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Preface

Millions of people throughout the world suffer with pain of the face and head. The
costs of these problems are tremendous and include medical treatment, lost wages,
and lost productivity. Problems with opioid addiction and the emotional distress
existing in patients and their families are often under-recognized in these patients.

Many physicians do not like dealing with patients who have facial and head pain,
because they feel they have little to offer them except medications. With the opioid
crisis in the United States, physicians are becoming reluctant to prescribe narcotics,
even when many times these may be the only drugs that help patients tolerate their
pain. Patients with uncontrolled facial and head pain are desperate and feel helpless,
and often the clinicians treating them are limited in the possible treatment options
to consider.

We accepted the task of editing this textbook on the treatment of facial and head
pain because we know there are many options for treating these patients besides
medications, such as narcotics. As a head and neck surgeon, I have seen many
patients with severe pain from cancer or trauma. Rather than sending these patients
to other physicians, I would think of ways to try to stop pain in these patients. Dr.
Petersen, in her neurosurgical practice, has also seen patients whose options required
exploring less familiar alternatives to address refractory symptoms. With this expe-
rience, we have seen and operated on most nerves innervating the head and neck.
This has proven to be an advantage in knowing where the cranial and cervical nerves
are located and what areas they innervate. We have found that doing nerve blocks
and/or removing the peripheral nerves has helped many patients with face and head
pain. In some instances, the appropriate neurosurgical, neuromodulation, or dental
procedure has been the key.

Because of this success in helping patients with face and head pain, we have had
many referrals from neurologists, neurosurgeons, pain specialists, and dentists. This
has given us a major learning experience over the past 10 years, and sharing this
experience can give guidance to other clinicians on how to manage patients with
face and head pain.

The treatment of head and face pain benefits from a multidisciplinary approach.
Similarly, we have gathered a group of experts from multiple specialties—neurology,

vii
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neurosurgery, anesthesiology, interventional pain, psychiatry, psychology, dentistry,
otolaryngology, plastic surgery, neuroradiology, radiation oncology—to contribute
to this textbook. We have tried to make this as comprehensive as possible and as
practical as possible.

From our experience, we feel that the majority of face and head pain is the result
of problems with the peripheral nerves of the trigeminal nerve and the cervical
nerves. Most of these nerves are accessible for nerve blocks, or for decompression
or resection, when indicated. Diagnosis depends on a good knowledge of anatomy
of the nerves innervating the head and face, and on the understanding of the differ-
ential diagnosis based on obtaining a good history. The key to treatment is arriving
at the correct diagnosis.

This textbook is divided into four parts. The first part covers the clinical funda-
mentals: etiology, pathophysiology, anatomy, and nomenclature. The second part
covers evaluation and diagnosis, where diagnostic nerve blocks are discussed in
detail. These blocks should be considered a crucial part of the evaluation. The third
part discusses management and treatment options, and the fourth part presents rep-
resentative clinical cases and the management. Overall there are 42 chapters which
give a comprehensive overview of face and head pain.

We hope this textbook gives clinicians a systematic approach to treating face and
head pain. It reviews the more standard methods of treatment and introduces some
newer methods.

Little Rock, AR, USA James Y. Suen
Little Rock, AR, USA Erika Petersen
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Chapter 1

Applied Neuroanatomy of the Face
and Head

Chelsey Smith and James Y. Suen

Introduction

Comprehensive knowledge of the neuroanatomy of the head, neck, and face is para-
mount to the treatment of pain located in these areas. In the arenas of both otolaryn-
gology and neurosurgery, we encounter these nerves and their landmarks daily just
by the nature of our surgical expertise, and this becomes a valuable tool when evalu-
ating and treating the facial and head pain patient. When facial and head pain is seen
through the lens of anatomy rather than the serpentine tunnel of conditions of chro-
nicity, the assessments and plans become more efficient and concise. It can even
eliminate the use of imaging modalities, including ultrasound (often used to aid in
finding peripheral nerves for nerve injections). Knowing the nerve anatomy can
help the physician determine the nerves which may be triggering the patient’s pain
or headache on the initial visit.

Overview of the Head, Face, and Neck Dermatomes

Three specific nerve groups are the treatment focus for facial and head pain: the
trigeminal nerve, the upper cervical plexus, and the greater occipital nerve.
Comprehension of these three neuroanatomical structures allows for diagnostic and
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potentially therapeutic pain relief in all head and face dermatome distributions.
Knowing the dermatomes will aid in determining a patient’s “trigger” point(s) and
localizes pain distribution so that a specific nerve(s) can be targeted for therapy. It is
simple mapping that both the patient and the physician can refer.

Figure 1.1 depicts the dermatomes of the head and neck. The three anterior zones
correlate with the distal sensory nerve innervations of the three trigeminal nerve
divisions. The upper cervical plexus dermatome is depicted by the region from the
upper anterior neck around the lower earlobe and over the parotid and angle of jaw
areas. Lastly, the greater occipital nerve supplies the posterior scalp from the vertex
of the skull down to the upper posterior neck.

Each of these three anatomical positions will be described in the following text.

It is important to understand that pain in one nerve dermatome distribution can
cause pain in the other branches of that division and even into the other divisions.
Also pain in the trigeminal nerve branches can trigger pain in the lesser or greater
occipital nerves through a connection in the brain stem called the trigeminocervical
complex, and vice versa, the occipital nerve pain can trigger trigeminal nerve pain.

Trigeminal Nerve

The trigeminal nerve arises from the Pons and goes into Meckel’s cave in the cav-
ernous sinus where the trigeminal ganglion is located. This ganglion contains the
cell bodies for the afferent sensory nerve fibers of the trigeminal nerve’s three divi-
sions, the ophthalmic, the maxillary, and the mandibular divisions, commonly
referred to as V1, V2, and V3 [1].

It is important to know the branches of each of these three divisions and where
they innervate the face and head (Fig. 1.2).

The first division, V1, is the ophthalmic branch. It enters the orbit through the
superior orbital fissure and has several nerves to eye structures, to the internal upper
nose, and then further divides into the supraorbital, supratrochlear, and infratroch-
lear nerve branches as it exits the orbit. The supraorbital nerve exits the orbit
through the supraorbital notch or foramen, and it supplies the upper eyelid and the
ipsilateral forehead to the vertex of the scalp. The notch or foramen can be a place
where the supraorbital nerve can be compressed. A notch occurs about 83% of the
time and is usually encircled by a ligamentous fascial band which encircles the
nerve [2]. The supratrochlear nerve exits at the superior-medial part of the orbit
near the bridge of the nose and supplies the skin of the forehead near the midline
(Fig. 1.3). Pain in V1 can be in the eyelid, the forehead, or the top of the head and
can trigger headaches, commonly diagnosed as migraine headaches.

The infratrochlear nerve supplies the skin over the bridge of the nose and the
medial part of the lower eyelid.

The second division, V2, is the maxillary branch, and it is primarily sensory in
function. It is more complex and takes more study to understand the innervation and
where pain from V2 can elicit. The main nerve of V2 is the infraorbital nerve which
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Cc2

c2/C3
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Fig. 1.1 Dermatomes of the trigeminal nerves to the face and of the upper cervical plexus and
greater occipital nerves to the back of the head and upper neck. Orange ophthalmic division of
trigeminal; green maxillary division of trigeminal; purple mandibular division; yellow upper cervi-
cal plexus and greater occipital nerves

goes in a groove in the floor of the orbit and exits through the infraorbital foramen
and supplies the midface. There are two other branches of this nerve which are
important to know. One is the posterior superior alveolar nerve (Fig. 1.2) which
comes off the V2 after it exits the foramen rotundum and wraps around the posterior-
lateral wall of the maxilla where it enters the underlying bone and innervates the
posterior upper teeth. It is common for pain in this nerve to be diagnosed as dental
pain and result in dental extractions with no pain relief.

The second important branch is the zygomaticotemporal nerve (ZTN) which
leaves the infraorbital nerve in the floor of the orbit and goes into the zygoma bone
and exits just lateral to or through the bone of the lateral orbital rim and goes to
the anterior temporalis muscle area (Fig. 1.3). The foramen where the ZTN exits
the zygoma is about 7 mm lateral to the lateral orbital rim and about 8 mm cranial
to the lateral canthus. It goes into the temporalis muscle or just superficial to it.
Sometimes the ZTN comes out just lateral to the lateral orbital rim. Pain in this
nerve is quite common and can cause temporal headaches which are commonly
called migraine headaches.
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Supratrochlear
Supratrochlear nerve
nerve

distribution

Supraorbital

Supraorbital nerve

nerve
distribution

Fig. 1.2 The trigeminal nerve ganglion with the three major divisions: ophthalmic, maxillary, and
mandibular

The third division, V3, is called the mandibular branch (Fig. 1.2), and it has both
sensory and motor function. The motor part supplies the muscles of mastication.
The sensory branches go to three main areas: the lingual nerve to the tongue, the
inferior alveolar nerve into the mandible in the ascending ramus and supplying the
lower jaw teeth and exiting the mental foramen to supply the chin and lower lip, and
the third branch, the auriculotemporal nerve (ATN), which exits just posterior to the
mandibular condyle and goes superiorly to the area of the temple and above the ear
(Fig. 1.1). Pain can occur in one or all of these branches. We feel the auriculotem-
poral nerve can also trigger migraine headaches.
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Zygomatico-
Temporal N.

Supra-Orbital N.

Supratrochlear N.

Infra-Orbital N.

Zygomatico
-Facial N.

Fig. 1.3 The supraorbital and supratrochlear nerves innervate the forehead to the vertex of the
scalp. This also illustrates the location of the zygomaticotemporal nerve branch of the maxillary
division of the trigeminal nerve

Upper Cervical Plexus

Neuritis originating from the upper cervical plexus is commonly encountered during
the work-up of the head and neck pain patient. Consisting of both motor (ansa cervica-
lis) and sensory components, its distal reaches are wide and disperse. For the purposes
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of this chapter, the focus will be on the sensory portions only [2]. Origins for the cervi-
cal plexus begin deep to the sternocleidomastoid muscle (SCM) formed by the ventral
rami of C2, C3, and C4. After emanating from deep to the SCM, the sensory branches
route just above the midpoint of the posterior border of the SCM and then scatter to
their distal destinations. Branches of the upper cervical plexus nerves include the
lesser occipital, greater auricular, and the transverse cervical nerves (Fig. 1.4).

Greater

Branches from
Cerical Plexus

Lesser Occipital
Nerve (C2)

Great Auricular
Nerve (C2,3)

Third 3 .
S N Transverse Cervical
Occipital =————
Nerve kS Nerve (C2,3)

Fig. 1.4 Upper cervical plexus nerves include the lesser occipital, greater auricular, and transverse
cervical nerves from C2 to C3
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It is important to understand the anatomical location at which the nerves emerge
from the posterior border of the SCM as this is the location for insertion of the
needle for clinical nerve blocks. We use the definition of “Erb’s point” to aid
in localizing the site of emergence as being approximately halfway between the
mastoid process and the clavicle along the posterior edge of the SCM. From this
point, 1-2 cm superior to this location along the posterior border of the SCM is
considered Erb’s point. This is considered the “sweet spot” for cervical plexus nerve
blocks and is where the main branches of the upper cervical plexus are in close
proximity before they separate and go to different areas (Fig. 1.4).

Lesser Occipital Nerve: the lesser occipital nerve is a sensory nerve that is
derived from the ventral rami of C2 and C3. After passing over the posterior border
of the SCM muscle, it usually ascends along the posterior border of the SCM but
may go deep to the muscle and surface over the mastoid process and supplies sen-
sory innervation posterior to the ear, and up to the temple area above the ear. This is
important to know because pain above the ear can be related to the lesser occipital
nerve.

Greater Auricular Nerve: ventral rami C2 and C3 also give rise to the greater
auricular nerve fibers. Exiting the posterior border of the SCM, this nerve proceeds
toward the lower earlobe as it crosses the SCM. It innervates the lower part of the
ear, the skin overlying the tail of the parotid gland and over the angle of the man-
dible (Fig.1.4).

Transverse Cervical Nerve: similar to the lesser occipital and greater auricular
nerves, the transverse cervical nerve also arises from the C2 and C3 ventral rami.
After passing over the posterior border of the SCM, it continues anteriorly in a hori-
zontal fashion and innervates the skin along the jaw line.

Greater Occipital Nerve

The greater occipital nerve can be a common source for severe head and neck
pain, frequently described as “tension headaches” [3]. Fortunately, it is easily
accessible for clinical treatment. The dorsal ramus of C2 is the source of this
nerve. It pierces the suboccipital triangle between the obliquus capitis inferior
muscle and the semispinalis capitis muscle. As it ascends superficial to the semi-
spinalis and deep to the trapezius, it eventually pierces through the superior por-
tion of the trapezius at the level of the nuchal line [4] (Fig. 1.4). The nuchal line is
an excellent landmark for finding the appropriate latitude of the greater occipital
nerve and where it begins its course into the subcutaneous scalp. Other helpful
landmarks include the posterior midline sulcus of the neck and the occipital pro-
tuberance (Fig. 1.5). From this midline site, the occipital nerves can be found
approximately 1.5-2.5 cm laterally. Once the greater occipital nerve commences
its subcutaneous course, it ascends and innervates the skin of the posterior scalp
to the level of the vertex.
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Fig. 1.5 The terminal branches of the greater occipital nerves and the lesser occipital nerves in
relationship to the occipital protuberance and mastoid landmarks

Conclusion

The trigeminal nerve, the upper cervical plexus nerves, and the greater occipital
nerves are the primary nerves which causes head and face pain. It is important to
learn the dermatomes that these nerves innervate. All these nerves are accessible in
multiple ways for pain treatment modalities. This will be the focus of the remaining
portions of this text.

The sensory neuroanatomy of the head and neck is unparalleled in its detail and
elegance, but when dissected down to its fundamentals, it can be a straightforward
way to think about the diagnosis and treatment of facial pain. Concise medical com-
prehension of these nerves and dermatomes can be the intersection between physi-
cian assessment and patient understanding, leading to satisfying clinical encounters
concerning head and face pain. Anatomic knowledge is a pillar of punctual and
accurate diagnosis in this arena.
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Chapter 2
Etiology of Head Pain

Trusharth Patel and Tyler Burns

Introduction

Cranial neuralgias represent a group of more common forms of head and facial pain.
The etiology can usually be narrowed down to one specific cranial nerve or a branch
of a cranial nerve. Imaging, at times, can help with making the diagnosis, but many
times astute history taking and examination will confirm a correct diagnosis.
Important information to extract from the patient regarding pain includes onset,
location, radiation pattern, aggravating factors such as chewing, mouth opening,
associated symptoms such as history of multiple sclerosis or previous herpes zoster
flare, risk factors for neoplasm, and alleviating factors [1]. This chapter attempts to
describe the etiology of the more common types of head and facial pain to help the
clinician understand the complexity of these problems and recognize presenting
symptoms.

Trigeminal Neuralgia

Trigeminal neuralgia represents one of the most common cranial neuralgia condi-
tions seen for head and face pain. The incidence is 4.7 per 100,000 per year in men
and 7.2 per 100,000 per year in women [1]. There is increased incidence beyond the
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age of 50 [2]. The distinction between typical and atypical forms of trigeminal neu-
ralgia is based on the constellation of symptoms rather than etiology [2]. It is typi-
cally precipitated by light touch or temperature changes of sensitive areas of the
face. The most common etiology is compression of the trigeminal nerve root at the
entry point into the pons. Most cases, 80—-90%, result from compression by vascula-
ture and characterize classic or idiopathic trigeminal neuralgia. Benign neoplasms
of the posterior fossa, such as acoustic neuroma, meningioma, and epidermoid
cysts, account for 10-20% of compressive cases [3]. The pathophysiology in com-
pressive lesions is thought to be from indentation of the nerve tract at the site of
compression resulting in demyelination of sensory fibers in the root entry zone as
seen on pathological specimens [4]. The demyelination results in dysregulation of
incoming signal transduction as well as spontaneously evoked aberrant discharge in
response to an innocuous stimulus [2]. In the absence of vascular loops causing
neurovascular compression, trigeminal neuralgia is characterized as secondary or
symptomatic. In addition to benign tumors, multiple sclerosis and brainstem infarc-
tion fall into this latter category [1]. Multiple sclerosis is believed to consist of 1-2%
of cases [5]. Symptomatic trigeminal neuralgia can be associated with sensory defi-
cits and can present bilaterally and in younger patients [2]. Typical and atypical
forms of trigeminal neuralgia are based on the constellation of symptoms rather than
etiology [6].

Glossopharyngeal Neuralgia

Anatomical injury or compression along the ninth cranial nerve may result in glos-
sopharyngeal neuralgia. Most common is compression by a mass or neurovascular
compression. Compression by an elongated and calcified styloid process, known as
Eagle’s syndrome, is an infrequent cause. Up to 10% of cases of glossopharyngeal
neuralgia can be associated with vagal symptoms manifesting as bradycardia, syn-
cope, or cardiac arrest [7]. The incidence of this neuralgia is very low at 0.2-0.5 per
100,000 person per year [2, 8]. It is characterized by pain in the tonsillar pillars,
angle of the jaw, ear, or base of the tongue. Sensory deficits may also be seen.
Symptoms of hoarseness, coughing, and difficulty with swallowing have also been
described [2]. Attacks are usually triggered by swallowing, mouth opening, cough-
ing, or sneezing [9]. Palpation of the throat or ear canal or within the oropharynx
may also trigger the pain. Painful episodes are typically transient but intense [1].

Auriculotemporal Neuralgia

Auriculotemporal neuralgia is a neuropathic condition resulting in pain in the distri-
bution of the auriculotemporal nerve, which is a branch nerve stemming from the
V3 division of the trigeminal nerve. It is characterized by pain near the
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temporomandibular joint, preauricular area, and parotid gland area and around the
ear and temple. Episodes of pain are typically brief but intense. Symptoms are
almost exclusively unilateral. The etiology usually involves entrapment of the auric-
ulotemporal nerve or injury to the nerve such as with temporomandibular arthros-
copy [10]. Mechanical compression to the nerve has also been described such as
with synovial cysts, malformation or aneurysm of the middle meningeal artery, frac-
ture of the mandibular condyle, or tumor spread along the course of the nerve [7].

Occipital Neuralgia

Occipital neuralgia is a headache variant involving pain in the distribution of the
greater, lesser, or third occipital nerve. The greater occipital nerve originates from
the dorsal ramus of C2, and lesser and third occipital nerves originate from C2 and
C3 nerve roots [11]. Pain is typically felt in the upper cervical and posterior occipi-
tal region and can radiate upward to the apex of the scalp. It is characterized by
paroxysmal attacks lasting seconds to minutes. Because of trigeminocervical inter-
neuronal connections in the trigeminal spinal nuclei, pain can also be experienced
in the orbital and frontal region. Pain is unilateral in 85% of patients and may be
elicited by palpation over these nerves [2]. The incidence is thought to be approxi-
mately 3.2 per 100,000 [8]. Irritation of these nerves can be from mechanical com-
pression by the suboccipital muscles of the scalp that these nerves traverse, tumors,
vascular anomalies, and prior surgical scars. Other conditions known to cause
inflammation of these nerves originate from cervical spine degenerative conditions,
whiplash injury, vascular inflammation, and myelitis [7]. Recently, the role of ultra-
sound imaging was described as a diagnostic modality in identifying a potential
source and location of occipital nerve entrapment and irritation [12].

Postherpetic Neuralgia

After remaining dormant for up to many decades, the varicella zoster virus can
resurface from the trigeminal, autonomic, and dorsal root ganglia causing character-
istic painful vesicles in the distribution of a single dermatome or cranial nerve. The
vesicles can be preceded by pain for up to several days, but more commonly pain
ensues after eruption of vesicles. Uncommonly, pain in a dermatomal or cranial
nerve distribution can occur without vesicles, a condition known as zoster sine her-
pete [2]. The pain is neuropathic and characterized by burning, shooting, stabbing,
and itching. Pain that persists beyond resolution of cutaneous vesicles beyond 4
months is termed postherpetic neuralgia [13]. Those who are immunocompromised
and have age-related decline in immunity are at higher risk of developing the condi-
tion in which the lifetime risk is estimated to be 30% [14]. Most cases of herpes
zoster erupting in the head occur in the ophthalmic division of the trigeminal nerve.
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Other cranial nerve involvement such as geniculate zoster have been described in
which eruption via cranial nerve VII manifests as painful vesicles in the external
auditory canal, anterior two-thirds of the tongue, or hard palate. Ipsilateral facial
palsy can also be a presenting sign [15]. There is no conclusive evidence that viral
replication is the cause of postherpetic neuralgia. Studies do show reduced epider-
mal nerve fiber density measured from skin biopsy of patients with postherpetic
neuralgia with preferential reduction in afferent unmyelinated fibers [7, 16, 17].

Superior Laryngeal Neuralgia

This uncommon disorder is characterized by pain along the lateral aspect of the
neck. Pain may radiate to the angle of the mandible and to the ear. Pain can be
evoked by swallowing, talking, mouth opening, coughing, or palpation along a focal
point in the lateral neck where the nerve enters the larynx [7]. Hoarseness and per-
sistent cough may also be presenting signs [18, 19]. The etiology is from trauma
such as previous surgery, inflammation, laryngeal diverticulum, and displacement
of the hyoid bone [20-22].

Optic Neuritis

Optic neuritis is caused by demyelination of the optic nerve from the optic chiasm
and the bulb disc resulting in pain behind one or both eyes. The incidence is around
5 in 100,000 [23]. It is exacerbated by eye movements and gentle palpation of the
eyes and accompanied by impaired vision. The disorder may be associated with
other conditions such as multiple sclerosis or neuromyelitis optica or can be idio-
pathic [24-26]. More than 50% of patients who experience a first episode of autoim-
mune optic neuritis will develop multiple sclerosis. Demyelination may also occur
from other autoimmune conditions such as Sjogren’s syndrome, neurosarcoidosis,
or vaccination. Infection can also result in demyelination, examples including syph-
ilis, varicella zoster, and borreliosis among others [27].

Burning Mouth Syndrome

Burning mouth syndrome is characterized as chronic burning of the oral mucosa. It
can also present with itching, dysesthesia, paresthesia, dry mouth, and altered
sense of taste. Other associated findings include anxiety, depression, and nutri-
tional deficiencies [28]. The syndrome affects over one million Americans with a
greater incidence in women between the fifth and seventh decade of life [29].
Even though the prevalence is substantial, thorough understanding of the
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pathophysiology remains evasive. Proposed theories include neuropathic etiology
related to the trigeminal complex or possibly a psychological phenomenon of an
unknown mechanism. Recognition of the disorder can help some alleviate anxiety;
however, lack of standard and effective therapy can be frustrating to the patient and
physician [30].

Persistent Idiopathic Facial Pain

Persistent idiopathic facial pain is a debilitating condition of the face characterized
as intense burning or a severe ache. It is often misdiagnosed as trigeminal neuralgia
given the overlap in distribution of pain. However, unlike trigeminal neuralgia, it
lacks autonomic features and is typically continuous rather than intermittent or epi-
sodic. Diminished sensation is not seen. Workup is unremarkable with more com-
mon causes of facial pain being ruled out [31, 32]. The incidence of persistent
idiopathic facial pain is unclear, although it is estimated that 26% of the population
will experience facial pain at some point in their life [33]. The pathophysiology of
persistent idiopathic facial pain remains largely unclear. Quantitating sensory test-
ing and functional brain imaging have shown sensory abnormalities such as hyper-
active central neuronal activity [34-36]. Others propose that persistent idiopathic
facial pain is on a continuum of trigeminal neuralgia given similarities [37]. There
is a reported association with coexisting psychological disorders such as anxiety
and depression; however, a causal relationship is not defined [38].

Conclusion

Pain in the head or face can usually be narrowed down to one specific nerve or a
branch of a nerve. Often astute history taking and examination will confirm a cor-
rect diagnosis. The details of the nature of the pain and exacerbating factors assist
the clinician in developing a differential diagnosis from the presenting
symptoms.
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Chapter 3
Pathophysiology of Head and Facial Pain

Check for
updates

Matthew Helton and Erika A. Petersen

A variety of insults and mechanisms cause head and facial pain. Nociceptive path-
ways carrying the unpleasant physical and emotional perception of pain excite
based on actual or impending tissue damage. Facial pain in particular possesses a
large differential diagnosis that can be narrowed with historical facts pertinent to the
patient. An understanding of the pathophysiology of facial pain will help the practi-
tioner to the correct diagnosis and treatment for the patient. Causes of facial pain
include acute insult, neurogenic, inflammatory, post-traumatic, and idiopathic.

Nociceptive Physiology of Head and Face

Afferents from the trigeminal nerve and from the C2 and C3 nerve roots innervate
the head and face. The peripheral nerves contain axons originating from cell bodies
of the trigeminal and dorsal root ganglia relaying sensation from the periphery. The
largest diameter cells maintain the AB axons, which are large, myelinated fibers
innervating the Pacinian corpuscle and detect innocuous stimuli such as vibration
and pressure [1]. Nociceptive signals are received via transmission of two smaller
fibers, the AS and C fibers. The Ad fibers are lightly myelinated, of medium diam-
eter, and considered the transmitters of “first” pain, associated with rapid, acute, and
sharp sensations. The C fibers are smaller unmyelinated axons that have about one
fifth the conduction velocity of Ad fibers and present the sensations of diffuse, dull,
and aching pain [2]. Transduction of pain begins via ligand-gated ion channels as
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well as G protein-coupled receptors, which are activated in response to inflamma-
tory mediators released at sites of tissue of injury [1]. Action potentials transmit the
noxious stimuli via Ad and C fibers. In the C2 and C3 nerve root, the primary affer-
ents pass the soma of the dorsal root ganglia and synapse in the dorsal horn, super-
ficially, deep, or near the central canal. Two classes of second-order neurons exist,
nociceptive-specific and wide-dynamic range. The latter receives input from non-
nociceptive afferents as well, possibly providing avenue through which innocuous
stimuli could be relayed as noxious. The second-order neurons decussate; join the
spinoreticular, spinomesencephalic, spinoparabrachial, and spinothalamic tracts;
and ascend in the anterolateral quadrant of the spinal cord and brainstem, where
conscious, reflexive motor, and emotional responses to the pain signals are formed.
The signals carried from trigeminal dermatomes differ initially because they are
carried through a cranial rather than a peripheral nerve. The trigeminal afferents
enter the brainstem in the pons and descend caudally to synapse in the trigeminal
spinal nucleus in the rostral cervical cord and caudal medulla, where second-order
neurons then decussate and join the anterolateral quadrant tracts.

Transition from Acute to Chronic Pain

Following the acute phase of pain from peripheral tissue injury, the tissue recovers,
and inflammatory markers gradually decrease to a point where pain no longer exists,
or unfortunately, the pain can persist long after the initial insult. In the acute phase of
recovery, the normal nociceptive response is heightened in an evolutionary ploy to
prevent further injury, referred to as peripheral sensitization [2]. Peripheral sensitiza-
tion may lead to a chronic pain state via mechanisms that will be discussed further
[3]. In the case of persistent damage to the somatosensory system, the pain can be
classified as neuropathic [4]. In some individuals the acute onset of pain may not
cease—even though local tissue has healed—instead evolving to a characteristically
different pain. The resulting chronic pain from plasticity of the central nociceptive
pathways is referred to as central sensitization [1, 5]. The key features of chronic pain
include allodynia, pain in response to innocuous stimuli, and hyperalgesia, increased
signal of pain in response to a noxious stimuli. Chronic pain can be due to effects of
three general phenomena: peripheral sensitization, neuropathic pain, and central sen-
sitization. These broad categories are not mutually exclusive in contributing to the
pathophysiology of disease states of head and facial pain; however one particular
disease may receive contributions to chronicity from all three of the categories.

Peripheral Sensitization

Acutely, peripheral sensitization refers to the upregulation of nociception immedi-
ately following tissue injury as a method to prevent further injury to the area. At the
site of tissue injury, inflammatory mediators are released including neurotransmitters
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and peptides (serotonin, ATP, substance P, calcitonin gene-related peptide, bradyki-
nin), prostaglandins (PGE2), leukotrienes, neurotrophins (NGF), cytokines, chemo-
kines, extracellular proteases, and protons. This inflammatory, acidic soup bathes the
peripheral nociceptor creating the transmission of painful stimuli and further
decreases the threshold for nociceptive excitability through stimulation of protein
kinase C (PKCe), adenylyl cyclases, G protein-coupled receptors, and voltage-gated
ion channels [2]. Recent evidence suggests that the transient, local sensitization to
pain may lead to symptoms of chronic pain locally such as allodynia and hyperalge-
sia. The transformation of acute to chronic pain peripherally is known as hyperalge-
sic priming. In a rat model of chronic pain, a local irritant is injected into a paw to
begin hyperalgesic priming. When the acute inflammatory process has subsided, the
paw has a more intense and longer nociceptive response to local prostaglandin injec-
tion than a control paw [6]. The researchers attributed the response to upregulation at
the nociceptor to other isoforms of prostaglandin adenylyl cyclase receptors [3]. The
change in expression of receptors at the periphery has been explained by neuronal
modifications of mRNA enrichment and protein translation in the cell body [7].
Peripheral sensitization may not solely contribute to chronic pain states but may be
a therapeutic target to limit hyperalgesia in chronic pain.

Neuropathic Pain

Neuropathic pain is inherently different from peripheral or central sensitization by
definition. Treede et al. define neuropathic pain as “pain arising as a direct conse-
quence of a lesion or disease affecting the somatosensory system” [4]. Several
mechanisms explain neuropathic pain including inflammatory processes at the site
of the damaged nerve and ephaptic transmission, where action potentials of axons
“cross-talk” and excite adjacent neurons [8]. As with any tissue injury, axonal injury
results in a release of pro-inflammatory mediators leading to complement activa-
tion, mast cell degranulation, neutrophil infiltration, macrophage recruitment, and
infiltration of T lymphocytes. The inflammatory process furthers the initial allo-
dynia and hyperalgesia. Unlike non-neuronal tissue, axonal damage leads to a pro-
cess called Wallerian degeneration undertaken by Schwann cells and macrophages
in an attempt to clear myelin and begin the process of axonal regeneration [5, 9].
Peripheral neuronal damage can lead to cross-excitation within the sensory ganglia
via paracrine effects of inflammatory mediators. After sensing changes in the neu-
ronal soma from peripheral injury, satellite glial cells release ATP, substance P, cal-
citonin gene-related peptide, and glial cell line-derived neurotrophic factor in the
trigeminal sensory ganglion, which increase the excitability of small and medium
diameter neurons [10]. Peripheral injury induces inflammatory changes in the cen-
tral nervous system through microglia and astrocytes in a similar way as central
sensitization, which will be discussed further [5, 11].

Not mutually exclusive of inflammatory-mediated neuropathy, Devor proposed a
theory on neuropathic pain due to compression, specifically applied to trigeminal neu-
ralgia, called the ignition hypothesis. Studies show that chronic nerve compression
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results in demyelination [12]. Peripheral innocuous stimuli create action potentials
in the Ap afferents. At the demyelinated site of compression, ephaptic coupling can
occur, which is the transmission of action potentials from A to adjacent axons that
are lightly myelinated or have no myelin at all, the Ad and C fibers. Therefore, the
originally innocuous stimuli are perceived to be noxious by the central nervous
system, explaining allodynia [12]. The ignition hypothesis was originally only
applied to trigeminal neuralgia but may be extended to any neuropathic pain caused
by compression or demyelination. Sites of damaged peripheral nerves not only
cross-talk through ephaptic transmission but can spontaneously fire action poten-
tials, known as ectopic activity. Several studies have shown spontaneous activity of
C fibers in neuropathic pain [13—15]. Ectopic activity with ephaptic coupling and
immunomodulation may all play a role in neuropathic pain.

Central Sensitization

Central sensitization is a theory based on brain plasticity of the nociceptive circuits
past the primary afferents and explains dynamic tactile allodynia, secondary punc-
tate/pressure hyperalgesia, temporal summation, and sensory aftereffects [16].
Central sensitization creates chronic pain states by increasing excitability and
decreasing pain inhibition. In the spinal cord after peripheral injury, spinal microg-
lia produce tumor necrosis factor and interleukin-1f and 6, which enhance transmis-
sion and suppress inhibitory signals in lamina II neurons [17]. Meanwhile, released
brain-derived growth factor (BDNF) suppresses GABAergic inhibition in lamina I
projections [18], which is consistent with the proposed gate control theory of pain
[19]. The inhibitory and endogenous opioid neurons project to the dorsal horns from
the periaqueductal gray and rostral ventral medulla; both are theorized to be influ-
enced by central sensitization [20]. BDNF is also implicated in long-term potentia-
tion in the hippocampus. Researchers propose that central sensitization is similar to
memory formation or learning [21]. Unlike, neuropathic pain, central sensitization
does not require neuronal injury [22]. Many patients experience pain in the absence
of noxious stimuli or proven pathology. Central sensitization offers an explanation
of how pain can be experienced without peripheral stimulation [16].

Neuralgias

The pathophysiology regarding trigeminal neuralgia continues to be debated.
Originally, TN was attributed to abnormal central nervous system discharges similar
to seizures as antiepileptic drugs were the first successful treatment [23]. Currently,
the most commonly advanced mechanism of TN involves vascular compression of
the nerve at the dorsal root entry zone to the pons, where central oligodendrocytes
cede to Schwann cells for production of myelin [24, 25]. Evidence for the
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compression is provided by the curative benefit many patients experience with
microvascular decompression of the trigeminal nerve. Biopsies from the trigeminal
nerve dorsal root entry zone (DREZ) have shown compression of the nerve with
loss of myelin [26, 27]. The loss of myelin at the DREZ allowed Devor to develop
the ignition hypothesis discussed above. However, recent imaging studies demon-
strate cases where patients have no compression of the nerve on MRI or intraopera-
tively [28]. Devor et al. (2002) explain these cases by hypothesizing patients must
have compression of the trigeminal pathway elsewhere [27]. Other studies show
small fiber (Ad and C) dysfunction in TN patients suggesting symptoms of TN arise
from compression of the smaller pain fibers resulting in ectopic discharges rather
than the ephaptic coupling from demyelinated Ap afferents [29, 30].

Trigeminal neuralgia must be distinguished into two subsets: typical or TNI,
which is the more common form, involving intermittent intense lancinating pain for
brief moments, and atypical or TN2, which shares symptoms with the typical form,
but patients also develop a constant burning pain at baseline [25]. TN type 2 has
been described as a chronic form of TN type 1, as a natural history study shows
progression of intermittent pain to constant burning pain with intermittent eruptions
[31]. Patients with TN2 were found to have increased central processing from stim-
ulation than TN1 patients, likely representing overstimulation at the level of the
medulla. This study implies central plasticity at wide-dynamic range second-order
neurons or third-order neurons [30].

V2 and V3 dermatomes contain the most common trigger points and are the areas
of greatest symptomology [26, 30], and superior cerebellar artery is the most likely
culprit of compression at the dorsal root entry zone [26—28]. Anatomical studies dem-
onstrate the rostral, superior projection of alpha fibers from V2 and V3 to the main
trigeminal sensory nucleus in the pons, which would be the site of compression for
superior cerebellar artery. The higher density of Ad fibers at this location may explain
the lancinating pain of typical TN. C fibers mostly project to the caudal medulla,
which may be related to the increased central processing in atypical TN [32].

Other causes of trigeminal neuralgia exist beyond the idiopathic form discussed
above such as cerebellopontine angle tumors and multiple sclerosis. TN caused by
CPA tumors is thought to have a similar mechanism to neurovascular compression,
as resection of tumor can provide relief of symptoms [33]. Multiple sclerosis is a
demyelinating disease, so it causes TN via an axonopathy that is witnessed with
chronic compression in vascular compression. MS plaques have been shown to
involve the trigeminal nerve at the DREZ [34].

Glossopharyngeal neuralgia is a condition of hyperactivity of the glossopharyn-
geal nerve; therefore the same theories of pathophysiology apply here as in TN. It
consists of intermittent, severe sharp pain affecting the sensory distribution of the
ninth and tenth cranial nerve, particularly the throat, oropharynx, base of the tongue,
ear canal, and areas inferior to the angle of the mandible [35]. Many cases of GPN
are found to have vascular compression of the ninth nerve at the dorsal root entry
zone to the medulla [36]. Other forms of neuronal damage and compression, includ-
ing post-traumatic, Eagle’s syndrome, postradiation, tumor compression, and mul-
tiple sclerosis, can produce symptoms of glossopharyngeal neuralgia [37].
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Occipital neuralgia can present with strikingly similar symptoms to TN but cov-
ering the superior and inferior occipital nerves. Nerve dysfunction, mostly from
compression, is the cardinal etiology of the disease process. Pathophysiology can
include vascular compression from aberrant courses of the posterior inferior cere-
bellar artery or vertebral artery of the C1 and C2 nerve root, multiple sclerosis, C2
myelitis, tumor, or spondylosis of the C1/2 joint with tonic muscular contraction
and compression [38].

Postherpetic neuralgia is continued pain after acute varicella zoster viral (VZV)
infection and resolution of the rash. VZV can remain latent in the trigeminal gan-
glion of patients who have experienced chicken pox in the past. Postherpetic neural-
gia exists in the same dermatome of the acute zoster infection and causes allodynia,
hyperalgesia, constant burning, and intermittent lancinating common to other neu-
ropathic diseases [39]. The inflammatory process of reactivation most likely creates
peripheral and central sensitization resulting in unpleasant symptoms. Of cranial
herpes zoster, 75% occur in the V1 (ophthalmic) division because of an unknown
predilection for the latent VZV to settle in the ophthalmic portion of the gasserian
ganglion [40]. The variety of symptoms may be explained best by the inconsistent
proportional destruction of AP, Ad, or C fibers [32].

Traumatic injuries to the afferent sensory nerves of the face and head can lead to
neuropathic pain. After transection of peripheral sensory nerves, the transected
axons begin Wallerian degeneration and form neuromas. Neuromas can also form
after any damaging process including compression, stretch, postsurgical scar, and
irritation [41]. Neuromas have been implicated in creating neuropathic pain. At the
site of neuromas, the axons are highly disorganized in shape and myelinations.
Several adjacent axons may not be myelinated by Schwann cells which can lead to
ectopic discharge and ephaptic cross-talk, producing the symptoms of neuropathic
pain [42]. Also, inflammatory results from traumatic nerve injuries can result in
peripheral and central sensitization as discussed above [43].

Inflammatory

Inflammatory conditions such as infections or malignancy may have an entirely dif-
ferent pathophysiology than the syndromes previously discussed. Malignancy can
cause a complex pain state involving neuropathic damage and compression, inflam-
matory signals, and ischemic mechanisms. Tumors can generate and secrete painful
mediators like protons, bradykinin, endothelins, prostaglandins, proteases, and vari-
ous growth factors [44]. Animal models show changes in centrally located microg-
lia to enhance the synaptic transmission of pain signals [45]. Thus, peripheral and
central sensitization play roles in cancer pain.

Many patients complain of facial pains from infectious bacteria, fungi, and
viruses. Recent evidence suggests that some infectious elements may stimulate
nociceptors through a novel mechanism. Staphylococcus aureus emits a-hemolysin
which creates pores in the phospholipid bilayer of nociceptors causing loss of mem-
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brane potential and action potential firing. Other bacteria are known to emit ligands
that directly bind receptors on nociceptors creating action potentials [46].
Lipopolysaccharides of bacterial cell walls peripherally sensitize nociceptors by
binding a receptor and creating noxious hyperactivity [47].

Idiopathic

Some chronic pain disorders have no histopathological or instrumental evidence to
explain the proportionality of symptoms. Temporomandibular disorder, persistent
idiopathic facial pain, atypical odontalgia, and burning mouth syndrome have a high
degree of comorbidity with other chronic pain states like fibromyalgia, headache,
migraine, irritable bowel syndrome, and low back pain [20, 48, 49]. These neuro-
physiological disorders have been grouped into a category explained by their pro-
posed pathophysiology, central sensitization syndromes. The mechanism behind
central sensitization syndromes is in high likelihood multifactorial, and often these
syndromes are diagnosed in patients with comorbid psychiatric disorder or auto-
nomic dysfunction [20].

Temporomandibular disorder (TMD) is characterized as a clinical diagnose of
generalized chronic pain of the stomatognathic system. In TMD, studies have shown
functional and structural changes to prefrontal cortex and basal ganglia. Researchers
suggest that patients suffer from decreased function of endogenous opioids of the
periaqueductal gray and descending inhibitory pathways from the rostral ventral
medulla [20]. Studies have shown that the central sensitization of TMD may begin
with peripheral triggers like dental pain, oral surgery, or temporomandibular joint
dysfunction [20]. Persistent idiopathic facial pain (PIFP) is a clinical diagnosis of
chronic, nonspecific, and poorly localized pain without neurological deficit. Recent
studies have shown some patients with PIFP have changes in blink reflex testing and
thermal quantitative sensory testing, suggesting pathology of small fibers. However,
the researchers were unable to localize the dysfunction to peripheral or central sen-
sitization [50]. Atypical odontalgia is a clinical diagnosis defined as a chronic con-
tinuous pain symptom located in the dentoalveolar region, unexplainable by other
disease processes. Many patients who experience atypical odontalgia recall onset
after dental procedures, which is suggestive of a neuropathic pain syndrome rather
than central sensitization [48]. However, 60% of patients in one study had a comor-
bid psychiatric condition, and antipsychotics were shown to be effective in treat-
ment, suggesting a more central mechanism to the pain [51]. Burning mouth
syndrome is characterized by a continuous burning sensation from the oral mucosa
without a causative lesion. A relationship has been shown between oral pain and
fibromyalgia, a central sensitization syndrome [52]. Histopathological studies have
shown significantly lower density of epithelial and subepithelial nerve fibers in
patients with burning mouth syndrome versus controls [48, 53]. In dry eye-like pain,
patients suffer from the feeling of corneal irritation without a significantly decreased
tear film; animal models have recently shown changes in the trigeminal brainstem
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nucleus after inducing reduced tear volume for 2 weeks, implying a central sensiti-
zation to the stimulus [54].

Like most syndromes proposed to be caused by central sensitizations, headaches
are multifactorial in nature. Although different in symptomology, central sensitiza-
tion may have a role in tension, cluster, and migraine headaches [55-59].

A variety of insults and mechanisms cause head and facial pain. Peripheral sen-
sitization, neuropathic pain, and central sensitization phenomena—separately or
combined—may result in chronic head and facial pain syndromes. A detailed under-
standing of the pathophysiology of each patient’s facial pain will help the practitio-
ner to arrive at the correct diagnosis and to assist in formulating optimal
treatments.
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Chapter 4 )
Nomenclature and Differential Diagnosis

Check for
updates

Rabia Tari and Konstantin V. Slavin

Introduction

Facial pain is a debilitating pain condition which can affect at one point or another
up to 26% of the general population [1]. As a matter of fact, it may be safe to assume
that every living person has experienced facial pain at some point of her/his life due
to dental issues, sinus problems, diseases, and injuries of the eyes, face, etc. In gen-
eral, the facial pain may be a sign of various pathologies of facial structures, central
nervous system (i.e., brain stem, thalamus, etc.) lesions, and cranial nerves or, in
many of the cases, originate from an unknown source.

The general category of facial pain disorders includes diverse number of patho-
logical conditions; these may be divided into neuropathic and nociceptive, odonto-
genic and non-odontogenic, neurogenic and non-neurogenic, etc. The differentiation
and subcategorization vary among the disciplines and with different grouping
strategies.

Neuropathic facial pain is a common term used for facial pain associated with
nerve lesions or injuries [2]. The sensory innervation of the face is provided by both
spinal nerves (C2—C4) and cranial nerves (V, VII, IX, X), and the trigeminal nerve
is the source of the facial pain in the majority of the anatomically obvious neuralgias
and neuropathies. Trigeminal neuralgia (TN) is worth particular attention as a dis-
tinct subtype of the facial pain as this potentially devastating condition can be suc-
cessfully managed with multiple well-established interventions. While its diagnosis
is quite straightforward, the exact terminology of its variants remains a common
issue in publications.

According to a recent systematic review, the prevalence of trigeminal neuralgia
(TN) ranges from 0.03 to 0.3% [3]. This tenfold discrepancy may be explained by a
relatively small number of studies that fulfill the commonly accepted criteria of
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quality but also by heterogeneity of TN characteristics and subtypes [4—6]. The situ-
ation with confusing terminology gets even more complicated when it comes to
more general facial pain epidemiology studies. There are only few meta-analyses in
this field as multiple studies that use different classification strategies and criteria
get discarded.

The general understanding of common facial pain terminology and differential
diagnosis is the purpose of this chapter. Emphasis is placed on neuropathic facial
pain.

Nomenclature

The terms used in this field are based on classifications and taxonomies proposed by
study groups, author-based consensus, and individual expert opinions. In some clas-
sification systems, facial pain is grouped separately or together with the headache
and orofacial pain. Five current major classifications that are used worldwide
include facial pain disorders:

1. International Classification of Headache Disorders (ICHD), by the International
Headache Society (IHS)

2. Classification of Chronic Pain, by the International Association for the Study of
Pain (IASP)

3. International Classification of Diseases (ICD) coding, by the World Health
Organization (WHO)

4. Classification from the American Association of Orofacial Pain (AAOP)

5. Burchiel classification

Among these, only IASP, ICHD, and Burchiel classifications contain descriptive
information and diagnostic criteria for neuropathic facial pain [7-9].

Nonetheless, there are many publications do not follow the terms used in these
classifications. The need for a terminological clearout for the confusing pool of
interpretations is therefore quite evident [10]. The misinterpretations of pain condi-
tions create a burden for decision-making, prescribing of treatments, evaluation of
treatment efficacy, and planning of research and communication [11].

