachnoid
space. Correct placement in the trigeminal
cistern is confirmed when the proper
configuration is identified fluoroscopically.
The metrizamide is evacuated after the patient
is placed in the recumbent or Trendelenburg
position. The patient is then brought to the
sitting position, the head is flexed, and pure
sterile glycerol is injected. The volume of
glycerol is between 0.2 ml and 0.4 ml and is
determined by the estimated volume of the
cistern; usually 0.20 ml to 0.30 ml of glycerol is
sufficient [6]. To affect all three divisions, the

cistern is completely filled; to treat the third
division alone or the third and second divi-
sions, 0.2 ml to 0.35 ml glycerol are injected.
Metrizamide is heavier than glycerol, and a
little may be left behind to protect the third
division when the first or second divisions are
affected; 0.15 ml to 0.25 ml glycerol is injected
for these cases. A small amount of tantalum
dust is added to the glycerol to help identify
the cistern in case reinjection is needed.
Sweet described a few modifications [3].
Needle-electrode placement was guided by the
response to stimulation by a square wave
50/second signal and by gentle radiofrequency
heating. When these caused sensation in the
main trigger zones or in the lowest division if
the trigger zones affected more than one
division, the final site for glycerol injection
was selected. The response of the awake
patient to the initial 0.05 ml to 0.2 ml of
glycerol was used to indicate which fibers were
first affected; localized pain, paresthesias, or
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numbness were almost invariably present. The
injection was stopped after 0.2 ml to 0.3 ml
were instilled if analgesia was produced in the
first division; otherwise, 0.4 ml was injected.
Metrizamide was not given, and placement in
Meckel’s cave was established when low-
voltage threshold was obtained — less than
0.15 volts for stimulation or less than 48°C for
RF heating. This technique results in more
analgesia and more dysesthesias (Table 6-6)
than in other series, and Sweet has sub-
sequently discontinued the use of glycerol in
favor of RFE because of “too many initial
failures, later recurrences, and major sensory
losses or dysesthesias” associated with the use
of glycerol [4].

Lunsford is enthusiastic about the use of
glycerol but feels that contrast radiologic
visualization of the trigeminal cistern is im-
portant [2, 9, 12]. He now uses iohexol as a
nonionic contrast agent and not metrizamide,
“thus considerably reducing the incidence of
headache frequently associated with the use of
metrizamide™ [12].

A prospective, randomly allocated study
performed by Arias has shown that equally
good results can be obtained by percutaneous
retrogasserian glycerol rhizotomy with and
without metrizamide trigeminal cisterno-
graphy [13]. Intraganglionic injection of the
glycerol, which can cause marked denervation,
is less likely if the needle tip is not too close to
the floor of the middle fossa [13].

TYPE OF GLYCEROL

Two types of glycerol have been described,
and different results have been obtained with
each one [14]. Mallinckrodt glycerol is 76
times more viscous than water, while Sigma
glycerol is 35 times more viscous than water.
The osmolality of Mallinckrodt glycerol is
3753 mOsm per kilogram; Sigma glycerol
osmolality is 3470 mOsm per kilogram. Sigma
glycerol is less neurotoxic than Mallinckrodt
glycerol and less likely to relieve trigeminal
neuralgia pain.

MECHANISM OF ACTION

Light and electron microscopic studies of rat
sciatic nerve showed that myelin disinte-
gration and axonolysis occurred with glycerol
application. The most striking histological
changes were seen in the myelinated fibers,
although myelinated and unmyelinated fibers
were affected at random. Intraneural injection
caused more damage than topical application
[15].

The effect of topical anhydrous glycerol on
both spontaneous firing from the neuroma and
impulse propagation within the nerve was
examined in rats that had undergone saphen-
ous neurotomy [16]. Cessation of spontaneous
action potential production from the neuroma
was the earliest electrophysiological change
noted, followed by loss first of C-fiber, then of
A-fiber, conduction.

Electrophysiologic studies in  humans
showed disappearance of waves from slowly
conducting, pootly myelinated fibers and
some faster conducting ones [3]. In another
study of patients with trigeminal neuralgia, the
latency of the trigeminal evoked potential
peak was reduced after glycerol injection; this
was interpreted to indicate that glycerol more
specifically affects damaged myelinated axons

that may be responsible for trigeminal neural-
gia [17].

Summary

Percutaneous injection of pure sterile glycerol
into the trigeminal cistern may relieve the pain
of trigeminal neuralgia in many patients. If
relatively small doses of glycerol are used,
complications such as anesthesia dolorosa are
infrequent, but an early recurrence is likely.
With larger doses of glycerol, there is more
analgesia, more dysesthesias, a greater chance
of corneal denervation, and less recurrence.
Similar relationships between the degree of
denervation, unpleasant sequelae, and recur-
rence exist for all known denervating agents,

including glycerol, RFE, and surgical
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manipulation ot section.