The attempt of Nixdorf et al. for orofacial pain taxonomy was promising. They
have used persistent dentoalveolar pain disorder as an example to show how onto-
logical principles can be used to improve related taxonomy [10]. However, the
problem is not always the terms. Different stages of disease progression or over-
lapping conditions may have an impact on confusing nomenclature in literature
[12, 13]. One example is the term “atypical odontalgia” which can also refer to
phantom tooth pain, deafferentation pain, trigeminal neuropathy, or atypical
facial pain [10, 13]. Although it was advised not to group these disorders for the
aim of improving treatment selections, the confusing terms are still being used
[14, 15].
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Table 4.1 Comparative table of facial pain classifications

Extent of
Facial pain classifications | Year | classification | Structure Comments
The International 2015 | All diseases Coding system ICD-11 will be
Classification of Diseases Not diagnostic, not integrated with
(ICD) coding-ICD 10 categorized ICHD
Etiologically based
International Headache 2013 | Headache and | Diagnostic, theoretical, | Validation problem
Society (IHS) facial pain etiological, for atypical pain
International unidimensional Insufficient
Classification of Consensus of experts | evidence
Headache Disorders Criteria for each
(ICHD-3 beta ) disorder
International Society for | 1994 | Pain disorders | Multiaxial, descriptive | Validation problem
the Study of Pain theoretical for atypical pain
(IASP)-Classification of No criteria
Chronic Pain
American Association of | 2005 | Orofacial pain | Based on Two axes (physical
Orofacial Pain (AAOP) symptomatology and psycho); first
Multiaxial axis: six subgroups
No criteria

Despite the recent attempts to combine and integrate some of them, current ter-
minology remains problematic and will be mentioned in context of relevant classi-
fications under the section of differential diagnosis.

Diagnostic Classifications (Table 4.1)

The first consensus on the classification of headache disorders was pursued by an ad
hoc committee formed by the US National Institutes of Health in 1962 [16] . In
1986, it was followed by IASP task force classification which was revised in 1994
and updated twice since then [17]. Recently, it was announced that ICD-11 will be
integrated with new classification of IASP task force [18]. One out of seven main
chronic pain topics, the “chronic headache and orofacial pain,” contains four sub-
groups, and chronic orofacial pain is among them:

1. Chronic primary headaches

2. Chronic secondary headaches

3. Chronic orofacial pains

4. Headache and orofacial pain not otherwise specified

ICHD is another general diagnostic classification that is used in most epidemio-
logical studies; it was first published in 1988. Two revisions later, its latest version,
so-called beta-edition, was published to collect evidence and provide field testing
opportunities [19, 20] (Table 4.2). All physicians working in the related fields were
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Table 4.2 ICHD-3 beta
classification with brief
descriptions

Painful cranial neuropathies and other facial pains

1. Trigeminal neuralgia

A. Classical trigeminal neuralgia

(a) Classical TN, purely paroxysmal
(b) Classical TN with concomitant persistent facial pain

B. Painful trigeminal neuropathy

(a) Painful trigeminal neuropathy attributed to acute
herpes zoster

(b) Postherpetic trigeminal neuropathy

(c) Painful post-traumatic trigeminal neuropathy

(d) Painful trigeminal neuropathy attributed to multiple
sclerosis (MS) plaque

(e) Painful trigeminal neuropathy attributed to other
disorder

2. Glossopharyngeal neuralgia

3. Nervus intermedius (facial nerve) neuralgia

A. Classical nervus intermedius neuralgia

B. Nervus intermedius neuropathy attributed to herpes
zoster

. Occipital neuralgia

. Optic neuritis

. Headache attributed to ischemic ocular motor nerve palsy

. Tolosa-Hunt syndrome

I NN

. Paratrigeminal oculosympathetic (Raeder’s) syndrome

9. Recurrent painful ophthalmoplegic neuropathy

10. Burning mouth syndrome (BMS)
11. Persistent idiopathic facial pain (PIFP)
12. Central neuropathic pain

A. Central neuropathic pain attributed to MS
B. Central poststroke pain (CPSP)

invited to submit evidence to the chair persons of the relevant chapter for the next
ICHD revision [19, 20]. ICHD-3 is expected to be published in 2018.

Neuropathic pain is classified in most pertinent fashion by Burchiel in 2003 with
partial subsequent revision in 2005 (Table 4.3) [8, 21]. Here, we use Burchiel clas-
sification as a diagnostic guide (Table 4.4).

Questionnaires

While clinically based differential diagnosis is achieved by the classifications’ diag-
nostic criteria and physicians’ clinical assessments, instrument-based differential
diagnosis was tested by various authors as well (Table 4.5).
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Table 4.4 Burchiel TN classification (2003)

1. Trigeminal neuralgia type 1 (TN1): Idiopathic, sharp shooting, electrical shock-like, episodic
pain

2. Trigeminal neuralgia type 2 (TN2): Idiopathic, aching, throbbing, burning, >50% constant
pain

3. Trigeminal neuropathic pain (TNP): It is caused by unintentional injury to the trigeminal
system from trauma; oral surgery, root injury from posterior fossa, or cranial base surgery,
stroke, etc. can be causes of this type of pain

4. Trigeminal deafferentation pain: The presence of numbness as a result of intentional injury
from denervating pain procedures

5. Symptomatic trigeminal neuralgia: Associated with multiple sclerosis

6. Facial postherpetic neuralgia: Resulting from outbreak of facial herpes zoster

7. Atypical trigeminal neuralgia: Somatoform disorder

Table 4.5 Diagnostic questionnaires

Predictability rate
Author/s Year | Topic (%) # of groups, subgroups
Hapak et al. 1994 | Craniofacial pain | 74.3 Three groups and nine
subgroups
Limonadi et al. 2006 | Trigeminal 95 Seven groups
neuralgia
Aggarwal et al. 2007 | Orofacial pain 94 Three groups
McCartney et al. 2014 | Facial pain 87.1 10
MacFarlane et al. 2004 | Orofacial pain 71,71, 57 Three groups; 23
subgroups

In 1975, Melzack first published a pain questionnaire that can measure pain and
provide quantitative information at the same time [22]. It has been found that
McGill’s questionnaire may help differentiate between TN and atypical facial pain
with 90% correct prediction [23].

In 1994, a self-administered questionnaire based on diagnostic classification was
proposed by Hapak et al. [24]. Three categories were obtained: musculoligamen-
tous, neurologic, and dentoalveolar. Neurologically based conditions included
atypical facial pain, TN, migraine, cluster headache, and muscular contraction
headache. The findings indicated that the sensitivity and specificity of this diagnos-
tic questionnaire were 78.7%, 78.9%, and 37.5% and 81.5%, 78.2%, and 97% for
the musculoligamentous, neurologic, and dentoalveolar groups, respectively. They
used questionnaire and digital pain scales for undiagnosed patients and then classi-
fied them according to the most probable diagnosis.

In 2004, Macfarlane et al. presented a new classification questionnaire for orofa-
cial pain and classified a total of 125 patients into three groups: musculoligamen-
tous with 71%, dentoalveolar with 71%, and neurological/vascular with 57% good
prediction [25].

Another questionnaire-based tool for classifying self-reported orofacial pain was
developed and validated in population-based studies by Aggarwal et al. [26].
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However, this tool grouped together the orofacial pain conditions that were likely to
have an underlying pathology and those likely to be idiopathic. In a second study,
these authors aimed to develop and validate a questionnaire-based tool that would
enable classification of idiopathic orofacial pain in the general population [27].
They classified three categories, idiopathic, dentoalveolar, and musculoligamen-
tous, based on distinct characteristics reported in a self-administered questionnaire.
Ninety-four percent of the cases were successfully classified.

In 2006, Limonadi et al. presented the artificial neural network (ANN) which
provided a tool for self-diagnosis based on a computerized questionnaire for TN
patients [28]. Patients were classified according to Burchiel classifications.
Predictability rates were higher than 95%. However, the study population was
skewed due to a high percentage of typical TN patients. In 2014, an update was
published by the same group [29]. They added four more questions and turned the
questionnaire into a web-based diagnostic tool for ten different facial pain diagno-
ses. The sensitivity and specificity of new ANN were reported to be 92.4% and
87.8% for TN1, respectively, which was an improvement compared to the previous
results of 84 and 83% of the earlier version. The ANN was still less sensitive at
determining an accurate TN2 diagnosis (62.5% sensitive) but also better than the
previous version. They mentioned that in forthcoming data sets, they are determined
to improve temporomandibular joint disorders, nervus intermedius neuralgia, and
glossopharyngeal neuralgia diagnoses as well.

Pain is a uniquely personal experience, and measuring it is highly perceptional.
The controversy in the literature about the validation of the pain questionnaires is
therefore almost inevitable.

Differential Diagnosis

Diagnostic criteria offered in classifications and/or extensive clinical experience
draw the path to an accurate diagnosis. The first step is the clinical data gathering.
History-taking stands as a gold standard method for facial pain diagnostic process.
It should be integrated with the physical examination and imaging, with particular
emphasis on the relevant differential diagnosis. The differential diagnosis of facial
pain is detailed in (Table 4.2).

Neuralgia

The term neuralgia generally refers to a painful condition of a named nerve; it is
considered a true example of painful mononeuropathy. When it comes to classifica-
tion of neuralgias, the terminology varies, but in general, they are divided into pri-
mary and secondary, typical, or classic and atypical, central and peripheral,
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idiopathic, or unknown, and these terms are used freely in multiple publications
making nomenclature definition very complex.

Use of the term “secondary” is expected to be limited to those cases where the
painful nerve is affected by a known distinct pathological process such as tumor,
vascular malformation, trauma, infection, or demyelination. Such straightforward
distinction becomes somewhat controversial when IHS classification suggests nam-
ing neuralgia “secondary” if a vascular compression is identified during surgical
intervention and “primary” if surgical intervention never took place. In surgeon’s
mind, however, the neuralgia that occurs in the absence of conditions listed above
(tumor, etc.) is considered “primary”” whether or not there is a documented vascular
compression.

Trigeminal Neuralgia/Trigeminal Pain

Trigeminal neuralgia is a heterogeneous group of disorders presenting with neuro-
pathic pain in one or more branches of the trigeminal nerve.

Pre-trigeminal Neuralgia

This term refers to a continuous dull pain in the upper or lower jaw that later devel-
ops into classic TN [30].

Idiopathic Trigeminal Neuralgia: Type I

(ICD: G50.0 trigeminal neuralgia, syndrome of paroxysmal facial pain, tic doulou-

reux; ICHD, 13.1.1.1 classical TN, purely paroxysmal; IASP, 006.X8a trigeminal
neuralgia, tic douloureux) (Table 4.6)

Table 4.6 ICHD-3 beta diagnostic criteria for classical TN

A. At least three attacks unilateral facial pain fulfilling criteria B and C

B. Occurring in one or more divisions of the trigeminal nerve, with no radiation beyond the
trigeminal distribution

C. Pain has at least three of the following four characteristics:

1. Recurring in paroxysmal attacks lasting from a fraction of a second to 2 min

2. Severe intensity
3. Electric shock-like, shooting, stabbing, or sharp in quality

4. Precipitated by innocuous stimuli to the affected side

D. No clinically evident neurologic deficit
E. Not better accounted for by another ICHD-3 diagnosis
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Idiopathic TN, previously known as classical or typical TN, is characterized by
unilateral severe brief sharp pain attacks in one or more branches of the trigeminal
nerve with spontaneous onset or triggered by non-painful stimuli. In between these
electric shock-like pain attacks, there are refractory periods when triggering no lon-
ger produces pain. It may be bilateral in some cases.

It has been hypothesized that this condition may further advance to the type of
TN formerly known as atypical, characterized by more than 50% constant pain [31].
The vascular compression of the trigeminal nerve root has been accepted as an etio-
pathogenetic factor for TN1 as the surgical decompression may cure this condition.
However, multiple anatomical and radiological studies showed that vascular com-
pression does not always result in TN symptoms [31-33]. As a matter of fact, up to
32% of people without pain have been found to have neurovascular compromise on
high resolution imaging [31].

Idiopathic Trigeminal Neuralgia: Type II

(ICD: G50.0 syndrome of TN with concomitant persistent pain; IASP, 006.X8a tri-
geminal neuralgia, tic douloureux)

This type of facial pain is characterized by an aching, throbbing, or burning con-
stant pain that is present at least 50% of the time. Sharp/episodic pain may accom-
pany TN2 but is not required for diagnosis. Both ICHD-2 and ICHD-3 beta describe
a new term of “TN with concomitant persistent pain” [34, 35]. In Burchiel classifi-
cation, this condition is referred to as TN2 [8].

Postherpetic Neuralgia

(ICD, B02.22 postherpetic trigeminal neuralgia; ICHD, 13.1.2.2 postherpetic tri-
geminal neuropathy; and 13.1.2.1 painful trigeminal neuropathy attributed to acute
herpes zoster; IASP, 003.X2b postherpetic neuralgia [trigeminal])

Pain in the trigeminal nerve territory that developed after a herpetic infection in
the same area is considered postherpetic neuralgia. There are theories that pain in
acute and late periods of viral infection with herpes zoster is caused by different
mechanisms. The pain is burning and dysesthetic and may be associated with sen-
sory loss and some degree of allodynia; trophic changes may also occur.

Trigeminal Deafferentation Pain

This condition is characterized by burning crawling itching tearing pain and is seen
after intentional injury of the trigeminal system, usually as a result of neuroablative
intervention (neurectomy, gangliolysis, rhizotomy, nucleotomy, tractotomy, etc.)
Anesthesia dolorosa is an advanced form of this kind of pain; in addition to
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neurodestructive procedures, it may also be seen in brainstem and mesencephalic
infarctions.

Post-traumatic Trigeminal Neuropathy

(ICHD: 13.1.2.3 painful post-traumatic trigeminal neuropathy)

This type of neuralgia develops as a result of unintentional direct insult of to the
trigeminal system, such as trauma, maxillofacial surgery, skull base surgical proce-
dures, and posterior fossa surgery.

Constant, dull, throbbing, or burning pain with or without sharp pain paroxysms
may be observed in the affected area. Nerve involvement in post-traumatic pain is
distal to the trigeminal root and ganglion, and the character of pain differs from
deafferentation pain and idiopathic types of TN.

Symptomatic Trigeminal Neuralgia

(ICHD: 13.1.2.4 painful trigeminal neuropathy attributed to multiple sclerosis (MS)
plaque)

The term symptomatic is not present in the latest versions of HIS and IASP clas-
sifications. The neurosurgeons and neurologists continue using this term [8, 36, 37].
TN is seen in up to 10% of MS patients. The associated neuropathic pain can be
either constant or episodic.

Secondary Trigeminal Neuralgia

(ICHD: 13.1.2.5-13.1.2.6 painful trigeminal neuropathy attributed to space-
occupying lesion or other disorder)

Secondary TN is caused by other primary conditions that are summarized in Box
2. The underlying condition should be treated first to relieve this type of pain.
According to the American Academy of Neurology—European Federation of
Neurological Societies (AAN-EFNS) guidelines, “secondary” TN is caused by a
major neurological disease such as tumor of the cerebellopontine angle or multiple
sclerosis [38]; these guidelines group secondary and symptomatic TN into one
category.

Geniculate Neuralgia
(ICD, G51.1 geniculate ganglionitis, disorder of geniculate ganglion; ICHD, 13.3

geniculate (facial nerve) neuralgia; IASP, 006.X2 geniculate neuralgia (VII cranial
nerve), Ramsay Hunt syndrome)
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Geniculate neuralgia presents with sharp and lancinating unilateral pain that is
localized to an area behind the ear and/or the external auditory canal. It may be
accompanied by other symptoms such as salivation, tinnitus, and bitter taste.
ICHD-3 beta criteria require at least three attacks of brief paroxysms of pain felt
deeply in the auditory canal, sometimes radiating to the parieto-occipital region.
The term “geniculate neuralgia” is frequently used interchangeably with “neuralgia
of nervus intermedius” (see below).

Glossopharyngeal Neuralgia

(ICD, GS52.1 disorders of glossopharyngeal nerve, glossopharyngeal neuralgia;
ICHD, 13.2 glossopharyngeal neuralgia; IASP, 006.X8b glossopharyngeal
neuralgia)

Glossopharyngeal neuralgia is also called vagoglossopharyngeal neuralgia. It
presents with sharp shooting pain in the posterior part of the tongue, pharynx, ton-
sils, and ear, sometimes with trigger zones located in the ipsilateral half of the
tongue and throat. The pain can be provoked by chewing, swallowing, and talking.
Vascular compromise can be seen on imaging and during surgery. ICHD criteria
require the number of attacks to be three or more.

Sphenopalatine Neuralgia (Sluder)

Sluder neuralgia is a rare condition that presents with infraorbital or retro-orbital
pain radiating toward the neck. It may be accompanied by lacrimation and conjunc-
tival injection.

Superior Laryngeal Neuralgia

(ICD, G52.2 disorders of vagus nerve, superior laryngeal neuralgia; IASP, 006.X8e
neuralgia of superior laryngeal nerve [vagus nerve neuralgia])

Superior laryngeal neuralgia presents with severe paroxysmal pain felt in the
throat, in the mandibular region, or under the ear. Pain is triggered by swallowing,
head turning, and straining the voice.

Paratrigeminal Neuralgia (Raeder)

(ICHD, 13.8 paratrigeminal oculosympathetic (Raeder’s) syndrome; IASP, 002.X4
[tumor]/002.X1a [trauma]/002.X3b [inflammatory, etc.]/002X8 [unknown]
Raeder’s syndrome (Raeder’s paratrigeminal syndrome) Type I-Type II)

Paratrigeminal neuropathic pain presents in the frontotemporal region with asso-
ciated partial Horner syndrome.
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Occipital Neuralgia (Arnold)

(ICD, M53.82 other specified dorsopathies in cervical region, occipital neuralgia;
ICHD, 13.4 occipital neuralgia; IASP: 004.X8-004.X1 [trauma] occipital
neuralgia)

Occipital neuralgia is localized primarily in the occipital area and radiates to ear
and retromandibular region.

Nervus Intermedius Neuralgia

(ICD, G52.9 disorders of other cranial nerves; ICHD, 13.3 nervus intermedius
[facial nerve] neuralgia, [13.3.1 classical; 13.3.2 attributed to herpes zoster]; IASP,
006.X8c neuralgia of the nervus intermedius)

Nervus intermedius neuralgia presents with unilateral paroxysmal attacks deep
in the ear. This term is used interchangeably with geniculate neuralgia, and this
commonality is reflected in ICHD but not clear in other classifications.

Atypical Facial Pain

Frazier and Russell first used the term “atypical” in 1924 for facial pain that did not
respond to surgical therapy [39]. Since that time terms “atypical facial pain” and
“atypical trigeminal neuralgia” have often been used interchangeably even though
these two terms describe very different conditions. In general, atypical facial pain
refers to a poorly localized, vaguely described facial pain, nonanatomical in distri-
bution, and with no evidence of a defined organic cause [3, 16]. Atypical trigeminal
neuralgia, on the other hand, refers to condition that stems from trigeminal dysfunc-
tion but differs from “typical” TN by the presence of constant pain in addition to the
classical electric shock-like attacks (typical TN is expected to be episodic only), by
the presence of sensory deficits (typical TN patients have normal neurological
examination), by the absence of trigger zones, by lack of response to anticonvul-
sants primarily carbamazepine (response to carbamazepine is considered pathogno-
monic for typical TN), etc. The pain in atypical TN, however, remains very
anatomically defined and does not cross midline. To avoid this confusion, it is now
recommended to stop using the term “atypical TN” and instead refer to it as TN type
2, or TN2, based on Burchiel classification.

According to one published concept, the main difference in symptomatology of
“typical” TN and “atypical” TN is the severity and/or duration of the vascular com-
pression of the trigeminal nerve root [12]. This concept is supported by clinical
experience; it postulates that typical TN, atypical TN, and trigeminal neuropathic
pain may not be separate conditions but just different degrees (or successive stages)
of progressive injury of the trigeminal nerve. Well-known observations of vascular
compression by nearby arterial or venous vessels in patients with atypical TN sup-
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port this theory. As a further proof of this concept, Miller et al. in 2009 reported six
patients with TN1 who subsequently progressed to TN2 [31]. They suggested that
TN type at the onset is more meaningful than its ultimate presentation at the time of
clinical evaluation.

With this, the term “atypical facial pain” (AFP) is currently reserved for patients
with unequivocal evidence of a somatoform pain disorder that can be objectively
diagnosed by psychological testing [21]. This term should not be used for those
patients who are refractory to treatment or those “not-completely-typical” pain con-
ditions that may be included in any other diagnostic category. Similarly, the other
terms that were used to describe the atypical facial pain, such as dental causalgia,
atypical facial neuralgia, and phantom orofacial pain, are no longer recommended
for use [40].

Although both IASP and IHS excluded the term “atypical facial pain” from their
lists and suggested the terms “other and unspecified pain in the jaws” or “facial pain
not fulfilling other criteria,” this term remains widely used by various authors [41].
A recent survey of UK clinicians from all specialties who treat facial pain showed
that 89% of them still use the term [41]. One hundred forty-three randomly selected
specialists (oral and maxillofacial surgeons, oral medical experts, ear nose and
throat surgeons, anesthetists, psychiatrists, and neurologists) completed question-
naires; 127 of them used the term atypical facial pain, and the rest used various other
terms.

Persistent Idiopathic Facial Pain (PIFP)

In general, “idiopathic” refers to conditions with no identifiable cause. In case of
trigeminal neuralgia, “idiopathic” is usually the same as “primary” TN, but in case
of the persistent idiopathic facial pain (PIFP), idiopathic refers to the absence of
identifiable organic disease and serves as substitute to the term “psychogenic” [11].

In ICHD PIFP, formerly known as atypical facial pain, describes chronic facial
pain without evidence of structural or other specific causes of pain [9, 42].
Alternatively, PIFP is defined as a pain along the territory of the trigeminal nerve,
which does not fit criteria for other cranial neuralgias [2, 43, 44]. ICHD suggests
that “atypical odontalgia,” based on the history, can either be PIFP or a painful post-
traumatic trigeminal neuropathy.

Headache Disorders

Trigeminal autonomic cephalgias (TACs) and migraine have been linked to the oph-
thalmic division of the trigeminal nerve. Based on a study of prevalence of facial
pain in the migraine population, only 9% out of 517 migraine patients were found
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to experience pain in the lower half of the face [45]. This was attributed to the ana-
tomical overlap of the trigeminal and cervical afferents throughout the trigemino-
cervical complex causing a referral of pain with otherwise typical clinical symptoms
of a migraine attack. TACs are normally perceived in the upper part of the person’s
face but every now and then radiate to the face and teeth, and in turn, orofacial struc-
tures may give rise to headaches [46]. These conditions are characterized by short-
lasting pain, some in the facial region and some in the head, and are accompanied
by different autonomic features. As a matter of fact, there was a suggestion that
short-lasting unilateral neuralgiform headache with cranial autonomic features
(SUNA), short-lasting unilateral neuralgiform headaches occurring with conjuncti-
val injection and tearing (SUNCT), TN may represent different stages of a single
continuum [47].

In general, most causes of headache and craniofacial pain, including SUNCT,
cluster-tic syndrome, paroxysmal hemicrania, and primary stabbing headache,
should be considered in the differential diagnosis of TN.

Non-neurogenic Orofacial Pain and Temporomandibular
Causes

Classic TN or secondary TN may sometimes be confused with dental causes of
pain. Dental pain is usually continuous, intraoral pain that is dull or throbbing,
whereas classic TN is typically intermittent and sharp pain. Furthermore, some
patients describe a phase of “pre-trigeminal neuralgia” characterized by atypical
(for TN) symptoms (e.g., jaw or tooth pain) that might mimic dental pain [30].
Non-neurogenic oral cavity diseases can present with stimulus-evoked, sharp,
throbbing, or continuous pain; they may be easily confused with neurogenic pain,
but oral examination and radiographs would help in establishing correct diagnosis.

Differential Diagnosis Algorithm

Our facial pain diagnosis and management algorithm was published in 2007 [48]
(Table 4.7). Determination of anatomical distribution of pain and its correlation
with representation of neurological structure(s) is the first step. Then, to differenti-
ate secondary and primary causes, radiological evaluation—usually brain MRI with
contrast—is performed. Pain nature and significant history information (previous
surgery, infection, trauma, vascular formation, etc.) help to establish correct diagno-
sis and chose proper medical and surgical management.

If the pain does not follow anatomical distribution, a psychological evaluation
may be in order to establish diagnosis of AFP/PIFP.



46

Table 4.7 Differential
diagnosis of facial pain

R. Tari and K. V. Slavin

Trigeminal neuralgia

Trigeminal neuralgia Type I: Idiopathic typical trigeminal
neuralgia

Trigeminal neuralgia Type II: Idiopathic atypical
trigeminal neuralgia

Symptomatic/secondary trigeminal neuralgia

Trigeminal neuropathic pain

Post-traumatic trigeminal pain

Trigeminal deafferentation pain

Anesthesia dolorosa

Central deafferentation syndrome

Postherpetic neuralgia

Glossopharyngeal neuralgia

Geniculate neuralgia

Sphenopalatine (Sluder) neuralgia

Paratrigeminal (Raeder) syndrome

Pain ophthalmoplegia (Tolosa-Hunt syndrome)

Petrous apex syndrome (Gradenigo syndrome)

Cancer-related pain

Atypical facial pain

Non-neurogenic orofacial pain and temporomandibular
joint-related pain

Headache and other conditions

Table 4.8 Comparison of IASP and IHS classification

IASP IHS

Central pain (if confined to the head and face) 12.7.2  Thalamic pain

Trigeminal neuralgia (tic douloureux) 12.2.1 Trigeminal neuralgia

Secondary neuralgia (trigeminal) from central 12.2.2.2 Symptomatic trigeminal

nervous system lesions (tumor or aneurysm) neuralgia

Acute herpes zoster (trigeminal) 12.1.4.1 Herpes zoster

Postherpetic neuralgia (trigeminal) 12.1.4.2 Chronic postherpetic neuralgia

Geniculate neuralgia (seventh cranial nerve): 12.1.4.1 Herpes zoster

Ramsay Hunt syndrome

Glossopharyngeal neuralgia (ninth cranial nerve) 12.3.1  Idiopathic glossopharyngeal
neuralgia

12.3.2  Symptomatic glossopharyngeal

neuralgia

Neuralgia of the superior laryngeal nerve (vagus 12.5 Superior laryngeal neuralgia

nerve neuralgia)

Occipital neuralgia 12.6 Occipital neuralgia

Hypoglossal neuralgia 12.1.7  Other causes of persistent pain
of cranial nerve origin

Glossopharyngeal pain from trauma 12.3.2  Symptomatic glossopharyngeal
neuralgia

Hypoglossal pain from trauma 12.1.7  Other causes of persistent pain
of cranial nerve origin

Tolosa-Hunt syndrome (painful ophthalmoplegia) 12.1.5 Tolosa-Hunt syndrome
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Conclusion

Since the time of Hippocrates (circa 400 BC), there are some challenges related to
diagnosis and treatment of facial pain [49]. Both surgical and nonsurgical approaches
are used in facial pain patients; the choice of approach is generally guided by practi-
cal treatment algorithms.

Most challenge remains with so-called atypical pain patients, as their diagnosis
and management require advanced multidisciplinary expertise. Meanwhile, the lack
of universally accepted classification makes therapeutic decisions more difficult
[27]. This is further complicated by a fact that somewhere between 7 and 44% of
cases may be unclassifiable in view multiple diagnostic classifications [20]
(Table 4.8). Even when symptoms point toward involvement of a specific nerve(s),
there is a general lack of imaging tools that may help in establishing clinical diag-
nosis. The key to a proper diagnostic approach is to evaluate the symptoms as a
whole and present the patient with treatment options in a goal-oriented manner.
Since the duration of chronic pain may affect the treatment results, a timely and
accurate diagnosis remains a cornerstone of efficient management.

The use of a grading system such as “definite,” “probable,” or “possible” has
been suggested for use in case of diagnosing neuropathic pain. It has been suggested
that this type of grading may be extended to various orofacial pain diagnoses as a
means of managing the uncertainty in providing diagnoses for conditions that have
varied clinical presentations [37].

Although the head and face are closely related, diagnostic classifications of
headache and orofacial pain are not properly integrated. It does appear, however,
that chronic orofacial pain and headaches can be classified together as they may be
sharing similar underlying pathophysiology, clinical characteristics, and neurovas-
cular issues. To test this concept, the headache definitions have been applied in a
cohort of chronic orofacial pain patients. The researchers concluded that both head-
aches and OFP should own their own subclassifications.

In general, the use of comprehensive classification systems does not guarantee
better outcomes. But discrepancy in terminology and existence of conflicting clas-
sification systems may delay diagnosis, negatively affect interprofessional commu-
nication, or result in inaccurate labeling. In addition to this, use of different
classifications may make meta-analyses difficult if not impossible.

Summary

Chronic facial pain often requires multidisciplinary and multi-interventional ther-
apy. Pain medicine, neurology, neurosurgery, otolaryngology, ophthalmology, den-
tistry, and maxillofacial surgery are those disciplines that deal with diagnosis and
treatment of facial pain.

Major classification guidelines lack the common language for diagnosis. It is
therefore not surprising that most studies and publications include unclassified,
overlapping, and mixed (combined) cases making it problematic for further analy-
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sis. The approach to gather evidence as used in the last version of ICHD and publish
a beta version for field testing is a promising step in creating a unified and compre-
hensive classification. Inclusion of orofacial pain groups in this collaboration is
expected to strengthen the future versions of classifications.

The unfortunate part of classifications that are not validated or supported by
evidence/validation is that they not only result in the wrong selection of patients for
treatment but also facilitate collection of uncategorizable data that cannot be prop-
erly analyzed, making it all but impossible to create the evidence-based approach
that is desperately needed for management of this complicated group of patients.
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Chapter 5
History and Physical Examination

James Y. Suen

Introduction

Headaches and facial pain are very common and are a major medical problem in this
country and the world [1]. It is critical to obtain an accurate history and physical
exam to determine the etiology of facial and head pain. If the head pain is severe and
abrupt in onset, one must rule out a ruptured aneurysm or intracranial hemorrhage
because time is critical to treat that problem.

We feel that pain in the face and head is commonly related to a peripheral tri-
geminal neuritis secondary to multiple factors, such as herpes zoster, trauma, nerve
compression from accompanying blood vessels similar to the classic trigeminal
neuritis, and many other causes, as well as idiopathic [2].

The nerve supply to the face and head is easy to learn. Knowing the nerve anat-
omy and with an accurate history can lead to an accurate diagnosis and lead to suc-
cessful treatment. Most facial and head pain will be recurrent, chronic, and severe,
leading to many physician visits.

History

Facial Pain

The face is primarily supplied by the trigeminal nerve, except for the earlobes and
along the jaw line, which are innervated by the upper cervical plexus nerves (Fig. 5.1).
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Obtaining an accurate and good history can lead to identifying the nerves involved.
It is important to ask if there was a precipitating event, how long the pain has been
present, the characteristics of the pain, and if it is intermittent or chronic. Also it is
important to know what treatment has been tried, how successful it was, and whether
any medications caused side effects. Other history would include previous trauma
requiring surgery with reconstruction metal plates, herpes zoster infection, sinus
problems, dental pain, and dental treatment. Previous neck surgery or trauma must
be known because it can cause lower facial pain or occipital headaches.

The classic trigeminal neuritis, type I is important to differentiate from the
peripheral type trigeminal neuritis. Type I is secondary to a vascular compression of
the trigeminal nerve at the root entry zone in the brain stem. It has the potential for
cure with surgical decompression or radiosurgery. Patients with Type I pain will
usually describe severe, sharp, electrical shock-like pain which can be intermittent
and debilitating. Most often it involves the third division of the trigeminal nerve
which will cause jaw and face pain on one side. If the patient describes this type of
pain, it is important to rule out a vascular compression of the nerve with a specific
MRI scan focusing on cisternal segment of the trigeminal nerve.

Once Type I trigeminal neuritis is ruled out, the history should focus on identifying
“trigger points” which are where the facial pain usually begins. Patients commonly
point to half of their face or head and even both sides, but when questioned carefully,
they usually can identify a “starting point.” As this history is obtained, the clinician
should begin to think about the trigeminal nerve innervation to that area (Fig. 5.1).
These trigger points are important, because we have found that nerve blocks to one or
more of the peripheral trigeminal nerves can abort the facial pain and headaches [3].

Fig. 5.1 Nerve supply to
the face, head, and upper
neck. Dermatomes
supplied by the three
divisions of the trigeminal
nerve and the upper
cervical nerves—C2, 3
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Headache Pain

Most headaches are called “migraine” or “tension” headaches. It is important to
understand that a lot of facial pain or occipital pain will provoke headaches or head
pain, so the history must ascertain where the pain started. If it does start in the face
or in the back of the head, the same history as above should be obtained. Other his-
tory should include if the patient has been evaluated by a neurologist, whether the
patient has nausea and vomiting with the headache, and what, if anything, will
relieve the pain. Also it is important to know if scans have been done to rule out
brain tumors, subdural hematomas, or sinus or ear infections.

The following case is an example of how important the history can be:

A 43-year-old white female had a history of severe pain behind and around the
right lower ear for over 6 years. After failing to respond to medications, she under-
went a vascular decompression procedure performed, and it helped the pain for
about 2 months. The severe, sharp pain returned in the “right occipital area’” and was
so severe that she would cry and almost pass out. She was referred to a neurologist,
who tried a greater occipital nerve block with minimum improvement. She was tried
on anticonvulsants, amitriptyline, and baclofen with no improvement. The pain
started involving her right temple and forehead area. She was seen by a neurosur-
geon who recommended re-exploration of the trigeminal nerve for concern for per-
sistent compression, so she underwent another vascular decompression surgery. It
was noted during that surgery that there was not an artery compressing the trigemi-
nal nerve. She again experienced a period of postoperative pain relief which lasted
2 months, and then her severe pain recurred. When we saw her, she stated the pain
would start over the right mastoid area near the lower end of her craniotomy scar
and then the facial pain would start. When examined, she pointed to the trigger
points: at the lower end of her craniotomy incision line and around the earlobe and
angle of her jaw, which is innervated by the lesser occipital and greater auricular
nerves (Fig. 5.1). When questioned closely about her original pain, she said it was
in the same area of the mastoid and earlobe at the beginning and was still the main
trigger point (Fig. 5.2). I recommended a nerve block of her right lesser occipital
and greater auricular nerves with xylocaine. Within 5 min after the nerve block, she
had over 50% pain relief but still had some pain over her right temple and forehead.
I then did a block of her right zygomaticotemporal (Fig. 5.3) and supraorbital nerves
and her pain resolved. The nerves were also blocked with bupivacaine.

She returned 1 week later, and she said she had 3 days of complete pain relief and
that her severe pain episodes decreased from over 50 a day to about 1015 per day.
The pain was starting to recur in the lesser occipital nerve area, but the temple and
forehead pain had not recurred. Another block of her lesser occipital nerve helped
significantly. We offered to resect the upper cervical plexus, and this was performed.
She has been pain free for over 6 months, and the numbness does not bother her.

In talking with her neurosurgeon who performed the second surgery, it was noted
that the patient did not have arterial compression of her main trigeminal nerve. It is
likely that this patient’s original pain was from her lesser occipital and greater auric-
ular nerves and that if a good history and exam had been performed initially, the
proper diagnosis would have been made.
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Fig. 5.2 Photo of the
original and recurrent
pain areas. Note the
craniotomy incision over
the mastoid area. The “X”
at the bottom of the
incision is where the
lesser occipital nerve is
located. The “X” near the
earlobe is the greater
auricular nerve
distribution. The “X” at
the angle of the jaw is the
transverse cervical nerve
innervation. All of these
are part of the upper
cervical plexus nerves
from C2, 3

Physical Exam

This is where the knowledge of the nerves supplying the face and head is crucial. As
the patient describes where the pain originates and what areas are involved, the
examiner’s mind should be thinking which nerves innervate that area.

During the physical exam, it is important to determine where the pain or head-
ache began and if there is a “trigger point.” Most patients will say, it hurts every-
where, but if pinned down, they frequently will point to one area where it starts.
Having the patient point specifically to where the pain starts is critical. If this trigger
point can be ascertained, nerve blocks are helpful to diagnose and treat the pain or
headaches.

We have found that many patients who complain of bilateral face or head pain
will have a trigger point only on one side and if that area or nerve is treated, it com-
monly will prevent the opposite side from hurting.

If the patient can give you a trigger point, this is where your anatomy knowledge
is crucial. It is common to have even two or more trigger points. That is important
to know also, because several nerves may need to be blocked.

The physical exam should also look for scars from previous skin cancer exci-
sions and titanium plates from previous trauma surgery or craniotomies. Palpation
of the face and head for sensitive areas should be performed. Many nerves that
cause facial pain and headaches may be sensitive to pressure from palpation.
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Fig. 5.3 “X” indicates the
location of the zygomatico-
temporal nerve which can
hurt when the cervical
plexus nerves hurt

The nose should also be examined to look for septal spurs which can impinge on
the adjacent middle turbinate which can trigger pain in the V1 or V2 distribution [4].

Summary

It cannot be emphasized enough that an accurate history and physical exam are
crucial to help diagnose the origin of pain in the face and head. Ask where does the
pain seem to start and find the trigger points!

Also learn the nerve innervation to the face and head—it is the key to proper
diagnosis and effective treatment.
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Chapter 6

Imaging Approach for the Diagnosis
of Head and Face Pain

Ryan T. Fitzgerald and Vikas Agarwal

Headache

Indications for Imaging

Headache is a common complaint constituting 1-3% of all emergency room presenta-
tions and an estimated 18 million outpatient visits annually in the USA alone [1].
Whether or not imaging is a necessary component of the workup, and if so what
imaging strategy is best suited for a particular patient, depends on a variety of clinical
factors. Evidence suggests that routine use of neuroimaging is not warranted in pedi-
atric or adult patients with a primary headache syndrome in the absence of a recent
change in headache onset pattern, development of seizures, pain that is exacerbated
by exertion or Valsalva, or focal neurological signs or symptoms [2]. The American
College of Radiology provides guidance and recommendations through its
Appropriateness Criteria, a free online resource that was developed to assist clinicians
choose the most appropriate study, if any is indeed indicated, for a given indication
(https://www.acr.org/Quality-Safety/ Appropriateness-Criteria). Within the ACR
guidelines, headache is divided into 16 variants based on presenting signs/symptoms
and comorbidities. For each headache variety, each imaging modality (CT, MRI,
catheter angiography, etc.) is assigned a numeric rating reflecting its appropriateness
to the specific presentation based on factors such as study efficacy, safety, and cost.
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For example, a sudden onset severe headache is most appropriately imaged using
non-enhanced CT of the head (ACR appropriateness score 8/9), whereas a new head-
ache in a cancer patient is most appropriately imaged by brain MRI with and without
contrast (ACR appropriateness score 9/9). For a chronic headache with no new fea-
tures and a normal neurologic examination, no imaging modality received a score
higher than a 4, indicating that imaging may not be necessary. The ACR has estimated
the yield of positive imaging studies in patients referred with isolated, non-traumatic
headache to be less than 0.5% [3]. As such, based on an estimated cost to the patient
of $400 for CT of the head and $900 for MRI brain, the cost to detect an actionable
finding with CT is $100,000 and $225,000 with MRI. Such costs must be weighed
against the emotional and psychological value to the patient of a negative scan.

Modalities and Techniques

For headache of rapid onset, extreme severity, or headache accompanied by neuro-
logic deficits or altered mental status, non-enhanced computed tomography (NECT)
serves as the preferred initial imaging technique [1]. NECT is highly accessible,
expedient, and facilitates stratification of headaches into two broad categories: pri-
mary and secondary headache disorders. The rapidity with which NECT can be
obtained and interpreted, particularly in an emergency room setting, is crucial given
that secondary headache disorders requiring prompt clinical attention, such as intra-
cranial hemorrhage and herniation, are readily detected by NECT. Further, a nega-
tive NECT, in the absence of “red flag” signs and symptoms, provides both clinicians
and patients assurance that any subsequent workup can be undertaken on a non-
emergent basis. Contrast-enhanced head CT (CECT) has little utility with the
exception of patients for whom MRI is contraindicated (e.g., due to ferromagnetic
implants) given that any indication for which contrast would be advantageous (sus-
pected neoplasm, meningitis, etc.) would be more appropriately imaged by MRI
rather than CECT. CT angiography (CTA) has a limited role in the workup of head-
ache in the absence of positive findings on the initial NECT such as subarachnoid
hemorrhage, headache in the setting of suspected injury of the vertebral or carotid
arteries, or headache accompanied by Horner’s syndrome [1].

Outside of the acute setting, most headache variants are most appropriately
imaged by MR rather than CT owing to its superior tissue characterization and spatial
resolution. Additional benefits of MR are the absence of ionizing radiation entailed
by CT, the ability to obtain high-quality angiographic imaging without contrast
administration, and the option to obtain physiologic information such as cerebrospi-
nal fluid (CSF) dynamics that may be relevant to some types of headache, such as
headache in the setting of Chiari I malformation. Thus, the overall efficacy of MR for
the exclusion of secondary headache etiologies such as primary or metastatic neo-
plasm, infection, and intracranial hypertension/hypotension is superior to that of CT.
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Trigeminal Neuralgia

Trigeminal neuralgia (TN), characterized by rapid onset of severe, unilateral, and
paroxysmal pain in one or more of the trigeminal nerve distributions (second or
third divisions in 95% of cases), is the most common facial neuralgia with a preva-
lence of 3—6 cases per 100,000 population [4]. Neurovascular compression was
recognized as a source of TN symptomatology as early as 1934 [5]. Imaging plays
a crucial role in treatment planning of suspected vascular compression of the tri-
geminal nerve through its ability to provide detailed anatomic depiction of the
relationship of the nerve to adjacent arterial and venous vasculature (Fig. 6.1).
Because not all neurovascular contacts elicit symptomatology, high-resolution MR
imaging is of particular value due to its ability to distinguish between arterial and
venous contact and also to clearly define the anatomic location of neurovascular
contact [6]. Further, imaging in patients with trigeminal nerve pain serves to
exclude a variety of additional etiologies that could potentially impact the nerve
along its course including neoplasm (either arising from the nerve itself [e.g., tri-
geminal schwannoma] or extra-neural neoplasms that compress or infiltrate the
trigeminal nerve [e.g., meningioma]), nonneoplastic masses such as arachnoid or
epidermoid cysts, autoimmune or idiopathic neural inflammation, and
demyelination.

Fig. 6.1 Coronal T2-weighted SSFP image depicts the cisternal segments of each trigeminal
nerve (arrows). Both nerves are bordered by pairs of vessels (hypointense foci along the superior
border of the right CN V and medial and superior-medial borders of the left CN V
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Modalities and Techniques

At most centers, MRI serves as the first-line modality for detection and character-
ization of trigeminal neurovascular compression in patients being considered for
surgical or interventional treatment. Thin-section (I mm or less), heavily
T2-weighted, multi-planar steady-state free procession (SSFP) acquisition serves as
the backbone of the MR evaluation due to its exceptional contrast between cisternal
CSF and adjacent soft tissue/vascular structures (Fig. 6.2). Further, owing to the
volumetric acquisition of the SSFP technique, images can be reformatted at any
obliquity in order to best delineate and display relevant anatomy and neurovascular
relationships. Specific protocols will of course vary according to variations in the
technical capabilities of various hardware and software packages and institutional
preferences; however, a typical TN protocol MR exam would include routine whole-
brain sagittal T1-weighted, axial FLAIR, and thin-section SSFP images through the
cisterns and brainstem in three planes. Recommended SSFP acquisition parameters
adapted from Hughes et al. [7] are as follows: TR/TE = default to minimum; flip
angle = 65°; slice thickness = 1 mm; matrix = 384 x 256; number of excitations, 2;
and FOV, 18-20 cm.

Many institutions also obtain an MR angiogram (MRA) as part of the TN proto-
col. Due to the flow velocity-dependent nature of signal on a 3D time-of-flight
MRA, this study can assist in distinguishing between high velocity flow arteries and
relatively slow-flow venous vasculature. Further, MRA can provide an overview of

Fig. 6.2 Coronal T2-weighted SSFP images show the trigeminal nerves at their mid-cisternal seg-
ments (a) and more posteriorly near the root entry zones (b). A single branch of the right superior
cerebellar artery (SCA) borders the medial aspect of the right CN V along its cisternal segment
(right arrow, a) and persists at this location at the root entry zone (left arrow, b). Similarly, paired
SCA branches medial and inferior to the left CN V along its cisternal segment (left arrow, a) also
track along the root entry zone (left arrow, b)
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Fig. 6.3 Maximal intensity projection (MIP) reconstruction from a 3D time-of-flight, non-
enhanced MRA data set readily depicts posterior circulation vasculature; dashed arrow = right
PICA, asterisk = basilar artery, arrow = early bifurcating left SCA with dual distal branches

an individual’s vascular anatomy that can aid in interpretation of cross-sectional
imaging (Fig. 6.3). Depending on institutional and practice preferences, protocols
may also include additional routine sequences through the brain such as diffusion-
weighted imaging and T2*-weighted or susceptibility-weighted sequences.
Contrast-enhanced T1-weighted MR imaging also readily depicts vasculature but
depending on acquisition parameters may not reliably differentiate small arteries
from veins (Fig. 6.4).

In the setting of TN, the primary goal of imaging is to depict the anatomy of the
trigeminal nerve and detect any sites of vascular contact and/or compression.
Neurovascular conflict is recognized as the most common etiologic factor in cases
of idiopathic trigeminal neuralgia and was confirmed surgically in over 96% of TN
cases in a series published by Sindou et al. [8]. Sites of contact should be reported
based on their position along the course of the trigeminal nerve through its cisternal
segment from the portis trigeminus to the root entry point. Given that not all tri-
geminal neurovascular contacts elicit symptoms, the greater prevalence of symp-
tomatology with contact at the root entry site or along the posterior
oligodendrocyte-myelinated segment versus contact of the anterior segment lends
salience to the finding of posterior contact sites in symptomatic patients prior to
surgery or other interventions [7]. In fact, contact along the anterior one third of the
cisternal segment has been reported in less than 10% of surgically treated TN
patients (n = 579) [8].

Beyond mere neurovascular contact, Leal et al. showed that high-resolution MRI
is able to accurately characterize vessel-associated compression, displacement, and/
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Fig. 6.4 Axial T2-weighted SSFP image (a) and a contrast-enhanced T1-weighted turbo field
echo (TFE) acquisition (b) reveal bilateral neurovascular contact at the trigeminal root entry zones
(arrows)

or distortion of the trigeminal nerve relative to subsequent operative findings [9].
Such information has the potential to greatly impact the preoperative prognosis as
the mid- and long-term outcome after surgery is strongly related to the degree of
neural compression, as shown by Sindou et al. in their study of 350 TN patient with
arterial contact and/or compression [10]. Cure rates following MVD at year 1 and
year 15 were 83.3% and 58.3% in those subjects with contact but no compression
versus 96.6% and 88.1% is patients with severe neurovascular compression [10].
Gamma Knife surgery (GKS), a stereotactic radiosurgical technique directly
facilitated by MR imaging guidance, has proven utility in treatment-refractory tri-
geminal neuralgia (Fig. 6.5). Studies exploring the efficacy of GKS have shown
initial resolution of symptoms in greater than 90% of subjects and decreased mor-
bidity relative to surgical decompression [11, 12]. As reported after MVD, the return
of symptoms over time is not uncommon following GKS ablation. In a large cohort
of 497 GKS-treated patients, the actuarial probabilities of remaining pain free with-
out medication at 3, 5, 7, and 10 years were 71.8%, 64.9%, 59.7%, and 45.3% [12].
Beyond initial diagnosis and treatment planning in patients with trigeminal neu-
ralgia, imaging plays a role for patients whose symptoms persist following MVD,
either due to failure to identify the true culprit vessel or failure to successfully alle-
viate neurovascular contact. In their study of patients with recurrent or persistent
hemifacial spasm after MVD, Hughes et al. found that in most cases, decompres-
sion, as determined by position of the surgical pledget, had been performed beyond
the most clinically salient centrally myelinated zone of the facial nerve [13]. By
analogy considering the overlapping pathophysiologic basis of trigeminal neuralgia
and hemifacial spasm attributable to neurovascular compression, careful attention
to the location of surgical material along the long axis of the trigeminal nerve and
its relationship to the most likely site of relevance (adjacent to the root entry zone)
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Fig. 6.5 Coronal (a) and axial (b) images from a contrast-enhanced T1-weighted turbo field echo
(TFE) data set performed for purposed of stereotactic guidance precisely depict each trigeminal
nerve (arrows). Note the dots around the periphery of the field of view that serve as fiducial mark-
ers facilitating operative planning for Gamma Knife surgery

Fig. 6.6 Axial (a) and coronal reformatted (b) CT images show the expected hyperdense cylindri-
cal appearance of a surgical pledget along the lateral aspected of the right CN V root entry zone.
Pledgets may be straight or curved, as in this case

can help guide efficacious revision surgery in select patients. CT can depict the
general position of surgical material following MVD (Fig. 6.6), but MRI is the pre-
ferred modality for assessment of the etiology of persistent or recurrent trigeminal
neuralgia symptoms following treatment.

Imaging may also play a role, albeit limited, in patients with trigeminal neuralgia
treated with implantable peripheral nerve stimulators, particularly in the assessment



66 R. T. Fitzgerald and V. Agarwal

Fig. 6.7 Sagittal (a) and frontal (b) scout images from a CT scan and a maximal intensity projec-
tion (MIP) reconstruction (c¢) reveal multiple implantable devices including a left V2 division
stimulator device (solid arrow), bilateral occipital nerve stimulators (dashed arrows), and a cervi-
cal spinal stimulator within the dorsal epidural space at C4 (asterisk)

of potential placode dislodgment, lead dehiscence, or implant infection. As many
devices may not be MRI compatible, CT is the primary imaging modality employed
for implant assessment (Fig. 6.7).

Glossopharyngeal Neuralgia

Glossopharyngeal neuralgia manifests as severe, unilateral, paroxysmal pain in the
sensory distribution of the ninth cranial nerve (CNIX), similar to trigeminal neural-
gia in terms of pathophysiology but much rarer. Pain localizes to the oropharynx,
oral tongue or base of the tongue, tonsillar fossa, or ears and may be accompanied
by palatal myoclonus, bradycardia, or even syncope and cardiac arrest [4, 14]. Cases
of glossopharyngeal neuralgia have been attributed to a variety of etiologies includ-
ing tumor, infection, Chiari I malformation, and neurovascular compression. Along
its course from the upper medulla to the pars nervosa portion of the jugular foramen,
CNIX may be impacted by the posterior inferior cerebellar artery (PICA), vertebral
artery, or the anterior inferior cerebellar artery (AICA) in decreasing order of
reported frequency, or a combination thereof [14, 15]. In 47 subjects who under-
went microvascular decompression of CNIX for glossopharyngeal neuralgia, the
PICA was the most commonly encountered offending vessel (68%) [15]. The
authors found compression of the root entry zone by multiple arteries in 17% of
subjects and attributed glossopharyngeal symptomatology to vein contact in 6% of
subjects. The efficacy of microvascular decompression for glossopharyngeal neu-
ralgia is robust, as demonstrated by complete resolution of symptoms in 46 of 47
subjects in this study [15].

MRI serves as the primary imaging modality for the exclusion of secondary
causes of glossopharyngeal symptomatology, delineation of CNIX anatomy and
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Fig. 6.8 Axial T2-weighted
SSFP image shows the left
glossopharyngeal nerve
(solid arrow) as it
approaches its root entry
zone in the supra-olivary
fossette being compressed
by the ipsilateral posterior
inferior cerebellar artery
(dashed arrow)

course, and assessment for potential neurovascular conflict, all of which are readily
accomplished by the addition of thin-section (I mm or less) SSFP imaging to a
routine brain MRI protocol. As in the assessment of trigeminal neuralgia, MRA
may provide additional information regarding flow velocity within vessels in prox-
imity to or contacting the glossopharyngeal nerve. Anatomically, the supra-olivary
fossette, the most medial portion of the cerebello-pontomedullary angle, serves as
an important radiologic and surgical landmark given its proximity to the root entry
zone of CNIX [14]. In their cohort of ten patients with glossopharyngeal neuralgia,
Hiwatashi et al. found arterial contact of the CNIX root entry zone in all ten subjects
[14]. Thus, similar to the anatomic considerations in trigeminal neuralgia, the site of
vascular contact relative to the root entry zone is a critical factor in determining the
salience of CNIX neurovascular contact.

Figure 6.8 is an axial T2-weighted SSFP image showing the left glossopharyn-
geal nerve as it approaches its root entry zone in the supra-olivary fossette being
compressed by the ipsilateral posterior inferior cerebellar artery.

Conclusion

Facial and head pain can be a feature of a wide array of disease entities across sev-
eral medical domains. Several potentially life-threatening conditions such as intra-
cranial hematoma or aneurysmal hemorrhage should be eliminated as part of the
workup of new onset head pain. Clinicians should avail themselves of the American
College of Radiology Appropriateness Criteria for guidance on optimal imaging
techniques for patient evaluation. Imaging evaluation can play a crucial role in diag-
nosis and treatment planning.
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Chapter 7

Psychological Assessment in the Context
of Head and Facial Pain

Check for
updates

Leanne R. Cianfrini and Daniel M. Doleys

Introduction

Let’s play “one of these things is not like the other”: diabetes, cardiovascular disease,
cancer, and chronic pain. In three of these conditions, a health-care provider is able
to run diagnostic tests—a comprehensive metabolic blood panel, cardiac catheteriza-
tion, X-ray/CT imaging—and “prove” the patient has the suspected disease. In three
of these conditions, a clinician can track quantitative physiological outcomes of their
chosen treatment—Does insulin bring A1C and blood glucose back within the refer-
ence ranges? Does the cardiac stent improve blood flow? Is the tumor shrinking? In
contrast, the disease of chronic pain stands apart. Although testing can provide some
evidence of pathology in certain cases of acute pain, there is no definitive medical
test that correlates well to the patient’s personal, subjective experience of the phe-
nomenon of “pain.” Although medical imaging techniques can lead to objective
diagnoses (e.g., cervical facet arthropathy, osteoarthritis of the right temporoman-
dibular joint), they are not designed to assess pain-related emotions or to predict
individual behavior. Furthermore, in the face of being challenged to blindly trust the
patient in front of us to be able to realistically evaluate and effectively verbalize their
pain, we are often asked to provide invasive treatments and potent analgesics.

The disease of chronic pain is like no other medical condition in requiring a leap
of faith in the face of frankly incomplete data. In the mental health profession,
where there is likewise no blood test or diagnostic scan to “prove” mood disorders,
anxiety, or a personality disorder, methods of comprehensive assessment have been
developed to translate a patient’s subjective experience into one that can be better
understood and tracked over time. One must heed the advice shared by Hippocrates
and Sir William Osler: “It is more important to know what sort of person has a
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disease than to know what sort of disease the person has.” One must become as
dogged and thorough as an investigative journalist to delve into a complex, dynamic
experience that has deep-seated and costly individual, familial, and societal ramifi-
cations. One must think through the analysis in a systematic way, asking “Why,
Where, How, When, What?” to get the complete picture. This chapter will ask and
answer these questions in the context of psychological assessment for head and
facial pain, highlighting the rationale and domains of relevance for a biopsychoso-
cial pain assessment, providing examples of assessment instruments in each domain,
and offering practical approaches for implementing screening and/or comprehen-
sive assessment into various types of clinical practices.

Why?

The tongue-in-cheek answer to “Why conduct psychological assessment of the pain
patient?” is “Why wouldn’t you?” We’ll ask some additional questions to help
frame our answer further:

* Would you like to know in advance if your patient is likely to benefit from your
proposed interventions? Is the person before you likely to be one with persistent
pain and a strong degree of pathophysiology who seems to function well, or is he
one with minimal pathology that will become so overwhelmed by pain that it
becomes the primary focus of his reduced quality of life?

— Hint: It’s not the degree of physical damage alone that dictates outcomes but
also complex individual genetic and psychosocial factors.

*  Would you like to improve the chance of success for your patient to reach appro-
priate and individualized treatment goals?

— Hint: Psychological variables can represent significant potential impediments to
optimal response and ability to benefit from physical or pharmacological treat-
ment programs, including surgical interventions and other invasive procedures.
Early therapeutic interventions can mitigate potential for poor outcomes.

*  Would you like to identify any “red flags” for patient safety?

— Hint: Risk stratification models based on evidence-based psychosocial risk
factors are readily accessible and can be a medicolegal safeguard for your
practice.

A better response to “Why?” warrants a discussion of the biopsychosocial model
of chronic pain. The scope of the role of psychological assessment has evolved in
parallel with our expanding understanding of the pain experience. In the early days
when pain and other diseases were approached solely from a reductionistic and
dualistic biomedical conceptualization, the realm of the “mind” was considered
irrelevant. Explanations for health and disease were offered primarily in terms of
discrete, measurable biological variables. Although the concept of a direct correla-
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tion between specific organic pathology and pain report tended to explain adaptive
and acute pain fairly well, using purely physiological evidence failed to predict the
experience of chronic pain. Clinical observations also indicated that many patients
complained of persistent pain refractory to medical and surgical treatments and that
functional disability often appeared in excess of what might be expected based on
physical pathology alone. Specifically, the biomedical model was inadequate in
situations when a patient complained of pain which was not commensurate with the
degree of observable pathology. This “disconnect” is common in chronic pain con-
ditions as headache, fibromyalgia, and temporomandibular disorders. It became
obvious that other factors—Ilikely psychological and social factors—must contrib-
ute to the pain experience and to treatment outcomes.

The evolution of comprehensive pain models incorporating a biopsychosocial
approach has developed over decades, and a thorough description of the systematic
attempts to produce these models is beyond the scope of this chapter. It is sufficient
to note that more recent pain models have been constructed to incorporate multiple
dimensions of the pain experience, acknowledging that pain does not exist in a
social vacuum and that nonphysiological factors such as personality, cognitions,
beliefs, sociocultural variables, learning, and emotional reactivity all contribute sig-
nificantly to a patient’s perception of pain. One enduring model [1] characterizes
pain along three distinct, interrelated dimensions: (a) sensory/discriminative, which
acknowledges underlying physical pathology and incorporates nervous system
pathways; (b) affective-motivational, which reflects emotional responses to pain;
and (c) cognitive-evaluative, which takes into account individual beliefs and ascribes
meaning to the pain experience. The integration of each of these factors is required
for the conscious experience of pain. When pain becomes chronic, sensory input
plays a diminished role, while affective and cognitive pathways play a more promi-
nent role in the creation of painful perceptions.

The International Association for the Study of Pain [2] nods to the dual nature of
pain in their oft-cited definition: “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage or described in terms of such dam-
age.” As the sophistication of brain imaging techniques evolved, a clearer picture of
the brain regions involved in pain processing was formed, with dynamic overlap in
pain and limbic structures, such as the anterior cingulate cortex, amygdala, and
insular cortex, among others [3, 4]. The 2011 Institute of Medicine (IOM) report [5]
concluded that pain has biological, psychological, and social components, and
effective treatments for pain must address all three areas. The IOM report also
acknowledged that the risk of acute and chronic pain, as well as the risk for “chroni-
fication” of pain, is affected by an interplay between demographic and cultural fac-
tors, modifiable psychological factors, and disease-related factors. Figure 7.1
summarizes these factors using a life-span approach.

Thus, chronic pain—a separate clinical entity with underlying mechanisms that dis-
tinguish it from simply prolonged acute pain [6]—requires accurate assessment of not
only the medical aspects of pain but the psychosocial factors as well. Most chronic pain
guidelines (VA/DoD, CDC, state medical boards) recommend a psychological evalua-
tion as an integral part of the diagnostic workup, and such assessments are required by
insurance carriers prior to certain surgical/implantable device interventions.
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From Birth Childhood Adolescence Adulthood

Genetics, female sex,
minority race or
ethnicity, congenital
disorders,
prematurity
Parental anxiety,
irregular feeding
and sleeping
Parents’ pain exposure,
and reactions
Temperament and
personality
Physical/sexual abuse
and other traumatic
events (e.g., death
of a parent, witness
to violence)
Low socioeconomic
status
Emotional, conduct,
and peer problems
Hyperactivity
Serious illness or injury,
hospitalization
Separation from mother
Acute or recurrent pain
experience
Changes of puberty,
gender roles
Education level,
learning (behavioral
reactions to pain)
Injuries
Obesity
Low levels of fitness
Vivid recall of childhood
trauma
Lack of social support,
accumulated stress
(“allostatic load”)
Surgery
Overuse of joints and
muscles
Occupational exposures,
job dissatisfaction,
low work status
Development of chronic
disease
Aging

Fig. 7.1 Life-span factors associated with the development of chronic pain. Reprinted with per-
mission from Relieving Pain in America: A Blueprint for Transforming Prevention, Care,
Education, and Research (2011) by the National Academy of Sciences, Courtesy of the National
Academies Press, Washington, D.C. [5]
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Beyond an inclination to accept and adhere to the biopsychological model in
theory or to follow consensus recommendations, it is simply helpful in actual prac-
tice to know and be able to address psychosocial factors that predispose a patient to
pain, that may precipitate flares, or that may prolong their pain. For example, indi-
viduals with temporomandibular disorders (TMD) show a higher prevalence of
stress, anxiety, posttraumatic stress disorder, depression, somatic awareness, pain
catastrophizing, suicidal ideation, and kinesiophobia (fear of movement and rein-
jury) compared with controls [7-13]. Beyond prevalence or correlational studies,
one well-done prospective cohort study (The Orofacial Pain: Prospective Evaluation
and Risk Assessment, or OPPERA study) demonstrated that several psychological
variables predicted first onset of TMD pain, but the strongest predictors were per-
ceived stress, previous stressful life events, and negative affect at a 3-year follow-up
[14]. Studies have also demonstrated that psychological comorbidities such as
depression contribute to the persistence or chronicity of TMD pain, regardless of
the presence of painful comorbidities [15-18].

Patients with migraine are more likely to develop depression than those without
migraine. In a review of the literature, the prevalence of depression varied from 8.6
to 47.9% in patients with migraine [19], with the overall risk of developing depres-
sion 2.2 times higher in patients with migraine. There is also a high degree of comor-
bidity between bipolar disorder II and migraine, with further research required to
better understand the relationships between the two conditions [20]. Disability and
quality of life are impacted when migraines or other headache pain conditions are
associated with depression or anxiety [21, 22]. Studies also have found high utiliza-
tion of health resources when migraine is comorbid with psychiatric disorders [23].
Depression and anxiety also seem to play relative roles in the transformation from
acute to chronic migraine [24] and in the development of migraine overuse headache
separate from factors that are typically associated with substance abuse [25].

In summary, an approach that ignores the complex and dynamic interactions
among medical, cognitive, and affective variables is incomplete and likely to be
ineffective. Clearly, psychological assessment has a role in identifying nonphysio-
logical factors contributing to a patient’s pain complaints, quality of life, persistence
of pain and dysfunction, and treatment outcomes. This perspective suggests a role
for psychological assessment earlier rather than later in the treatment process, as
well as at various points along the treatment process.

When?

The psychological evaluation can prove helpful during several critical points within a
comprehensive pain management program, with timing chosen depending on the pro-
vider’s needs and those of the particular patient. There have been lists of indications
published for psychological evaluation, such as those developed by a multidisciplinary
occupational medicine panel [26]. However, these recommendations often seem reac-
tionary, in that patients would be sent for evaluation only after all treatments fail, if
there are aberrant prescription medication behaviors, if there is lack of adherence to
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medical treatment, or once cognitive impairment or suicidality is suspected. We rec-
ommend earlier involvement to identify and mitigate future problems; in other words,
the psychological evaluation does not have to be limited to a role of last resort.

If the patient is only sent for psychological interaction after they already violate
the terms of a medical agreement, e.g., seeking prescriptions from multiple provid-
ers or having an abnormal drug screen, the visit with the mental health professional
is seen as a punishment. If the patient is sent only once they exhibit emotional reac-
tions in the office or if they express frustration with the failures of several medica-
tion or treatment trials, the psychological referral seems like a dismissal of the
patient’s valid physical concerns. Conversely, if the evaluation occurs early on in the
process of the pain experience, encouraged and supported by the physician, it is
better received as part of the interdisciplinary care program.

At our outpatient chronic pain management clinic, the psychological evaluation
is the first step in patient care. An opioid risk stratification analysis is done, which
guides the frequency of follow-up visits and determines the plan for compliance
monitoring throughout the treatment program. This serves as medicolegal safeguard
for the prescribing physician. The evaluation also suggests appropriate outcome
measures for the particular patient. For example, for a patient who continues to
work full time but exhibits anxiety and avoidance of recreational and social activi-
ties, return-to-work or physical therapy quotas may not be the ideal post-intervention
outcome measurements. Instead, one might consider administering measures of
anxiety, quality of life, social support, or pain beliefs at various points during treat-
ment to assess change in these domains important for this particular individual.

In our tertiary care setting, the pretreatment interview and testing are followed by an
educational program led by the behavioral medicine specialist to teach the patient risks
and benefits of treatment, how the brain processes pain and emotion (a biopsychosocial
explanation tailored to the patient level), how to manage mood, how to improve sleep
and make dietary choices to calm inflammation, and about the clinic expectations for
safety, adherence, and the patient’s own role in the team care. The psychologist stays
involved periodically for therapeutic interventions and for compliance monitoring. We
have found that this method of early assessment and intervention enhances compli-
ance, helps with patient retention, makes it easier to advocate and communicate if
future issues do arise, and has improved patient involvement in their own care.

Where and How (To Frame It)?

Individuals with chronic pain seldom spontaneously seek assistance from psycholo-
gists; the encounters nearly always involve consultation with third-party referral
sources. Referring clinicians may understand that collaboration with a psychologist
or a screening in office can be a valuable part of comprehensive pain management,
but may not be comfortable explaining the recommendation for testing or the psy-
chology referral to the patient.

It is critical for the patient to be adequately prepared for the assessment. It is
evident from concern expressed by patients that the role of psychological assess-
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ment in pain management is not always well understood. There is evidence that
patients are more receptive to referral when it is introduced by the physician as part
of an essential routine for treatment results. Anxious patients express concern that
their physician suspects the pain is “not real,” or is insinuating that they are “faking
it” or “crazy” [27]. Clearly, these assumptions or perceptions of dismissiveness can
lead to patient resistance [28]. When possible, referring health professionals can
assist the process by (a) explaining the reason for the evaluation, (b) emphasizing
the importance of understanding how pain affects the person’s quality of life, and
(c) indicating that the intention is to derive information that will maximize treat-
ment effectiveness. The patient should be given the opportunity to ask questions and
provide consent. At our outpatient pain management clinic, we typically use a varia-
tion of the following language included on our website and in our patient scheduling
letter and presented verbally during the interview introduction:

“We understand that chronic pain can impact mood, activities, sleep, and social functioning,
among other things. The purpose of the psychological evaluation is to help us understand
how your pain is impacting your life and how the stresses of life, in turn, might be affecting
your pain. This will help guide your comprehensive treatment plan and can increase the
effectiveness of your medical treatments.”

Full evaluations can be conducted in office or at bedside during a hospital inpa-
tient consultation. In office assessments can last up to 60-90 min face-to-face and
are often covered by behavioral medicine or psychological codes under most insur-
ance plans.

The question often arises as to how to find a local pain psychologist. There are at
least three avenues. First, obtain the membership rosters from the American Pain
Society and the International Association for the Study of Pain; members are listed
by location and specialty. Second, contact the nearest institution that grants a doc-
toral degree in psychology. The department of psychology often is aware of gradu-
ates in the area and their specialty interests. Third, contact your state board of
examiners in psychology. Once a person is identified, there may be some practical
and financial advantages to having them as an employee of the practice vs. using
them as an outside consultant. For those psychologists interested, but requiring some
additional training, there are many such opportunities through workshops offered by
the various local, regional, and national pain societies. Darnall and colleagues
recently issued a national call to action to improve pain education and training of
psychologists; the goal is to reduce reported barriers for medical providers to access
qualified pain psychologists and facilitate biopsychosocial treatment [29].

A growing trend is also to incorporate a psychological screening assessment in
the setting of the busy medical practice. This is often done through an electronic
assessment, in which a battery of brief questionnaires is delivered by iPad or other
computerized software that can interface with your electronic health record system.
Several companies have predetermined batteries that might take 5—10 min for the
patient to complete to give a sense of psychological risk factors such as depression,
medication compliance risk, and perceived functional impairment. We discourage
use of these batteries as a stand-alone or final step—results should be used to guide
referral onto appropriate mental health providers to address underlying concerns
raised by the screening score profile.
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What?

There are three major components to a thorough psychological assessment, in addi-
tion to medical record review: (a) the interview, (b) behavioral observations, and (c)
standardized testing. Although the “what” of testing in the context of pain manage-
ment is not universally agreed upon and can vary with treatment setting, medical
condition, and referral question, most recommendations fall within the context of a
multidisciplinary and biopsychosocial paradigm.

Interview and Behavioral Observations

The usual first step and main event in any comprehensive psychological evalua-
tion is the interview. This may be conducted in a structured or unstructured for-
mat but essentially is the opportunity to “get to know the person behind the pain.”
A thorough interviewer trained in pain or health psychology will gather a rich and
detailed portrait of the patient from information spanning several domains,
including (a) pain description and history, (b) contributing psychosocial factors,
and (c) issues like cognitive or behavioral barriers to appropriate treatment
adherence.

The psychologist is also trained to make specific behavioral observations
throughout the interview about the patient’s obvious or subtle pain behaviors, affect,
cognitive limitations, mental status, communication style, and pathological person-
ality indicators. Patients often communicate their private experience of pain through
overt pain behaviors such as postures (e.g., bracing, guarding), nonverbal groans, or
facial expressions or through verbal communication [30]. An escalation of such
behaviors in medical settings can be witnessed when the patient feels their message
is inaccurately received or is not being acknowledged. Situations like the frustrating
“12 out of 10” pain rating arise and can cloud the clinical picture. For example, how
can you tell whether a patient who winces and grimaces to the slightest stimulus is
intentionally exaggerating, is experiencing a true neuropathic pain state with allo-
dynia, or is simply an unsophisticated communicator? Interviews will routinely
involve caretakers, spouses, significant others, and/or relevant family members to
gather information about possible secondary gain/reinforcement issues and com-
munication patterns and to secure the most accurate and complete historical infor-
mation. Solicitous partners may unintentionally encourage patients to increase pain
behaviors by offering more support in the presence of such behaviors, rather than
reinforcing more adaptive behavior [31].

The specific information collected during the interview is flexible and may vary
depending on the patient, the psychologist, and the needs of the referring physician
(e.g., a presurgical screening vs. diagnostic interview vs. assessment of compliance
risk factors). Typical interview topics and behavioral observations are summarized
in Table 7.1.
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Table 7.1 Possible psychological interview topics
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Pain-related
information

Psychosocial information

Medication/adherence
issues

Behavioral
observations

Pain location,
intensity ratings,
descriptors

Brief social history (e.g.,
educational attainment,
work history, family
background, living

Medication management
(e.g., list of medications,
doses, dose timing,
prescribing physician,

Good/poor historian

situation) side effects, etc.)
Pain treatment Job satisfaction/ Personal and family Cognitive status
history and dissatisfaction substance use/abuse (performance on brief

outcomes history mental status test)
Exacerbating Family reactions to pain | Adherence to Alertness, affect
factors medications (e.g.,
missed doses, running
out ahead of time)
Helpful self- Current mood status (e.g., | Side effects Interaction with
management depression, anxiety, family members
interventions anger, frustration, (supportive,
presence of affective solicitous,
disorders) adversarial)
Impact of pain on | Psychological diagnosis | Signs of tolerance Personality

activity and
quality of life

and mental health
treatment history

indicators, rapport
with interviewer and
staff

Activity pacing
efficacy

Suicidal ideation and
intent for self-harm

[llicit behaviors
surrounding obtaining
medication (e.g.,
borrowing from family,
purchasing off street)

Overt pain behaviors
(e.g., wincing,
guarding)

Understanding of
diagnosis and
prognosis

Legal or social
reinforcements/secondary
gain

Irrational fears of
addiction

Barriers to
medication
compliance (e.g.,
poor judgment,
impulsivity, poor
memory)

Expectations for
treatment gains

Current coping skills and
confidence in their use

Adherence to other
medical treatments (e.g.,
diabetic diet, sleep
hygiene or CPAP use,
exercise program)

Consistency between
verbal complaint and
behavior

Availability and quality of
social support

Cognitive styles: presence
of pain catastrophizing,
somatic hypervigilance

History of developmental
trauma (e.g., sexual
abuse)

Readiness for change/
chronic pain acceptance
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Psychological Testing

Assessments relying solely on interview data are often considered incomplete if not
inadequate. Paper-and-pencil or computerized tests are recommended to examine
consistency of patient self-report and to provide quantitative data for repeat com-
parison. This is presently the closest answer we can give to the call from third-party
payors for “objective” outcome tracking. Tests should ideally be well-standardized,
validated using appropriate normative samples (e.g., for comparison with other pain
patients), and psychometrically sound.

Indeed, there is growing evidence of the utility of psychological tests for patients
with pain. A review of 125 meta-analyses and 800 samples concluded that psycho-
logical tests provide information beyond what can be obtained in an interview and
are scientifically comparable to medical test validity [32]. Furthermore, baseline
psychological testing can sometimes exceed the ability of medical tests to predict
the outcome of medical treatments for certain pain conditions like low back pain
[33, 34].

Numerous questionnaire and psychological assessment instruments are available
for clinical use which allow for evaluation of multiple domains at once or specific
domains allowing the clinic to tailor a battery to their needs. The recently published
revised Diagnostic Criteria for TMD (DC/TMD; [35]), which is based on multi-
center clinical studies and international consensus conferences, includes recom-
mendations for an “Axis II”” protocol beyond a medical assessment. This involves a
psychosocial evaluation, either through brief assessment that can be conducted by a
general practitioner or through a comprehensive set of instruments for expanded
assessment by an orofacial pain specialist. The recommended questionnaires cover
the domains of pain location, physical function, functional limitations, distress,
depression, anxiety, physical symptoms, and orofacial parafunctions.

We’ll begin with a discussion of instruments within specific recommended
domains and then identify a few of the available comprehensive batteries for pain
assessment.

Specific Testing Domains

Pain Intensity and Descriptive Measures: Pain perception is a personal, covert pro-
cess, and as mentioned earlier, there is no fail-safe mechanical means of measuring
an individual’s pain experience. Many of our patients have lamented the lack of
such an instrument of empathy: “I wish my doctor or my wife could feel what I feel
for just 20 seconds so they’d know what I’'m going through.” Imagine that sense of
isolation, knowing that traditional verbal communication is inadequate to share
what you feel, why the pain seems like an insurmountable barrier to accomplishing
your goals, and why you’re so desperate for compassionate and immediate care. In
chronic pain especially, signs of overt autonomic arousal (e.g., increased blood
pressure, perspiration) do not always correspond directly to pain intensity, so one
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must be cautioned against “judging a book by its cover” during an office consulta-
tion. Quantitative sensory testing has been developed for use in experimental pain
research settings (e.g., responses to thermal, mechanical, ischemic stimulation) and
can illuminate some psychophysiological parameters in neuropathic pain states like
an individual’s pain threshold, tolerance, or degree of central sensitization/allo-
dynia/hyperalgesia [36] but is still dependent on patient self-report.

That leaves us with quantified subjective measures to identify pain intensity at its
worst, least, current, and average. The Numerical Rating Scale (NRS) is the widely
used 0—10 or 0—100 scale with endpoints usually defined as “no pain” to “most
intense pain imaginable.” Visual analogue scales (VAS), in which a patient marks a
vertical line along a 10 cm horizontal line, is often used in research to detect subtle
changes across time.

There are some clinical issues to note with such scales. For example, if a patient
has multiple sites of pain (e.g., tension-type headache, TMD pain, and low back
pain), for which site are they providing that single numerical rating? Should multi-
ple intensity ratings be generated for each pain site, or can pain intensity be accu-
rately aggregated into a single number? How are scale anchors defined—is a
patient’s 10/10 the same as ours? Is their scale the same across time or are their
anchors dynamic and situationally dependent? Experienced clinicians are well
aware of the discrepancy between subjective pain ratings and objective measures of
function [37-39]. Patients who give similar pain intensity ratings may exhibit a very
different degree of psychological and physical impairment. There is also a discon-
nect between changes in numerical ratings and patient satisfaction with treatment
[40]. Prominent researchers in the field [41, 42] have strongly questioned the use of
the NRS as the primary metric for chronic pain.

The DC/TMD also encourages the use of a pain drawing or body map to capture
a sense of pain location. We encourage use of both a whole body map and a head
diagram, since many patients have multiple pain complaints concurrent with a head
or facial pain complaint (e.g., coexisting functional somatic syndromes like
migraine, irritable bowel syndrome, fibromyalgia [43]). In a recent study of 135
patients referred to tertiary care for TMD pain, only 21% reported localized TMD
pain, 20% reported regional pain such as headaches and neck pain, and the majority
reported widespread pain at multiple body sites [44]. A verbal explanation may be
warranted to help patients explore all sites of pain [45].

As conceptualized eloquently by D.A. Williams [46], “if you are listening to
music, knowing only the volume setting tells you little about instrumentation, qual-
ity, key or tempo of the piece that is being played.” In other words, we need to go
beyond the 0—10 and consider additional aspects of the patient’s experience, such as
the unpleasantness or “suffering” component. The McGill Pain Questionnaire
(MPQ; [47]) can be used for evaluating pain intensity or the sensory component but
also captures qualities of the affective-motivational dimension of pain. The measure
presents several groups of adjectives ranked in terms of severity and can be admin-
istered as a paper-and-pencil test or by an evaluator reading each subclass of words.
Studies have shown that the MPQ is able to discriminate among discrete pain condi-
tions, such as between migraine and tension-type headache [48] or between trigemi-
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nal neuralgia and atypical facial pain [49]. A clinician can use the information from
the MPQ to guide interventions. For example, a patient who endorses several affec-
tive pain descriptors of high intensity (i.e., “terrifying,” “unbearable,” “vicious”)
may respond to treatment that targets pain anxiety, maladaptive pain beliefs, unreal-
istic expectations, or coping mechanisms. This plan may differ from a behavioral
treatment program designed for a patient that primarily endorses sensory descrip-
tors such as “aching,” “tender,” and “cramping,” in which techniques such as muscle
relaxation may be better suited.

Quality of Life (QoL)/Functional Impact of Pain: A reduction in pain intensity
ratings may continue to be a principal outcome, but only in the context of the
patient’s overall QoL/function. This is consistent with the recommendations for out-
come domains in chronic pain studies and clinical trials presented in the recent
IMMPACT guidelines [50]. In this category of testing, the patient’s perceived func-
tional limitations due to their pain are delineated, and areas of behavioral interven-
tion are identified. Validity of such measures can be questionable because of the
self-report nature (e.g., we have had patients rate a sitting tolerance of only 10 min
but proceed to sit through an hour interview or class), and daily activity diaries for
improved short-term recall are not always feasible. General QoL measures allow for
broad comparisons between illness conditions and are useful in health research
(e.g., the Short Form Health Survey [51], Sickness Impact Profile [52]), but admin-
istration can be lengthy, and these measures are often unresponsive to change in
specific pain conditions. The Pain Disability Index [53] is shorter and widely used
and produces ratings of general pain limitations on obligatory and discretionary
activities across seven functional content areas (e.g., family/home responsibilities,
recreation, social life).

Disease-specific QoL instruments better reflect the impact associated with single
disease states. For example, we use the Oswestry Disability Index [54] quite a bit in
our practice, but these items (e.g., impact on lifting, sitting) were designed to
measure disability in patients with low back pain and would not translate well to
assess the unique functional and parafunctional interference possible with head and
facial pain (e.g., impact on chewing, yawning, creating facial expressions of emo-
tion). Several of the most widely used headache- and facial pain-specific QoL
instruments with adequate psychometric properties are listed in Table 7.2.

The clinician can use this information about the extent of pain interference, the
domains of functioning most affected by the pain, and the activities the patient can
still perform to guide appropriate medical intervention, to improve functional abil-
ity, and to assess the outcome of treatment.

Mood Symptoms: Psychiatric illnesses such as major depressive disorder, bipolar
disorder, and anxiety disorders commonly occur in individuals with head and facial
pain. Such mental disorders are best diagnosed with interview based on Diagnostic
and Statistical Manual criteria [63], but screeners exist to signal whether fuller eval-
uation is warranted. The three most commonly assessed moods in chronic pain stud-
ies have been depressed mood, anxiety, and anger. It is also important clinically to
make the distinction between clinical/psychiatric diagnoses and normal pain-related
mood changes. The most common phrase we hear during our psychological evalua-
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Table 7.2 Relevant disease-specific quality of life instruments

Questionnaire ‘ Reference ‘ Brief description

Headache specific

Migraine Disability [55] 5-item questionnaire designed to evaluate headache

Assessment Scale impact/disability within previous 3 months in domains

(MIDAS) of work/school, household work, family/social
activities

Headache Impact Test [56] 6-item survey that measures headache-induced burden

(HIT-6) in domains of pain, social and role functioning,

vitality, cognitive function, and psychological distress

Migraine-Specific Quality | [57, 58] | 14-item questionnaire to assess impact of migraine on

of Life Questionnaire health-related QoL over the past 4 weeks across three
(MSQoL), most recent dimensions: role function-restrictive, role function-
version MSQ 2.1 preventive, and emotional function

Jaw/facial pain specific

Jaw Functional Limitation | [59] Measures global functional limitation of the jaw along
Scale (JFLS) 3 constructs: mastication, vertical jaw mobility (e.g.,

open wide), and emotional and verbal expression (e.g.,
ability to frown, put on a happy face); available in
20- and 8-item versions

Mandibular Function [60] 11-item assessment of perceived difficulty with
Impairment Questionnaire particular mandibular movements or tasks (e.g.,
(MFIQ) speaking, yawning), with 6 additional questions about

mastication impairment for various foods

Oral Health Impact Profile, |[61, 62] | 14-item measure of impact of oral disorders on
most recent version well-being: functional limitation, physical pain,
OHIP-14 psychological discomfort, social disability, etc.

tions is, “I’m sad/frustrated/upset because I can’t do the things I used to do.” Often,
a patient would not necessarily meet criteria for premorbid clinical depression but
is simply confronting a natural grieving process over their pain-related losses.
Similarly, a patient presenting with panic disorder with agoraphobia would require
a different course of therapy than a patient who is withdrawing and isolating from
social activities due to fear of exacerbating pain. For excellent reviews of psycho-
logical risk factors in headache and facial pain, see [64] and the OPPERA study
[14], respectively.

Depression Screening Tools: There are some older scales that are widely used to
evaluate depression in a variety of settings (e.g., Beck Depression Inventory [65];
Center for Epidemiological Studies—Depression Scale [66]). Although it has been
postulated that these may be prone to artificial score inflation and false positives for
depression in patients with pain-related somatic complaints [67], others have found
that both the BDI and CES-D significantly discriminated between patients with
chronic pain who did and did not have major depression [68].

More recent recommendations are moving toward use of various versions of the
Patient Health Questionnaire [69], which was designed for use in primary care patients
and is easily accessible for Internet download. The PHQ 4-, 9-, and 15-item versions
are all mentioned as part of the DC/TMD Axis 2 psychosocial assessment [35].
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The PHQ-9 is a valuable 9-item screening instrument for detecting MDD based on
DSM-IV criteria, and the PHQ-2 includes the first 2 items critical for the diagnosis:
(a) anhedonia, or loss of pleasure/interest, and (b) depressed, sad, or hopeless mood.
These instruments are easily comprehended and quickly completed by patients and
have been validated for use in migraine patients [70]. It is important to note, however,
that these instruments provide only a probable diagnosis of major depressive disorder
that should be investigated by further psychological diagnostic evaluation.

Anxiety Screening Tools: Anxiety assessments can include the generalized anxi-
ety disorder-7 (GAD-7, [71]) as recommended by the DC/TMD. The shorter version
(GAD-2) has also been widely used and validated as a screening tool in patients
with migraines [72]. The Pain Anxiety Symptoms Scale (PASS-20) measures fear
avoidance and anxiety responses specific to pain [73]. A construct called “cognipho-
bia” has emerged out of the kinesiophobia (fear and avoidance of movement) litera-
ture. Cogniphobia refers to the fear, and subsequent avoidance, of cognitive exertion
in patients with migraine headaches out of concern for triggering a migraine epi-
sode. It was initially discussed in context of a posttraumatic headache disorder pop-
ulation but has been observed in primary headache disorder patients as well [74],
and a new scale is under development for use in headache disorders in general [75].
There is also an adaptation of a kinesiophobia scale for use in TMD patients [13].

Anger Assessment: Anger, anywhere along a spectrum from frustration to fury,
has long been recognized as common among individuals with chronic pain [76].
Anger may also be an expression of unresolved grief secondary to losses suffered in
response to chronic pain. There is robust relationship between anger expression
style and adverse pain outcomes above and beyond that of general negative affect,
and this relationship may even be modulated by endogenous opioids [77]. Trost and
colleagues [78] explored various cognitive dimensions of anger in chronic pain,
such as goal frustration and perceived injustice. The authors also proposed path-
ways through which anger may undermine outcome, e.g., anger expression impair-
ing the patient-physician therapeutic alliance. The State-Trait Anger Expression
Inventory (STAXI; [79]) is the most widely used questionnaire in this domain.

By first assessing mood and then intervening through medications or behavioral
lifestyle interventions, clinicians can modify how pain is processed and modulated
via descending affective pathways. Reduction of the mood impact on disability and
quality of life—whether from a primary mood diagnosis or from pain-related mood
changes—is critical for outcomes regardless of the medical treatment selected.

Pain Beliefs and Attitudes: Thoughts, beliefs, attitudes, and appraisals about the
pain experience, as well as patient expectations about treatments and their own role
in the process, are powerful predictors of health-care utilization [80, 81] and treat-
ment adherence/response [82]. One study showed that 41% of variance in physical
functioning outcomes in patients entering a multidisciplinary pain treatment program
was attributable simply to what patients think about their pain and how they cope
with pain, even after controlling for effects of age, sex, and pain intensity [28]. You
can imagine a different outcome for a patient who believes, “My pain is curable, but
my doctor doesn’t understand it, and they’re the one responsible for fixing it!” vs. one
who appraises, “My pain may be lifelong, but I can learn to manage my own lifestyle
and follow appropriate medical treatments.” Thus, assessment of locus of control
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(belief in who is responsible for symptom relief), coping resources, confidence/self-
efficacy for the use of those resources, and pain acceptance gives the clinician a sense
of which patients already have a viable armamentarium of self-management skills
and those who may need additional pain coping training. Recent studies are elucidat-
ing the complex interplay of modifiable psychological factors, health beliefs, and
disability in patients with head and facial pain (e.g., [83]). Examples of psychometri-
cally sound questionnaires in this domain are highlighted in Table 7.3.

One cognitive process in particular has emerged as a defining predictor of pain-
related disability and warrants special mention: pain catastrophizing [93]. You have
met patients with this negative evaluation style if you’ve heard phrases like “This
pain is killing me,” “I can’t think of anything except the pain,” and “I feel helpless
to ease the pain.” This triad of beliefs has a strong impact on the sufferer.
Catastrophizing is considered an important predictive factor for the transition from
an acute pain state to one that is chronic—predicting up to 47% of the variance in
this transition [94].

Table 7.3 Common questionnaires for pain beliefs and attitudes

Questionnaire Reference | Brief description

Survey of Pain Attitudes | [84] 57 items to assess adaptive (control, emotion) and

(SOPA) maladaptive (disability, harm, medication, solicitude,
medical cure) beliefs

Chronic Pain Coping [85] 42-item abbreviated version to assess illness-focused

Inventory-42 (CPCI-42) coping (e.g., guarding, resting, asking for assistance) vs.

wellness-focused coping (e.g., pacing, exercise, seeking
social support)

Coping Strategies [86] 6 cognitive (diverting attention, reinterpreting pain
Questionnaire (CSQ) sensations, coping self-statements, ignoring pain
sensations, praying or hoping, and catastrophizing) and 1
behavioral (increasing activity level) pain coping scales

Pain Self-Efficacy [87] 10-item measure of confidence in one’s ability to engage

Questionnaire (PSEQ) in activities despite pain; 2-item version also validated
[88]

Chronic Pain [89] 20 items designed to measure acceptance of pain across 2

Acceptance factors: activity engagement and pain willingness

Questionnaire-Revised

(CPAQ-R)

Belief in Pain Control [90] 13 items to measure the power of individual beliefs

Questionnaire (BPCQ) regarding pain management across 3 subscales: internal or

personal control of pain, beliefs that powerful others
(doctors) control pain, and beliefs that pain is controlled
by chance events

Headache-Specific [91] 33-item scale to measure individual perceptions that
Locus of Control headache problems and headache relief are determined
primarily by internal factors, health-care professionals, or
chance factors

Pain Catastrophizing [92] 13-item instrument assessing pain catastrophizing across 3
Scale (PCS) subscales: rumination, magnification, and helplessness
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Comprehensive Pain Inventories

There are several clinical testing instruments that can be used by trained and licensed
psychologists for assessing a variety of psychological variables at once. The
Minnesota Multiphasic Personality Inventory (MMPI-2) is a 567-item true/false
measure of personality function and emotional status that has predictive ability
based on more than 50 years of collection and analysis [95]. In its various formats,
including a major recent revision (MMPI-2 RF [96]), a picture of psychological
states, traits, and styles can emerge through the profile of results on clinical scales
(e.g., excessive anxiety, hostility, somatization/somatic focus, sociopathy, social
withdrawal). The profile can also provide a sense of the patient’s reporting style
(e.g., openness, defensiveness, “faking good,” or “faking bad”) through responses
on validity scales. Although designed for assessment of psychiatric patients, it is
commonly used in chronic pain and presurgical assessment, with certain profile pat-
terns identified among independent samples of patients with diverse chronic pain
syndromes. In a sample of headache patients, for example, significant elevations on
the hypochondriasis, depression, hysteria, psychasthenia, and social introversion
scales distinguished treatment-seeking headache patients from non-treatment-
seeking controls [97]. Recently, Manfredini and colleagues demonstrated that
chronic TMD pain patients without MRI-detected temporomandibular joint effu-
sion have a different personality profile than patients with TMJ effusion and pain-
free individuals [98]. Psychologists can use information from this measure to guide
treatment plans and to suggest “red flag” personality characteristics to referring
physicians. For example, a patient with an MMPI profile suggesting high levels of
hostility, resistance to authority, and an elevated energy level may tend to test limits
and may exhibit medication compliance issues down the line.

The Millon Behavioral Medicine Diagnostic (MBMD; [99]) has been normed on
pain patients and can screen for a broad range of psychiatric diagnoses. The Battery
for Health Improvement-2nd edition (BHI-2) and the brief version (BBHI-2)
intended for use as a screener in medical offices are excellent inventories designed
specifically to address biopsychosocial factors in patients with chronic pain [100].