A mild denervation, which can be done
either with glycerol, RFE, or light RFE plus a
small dose of glycerol, may be offered to
patients who ate extremely worried about
postoperative dysesthesias or those who are
profoundly analgesic on the face contralateral
to the presently painful side. A moderate
denervation is preferred for most other
patients.

There are technical circumstances during
the performance of a percutaneous denerva-
tion that are favorable for glycerol or RFE;
free flow of CSF is often associated with a
good result from glycerol; a response to low-
voltage stimulation in the trigger zone of face
pain is usually followed by a successful RFE.
The surgeon who is prepared to use one or the
other agent, or perhaps both, has an added
flexibility in performing percutaneous dener-
vation. The data presented in this chapter,
however, are not sufficient to prove the superi-
ortity of a combined use of both glycerol and
RFE over either agent alone.

Glycerol is a neurolytic agent that damages
the unmyelinated and poorly myelinated,
slowly conducting pain fibers, as well as the
more heavily myelinated, faster conducting
fibers, especially those that are already partially
damaged.
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7. SUBOCCIPITAL CRANIECTOMY
AND TREATMENT OF TRIGEMINAL
NEURALGIA

Ronald Brisman, M.D.

Suboccipital craniectomy and the operating
microscope provide excellent exposure of the
trigeminal nerve and nearby structures. The
sensory part of the trigeminal nerve may be
deliberately denervated by coagulation and/or
section, usually of the caudal one third or one
half [1]; an alternative maneuver is micro-
vascular decompression [2]. Many patients
with intractable pain from trigeminal neural-
gia have had relief of pain following either of
the above procedures.

Dandy operated on patients with trigeminal
neuralgia via a posterior fossa ‘“‘cerebellar
route” [1]. He sectioned the caudal 50% of the
trigeminal sensory root and found that this
relieved pain “without loss of function” [3]. In
55% of the patients, he found comptression of
the nerve by tumors, arteries, or veins.

Gardner also believed that many cases of
trigeminal neuralgia were caused by vascular
compression [4, 5]. He used an extradural
middle fossa approach to manipulate the nerve
and obtained relief of pain in most patients [4].
He reserved posterior fossa exploration for
those whose pain recurred after his middle
fossa procedure. In one posterior fossa opera-
tion, he found an anomalous arterial loop
lying against the trigeminal nerve, and com-
pletely relieved the pain after separating this
vessel from the nerve root by the interposition
of a piece of absorbable gelatin sponge (Gel-
foam) [4].

Jannetta emphasized the prevalence of vas-
cular compression as a cause of trigeminal
neuralgia and used the operating microscope
extensively for operating in the posterior fossa
[2]. He developed a procedure of micro-
vascular decompression that has become
popular among many neurosurgeons [6].

The Operation

The patient is placed in the lateral position,
which minimizes the need to retract the
cerebellum and allows it to fall away from the
fifth, seventh, and eighth nerves [7]. The head
is secured with a three-pointed Mayfield head-
rest and is turned slightly to the side of the
operation. A vertical retromastoid incision is
made, followed by a circular craniectomy that
is 4 cm in diameter. It is important that it
extend superiorly to the transverse sinus and
laterally to the sigmoid sinus. Mastoid air
cells may be entered and should be waxed
thoroughly. A cruciate dural incision is made,
and the edges are tented up superiorly and
laterally. The initial exposure is at the superior
lateral aspect of the cerebellum, which is
retracted medially. The operating microscope
with a 275 mm objective is used.

The seventh and eighth nerves are usually
encountered first. The trigeminal nerve is
more superior and deeper, and a narrow brain
retractor is required to expose it. The petrosal
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vein often has to be cauterized and divided.
The arachnoid over the trigeminal nerve must
be cut. Sometimes a blood vessel is found
compressing the trigeminal nerve where it
exits from the brain stem; this is usually a
tortuous superior cerebellar artery. The trigem-
inal nerve may be sutrgically decompressed
by placing a small prosthesis of either Ivalon
foam sponge (Unipoint Industries, High
Point, NC) or Teflon felt between the nerve
and blood vessel [6].

When compression is not found, the caudal
30%—-50% of the sensory part of the trigem-
inal nerve is divided. If a vein is found to be
compressing the nerve, the vein is cauterized
and divided. The caudal part of the nerve is
also cut, because recurrence is more likely
following microvascular decompression of a
vein than an artery [8]. Section of the caudal
part of the nerve is recommended for those
who have had a previous denervation, because
microvascular decompression alone is often
followed by recurrence in these patients [9].