Neurocognitive Testing

Testing can also include structured measures designed to examine neurocognitive
functioning. Many patients involved in pharmacological management wish to or are
expected to maintain their daily activities, including work, operating machinery/
automobiles, maintaining their household, and/or managing finances. However,
cognitive and neurological processes such as attention, concentration, planning,
reaction time, and memory may be impaired in patients with pain [101, 102].
Cognitive deficits may result from head injuries or concussions, other organic pro-
cesses, interference from pain itself or pain-related depression, or medication
effects. In older patients, cognitive impairment may also occur as a result of demen-
tia or increased susceptibility to side effects of sedating medications.
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Brief screening tools such as the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS, [103]) are easy to administer, can be sensitive
to cognitive changes over time, and give some basic information about the cognitive
processes listed above. As a most basic screener, inclusion of the Mini Mental Status
Exam (MMSE, [104]) can be administered in 5—10 min for a gross assessment of
orientation, attention, immediate recall, and language. Patients can also be asked to
complete a self-appraisal of cognitive impairment using a tool such as the Multiple
Ability Self-Report Questionnaire (MASQ, [105]) for perception of abilities in five
cognitive domains: language, visuo-perceptual, verbal memory, visual memory, and
attention. Psychologists trained for administration and interpretation of neuropsy-
chological tests can also conduct formal batteries to examine suspected cognitive
deficits in a more comprehensive and thorough manner. Patients can be released to
function and work within the confines of the test parameters (e.g., minimizing com-
peting stimuli, with stability of the current medication regimen). In addition, the
results of testing can also guide the development of cognitive rehabilitation thera-
pies for cognitively impaired patients.

Other Testing Domains

Sleep Quality: Testing can also be selected for comorbid issues affected by pain. For
example, sleep disorders, including insomnia, obstructive sleep apnea, and sleep-
related bruxism, are common comorbidities in both headache and TMD patients
[106] and have a bidirectional relationship with pain [107]. The two most frequently
used sleep questionnaires with good psychometric properties in orofacial pain pop-
ulations [108] are the Epworth Sleepiness Scale [109] and the Pittsburgh Sleep
Quality Index [110]. Psychological interventions such as biofeedback-assisted
relaxation, sleep hygiene training, and graded exposure to tolerate CPAP therapy
can be employed to improve sleep quality and may indirectly raise pain threshold
and tolerance [111].

Autonomic Nervous System Activity: Analysis of autonomic nervous system
activity in headache or facial pain patients can also prove helpful to guidAe
biofeedback-assisted relaxation interventions. For example, measurements of heart
rate variability and skin conductance have been used successfully to elucidate ele-
vated sympathetic nervous system activity in patients with migraine and tension-
type headaches [112], and the use of electromyographic (EMG) biofeedback
assessment and treatment has been supported for use in patients with TMD [113].
For use in a typical medical practice, Autonomic Nervous System Testing machines
are available for noninvasive testing under reimbursable testing codes; results can
suggest which patients could benefit from referral to a psychologist trained in bio-
feedback interventions.

Risk for Aberrant Drug Behaviors: If your practice involves prescriptions for
controlled substances, current clinical guidelines make a strong recommendation
based on weak evidence to assess for current substance abuse, misuse, or addiction
and risk for aberrant drug behaviors prior to initiation of opioid therapy for chronic
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pain [114]. Indeed, many state medical boards require/mandate such an initial risk
stratification for controlled substances as well as ongoing compliance monitoring.
Risk assessments help determine the amount of treatment structure and risk mitiga-
tion strategies needed for an individual patient (e.g., frequency of urine drug testing,
pill counts, follow-up visits). The diagnostic interview is still considered to have
clearest sensitivity and specificity, and no one risk tool has been shown to be better
than another [115]. Some brief, validated, and nonconfrontational risk assessment
tools in the public domain include:

¢ Substance Abuse Assessment

— CAGE-AID [116] assesses likelihood and severity of alcohol and drug abuse,
suited for use in primary care facilities but not specific for pain patients.

— Drug Abuse Screening Test (DAST) [117] assesses problems and conse-
quences related to drug (including prescription) misuse.

* Opioid Risk Assessment

— Opioid Risk Tool [118] assesses the risk of aberrant behaviors in patient’s
prescribed opioid medications for chronic pain.

— Screener and Opioid Assessment for Patients with Pain-Revised (SOAPP-R)
[119] predicts possible opioid abuse in chronic pain patients and includes a
companion measure for ongoing reassessment of opioid risk, the Current
Opioid Misuse Measure [120].

Response Bias

In some cases, patient credibility may be questioned, especially in instances in which
significant financial incentives are involved, e.g., worker’s compensation, ongoing liti-
gation, or disability applications. Factitious disorder and malingering are rare in clinical
practice [121] and as such may be missed in the pain medicine setting. These nonor-
ganic syndromes may present as pain or neurological complaints, with intentional fab-
rication or feigning of physical symptoms, or exaggerated expression of physical
conditions in order to adopt a sick role. However, confirming these diagnoses requires
difficult exclusions, including (a) conversion disorder, expression of a psychiatric dis-
order as head or facial pain as a symbolic transformation; (b) somatoform disorders, in
which the preoccupation with physical symptoms exceeds organic pathology; and (c)
hypochondriasis, conviction that pain is part of a malignant disease process. Inferences
must also be based upon external data as well as clinician judgments about patient’s
motives and motivation. Unnecessary and invasive medical interventions, especially
implanted devices which the patient may refuse to have removed, may cause further
complications. On the other end of the spectrum, some patients may present with denial
and unawareness of symptoms or minimize symptoms in a consciously motivated
desire to continue activities that might otherwise be restricted (e.g., driving).
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Rather than jumping to conclusions or judgment about the motives of a patient,
it is recommended to make an attempt through assessment methods to screen for
symptom validity and level of effort/motivation to identify the multiple driving
forces behind patient motivation for symptom report. The MMPI-2 mentioned ear-
lier has a set of validity scales for such purposes. The Modified Somatic Perception
Questionnaire (MSPQ) and Pain Disability Index (PDI) are also used in pain popu-
lations to differentiate between malingered pain-related disability and non-
malingering patients [122].

Conclusion

So, back to some questions: Do you want to implant an occipital stimulator in a
migraine patient or perform neurosurgery on a trigeminal neuralgia patient with a
strong degree of catastrophizing and anxiety? Do you want to perform that second
or third jaw surgery for complaints of pain on a patient striving for disability? Do
you want to give controlled substances to a person with an undiagnosed addiction?
If not, consider a psychological assessment early on in your treatment algorithm.
There may be times that surgical intervention may be required despite the psycho-
logical status of the patient to preserve neurological integrity and minimize further
compromise. Even in such cases, understanding the patient will help to set proper
expectations and establish a long-term care plan.

Do not be put off by the breadth of psychological constructs highlighted in this
chapter or the volume of tests available. In a screening situation in a medical office,
one can make the burden of testing as minimal as possible for the patient by using
shorter, electronic versions of the tests mentioned above validated for use in clinical
settings. For example, in just 17 items, a physician could screen for pain intensity,
migraine-related disability, depression, anxiety, pain self-efficacy, and opioid risk
with use of a NRS, the MIDAS, PHQ-2, GAD-2, PSEQ-2, and ORT. The trend
toward more comprehensive assessment conveys an interest in the person as a whole
rather than as a mere receptacle of treatment.

In summary, psychological assessment can (a) create a picture of the “person
behind the pain”; (b) flag warning signs for potential patient noncompliance; (c)
provide an estimated prognosis based on psychosocial barriers or boons to recovery;
(d) establish whether psychological counseling for emotional distress might improve
chances of treatment success; (e) guide the health-care team in creating appropriate
and realistic treatment goals and algorithms; (f) indicate whether pretreatment edu-
cation (e.g., about surgical risks/possible benefits, about safety with opioids or trip-
tans), addiction recovery, behavior change (e.g., smoking cessation, weight
management), or counseling is warranted; (g) help you meet the recommended or
required practice guidelines for your medical specialty; and (h) practice within the
accepted biopsychosocial model of pain care.
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Chapter 8
Diagnosis of Orofacial Pain
of Dental Origin

John K. Jones

As is the case when evaluating other types of pain, the diagnosis of orofacial pain of
dental origin requires a thorough and systematic approach. This includes establish-
ing a chief complaint and history of the present illness, a review of past medical
history, a history of any past interventions regarding the chief complaint, a physical
examination, appropriate imaging and diagnostic testing (to include diagnostic local
anesthesia blocks), and psychosocial evaluation. Oral hard tissues (teeth and bone)
and oral soft tissue (gingiva and mucosa) can be sources of pain. Orofacial pain can
be further categorized as odontogenic or non-odontogenic. Odontogenic pain is so
prevalent that orofacial pain of dental origin should be presumed odontogenic in
nature until ruled out. By far toothache or odontalgia represents the vast majority of
orofacial pain complaints. Epidemiologic studies have revealed an incidence of
12-14% of the population reporting a toothache over the past 6 months [1]. A recent
study of the burden of dental complaints on a level 1 hospital emergency department
found an incidence of 4.3% [2]. Given the prevalence of odontalgia as a contributor
to orofacial pain, it is important that the evaluation of orofacial pain includes early
evaluation by a dental professional.

Odontogenic Dental Pain

Teeth are visceral components that function as part of the musculoskeletal system.
Their attachment is called the periodontal ligament and is part of the musculoskel-
etal system. This is an important distinction when evaluating odontogenic pain.
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Being a visceral component, teeth exhibit a threshold painful response to noxious
stimuli. Periodontal disorders manifest more as musculoskeletal pain and thus
exhibit a graduated response. Of course odontogenic pain can be a combination of
the two. It is this uniqueness that leads to the extreme variability in the nature of
symptoms related to odontogenic sources of pain. There are fortunately “typical”
presentations, and unlike many other orofacial pain entities, there are many times
clinical and radiographic findings as well as diagnostic testing findings can confirm
or rule out teeth and supporting structures as sources of pain.

Tooth Anatomy

Topographically teeth consist of a crown or coronal portion and a root or radicular
portion. The crown and root are comprised of four distinct components (Fig. 8.1).
Dentin and the dental pulp are present in the coronal and radicular elements. Enamel
is the outermost layer of the crown and is insensate. Beneath the enamel lies the
dentin which is comprised of tubules that radiate from the dental pulp and terminate
at the dentin-enamel (crown) and dentin- cementum (root) junction. The dentin is
sensate. The tubules are patent and thus fluid movement is possible as well as poten-
tial contamination of the dental pulp. The dental pulp is neurovascular tissue provid-
ing vitality to the tooth. The pulp is innervated by myelinated (A gamma) and
unmyelinated (C) fibers from the trigeminal nerve. It is the pulp that is the source of

T \/ Enamel
\ Dentin

Crown —| / Pulp
‘/ Gums
: Bone
Root
Root —| canal
Fig. 8.1 Tooth anatomy.
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visceral pain when affected by contamination (caries), trauma, erosion, abrasion, or
iatrogenic injury [3].

Pulpitis

Noxious stimulation of the pulp results in a visceral pain response. It is a threshold-
mediated response and not necessarily easy to localize without physical, diagnostic,
and radiographic findings. One of the hallmarks of pulpal pain is that it does not stay
the same over time [4]. It is the end result of pulpal stimulation as a consequence of
dentinal exposure. Pulpal pain or pulpitis is generally classified as reversible or
irreversible. Reversible pulpitis resolves with removal of the noxious stimulus.
Irreversible pulpitis results in pulpal necrosis. Because pulpitis symptoms are vis-
ceral in nature, percussion of the teeth is not useful for localization. Pain to percus-
sion generally means that the periodontal structures are involved.

Reversible pulpitis is characterized by pain upon mechanical or thermal stimula-
tion that is acute and sharp but that dissipates without lingering aching or discom-
fort. Irreversible pulpitis is characterized by the same symptoms at onset but
followed by lingering and aching discomfort. Pulpitis does not result in radiographic
changes to assist in diagnosis. Pulpitis can be detected and localized by thermal test-
ing with hot and cold stimuli. Irreversible pulpitis results in pulpal necrosis. At this
point the pulp becomes insensate and the pain becomes more musculoskeletal in
nature due to involvement of the periodontal structures. Pain associated with pulpi-
tis can be resolved by appropriate local anesthesia block or infiltration. Appropriate
diagnostic use of local anesthesia can be very helpful regarding localization and
inclusion/exclusion with regard to differential diagnosis.

Periodontitis

The musculoskeletal pain associated with involvement of the periodontal ligament
can be localized by percussion of the involved tooth and with dental imaging. The
typical findings on imaging are that of a widened periodontal ligament space and a
later finding of a periapical radiolucency as a result of sterile abscess formation due
to pulpal necrosis. It is the secondary bacterial contamination of this necrotic debris
that leads to odontogenic abscess formation. Apical periodontitis can be classified
as acute or chronic. Acute apical periodontitis is characterized by radiographic find-
ings of periodontal ligament space widening at the apex or a periapical radiolucency
associated with a tooth that exhibits throbbing, aching discomfort with pain elicited
upon percussion, or movement of the tooth. Tooth mobility may also be present.
Chronic apical periodontitis shares the same radiographic findings but is generally
painless. Transition from acute apical periodontitis to chronic apical periodontitis
and vice versa is possible. Periodontitis in the absence of pulpal necrosis can
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manifest with mild, episodic, or dull pain [3]. This is a graduated musculoskeletal
type of pain response to inflammation within the periodontal tissues. Clinical signs
of periodontitis are found in gingiva and include erythema, edema, recession, tooth
mobility, and purulence emanating from the gingival sulcus.

Non-odontogenic Dental Pain

Non-odontogenic dental pain is much less common than odontogenic pain, thus the
recommendation to first rule out odontogenic pain. It is varied in etiology and pre-
sentation and typically more difficult to accurately diagnose due to a relative lack of
helpful diagnostic imaging and diagnostic testing. This pain can be due to inflam-
matory, infectious, systemic, neoplastic, autoimmune, and neuropathic conditions.
It can be referred pain as well. As an example one widely known referral pattern is
that of anginal pain manifesting as jaw pain. Some of the more common sources of
non-odontogenic dental pain will be presented in this chapter.

Macxillary Sinusitis

Maxillary sinusitis frequently manifests as pain in the maxillary posterior dentition
on the involved side(s). This is due to the proximity of the root apices to the sinus
floor and the very thin osseous partition separating the apex and the floor of the
sinus. The pain is musculoskeletal in nature. Typically multiple teeth are involved
and are painful to percussion despite normal vitality testing and lack of periapical
findings on dental radiographs. Fluid or sinus membrane edema may be seen on
dental radiology. The pain in the teeth will resolve with resolution of the sinusitis.
Just as importantly teeth can be the cause of maxillary sinusitis. This should be
suspected especially when the sinusitis is unilateral and refractory to typical medi-
cal or surgical management. The contamination of the sinus is the end result of
apical periodontitis that erodes the thin osseous partition at the root apex.

Temporomandibular Disorders

Temporomandibular pain complaints are quite common and can present a diagnos-
tic challenge to the practitioner tasked with evaluating and treating orofacial pain.
In one survey the prevalence was found to be 6% of the adult population. A com-
plaint of preauricular pain accounted for another 6%. The prevalence is 1.5 times
higher in women than in men, and greatest risk of onset of complaints is between
the ages of 18 and 44 [5]. The anatomy and function of the temporomandibular is
unique as an articulation. It is orthopedically classified as a ginglymoarthrodial joint
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exhibiting both hinge and gliding functions. It has two separate synovial spaces
(inferior and superior) which are separated by the temporomandibular joint menis-
cus which is fibrous rather than cartilaginous. With its very significant gliding range
of motion (translation), it is by orthopedic standards a very loose articulation. As
such it has a very complex proprioceptive and positioning/movement system.
Function is reliant on stability of the contralateral joint as well as the occlusion.
While occlusion is thought to contribute to the relative risk for TMD symptomatol-
ogy, many other contributing factors have been identified. Other identified factors
are biologic, psychiatric, environmental, and cognitive [6].

Careful history taking is paramount in evaluating possible temporomandibular
disorders. Associated symptomatology can make diagnosis challenging. Common
associated symptoms are headache, ear fullness and tinnitus, and muscular, cervi-
cal, and orbital pain. A history of previous trauma as well as a history of para-
functional habits such as clenching or bruxism can raise suspicion. Clinical
examination should include palpation of the muscles of mastication, auscultation
of the TMIJs, inspection of the dentition and occlusion, otologic examination, and
recording of range of motion in protrusion, lateral excursions, and maximal
opening.

Temporomandibular complaints are typically classified as articular and extra-
articular (myofascial) or both. Both exhibit a graduated response typical of muscu-
loskeletal pain. Typical findings of intraarticular derangement are preauricular pain
to palpation on one or both sides, noise, and limited range of motion. Noise is typi-
cally classified as clicks that occur with joint translation indicating meniscal mobil-
ity problems or crepitus which is indicative of synovitis and/or degeneration.
Intra-articular problems are best diagnosed on physical examination and can be
imaged with TMJ arthrography or with magnetic resonance imaging. Degenerative
changes can be detected by auscultation and confirmed with high resolution radiog-
raphy or CT scanning.

Myofascial TMD Pain

Myofascial pain is classically described as a deep dull aching muscle pain that
results in referral of the pain to the teeth. It is associated with trigger points in the
muscle that when active can be identified within the muscle by careful evaluation
via palpation. Three masticatory muscles have been found to refer pain to the teeth
with patterns of referral having been identified [4]. The superior belly of the mas-
seter refers pain to the maxillary posterior teeth. The inferior belly of the masseter
refers pain to the mandibular posterior teeth. The anterior digastric muscle refers
pain to the mandibular anterior teeth, and the temporalis muscle refers pain to the
maxillary anterior or posterior teeth. The temporalis muscle and temporomandibu-
lar joint frequently refer pain to the teeth. Referred myofascial pain has characteris-
tics, the presence of which should raise clinical suspicion. It is musculoskeletal in
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nature as a dull, aching, non-relenting pain when the trigger point is active. The
involved teeth are found to be free of pulpal or periodontal disease. The pain is not
altered by testing of the involved teeth. Painful trigger points are palpable in the
muscles of mastication. The stimulation of the trigger point increases the tooth pain.
The pain does not resolve with local anesthesia blockade of the teeth but does
resolve with local anesthesia infiltration of the trigger point [5].

Neuropathic Pain

Neuropathic pain arises in neural tissue making the nerve itself the source of the
pain. It is usually a diagnosis of exclusion. The most common neuropathic pain of
dental origin is trigeminal neuralgia (also known as Tic Douloureux). It can present
in many forms, but the classic form involves severe, lancinating, electric type pain
localized to areas innervated by the trigeminal nerve. The mandibular branch is
most commonly involved but maxillary branch involvement is possible also. It is
characterized by having a trigger spot that when stimulated results in pain. The pain
is out of proportion to the magnitude of stimulation. The trigger spot can be refrac-
tory temporarily. The teeth in the area of pain are found to be free of pulpal or peri-
odontal disease. Local anesthesia block of the painful teeth does not eliminate the
pain (except in rare cases when the tooth is the trigger). The trigger can be inacti-
vated by local anesthesia block rendering the patient pain free for the duration of the
action of the local anesthesia [7].

Mucosal Diseases

Mucosal diseases can be sources of non-odontogenic pain. They can be isolated to
the oral cavity or be manifestations of systemic conditions that affect other mucous
membranes. They can be infectious, inflammatory, or autoimmune in nature. Some
examples are lichen planus, benign mucous membrane pemphigoid, pemphigus
vulgaris, monoliasis, herpetic gingivostomatitis, benign migratory glossitis, and
major aphthae. Typically there are physical examination findings of erythema,
edema, leukoplakia, vesicle formation, ulceration, or necrosis that lead to the gen-
eration of a differential diagnosis. The pain results from the loss of epithelial protec-
tion (ulceration) and inflammation. Incisional and excisional biopsy can be necessary
to establish a definitive diagnosis and direct therapeutic efforts.
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Burning Mouth Syndrome

Burning mouth syndrome is idiopathic and thus a diagnosis of exclusion. The hall-
mark symptomatology is an intraoral burning sensation that is present despite the
absence of clinical signs of injury or pathology. The pain may be restricted to the
tongue and may be associated with dysesthesia, taste alteration, and a sensation of
xerostomia [8]. Burning mouth syndrome disproportionately affects postmeno-
pausal women [9]. Spontaneous improvement can be seen in 30-50% of cases [10].
The diagnostic criteria are oral pain recurring daily for more than 2 h per day for
greater than 3 months. The pain is of a burning quality and is perceived superficially
in the oral mucosa. Oral mucosa is of normal appearance and clinical examination
including neurosensory testing is normal [8]. It is important to rule out mucosal
diseases, xerostomia, nutritional deficiencies, and allergic stomatitis.
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Chapter 9
Diagnostic Nerve Blocks

James Y. Suen and Chelsey Smith

Introduction

We feel most headaches and facial pain are related to the nerves that innervate the
head and face. Diagnostic nerve blocks are one of the most important tools for the
diagnosis and treatment of facial and head pain! When obtaining a history from
the patient, it is critical to listen to the patient describe his or her pain. Especially
important is where the pain starts and where, if any, the “trigger points” are [1]. As
the examiner listens, he or she should think of the nerve innervation to those trigger
points. It is common to find that if an isolated nerve off the trigeminal nerve triggers
the pain, then other branches can begin to hurt. Knowledge of the anatomy and
nerve innervation is critical.

Nerve blocks are an efficient, inexpensive, and low risk tool to diagnose periph-
eral trigeminal neuralgia. This is usually performed on the first clinic visit with a
new patient and can provide important information. If done properly, it may also
treat the pain for varying periods of time.
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Applied Anatomy

The nerve supply to the face and head is from the trigeminal nerve, the greater
occipital nerve, and the upper cervical plexus nerves. Knowing the anatomy and the
nerve innervation to the face and head is the key to proper diagnosis and treatment
of facial and head pain.

Trigeminal Nerve

The classic Type I, trigeminal neuritis is due to an artery adjacent to the takeoff of
the trigeminal nerve from the brainstem and pulsating against the nerve. The under-
lying causes of atypical trigeminal neuritis have not been clearly defined, but we
feel there are a number of etiologies for what we term “peripheral trigeminal neu-
ritis.” Some known common causes are herpes zoster and trauma with neuromas or
entrapment of the nerve branch. More recently it is postulated that compression of
the peripheral nerves at various points, such as, in a foramen, a tight notch, or
through fascia can result in nerve pain and headaches [1-6]. In addition, we feel that
there is a high likelihood that arteries which accompany these nerves can pulsate
against peripheral nerves resulting in pain similar to the Type I trigeminal
neuritis.

The three divisions of the trigeminal nerve, commonly referred to as V1, V2, and
V3, converge at the ganglion in Meckel’s cave. It is important to know the branches
of each of these three divisions and where they innervate the face and head (Fig. 9.1).

The first division, V1, is the ophthalmic nerve. It enters the orbit through the
superior orbital fissure and has several nerves to eye structures and to the internal
upper nose before branching into the infratrochlear nerve and the frontal nerve. The
frontal nerve is the largest branch of V1, dividing into the supraorbital and supra-
trochlear branches as it exits the orbit (Fig. 9.2). The supraorbital nerve exits the
orbit through the supraorbital notch or foramen, and it supplies the upper eyelid and
the ipsilateral forehead to the vertex of the scalp. The notch or foramen can be a
place where the supraorbital nerve can be compressed. A notch occurs about 83% of
the time and is usually encircled by a ligamentous fascial band which encircles the
nerve [7]. The supratrochlear nerve exits at the superior medial part of the orbit near
the bridge of the nose and supplies the skin of the forehead near the midline. Pain in
VI can be in the eyelid, the forehead, or the top of the head and can trigger head-
aches, commonly diagnosed as migraine headaches.

The infratrochlear nerve supplies the skin over the bridge of the nose and the
medial part of the lower eyelid.

The second division, V2, is called the maxillary branch, and it is primarily sen-
sory in function. It is more complex and takes more study to understand the innerva-
tion and where pain from V2 can elicit. The main nerve of V2 is the infraorbital
nerve, which goes in a groove in the floor of the orbit and exits through the
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Fig. 9.1 Trigeminal nerve ganglion with the three divisions supplying the face
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Fig. 9.2 Terminal branches of the frontal branch—supraorbital and supratrochlear nerves supply-
ing the forehead

infraorbital foramen and supplies the midface. There are two other branches of this
nerve that are important to know. One is the posterior superior alveolar nerve which
comes off the V2 after it exits the foramen rotundum and wraps around the
posterior-lateral wall of the maxilla where it enters the underlying bone and inner-
vates the posterior upper teeth (Fig. 9.1). It is common for pain in this nerve to be
diagnosed as dental pain and result in extractions with no pain relief.

The second important branch is the zygomatico-temporal nerve (ZTN) which
leaves the infraorbital nerve in the floor of the orbit and goes into the zygoma bone
and exits just lateral to or through the bone of the lateral orbital rim and goes to the
anterior temporalis muscle area (Fig. 9.3). The foramen where the ZTN exits the
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Fig. 9.3 Infraorbital nerve and the zygomaticotemporal nerve branch innervating anterior tempo-
ralis muscle area

zygoma is about 7 mm lateral to the lateral orbital rim and about 8 mm cranial to the
lateral canthus [7]. It goes into the temporalis muscle or just superficial to it.
Sometimes the ZTN comes out just lateral to the lateral orbital rim. Pain in this
nerve is quite common and can cause temporal headaches which are commonly
called migraine headaches.
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Fig. 9.4 The green shaded
area is the innervation of the
midface by the second
division of the trigeminal
nerve. ZTN is the area
innervated by the zygo-
matico-temporal nerve
branch. The purple shaded
area is the innervation by the
mandibular division and the
AT area is supplied by the
auriculotemporal nerve
branch
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The third division, V3, the mandibular branch (Fig. 9.1), has both sensory and
motor function. The motor part supplies the muscles of mastication. The sensory
branches go to three main areas: the lingual nerve, the inferior alveolar nerve, and
the auriculotemporal nerve. The lingual nerve goes to the tongue. The inferior alve-
olar nerve goes into the mandible in the ascending ramus and supplies the lower jaw
teeth, then exits the mental foramen to supply the chin and lower lip. The third
branch is the auriculotemporal nerve, which exits just posterior to the mandibular
condyle and goes superiorly to the area of the temple and above the ear (Fig. 9.4).
Pain can occur in one or all of these branches. We feel the auriculotemporal nerve
can also trigger migraine headaches [1].

Greater Occipital Nerve

This nerve arises from the dorsal roots of C2 off of the spinal cord and goes through
the posterior neck muscles and fascia, emerging 3 cm below the occipital protuber-
ance and about 2-3 cm lateral from the midline of the occiput and the going superi-
orly to the top of the scalp (Fig. 9.5) [8]. Occipital headaches are common, and most
arise from the greater occipital nerve. There is a connection between the trigemi-
nal nerves and the occipital nerves which is referred to as the trigeminocervical
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Fig. 9.5 Shows the terminal branches of the greater occipital and the lesser occipital nerves

complex, where there are interneuronal connections in the trigeminal spinal
nucleus (Fig. 9.6). Pain in the greater occipital nerve distribution can trigger pain
in the trigeminal nerve distribution and vice versa.

Upper Cervical Plexus Nerves

These nerves include the lesser occipital nerve, which comes from C2 to C3 and
goes from the posterior neck, under the posterior border of the upper sternocleido-
mastoid muscle and over the mastoid bone to the top of the ear. It also includes the
greater auricular nerve which goes to and around the lower earlobe and an anterior
cervical branch along the jawline (Fig. 9.7). When patients describe pain in the
Jjawline area, from the earlobe to chin, it is important to differentiate whether the
pain is in the jaw and teeth (inferior alveolar nerve) or is the pain more superficial
and from the cervical plexus nerves.
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Fig. 9.6 Trigeminal cervical complex where there are interneuronal connections in the trigeminal
spinal nucleus which connects the trigeminal and occipital nerves (with permission of Springer
Nature)

Procedure Technique

Anesthetics: We use xylocaine 1% with epinephrine at 1:100,000 or 1:200,000
strength as the initial injection for diagnostic purposes. We prefer using a 1 or 1%2
inch 25 Ga. needle. If the patient’s pain is relieved with the xylocaine injection, then
we follow with 0.5% bupivacaine for a longer effect.

Injection technique: Because of the sensitivity of the facial skin, we start by
injecting, very quickly, about 1-1.5 mL of 1% xylocaine with epinephrine into the
skin overlying the target nerve and let it absorb for about 5 min before injecting the
nerve itself. This seems to be less painful for the patient. Ultrasound can be used by
those not as familiar with the nerve anatomy; however we have not found it to be
necessary if a clinician has good knowledge of the anatomy. Our goal is to inject the
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Fig. 9.7 The upper cervical plexus nerves include the lesser occipital, greater auricular, and trans-
verse cervical nerves from C2 to C3

nerve itself or close enough that the anesthetic will include the nerve. We have never
had an injury to the nerve with this technique in over a thousand nerve blocks.

The initial dose of the xylocaine is from 2 to 3 mL into the nerve area. Before
injecting, we aspirate to be sure we are not in a blood vessel. For a larger area, such
as the upper cervical plexus nerves, we use about 4 mL of the xylocaine.
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If the patient obtains relief of pain, we follow the xylocaine with 3—4 mL of
Marcaine 0.5% for longer effect.

Nerve Block Techniques
Supraorbital and Supratrochlear Nerve Blocks

These nerves can trigger migraine headaches and are easy to block for diagnostic
purposes [5]. If a patient is having severe head pain in the frontal area and if, when
the supraorbital and supratrochlear nerves are blocked with xylocaine, the pain or
headaches subside or go away, it is diagnostic that those nerves are triggering the
pain or headaches.

The nerves come out of the orbit separately: the supraorbital nerve comes out
through a notch or foramen which is located just medial to the midline of the supe-
rior orbital rim [6] (Fig. 9.2). The notch or foramen can frequently be palpated. The
supratrochlear nerve exits the orbit at the superior medial orbital rim near the nasal
bridge. We aim for the nerves and feel that direct injection into the nerve is not
harmful to the nerve, and the pain relief will last longer. If the nerve is hit with the
needle, the patient will usually have a sharp pain sensation, and we tell the patient
that the nerve block can be more effective. Even if the nerve is not directly hit, the
xylocaine will anesthetize the nerves. We recommend injecting about 2—-3 mL into
each nerve and wait at least 5 min to see what happens to the pain or headache. If
the patient obtains numbness and pain relief, we then inject the same amount of
0.5% bupivacaine into each nerve for longer term relief. The patients are told that
there is a chance that the pain relief can be days, weeks, or months. If the nerve
blocks using xylocaine and bupivacaine do not last more than a day or two, we add
0.5-1.0 mL of Kenalog (40 mg/mL) during subsequent nerve blocks and frequently
have seen more prolonged pain relief.

Infraorbital Nerve Block

This nerve block is performed when patients have pain in the midface, side of the
nose, and/or the upper lip. The infraorbital nerve comes out of the floor of the orbit
about 1 cm below the middle of the inferior orbital rim (Fig. 9.3).

This nerve can be anesthetized in two different ways: one is directly through the
skin over the nerve and the second is under the upper lip between the canine and first
premolar teeth. We prefer to go transoral by placing some topical anesthetic (tetra-
caine, benzocaine, or 4% lidocaine) under the upper lip where the injection is to be
done and let it sit for 5 min. Then we inject about 1-1.5 mL of 1% xylocaine with
epinephrine submucosal and have the patient massage the skin over this area for
5 min.
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Next we inject superiorly through this area where the infraorbital nerve is located
using about 3 mL xylocaine.

We place a finger on the inferior orbital rim during the nerve injection to make
sure the needle does not go to the eyeball.

After about 5 min, the patients should have pain relief; then, we inject 3 mL of
0.5% bupivacaine into the nerve area. We are not concerned about hitting the nerve
with the needle because it is unlikely to cause permanent nerve injury and we feel
there is better and longer pain relief if the nerve is injected directly. We frequently
use 0.5—-1 mL of Kenalog 40 mg/mL also.

Posterior Superior Alveolar Nerve Block

This nerve is part of the maxillary nerve and comes off the infraorbital nerve before it
enters the floor of the orbit. It goes into the posterior-lateral maxillary sinus wall and
goes anteriorly to give off branches to the molar and premolar teeth (Fig. 9.1). This
nerve causes pain in the teeth and extracting the teeth does not relieve the pain. Patients
will point to the area above the premolar and molar teeth where the pain is greatest.

To block this nerve, we use the same technique as for the infraorbital nerve
except we also inject the submucosal area above the molar teeth. The same local
anesthetics are used.

This nerve is more difficult to anesthetize because it is usually within the bone
above the molar and premolar teeth.

Zygomaticotemporal Nerve Block

This nerve can be the trigger point for temporal headaches and is an important
nerve to know how to block. It is located about 8 mm lateral to the lateral orbital rim
and goes superiorly to the temporal area (Fig. 9.8). It lies just above the level of the
lateral canthus. The zygomatic branch of the facial nerve innervates the orbicularis
oculi muscle nearby and can be temporary paralyzed for several hours from the
local anesthetics. The zygomaticotemporal nerve runs subcutaneous superiorly and
into the temporalis muscle about 50% of the time. Usually we infiltrate the anterior
part of the temporalis muscle with the nerve block to help headaches in this area. If
there is relief of the pain or headache with the 3—4 mL xylocaine, we inject with the
same of 0.5% bupivacaine.

Inferior Alveolar Nerve Block
This nerve is blocked trans-orally as the dentist does. The inferior alveolar nerve is

a branch of the mandibular division (V3) after it exits the foramen ovale in the skull
base. It enters the mandible through a foramen about the level of the lower teeth and
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Fig. 9.8 Blocking the
zygomaticotemporal nerve
which exits the zygoma at
the “x” and goes to the
temporal muscle and temple

about 2 cm from the anterior edge of the ascending part of the mandible (Fig. 9.9).
We use some topical anesthetic, 2% tetracaine, on the mucosa just posterior to the
retromolar trigone area, and after about 5 min, we inject 4 mL of 1% xylocaine with
1:100,000 epinephrine submucosal and through the medial pterygoid muscle and
hitting the mandible at the level of the teeth. We use a 25 Ga. 1 or 12 inch needle
and curve the needle so that it aims toward the bone, rather than going posterior
where the internal carotid artery is located. If the nerve is hit, indicated by a sharp
pain, we go ahead and inject since the anesthesia is greater and the duration of the
numbing is longer. We have never had permanent injury to the nerve by injecting
directly into the nerve. Most of the time, the anesthetic will diffuse around the nerve
and anesthetize it. If the patient has relief of pain in his jaw, we follow with 4 mL
0.5% bupivacaine into the same area.

Mental Nerve Block

The mental nerve is the distal end of the inferior alveolar nerve and exits through the
mental foramen of the horizontal ramus of the mandible just below the root of the
second premolar tooth (Fig. 9.6). It is the sensory supply to the chin and lower lip.
It is simple to block this nerve when it is the source of the facial pain. We use an
intraoral approach by placing some topical tetracaine on the mucosa for several
minutes then injecting 1% xylocaine between the mucosa and mandible just below
the root of the second molar tooth. If the pain is relieved, we follow with 0.5% bupi-
vacaine injection into the mental nerve.
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Fig. 9.9 Inferior alveolar
nerve enters the mandible at
the level of the lower teeth
and about 2-2.5 cm from the
anterior border of the
ascending ramus

Auriculotemporal Nerve Block

This nerve is another nerve which commonly contributes to temporal head-
aches. 1t is easy to block the auriculotemporal nerve which is a branch of the
mandibular division (V3) of the trigeminal nerve. When patients are having
severe temporal headaches, this nerve can be blocked to see if it relieves the
headache. The nerve comes off the third division of the trigeminal just after it
leaves the foramen ovale and then goes between the mandibular condyle and the
external auditory canal. From there, it goes superiorly to the temple area
(Figs. 9.4 and 9.10).
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Fig. 9.10 Nerve block of
auriculotemporal nerve
between the TMJ and the
tragus with jaw in open
position

To locate the nerve, a finger is placed over the TMJ area, and the patient is asked
to open their jaw. The depression from the condyle moving forward can be palpated
and 1 mL xylocaine is injected quickly into the skin overlying the depression just
anterior to the tragus of the external ear (Fig. 9.10). After about 5 min, the needle is
passed perpendicular between the tragus of the ear and the TMJ for about 2 cm.
Negative pressure is placed on the syringe plunger to be sure the needle tip is not in
a blood vessel. If no blood is withdrawn, 2 mL of xylocaine is injected as the needle
is withdrawn toward the skin. When the subcutaneous tissue is reached, the needle
is then pointed subcutaneous superiorly, and about 2 mL of the xylocaine is injected
alongside the nerve and superficial temporal artery toward the temporal muscle. If
the patient is having a severe headache, we also inject 2-3 mL of xylocaine into the
temporalis muscle. If the headache is improved after about 5 min, we follow up with
the same amount of 0.5% bupivacaine in the same areas.

It is important to recognize that this nerve block can temporarily paralyze the
forehead and the orbicularis oculi for about 5 h. The patient should be told that this
can happen and that it will correct when the anesthetic wears off.

Greater Occipital Nerve Block

This nerve commonly contributes to occipital headaches which frequently progress
to diffuse headaches. If the greater occipital nerve is blocked and the headache
improves significantly, this indicates that the nerve is probably the trigger point and
the nerve block can abort the headache.
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The greater occipital nerve is from the dorsal root of C2 and supplies the poste-
rior scalp from the occipital prominence to the top of the scalp. The nerve is located
about 3 cm below and 2-3 cm lateral to the occipital protuberance and runs subcu-
taneous under the scalp to the vertex. We will inject about 2 cm lateral and below
the occipital protuberance and go deep, about 2 cm, into the underlying muscles
where the nerve is traversing. We will use about 2 mL of xylocaine into nerve area
in the muscles, and then inject 3 mL toward the occipital scalp in a subcutaneous
plane and fan it out in three different directions to be sure to inject the nerve
(Fig. 9.5).

If the headache and pain improves after 5-10 min, then we follow with 0.5%
bupivacaine in the same areas.

Lesser Occipital and Greater Auricular Nerve Block

These two nerves can be blocked together since they both originate from C2 to C3.
The lesser occipital nerve innervates the posterior scalp behind the ear to the top of
the ear. The greater auricular nerve supplies the skin of the lower earlobe and over
the tail of the parotid and angle of the jaw (Fig. 9.7).

To block these nerves, we find the sternocleidomastoid (SCM) muscle and iden-
tify the posterior border and about 2 cm above the middle of the muscle between
the mastoid and the clavicle (Fig. 9.7). We inject the overlying skin with about
I mL of xylocaine and wait several minutes for the skin to numb. Then we inject
about 3 mL of xylocaine into the subcutaneous tissues and about 2 cm deep to the
posterior SCM muscle to catch the nerves as they curve around the muscle. Then
we inject about 2 mL along the path of the lesser occipital nerve and about 2 mL
subcutaneously toward the earlobe (greater auricular nerve) and slightly below
(Fig. 9.7).

If the pain improves significantly, we follow by injecting with the same amount
of bupivacaine into the same areas.

If we feel the pain is coming from the proximal upper cervical plexus nerves, we
inject about 12 inches deep under the SCM muscle in several directions to catch the
nerves deeper in the neck. It is important to aspirate the syringe to be sure the needle
is not in the jugular vein.

Discussion

It is critical to find the trigger point for the patient’s pain because the nerve that
innervates that area is commonly the cause of the pain or headache [1]. There may
be more than one trigger point that needs to be injected to control the pain. If block-
ing the nerve with xylocaine stops the pain, then it is diagnostic and will give
future options for control of the pain. (See Chap. 13.)



118 J. Y. Suen and C. Smith

Possible side effects of the nerve blocks should be discussed with the patient and
listed on the consent form. For example, with the nerve block of the zygomatico-
temporal or auriculotemporal nerves, part of the facial nerve may be weak for the
duration of the anesthetics. With the cervical plexus nerve blocks, it is common to
affect the spinal accessory nerve with shoulder weakness and also the vagus nerve
with hoarseness for the duration of the anesthetics.
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Chapter 10
Interventional Approach to the Diagnosis
of Head and Face Pain

Vikas Agarwal and Ryan T. Fitzgerald

Cervicogenic Headache

Cervicogenic headache is head pain referred from either the bony or soft tissue
structures of the neck innervated by the upper three cervical spinal nerves [1].
Common sources of cervicogenic headaches therefore include the atlanto-occipital
joint, the atlantoaxial joint, and the C2—-C3 facet (zygapophyseal) joint. In most
cases, careful history and physical examination can lead to the diagnosis using
established diagnostic criteria from the Cervicogenic Headache International Study
Group [2]. Given that clinical features of cervicogenic headaches may overlap and
even mimic those associated with primary headache disorders, diagnosis can be
challenging. Response to image-guided blockade is therefore an important consid-
eration in the diagnosis of cervicogenic headache.

The atlanto-occipital joint is a synovial joint formed by the articulation of the
superior articular process of the C1 vertebral body (atlas) and the occiput. It can
therefore be thought of as a modified facet (zygapophyseal) joint since it is posi-
tioned anterolateral to the spinal canal as opposed to true facet (zygapophyseal)
joints which are positioned posterolateral [3]. Injection into the atlanto-occipital
joint is performed using fluoroscopic guidance in the prone position with the
patient’s neck slightly flexed. A major consideration when targeting the atlanto-
occipital joint for injection is that the vertebral artery overlies the medial one third
of the joint before turning medially and diagonally to enter the foramen magnum.
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Therefore the target site for injection is along the lateral third of the joint
superiorly.

The atlantoaxial joint is a synovial joint formed by the articulation of the supe-
rior articulating processes of the C2 vertebral body (axis) and the inferior articulat-
ing processes of the C1 vertebral body (atlas). Injection into the atlantoaxial joint is
performed using fluoroscopic guidance in the prone position with the patient’s neck
slightly flexed. As with the atlanto-occipital joint injections, the major consideration
when targeting the atlantoaxial joint is the vertebral artery which is located lateral
to the joint as it courses through the C2 and C1 foramen. Therefore the target site
for injection is medial to the junction of the lateral one third and medial two thirds
of the joint space.

The C2-C3 facet (zygapophyseal) joint is innervated by the third occipital nerve
which arises from the medial branch of the dorsal ramus of C3. Injection into the
C2-C3 facet joint is performed using fluoroscopic guidance and can be performed
using either a posterior or lateral approach.

Headache Related to Intracranial Hypotension

Spontaneous intracranial hypotension (SIH) is an underdiagnosed cause of persis-
tent and debilitating headaches. Patients typically present with orthostatic head-
aches in the setting of decreased CSF volume and low CSF pressure without a
history of spinal instrumentation or penetrating trauma [4]. The underlying patho-
physiology of SIH is not well understood complicating both diagnosis and treat-
ment. The majority of patients with SIH are successfully treated with conservative
management including bed rest, high fluid intake, and caffeine [5]. When medical
management fails to resolve symptoms, image-guided epidural blood patches have
been shown to be effective for treating the CSF leak. In cases where a single or even
multiple sites of CSF leakage are identified on spinal imaging, a targeted epidural
blood patch is performed to induce a dural tamponade and seal the site of CSF leak
[6]. In many patients the location of a CSF leakage is not identified on imaging, and
a nontargeted epidural blood patch is performed. For this technique, a lumbar
approach is utilized with the patient in the Trendelenburg position facilitating spread
of the blood to the cervicothoracic region restricting CSF flow, reducing CSF
absorption, and subsequently causing re-equilibration of CSF pressure [7—10].

Facial Pain

Facial pain can be caused by a variety of etiologies. Careful history and physical
examination can lead to the diagnosis using established diagnostic criteria from the
International Association for the Study of Pain (IASP) or the International Headache
Classification [11, 12]. Peripheral nerve blocks can provide valuable diagnostic
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information to help determine the site of origin of facial pain. Potential targets for
temporary nerve blockade include the supra- and infraorbital nerves, supratrochlear
nerve, inferior alveolar nerve, mental nerve, auriculotemporal nerve, greater auricu-
lar nerve, maxillary nerve, mandibular nerve, and glossopharyngeal nerve. While
the majority of these can be performed without image guidance using established
landmarks, ultrasound and fluoroscopy are now increasingly used for guidance. For
indications and techniques of peripheral nerve blockade, please refer to Chaps. 8
and 9.
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Johnathan H. Goree, Christopher S. Fiedorek,
Ruben G. Alexander, and Boris Spektor

Non-opiate Analgesics

(a) Introduction

No longer regarded as a potent, universal remedy for all pain, opiates have
fallen out of favor in the most recent pain literature. Increases in addiction, ris-
ing overdose deaths, systemic side effects, and the discovery of opiate induced-
hyperalgesia have illuminated the need for non-opiate alternatives for all chronic
pain disorders. During this chapter we will explore the literature behind many
of these alternative, non-opiate medications, and their use for nonmalignant
pain of the head and neck.

Antiepileptics
Carbamazepine

(a) Mechanism of Action
Carbamazepine is a first-generation anticonvulsant. It binds voltage-dependent
sodium channels during the inactivated phase and slows the recovery rate.
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This prevents the generation of rapid action potentials in neuronal cells by
prolonging the cells’ inactivated state [1].

Evidence for Trigeminal Neuralgia

Carbamazepine was first shown to have some benefit for the relief of pain
from trigeminal neuralgia 3years after its introduction as an anticonvulsant
[2]. Its efficacy was subsequently confirmed in four placebo-controlled
studies containing 147 total patients [3—6]. The effective dose of carbam-
azepine ranges from 100 to 600 mg twice daily and should be titrated gradu-
ally to attainment of pain relief. Robust treatment responses were
demonstrated in these trials with 1.7-1.8 being the number needed to treat
to achieve clinically significant pain relief. Carbamazepine decreases both
the intensity and frequency of paroxysmal pain and is equally efficacious on
spontaneous and trigger-evoked attacks [3]. The American Academy of
Neurology and the European Federation of Neurological Societies (AAN-
EFNS) guidelines on trigeminal neuralgia management conclude that carba-
mazepine is a standard of care for controlling pain in patients with this
disease [7].

Adverse Effects

Common side effects include hypotension, pruritus (8%), rash (7%), consti-
pation (10%), nausea (29%), vomiting (18%), xerostomia (8%), anemia (IV,
7%), asthenia (8%), ataxia (15%), dizziness (bipolar disorder, 44%; seizures,
9%), somnolence (bipolar disorder, 32%; seizures, 5%), blurred vision
(5-6%), and nystagmus [8]. Serious reactions include cardiac dysrhythmias,
hyponatremia (oral, 4-22%; IV, less than 2%), liver failure, renal failure,
pulmonary hypersensitivity, aplastic anemia, agranulocytosis, pancytopenia,
and toxic epidermal necrolysis and Stevens-Johnson syndrome, particularly
in patients with the inherited allelic variant HLA-B15:02 who are almost
exclusively of Asian ancestry [8]. The frequency of adverse reactions, par-
ticularly in elderly patients with trigeminal neuralgia, limits the use of carba-
mazepine. The number needed to harm is 3.4 for minor and 24 for severe
adverse events [9-11].

Gabapentin

(a)

Mechanism of Action

Gabapentin is an antiepileptic originally designed as a structural analog of
gamma aminobutyric acid (GABA). The original intention was that it would
cross the blood-brain barrier and enhance GABA-mediated inhibition of
neuronal firing [12]. While current evidence suggests that gabapentin does
have limited action on the GABAergic neurotransmitter system as well as
voltage-gated potassium channels [13—16], the primary molecular target is
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the a25-1 subunit of voltage-gated calcium channels on nociceptor nerve
terminals [17]. Binding to ®2d-1 subunits inhibits membrane trafficking of
the al subunit of calcium channels from the endoplasmic reticulum to the
plasma membrane [18] and anterograde (axonal) transport of a28-1 sub-
units from the dorsal root ganglion to the primary afferent nerve terminals
in the dorsal horn [19]. Gabapentin thus decreases the density of calcium
channels in the presynaptic terminals, leading to decreased release of neu-
rotransmitters such as glutamate, substance P, and calcitonin gene-related
peptide and decreased postsynaptic excitability [20, 21]. Other targets cur-
rently being investigated include P subunits, NMDA receptors, protein
kinase C, transient receptor potential ion channels, and descending inhibi-
tory spinal tracts [22].

Evidence for Postherpetic Neuralgia

Gabapentin is among the first-line agents for postherpetic neuralgia. Eight pla-
cebo-controlled trials of gabapentin for postherpetic neuralgia have been con-
ducted demonstrating at least 50% pain intensity reduction in 34% of patients
and achievement of a reduction in Patient Global Impression of Change (PGIC)
of “much” or “very much improved” in 39% of patients [23]. Admittedly, the
total daily dosing in these trials varied between 1800 and 3600 mg. Unfortunately,
there is insufficient dosing regimen data to establish a dose-response
relationship.

Evidence for Trigeminal Neuralgia

There is limited evidence for the use of gabapentin for classical trigeminal neu-
ralgia with only small open-label studies showing some therapeutic benefit. For
symptomatic trigeminal neuralgia, there are likewise no placebo-controlled
studies. Three open-label studies including 19 total patients with trigeminal
neuralgia associated with multiple sclerosis report a beneficial effect [24-26].
The AAN-EFNS guidelines conclude that there is insufficient evidence to sup-
port or refute the effectiveness of gabapentin for classical or symptomatic tri-
geminal neuralgia.

Evidence for Post-traumatic Trigeminal Neuropathy (Anesthesia Dolorosa)

No trials of gabapentin for post-traumatic trigeminal neuropathy have been con-
ducted. One case report described relief with dosing of 1200 mg daily [27].
Evidence for Trigeminal Trophic Syndrome

Gabapentin has been used as first-line therapy for symptoms of trigeminal
trophic syndrome but with limited efficacy based on case reports in the litera-
ture [28].

Evidence for Burning Mouth Syndrome

Evidence for the use of gabapentin for burning mouth syndrome is limited and
conflicting. A case report described benefit from 900 mg daily as monotherapy
[29], while an open-label pilot study showed little or no effect [30]. The combi-
nation of alpha lipoic acid and gabapentin was more effective than either drug
alone in a randomized controlled trial [31].
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Adverse Effects

Common side effects include peripheral edema (5—12%), increased appetite (5%),
weight gain (3.3-12%), constipation (4-8%), xerostomia (2—11%), asthenia
(5-10%), ataxia (3—15%), dizziness (9-43%), headache (5-9%), incoordination
(2-10%), somnolence (10-36%), tremor (1-11%), blurred vision (3—10%), diplo-
pia (2-9%), disturbance in thinking (2-8%), euphoria (2-6%), nasopharyngitis
(8%), and fatigue (7—11%) [8]. Serious adverse effects include jaundice, hyper-
sensitivity reaction, increased creatine kinase level (1.5-2.7%), suicidal thoughts,
and angioedema [8].

Pregabalin

(a)

(b)

()

Mechanism of Action

Pregabalin, like gabapentin, is thought to act as a specific ligand of the a2-5
subunits of voltage-gated calcium channels on presynaptic endings of neurons
in the brain and spinal cord. The pharmacologic effect is believed to be primar-
ily via the a28-1 subunit [32, 33]. By binding to the ®28-1 subunit, pregabalin
alters its molecular interaction with the ol pore-forming subunit that normally
leads to stabilization of the channel [34]. This results in reduced calcium influx
at the presynaptic neuronal membrane, which subsequently reduces glutamate
and other neurotransmitter release [21]. Pregabalin thus reduces nociceptive
responses, particularly in conditions involving central sensitization [35] and
nerve injury, in which a2-5-1 expression is upregulated [36]. Another anti-
nociceptive mechanism of pregabalin involves an effect on the descending nor-
adrenergic and serotonergic pathways that modulates pain transmission in the
spinal cord [37].

Evidence for Postherpetic Neuralgia

Two randomized controlled trials involving over 400 patients have been con-
ducted showing pregabalin improves sleep and decreases mean pain scores in
patients with postherpetic neuralgia at doses ranging from 150 mg daily to the
maximum dose of 600 mg daily [38, 39]. The total daily dose should be divided
into two or three doses and titrated based on effect and tolerability.

Evidence for Use in Other Types of Facial Pain

In a systematic review of randomized, double-blind trials on the analgesic effect
of pregabalin, doses of 300, 450, and 600 mg daily were effective in patients
with postherpetic neuralgia, painful diabetic neuropathy, central neuropathic
pain, and fibromyalgia (19 studies, 7003 participants) [40]. Due to this benefi-
cial effect on neuropathic pain conditions, pregabalin is frequently prescribed
for various types of facial pain, but evidence is scant. No literature was found
regarding the efficacy of pregabalin for painful post-traumatic trigeminal neu-
ropathy (anesthesia dolorosa), burning mouth syndrome, and persistent idio-
pathic facial pain.
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Adverse Effects

The most commonly reported adverse events (AEs) are dizziness (9.1-42.7%),
somnolence (10.2-28.1%), weight gain (4—12%), xerostomia (2.3—10.1 %), and
peripheral edema (5-12%) [8]. Serious adverse effects include angioedema [8].

Phenytoin

(a)

(b)

(©)

Mechanism of Action

Phenytoin is a barbiturate derivative with anticonvulsant properties whose
mechanism is not completely understood. Recent studies have described its
action at an ever-increasing number of receptor sites, but most important are its
inhibitory effects on a variety of sodium and calcium channels [41, 42].
Evidence suggests its effect on persistent sodium current inactivation is primar-
ily responsible for its anticonvulsant effect [43]. Phenytoin suppresses high-
frequency repetitive firing of depolarized neurons while allowing normal
activity due to poor blockade of slow firing rates [44].

Evidence for Use in Facial Pain

The evidence supporting the use of phenytoin in facial pain is limited. One early
report exists of its use for facial neuralgia [45]. Subsequent small trials have
been performed with mixed results regarding its use in other types of neuro-
pathic pain [46-48]. In a 2012 systematic review of literature, occasional use
for refractory trigeminal neuralgia was found, but the review concluded that no
evidence of sufficient quality to support the use of phenytoin in chronic neuro-
pathic pain currently exists [49].

Adverse Effects

Common adverse effects include rash, constipation, gingival hyperplasia, nau-
sea, vomiting, ataxia, coordination problem, nystagmus, slurred speech, confu-
sion, and anxiety [8]. Serious adverse effects include bullous dermatosis,
purpuric rash, Stevens-Johnson syndrome, toxic epidermal necrolysis, agranu-
locytosis, granulocytopenic disorder, leukopenia, pancytopenia, thrombocyto-
penia, toxic hepatitis, lupus erythematosus, and nephrotoxicity [8]. Phenytoin is
contraindicated in pregnancy because of teratogenicity and should not be taken
by women of childbearing age.

Topiramate

(a)

Mechanism of Action

Topiramate has multiple molecular targets within the shared pathogenic mech-
anism of migraine and epilepsy [50]. Topiramate diminishes frequency of neu-
ronal action potentials by enhancing neuronal inhibition and decreasing
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neuronal excitation. It modulates potassium channels [51] and blocks
voltage-dependent sodium and calcium channels [52, 53]. Topiramate inhibits
glutamate-induced excitation at the kainate and AMPA glutamate receptor
subtypes [54, 55]. It also enhances GABA ,-mediated reduction of excitability
[56] and alters neurotransmitter release, including the reduction of extracel-
lular glutamate and aspartate in conditions of excess concentrations [57].
Despite these many known molecular mechanisms with theoretical effects, the
precise mode or modes of action involved in the prophylaxis of migraines is
not currently known [58].

Evidence for Migraine Prophylaxis

Multiple open-label and controlled trials suggest the efficacy of topiramate
for migraine prophylaxis. Two large randomized, controlled trials involv-
ing 970 patients demonstrate a significant decrease in mean monthly
migraine frequency in patients receiving topiramate dosed at either 100 or
200 mg/day compared with placebo. In these two studies, 50% of patients
achieved a greater than 50% reduction in mean migraine frequency [59,
60]. A systematic review of the literature identified 17 unique randomized,
controlled trials showing benefit, with a reduction of headache frequency
by about 1.2 attacks per 28 days as compared to placebo and approximately
double the number of responders compared to placebo [61, 62]. Meta-
analysis of studies including more than one dose of topiramate suggests
that 200 mg is no more effective than 100 mg [61, 62]. The AAN and AHS
guidelines on migraine prophylaxis recommend the use of topiramate as a
first-line agent [63].

Evidence for Trigeminal Neuralgia

One small study including six patients with multiple sclerosis reported effi-
cacy of topiramate for trigeminal neuralgia [64]. A study of eight patients with
classical trigeminal neuralgia reported at least moderate benefit in six patients
[65]. A meta-analysis of six randomized, controlled trials including 354
patients showed no significantly different overall effectiveness or tolerability
between topiramate and carbamazepine in the treatment of classic TN [66];
however, the results were limited due to the poor methodological quality of
these trials [67]. Thus, while there is some recent suggestion of some benefit,
the conclusion remains as in the 2008 AAN-EFNS that insufficient evidence
exists to support or refute the effectiveness of topiramate for trigeminal neu-
ralgia [7].

Evidence for Persistent Idiopathic Facial Pain

There are no trials supporting the use of topiramate for persistent idiopathic
facial pain. However, one case report found benefit with topiramate titrated to
125 mg two times a day [68].

Adverse Effects

Common adverse events include anorexia (4—24%), fatigue (14-30%), memory
problems (5-14%), nausea (6—14%), paresthesia (2-51%), taste disturbance
(3—-15%), weight loss (6-21%), and disorder of language (6—-10%) [8, 69]. The
cognitive symptoms involving word-finding, slowed thinking, decreased con-
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centration, and memory deficits may be amenable to altering pharmacokinetic
profile such as reduced dose or rate of drug introduction [70]. Serious adverse
events include erythema multiforme, Stevens-Johnson syndrome, toxic epider-
mal necrolysis, fever, hyperhidrosis, hyperammonemia, metabolic acidosis,
liver failure, glaucoma, myopia, depression, suicidal ideation, mood disorder,
and nephrolithiasis [8].

Valproate

(a)

(b)

(©)

Mechanism of Action

Valproate, by several distinct mechanisms, modulates nociceptive neurotrans-
mission including the pain systems involved in the complex pathophysiology of
migraine [71, 72].

Valproic acid, sodium valproate (the solid salt that results from valproic acid
reacting with sodium hydroxide), or a mixture of the two (divalproex sodium)
will here be referred to collectively as “valproate.”

Valproate has several effects involved in modulation of nociception and
migraine prophylaxis including inhibition of GABA transaminase (thereby
enhancing the neurotransmission of GABA), blockade of voltage-gated sodium
channels, and blockade of T-type calcium channels. Increased GABA and sta-
bilization of neuronal cell membranes likely result in reduction pain processing
and signal transduction [73]. Investigations indicate a potential beneficial effect
at nine different stages of the migraine headache [74], but the precise mecha-
nism is not known [61, 62].

Evidence for Migraine Prophylaxis

Multiple randomized controlled trials have shown the benefit of valproate for
migraine prophylaxis, and it has been approved for this use since 1996. It is
recommended as a first-line agent by both the Quality Standards Subcommittee
of the American Academy of Neurology (AAN) and the American Headache
Society (AHS) [63] and the EFNS guidelines [75]. In a 2013 systematic review,
ten randomized controlled trials were identified as similar in basic design.
Meta-analysis revealed a robust conclusion of efficacy over placebo. Patients
were more than twice as likely to have a greater than 50% reduction in headache
frequency with valproate than placebo, and mean headache frequency was
reduced by approximately four headaches per month [61, 62]. The doses of
valproate investigated ranged from 400 to 1500 mg/day, but no direct dose-
response relationship was observed.

Evidence for Use in Facial Pain

Two randomized, controlled trials of valproate for neuropathic pain (diabetic
neuropathy and postherpetic neuralgia) showed statistically greater improve-
ments in pain scores with active treatment compared with placebo [76, 77].
However, both studies were limited due to small sample size. A 2014 systematic
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review concluded that there is insufficient evidence to recommend first-line use
of valproate for neuropathic pain. It is currently reserved for cases where other
proven treatment options have failed [78].

Adverse Effects

Clinically significant adverse effects include asthenia/fatigue, dizziness/vertigo,
nausea, tremor, and weight gain with number needed to harm ranging from 7 to
14 [61, 62]. Serious adverse effects include palpitations (1% to less than 5%);
tachycardia (1% to less than 5%); hyperammonemia; hematemesis (1% to less
than 5%); thrombocytopenia, dose-related (1-27%); immune hypersensitivity
reaction (rare); ototoxicity (deafness) (1% to less than 5%); pleural effusion
(rare); and pulmonary hemorrhage (rare) [8].

Anti-inflammatory Medications

Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

(a)

(b)

Mechanism of Action

NSAIDs are one of the most commonly used drug classes in the United States
accounting for 70 million prescriptions annually [79]. They were first discussed
during the fifth century BC when Hippocrates wrote about willow bark’s mul-
tiple medical applications [80]. While one might consider this a significant
advance in modern medicine, the active ingredient, salicin, was not isolated
until 1829 [81]. Felix Hoffman later converted this compound into acetylsali-
cylic acid by 1897. This new synthetic compound continues to be successfully
marketed as aspirin by the Bayer Corporation to this day [81]. In the past 50
years, many different NSAIDs have been created due to their wide market
acceptance and multiple functions. While these medications are often employed
for their antipyretic effects, in this chapter, we will explore their anti-
inflammatory and analgesic effects.

The primary mechanism of action of NSAIDs is inhibition of the cyclooxygen-
ase enzymes (COX). These enzymes are essential to the pro-inflammatory path-
way and are catalysts in the conversion of arachidonic acid to prostaglandins
and thromboxanes. These inflammatory mediators regulate a number of pro-
cesses including smooth muscle constriction and platelet activity.

Evidence for Temporomandibular Joint Disease (TMJ) in Adults

The majority of positive studies published for the effectiveness of NSAIDs in
nonmalignant diseases of the head and neck are found in the TMJ literature. In
a double-blind, randomized trial, patients with primary TMJ were treated with
either celecoxib 100 mg twice per day, naproxen 500 mg twice per day, or pla-
cebo. Naproxen was found to have the most efficacy with a 75% decrease in
pain scores. This was noticed after 3 weeks of treatment, and results were main-
tained at 6 weeks. Celecoxib, on the other hand, showed no significant differ-
ence when compared directly to placebo [82]. In a more recent study, the
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efficacy of sodium diclofenac 50 mg twice per day was compared to placebo in
18 adult volunteers wearing a rigid occlusive splint. A statistically significant
difference in pain control was found for patients using sodium diclofenac over
placebo [83]. While multiple studies have shown benefit with use of systemic
NSAID treatment for TMJ, studies have shown little benefit with the use of topi-
cal NSAIDs for the same condition [84].

Adverse Effects

The most common adverse reactions to NSAIDs occur in the GI tract. NSAIDs
reduce prostaglandins in the GI tract which stimulate protective mucus produc-
tion and decrease acid production. This can cause a number of adverse effects
including ulcers, gastritis, diarrhea, and others. NSAIDs have been proven to
increase the risks of myocardial infarction and stroke and are also associated
with a dramatic increase in symptoms in patients previously diagnosed with
congestive heart failure [85]. It is often recommended to avoid the use of these
medications in patients with diagnosed heart conditions. The same is true for
patients with renal conditions. Since prostaglandins are essential to the regula-
tion of renal blood flow, prolonged use of these medications can cause elevated
creatinine and altered renal function. Other common side effects of oral
NSAIDS include abdominal pain (3-9%), ecchymosis (3-9%), pruritus (3—-9%),
anemia (1-3%), and tinnitus (3-9%) [8].

Corticosteroids

(a)

(b)

Mechanism of Action

These medications were first used in the 1930s when Kendall and Reichstein
isolated and synthesized cortisol [86]. Shortly after, Philip Hench described the
efficacy of this treatment for patients with rheumatoid arthritis [86]. These three
men were subsequently awarded the Nobel Prize for Medicine and Physiology
in 1950 [86]. Over the subsequent 50 years, various corticosteroid medications
were adapted from the cortisol molecule and marketed for treatment of many
inflammatory conditions.

The primary mechanism of action of corticosteroids is the activation of the
glucocorticoid receptor on the cell membrane. This causes increased trans-
activation of anti-inflammatory mediators and trans-repression of inflammatory
markers [86].

Evidence for Giant Cell Arteritis (GCA)

Corticosteroids are the first-line treatment for this GCA. Since the progression
of this disease can cause devastating sudden visual loss and the effectiveness of
treatment has been well established, randomized placebo-controlled trials were
never conducted. During the 1980s and 1990s, observational studies by
Delecoeuilerie and Lundberg showed a decrease in pain and lack of progression
to blindness after treatment with corticosteroids [87, 88]. After this revelation,
corticosteroids became standard of care for this condition. The current recom-
mended dosage for ophthalmic GCA is IV methylprednisolone 15 mg/kg/day
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for 3-5 days or until erythrocyte sedimentation rate and C reactive protein are
normal. The dose then decreases to 1-1.5 mg/kg/day of oral prednisone fol-
lowed by a prolonged taper [89]. For non-ophthalmic cases of GCA, the current
recommended treatment is 1 mg/kg/day of oral prednisone followed by a pro-
longed taper [89].

Evidence for Treatment of Optic Neuritis

In a landmark trial by The Optic Neuritis Study Group published in 1992, the use
of corticosteroids for the treatment of optic neuritis was studied in a randomized,
multicenter trial including 15 centers and 457 patients. Patients were random-
ized to either oral prednisone (1 mg/kg) for 14 days, intravenous methylpred-
nisolone (1 g/day) for 3 days followed by oral prednisone (1 mg/kg) for 11 days,
or placebo. In the original study, visual function was assessed over a 6 month
follow up period. Reversal of visual field defects was found to recover faster in
the methylprednisolone group (p = 0.0001) [90]. At 6 months, the improvement
of visual fields, contrast sensitivity, and color vision were also all better in the
intravenous group [90]. There was no difference between the oral group and
placebo except for a higher rate of new episodes of this disease in the oral pred-
nisone group [90]. Visual function on a visual analog scale was examined in a
smaller, single center study in which 60 patients were randomized to treatment
with placebo vs. 500 mg oral methylprednisolone for 5 days followed by a 10
days taper. Oral methylprednisolone showed a significant VAS score at 3 weeks
(p = 0.008), but VAS scores at 8§ weeks were comparable to placebo [91].
Evidence for Tolosa-Hunt Syndrome

Due to the low incidence of this disease and the early identification of dramatic
improvement with corticosteroids through case reports in the 1960s [92], there
have been no high-quality randomized controlled trials providing evidence for
steroids as the treatment of this condition. In the largest observational study of
20 patients, 15 patients were treated with steroids of varying doses, and all had
improvement of pain and variable improvement of ophthalmoplegia [93]. The
current recommended dose based on observational data is 80 mg daily for 3
days followed by a taper if pain has resolved [94, 95].

Evidence for Ophthalmoplegic Migraine

There have been a number of case reports which demonstrate the benefit of
steroid treatment for ophthalmoplegia with migraine in the adult population. In
a case study of 62 patients which was published in 2009, it was found that there
is a statistically significant hastened recovery in patients with this disease who
were treated with steroids [96]. There is no consensus dose because throughout
the literature, the doses have varied significantly.

Adverse Effects

Common side effects of corticosteroids are hypertension, impaired glucose tol-
erance, weight gain, loss of bone density, and mood disturbances [8]. Long-
term use of corticosteroid can cause a decrease in endogenous production,
aseptic necrosis of the femoral head, or iatrogenic Cushing’s syndrome. While
the adverse effects of long-term steroids are well known in the medical com-
munity, there are also increased risks for patients who take high dose steroids
for inflammatory diseases like GCA. In a cohort study of 125 patients with
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GCA treated with high dose I'V steroids, 86% of patients were found to have an
adverse event including cataracts (41%), infection (31%), hypertension (22%),
development of diabetes (9%), or fracture (38%) [97].

Muscle Relaxants

Baclofen

(a)

(b)

(©)

Mechanism of Action

Baclofen is a centrally acting muscle relaxant analog of the inhibitory neu-
rotransmitter gamma aminobutyric acid (GABA). It has antispasmodic action
which is derived from activation of GABAjg receptors [98]. This has multiple
downstream effects including inhibition of calcium channels, direct inhibition
of neurons in the dorsal horn and spinal trigeminal nucleus, and inhibition of
pain transmission in the thalamus [98, 99].

Evidence for Trigeminal Neuralgia (TN)

In a small randomized, double-blind controlled crossover trial of ten patients
with classic trigeminal neuralgia, 70% of patients experienced a statistically
significant reduction in frequency and severity of attacks relative to placebo.
Importantly, 88% of patients who were unable to tolerate carbamazepine bene-
fitted from baclofen treatment, and 83% of those who had become refractory to
carbamazepine achieved analgesia with this drug [98]. Six of the ten patients
controlled their symptoms with baclofen monotherapy [98]. A further open-
label study of 50 patients with trigeminal neuralgia showed that 37 of 50 patients
(74%) experienced reduced attack frequency and severity [98]. Starting baclofen
dose in both of these studies was 10 mg three times daily, with dosage increased
by 10 mg/day every other day to goal of 60—80 mg a day in three to four divided
doses. Based on the above evidence from a single small RCT, the American
Academy of Neurology and the European Federation of Neurological Societies
have deemed baclofen possibly effective for controlling facial pain in TN [7].
Adverse Effects

Common side effects of oral baclofen include constipation (2-6%), nausea
(4-12%), and sedation (10-63%) [8]. Of importance, chronic (>2 month)
baclofen users should not suddenly discontinue the drug due to possibility of
developing hallucinations, seizures, or both; rather, baclofen dosage should be
progressively reduced by 5—-10 mg per day at weekly intervals [98].

Tizanidine

(a)

Mechanism of Action
Tizanidine is an alpha-2 adrenergic agonist that inhibits release of norepineph-
rine at both the brainstem and spinal cord. This results in both central muscle
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relaxation as well as an independent antinociceptive effect that is unrelated to
serotonin, dopamine, endogenous opioids, or GABA [100].

Evidence for Chronic Tension-Type Headache

In a randomized, double-blind, placebo-controlled crossover trial of 37 women
with chronic tension-type headaches, tizanidine was initiated at a dose of 2 mg
three times daily and gradually up-titrated to 6 mg three times daily. The tizani-
dine group experienced statistically significant reductions versus placebo in
pain intensity visual analog scale, verbal rating scale, use of analgesics, and
Beck Depression Inventory scores [101, 102]. Mechanistically, this favorable
result did not correlate with trapezius electromyographic activity measured dur-
ing the trial [101].

Evidence for Chronic Daily Headache (CDH) Prophylaxis

Saper and colleagues randomized 134 patients who reported at least 15 days of
headache per month for at least 3 months (CDH comprising migraine, migrain-
ous, and tension-type headaches) to 12 weeks of scheduled treatment with tiza-
nidine versus placebo. Tizanidine dosing was initially 2 mg before sleep titrated
up in 3-day intervals to maximum 8 mg three times daily. The tizanidine group
experienced statistically significant reductions in mean headache days per
week, average headache intensity, and mean headache duration [100]. There
was no difference in benefit for patients with migraine versus tension-type
headaches [100].

Adverse Effects

Common side effects of tizanidine include hypotension (16-33%), xerostomia
(49-88%), somnolence (48-92%), and dizziness (16—45%) [8]. A serious but
rare side effect is hepatotoxicity with elevation of liver enzymes to more than
three times normal in about 5% of treated patients [100].

Serotonin-Norepinephrine Reuptake Inhibitors (SNRI)

Venlafaxine

(a)

(b)

Mechanism of Action

Venlafaxine blocks the presynaptic reuptake of both serotonin and norepineph-
rine. While both neurotransmitters are affected, there is a 30-fold higher affinity
for serotonin-reuptake inhibition relative to norepinephrine [103]. The norepi-
nephrine reuptake is thought to contribute most to analgesia, occurring dose-
dependently above 100 mg/day [103].

Evidence for Migraine Prophylaxis as Monotherapy

The 2012 American Academy of Neurology guideline on pharmacologic
migraine prophylaxis classifies the evidence supporting venlafaxine as level B:
probably effective and should be considered for migraine prevention [63]. In a
single randomized placebo-controlled blinded study, venlafaxine XR (extended
release formulation) dose-dependently reduced the number of headache days:
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150 mg (—4 days), 75 mg (-2 days), and placebo (-1 day), p < 0.006 [63].
When efficacy was compared against amitriptyline for migraine prophylaxis in
a randomized study, both were effective in reducing migraine attack frequency
without clear superiority [63].

Adverse Effects

Common side effects include the following: hypertension (3—13%), sweating
(7-25%), weight loss (3—47%), nausea (21-58%), dry mouth (12-22%), consti-
pation (8-15%), headache (25-38%), insomnia (14-24%), somnolence (14—
26%), and erectile dysfunction (2—-6%) [8]. Hyponatremia and hepatitis are rare
complications [8]. Of note, drug-drug interactions are possible as venlafaxine is
liver metabolized by CYP-2D6 and CYP-3A3/4 [103].

Duloxetine

(a)

(b)

(©

Mechanism of Action

Duloxetine also prevents presynaptic reuptake of serotonin and norepinephrine,
but duloxetine has a tenfold selectivity favoring serotonin over norepinephrine
[104].

Evidence for Chronic Burning Mouth Syndrome (BMS) and Atypical
Odontalgia (AO)

There are unfortunately no current randomized controlled studies of SNRI’s in
atypical odontalgia or burning mouth syndrome. However, in an open-label,
prospective study evaluating 20-40 mg daily duloxetine in 29 patients over 12
weeks, VAS levels were significantly decreased from 55.4 to 26.4, with signifi-
cance first achieved at 2 weeks of medication use. At 12 weeks, 51.7% of
patients achieved 50% analgesia, and analgesia was found to be unrelated to
depression levels [105].

Adverse Effects

Common side effects include the following: hypertension (2%), diaphoresis (up
to 6%), constipation (9—10%), nausea (18-23%), dry mouth (11-14%), head-
ache (13-18%), and hypersomnia/insomnia (7-10%). Liver failure is a very rare
but serious adverse effect. Increased depression has also rarely occurred but
should be monitored by the prescribing physician.

Milnacipran

(a)

(b)

Mechanism of Action

Unlike venlafaxine and duloxetine, milnacipran blocks the reuptake of sero-
tonin and norepinephrine with almost equal affinity [104].

Evidence for Chronic Burning Mouth Syndrome (BMS) and Atypical
Odontalgia (AO)
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There are unfortunately no current randomized controlled studies of SNRI’s in
atypical odontalgia or burning mouth syndrome. However, in an open-label,
prospective study evaluating 15-100 mg daily milnacipran in 32 patients over
12 weeks, VAS levels were significantly decreased from 46.7 to 27.7, and anal-
gesia was found to be unrelated to depression levels [106].

Adverse Effects

Common side effects include the following: hypertension (5—18%), tachycardia
(6—8%), diaphoresis (9%), constipation (16%), nausea (37%), dry mouth (5%),
headache (18%), and insomnia (12%). Liver failure is a very rare but serious
adverse effect. Increased depression has also rarely occurred and should be
monitored by the prescribing physician

Tricyclic Antidepressants (TCAs)

Amitriptyline

(a)

(b)

(©)

Mechanisms of Action

Tricyclic antidepressants (TCAs) achieve pain control through a complex array
of mechanisms. The descending bulbospinal inhibitory pathway is harnessed
through blocking reuptake of both norepinephrine and serotonin [104, 107].
The noradrenergic effect is thought to be the primary analgesic mechanism. The
increased levels of norepinephrine and serotonin at the synaptic cleft augment
inhibitory action on secondary pain neurons at the spinal cord. This decreases
nociception [108]. Additionally TCAs block adenosine reuptake and antagonize
sodium channels. Amitriptyline possesses the greatest potency among this class
of medications for sodium channel blockade [104]. Tricyclic antidepressants
also variably block histaminic and cholinergic (both muscarinic and nicotinic)
receptors. This greatly contributes to their side effect profile [104]. Tertiary
amine TCAs such as amitriptyline have greater antihistamine and anticholiner-
gic effects relative to secondary amines such as nortriptyline or desipramine
[104]. Importantly, analgesic properties of TCA’s are independent of their anti-
depressant effect, with their pain-relieving benefit occurring more rapidly and at
lower doses relative to mood improvement [104].

Evidence for Migraine Prophylaxis as Monotherapy

The 2012 American Academy of Neurology guideline on pharmacologic
migraine prophylaxis classifies the evidence supporting amitriptyline as level
B: probably effective and should be considered for migraine prevention. It was
downgraded from prior level A rating (established as effective) due to support-
ive studies having >20% dropout rates [63].

Evidence for Postherpetic Neuralgia (PHN)

While PHN may affect facial trigeminal regions, no randomized study has focused
exclusively on facial pain patients. Instead most studies included a mixed popula-
tion with varied dermatomal involvement. Moore and colleagues reviewed five
randomized studies in a 2015 Cochrane analysis comprising 227 total patients;
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the longest study duration was 8 weeks [109]. In the active controlled studies,
amitriptyline was found to be equally efficacious to nortriptyline or desipramine.
Placebo-controlled trials revealed improved analgesia with amitriptyline [109].
Adverse Effects

TCA side effects are secondary to their effects on various neurotransmitter sys-
tems. Tertiary amines like amitriptyline cause more sedation attributable to the
antihistamine impact. This can be beneficial for patients suffering from insom-
nia [108]. Orthostasis and dizziness are secondary to effects on adrenergic
receptors. Dry mouth, constipation, and urinary retention are due to anticholin-
ergic side effects. Tachyarrhythmia and prolonged QTc are also rare but note-
worthy possibilities. Amitriptyline should be used with caution in fragile elderly
patients due to risk of over sedation and mental status changes [108].

Nortriptyline

(a)

(b)

(©

Mechanism of Action

Nortriptyline is a tricyclic antidepressant active metabolite of amitriptyline
[107]. Unlikely amitriptyline, nortriptyline has a secondary amine chemical
structure with less activity at acetylcholine, histamine, and alpha-adrenergic
receptors [104]. Its mechanism of action is similar to that of amitriptyline,
except nortriptyline is less effective at sodium channel blockade [104].
Evidence for Migraine Prophylaxis with Combination Therapy
Krymchantowski and colleagues evaluated 80 chronic migraineurs with less
than 50% headache frequency improvement at 8 weeks using prophylactic
monotherapy with either topiramate 50 mg bid or nortriptyline 30 mg nightly.
For the baseline topiramate group, addition of nortriptyline resulted in at least
50% reduction in headache frequency in 70% of patients. This is compared to
an improvement of 47% in patients treated with placebo (p = 0.04) [110].
Adverse Effects

The most common side effects include constipation, dry mouth, dizziness, ortho-
static hypotension, and fatigue. TCA’s also increase the corrected QT (QTc) inter-
val. At clinical doses, nortriptyline is thought to have a minor effect on QTc,
though drug overdose can result in lethal arrhythmia from QTc prolongation [111].

Topicals

Lidocaine

(a)

Mechanism of Action

Lidocaine is an amide local anesthetic that provides analgesic benefits from
reduction of signal transmission via blockade of sodium channels on the
neuronal surface. Decreased permeability of neuronal membranes to sodium
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influx halts the propagation of pain signaling [112]. Lidocaine also functions in
a use-dependent fashion. This may underlie its clinical utility for different
pathologic conditions. Topical lidocaine has been shown in certain disease pro-
cesses to have analgesic effects without anesthetizing the skin [112].

(b) Evidence for Migraines
Intranasal lidocaine is believed to work for headaches by blocking signaling
from the Vidian nerve, sphenopalatine ganglion (SPG), or maxillary branch of
trigeminal nerve [113]. One randomized control trial showed a two-point reduc-
tion on the visual analog scale in patients with migraines and tension-type head-
aches after the use of intranasal lidocaine compared to placebo [113]. This effect
was noted at 1 min post-inhalation and persisted for a 30 min follow-up period.

(c) Evidence for Autonomic Cephalgias: (Cluster Headache, Paroxysmal
Hemicrania, and Short-Lasting Unilateral Neuralgiform Headache with
Conjunctival Injection and Tearing)
Given the acute nature of these attacks, lidocaine has been used as an abortive
treatment with moderate success. Intranasal lidocaine has been found to be
effective for almost one-third of patients with cluster headaches, while addition-
ally 27% obtained mild relief [114]. A recent review highlights that intranasal
lidocaine (4 and 10%) has been effective as an abortive therapy for these head-
ache syndromes [115].

(d) Evidence for Trigeminal Neuralgia
Recent case reports have shown that 5% topical lidocaine is effective for about
half of patients with trigeminal neuropathic pain. Patients with allodynia, hyper-
algesia, and neuropathic pain secondary to facial postherpetic neuralgia all have
improved outcomes when topical lidocaine is a component of their analgesic
regimen [116]. Continuous pain was more responsive to topical lidocaine com-
pared to episodic pain. In a small series, 85% of patients reported benefit with
topical use of 5% lidocaine for their orofacial pain [117]. Eleven out of 14 patients
had a pain reduction of greater than two points on the visual analog scale, and 9
of 14 patients were able to decrease the use of adjuvant medications.

(e) Side Effects
Topical application of lidocaine is associated with generally low risk of adverse
events. When used as directed, the most common side effects are application site
erythema and pruritus [112, 118]. Systemic absorption is possible, although usually
minimal. IN such a case, systemic toxicity leading to cardiovascular effects (brady-
cardia, hypotension, arrest) and central nervous system effects (seizures, confusion,
visual changes, tinnitus, and unconsciousness) have been reported [118].

Capsaicin

(a) Mechanism of Action
Capsaicin is a component of plants from the nightshade variety. It is thought to
exert its effects via the agonist activity at the TRPV1 receptor on Ad and C
fibers. This leads to the release of substance P and calcitonin gene-related peptide.
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Topical application results in nerve fiber degeneration beneath the application
site [112].

Evidence for Migraines

A small randomized control trial showed that patients using intranasal capsaicin
had fewer headaches and less severe headaches when compared to placebo
[119]. In this study, 3% capsaicin was used intranasally for 7 days, and patients
in the treatment group had an average decrease in pain score of over 2.5 points
on a 10-point scale

Evidence for Cluster Headaches

There is little evidence that capsaicin may be effective for cluster headaches.
Application of capsaicin to the ipsilateral nostril appears to be more effective
than application to the contralateral side for patients with acute cluster attacks,
but due to local irritation, this treatment was poorly tolerated [120].

Side Effects

The most common side effect is local skin irritation [112]. The burning sensa-
tion may lessen with repeated use. Erythema (63%) at the application site, pain
(42%), nausea/vomiting (5%), and hypertension (2%) are the most common
adverse effects [118]. Additionally, treated skin may be more sensitive to heat
following capsaicin use.

Migraine Prophylactics

Botulinum Toxin

(a)

(b)

()

Mechanism of Action

Botulinum toxin is derived from the naturally occurring toxin produced by vari-
ous strains of Clostridium botulinum. The toxin is a metalloproteinase that
cleaves certain peptide bonds that are necessary for vesicle fusion at the neuron
terminal [121]. The primary mechanism of action is inhibition of acetylcholine
release at neuromuscular junctions. The result is impairment of neuromuscular
transmission and flaccid paralysis of the targeted muscle. Botulinum toxin is
believed to work for migraine prophylaxis through prevention of the release of
calcitonin gene-related peptide and substance P, by cleaving membrane pep-
tides necessary for vesicle fusion and release [121].

Evidence

Stereotyped injection of botulinum into the facial and neck muscles has been
shown in multiple studies to provide substantial prevention of chronic migraine
headaches. Total headache days per month and severity of headache episodes
were decreased for patients treated with botulinum toxin injection versus pla-
cebo [122]. Studies also show that in nonresponders to initial treatment, there
has been benefit derived with a second series of injections [122].

Side Effects

Neck pain (8.7%) and muscular weakness (5.5%) along with injection site irri-
tation are among the most common adverse effects from botulinum toxin injec-
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tion for migraine prevention [122]. Less severe side effects include eyelid ptosis
and myalgia of injected muscles.

Beta-Blockers

(a)

(b)

(©

Mechanism of Action

Beta-blockers are the name given to a class of medications that antagonize beta-
adrenergic receptors. While there are three forms of beta receptors which have
various distinct functions, nonselective medications and medications that are
selective for beta-1 receptors are effective in migraine treatment. Beta-blockers
aid in migraine prevention through modulation of the central nervous system
catecholamines as well as interaction with serotoninergic receptors. It is also
believed that propranolol may have membrane-stabilizing effects which may
contribute to its analgesic properties [123].

Evidence

Propranolol, timolol, and metoprolol have been approved for migraine preven-
tion according to evidence-based guidelines from the American Association of
Neurology [63]. All of these medications have shown to decrease migraine days
or frequency of attack by 50%. Several randomized controlled trials show that
each agent is effective for reduction of headache days, duration of headaches,
and headache severity. [63, 124]. In the review, Silberstein gives a level A (high-
est) recommendation for the use of propranolol, timolol, and metoprolol for
migraine prophylactic treatment.

Side Effects

Adverse effects from this class of medications include fatigue (1-10%), sleep dis-
orders, depression (5%), decreased exercise tolerance, orthostatic hypotension,
significant bradycardia, and impotence [118]. Contraindications include acute con-
gestive heart failure, asthma, and insulin-dependent diabetes, although metoprolol
may be suitable in asthma and DM due to its preserved beta-1 selectivity [124].

Calcium Channel Blockers

(a)

(b)

Mechanism of Action

Calcium channel blockers antagonize the binding of calcium to receptors
located in the heart, vascular smooth muscle, neuronal cells, and adrenal gland.
The benefit in migraine treatment is believed to be related to elicited vasodila-
tion and the prevention of cerebral vasospasm as well as neurotransmitter mod-
ulation [125].

Evidence

While calcium channel blockers have been studied for migraine prophylaxis,
evidence shows that they do not have benefit versus placebo for migraine pre-
vention and are likely not effective [63].
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(c) Side Effects
Known adverse effects of calcium antagonists include dizziness (4-23%),
hypotension (4%), headache (>10%), constipation (2-9%), peripheral edema
(>10%), flushing (>10%), and mood changes (7%) [118].

ACE Inhibitors/ARB Blockers

(a) Mechanism of Action
Angiotensin-converting enzyme inhibitors (ACE-I) and angiotensin II receptor
blockers (ARB) both function by disrupting the renin-angiotensin-aldosterone
system. The resultant action is vasodilation, modulation of sympathetic activity,
and alteration of neurotransmitter processing (substance P, dopamine, encepha-
lin, and serotonin). These actions are believed to underlie the effective migraine
reduction attributable to ACE-I and ARB [126].

(b) Evidence
Recent studies have looked at lisinopril, candesartan, and telmisartan for
migraine prophylaxis. Positive evidence for lisinopril and candesartan shows
reduction in headache severity and headache days compared to placebo [63].
Telmisartan, on the other hand, did not show benefit for migraine prevention
[63].

(c) Side Effects
Common side effects from this class of drug include cough (4-9%), muscle
cramps, fatigue, dizziness, and headache (4—6%) [118]. More severe reactions
include angioedema of the face, lips, throat, or GI tract as well as pancreatitis,
mood changes, and bone marrow suppression [118].

Migraine Abortives

Triptans

(a) Mechanism of Action
Triptans are agonists of the serotonin type 1B and type 1D receptors (SHT
1B/D). Triptans are potent vasoconstrictors that work via extracerebral vaso-
constriction and inhibition of transmitter release via the trigeminovascular net-
work [124].

(b) Evidence
Sumatriptan is the oldest of the triptans and has strong evidence to its efficacy
in abortive treatment for migraines. Available in a variety of delivery mecha-
nisms (oral, subcutaneous, transdermal), sumatriptan has been shown to be
effective in degree of pain reduction, time to maximal pain reduction, as well as
prevention of migraine recurrence [124, 127]. Sumatriptan has proven to be
superior to ergot derivatives and with a safer side effect profile.
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Second-generation triptans include zolmitriptan, naratriptan, rizatriptan,
almotriptan, eletriptan, and frovatriptan. In multiple trials, these agents have
proven effective in acute migraine treatment. These drugs have been shown to
be more efficacious than placebo and work in patients that have not responded
to NSAIDs [124].

Side Effects

Triptans side effects include a variety of unsettling feelings characterized as
“triptan sensations” [127]—paresthesias (5—-14%), flushing, tingling, neck pain,
and mild transient chest pressure (2—5%). Other known side effects include diz-
ziness (12%), abdominal distress (1%), as well as cardiovascular complications
(vasospasm, hypertension, palpitations, and arrhythmias) [118].

Ergot Derivatives

(a)

(b)

(©

Mechanism of Action

Ergotamine and dihydroergotamine are synthetic agonists of the SHT receptor.
This class of drugs is a potent intracranial and extracerebral vasoconstrictor as
well as an inhibitor of trigeminal neurotransmission. This action is very similar
to that of triptans [124].

Evidence

Ergot derivatives were the first approved drugs for acute migraine treatment.
Ergotamine and dihydroergotamine are effective in the terminating headaches
but carry a weak recommendation for their use due to the severity of side effects
[124, 127]. When compared to aspirin and other NSAIDs, these drugs showed
greater initial response and more sustained response but had a higher side effect
profile.

Side Effects

Ergot derivatives are known to have various side effects related to activity at not
only serotonergic receptors but also dopaminergic and adrenergic receptors.
Severe adverse reactions include cardiovascular effects (angina, hypertension,
vascular spasm, and tachycardia) as well as peripheral ischemia [118]. These
medications are also associated with rebound headaches, fatigue, and potential
for spontaneous fetal abortion. Due to the significant side effects, ergot deriva-
tives are currently not considered the drug of choice for acute migraine
treatment.

Cannabinoids

(a)

Mechanism of Action
The endocannabinoid system is postulated to play a role in the pathophysiol-
ogy of migraines and is important in acute and chronic pain states such as
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central and peripheral neuropathic conditions [128]. Currently, there are two
known receptor targets in this system, CB1 and CB2. The CB1 receptor is
localized primarily in the central nervous system. The CB2 receptor is primar-
ily found in the periphery. The CB1 receptor is known to be important in the
modulation of pain transmission through inhibition of neurotransmitters
including dopamine, glutamine, and serotonin [129]. Current data demon-
strates that the CB2 receptor is the more important mediator of anti-nocicep-
tion as well as anti-inflammation. Tetrahydrocannabinol (THC) and cannabidiol
(CBD) have been shown to have analgesic effects related to a reduction in
hyperalgesic pathways and anti-inflammatory mechanisms that are indepen-
dent of cyclooxygenase [130]. These same substances have been shown to have
neuroprotective effects that relate to inhibition of glutamate toxicity and anti-
oxidant properties [130].

Evidence for Pain States

Cannabinoids that work at the CB2 receptor show efficacy for models of
migraine and trigeminal neuropathic states [129]. Cannabinoids are believed to
be more effective in pain states that involve hyperalgesia and inflammation,
such as HIV and peripheral neuropathy, multiple sclerosis, and rheumatoid
arthritis [131]. Sativex is a specific combination of THC and CBD which is
delivered as an oral spray. It is not currently approved in the United States;
however, it has been shown to be useful in central pain and peripheral neuro-
pathic pain states with allodynia [130].