Personal Experience (Tables 7-1
through 7-5)

Although this series of patients with intrac-
table trigeminal neuralgia who were treated
with suboccipital craniectomy is small, it has
provided the material for several impressions.
The lateral position with the use of the operat-
ing microscope provides excellent exposure of
the cerebellopontine angle. Blood vessels are
frequently next to the trigeminal nerve and
sometimes compress it. Decompression with a
piece of Ivalon sponge can sometimes be
carried out successfully. In one case (later
shown to have multiple sclerosis), blood ves-
sels pierced the trigeminal nerve and could not
be successfully removed from the nerve. Mi-
crovascular decomptression and/or section of
the trigeminal nerve can be performed safely
with a low complication rate.

In this series of suboccipital surgery for

TABLE 7-1. Suboccipital craniectomy for
trigeminal neuralgia

OR Pts Tict Tumor Atyp?
15 14 10 3 1

! Trigeminal neuralgia.

2 Atypical facial pain.

TABLE 7-2. Suboccipital Craniectomy

(no tumor) 13 ORs on 11 Patients

Female Left RF! Age2 V3 V2 V23 V21
8 8 11 53 6 2 2 1

! Patients who had previous RF lesion.
2 Median age at time of first suboccipital operation.

TABLE 7-3. Operative findings: Suboccipital
craniectomy (no tumor) 11 patients

Definite Vessel  Denervate
compression contact 1/3 to 1/2 Decompress
3 SCA 1 AICA 11 4

2 vein

SCA = Superior cerebellar artery.
AICA = Anterior inferior cerebellar artery.

trigeminal neuralgia, patients had been treat-
ed with radiofrequency electrocoagulation
(RFE), and most of these patients were offered
suboccipital exploration only if pain recurred
and could not be relieved by a repeat RFE.
Denetvation of the caudal part of the trigem-
inal nerve was carried out in all cases, and
microvascular decompression was done when
feasible. In most of these patients, excellent
telief of pain resulted from the suboccipital
procedure, but it is not certain how much the
microvascular decompression added to the
effects of denervation.

Patients who I treated for the first time were
usually offered RFE. Several of these patients
had been operated on previously with suboc-
cipital craniectomy approaches, and most of
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TABLE 7-4. Complications/results

Followup
Anesthesia Other Reop Good
dolorosa complications (Subocc) result <1yr 1-3 yr
1* 0 2 12/14 11 3

* Following second suboccip and section of 70% of nerve (probable MS).

TABLE 7-5. Prior suboccipital craniectomy and
subsequent RFE

Results
Patients - Followup
nos. Good Fair <1yr
7 5 2% 6

* One totally analgesic from previous section; one without
analgesia per patient’s request.

these patients had a good initial response from
RFE (Table 7-5).

Discussion

VASCULAR COMPRESSION OF

THE TRIGEMINAL NERVE IN OPERATED
SERIES OF PATIENTS WITH ‘
TRIGEMINAL NEURALGIA (Table 7-6)

3, 5, 6, 10-12]

The frequency of trigeminal compression by a
blood vessel at or near the root entry zone in
patients with trigeminal neuralgia is disputed
and has been reported to vary from 10.6% [10]
to 95% [6] (Table 7-6), based on observations
at posterior fossa exploration of the trigeminal
nerve. All agree that blood vessels are fre-
quently near the trigeminal nerve and often in
contact with it; sometimes the blood vessel
distorts the nerve. One study reported ana-
tomical distortion by an artery in 14% of
patients, arterial wedging into the crevice
between the nerve and the pons in 23%, and
distortion by a vein in 5%; there was nondis-
torting arterial contact in 33% and no arterial
contact in another 30% [12].

ANATOMICAL STUDIES ON PATIENTS
WITHOUT TRIGEMINAL NEURALGIA
(Table 7-7) [13-16]

Arterial contact with the trigeminal nerve was
found in 30% to 60% of trigeminal nerves
examined at autopsy in patients without
trigeminal neuralgia [13, 14, 16]. Arterial com-
pression was found in 7% —11% of nerves [13,
16] and 15% of cadavers [16]. Venous contact
was noted in another 8% —-10% of nerves [13,
16] and 20% of cadavers [16].

Because of differences between cadavers and
living patients, it is difficult to draw firm
conclusions from autopsy studies regarding
the causal relationship between vascular con-
tacts and trigeminal neuralgia. The lower
incidence of arterial compression of the trigem-
inal nerve in autopsy specimens of patients
without trigeminal neuralgia than in operated
patients with trigeminal neuralgia has been
offered as support for the theory that vascular
compression causes trigeminal neuralgia [13].
An equally reasonable conclusion from the
autopsy data is that the high incidence of
neurovascular contacts in non-trigeminal-
neuralgia cadavers implies that the finding at
operation of similar neurovascular contacts is
coincidental [14].