Side Effects

The side effect profile of currently available cannabinoids may limit more wide-
spread adoption. In addition, the legality of their wide commercial use is cur-
rently being debated. Dronabinol, a drug currently approved for
chemotherapy-induced nauseas/vomiting, has been shown in the literature to
have modest analgesic effects [130], but it has a high side effect profile. These
include somnolence, paranoia, depression/emotional lability, dizziness, and cog-
nitive dysfunction. Nabilone has a high incidence of vertigo (52%), sedation
(52%), euphoria/dysphoria (11%), sleep disturbance (11%), and visual changes
(13%) as listed adverse effects [118]. The adverse effects of Sativex may be
milder. These include dry mouth/poor taste (<10%), nausea (<10%), fatigue
(>10%), and euphoria (<10%) [118, 132]. While cannabinoids are not currently
approved for nonmalignant chronic pain syndromes, future indications may
include pain states such as trigeminal neuralgia, cluster headaches, and migraines.
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Chapter 12 )
Management of Pain of Oral-Dental Origin:
An Evidence-Based Approach

Check for
updates

John K. Jones

Management of pain of oro-dental origin begins with accurate diagnosis. The cor-
nerstones are chief complaint, history of present illness, review of past history,
history of past interventions, examination, and appropriate testing and imaging.
Once a provisional or final diagnosis is made, efforts can be transitioned to man-
agement. There is currently a significant emphasis on evidence-based management
decisions based on available publications and the level of evidence they represent
(Table 12.1).

Evidence-Based Management of Oral-Dental Pain

Pain is by definition subjective in nature. It also often lacks associated physical find-
ings to help in diagnosis and management. Because of the subjective nature of pain,
frequent lack of objective physical and imaging findings, highly variable presenta-
tion, and low prevalence of many of the chronic pain entities, high levels of evi-
dence for many management strategies are lacking. Despite the relative dearth of
information, there are some noteworthy and applicable systematic reviews to pres-
ent that may be helpful especially in the most difficult and refractory cases [1].

Acupuncture: An Alternative Therapy and in Dentistry and Its Potential
Applications. Naik PN, Kiran RA, Yalamanchal, Kumer, VA, Goli, S Vashist
N. Oral Surg, Oral Med Oral Pathol Oral Radiol Endid. 2011 Feb;111(2):
e7-11
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Table 12.1 Evidence-based management decisions based on available publications and the level
of evidence they represent

Level of

evidence

(LOE) Description

Level I Evidence from a systematic review or meta-analysis of all relevant RCTs
(randomized controlled trial) or evidence-based clinical practice guidelines based
on systematic reviews of RCTs or three or more RCTs of good quality that have
similar results

Level I Evidence obtained from at least one well-designed RCT (e.g., large multisite
RCT)

Level 1T Evidence obtained from well-designed controlled trials without randomization
(i.e., quasi-experimental)

Level IV Evidence from well-designed case-control or cohort studies

Level V Evidence from systematic reviews of descriptive and qualitative studies
(meta-synthesis)

Level VI Evidence from a single descriptive or qualitative study

Level VII Evidence from the opinion of authorities and/or reports of expert committees

This level of effectiveness rating scheme is based on the following: Ackley, B. J., Swan, B. A.,
Ladwig, G., & Tucker, S. (2008). Evidence-based nursing care guidelines: Medical-surgical inter-
ventions. (p. 7). St. Louis, MO: Mosby Elsevier

Level of Evidence: V

Traditional Chinese acupuncture has a history dating back more than 2500 years. It
is a very well know alternative or complementary therapy. Skillfully applied acu-
puncture has the ability to alter the processing and perception of pain by stimulating
the sensory cortex resulting in the release of natural endorphins. It has a proven
efficacy in oro-dental facial pain. This article should be considered a systematic
review of 40 articles that met the authors’ criteria for inclusion. After careful review,
they were able to conclude that acupuncture certainly has valid applications in the
management of oral-dental facial pain. As such it should be considered as an alter-
native and/or complementary therapy for oral-dental facial pain.

Botulinum Toxin in the Treatment of Muscle Specific Oro-Facial Pain: A
Literature Review. Dutt, CS. Ramnani P. Thakur, D. Pandit M. J Maxillofac
Surg 2015 Jun: 14 (2): 171-175

Level of Evidence: V

Because of the prevalence of temporomandibular complaints and the varied presen-
tations, management of temporomandibular joint-related pain is not dogmatic.
Sources of pain can be intra-articular, extra-articular, or both. Extra-articular pain is
generally muscular in nature. Muscle pain can be detected by palpation. When



12 Management of Pain of Oral-Dental Origin: An Evidence-Based Approach 155

tender musculature or trigger points are identified on examination, injection of the
muscle with botulinum toxin type A (Botox) can be considered and has been found
to have significant efficacy. It works by blocking the acetylcholine receptors on
skeletal muscle cell membranes, thus preventing depolarization and contraction.
The authors reviewed 36 articles which consisted mostly of case series and case
reports. They found treatment with botulinum toxin type A to be efficacious in the
treatment of temporomandibular disorder pain as well as pain related to parafunc-
tional clenching and bruxism, masseteric hypertrophy, chronic temporomandibular
joint dislocation, orofacial dystonias, and painful chronic myogenous orofacial trig-
ger points.

Medication Treatment Efficacy and Chronic Orofacial Pain. Clark
GT. Padilla M. Dionne. R. Oral Macxillofacial Surg Clin N Am 28 (2016)
409-421

Level of Evidence: V

This chapter in the Oral and Maxillofacial Clinics of North America is a systematic
review of 52 publications on the pharmacologic management of chronic orofacial
pain. They specifically discuss the management of four separate chronic orofacial
pain entities. The entities discussed are neuropathic pain, chronic headaches, myo-
fascial pain, and osteoarthritis.

For neuropathic pain the pharmacologic choices found to have efficacy are gaba-
pentinoids, tricyclic antidepressants, selective serotonin-norepinephrine reuptake
inhibitors, and topical anesthetics. Three medications were found to have reason-
able therapeutic efficacy for prophylaxis of chronic daily headaches. Those medica-
tions are beta-blockers, tricyclic antidepressants, and various anti-seizure
medications.

There are three FDA-approved medications for myofascial pain/fibromyalgia,
but none of them are considered to be significantly efficacious. The approved medi-
cations are pregabalin, duloxetine, and milnacipran. Regarding chronic pain associ-
ated with osteoarthritis, NSAIDs have proven efficacy. Corticosteroid injections are
efficacious and can be used when NSAIDs are causing gastritis symptoms.

Interventional Procedures for Facial Pain. Vorenkamp K. Current Pain and
Headache Roports. January 2013, 17:308

Level of Evidence: V

This article is a compilation of 45 articles regarding the treatment of trigeminal
neuralgia and persistent idiopathic facial pain. Trigeminal neuralgia is the most
common diagnosis regarding neuropathic pain in the face. Its prevalence is ten



156 J. K. Jones

times greater than persistent idiopathic facial pain. Percutaneous interventions
involving injection or ablation of the gasserian ganglion and its branches have
proven efficacy in providing relief especially when pharmacologic management has
been unsuccessful. The sphenopalatine ganglion block is efficacious in refractory
cases of persistent idiopathic facial pain.

Burning Mouth Syndrome: A Review on Diagnosis and Treatment.
Coculescu EC. Radu A. Coculescu BI. J Med Life v.7(4) Oct-Dec 201

Level of Evidence: V

This article reviews 22 publications regarding the diagnosis and treatment of burn-
ing mouth (tongue) syndrome. This entity remains enigmatic and is a diagnosis of
exclusion when all organic causes have been ruled out. Its hallmark is the presence
of burning pain of the oral mucosa or tongue in the absence of any clinical signs of
disease. Being poorly understood as a pain entity treatment is also poorly under-
stood. Nevertheless some therapeutic guidelines are proposed based on review of
available literature. Treatment is frequently unsuccessful and is important that real-
istic expectations are conveyed at the outset. Therapeutic strategies have included
benzodiazepines, tricyclic antidepressants, anticonvulsants, serotonin receptor
inhibitors, capsaicin, alpha-lipoic acid, benzydamine hydrochloride, hormone
replacement therapy, vitamins, and supplements such as iron and zinc. Acupuncture
has been used as an adjunctive therapy.

Dental Management of Tooth-Related Pain

Dental management of tooth-related facial pain is well established. As mentioned in
another chapter, odontogenic pain is so prevalent that pain of oral-dental origin
should be presumed odontogenic (tooth-related) until ruled out [1]. Management of
tooth-related pain is amenable to randomized clinical trials due to its prevalence,
standard presentation, and objective physical and imaging findings. It is the ability
to do randomized clinical trials that creates the highest levels of evidence for
evidence-based management.

Non-odontogenic pain of oral-dental origin lacks the level of evidence made pos-
sible by the prevalence and objective findings associated with most odontogenic
pain entities. Because of the low prevalence, subjective nature of pain, and the fre-
quent lack of objective physical and imaging findings associated with the pain, high
levels of evidence for many management strategies are limited to level V. Helpful
information may still be gleaned from reviews of large series.
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Tooth-Related (Odontogenic) Pain

Tooth-related (odontogenic) pain can be either due to pulpal diseases or to diseases
of the supporting structures (periodontal). Pulpal disease tends to be visceral in
nature and thus not graduated or variable [2]. Pulpitis can frequently be remedied by
timely and appropriate dental intervention in the form of tooth restoration to insu-
late the pulp from the noxious stimulus and reestablish integrity to the crown.
Irreversible pulpitis requires removal of the pulpal tissue (root canal) rendering the
tooth insensate or by removal of the tooth. This is typically followed by an appropri-
ate restoration to restore crown integrity and protect the crown from fracture.

Periodontal Pain

Diseases of the periodontal tissues result in a musculoskeletal type of pain response
and thus are graduated and variable in presentation. They can be either primary
(disease of the supporting structures of gingiva and/or bone) or secondary to pulpal
necrosis. Management involves nonsurgical and surgical therapy to decrease infec-
tion and inflammation in the periodontal tissues to limit or halt progression of dis-
ease. Ideally this results in preservation of the bone and gingiva and attachment
within the bone and gingiva. Of course tooth removal can also be therapeutic.

It is very important to recognize that tooth-related (odontogenic pain) and peri-
odontal pain can mimic other pain entities in their presentation and refer pain to
other areas of the face and head. For this reason referral to a dental professional for
a thorough dental history and examination should be considered early in the man-
agement algorithm.

Non-odontogenic Oral-Dental Pain

Maxillary Sinusitis

Musculoskeletal pain in the maxillary posterior dentition, unilateral or bilateral, is
frequently the result of maxillary sinusitis. On examination one finds pain to tap-
ping or percussion of the teeth, membrane thickening or an air-fluid level radio-
graphically, foul postnasal drip, and foul odor. Upon dental examination the involved
teeth usually test positive for pulpal vitality and are radiographically free of apical
disease. Treatment is initially medical in nature with prescription of appropriate
antibiotic therapy. If medical therapy does not result in resolution, surgery can be
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necessary. Typically surgery involves accessing and lavaging the sinus with expan-
sion of the maxillary ostium to encourage drainage. If the maxillary sinusitis is
suspected to be caused by a non-vital tooth, then appropriate treatment of the tooth
is also necessary for complete resolution.

Temporomandibular Disorders

Temporomandibular disorders are quite prevalent and in one study were found to
afflict as much as 6% of the adult population [3]. They are extremely variable in
presentation and have significant overlap with other common pain entities. Because
of the extremely variable presentation, history taking is paramount. Fortunately
there are many objective findings to aid diagnosis and thus direct management strat-
egies. For this reason appropriate examination techniques are very helpful.
Examination of the suspected TMD patient should include palpation in the preau-
ricular area for pain when palpating over the temporomandibular joint. Auscultation
will frequently reveal clicks and or crepitus. Palpation of the muscles of mastication
will elicit pain. Examination of the occlusion may reveal instability. Mandibular
range of motion may be decreased and elicit pain.

Management is typically referral to an appropriate dental provider or specialist for
evaluation and treatment. The disorder is typically classified as intra-articular (inter-
nal derangement), extra-articular (muscular and ligamentous), or both. Classification
directs management. Extra-articular disorders are generally managed orthotically to
decrease muscle-related pain and improve stability by simulating orthopedic stability
in the occlusion. Intra-articular disorders can be acute or chronic. Acute intra-articu-
lar disorders should be treated as dislocations and reduced or referred expeditiously.
Chronic intra-articular disorders are very frequently associated with extra-articular
findings. Typically the extra-articular disorder is managed initially with reevaluation
of the internal derangement being planned at follow-up. Surgical intervention can be
required to resolve pain related to internal derangement. The widely accepted inter-
ventions are arthrocentesis, arthroscopy, and arthrotomy which enjoy similar success
rates as an initial surgical intervention. Arthrocentesis has no cumulative morbidity
if a second procedure is necessary. Arthroscopy has little cumulative morbidity and
can be repeated if necessary. Arthrotomy has significant cumulative morbidity thus
the trend toward less invasive initial management of internal derangements. Because
of the lack of standardized techniques regarding surgical management, high levels of
evidence do not exist for careful comparison [2, 4].
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Myofascial TMD Pain

Myofascial pain is characterized by deep dull aching pain that results in referral of
pain to the teeth. It is elicited by and exacerbated by the palpation of painful trigger
points in the muscle that when stimulated refer pain to the teeth. Of course dental
evaluation of the involved teeth is necessary to rule out primary tooth-related dis-
ease. The teeth are typically found to have normal vitality. There are well-known
pain referral patterns from masticatory muscles to particular areas of the dentition
[5]. Local anesthesia injection of the teeth fails to resolve the pain when the trigger
points are stimulated. Injection of the trigger points in the muscle results in at least
temporary resolution of the pain. Short-acting local anesthetics can be used diag-
nostically and therapeutically. Longer-acting local anesthetics can be used to pro-
vide sustained relief of discomfort that can outlast the duration of action of the agent
[6]. Injectable steroids and botulinum toxin have also been used to treat trigger
points refractory to traditional management with local anesthetics.

Neuropathic Pain

Neuropathic pain has in common with myofascial pain the presence of a “trigger.”
In the case of neuropathic pain, the trigger is typically a sensate area of the face or
oral cavity that when stimulated classically results in severe, stabbing, electric type
pain that is most commonly localized to areas innervated by the trigeminal nerve.
The most common neuropathic pain of dental origin is trigeminal neuralgia or tic
douloureux. It is commonly a diagnosis of exclusion, but the response can many
times be blocked by local anesthetic injection of the trigger providing assistance in
diagnosis and at least temporary relief. Initial therapy is typically medical. Referral
to a neurologist to help with diagnosis and medical management can be considered.
Anticonvulsant medications such as carbamazepine, gabapentin, and pregabalin
have some proven efficacy. When medical management fails to provide adequate
relief, surgical intervention can be considered. Surgical interventions can be central
or peripheral, resective or ablative. When neuropathic pain is in the area of a fora-
men or bony canal nerve decompression can be considered. Because prior surgical
intervention has been suspected of contributing to the development of anesthesia
dolorosa, surgical intervention is generally reserved for those patients that fail medi-
cal management.
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Mucosal Diseases

Mucosal diseases can be infectious, oncologic, inflammatory, or autoimmune in
nature. They fortunately have physical findings to aid in diagnosis. Involvement of
extraoral mucous membranes should be investigated to aid in diagnosis as well.
Clinical appearance and incisional biopsy are often diagnostic and thus can direct
management. Oncologic disease can mimic almost any other mucosal disease and
should always be on the differential diagnosis. Malignancies involving the tongue
are very typically painful. Examples of common infectious mucosal diseases are
candidiasis and herpetic gingivostomatitis. These will respond favorably to antifun-
gal and antiviral therapy, respectively. Inflammatory and autoimmune mucosal dis-
eases are typically managed palliatively, and the mainstay of therapy has been the
use of topical or systemic steroid therapy to modulate immune system function.
Newer immune system modulators may prove efficacious in refractory cases but at
this time can only be used off-label regarding indications.
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Chapter 13
Therapeutic Nerve Blocks

James Y. Suen and Chelsey Smith

Introduction

This is really a continuation of Chap. 9, Diagnostic Nerve Blocks.

With the history and physical exam, we look for a “trigger point” or where the
pain or headache seems to start. This can identify which nerves innervate that area.
The sensory nerves which innervate the face and head are actually easy to learn and
we feel can help diagnose the nerves involved and allow treatment for the pain.

We have found that nerve blocks can be diagnostic and therapeutic.

Nerve blocks have been used for many years by some physicians to help pain, but
it is interesting that many other physicians do not think of nerve blocks and start
with medications which often have significant side effects. If a single or several
nerves can be identified as the source of the pain, we do diagnostic nerve blocks
first, and if effective, we use them for treatment. With the problems of addiction and
abuse of the narcotics, we feel the nerve blocks should play a major role in the con-
trol of facial and head pain. If nerve blocks are effective in relieving the pain for a
while, but the pain continues to recur, there are other options that may provide pro-
longed or permanent pain relief.

Several plastic surgeons noted that following surgery for forehead rejuvenation
procedures, a large number of patients with history of migraine headaches noted
improvement in their headaches [1-4]. These findings have led to a number of
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surgical procedures to stop facial pain and headaches and will be discussed in the
chapter on surgical management of migraine headaches and facial pain.

Applied Anatomy

The nerve supply to the face and head is from the trigeminal nerves, the greater
occipital nerve, and the upper cervical plexus nerves. Knowing the anatomy and the
nerve innervation to the face and head is the key to proper diagnosis and treatment
of facial and head pain (Fig. 13.1).

Trigeminal Nerve

The classic type I trigeminal neuritis is due to an artery adjacent to the takeoff of the
trigeminal nerve from the brain stem and pulsating against the nerve. Management
of the classic trigeminal neuritis is addressed in Chap. 19. We feel there are a num-
ber of etiologies for “peripheral trigeminal neuritis.” Some known common causes
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are herpes zoster, trauma with neuromas or entrapment of the nerve branch, and
perineural involvement from cancer. More recently it has been postulated that com-
pression of the peripheral nerves at various points, such as in a foramen, a tight
notch, or through fascia, can result in nerve pain and headaches [1-4]. In addition
we feel that there is a high likelihood that arteries which accompany these nerves
can pulsate against peripheral nerves resulting in pain similar to the type I trigemi-
nal neuritis.

There are three divisions of the trigeminal nerve that arise from the ganglion in
the wall of the cavernous sinus, commonly referred to as VI, V2, and V3. It is
important to know the branches of each of these three divisions and where they
innervate the face and head (Fig. 13.2).

The first division, V1, is fairly simple in that it exits the skull through the orbit
and divides into the supraorbital, supratrochlear, and infratrochlear nerve branches
(Fig. 13.2). The supraorbital nerve exits the orbit through the supraorbital notch or
foramen, and it supplies the upper eyelid and the ipsilateral forehead to the vertex of
the scalp. The supratrochlear nerve exits at the superior-medial part of the orbit near
the bridge of the nose and supplies the skin of the forehead near the midline to the
top of the scalp. Pain in V1 can be in the eyelid, the forehead, or the top of the head
and can trigger headaches, commonly diagnosed as migraine headaches.

There are also some branches which leave the main branch inside the orbit and
go intranasal to the ethmoid sinus areas. These are the posterior and anterior eth-
moid nerves. These also can cause headaches from intranasal origin.

The second division, V2, is more complex and takes more thought to understand
where pain from V2 can elicit. The main nerve of V2 is the infraorbital nerve, which
goes in a groove and foramen in the floor of the orbit and supplies the midface. There
are two other branches of this nerve which are important to know. One is the poste-
rior superior alveolar nerve which comes off the V2 after it exits the foramen rotun-
dum and wraps around the posterior-lateral wall of the maxilla and enters the bony
wall and innervates the posterior upper teeth (Fig. 13.3). It is common for pain in
this nerve to be diagnosed as dental pain and result in extractions with no pain relief.

The second important branch is the zygomaticotemporal nerve which leaves the
infraorbital nerve in the floor of the orbit and goes into the zygoma bone and exits
just lateral to the lateral orbital rim and goes to the anterior temple area (Fig. 13.2).
It frequently goes into the temporalis muscle or just superficial to it [5]. Pain in this
nerve is quite common and can cause temporal headaches.

The third division, V3, has both sensory and motor function. The motor part sup-
plies the muscles of mastication. The sensory branches go to three main areas: the
lingual nerve to the tongue; the inferior alveolar nerve going into the mandible and
supplies the lower jaw teeth and exits the mental foramen and supplies the chin and
lower lip (Fig. 13.1); and the third branch is the auriculotemporal nerve which exits
just posterior to the mandibular condyle and goes superiorly to the area of the tem-
ple and above the ear (Fig. 13.1). Pain can occur in one or all of these branches. We
feel the auriculotemporal nerve is common to trigger migraine headaches. V3 nerves
are the most common nerves to be involved with the classic trigeminal neuritis
related to vascular compression of the main trunk at the brain stem.
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Fig. 13.2 The three divisions of the trigeminal nerve to the face

Greater Occipital Nerve

This nerve arises from C2 off of the spinal cord and goes through the posterior neck
muscles and fascia about 2 cm lateral to the midline of the occiput and goes superi-
orly to the top of the scalp [4] (Fig. 13.4). Occipital headaches are common and
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Fig. 13.3 The posterior superior alveolar nerve is a branch of the maxillary division of the tri-
geminal nerve and supplies the posterior teeth

most arise from the greater occipital nerve. There is a connection between the
trigeminal nerve branches and the greater occipital nerve which is referred to as the
trigeminocervical complex [6, 7]. Pain in the greater occipital nerve distribution can
trigger pain in the supraorbital nerve distribution and vice versa.



166 J.Y. Suen and C. Smith
Upper Cervical Plexus Nerves

These nerves include the lesser occipital nerve which comes from C2 to 3 and goes
from the posterior neck and over the mastoid bone to the top of the ear. It also
includes the greater auricular nerve and an anterior branch, the transverse cervical
branch which goes to the lower earlobe and along the jawline (Fig. 13.4). When

Greater

Branches from
Cerical Plexus

Lesser Occipital
Nerve (C2)

Great Auricular

— Nerve (C2,3)
Third \ )
Occipital ——— Transverse Cervical

Nerve Nerve (C2,3)

Fig. 13.4 Nerve distribution of the greater occipital and upper cervical plexus nerves
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patients describe pain in the jawline area—from the earlobe to chin—it is important
to differentiate whether the pain is in the jaw and teeth (inferior alveolar nerve) or is
the pain more superficial and from the cervical plexus nerves.

Procedure Technique

Anesthetics: We use 3—4 mL of 1% Xylocaine with epinephrine at 1:100,000 or
1:200,000 strength as the initial injection for diagnostic purposes. We prefer using a
1 or 1 ¥21in. 25 Ga. Needle. If the patient’s pain is relieved after the block, then we
follow with 2—4 mL of 0.5% bupivacaine for a longer effect.

Injection technique: Because of the sensitivity of the facial skin, we start by
injecting, very quickly, about 1-1.5 mL of the 1% Xylocaine with epinephrine into
the skin overlying the target nerve and let it absorb for about 5 min before injecting
the nerve itself. This seems to be less painful for the patient. Because of our knowl-
edge of the anatomy, we do not use ultrasound to localize the nerve being blocked.
The use of ultrasound can be used by those not as familiar with the nerve anatomy.
We do not feel that injecting directly into the nerve is harmful and actually can
improve the therapeutic effect of the anesthetic.

The initial dose of the Xylocaine is from 2 to 3 mL into the nerve area. For a
larger area, such as the upper cervical plexus nerves, we use about 4 mL of the
Xylocaine.

If the patient obtains relief of pain, we follow the Xylocaine with the Marcaine
for longer effect.

We have tried off-label use of bupivacaine in a liposomal preparation, which
results in a slower release of up to 72 h. It is approved for infiltration after surgery to
decrease pain and has been used many times with joint replacement surgery to allow
patients to ambulate earlier. It is approved for use in patients who are 18 years old
and older. We have treated over 25 patients with facial and head pain with the lipo-
somal bupivacaine for the nerve blocks. With the use of this preparation, we have
seen about 50% of the patients get prolonged pain relief from their chronic pain—
some as long as 3—6 months. This is compared to only 1-2 weeks using the Xylocaine
and Marcaine. We used 3—4 mL of liposomal bupivacaine to block the nerves.

The dose-response curve in facial and head pain is not known, but the dosage of
the liposomal bupivacaine used has made a difference in the amount of pain control
in patients after joint replacement surgery. It is possible that our results would have
improved with higher doses.

It is important to know that the use of Xylocaine first can neutralize the liposomal
bupivacaine. Therefore plain bupivacaine can be used to anesthetize the skin overly-
ing the nerves prior to using the liposomal form.

We also use Kenalog (40 mg/mL) to inject the nerves if the Xylocaine and bupi-
vacaine do not last but a few hours or days, and it seems to prolong the pain relief.
The dose is 0.5-1.0 mL per nerve.

After a therapeutic nerve block with Xylocaine and bupivacaine, most patients
complained of significant soreness after the numbness wore off and the soreness
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would last 1 or 2 days and then their pain would improve if the blocks were effec-
tive. We found that with using the liposomal bupivacaine, the “soreness” from the
nerve block was insignificant because the postinjection numbness helped them
through that time period.

We need to stress that liposomal bupivacaine is not approved by the FDA for
nerve blocks but only for infiltration after a surgical procedure. However, if a patient
has severe face and head pain which does not respond to medical therapy or nerve
blocks with Xylocaine and bupivacaine, a physician can choose to use the liposomal
preparation, off-label, if they feel the benefits outweigh the minimal risks.

Discussion

We cannot stress the importance of localizing the “trigger point(s)” from the history
and physical exam, because that may be the key to deciding therapy. Once the trig-
ger points are identified, we do diagnostic nerve blocks using Xylocaine 1% with
epinephrine (strength depends on patient’s cardiovascular condition and anxiety
level). If the patient’s pain is significantly reduced or disappears, there is a high
likelihood that those nerves are the cause of the pain or headache. We then follow
the Xylocaine with 0.5% bupivacaine, 2—4 mL into the same nerve area for a more
prolonged effect. We have found that this regimen can provide pain relief for days,
weeks, or even months. We tell the patients that every patient is different and we
cannot predict the duration of pain relief until one or more nerve blocks. Because
the pain is chronic, severe and disabling, we have the patients return 1 week later to
reevaluate the results of the nerve blocks. If they had a few days of relief and the
pain has recurred, we repeat the nerve block and add 0.5-1.0 mL of Kenalog (40 mg/
mL) to the block. This can prolong the pain relief for days or weeks. We also stress
to the patients that it commonly requires several different nerve blocks in hopes of
getting prolonged relief. Having treated over 100 patients for facial and head pain,
we feel that nerve blocks have a major role in the control of facial and head pain. We
have seen pain relief for months and even years with only a few nerve blocks.

Not every patient responds to nerve blocks, but the majority do. It is common for
our patients to return at regular intervals (weeks or months) to get nerve blocks
because they feel the blocks are so helpful. Many patients are able to significantly
decrease their pain medications or even stop them after several nerve blocks.

As described in the chapter on diagnostic nerve blocks, it is important to let the
patients know that they may have temporary side effects of the nerve blocks, such
as facial paralysis, shoulder weakness, or hoarseness.

If patients get relief of pain for only days or weeks from the nerve blocks and
they would like more prolonged or permanent relief, we recommend decompressing
or resecting the nerves which we feel are causing the pain. There are several studies
on nerve decompression procedures which have significantly decreased or elimi-
nated migraine headaches [1-5]. Most patients with chronic pain that undergo
resection of the nerves will accept the permanent numbness if the pain is gone.
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There are various methods of decompressing the nerves and even destroying the
nerves.

We recommend decompressing the nerves in question by surgery, where we
expose the nerves and look for compression points. We also will destroy the accom-
panying arteries because of the possibility of vascular compression of the nerves. It
is common to find an artery directly against the nerve or even wrapped around the
nerve. Our success rate with this method has been excellent to control the pain or
headaches. Again, we stress the importance of a thorough history and physical exam
to pinpoint the trigger points and the nerves innervating those areas.
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TN Trigeminal neuralgia
TRPV1  Transient receptor potential vanilloid subfamily member 1
VAMP Vesicular-associated membrane protein

Part I: Botulinum Toxin

Part Ia: History of Botulinum Toxin

Food-borne botulism has likely affected mankind for thousands of years but has
only recently been identified. In the late eighteenth century, outbreaks of “sausage
poisoning” in Southern Germany prompted early investigation into a possible caus-
ative agent. This search sparked the interest of Justinus Kerner (1786—1862) who
was a German poet and district medical officer (Fig. 14.1). He subsequently reported
accurate and complete accounts of botulism toxicity in monographs between 1817
and 1822 [1-4]. He also correctly deduced that the offending toxin acts by

Fig.14.1 Dr. Justinus Kerner. Oil painting by Alexander Bruckmann 1844. Retrieved from https://
commons.wikimedia.org/wiki/File:Justinus_Kerner_1844.jpg
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interrupting signal transmission in peripheral and autonomic nerves and sparing
sensory transmissions. Kerner was intrigued with the possibility of therapeutic uses
of such a toxin and performed extensive experimentation on animals and heroic
self-experimentation but was unable to isolate the toxin [5]. After renewed interest
in the matter due to a botulism outbreak stemming from a funeral dinner of smoked
ham, microbiologist Emile Pierre van Ermengem discovered Bacillus botulinus
(later named Clostridium botulinum) as the causative pathogen in 1895 [6]. It was
named as such due to its association with consumption of spoilt sausages (botulus
meaning sausage in Latin). Although originally thought to occur only in meat and
fish products, an outbreak due to canned beans in 1904 leads to the isolation of a
different strain that produced a serologically distinct toxin [7]. Again, a surge of
public health interest led Tchitchikine to deduce in 1905 that C. botulinum produces
a neurotoxin [8], and Georgina Burke designated the toxins into their present alpha-
betical serological subtypes by naming them A and B in 1919 [9]. During World
War 1II, Edward J. Schantz (Fig. 14.2) purified and crystallized the toxin as a

Fig. 14.2 Dr. Edward Schantz. Photo by Wolfgang Hoffmann/University of Wisconsin-Madison
College of Agricultural and Life Sciences in 1994
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potential biological weapon for the US Army and later worked to pioneer therapeu-
tic chemodenervation with Alan B. Scott through experiments on monkeys [10] and
humans [11] for use in strabismus and blepharospasm in the 1970s. Other clinical
trials began to evaluate the utility of botulinum toxin (BoNT) for other focal dysto-
nias, including torticollis, oromandibular, spasmodic dysphonia, and Meige syn-
drome. The successful use of botulinum toxin in treating blepharospasm and
strabismus led the US Food and Drug Administration (FDA) to approve the first
batch of botulinum toxin type A (BoNT-A) in 1989 as the orphan drug “Oculinum”
which Allergan renamed Botox® in 2004 [12]. Similar and competing efforts by the
Porton International company in the United Kingdom led to the commercialization
of their BONT-A product which was named Dysport® in 1984. Botulinum toxin type
B (BoNT-B) formulation was produced under the name Myobloc™ in the United
States and NeuroBloc® in Europe [13]. In 2005, Merz produced a BoNT-A prepara-
tion that is free of complex nontoxic proteins named Xeomin® [14]. Due to sus-
tained continued interest, other serotypes are also currently under investigation for
potential therapeutic benefit.

Part Ib: Mechanism of Action of Botulinum Toxin

Clostridium botulinum is a rod-shaped, gram-positive bacterium that is found ubig-
uitously in soil and water. Seven distinct neurotoxin serotypes were originally iden-
tified (A, B, C, D, E, F, G) with multiple subtypes (A—A¢, B;—B-, etc.) [15-17].
Although the serotypes have similar molecular structures, they differ significantly
in their function and immunogenicity.

The botulinum toxin is produced by the bacterium as inactive polypeptide chains
(150 kDa) which is cleaved by bacterial proteases into heavy (100 kDa) and light
(50 kDa) chains that are joined by a disulfide bond. There are three domains of the
polypeptide chain: the light chain (L), the N-terminus of the heavy chain (Hy), and
the C-terminus of the heavy chain (H¢) [18]. The neurotoxins exist as complexes in
nature and are thus accompanied by hemagglutinin and nontoxic proteins. These
compounds are thought to preserve the potency of the neurotoxin when exposed to
the gastrointestinal system.

The sequence of BoNT’s neurotoxicity involves binding, internalization, neuro-
muscular blockade, and finally reinnervation. The first step begins when BoNT
irreversibly binds to the presynaptic neuron via its Hc region. Through receptor-
mediated endocytosis, the neurotoxin is internalized within endocytic vesicles that
also contain an ATPase proton pump. This in turn acidifies the vesicle contents and
alters BoNT structure so that the Hy domain is incorporated into the vesicle’s
membrane and L region is translocated from the endosome into the neuronal cyto-
plasm. The L region then catalyzes proteolysis of different SNARE proteins which
stands for “soluble NSF (N-ethylmaleimide-sensitive factor) attachment protein
receptor.” As SNARESs are protein isoforms that are responsible for vesicle dock-
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ing, fusion, and release through the cell membrane, BoNT effectively prevents
presynaptic release of vesicle contents. The L domain for each toxin contains a
highly specific zinc-dependent endopeptidase which cleaves a single target protein
isoform at a particular location. For example, BONT-A and BoNT-E cleave SNAP-
25; BoNT-B, BoNT-D, BoNT-F, and BoNT-G cleave synaptobrevin (VAMP); and
BoNT-C cleaves SNAP-25 and syntaxin [19]. This causes inhibition of presynaptic
acetylcholine release. Following chemodenervation, the affected neuron under-
goes resprouting in an attempt to reestablish functional contact with the postsyn-
aptic neuron. However, this process is not physiologically significant with BoNT-A,
and as the original synapse eventually reestablishes a functional connection at the
original nerve terminals, there is accompanying elimination of the dispensable
sprouts.

Part Ic: Contraindications to Use of Botulinum Toxin

Treatment with BoNT is contraindicated during pregnancy and lactation due to the
lack of direct studies, and the US FDA lists it as a category C drug. Relative contra-
indications include patients with neuromuscular disease (i.e., myasthenia gravis,
Eaton-Lambert syndrome, amyotrophic lateral sclerosis) as BONT produces a defect
at the neuromuscular junction. A theoretical contraindication exists with the admin-
istration of aminoglycosides and calcium channel blockers as these can impair neu-
romuscular transmission.

Part II: Headache and Migraine

Part Ila: Extracranial Etiology of Headache

As migraine headaches can be preceded by several hours of neck tenderness and
visual aura, this led some to postulate that the intracranial meninges and extracra-
nial periosteum (and pericranial muscles) have anatomic connections [20]. The
involvement of extracranial pathways in the pathophysiology of certain migraine
patients was proposed seven decades ago [21, 22] but has only recently gained trac-
tion. Indeed, a network of sensory and pain fibers were found to traverse the cal-
varial bones inside and outside the suture lines of young mice. As the mice aged and
the calvarial bone became fully calcified, these connections degenerated except
within the suture lines where they remained intact [23]. These unique sensory/pain
fibers were found to bifurcate into three directions with paths leading to the dura,
across the subarachnoid space to the pia, and through the suture line to the extracra-
nial periosteum. Studies in humans similarly found the existence of sensory/pain
fibers of intracranial origin that traversed and connected the intracranial dura,
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cranial sutures, extracranial periosteum, and pericranial muscles [23-25]. The iden-
tification of sensory and pain fiber network provides a theoretical construct in which
muscle tenderness or local pericranial irritation could trigger migraine headaches.
This theory assumes that the trigeminal sensory fibers are capable of conducting
action potentials in ortho- and antidromic directions and that the pain signals reach
the spinal trigeminal nucleus through the before-mentioned pathway and through
additional extracranial sensory nerves.

Inflammation may play a role as well; investigations into the presence of inflam-
matory markers in human calvarial periosteum found upregulation of inflammatory
genes in chronic migraineurs with bilateral occipital imploding headaches and asso-
ciated chronic muscle tenderness [26]. The authors concluded that migraine attacks
can originate in extracranial tissues that are sensitive to painful stimuli due to upreg-
ulation of inflammatory processes. Furthermore, the reduction in migraine fre-
quency following nerve decompression surgeries [27-29], occipital nerve
stimulation [30, 31], and nerve blocks [32, 33] lends credence to the concept of an
extracranial source in some headaches/migraines [20]. Overall, the finding of extra-
cranial sources for chronic migraine headaches has vast implications in the treat-
ment and prophylaxis of these disorders.

Part IIb: Botulinum Toxin Prophylaxis for Migraine

The migraine pain pathway is thought to be generated in the brain stem, the cortex,
or the pons. Subsequent to various provoking stimuli, there are vasodilation of the
intracranial blood vessels and rapid neurogenic inflammation in the perivascular
area. Migraine can also be subcategorized as either imploding or exploding depen-
dent on whether the headache is perceived as being inflicted from the outside or as
a pressure buildup inside the head, respectively. Therapeutic approaches for
migraines can either be abortive (halting progression and enabling resolution of an
active migraine) or prophylactic (with the aim to reduce attack frequency). Seminal
reports that utilized BoNT-A as a prophylactic medication for headaches found that
for some patients, BONT-A would have great effectiveness, while in others, it was
not beneficial [34-39]. As such, Jakubowski et al. performed both a prospective and
a triple-blind retrospective analysis of neurological markers to distinguish BoNT-A
responders and found that patient response to BONT-A (defined as a >80% drop in
migraine days) was solely related to headache type; patients with imploding or ocu-
lar headaches enjoyed a 94% and 100% response rate, respectively, while patients
with exploding headaches experienced a meager 19% response rate [40]. The
authors attributed this stratification due to the suggested view that exploding head-
ache is mediated by intracranial innervations, whereas imploding and ocular head-
aches may involve extracranial innervation.

Similarly, it has been proposed that BONT may act through inhibition of peripheral
sensory neurons [41] as it was observed that pain improvement following BoNT-A
treatment did not always correspond to the region of neuromuscular effects [42]. For
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example, in response to trigeminal nerve activation, several neuropeptides and neu-
rotransmitters are released including neurokinin A, substance P, and calcitonin gene-
related peptide (CGRP). The release of these substances is thought to contribute to the
trigeminal sensory activation and result in allodynia and hyperalgia [43]. Conversely,
BoNT is known to inhibit substance P release from embryonic dorsal root ganglion
neurons [44], CGRP release from trigeminal ganglion neurons [45], and glutamate
release from peripheral nociceptors in the dorsal horn [46]. BoNT is able to affect the
release of these inflammatory mediators because they are regulated by SNARE dock-
ing proteins. Although BoNT affects pain processing, it does not affect A-delta or
A-beta fibers which mediate acute pain as well as touch and pressure, respectively.
This is because these sensory fibers are not mediated by neuropeptide release and thus
are unaffected by BoNT. This is important as the underlying mechanism why BoNT
does not inhibit the sensation of acute pain or result in local anesthesia.

Part Ilc: Dosing and Administration of Botulinum Toxin
Jor Migraine Prophylaxis

Botulinum toxin can be diluted to various concentrations. We generally dilute to a
concentration of 2.5 U per 0.1 cm? of fluid. This is usually accomplished by instill-
ing 4 cm’® of sterile saline into a vial containing 100 U of botulinum toxin. Anatomical
areas typically injected are based on the location of the headache as described by the
patient and in our experience can include the following regions: glabella, temporal,
frontal, suboccipital, and trapezius. It is imperative to note that injection sites are
extramuscular especially in the occipital region and in the base of the neck and fol-
low the distribution of superficial sensory nerves [47] (see Fig. 14.3). In terms of the
frontalis injection sites, we find that following the course of the supratrochlear nerve
(a branch of the frontal nerve which itself is from the ophthalmic division of the
trigeminal cranial nerve) portends the best results. As such, the injections are dis-
tributed centrally over the frontalis muscle and divided into four to eight injection
sites for each side in order to cover the entire central and lateral forehead areas. The
BoNT will diffuse approximately 1-2 cm in diameter and deep into the frontalis
muscle itself. When injecting the temporalis or temple region, there are four general
areas of injection that align with the anterior, superior, inferior, and posterior quad-
rants of the temporalis muscle. In total, an average dose of 20-25 U of BoNT-A is
used per side with an estimated 5 U per injection site. When injecting the posterior
neck, the injections should be along the occipitalis and follow the distribution of the
greater and lesser auricular nerves instead of a specific muscle path. BoNT can be
injected into the splenius capitis and trapezius muscles in tender areas that usually
localize to just below the nuchal ridge between the trapezius and sternocleidomas-
toid muscle. One to four sites can be injected with an average of 5-20 U of BoNT-A
per site. Finally, for occipital/occipitalis muscle injections, the needle is placed just
above the nuchal ridge. Usually 1-2 injection sites of 5-7.5 U per side are
sufficient.
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_—» Trigeminal nerve (CN V) —»

Supraclavicular
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Fig. 14.3 Distribution of peripheral cutaneous nerves of the face and scalp. (a) Anterior and lat-
eral views of the distribution of the trigeminal (CN V) and occipital (C2, C3) sensory nerves. (b)
Cervical plexus of sensory nerves (C2, C3). Reproduced with permission from Moore, K. L.,
Dalley, A. F., and Agur, A. M. R., Clinically Oriented Anatomy, 7th edition, Philadelphia, PA:
Wolters Kluwer/Lippincott, Williams & Wilkins, 2014

Adpverse effects are usually mild or transient and are usually related to diffusion
of BoNT to untargeted (but nearby) muscles and can result in cosmetic changes.
Typical adverse effects during the treatment of headaches due to overzealous
diffusion (with large volume injections) or improper placement can include blepha-
roptosis, brow ptosis, diplopia, and muscle weakness at the injection site [36].

In general, pain relief from BoNT may take several weeks to exhibit its maximal
effect—as such, patients should continue to maintain a headache diary and should
return for reevaluation as the BoNT effect subsides. There is significant variability
in the optimal dosing frequency between patients as some experience effect well
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beyond the predicted pharmacokinetic duration of the medication. This lends cre-
dence to the theory that BONT has a neuromodulating effect as well, and indeed
some patients report a greater therapeutic effect with repeat injections [48].

Part III: Trigeminal Neuralgia

Part Il1a: Trigeminal Neuralgia Pathophysiology
and Conventional Management

Trigeminal neuralgia (TN) produces characteristic pain along the distribution of one or
more divisions of the trigeminal nerve. The pathogenesis is currently incompletely
understood and controversial; however, the most common hypothesis involves micro-
vascular compression [49, 50]. Compression by a vessel or tumoral growth on the tri-
geminal nerve, as well as inflammatory neuropathy (secondary to multiple sclerosis,
diabetes, or Lyme disease), has also been identified as etiologies [51, 52].

Management consists of both therapeutics and surgery that aim to alleviate the
neuropathic pain and improve quality of life. Oral antiepileptic drugs are the classic
first line of treatment [53], although these are not well tolerated and produce central
nervous system adverse events in a significant number of patients [54]. Furthermore,
approximately 25-50% of patients eventually become tolerant and unresponsive to
drug therapy [55]. As such, surgical and invasive options were developed for use in
intractable cases and include neurovascular decompression, gamma knife radiosur-
gery, partial sensory rhizotomy, and percutaneous radiofrequency thermocoagula-
tion [56]. Although marked improvement can be initially achieved in 63-94% of
cases, invasive procedures are plagued by the possibility of severe complications
(such as aseptic meningitis or hearing loss) [57] and of eventual pain recurrence.
Furthermore, the anesthesia produced by destroying parts of the trigeminal nerve
can be at times worse than the pain of TN for some patients. Indeed, approximately
half of patients who underwent percutaneous radiofrequency rhizotomy developed
recurrent pain within 2 years following the procedure [58]. Given these inherent
risks, there was a need to develop a safer and better tolerated treatment plan. As
BoNT-A was found to be efficacious in pain relief for other pain syndromes, it was
a natural candidate when considering alternative options for TN.

Part I11b: Treatment Mechanism of Botulinum Toxin
on Trigeminal Neuralgia

As mentioned earlier, the mechanism by which BoNT relieves pain is controversial,
and various hypotheses have been described. Some believe that it acts locally or on
the trigeminal ganglia [46, 59], whereas others believe in a central antinociceptive
effect. Matak et al. reported a central antinociceptive effect in rat models [60, 61], and
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Wau et al. showed that peripherally applied BoNT-A reduces central sensitization and
inhibits nociceptor expression [62]. Specifically, substance P is released primary by
nociceptive afferents (C fibers), while CGRP is an inflammatory neuropeptide that is
often found with substance P in many trigeminal and other sensory ganglia neurons.
BoNT reduces the release of both of these neuromodulators. Finally, a recent animal
study by Shimizu et al. showed that BoONT decreases the expression of the transient
receptor potential vanilloid subfamily member 1 (TRPV1) in rats. As TRPV1 is inte-
gral to nociception in the trigeminal system, the investigators concluded that this
molecular mechanism could explain how BoNT ameliorates craniofacial pain [63].

BoNT-A was first incorporated with TN treatment by studying its effect on
TN-associated hemifacial spasm in 2002 where it was reported to successfully
relieve twitching and pain [64]. Since then, multiple clinical trials have investigated
its safety and efficacy in treating TN with many reporting favorable effects despite
small sample sizes. A recent meta-analysis of randomized controlled trials showed
a significant positive symptom relief in terms of the proportion of responders, mean
paroxysm frequency, and visual analog scale score [56]. They also reported only
transitory and well-tolerated adverse effects: facial asymmetry (14%) and local
edema/hematoma (7%) [56]. Furthermore, an open-label trial used lower doses
(6.45-9.11 U) of BoNT-A and reported significant pain relief and reduction in med-
ication use that lasted for 60 days [65].

Part Illc: Dosing and Administration of Botulinum Toxin
Jor Trigeminal Neuralgia

Patients are deemed adequate candidates for injection if they are able to localize the
allodynia and hyperesthesia to a specific facial distribution. A grid of the facial pain
(including mucosal surfaces) can be mapped with a touch of cotton (for hyperesthe-
sia) or pinprick (for allodynia) (Fig. 14.4). Once the map is drawn, grid lines are
placed lcm apart due to the usual dispersion of botulinum toxin of 1-2 cm per injec-
tion site. BONT-A can then be injected intradermally as close to receptors as possi-
ble, at each crosshatch. The senior author’s preferred starting dose is 2.5 units of
BoNT-A per injection site (concentration of 2.5 units/0.1 cm?). If this dosage does
not result in significant (>50%) pain relief after 4 weeks, then a booster dosage of
2.5 units per injection site can be given at that time. If the patient receives benefit
from this booster dose, then 5 units per injection site can be used in future visits
once the effect has worn off. If the patient does not receive a significant pain relief
after a booster dose, they are considered a nonresponder. These dose calculations
are based on a study by the senior author [66].

As facial paresis is expected when administering chemodenervation to the face,
especially with higher doses, patients should be properly advised that this is tempo-
rary and that contralateral BONT-A can be administered to achieve symmetry if
desired. As mentioned earlier, facial edema or hematoma is also a potential adverse
effect of BONT-A injection, although this is less common (significantly less com-
mon with proper technique) and typically resolves within 5-7 days.
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Fig. 14.4 Grid for trigeminal neuralgia injection. Photograph highlighting the grid pattern drawn
to represent the location of the patient’s allodynia and/or hypesthesia. Crosshatches are made every
1 cm to allow for the typical 1 cm circumferential area of diffusion following injection

Part I'V: Temporomandibular Disorder

Part IVa: Current Management of Temporomandibular Disorder

Temporomandibular disorder (TMD) is a nonspecific term that describes a group of
temporomandibular joint and muscle disorders that affects the masticatory system
due to inflammation of the temporomandibular joint. It can be further subdivided
into myofascial or arthrogenic depending on the proposed etiology [67]. Myofascial
TMD results from hyperfunctional muscles of mastication that results in a chronic
myositis and can be due to spasm of the masseter, temporalis, and/or pterygoid
musculature. Arthrogenic TMD is secondary to intracapsular pathology [68], and as
such, these patients are not treated with BoNT. In general, TMD pain is typically
localized to the joint, and symptoms can include referred otalgia, headache, trans-
mitted neck pain, decreased jaw mobility, difficult or painful mastication, and crepi-
tus of the joint with movement. Current treatments include physiotherapy,
acupuncture, massage, systemic anti-inflammatory medications, muscle relaxants,
tranquilizers, and dental/occlusal appliances. Rarely is a surgical intervention
(arthrocentesis, intra-articular steroid injection, arthroscopy, and open arthrotomy)
undertaken [69]. Despite the plethora of available treatment strategies, there is cur-
rently no gold standard treatment due to the lack of high-level systematic reviews or
direct comparison studies [70]. Arguments for the use of BoNT in alleviating TMD
pain rest on the tenet that BoNT affects afferent nerves and decreases inflammatory
mediatory release as mentioned in previous sections above.
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Part IVb: Botulinum Toxin for Temporomandibular Disorder

The application of BoNT for TMD is principally based on local musculoskeletal
effects and/or its neuromodulating effects on afferent nerves. It is thought that hyper-
functional or spastic contractions of the masticatory muscles (masseter, temporalis,
and pterygoid) produce excess strain on the temporomandibular joint and produce
chronic myositis. By weakening these muscles with BoNT, less strain is produced, and
therefore, the patient experiences pain relief. Furthermore, chronic local muscle con-
traction has been shown to cause inflammation and localized hypoxia which produces
chronic myofascial pain [71]; by reducing hyperfunctional muscle contraction, the
local damage and inflammation can be reduced, and central pain thresholds elevated.
Additionally, the ability of BoNT to decrease the release of inflammatory mediators
(substance P, CGRP, glutamate) may play an important role in pain reduction [72].

Numerous studies have investigated the role of BoNT in long-term relief of myo-
fascial TMD pain; however, there is considerable variation in trial design. Freund
et al. reported the utility of BoNT in 46 TMD patients by injecting 150 units of
BoNT-A to the masseters and temporalis muscles and found significant pain reduc-
tion, function improvement, greater mouth opening, and decreased tenderness [73].
Later, Freund and Schwartz reported successful alleviation of a variety of disorders
that fall under the general category of TMD including bruxism and clenching, oro-
mandibular dystonias, myofascial pain, trismus, hypermobility, masseter and tem-
poralis hypertrophy, and headaches [74]. An unpublished open-label study by the
senior author of 100 TMD patients found a 70% response rate (>50% reduction in
pain severity or frequency) to BoNT-A injections.

In a recent double-blinded trial comparing incobotulinumtoxinA to placebo injec-
tions into the masseter, temporalis, and lateral pterygoid muscles, those patients who
received incobotulinumtoxinA reported a significant 76-83% reduction in pain over
a 3-month period, while placebo resulted in a 30% reduction in pain in the first month
following the injection. The patients injected with saline were then given a crossover
injection of incobotulinumtoxinA, and they approached the pain relief values as
reported by those patients who had originally received incobotulinumtoxinA [70].

Part IVe: Dosing and Administration of Botulinum Toxin
Jor Temporomandibular Disorder

Masticatory muscles are typically targeted for BoNT injection in a fixed-position
technique that is individualized by tailoring the dose or constellation of muscle
groups based on physical examination and patient symptoms. This is mainly per-
formed by careful analysis of the amount and location of muscle tenderness and
pain. That being said, the temporalis and masseter muscles are almost always
affected and are usually injected at an average dose range of 10-25 U for each tem-
poralis and 25-50 U for each masseter muscle with a concentration of 2.5-5.0 units
per 0.1 mL of BoNT-A. Having patients clench their teeth aids in localization of
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transcutaneous injection into both the masseter and temporalis muscles. The deci-
sion to also inject the lateral pterygoids rests on the presence of significant lateral
jaw deviation, pain localized to under the cheeks, or bruxism, and average doses are
7.5-10 U to each muscle. We inject the lateral pterygoid muscles intraorally by
placing the EMG-guided needle between the pterygoid plate and the coronoid pro-
cess of the mandible at an angle parallel to the length of the muscle. This allows for
injection along the length of the muscle, whereas transcutaneous injection would
instill the BoNT only along the width of the muscle. Proper placement is confirmed
by having the patient produce lateral jaw excursion that results in robust EMG
signaling.

Adverse effects are uncommon and often mild. Difficult mastication is the most
common adverse effect due to masticatory muscle weakness and is dose-dependent.
With chronic injections, muscle atrophy may cause cosmetic alterations and should
be discussed with the patient. Higher volume BoNT injections increase the unde-
sired excess diffusion, resulting in brow ptosis, blepharoptosis, or diplopia. This can
also occur if the temporalis muscle is injected too close to the orbit. If the masseter
muscle is injected in close proximity to the zygomaticus major, facial asymmetry
can result as well. To avoid this, we direct the EMG needle laterally to minimize the
diffusion of BoNT. Although infrequent, if masseter injections diffuse to the parotid
gland, dry mouth can occur as well [68].

Part V: Conclusion

The action of BoNT on docking proteins to inhibit vesicle release has advantages
beyond simple neuromuscular blockade. BoNT has clinical utility in myofascial
and inflammatory syndromes that include chronic migraine, trigeminal neuralgia,
and temporomandibular disorders with many patients who were previously recalci-
trant or suboptimal responders to treatment experiencing significant relief. BONT
has been shown to act both centrally and peripherally, affecting neuromodulators to
decrease nociception and inflammatory signals. Although significant strides have
been made to elucidate the pathophysiology behind these syndromes and the effects
of BoNT, further research is imperative to advance our understanding. Furthermore,
the adverse effects of BoNT are infrequent, usually mild, and temporary in nature.
In conclusion, BoNT is a safe alternative treatment for many myofascial and inflam-
matory syndromes and boasts a good safety profile.
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Chapter 15
Psychological and Psychiatric Treatment
of Chronic Head and Face Pain

Taylor E. Rush and Harold W. Goforth

Introduction

Head and facial pain can affect many aspects of a patient’s daily life. Chronic pain
can affect a variety of ways in which people function, including sleep behaviors,
activity patterns, and emotional experiences. As a result, they often require a multi-
disciplinary approach for successful comprehensive management. Behavioral inter-
ventions and psychotropic medication can serve as effective adjuncts to treatment in
order to help meet this need and to enhance quality of life. Cognitive-behavioral
strategies, relaxation techniques, biofeedback, and operant learning interventions
have all been shown to be helpful techniques for behavioral headache management.
This chapter will review the central theoretical tenets of cognitive and behavioral
interventions, the research that supports their use, as well as a review of psychotro-
pic modalities of treatment for headache prevention and mood management.
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Non-pharmacological Headache Interventions

Cognitive and Behavioral Therapy Interventions

Cognitive-Behavioral Therapy Model Cognitive-behavioral therapy (CBT) has
been considered a gold standard psychological intervention for a wide variety of
conditions, including depression, anxiety, as well as pain. Psychiatric comorbidities
are fairly common in headache disorders. For instance, those with migraine head-
aches have a 2—4 times higher likelihood of exhibiting co-occurring depression, a
2-7 times higher likelihood of exhibiting anxiety symptoms, and a 3—4 times higher
likelihood of experiencing panic episodes [1]. This makes CBT interventions an
ideal choice to help successfully manage the behavioral and affective components
of patients’ pain experiences.

The underlying assumption of CBT is that a person’s thoughts, feelings, and
emotions are strongly connected and maladaptive appraisals of situations can con-
tribute to dysfunctional coping styles. Over time, this can lead to entrenched pat-
terns of poor coping which can negatively affect a person’s mood, relationships, and
overall quality of life. For those with chronic head pain, these symptoms may also
have deleterious effects on health-promoting behaviors (e.g., exercise, stress-
reducing activities, healthy eating, adequate sleep), which can then increase the
likelihood of more frequent and/or severe headache episodes.

The research on CBT for headache has provided strong evidence of treatment
efficacy. It has been associated with decreased headache frequency by up to 50%,
higher reported self-efficacy and internal locus of control, less pain-focused cogni-
tions, improved mood, and increased medical treatment adherence [2]. In addition,
CBT has been shown to be cost-effective and can reduce health-care utilization in
chronic pain populations [3].

Physiologically, CBT appears to help activate parasympathetic nervous system
activity, which can include normalized heart rate and blood pressure, increased
peripheral blood flow, and decreased muscle tension. In addition, it can assist with
HPA axis and nociceptive regulation by decreasing activity of pro-inflammatory
cytokines [4].

Common Negative Thought Patterns Part of CBT treatment involves having
patients identify maladaptive appraisals and thought patterns in order to challenge
and reframe them in a more realistic, helpful way. This can help to attenuate strong
negative emotional reactions that can also feed into poor behavioral coping reac-
tions. When patients can identify negative thought patterns, it becomes easier for
them to dispute them and minimize the associated threat.

Catastrophizing is a common negative thought pattern observed in chronic pain
conditions. Pain is appraised as a high-level threat and often associated with feelings
of helplessness and the inability to stop thinking about pain sensations [5]. The experi-
ence of pain is often associated with the belief that physical harm or damage to the
body may occur, which can deter a person from engaging in normal activity. Instead,
they will pursue safety behaviors, such as rest, isolation, avoidance of potential triggers
(e.g., loud noises, bright lights, etc.), and excessive or inappropriate medication use.
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Another common negative thought patterns include fear-avoidance cognitions,
characterized by strong beliefs that activity will cause pain to worsen [6]. Threatening
activities can range from high-impact physical activity, such as rigorous exercise, to
minimal impact daily activities such as sitting in front of a computer or driving. This
can result in specious reasoning that safety behaviors such as rest and activity avoid-
ance will keep head pain at bay. However, this pattern of activity avoidance can lead
to physical deconditioning, which can then cause pain to worsen.

[Example starts] Jane experiences chronic migraines. When pain becomes
severe, she thinks, “Here we go again- my day is ruined! This headache is only
going to get worse, so I need to cancel my plans.” Resultantly, she feels stressed,
frustrated, irritable, and out of control of her situation. In reaction to these thoughts
and emotions, she withdraws from planned activity, lies down, and takes medica-
tion. She may also possibly seek emergent medical help. Over time, Jane develops
anticipatory anxiety about her headache episodes (e.g., “If I go somewhere with
bright lights or loud noises it will make my headaches worse”) and therefore avoids
activities that she thinks may induce headaches. This can lead to an overall decrease
in activity and functioning and increase in stress due to low quality of life and fear
of worsening pain. Additionally, Jane may experience an increase in migraines
despite all of her safety behaviors to avoid them [example ends].

Cognitive Restructuring CBT targets changing maladaptive cognitive and behav-
ioral coping patterns in order to enhance adaptive coping and minimize mood and
anxiety symptoms that may be comorbid with pain. This involves learning how to
identify negative thought patterns and challenging them with more adaptive, realis-
tic thoughts (see Table 15.1). Patients are also taught to acknowledge that pain is not
harmful and accept that, while it may not be curable, it is manageable. Setting this
expectation at the beginning of treatment is very important so that the patient under-
stands that CBT is not a curative intervention for pain. If realistic expectations are
not discussed at the beginning of treatment, successful outcomes are less likely.

Activity Pacing Another key component to effective behavioral management of
headaches is moderating activity levels and including activities that promote health.
Often, those experiencing chronic pain will demonstrate a boom-bust activity

Table 15.1 Examples of cognitive restructuring

Maladaptive cognition Restructured cognition

This pain is going to get worse | The pain may get worse, but it will not stay that way forever
There is nothing I have tools that can help me manage this

I can do to stop it

I need to cancel my plans I can continue to function despite the presence of pain

I need to go to the emergency I can manage this without acute medical intervention

room

Medication is the only thing that | I have other strategies that can be just as, if not more, helpful
helps than medication

Activity will worsen my pain Activity can help me cope more effectively and will not

harm me
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pattern, where they will overextend themselves on less severe pain days and then rest
extensively on more severe days. Engaging in this pattern can result in worsening
pain and lower functioning over time. Additionally, as their number of functional
days decrease, patients will often begin to exclude pleasant activities, such as hobbies
and socializing, and health-promoting activities, such as exercise and self-care.

Learning how to appropriately pace activity and incorporate salutatory behaviors
can be a trial and error process. Patients are often asked to log their daily activity
and keep their hours of activity per day equitable across high and low pain days.
They are encouraged to break up activities that may have historically exacerbated
pain, such as exercise, long drives, and computer work, into manageable stretches
of time punctuated by breaks. Patients can determine what constitutes a manageable
stretch by timing how long they can do an activity before pain begins to worsen. The
next time they engage in the activity, they are advised to take a break prior to the
point of pain exacerbation. Over time, patients are encouraged to slowly increase
the intensity or duration of activity to improve overall functional capacity.

Sleep Hygiene Sleep dysregulation is often an associated symptom of chronic
head pain. Insomnia issues are reported in up to two-thirds of chronic headache
patients and sleep apnea reportedly co-occurs in up to 60% of this population [7].
For many, problematic sleep can then contribute to significant daytime fatigue, dif-
ficulties with concentration, mood dysregulation, and poor performance on daily
activities. Behavioral strategies for improving sleep have been found to be more
efficacious than medications [8] and therefore play an important role in the success-
ful behavioral management of headaches.

Behavioral strategies for insomnia can fall into three categories: sleep hygiene,
stimulus control, and sleep restriction. Table 15.2 below gives a brief description of
some of the techniques for each of these strategies.

Relaxation Strategies/Biofeedback Stress has been identified as a potential
predisposing and exacerbating factor for chronic head and facial pain.
Psychologically, stress typically occurs when the perceived demands of a situa-
tion exceed a person’s perceived ability to meet those demands. If a stressor is
appraised as uncontrollable and the person has few resources to help manage the
stressor, physiological as well as psychological stress will likely result. Research
has shown that the intensity of stress is correlated with headache frequency [9].
Additionally, pain can contribute to significant daily stress, as it can enhance nor-
mal stressors in addition to being a stressor itself. When the body is exposed to
prolonged discomfort, it can lead to chronic activation of the sympathetic nervous
system’s “fight-or-flight” response. This can have a cascading effect on auto-
nomic functioning, including rising blood pressure, heart rate, cortisol levels,
immune and inflammatory responses, and muscle tension. Behaviorally, stress
can lead to poor self-care; infrequent health-promoting activities, such as healthy
eating, adequate hydration, and physical activity; and disengagement from adap-
tive coping strategies. Together, these biological and behavioral factors can exac-
erbate the experience of pain.
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Table 15.2 Behavioral sleep interventions

Behavioral
intervention Techniques
Sleep hygiene — Keep consistent bedtimes and wake times
— Avoid caffeine, alcohol, nicotine, and spicy foods in the hours leading up
to bedtime

— Exercise daily

— Create a bedtime routine to help wind down

— Avoid naps

— Increase exposure to natural light during day

— Avoid screens (TV, tablets, phones) in the hour leading up to bed

Stimulus control | — Restrict activity in the bedroom (sleep and sex only)

— Go to bed only when tired

— Get out of bed if not asleep within 15 min; proceed to engage in boring,
sedentary activity outside of bedroom

— Avoid clock watching

Sleep restriction | — Keep a sleep journal logging total sleep time and actual time spent asleep,
and calculate sleep efficiency (SE = time asleep/time in bed)

— If SE < 80-85%, reduce time in bed by 15 min increments each week SE
stays <80%

— Once SE > 85%, can slowly add 15 min to time in bed each week until
normative bed and wake times are obtained

Lipton and colleagues [10] have examined how the dissipation of stress can spe-
cifically contribute to the development of migraine, described as the “let-down”
hypothesis. The let-down hypothesis was tested in a small study, which interestingly
showed that, while stress level was not associated with migraine frequency, a quick
decline in stress over a 24 h period almost doubled the odds of migraine onset in the
following 6-18 h. Physiologically, this may be due to lowered HPA activation and
reduced glucocorticoid production, which can subsequently trigger a migraine.

Given how stress can potentially precipitate and exacerbate pain, learning how to
successfully manage stress can be a critical skill set for effective pain management.
By engaging in relaxation strategies, the body’s stress response can be better regu-
lated and allow restorative processes to work more effectively, including activating
the body’s parasympathetic or “rest and digest” response. Cognitively, relaxation
techniques help to provide distraction from pain, increase awareness of emotional
states, as well as understand the physiological signs of stress and tension on the
body. Over time, this information can be used to better manage stress as well as pain
sensations. A summary of common relaxation strategies for pain management can
be found in Table 15.3.

Biofeedback is considered an objective way in which to monitor the body’s
response to various relaxation techniques. By receiving real-time feedback on their
physiological functioning, such as heart rate, body temperature, muscle tension, and
galvanic skin response, patients can become aware of physical responses to pain and
stress. They can then use that information to target relaxation strategies to enhance
physiological self-regulation. Biofeedback has been shown to be an effective behav-
ioral strategy for head and facial pain management. Specifically, electromyographic
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Table 15.3 Summary of relaxation strategies

T. E. Rush and H. W. Goforth

Relaxation
strategy Description Mechanism of action
Diaphragmatic | Engaging the diaphragm to breath, allowing | Slows the breath rate, allowing
breathing the lungs to fill more effectively. Using the | better oxygen intake
diaphragm to breath causes the belly to
expand on the inhale, hence the nickname
“belly breathing”
Progressive Systematically tensing and releasing Increases awareness of areas of
muscle different muscle groups in the body, the body that tend to hold
relaxation anywhere from 8 to 32 groups in total chronic tension and gives an
opportunity to relax them,
facilitating better awareness of
tense and relax states
Autogenic Systematically focusing on different areas | Can help to increase peripheral
relaxation of the body and imagining them becoming | blood flow and decrease chronic
heavy and warm. This can be paired with | muscle tension
an image that helps to enhance sensations
of heaviness and warmth (e.g., immersing
into a warm bath)
Guided imagery | Creating a relaxing mental scene using all | Can serve as a cognitive
five senses distraction from pain stimuli

(EMGQG) for tension-type headaches and thermal biofeedback for migraine have dem-
onstrated efficacy in reducing pain severity and frequency [11]. It has also been
found to help reduce medication overuse [12]. When compared to other behavioral
interventions for headache, biofeedback and relaxation training has demonstrated to
be as effective as CBT-based strategies and more effective than placebo [11].

Operant Behavioral Conditioning

In addition to the above described interventions, operant behavioral therapy has
long been established as a way to help decrease pain experiences by targeting reduc-
tion of pain behaviors (e.g., talking about pain, grimacing, abnormal posturing,
excessive rest). It was first introduced by Fordyce [13], who applied operant learn-
ing theory (which posits that learned behavior is a direct result of reinforcement
and/or punishment) to pain. He believed that positive reinforcement (positive atten-
tion, caregiving) as well as negative reinforcement (e.g., encouraging medication
use or utilization of emergency services to abate symptoms, making the environ-
ment dark and quiet, encouraging rest) in response to pain behaviors would increase
them over time. Therefore, Fordyce recommended that pain behaviors be ignored,
while more adaptive and functional behaviors be reinforced via verbal cues and
positive attention. Various studies testing this theory have shown that participants
who underwent interventions where these principles were applied exhibited less
pain behavior, increases in activity, and lower pain ratings [14].
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Role of Family Support

Relationship dynamics and interactions can play a significant role in whether a per-
son is able to adaptively manage chronic pain. Research shows that if family mem-
bers preferentially give attention and support in response to pain behaviors, those
behaviors become more frequent and pain ratings are higher [15]. Conversely, fam-
ily members who invalidate their loved one’s experience with chronic pain can lead
to increased risk of mood dysregulation and maladaptive coping [16]. There can be
significant benefit from incorporating family into behavioral interventions. This can
provide an opportunity for loved ones to learn ways in which they can be supportive
without reinforcing pain behavior or minimizing their family member’s struggle.
These family-based interventions can focus on facilitating assertive communica-
tion, including verbalizing and acknowledging how pain has affected their respec-
tive roles in their relationship. It can also be helpful for family members to elucidate
expectations moving forward for how to appropriately handle pain crises, so all
involved understand how they can show support without being enabling or
withholding.

Pharmacological Interventions

The use of psychotropic medication for headache prevention in addition to mood
management has been more commonly accepted through the past several decades.
These medications can be an effective way to address headache pain directly as well
as any comorbid mood or anxiety symptoms. The following paragraphs will provide
a brief overview of various medication classes and the research supporting their use.

MAOI Therapies

The monoamine oxidase inhibitor theory of migraines states that alterations of
monoamines in the central nervous system produce dysregulated responses in the
cerebral vasculature to produce migrainous headaches. An early study looking at the
effect of treating migraine with beta-blockers and nonselective monoamine oxidase
inhibitors (phenelzine) demonstrated a significant improvement in frequency and
severity of migraine attacks. Anxiety and depression were also improved in both the
phenelzine monotherapy group and the group receiving dual therapy with beta-
blockers (atenolol) [17]. Other data looking at selective MAOIs have not been sup-
portive of their use in the prevention of migraine headaches. Selegiline in particular
failed to demonstrate improvement upon migraine without aura; however, the doses
of oral selegiline used in the study did not reach therapeutic levels to allow the inhi-
bition of MAO-A in this group. It may be more accurate with regard to this study to
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note that selective MAO-B inhibitors are ineffective in the prevention of migraine
rather than interpret this as a failure of MAOIs in general [18].

Tricyclic Therapies

Following the advent of tricyclic antidepressants, these became one of the most
widespread groups of medications used for migraine prevention in both pediatric
and adult patients. While tricyclics are one of the most common medication classes
prescribed for the prevention of migraine headache, there is a paucity of large-scale
or randomized trials with respect to this class of agents. Amitriptyline is the most
common of the tricyclics that are prescribed for migraines, although nortriptyline
and desipramine are other potential agents that may have improved side effect
profiles.

One large-scale trial of amitriptyline that was performed between 1976 and 1979
was not fully reported until 2011 but involved a placebo-controlled trial of amitrip-
tyline of 20-week duration. Study participants included both intermittent migraine
patients and chronic daily headache. Dropout rates were significant across the study
with only 48% completing week 20. There was a significant improvement in head-
ache frequency for amitriptyline over placebo at 8 weeks, but not at 12, 16, or 20
weeks. The amitriptyline effect was more pronounced for those subjects with
chronic daily headache where superiority of amitriptyline was evident at 8 weeks
and 16 weeks, but not 20 weeks.

A retrospective cohort study examining amitriptyline dose and treatment out-
comes demonstrated that there is a significant range of amitriptyline dosing from
2.5 to 100 mg daily, which are considered lower doses in the dosing spectrum of
amitriptyline. Interestingly, amitriptyline was well tolerated and approximately
three-fourths of patients were found to derive significant clinical benefit in the
reduction of migraine frequency [19].

Amitriptyline has also been demonstrated to be cost-effective in the prevention
of migraine headaches among low- and middle-income countries. Amitriptyline
was considered more cost-effective than either topiramate or propranolol [20].
Amitriptyline has also been combined with cognitive-behavioral therapy (CBT) for
chronic migraines in adolescents and children. The data demonstrated a robust mar-
ginal reduction in headache frequency when CBT was added to amitriptyline
treatment over amitriptyline treatment alone. These benefits were sustained at 12
months [21].

Amitriptyline has shown to be comparably efficacious to other well-established
and FDA-approved medications for migraine such as divalproate over a 6-month
period. Divalproex was more effective at 3 months with respect to headache fre-
quency and visual analog scale of severity. However, the significant differences
between the two treatment groups had dissipated by 6 months when no significance
was found between the two groups. Hair loss, menstrual irregularities, polycystic
ovaries, and weight gain were all more common in the divalproex group [22].
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The Canadian Headache Society produced a set of guidelines that stratified avail-
able medications for migraine prevention according to available data. Amitriptyline
received strong recommendation for use [23].

Other tricyclic depressants have also been identified as effective choices for
migraine prophylaxis. Monotherapy with any one migraine preventative agent has
been noted to improve only a minority of individuals. However, dual therapy with
different classes of migraine preventatives has been shown to be more effective than
monotherapy alone. One study examined the role of additive nortriptyline 30 mg
daily to topiramate 100 mg daily in monotherapy nonresponders. Seventy-eight per-
cent of patients receiving polytherapy demonstrated at least a 50% reduction in
headache frequency compared to 37% of those assigned to the monotherapy groups.
Combination therapy of topiramate and nortriptyline was effective in patients with
inadequate improvement on monotherapy of either agent alone [24].

Beta-Blocker Therapies

A randomized double-blind controlled trial examined the efficacy of low-dose pro-
pranolol 40 mg daily, nortriptyline 20 mg daily, and combination therapy of the two
agents. The period of treatment was 2 months. Treatment with propranolol alone or
in combination was effective, but monotherapy with nortriptyline was not effective.
This study was limited by a very small sample size that was underpowered for the
number of groups and possible outcomes [25]. Another open-label study examining
the role of amitriptyline in 25 and 50 mg dosages over a 2-month period also dem-
onstrated a weak effect upon migraine prevention and reduced the number of
monthly migraines from an average of 7 to 6 per month [26]. Thus, while most treat-
ment algorithms embrace amitriptyline or other tricyclics in the prevention of
migraine headaches, the data supporting this use is not uniformly consistent.

SSRIs and SNRIs

Other antidepressant classes of medications have been examined for migraine pre-
vention and treatment of depression in migraine populations. A review of selective
serotonin reuptake inhibitors (SSRI) for preventing migraine and tension headaches
identified 13 studies utilizing 5 different SSRIs. SSRIs did not significantly lower
headache index score in patient with migraine when compared to placebo after 2
months. SSRIs were more tolerable than tricyclic compounds [27].

A prospective study comparing venlafaxine to escitalopram demonstrated a clear
advantage of venlafaxine over escitalopram in terms of headache frequency, dura-
tion, and severity. Daily work performance also improved in the venlafaxine group.
The escitalopram group also showed reductions in frequency, duration, and severity,
but the reductions were less robust than in the venlafaxine group. These effects were
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independent of mood disorders. [28]. Other SSRI studies examining the role of
fluoxetine have demonstrated small but significant effect sizes with respect to
migraine frequency while improving mood in these populations [29, 30].

A randomized, double-blind, crossover study examining venlafaxine versus ami-
triptyline in the preventative treatment of migraine demonstrated that both drugs
have benefits in pain parameters. Venlafaxine was more tolerable than amitriptyline
in this study, and fewer patients dropped out of the venlafaxine arm. The study was
limited by a small sample size (n = 52) [31].

Duloxetine is a selective serotonin-norepinephrine reuptake inhibitor that has
received considerable attention for its use in pain syndromes. One recent prospec-
tive study examined the role of duloxetine 60—-120 mg daily in the prevention of
episodic migraine in persons without depression. The study was limited by a small
sample size, but greater than 50% of participants receiving duloxetine (mean dose
110 mg daily) had a 50% or greater improvement in number of monthly headache
days [32]. An older 8-week open-label trial of duloxetine 60 mg daily for comorbid
major depressive disorder and chronic headache noted significant improvements in
both depression scores and headache frequency [33]. Duloxetine appears well toler-
ated across both studies.

In summary, there appears to be generally good but not uniformly agreeable data
for the use of antidepressant therapies in the prevention of migraine headaches as
well as mood management. Data appear more robust for lower-dose tricyclic com-
pounds and dual serotonin-norepinephrine reuptake inhibitors than for selective
serotonin reuptake inhibitors. Amitriptyline appears to be the compound most com-
monly prescribed for migraine prevention, although more recent data suggest a
growing role for venlafaxine and duloxetine as alternatives.

Placebo Effects

Placebo effects in headache treatment have demonstrated that patient expectations,
as well as provider proclamations and attitude regarding the treatment, can play a
role in pharmacological and behavioral treatment efficacy. In RCTs of acute head-
ache medication that had treatment and placebo groups, reported pain improve-
ments in placebo groups have been upward of 28% versus 58% in active treatment
[34]. Unfortunately, no studies have been conducted that assign patients to a wait-
list control as well as placebo and active treatment groups. For preventative pharma-
cotherapies, RCT meta-analyses show that 21% of those in placebo groups report a
>50% reduction in number of headache days, in comparison to 41% in active treat-
ment. Few RCTs of behavioral therapies have been conducted, and many studies are
confounded by selection bias as well as facilitator variability. This makes replica-
tion of some interventions difficult, especially since level of engagement in thera-
peutic providers as well as patients can affect treatment gains and placebo effects.
However, the research that has been done has shown that participants who under-
went true biofeedback reported better symptom improvement than those who
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participated in sham behavioral therapies. This has also shown to be true with relax-
ation training and cognitive-behavioral interventions.

Conclusion

Psychological and psychiatric treatment can be integral aspects of comprehensive
head and facial pain management. Behavioral interventions can help equip patients
with self-regulatory skills necessary to manage mood, pain exacerbations, physio-
logical stress, activity levels, and social engagement. This can help to enhance a
sense of control over symptom management and contribute to a higher quality of
life. Psychotropic medications can be used in concert with behavioral strategies in
order to help with headache prevention as well as mood dysregulation.
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Chapter 16
Acupuncture in the Management of
Head and Neck Pain: An Introduction

Check for
updates

Anthony F. Jahn

Introduction

The treatment of medical disorders with the insertion of needles into various parts
of the body originated thousands of years ago. The earliest acupuncture needles,
small shards of stone, date to Neolithic times (8000-3500 BC). An ice age mummy
discovered in Southern Tyrol in 1988, and estimated to have lived around 3200 BC,
was found to bear numerous tattoo scars, many corresponding to known acupunc-
ture points [1] . By contrast, the earliest Western medical document, the Edwin
Smith Papyrus from Egypt, dates to 1600 BC, and the works attributed to Hippocrates
were written even more recently, around 470-360 BC.

Given the current emphasis on evidence-based medicine, it is interesting to consider
that acupuncture may well be the oldest outcome-based therapeutic modality. Based on
thousands of years of careful observation and detailed documentation, acupuncture
began at a time when scientific methods and instruments, and the resultant body of
knowledge pertaining to human anatomy, physiology, and pathology, did not exist.

Although practically based, acupuncture later became incorporated into a theoretical
construct, which helped not only to organize and explain clinical findings but also to
direct therapy and predict results. These features are of course the features of any useful
medical hypothesis. Hypotheses are the grasping tools of knowledge, and their value
derives from the ability to explain, organize, and predict clinical effects. In the case of
acupuncture, the theoretical framework was that of Taoism, a philosophy originating
around the fourth or third century BC with the Chinese sage Lao-Tze. While Taoist
concepts continue to organize and even guide Traditional Chinese Medicine (TCM), it
is important to realize that the practice of acupuncture preceded Taoism by centuries.
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With the application of Western scientific methods, acupuncture continues to
develop—new points are identified, clinical effects are validated, and new effects of
established points are established. Acupuncture today is a vital and contemporary treat-
ment modality which is increasingly becoming a part of Western medical therapy.

Basic Concepts of Chinese Medicine

The Chinese and Western approaches to health and disease are fundamentally dif-
ferent. Chinese medicine rejects the mind/body dualism of Western medicine and
considers seeming opposites, such as structure and function, as both manifestations
of the same energy. This concept, of Yin and Yang, pairs apparently contrasting
phenomena and unifies them through the ceaseless flow of energy, one seamlessly
becoming the other. Yin and Yang are not absolute designations, but relative and
interdefining, referring more to their comparative nature and behavior than absolute
physical characteristics. As an example, the ventral surface of the body is consid-
ered Yin when compared to the back (dorsal being Yang and ventral Yin) but Yang
when compared to the abdominal contents (superficial is Yang and internal is Yin).
Also, since phenomena are in a constant state of transition, they typically contain
elements of both Yin and Yang, as illustrated by the familiar Tao symbol (Fig. 16.1).
This applies not only of the human body but also to the physical world around us.
So, while noontime is considered Yang and midnight as Yin, dawn is “Yang in Yin”
(day entering night), while dusk is “Yin in Yang” (night entering day).

A ceaseless flow of energy, called gi (chee), animates every aspect of life regard-
less of its momentary manifestation and exists as a continuous process of transfor-
mation between apparent opposites such as structure and function. Health is the
result of this constant and unimpeded flow of energy.

While Western medicine is historically based on structure (anatomy), in Chinese
medicine, the organs of the body are defined primarily in terms of their function. For
example, the Chinese concept of the functional “kidney” is not just an excretory
organ but also includes the adrenal and reproductive glands and is therefore consid-
ered a storehouse of energy. Chinese medicine recognizes that while structure (Yin)
gives rise to function (Yang), function also determines structure and emphasizes the
incessant process of energy interchange between these two states. The only thing
constant, in fact, is change.

Further, Chinese medicine considers that health results not only from an unim-
peded and healthy flow of energy within the body but also within the larger context
of our natural environment, including the weather, the seasons, and our diet.
Environmental influences, such as cold, damp, or wind, are often identified as
pathogenic factors with a potential to “invade” the body, and the body’s defenses
against such “external ills” need to be shored up and maintained. Internal noxious
factors are also identified and then rectified by adjusting the flow of energy. Chinese
diagnosis typically does not end with a specific disease but is couched in terms of
the noxious agent (external and internal) and the body’s response patterns. For
example, vertigo may be found to be due to insufficient kidney energy or excessive
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Fig. 16.1 The traditional
symbol of Tao, illustrating
the interrelationship of
opposites, Yin (white) and
Yang (black). The symbol
conveys the constant
movement of energy and the
gradual and ceaseless
transition of apparent
opposites, whether light and
dark, hot and cold, or
structure and function. The
small circular inserts suggest
that even in complete Yin
there is always some Yang
and vice versa

liver “wind,” depending on other clinical manifestations. It is of interest in this
regard to note the gradual redefinition of our Western concepts of pathogenesis,
which is no longer focused just on a pathogenic microbe but also considers the
body’s immune response and reserves, as well as its resident microbiome.

Disease then is the result of unbalanced energy flow in the body, a flow that is
either deficient, excessive, or impeded. The purpose of acupuncture (and other
modalities of traditional Chinese medicine) is to optimize this flow of energy and to
allow the body to heal itself by optimizing the flow of qi energy. This is achieved by
increasing deficient flow and decreasing excessive flow, as well as by opening up
blocked energy pathways in the body.

At the risk of oversimplifying, we might sum up the difference between Chinese and
Western thinking by saying that Western medicine considers health to be the absence of
disease, while Chinese medicine considers disease to be the absence of health.

Meridians

Qi energy circulates through the body along specific pathways, called meridians.
Meridians form a three-dimensional network which connects the entire body, both
the surface and the organs, and they also interconnect with one another. The main
meridians are named after the internal organ where they terminate. The needling of
discrete acupoints along the meridians has been found to be effective for treatment
of disorders which are often distant from the area of needle insertion. For example,
inserting a needle into the hypothenar eminence of the hand (Small Intestine 3) can
effectively relieve a neck spasm, since the lateral neck is in the territory of the small
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intestine meridian. Similarly, a needle in the thenar eminence (Lung 10) can mark-
edly reduce pain from pharyngitis or tonsillitis.

In the context of this book, it should be pointed out that many meridians travers-
ing the body extend to the head and neck, accounting for the observation that distal
stimulation of the limbs or torso can bring about therapeutic effects in the head,
neck, and face (Fig. 16.2). Further, not only are distant points effective, but they are
often more potent in the treatment than local stimulation, suggesting that, by recruit-
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Fig. 16.2 Lateral view of the head and neck, showing the pathways of meridians traversing this
area. Note particularly that the gallbladder (GB) and urinary bladder (BL) meridians cover specific
areas, accounting for their effectiveness in the treatment of headaches (Reprinted, with permission,
from Ellis, A., Wiseman, N., and Boss, K: Fundamentals of Chinese Acupuncture. Revised Edition,
1991. Paradigm Publications)



16 Acupuncture in the Management of Head and Neck Pain: An Introduction 203

ing and marshalling gi from more distant areas, a greater amount of energy flow
might arrive at the treated area.

It appears most likely that acupuncture involves bioelectricity. It is known that
the skin layer is an electric dipole, exhibiting a potential difference between its sur-
face and deep layer. It has also been shown that at least some active acupoints show
decreased electrical resistance. These sharply demarcated loci, measuring 1-2 mm
in diameter, demonstrate resistances as low as 10 kilo-ohms, compared to 3 mega-
ohms in the surrounding skin [2]. Piercing the skin in effect shorts this “battery” and
creates a localized flow of electricity, known as a “current of injury.” The current of
injury has been implicated in healing and may be the triggering electrical event in
acupuncture treatment. The intensity of this effect can be increased by the use of
electric current applied through the acupuncture needle. By increasing the duration
and intensity of electric stimulation over time, remarkable degrees of analgesia can
be attained.

Despite several interesting and suggestive studies, the structural correlates of
acupoints and especially of meridians are not clear. Some acupoints correspond to
areas where neurovascular bundles penetrate the deep fascia. Others have shown
decreased electrical resistance at point of insertion into the skin. Some dye studies
have identified meridians, but a comprehensive explanation for meridians and acu-
points is still lacking.

One intriguing proposal, by Dr. Daniel Keown [2], is that the collagen in connec-
tive tissue might be the common pathway by which acupuncture impulses propa-
gate. Collagen is ubiquitous in the body and is found not only in the fascia, vessels,
tendons, and bones but also in the internal framework and parenchymatous capsules
of organs (e.g., pericardium, Glisson’s capsule, Gerota’s fascia) as well as in struc-
tures as diverse as the dura and the sclera. Collagen is electroconductive and also
has piezoelectric properties [2], a phenomenon which has been extensively studied
for its role in bone healing. Deformation of collagen, either from pathology or from
needle insertion, can alter the local electric field, modifying cellular resonance, with
distant consequences. Keown suggests that “the connective fabric of our body, the
tissue that wraps and joins our entire body, is in effect an interconnected, living
electrical web.”

But narrowly focusing on specific structural pathways overlooks the constant
and complex extra-neuronal electric activity which occurs within and around every
cell of the body. It has been suggested [3] that every cell undergoes, on average,
100,000 chemical reactions per second, many involving exchange of ions and the
generation of micro-electric currents. In fact, electric flow on the ionic level is how
cells communicate, grow, differentiate, and organize. In the central nervous system,
complex and synchronized activities such as pattern recognition occur faster and
over larger areas of the brain than neuronal-synaptic transmission would permit and
have been attributed not to the generation of electrical impulses but rather modula-
tion of a constant baseline bioelectric activity.

The apparent absence of anatomically identifiable meridians is puzzling, but it
should not lead to skepticism. Our inability to satisfactorily explain clinically
observed phenomena does not negate their reality and may reflect nothing more
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than current methodological limitations. In the case of acupuncture, our state of
uncertainty may be due in part to our inability to measure and experimentally model
bioelectric activity on the molecular and cellular level and should not prevent the
acceptance of the effectiveness of acupuncture therapy. A large and growing Western
literature suggests that acupuncture is effective and should be integrated into our
management of patients.

Acupuncture Analgesia

The nature of acupuncture analgesia (AA) is an area of extensive basic and clinical
research. The interested reader is referred to a more detailed overview by Dr. Bruce
Pomeranz, whose work has been synopsized for this section [4]. Pomeranz has
found that the stimulation of small diameter nerves in muscles sends impulses to the
spinal cord, and then three centers (spinal cord, midbrain, and pituitary) are acti-
vated to release endorphins and monoamines, which block pain messages.

An injury to the skin activates the sensory receptors of small afferent nerve fibers
in underlying muscle. Depending on the type of neuron, the sensory fibers synapse
either onto the spinothalamic tract in the spinal cord or directly onto the thalamus.
From the thalamus, the impulse is carried to the primary somatosensory cortex. If
there is no muscle at the site of needle insertion, an alternative pathway of afferent
impulse propagation is proposed, involving a synapse onto the anterolateral tract of
the spinal cord, which projects onto the spinal cord, the midbrain, and the pituitary-
hypothalamic complex. The anterolateral tract of the spinal cord contains endor-
phinogenic cells, which release either enkephalin or dymorphin. These spinal cord
endorphins block the proximal transmission of nerve signals for pain. Serotonin and
norepinephrine, released by the midbrain, are also possibly implicated in the mech-
anism of AA, since the experimental ablation of this area blocks the analgesic
effects of acupuncture.

Projections of peripheral nerve signals directly onto the hypothalamus-pituitary
complex trigger the release of beta-endorphin into the blood and the CSF. It is of
interest in this regard that naloxone, a morphine antagonist, will block analgesia
induced by acupuncture, but will not block analgesia or hypalgesia induced by
hypnosis [5]. Acupuncture non-responders, Pomeranz suggests, may be genetically
deficient in opiate receptors.

The release of beta-endorphin from the pituitary is accompanied by an equimolar
release of ACTH, triggering the release of adrenal corticosteroids, which can be
measured peripherally as elevations in serum cortisol. This dual release may account
for the combined analgesic and anti-inflammatory effect of acupuncture on condi-
tions such as arthritis. Sham acupuncture (the stimulation of random, non-active
skin points) appears to have no effect on serum cortisol. It is of interest that in ear
acupuncture the main analgesia point (thalamus point) and the ACTH- releasing
point have been found to be immediately adjacent to each other, in the floor of the
concha, a clinical finding that seems to be explained by the experimental work cited
above.
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Chinese Diagnosis

Chinese diagnosis does not look for specific illnesses but rather syndromic patterns
which identify pathogenic influences and reflect either excessive or insufficient
energy flow along certain meridians. Since the meridians are named after the inter-
nal organs where they terminate, diagnoses such as “spleen deficiency” or “exces-
sive liver heat” may be made. Different phases of a disease may be dominated by
different noxious influences. For example, herpes zoster is associated with the liver
and gallbladder meridians. The acute phase of herpes zoster is interpreted as wind-
heat, the appearance of purulent vesicles as damp-heat, while postherpetic neuralgia
is considered to be due to residual heat with wind [6].

The utility of such diagnoses is that they implicate not only the organ but also
suggest the treatment. Excessive heat (or wind) in the liver, one cause of headache,
might be treated either by reducing the energy flow in that channel or by reinforcing
the flow of inhibiting energy from another meridian (in this case, lung), which con-
trols the liver. The pattern of reinforcing and inhibiting influences among the merid-
ians is known as Five Element theory and is beyond the scope of this chapter.

Clinical evaluation involves the usual Western paradigm of detailed history, fol-
lowed by physical examination. In addition, the TCM physician also examines the
tongue and palpates the radial pulse. The appearance of the tongue, its color, state
of hydration, and surface, points to specific syndromes. For example, the presence
of dentate impressions along the tongue margin suggests “deficiency in the spleen.”
Pulse diagnosis is more complex and involves palpating the left and right radial
pulse separately, using three fingers laid along each pulse. The palpating fingers
then compress the radial artery at three levels, superficially, at the midpoint, and
then deeply, compressing the artery against the radius. The strength and quality of
the pulse at each measurement is noted and again points to specific syndromic defi-
ciencies and excesses.

For those practitioners who don’t have the training or experience to make a
Chinese diagnosis, acupuncture can still be used in a more limited but effective
fashion. Even a simple understanding of the meridians, along with learning the spe-
cific effect of stimulating different acupoints, can lead to positive results in the treat-
ment of many conditions, including pain.