RESULTS OF MICROVASCULAR
DECOMPRESSION (Table 7-8)

[6, 8, 11, 12, 17, 18]

Persistent relief of trigeminal neuralgia pain
following one microvascular decompression
occurs in 72% to 83% of patients who are
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TABLE 7-6. Vascular compression causing trigeminal neuralgia (percent)

No. Patients 215 [3] 18 5]t 57 [10] 414 [6]? 50 [11]3 105 [12]
Aneurysm 2.8 5.6 1.8 .24

Angiomas 2.3 2
Artery 30.7 333 8.8 58.5 28 37 (33)
Vein 14.0 13.0 6 5
Mixed arterial and venous 23.2 12

AVM 24

Total 48.8 56.9 10.6 95.18 46 44 (33)
All are series of posterior fossa exploration.

! Recurrent trigeminal neuralgia following middle-fossa neurolysis.

2 Operative findings, excludes MS.

3 82% had neurovascular contacts, but only 46% had compression.

(33) Arterial contact without clear distortion of the nerve.

TABLE 7-7. Vascular contact in autopsy series of patients without trigeminal neuralgia

No. of cadavers 65 [13]) 25 [14] 56 [15] 20 [106]
No. root entry zones 130 50 40
Average age of patient (yrs) 65

Nerve artery contact 30% 60%!1 35%
Netrve artery compression 7% Uncommon 0 10%
Nerve vein contact 9% 22.5%
Nerve vein compression 0.8% 10%
Nerve vessel contact or compression 40% 67.5%?2

All percentages are calculated using the number of root entry zones as the denominator.
1 Only arterial relationships were studied. Six of 50 had arterial contact at the pontine entry zone of the trigeminal nerve.
2 Seventeen of 20 patients (85%) had nerve vessel contact or compression.

TABLE 7-8. Results of microvascular decompression for trigeminal neuralgia

Number 1031 [12] 200 [17]
Followup (mos) 48.32 36
Excellent/good (%) 77 72
Failure/recurrence (%) 23 283

400 [6] 23 [11] 51 [18] 72 8]
> 36 1-53 59
79.8 83 72 78
17 28¢ 22

! Includes 22 patients who had partial sensory rhizotomy at suboccipital OR.

2 Average followup.

3 20% had pain but it was medically controlled; 8% failed (refractory pain).
4 15% had no initial relief or significant return of pain within 1 month, and 13% had return of pain 1.5 to 33 months after

surgery.

followed for an average of 36 to 59 months
(Table 7-9) [6, 8, 11, 12, 17, 18]. It is not
certain how much of the relief is due to
denervation or to decompression. Purposeful
denervation caused by partial sensory rhizot-
omy in the posterior fossa produces pain

relief that is as good as microvascular decom-
pression [12]; the two procedures have a
similar incidence of postoperative dysesthesias
[12]. Minotr manipulation of the trigeminal
nerve may cause relief of pain without detect-
able sensory change [4].
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TABLE 7-9. Factors that influence results of microvascular decompression

61

No. Recur Followup

pts % Months
Arterial compression [8] 59 19 591
Venous compression [8] 7 47% 591
Arterial contact [12] 68 22% 541
No arterial contact [12] 13 46% 541
Arterial distortion [12] 37 17% 502
Other arterial contact [12] 31 38% 402
No previous procedure [9] 23 9% 431
Previous procedure [9] 14 57% 431
Symptoms 3-9 yrs [9] 88 12% 431
Symptoms 10-50 yrs [9] 42 58% 43!
Paroxysmal pain only [20] 44 5% 12—-60
Paroxysmal & permanent pain [20] 24 25% 12-60
Male [19] 35 11%3 55.81
Female [19] 46 37%3 55.81

! Average for total series.

2 Estimated recurrence at 50 and 80 months for anatomic distortion and 40 and 70 months for other arterial contact.

3 Failure or recurrence.

FACTORS THAT INFLUENCE RESULTS OF
MICROVASCULAR DECOMPRESSION
(Table 7-9) [8, 9, 12, 19]

Certain factors are associated with a greater
chance of recurrent pain following micro-
vascular decompression. These are venous
rather than arterial compression [8], no arterial
contact rather than arterial contact [12], non-
distorting arterial contact rather than arterial
distortion [12], a previous procedure [9],
symptoms longer than 9 years [9, 19], and
female rather than male patient [8, 19]. Less
recurrence following cases where arterial dis-
tortion is found may be explained by the
greater denervation that occurs from the extra
manipulation required in these cases; an alter-
native explanation is that the arterial distortion
is causing the pain and its decompression may
be effective independent of denervation. The
inability of microvascular decompression to
relieve trigeminal neuralgia in some patients,
and reduced success of microvascular decom-
pression in patients who have had previous
procedures, indicate that in many patients

there are factors other than vascular com-
pression responsible for trigeminal neuralgia.

COMPLICATIONS (Table 7-10) [6, 8, 17, 18]
Although most patients can undergo sub-
occipital craniectomy and trigeminal nerve
exploration safely, there is a small risk of
major complications and a greater risk of
milder problems. The reported incidence of
postoperative death or major stroke is
0%-1.5% or 0%—~2.5%, respectively [6, 8, 12,
16, 18, 20]. Less severe complications occur in
10%-60% [6, 8, 12, 17, 18, 20], and many of
these are transient. Aseptic meningitis occut-
red in 30% of patients in whom Teflon felt
was used for decompression [6]; Jannetta
tavors Teflon because of the ease with which
the blood vessel can be manipulated. Ivalon
sponge was associated with aseptic meningitis
in 10% of his cases [6].

Complications of cranial neuropathies are

most likely from permanent damage to the
fifth (11%) [8, 12, 18] or eighth nerves
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TABLE 7-10. Complications of microvascular decompression (percent)

No. patients 800 [6]
Cranial neuropathy 2.94
Hearing loss
Facial numbness
Facial weakness
Diplopia

Occipital analgesia
Aseptic meningitis 30.02
CSF leak

Gait disturbance

Cerebellar hematoma

Stroke

Death 0.52

72 [8] 200 [16] 52 [17]
19.514 4,54 13.43 774
11.1 585 11.5¢
1.4¢ 1.53 9.65 5.8
2.8 5.53 1.95 1.9
1.9
3.83
1.9
2.84 11.53
1.5
1.0
0 1.5

1 7% of the total series were total deafness (ipsilateral).
2 With Teflon felt.

3 Transient.

4 Permanent.

(4.5%-19.5%) [8, 18]. In one series, persistent
unilateral hearing loss occurred in 19% of
patients and complete deafness in the ipsi-
lateral ear in 7% [8]. Patients should be
warned of these possibilities, especially those
with contralateral hearing loss. A few patients
may develop permanent facial palsy (0%—6%)
[8, 17, 18] or diplopia (0%—-3%) [8, 17, 18].

It has been suggested that intraoperative
auditory monitoring may lessen the chance of
eighth nerve damage [21].

Summary and Conclusions

Many patients with trigeminal neuralgia have
blood vessels in contact with the trigeminal
nerve, and sometimes there is distortion of the
nerve, most often by the superior cerebellar
artery. Excellent exposure of the nerve and
blood vessels can be obtained at posterior
fossa exploration when the operating micro-
scope is used. The lateral position is preferred.

Arteries may be decompressed from the
nerve by interposing a soft prosthesis; veins
are cauterized and divided. The caudal part of
the trigeminal sensory root is divided when

arterial compression is not found or when the
pain has recurred following a previous
procedure.

There are several advantages associated
with the suboccipital operation. It can relieve
the pain of most patients with trigeminal
neuralgia, including many of that small group
who cannot be managed satisfactorily with
percutaneous denervation. Most patients
treated with suboccipital techniques do not
develop disabling dysesthesias. Posterior fossa
tumors associated with trigeminal neuralgia,
although rare, may be treated successfully
during suboccipital exposure; these tumors
include those extremely rare ones that are not
suggested by the preoperative clinical
examination or imaging tests.

The disadvantages of suboccipital opera-
tions ate: not all patients are relieved of their
pain; recurrence may occur; complications are
frequent; although most complications are
temporary and relatively minor, occasionally
they are very serious and permanent; and
suboccipital reoperations are more difficult
and more likely to be associated with compli-
cations than are the initial operations.
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8. TRIGEMINAL NEURALGIA AND
BRAIN TUMORS

Ronald Brisman, M.D.

Introduction

Trigeminal neuralgia is caused infrequently by
brain tumors. The tumor may be upon but
extrinsic to the trigeminal peripheral divisions,
the gasserian ganglion, the retrogasserian
rootlets (in between the gasserian ganglion
and the brain stem) [1] or in the trigeminal
pathways in the brain itself [2]. In any of these
locations, the facial pain may be typical trigem-
inal neuralgia (paroxysmal, provokable,
episodic, unilateral, distributed in one or
more divisions of the trigeminal nerve, and
associated with a normal neurologic examina-
tion) or it may be atypical trigeminal neuralgia
[3] (paroxysmal, triggered face pain associated
with one or more atypical features: a con-
tinuous pain in between the paroxysms, an
abnormal neurologic examination, or distri-
bution that is not precisely trigeminal) [1]. It is
important to recognize the presence of a
tumor because treatment should often be
directed at the tumor rather than just the pain.

Results (Tables 8-1 and 8-2)

Between January 1976 and February 1987, the
author has treated 10 patients with face pain
caused by tumor. Nine of these patients had
either trigeminal neuralgia or atypical trigem-
inal neuralgia, and eight were operated on
for this condition.

Data accumulated between January 1976
and February 1986 were used to compare

patients with trigeminal neuralgia and tumor
with those who had trigeminal neuralgia with-
out tumor (or multiple sclerosis) (Table 8-2).
During this period, 219 patients with trigem-
inal neuralgia (or atypical trigeminal neural-
gia) without tumor or multiple sclerosis were
also treated surgically, usually with percu-
taneous radiofrequency electrocoagulation
(RFE: either alone or with glycerol). Al-
though patients with tumors were younger
and more likely to be males, these differences
were not statistically significant.

Two patients had posterior fossa epider-
moid tumors. Both had paroxysmal-triggered
trigeminal pain, but one had the atypical
feature of constant pain during some of the
intervals between paroxysms. This patient had
a normal neurologic examination and a normal
CT scan. The tumor was found unexpectedly
during posterior fossa exploration. Two days
prior to this, the patient underwent a percuta-
neous RFE for second division trigeminal
neuralgia. The procedure was done without a
technical problem, and moderate hypoalgesia
was induced in the second division, but the
patient continued to have such severe paroxys-
mal pain, which was uncontrolled with car-
bamazepine, that posterior fossa exploration
was done. The characteristic pearly white
epidermoid tumor was encountered, removed,
and the posterior third of the sensory part of
the trigeminal complex was divided, with
excellent relief of pain.

The second patient with an epidermoid
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TABLE 8-1a. Patients with tumor and face pain

No. Sex Age Location Tumor type Pain Surgery Result (months)
1 F 55 R V3>2 Epidermoid ATN RF; SO E An Dolar 26
2 M 42 R V3 Epidermoid TN SO E 11
3 F 55 L V2 Meningioma TN SO E 24
4 F 66 R V2 CP angle TN RF E Keratitis 17
5 M 23 L3>2 Intraaxial TN RF E 72
6 M 62 R V3 Nasopharynx TN RF G 9
7 M 56 R V1,3 Pituitary ATN RF; NU P 11
8 M 66 R V3 CP angle TN None G 36
9 M 40 R V1-3 Sarcoma AFP RF; SO G 5

10 F 75 R V3 CP angle TN RE* G <1

TN = Trigeminal neuralgia: paroxysmal, triggered, episodic.

ATN = Atypical trigeminal neuralgia: triggered but continuous.

AFP = Atypical facial pain: continuous and not triggered.

RF = Radiofrequency electrocoagulation.

SO = Suboccipital craniectomy and tumor removal (total in Nos. 1 & 2; partial in No. 3).

NU = Neurectomy of supraorbital and supratrochlear nerves.

E = Excellent relief of pain; no medications.

G = Good relief of pain; occasional medication.

P = Recurrent pain not well controlled with medication.

* After February 1986.

TABLE 8-1b. Patients with tumor and face pain

No. Comment

1 Normal CT; no relief from RF; tumor
removal and partial section (caudal third)
sensory part of V.

2 Tumor removal and section caudal third of
sensory V.

3 Large tumor in middle and posterior fossae.

4 Giant unoperated contralateral CP angle
tumor.

5 Intraaxial mass either astrocytoma or
syrinx.

6 Pain occurred 9 years after successful
radiotherapy for nasopharyngeal carcinoma.
No apparent recurrence.

7 Pain developed 2 years after radiotherapy
of pituitary.

8  Unoperated CP angle tumor, probably
acoustic neurinoma.

9  Right temporalis muscle sarcoma 3 years
after radiotherapy and surgery for left
frontal glioma.

10 Giant unoperated contralateral CP angle
tumor in posterior and middle fossae;
shunted hydrocephalus.

tumor had classical trigeminal neuralgia and a
normal neurologic examination. A percuta-
neous RFE was planned, but a CT scan
unexpectedly showed a large cerebellopontine
angle radiolucent mass (Figure 8-1). Sub-
occipital exploration was carried out instead,
with removal of a typical epidermoid tumor
and section of the lower third of the trigeminal
sensory nerve. Postoperatively, the patient
was free of pain.

Another patient with typical trigeminal
neuralgia and a normal neurologic exam was
found on CT scan to have a large meningioma
involving much of the base of the skull in the
posterior and middle fossae. At surgery, a
vascular meningioma was encountered; only a
small amount could be removed, and. the
caudal third of the trigeminal sensory nerve
was cut. Postoperatively the patient was free
of pain and had a normal neurologic examina-
tion except for hypoalgesia in the lower part of
the face. She has remained asymptomatic for
the duration of followup, which is now 2
years.
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TABLE 8-2. Comparison of patients with trigeminal neuralgia
(TN) and tumor with those without tumor or multiple sclerosis

Tumor No Tumor p*
Number of patients 8 219
Average age at first (TN) OR 53 63 .064
Female 3 37.5% 130 59% >.1
Right-side pain 6 75% 131 60% >.1
Location: V23 or 2 & 3 7 87.5% 188 89% >.1
Reoperation, ipsilateral 2 25% 40 19% >.1

All patients had first TN procedure prior to Feb. 1986.
* Probability was determined by the chi-square test with Yates” correction for all data except average age, which was based on
the two-tailed test on significance of mean.

Unoperated cerebellopontine angle tumors  Djeryscion
were encountered in three patients who re-
fused direct surgery. Two of these patients had ~ INCIDENCE (Table 8-3)

giant posterior fossa tumors on the side con-  Approximately 5% of patients with trigeminal
tralateral to their face pain. These two re-  neuralgia have a brain tumor [4]. This in-
sponded well to RFE. cidence is derived from Dandy’s series of

s

FIGURE8-1. CT scan in a patient with trigeminal neuralgia and epidermoid tumor reveals a large lucency in
the right cerebellopontine angle.
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TABLE 8-3. Incidence of brain-tumor-associated
trigeminal neuralgia

Tumors
Patients
Years total no. No. %
Dandy [4] 1925—45 4731 24 5.1%
Jannetta [5] -76 1001 4 4.0%
Brisman 1976-87 2522 9 3.6%
Apfelbaum [6] 1977-82 200! 6 3.0%
Bullitt et al. [7] 1976-86 20003 16 0.8%

1 All operated via the posterior fossa

2 All operated; most were RFE

3 Operated and non operated cases; radiofrequency
electrocoagulation (RFE) was the most frequent procedure.

patients with trigeminal neuralgia who had
posterior fossa surgery. Patients with con-
tralateral posterior fossa tumors or middle
fossa tumors may have been missed. The
figure of 5% is for operated patients who have
a more intractable pain and probably reflects a
higher incidence of brain tumor than in those
with milder forms of trigeminal neuralgia who
do not require a surgical procedure.

CLINICAL FINDINGS
Most patients with trigeminal neuralgia and
brain tumor are reported in series where face
pain is the chief complaint. Some of these
patients may have signs and symptoms of
other cranial nerve abnormalities and some-
times noniatrogenic hypoalgesia or hypo-
aesthesia, which may alert the physician to
the possible presence of a structural lesion
such as a brain tumor (or possibly demyelinat-
ing disease). Hearing loss from an acoustic
neurinoma is one of the more common cranial
neuropathies in brain-tumor-associated trigem-
inal neuralgia [4]. This can easily go unde-
tected because many patients, especially the
elderly, may have hearing impairment due to
causes other than a brain tumor.

Peripherally located tumors, which are usu-
ally about the base of the skull, are more likely
to cause an atypical kind of facial pain as-

sociated with sensory loss [7]; these tumors are
frequently carcinomas, and multiple cranial
neuropathies may be present.

Middle fossa tumors are usually menin-
giomas or fifth nerve neurinomas. Three
groups of patients, with different kinds of
meningiomas of Meckel’s cave involving the
gasserian ganglion, have been described [8].
The largest group of patients have typical
trigeminal neuralgia and an excellent prog-
nosis after removal of the easily detachable
mass that is impinging on the ganglion. A
second group of patients, with meningiomas
“en plaque,” have atypical pain without
neurologic deficit; the prognosis for pain relief
is not so good as in the first group. Patients in
a third group have face pain, dysesthesias,
objective trigeminal sensory loss, multiple
cranial nerve deficits, histological signs of
mitotic activity, and a poot prognosis.

The posterior fossa tumors, which can also
cause atypical trigeminal neuralgia pain [3], ate
more likely to cause pure trigeminal neuralgia,
although initially mild
nearby cranial nerves (especially the eighth)
may be present. These tumors are frequently
neurinomas, epidermoids, or meningiomas

[4}.

DIAGNOSTIC TESTS

Although skull x-rays may show erosion about
the base of the skull or abnormalities in the
internal auditory meatus, the CT scan is much
more sensitive for diagnosing brain tumors
[9]. CT scanning without and with contrast
or magnetic resonance imaging (MRI) are
recommended for those with intractable
trigeminal neuralgia requiring neurosurgical
intervention, especially if they are healthy
enough to be considered candidates for direct
surgical intervention should a tumor be found.
Imaging should include the base of the skull
and middle and posterior fossae. A CT scan (or
MRI) will be a very low-yield procedure,
however, in patients with classical trigeminal
neuralgia and a normal neurologic examina-

abnormalities in
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tion. An unsuspected brain tumor will be
found in only 1% of such patients.

Even with CT scanning, some brain tumors
may be missed, especially small epidermoids
[10]; this occured in one of our cases (Table 8-1
Case 1). CT cisternography with a water-
soluble contrast agent may help define such a
problem [11]. Magnetic resonance imaging is
an excellent technique for
visualizing cerebellopontine angle lesions and
is sometimes more sensitive than CT scanning
[12]. Posterior fossa exploration for those who
do not respond to technically satisfactory RFE
is another alternative, but only after a CT scan
(or MRI) to exclude either a middle fossa or
contralateral tumor.

noninvasive

CONTRALATERAL BRAIN TUMOR
Although rare, brain tumors contralateral to
the side of the trigeminal neuralgia may cause
such face pain [13, 14]. Explanations that have
been offered are: distortion and displacement
of the brain stem [13]; stretching of the
trigeminal nerve around the lateral margin of
the dural foramen through which it leaves
Meckel’s cave [15], or vascular cross com-
pression [3, 14]. Contralateral brain tumors
were present in two of our patients (Table 8-1,
Cases 4 and 10). These tumors are usually very
large. Although they frequently cause other
signs and symptoms, these may be subtle.

THERAPEUTIC CONSIDERATIONS
Trigeminal neuralgia associated with a brain
tumor frequently responds to carbamazepine
[7] or RFE. Four of the five patients that we
treated with RFE had a very good result.
Percutaneous RFE may not always be tech-
nically successful in patients with malignant
tumors of the skull base [7].

Patients with malignant tumors may have
pain beyond the confines of just the trigeminal
nerve. This may require denervation of the
ninth, tenth, and/or upper cervical dorsal
nerves as well as the trigeminal nerve, depend-
ing on the exact location of the pain. This

occurred in one of our patients (Table 8-1,
Case 9) who had pain in the side of the face,
temporal area, and angle of the jaw. Percuta-
neous RFE did not relieve the pain, but open
section of the fifth and dorsal roots of the three
upper cervical nerve roots did.

Radiation therapy is often indicated for
malignant tumors of the skull base after biop-
sy, which is usually obtained from the naso-
pharynx or appropriate paranasal sinus.
Neurosurgical denervation may be indicated if
radiotherapy does not control the pain.

Direct surgery with removal of the tumor
is indicated for most patients with benign
tumors. I chose to cut the caudal one third to
one half of the sensory part of the trigeminal
sensory nerve to ensure good relief of pain,
which occurred in each case; none of these
patients was bothered by the postoperative
hypoalgesia. Some patients may obtain good
relief of pain with removal of the tumor and
no nerve section, although it is not always
clear how much denervation may occur from
the surgical manipulation, even though the
nerve is not purposefully cut.

The epidermoid tumor is a rare tumor but
one of the more common ones to cause
trigeminal neuralgia that is unassociated with
other neurologic abnormalities [4]. This
tumor is avascular and readily removable by
neurosurgical techniques. Many neurinomas
and meningiomas can also be totally removed
safely, but occasionally these tumors (espe-
cially meningiomas) may be very extensive and
invasive; total resection may be hazardous
and sometimes impossible. It is sometimes
wise to do a partial removal and cut the
lower part of the trigeminal nerve (Table
8-1, Case 3).

Summary

Five percent of patients with trigeminal
neuralgia will have a brain tumor.

In addition to paroxysmal, unilateral, trig-
gered trigeminal pain, these patients some-



70 II. TRIGEMINAL NEURALGIA

times have atypical features such as a constant
nontriggered pain, hypoalogesia, or other
neurologic abnormalities.

The tumor may be at the base of the skull
(carcinoma), where atypical features are likely;
in the middle fossa (neurinoma or menin-
gioma); or in the posterior fossa (neurinoma,
epidermoid, or meningioma), frequently with
subtle neurologic abnormalities such as hear-
ing loss (neurinoma), but sometimes with no
other signs or symptoms (epidermoids). Occa-
sionally the tumor may be contralateral to the
pain.

CT scanning without and with contrast or
MR are the preferred imaging tests.

Although carbamazepine and RFE may
help the pain, direct surgical removal is rec-
ommended for healthy younger patients with
benign resectable lesions.
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9. BILATERAL TRIGEMINAL
NEURALGIA

Ronald Brisman, M.D.

Bilateral trigeminal neuralgia has been re-
ported to occur infrequently. This disorder is
difficult to treat because of the unpleasant
sequelae of bilateral denervation. The present
report demonstrates a higher incidence of
bilateral involvement than in other series (32
cases or 11.9%) in a group of 269 patients with