Pain Syndromes and Their Treatment

While the optimal use of acupuncture requires years of study, Western practitioners
with even limited knowledge can make use of this modality to augment conven-
tional pain management methods. Once the appropriate points are identified, they
can also be stimulated with local pressure (acupressure), transcutaneous electric
nerve stimulation (TENS), and conventional acupuncture or by applying electric
current to the inserted needle (electroacupuncture), to produce increasing levels of
analgesia.
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For head and neck pain, one universally applicable point is Hegu (Large Intestine
4), with the needle inserted into the first interosseous muscle of the hand, between
the first and second metacarpal. Stimulation of this point has an analgesic effect on
most kinds of head and neck pain, from headache to dental pain. Another generally
effective pain point is Neiting (Stomach 44), located between the second and third
metatarsal of the foot.

A general principle of acupuncture treatment is to needle points on the meridian
which supplies the area of pain. While inserting needles at the site of the pain is
helpful, the use of distant points appears to be more effective, so a knowledge of the
location and distribution of meridians is important. Additional benefit can be derived
by needling meridians and points that have a secondary effect on the affected merid-
ians, as well as points that have generally tonifying or sedating effects.

Since pain is usually attributed to a blockage of energy flow along specific merid-
ians, the treatment of headache often involves opening and energizing the channels
which connect to specific areas of the head. For example, headache at the base of the
head and above the eyebrows (Shao-Yang type) corresponds to the territory of the
gallbladder meridian and is treated by needling points along this meridian, which is
located along the lateral side of the body, beginning at the outer canthus of the eye
and ending between the fourth and fifth toe. Temporal headache (Yang-Ming type)
is in the territory of the stomach meridian, which begins above the infraorbital fora-
men and runs down along the ventral surface of the body to terminate between the
second and third metatarsal of the foot. The long path of this meridian explains why
needling the foot at this point (Stomach 44) can relieve headache and toothache.
Similarly, headache in the territory of other meridians can be treated by needling
distant points on that meridian, on the torso, or on the extremities.

Acupuncture has been especially successful for musculoskeletal pain in the head
and neck area, such as temporomandibular dysfunction and neck pain due to cervi-
cal spine disease. It is also useful for pain related to infections, dental analgesia, as
well as cancer pain. It has also been applied in the management of postoperative
pain, as well as neuropathic pain, such as trigeminal neuralgia and postherpetic
neuralgia. Specific discussion of these and other pain syndromes is available in the
literature but beyond the scope of this introductory chapter.

Microsystem Acupuncture

Conventional acupuncture treats points all over the surface of the body. Additionally,
it has been determined that points representing the entire body can be found in just
one area, such as the hand, the foot, the ear, the scalp, or even the nose, and that
needling points just in the one specific area can have a beneficial effect over the
entire body. For Western physicians already struggling to make sense of how acu-
puncture works, this concept seems to defy all conventional explanation.

The most widely used microsystem involves the ear. The auricle has active points
that correspond to every part of the body, and auricular acupuncture has been suc-
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cessfully used to treat not only pain but also other somatic disorders, as well as
psychologic problems. The distinguishing advantages of auricular acupuncture for
the Western physician are several. First, active points (usually demonstrating
increased tenderness) develop, which are diagnostic, in that they signal which part
of the body is dysfunctional. Second, there is no need to make a syndromic diagno-
sis. Third, the improvement occurs within minutes and may not require repeated
treatments for a cumulative effect. Finally, auricular acupuncture is relatively easy
to learn and can be easily incorporated into an office visit, with the patient fully
dressed and sitting.

Placebo Effect in Acupuncture

Placebo is a significant component of any form of therapy and can be triggered by
factors as innocuous as a white coat. It is more significant when the treatment is
unpleasant (such as a bitter red-colored sugar pill or an injection) and may account
for up to 50% of perceived improvement. Since acupuncture constitutes a noxious
stimulus, there is a significant placebo benefit associated with needling [7]. The
placebo effect has made it difficult to isolate the actual benefit of acupuncture; how-
ever studies comparing active acupuncture points with other acupoints not active for
that condition or even random skin points which are not located on any meridian
(sham points) suggest that there is a definite benefit to acupuncture beyond placebo
[8]. Furthermore, the subjective nature of perceived pain reduction has made quan-
tification of benefits difficult. This may account for the fact that many Western stud-
ies on the acupuncture treatment of pain have been inconclusive.

Incorporating Acupuncture into Pain Management

The purpose of this chapter has been to introduce physicians to some of the basic
concepts of acupuncture therapy. It is necessarily limited: the mastery of acupunc-
ture, like the mastery of Western medicine, is a complex and lifelong journey.
Hopefully, the reader will come away with enough information to consider adding
acupuncture to the current armamentarium of pain management for head and neck
disorders. It is suggested that acupuncture, like other non-conventional treatment
modalities, should be considered not as alternative but as complementary. Unlike
pharmaceuticals, acupuncture is inexpensive, often effective, and has no significant
side effects, such as habituation. Including an experienced acupuncturist in the man-
agement of difficult pain syndromes will bring a more comprehensive approach to
these conditions which may enhance the ultimate outcome.
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Chapter 17
Gamma Knife Radiosurgery
for Trigeminal Neuralgia

José A. Pefiagaricano

Introduction

The treatment of medically refractory trigeminal neuralgia with radiosurgery tech-
nique was reported by Leksell in 1971 [1]. Multiple publications, some with hun-
dreds of patients, have reported on the efficacy of radiosurgery in medically
refractory cases of trigeminal neuralgia. The main advantages of radiosurgery over
other invasive procedures are minimal invasiveness and low risk of complications.
At our center, frame-based gamma knife radiosurgery uses a single 4mm shot to
target the trigeminal nerve at the root entry zone, shaping the field to minimize
radiation dose to the brainstem (Fig. 17.1). Although today the standard prescribed
dose is between 80 and 90 Gy, there is variability across the literature. Similarly,
there is some variation in the placement of the isocenter. The goal of the radiosur-
geon is to find a balance between the success of the procedure and the risk of the
patient in developing toxicity.

Gamma Khnife Radiosurgery for Medically Refractory
Trigeminal Neuralgia

Probability of significant pain relief results is presented on Table 17.1.
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Fig. 17.1 T1 Axial (a), T1 sagittal (b), T1 coronal (c¢) and T2 axial (d) magnetic resonance imag-
ing showing the radiosurgery target at the right trigeminal nerve in a patient with typical trigeminal
neuralgia prescribed 80Gy. The red circle represents the 16Gy isodose line. Notice how this line is
shaped to minimize brainstem volume. This was done by selective blocking of the radiation beam.
The green line represents the 75Gy line. Note the relation of this line with the trigeminal nerve.
The 80Gy line is not visible as it is a point within a voxel.
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Table 17.1 Probability of significant pain relief in patients treated for medical refractory
trigeminal neuralgia with Gamma Knife radiosurgery

Number of | Probability of Most common
Institution patients significant pain relief prescribed dose
University of Pittsburgh [2] 503 73%, 65%, 41%, 26%* | 80 Gy
University of Arkansas for 44 78%, 50%, 33%" 80 Gy
Medical Sciences [4]
Ruber International Hospital [5] | 117 85%, 81%, 716%° 90 Gy
Cleveland Clinic/Mid-Michigan | 870 79%, 82%, 92%:" 290 Gy but <95 Gy
Hospital [6]

“Probability of significant pain relief at 1, 2, 5, and 10 years, respectively

“Initial, 2-, and 5-year rates of pain-free outcome, respectively

°BNI Class I rate at 3, 5, and 7 years, respectively

d4-year rate of excellent or good pain response for patients treated to <82 Gy, 83-86 Gy, and
>90 Gy, respectively

University of Pittsburgh Series [2]

The University of Pittsburgh reported the results on 503 patients with idiopathic
trigeminal neuralgia treated with Gamma Knife radiosurgery. A total of 644 radio-
surgery procedures were performed. Of these 503 patients, 89 were additional
radiosurgery procedures. A single 4-mm isocenter was used in 99% of the patients
and two 4-mm isocenters were used in 1% of the patients. The position of a single
isocenter was 3—8 mm anterior from the junction of the trigeminal nerve and pons.
When two isocenters were used, these were placed to create an oval dose distribu-
tion in which a longer nerve segment extending more anteriorly was irradiated. The
most common dose of radiosurgery was 80 Gy (88.1% of patients) with a range of
60-90 Gy. Forty-two did not have any follow-up data and were excluded from the
analysis. All patients had long-standing pain refractory to medical management to a
variety of medications. Twenty-nine percent of patients required additional surgical
procedures for better pain control. Additional procedures included repeat radiosur-
gery, glycerol rhizotomy, microvascular decompression, and balloon micro-
compression. Pain was measured using the BNI (Barrow Neurological Institute, see
Table 17.2) pain intensity score.

Eighty-nine percent of patients responded (BNI score I-IIIb) to radiosurgery
after a median latency period of 1 month. Eleven percent of patients had poor pain
relief (BNI score IV or V). Forty percent of patients achieved a complete initial pain
relief (BNI score I). Factors associated with initial complete pain relief (BNI score
I), significant pain relief (BNI scores I-IIla), and adequate pain relief (BNI scores
[-IIIb) were trigeminal neuralgia without additional symptoms (Type 1 trigeminal
neuralgia defined as more than 50% episodic pain).

The probability of maintaining significant pain relief was achieved in 73% of
patients at 1 year, 65% at 2 years, 41% at 5 years, and 26% at 10 years. The proba-
bility of maintaining adequate pain relief was 80% at 1 year, 71% at 2 years, 46% at
5 years, and 30% at 10 years. Pain recurred in 193 patients. The median time to
recurrence was 48 months. No patient experienced an early complication from



212 J. A. Pefagaricano

Table 17.2 Barrow Class I
Neurological Institute
pain score [3]

No pain, no medication

Class II Occasional pain, no medication

Class IIIa | No pain, medication

Class IIIb | Pain, medication controlled

Class IV Pain, not well controlled
Class V No pain relief

radiosurgery. Ten percent developed increased facial sensory dysfunction which
occurred during the first 2 years after radiosurgery. The 1-, 3-, and 5-year rates for
maintenance of sensation in patients who noted sensory dysfunction were 96, 82,
and 78%, respectively.

University of Arkansas Series [4]

The University of Arkansas reported the results of 44 patients with typical trigemi-
nal neuralgia treated with Gamma Khnife radiosurgery. This group was compared to
36 patients treated for the same condition but with microvascular decompression.
This was not a randomized study. For patients who were young and healthy, micro-
vascular decompression was recommended and proceeded to radiosurgery if patient
refused microvascular decompression. For those patients who were older, had sig-
nificant comorbidities, or refused microvascular decompression, radiosurgery was
performed. Radiosurgery dose prescription was 80 Gy for 42 patients and 90 Gy in
2 patients. A single 4-mm isocenter was used for all patients. The isocenter was
placed 2—4 mm anterior to the junction of the trigeminal nerve and the pons. Of the
total number of patients, only 15 of 80 patients had atypical features. Both patient
cohorts were comparable in terms of sex, laterality of involved nerve, and race.
However, the cohorts differed in terms of age, duration of symptoms, and incidence
of medical comorbidities. Patients self-rated their postoperative pain relief on a
10-point visual analog scale (0 being completely pain-free and 10 being no change
from preoperative pain level and frequency of pain).

All patients that had microvascular decompression were initially pain-free. By
the time of last follow-up, 80.6% of the microvascular decompression group of
patients remained pain-free. There were seven recurrences in the microvascular
decompression group. These developed between 3 and 36 months after the proce-
dure. Initial, 2-, and 5-year actuarial rates of pain-free outcome were 100, 88, and
80% for microvascular decompression. In the radiosurgery group, 77.3% of patients
were pain-free at a median of 4 weeks after radiosurgery. By the last follow-up,
46.6% of patients remained pain-free without medication. There were 14 recur-
rences between 3 and 4.42 years after an initial pain-free outcome. The initial, 2-,
and 5-year rates of pain-free outcome were 78, 50, and 33%, respectively. There
was no death or major morbidity in the microvascular decompression cohort. There
were no cases of facial weakness, permanent severe facial numbness, or anesthesia



17  Gamma Knife Radiosurgery for Trigeminal Neuralgia 213

dolorosa. Two patients suffered permanent mild paresthesias or numbness. In the
radiosurgery cohort, there was no death, major morbidity, trigeminal motor weak-
ness, or anesthesia dolorosa. Three patients experienced permanent new mild pares-
thesias or numbness. One patient developed severe permanent sensory numbness.

Ruber International Hospital Series [5]

The Ruber International Hospital series reported the results on 117 patients with
trigeminal neuralgia treated with Gamma Knife radiosurgery. Minimum follow-up
was 2 years. Radiosurgery was the first procedure for 103 patients and a second
procedure for 14 patients. Sixty-one percent of patients received 90 Gy, 31% of
patients received 80 Gy, and 8% of patients received 85 Gy. A single 4-mm collima-
tor isocenter, located in the anterior portion of the cisternal segment of the trigemi-
nal nerve, was used for all patients. The BNI pain score was used for pain
classification (see Table 17.2). Mean follow-up was 66 months (range,
24-170 months). At the end of the study, clinical response to radiosurgery was clas-
sified as BNI Class I in 52% of patients, Class II in 6% of patients, Class IIla—IIIb
in 13% of patients, and Class IV in 29% of patients. Mean time to pain relief was
3.4 months (range, 027 months). There was no statistically significant relationship
with patient’s sex or age, pain laterality or distribution, previous facial numbness, or
elapsed time from onset of pain to radiosurgery. Recurrence was defined as a change
from response Class I or II to a lower class. BNI Class I rate was 85% at 3 years,
81% at 5 years, and 76% at 7 years. Complete response rates (BNI Class I and II)
were 91% at 3 years, 86% at 5 years, and 82% at 7 years. Significant association was
seen between good response and patients without any previous radiosurgery and
with good initial response to medication and between facial altered sensation and
patients previously treated by surgery.

Toxicity was limited to facial altered sensation in the territory of the treated
nerve. De novo or worsened facial numbness was seen in 38 patients. Facial altered
sensation occurred in a mean time of 14 months with 85% manifesting in the first
2 years.

The Combined Cleveland Clinic and Mid-Michigan Medical
Center Hospital Series [6]

The combined Cleveland Clinic and Mid-Michigan Medical Center series reported
the results on 870 patients with trigeminal neuralgia treated with Gamma Knife
radiosurgery. For treatment a single 4-mm isocenter was placed at the dorsal root
entry zone of the trigeminal nerve. The prescribed dose varied from 70 to 95 Gy. For
patients treated before the year 2000, the prescribe dose was recalculated (from 75
to 82 Gy) using a collimator-corrected output factor. Outcome measures were
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Table 17.3 Barrow Class I
Neurological Institute
numbness score [3]

No numbness

Class IT Mild numbness, not bothersome

Class III Numbness, somewhat bothersome

Class IV | Numbness, very bothersome

limited to pain response and facial numbness. The BNI pain score (see Table 17.2)
was used to characterized pain response in one institution, and in the other institu-
tion, pain response was evaluated using an excellent (pain-free and off medication),
good (rare pain or pain-free on medication not causing side effects), fair (persistent
pain but less severe than before treatment), and poor (no significant response to
therapy) scoring system. For scoring facial numbness, both institutions used the BNI
facial numbness scale (see Table 17.3). For analysis, patients were divided into three
dose groups: <82 Gy (40% of patients), 83—-86 Gy (10% of patients), and >90 Gy
(50% of patients). Ninety-five percent of patients had typical trigeminal neuralgia,
and 9% of patients had a diagnosis of multiple sclerosis. In total, 69 patients did not
have a pain response recorded at follow-up and were omitted from the study.

The 4-year rate of excellent to good pain relief across all patients was 86.7%. The
4-year rate of excellent or good pain response as a function of dose was 79%, 8§1.6%,
and 92% in patients treated to <82 Gy, 83—86 Gy, and >90 Gy, respectively. This was
statistically significant. Patients treated to doses >90 Gy had statistically significant
longer times to pain failure as compared to patients treated to doses <82 Gy. The
dose prescribed, age at time of radiosurgery, and a history of prior procedure were
predictors of pain failure after radiosurgery. Patients treated to lower doses (<82 Gy)
were at a statistically significant higher risk of having pain recurrence compared with
patients treated to >90 Gy. Additionally, patients who had a prior surgical procedure
were at higher risk for pain failure after radiosurgery. At last follow-up, 62% of
patients reported excellent and 19% of patients reported good pain control.

The 5-year rate of freedom from BNI Class III or Class IV facial numbness was
58.4%. The 4-year rates of freedom from BNI Class III/IV numbness were similar
among patients treated to 83—-86 Gy (50.7%) and >90 Gy (59.7%) and were signifi-
cantly lower than the 4-year rate for patients treated to <82 Gy (74.9%). One percent
of patients were diagnosed with anesthesia dolorosa, all of whom were treated to
doses <86 Gy.

Isocenter Placement

There is variation in the literature regarding placement of the isocenter for trigeminal
neuralgia. No clear consensus could be found in the literature regarding whether an
anterior [7-9], middle [10], or posterior [11-13] placement is preferred. The pain-
free rates appear to be similar regardless isocenter placement. However, there is one
report comparing anterior vs. posterior placement of the isocenter. This showed that
posterior placement of the isocenter provides better short-term pain control [14].
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Dose Prescription

The standard dose of radiosurgery for trigeminal neuralgia with Gamma Knife is
in the range of 80-90 Gy. This dose is prescribed to the 100% isodose line
[15-17].

Repeat Gamma Knife Radiosurgery for Recurrent
Trigeminal Neuralgia

University of Pittsburgh Series [18]

The University of Pittsburgh reported on 119 patients, with a median follow-up of
48 months, diagnosed with recurrent trigeminal neuralgia that received repeat
Gamma Knife radiosurgery. For treatment, a single 4-mm isocenter was used. The
target was placed anterior to the first procedure’s target so that the two radiosurgical
volumes overlapped by 50%. The median target dose was 70 Gy. The median cumu-
lative target dose was 145 Gy. BNI pain score of I to IIIb was considered as success-
ful treatment, whereas a score of IV or V was considered a treatment failure. Initial
pain response considered successful treatment was seen in 103 of 119 patients
(86%). Median time to initial response was 1.5 months. At last evaluation pain
response considered successful was seen in 57 of 108 patients (53%). Three percent
and 18% of patients developed new or increased facial sensory dysfunction that was
temporary or permanent, respectively.

Wake Forest University Series [19]

Wake Forest University reported on 37 patients, with a mean follow-up of 3.8 years,
who had undergone repeat Gamma Knife for trigeminal neuralgia. A 4-mm collima-
tor was used in all patients. The location of the isocenter was generally moved dis-
tally from the initial procedure’s isocenter. If the initial procedure’s isocenter was
placed distally, then the repeat procedure’s isocenter was placed closer to the brain-
stem to minimize overlap. The initial mean target dose was 87.3 Gy. The mean
repeat treatment dose was 84.4 Gy. Pain relief was categorized as excellent (com-
plete pain relief without medications), good (complete pain relief or minimal resid-
ual pain still requiring medication), fair (persistent pain with >50% pain relief with
or without medication), or poor (persistent pain with <50% pain relief regardless of
medication status). Overall 17 patients (46%) had excellent pain relief, 9 (24%) had
good pain relief, 5 (14%) had fair pain relief, and 6 (16%) had poor pain relief. The
mean interval to complete pain relief was 10.5 weeks. Of the 37 patients, 21 had
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some degree of trigeminal nerve dysfunction after repeat Gamma Knife. Of the 26
patients who had had no numbness before the second Gamma Knife procedure, 10
(38%) had developed numbness after the second Gamma Knife procedure. Of the
11 patients with pre-existing numbness before repeat Gamma Knife, 3 (27%) expe-
rienced worsening of this numbness after the second procedure. Fourteen of 21
patients (67%) who had experienced some degree of numbness had an excellent
outcome. In addition, 21 (100%) of 21 patients experiencing numbness had >50%
pain relief, and 9 (60%) of 15 patients experiencing no numbness had >50% pain
relief. None of 6 patients with poor outcomes had sensory disturbances after
GKRS. The incidence of numbness was 78% in patients who received >108.5 Gy to
the surface of the pons and 39% in patient who received <108.5 Gy. Cumulative
doses equal or higher than 84.3 Gy to the dorsal root entry zone carried a toxicity
rate of 72% vs. 44% if the cumulative dose was less than 84.3 Gy.

In a subsequent report [20], the institution reported on 152 patients with recurrent
trigeminal neuralgia after Gamma Khnife radiosurgery. Eighty-four percent of patients
achieved at least BNI score of IIIb, with 46% achieving BNI score of I. The 1-, 3-, and
5-year rates of BNI I pain relief were 63%, 50%, and 37%, respectively. The 1-, 3-, and
5-year rates of BNI IIIb or better pain relief were 74%, 59%, and 46%, respectively. Two
patients developed anesthesia dolorosa. The main predictive factors for pain relief were
facial numbness after and a positive pain response to the first Gamma Knife procedure.

Gamma Knife Radiosurgery in Multiple Sclerosis-Related
Trigeminal Neuralgia

The University of Pittsburgh [21] reported on 37 patients with multiple sclerosis-
related trigeminal neuralgia with a median follow-up time of 56.7 months. A single
4-mm isocenter targeting 2—8 mm anterior to the junction of the trigeminal nerve
and pons was used. Median prescribed dose was 80 Gy. The median time to achieve
complete pain relief (BNI score I) and reasonable pain control (BNI score I-I1Ib)
were 10 days and 7 days, respectively. Eventual complete pain relief and reasonable
pain relief were noted in 62.1% and 97.3% of patients. One patient had no improve-
ment. Reasonable pain control was maintained in 82.6%, 73.9%, and 54% of
patients after 1, 3, and 5 years. Recurrent pain occurred in 37.8% of patients. Two
patients described new unilateral facial sensory dysfunction after radiosurgery.
The Marseille [22] group reported on 43 patients with multiple sclerosis-
associated trigeminal neuralgia that were treated with Gamma Knife radiosurgery.
Median follow-up was 53.8 months. A single 4-mm collimator was used and posi-
tioned in the cisternal portion of the trigeminal nerve at a median distance of 8 mm
anterior to the entrance of the trigeminal nerve into the brainstem. Median pre-
scribed dose was 85 Gy. Pain was scored using three different scales: BNI (see
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Table 17.4 Burchiel classification of Class I Pain free. no medication

facial pain [23] Class IT Pain free, on medication
Class Illa Pain improved, no medication
Class IIIb Pain improved, on medication
Class IV Pain not improved

Table 17.5 Regis classification Class I No trigeminal pain, no medication

of facial pain [24] Class II No pain, with medication

Class 111 Pain frequency reduction >90%

Class IV Pain frequency, reduction 50-90%

Class V No pain reduction

Class VI Pain worsening

Table 17.2), Burchiel (see Table 17.4), and Regis (see Table 17.5). For hypoesthesia
evaluation, the BNI facial hypoesthesia classification was used. Thirty-nine patients
(90.7%) had initial pain cessation in a median time of 30 days. Their actuarial prob-
ability of remaining pain free without medication at 6 months and 1, 3, 5, and
10 years was 87.2, 71.8, 43.1, 38.3, and 20.5%, respectively, and remained stable
until 12 years. The hypoesthesia actuarial rate at 6 months, 1 year, and 2 years was
11.5, 11.5, and 16% and remained stable until 12 years.

Gamma Khnife Radiosurgery for Medically Refractory
Atypical Trigeminal Neuralgia

The University of Maryland and Boston University [25] reported their results in the
use of Gamma Knife radiosurgery in 35 patients with atypical trigeminal neuralgia.
A single 4-mm isocenter was placed adjacent to the region where the trigeminal
nerve exits the brainstem. The median prescription dose was 75 Gy. Pain outcome
was classified using the BNI pain score. Before treatment all patients classified their
pain as severe (BNI IV or V). With a median follow-up of 29 months, 72% reported
excellent/good outcomes (BNI I, 22%; BNI II, 6%; BNI III, 44%). The mean time
to pain relief was 5.8 weeks. The mean duration of pain relief was 62.4 weeks.
Eighty-eight percent of patients reported a decrease in the use of pain medication.
The 1-year, 2-year, and 3-year actuarial rates of freedom from pain were 53%, 39%,
and 39%, respectively. During the follow-up period, 39% of patients who initially
experienced pain relief reported a recurrence of their pain. There were no major
complications. Persistent facial numbness (BNI III-IV) was reported in 19% of
patients.
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Which Patients Should Receive Gamma Knife Radiosurgery
for Trigeminal Neuralgia?

Gamma Knife radiosurgery for medically refractory or multiple sclerosis-related
trigeminal neuralgia is considered first-line treatment along with microvascular
decompression and rhizotomy. However, before selecting candidates for Gamma
Knife, the treating radiosurgeon takes into consideration several patient factors
such as existing comorbidities, prior treatments, pain severity, and patient’s
choice. In general, for patients refusing non-radiosurgical treatments but are
candidates for microvascular decompression, Gamma Knife is an option with
the understanding that microvascular decompression has twice the rate of dura-
ble pain relief of Gamma Knife radiosurgery. That is, microvascular decompres-
sion is superior to Gamma Knife radiosurgery in achieving long-lasting pain
relief [26-28]. In addition, following microvascular decompression, most
patients have immediate pain relief, whereas for Gamma Knife, there is a latent
period of approximately 1 month [29, 3]. These considerations are important in
cases where the pain is so severe that the patient’s activities of daily living are
affected.

Frameless Radiosurgery for Trigeminal Neuralgia

Over the past 10 years, there has been several manuscripts published regarding fra-
meless radiosurgery for trigeminal neuralgia [30-35]. These studies have reported
results in a small number of patients as compared to the frame-based radiosurgery
literature presented above. In addition, the follow-up of these studies is relatively
short with median or average follow-up ranging between 15 and 37 months. One
study [36] investigated the accuracy of frameless stereotactic intracranial radiosur-
gery utilizing the BrainLab mask and Exac Trac table. Results showed an accuracy
of the positioning system of approximately 0.3 mm in each direction. The intra-
fraction motion was 0.35 + 0.21 mm with a maximum of 1.15 mm. The clinical
studies showed that frameless SRS is safe and effective in the management of tri-
geminal neuralgia.
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Chapter 18
Percutaneous Procedures for
Trigeminal Neuralgia

Michael D. Staudt, Maricruz Rivera, and Jonathan P. Miller

Introduction

Treatment of trigeminal neuralgia (TN) by percutaneous rhizotomy has long been
considered a safe and effective alternative to medical or open surgical management.
Although medical management with anticonvulsants remains the first-line treat-
ment for TN, symptoms are sometimes refractory, and side effects are often intoler-
able. Microvascular decompression (MVD) can provide excellent, long-term pain
relief in patients with neurovascular compression, although it may not be an option
in elderly patients or those with extensive comorbidities. As such, percutaneous
lesioning procedures, including radiofrequency rhizotomy (RR), glycerol rhizot-
omy (GR), and percutaneous balloon compression (PBC), are an attractive and
effective alternative with relatively low surgical risk.

In 1911, Hirtel described the treatment of TN using percutaneous injection of
ethanol through the foramen ovale, identified via simple anatomic landmarks [1].
However, technical limitations in the ability to produce lesions of precisely con-
trolled intensity limited the use of percutaneous techniques for the next several
decades. Operative management commonly consisted of open surgical decompres-
sion based on the belief that TN was related to compressive scar tissue within the
trigeminal ganglion or nerve fibers [2, 3]. Subsequently, it became clear that trauma
to the trigeminal nerve causing facial numbness correlated well with pain relief
[4-6]. For some time, middle fossa craniotomy was used to approach the trigeminal
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ganglion to produce a lesion. The development of techniques allowing precise
lesion creation led to a resurgence in the use of the less invasive percutaneous
approach.

The modern use of percutaneous techniques continues to adhere to the basic
principles and landmarks initially described by Hirtel. Each of these procedures
causes direct injury to the trigeminal ganglion and nerves. Radiofrequency rhizoly-
sis (RR), described by Wall and Sweet [7], refers to thermocoagulation of the tri-
geminal ganglion and nerve fibers. RR underwent a number of refinements to
maximize clinical efficacy while reducing the risk of inducing painful dysesthesias,
including temperature monitoring, short-acting anesthetics to allow patient feed-
back, and the development of fine electrodes for highly selective lesion creation [8,
9]. The discovery of glycerol rhizotomy (GR) was serendipitous: injection of radi-
opaque tantalum powder suspended in glycerol to localize the trigeminal ganglion
for radiosurgical targeting was found to lead to pain relief [10], and the modern
usage of this technique has changed little since its discovery [11-13]. Percutaneous
balloon compression (PBC) was developed as a percutaneous modification of the
middle fossa approach based on the observation that facial pain responded better to
compression of the nerve [6, 14]. Subsequent preclinical studies demonstrated that
PBC preferentially damages large myelinated pain fibers while sparing small unmy-
elinated fibers [13, 15], corresponding to the sensory trigger of TN [16].

Percutaneous lesioning techniques treat the symptoms of TN by injuring the tri-
geminal nerve, producing hypesthesia within the affected distribution. Pain recur-
rence rates are relatively high as the nerve recovers over time, although repeat
procedures are effective [17, 18]. The minimally invasive nature and relative ease of
use has encouraged widespread adoption and can confer excellent clinical efficacy
in appropriately chosen patients. The aim of this chapter is to describe patient selec-
tion and surgical technique of percutaneous procedures, with a review of clinical
efficacy and outcomes.

Patient Selection

Careful consideration of clinical characteristics of facial pain is essential in order to
choose the appropriate intervention. TN is a heterogeneous pain disorder with a
variety of clinical manifestations and potential etiologies [19]. The most important
consideration when considering surgical approach is the preponderance of intermit-
tent lancinating pain (Type 1 TN) as opposed to constant pain (Type 2 TN); other
features of TN include identifiable triggers, memorable onset of pain, pain-free
intervals, and good response to antiepileptics, particularly carbamazepine [20]. TN
may also be caused by nerve injury, trauma, or multiple sclerosis [19]. The first-line
treatment involves the use of antiepileptic medications. An MRI is commonly
obtained during the diagnostic work-up to rule out other etiologies and identify
vascular compression at the root entry zone [21, 22]. If neurovascular compression
is identified, microvascular decompression (MVD) leads to more durable pain
relief without sensory loss, although it is considerably more invasive [23].
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The choice of a percutaneous procedure is appropriate for patients who have
failed medical management or developed intolerable side effects and who are not
considered candidates for MVD due to elevated surgical risk or personal preference.
Percutaneous treatments can also be effective in patients with recurrent TN symp-
toms despite previous MVD. Patients with symptoms suggestive of trigeminal neu-
ropathic pain or deafferentation are not considered candidates for percutaneous
techniques, since lesioning procedures may exacerbate symptoms by causing addi-
tional damage to the nerve.

Symptomatic TN develops in 1-2% of patients with multiple sclerosis and
responds to percutaneous rhizotomy [24, 25], although outcome is suboptimal com-
pared with patients with idiopathic TN, with a higher recurrence rate and worse side
effect profile [24, 26, 27]. RR has somewhat better outcome compared with GR and
PBC in this population [28, 29]. Retrospective studies of percutaneous treatment of
TN secondary to multiple sclerosis or herpes are significantly limited due to small
sample sizes [24, 26-30]. Patients with symptomatic TN also acquire less benefit
from MVD compared with idiopathic TN [31, 32].

The three percutaneous techniques differ in the ability to target individual tri-
geminal nerve distributions. In general, RR is the most selective, as the ability to
perform awake mapping using stimulation allows for selective localization of the
lesion to the painful area. RR for the treatment of V1 distribution pain is rarely per-
formed because of the elevated risk of corneal anesthesia. GR can be used to treat
pain in only V3, in both V3 and V2, or in all three distributions by injecting a precise
volume of glycerol; special techniques can allow for treatment of isolated V1 distri-
bution pain. PBC is less selective but rarely produces corneal anesthesia due to
preferential compression of large diameter fibers [15].

Perioperative Preparation

Anatomic Considerations

An understanding of the anatomic relationship of the foramen ovale to its surrounding
structures is essential to ensure clinical efficacy and safety. Access to the foramen
ovale is based on the anatomic landmarks of Hértel [1]: the entry point is 2-3 cm lat-
eral and 1 cm inferior to the oral commissure, and the trajectory is chosen to approach
the mid-pupillary line at 3 cm anterior to the external auditory canal (Fig. 18.1).

Meckel’s cave is accessed through the foramen ovale, which is located in the
greater wing of the sphenoid bone (Fig. 18.2). Meckel’s cave is a cerebrospinal
fluid-filled cistern containing the trigeminal (Gasserian) ganglion, which comprises
the three divisions of the trigeminal nerve: V1 or ophthalmic, V2 or maxillary, and
V3 or mandibular. Cannulation of Meckel’s cave may result in spontaneous egress
of cerebrospinal fluid, which may be correlated with clinical efficacy [33]; however,
the lack of cerebrospinal fluid does not necessarily indicate an extracisternal loca-
tion nor does spontaneous flow indicate accurate placement. If necessary, injection
of contrast medium can be used to confirm position.
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Fig. 18.1 Anatomic landmarks for foramen ovale cannulation. Entry point (green circle) is identi-
fied 2 cm lateral and 1 cm inferior to the corner of the mouth. Target is identified by the intersection
of the mid-pupillary line and a point 2 cm in front of the tragus (blue circles). It is important not to
drape off these landmarks during preparation (Adapted from Ref. 53, Figs. 1199, 1194, and 1195)

Other nearby foramen in the vicinity of the foramen ovale should not be can-
nulated in order to avoid injury to neurovascular structures (Fig. 18.2). The carotid
canal lies posterolaterally and the foramen lacerum posteromedially, so an inap-
propriately posterior needle trajectory may injure the C2 or C3 segment of the
carotid artery, respectively. Pulsatile blood flow through the needle or a rapidly
enlarging buccal hematoma may be indicative of internal carotid artery penetration.
If this occurs, the needle is immediately withdrawn, and pressure is applied to the
posterior pharyngeal space and the patient admitted for observation. Further vascu-
lar imaging may be required, as well outpatient follow-up to monitor potential
complications such as the development of a carotid-cavernous fistula [34]. However,
if there are no complications, the procedure may be safely performed a few days
later.
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Fig. 18.2 Overview of relevant skull base anatomy for foramen ovale cannulation. Foramen ovale
is highlighted and indicated by blue oval. Nearby foramen which may be potentially cannulated if
trajectory is off-target is indicated by right circles (Adapted from Ref. 53, Figs. 187 and 191)

General Operative Principles

Percutaneous techniques may be performed in the operating room or angiography
suite. A radiolucent operative table is useful to allow visualization by fluoroscopy.
The patient is positioned supine with the neck placed in a neutral position, sup-
ported by towels, a foam, or gel donut, or placed in horseshoe headrest. It is helpful
to mark the three anatomic landmarks to aid in visualization.

The perioral area is then cleaned with sterile preparation. During application of
surgical drapes, it is essential to maintain adequate exposure of the anatomic land-
marks in order to confirm the correct trajectory. For RR, the patient is anesthetized
during needle placement and lesioning but awake for mapping, whereas GR and
PBC may be performed under general anesthesia. This should be discussed with the
anesthesiologist beforehand to optimize patient comfort and clinical response. The
surgeon may choose to insert a piece of gauze or oral airway into the patient’s
mouth to prevent involuntary biting during needle localization.

The entry point is infiltrated with local anesthetic, and a small stab incision is
made with a #11 or #15 blade. The surgeon’s index finger is placed in the mouth
along the buccal mucosa on the lateral pterygoid wing, taking care not to place the
finger between the teeth, and a cannulated needle is inserted and guided toward the
foramen ovale just inside the mucosa along the correct trajectory. If the needle pen-
etrates the mucosa and enters the mouth, the procedure is aborted. On lateral fluo-
roscopy, the target is at the intersection of the clivus and planum sphenoidale
(Fig. 18.3a). It is also possible to visualize the foramen using a submental vertex
view with the patient’s head fully extended (Fig. 18.3b). The cannula is guided by
placing the surgeon’s index finger within the patient’s mouth.
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Fig. 18.3 Radiographic localization of foramen ovale. Lateral (a) and submental vertex (b) XR
views demonstrate appropriate needle placement at the skull base. Overlapping of the clivus and
planum sphenoidale is evident in the lateral view (a)

Entry into the foramen ovale is often accompanied by contraction of the ipsilat-
eral masseter muscle and wincing of the patient’s face. Penetration of the foramen
can elicit a vasovagal response resulting in significant bradycardia and blood pres-
sure fluctuations [35]; anticholinergics (typically atropine) may be administered
before starting the procedure to blunt these effects. An intracisternal location may
also be verified by the spontaneous egress of cerebrospinal fluid, although this is not
always seen. Fluoroscopy should always be used once the foramen has been can-
nulated to ensure the needle placement remains below the clival line.

Percutaneous Techniques

Radiofrequency Rhizotomy

As the patient will be awake during part of the procedure, it is necessary to use a
short-acting anesthetic such as methohexital or propofol. After cannulation of the
foramen ovale, a specially designed electrode is introduced and placed in the loca-
tion of the pain distribution as assessed on fluoroscopy. The patient is awakened,
and stimulation (50 Hz, 1 ms) is delivered until tingling is described. If the needle
is in the correct location, the threshold for paresthesia is usually much less than
1 V. If necessary, the needle is repositioned until the area of the patient’s symptoms
is covered without involving V1.

The patient is then sedated again for thermal lesioning. Temperatures 60—70 °C
are generally used for the first lesion, with additional lesions performed at greater
temperatures as necessary to produce mild hypesthesia. The lesion duration is typi-
cally 60 s but can range from 30 to 120 s. During this time, cutaneous erythema in
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the affected distribution may be visible, consistent with vasodilation of the region
supplied by the stimulated fibers. Once a lesion has been made, the patient is awak-
ened for sensory testing to light touch and pinprick in all three trigeminal distribu-
tions. A successful lesion produces slight numbness or a throbbing sensation within
the desired distribution, which corresponds with lasting clinical efficacy. If there is
minimal analgesia or the patient maintains symmetrical sensory discrimination,
then the lesion may be repeated at higher temperatures.

Once a successful lesion has been created, the electrode and cannula are with-
drawn. The entry site may be covered with a small dressing or liquid adhesive; a
suture is not commonly required due to the small size of the entry incision. The
patient is returned to the postanesthetic recovery room for observation.

Glycerol Rhizotomy

It is not necessary to have the patient awake during GR, and some surgeon’s may
prefer deeper anesthesia for patient comfort. A 20-gauge spinal needle is advanced
to the foramen ovale as previously described, and the patient is brought to a sitting
or semi-sitting position. Iodinated contrast (typically iohexol) is then injected into
the trigeminal cistern to estimate the volume of glycerol, which tends to range from
0.25 to 0.4 mL. Following contrast injection, the stylet is replaced and radiographs
are taken to confirm appropriate filling of the cistern. The contrast is then drained
passively via removal of the stylet in preparation for glycerol injection. If the con-
trast does not drain completely, the patient can be positioned supine or in slight
Trendelenburg to allow drainage into the posterior fossa.

The glycerol injection is also performed with the patient in a sitting or semi-
sitting position. The injection can be modified based on the patient’s pain distribu-
tion: the full volume of glycerol can be injected for pain within multiple distributions,
one-third of the estimated volume can be injected to isolate the mandibular distribu-
tion, and glycerol can be injected prior to complete contrast drainage to isolate the
ophthalmic distribution (the glycerol rises above the contrast medium). As with RR,
cutaneous erythema in the affected distribution may be visualized.

After the procedure, the patient is returned to the postanesthetic recovery room
for observation and is maintained in a sitting or semi-sitting position for 2 h with
instructions not to extend the neck in order to prevent glycerol leakage into the pos-
terior fossa.

Balloon Compression

As with GR, PBC may be performed under deep or general anesthesia. A 14-gauge
needle is positioned at the entry of the foramen as previously described, either to
enter the foramen [36] or dock the needle and insert the guiding stylet [16]. The
position is confirmed with fluoroscopy, followed by removal of the stylet and
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insertion of a 4-French diameter balloon with a radiopaque inner wire to aid in
visualization.

Positioning of the balloon dictates the distribution that will be affected. The bal-
loon should be placed in a medial and superior direction for the ophthalmic distribu-
tion, in a central position for the maxillary distribution or for pain in multiple
distributions, and in a lateral and inferior direction for the mandibular distribution.
Submental vertex positioning of the intraoperative fluoroscopy may aid in achieving
an appropriate medial-lateral trajectory. Air is then withdrawn from the balloon
catheter, followed by connection to the insufflation syringe which measures intralu-
minal pressure. The balloon is then inflated from between 1000 and 1200 mmHg for
at least 60 s, although up to 6 min may be necessary for maximal efficacy [37].
Inflation occurs via injection of radiopaque iohexol until a classical “pear shape” is
visible on fluoroscopy. If the pressure or balloon shape is inadequate, a larger bal-
loon may be used. Bradycardia is more commonly observed during PBC than other
techniques.

Patient Outcomes

Radiofrequency Rhizotomy

Percutaneous treatment of TN can provide significant relief for patients who fail
medical management. Patient selection, acceptable risk tolerance, and type of pain
are important factors to consider when determining which is the best procedure.
Large, single-institution studies demonstrate RR to have high rates of acute pain
relief, with 92-97.6% of patients reporting complete pain resolution [28, 38—44]. A
retrospective analysis of 1200 patients reported an acute pain relief rate of 93% and
recurrence rate of 20% with a mean follow-up time of 9 years (range, 1-21 years)
[38]. The recurrence rate included patients with mild pain not requiring medication
to severe pain requiring additional surgical intervention. The rate of recurrence is
inversely proportional to the degree of sensory loss, so the objective of RR is to gen-
erate a lesion resulting in dense hypesthesia in V2 and V3 divisions and mild hypal-
gesia in V1 division to preserve the corneal reflex. Patients with anesthesia or dense
hypesthesia following RR had a median pain-free survival greater than 15 years,
with a recurrence rate of 20% and 25%, respectively. Patients with mild hypalgesia
had a median pain-free survival less than 3 years, with a recurrence rate of 60%.
RR is associated with a higher rate of acute pain relief and lower rate of recur-
rence compared with the other percutaneous procedures, but the frequency and
severity of complications is somewhat higher. Corneal sensory impairment occurs
at a rate of 1-20.3% and is not exclusive to lesions involving the V1 division [39].
Corneal sensory impairment can be transient or lead to other complications such as
keratitis enucleation which is rarely necessary [39]. Masseter weakness occurs after
3-65% of procedures; a retrospective analysis of 1000 procedures demonstrated an
overall incidence of 10.5% [39]. Painful dysesthesia occurs in 6.5% of cases (range,
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1-8%), which rarely leads to anesthesia dolorosa (0.6—12%) [39]. Other less com-
mon side effects include diplopia, cranial nerve palsy, and meningitis.

Glycerol Rhizotomy

Of all three percutaneous treatment options for TN, GR has the largest variability in
rates of both initial pain relief and recurrence. Initial pain relief occurs after 53.1—
98% of procedures [28, 29, 45, 46], with intact preoperative facial sensation as a
positive prognostic indicator [47]. In a retrospective study of 32 patients undergoing
GR, 56% developed recurrence within 5 years, requiring additional procedures to
achieve pain relief [28], and another study documented a 5-year recurrence rate of
69% [29]. Experiencing some degree of postoperative sensory loss is associated
with long-term pain relief [47]. Patients with recurrence were treated with GR or
with RR, achieving the same initial pain relief rates.

The development of complications following GR is similar to RR. The most
common side effect is the development of dysesthesia, with rates ranging from 0.7%
to 23% [28, 29, 45]. Due to the difficulty of isolating specific branches during this
procedure, development of dysesthesia can occur in previously unaffected trigemi-
nal divisions [46]. Corneal sensory impairment is also a common side effect, with
rates as high as 16% [47]. Reactivation of herpes occurs in approximately 8% of
patients after GR [29], which is also seen following PBC. Prophylactic acyclovir
treatment prior to GR can decrease the risk of reactivation. Incidence of anesthesia
dolorosa and masseter muscle weakness is generally low, with rates less than 5%
[29, 47]. Treatment of TN due to multiple sclerosis with GR may be associated with
excellent outcome [29].

Balloon Compression

Immediately following surgery, PBC yields high rates of acute pain relief (range,
83-100%) [37, 48-50] with a recurrence rate ranging from 19% to 29% at 5 years
[49, 50]. Comparing patient outcomes between studies is hindered by the lack of an
established protocol, since differences in balloon shape, compression pressure, and
compression time may generate divergent results. Abdennebi et al. [37] evaluated
901 patients and concluded a “pear-shaped” balloon and compression time of 6 min
were ideal. Skirving et al. [50] report compression times of greater than 5 min,
while Lobato et al. [48] report compression for only 1 min.

The most common complications of balloon compression are transient masseter
muscle weakness and dysesthesia, which occur at a frequency of 6.2—12% and 1.5—
19%, respectively [49, 50]. Reactivation of herpes labialis as a result of PBC occurs
in a minority of patients and resolves with acyclovir treatment [36, 37]. Transient
oculomotor nerve palsy occurs in less than 2% of patients [37]. Unlike RR, PBC
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spares small fibers resulting in minimal risk of developing anesthesia dolorosa and
corneal sensory impairment rates (range, 0-0.6% and 0-2.3%, respectively), mak-
ing PBC a better option for patients with V1 division TN.

Alternatives

The durability and complication profile of MVD is superior to percutaneous lesion-
ing techniques and is commonly used in patients with neurovascular compression
without surgical contraindication [44, 51]. Radiosurgery is much less invasive,
although onset of effect is delayed and there is lower likelihood of cessation of
medication [52].

Conclusions

Percutaneous procedures including RR, GR, and PBC play an important role in the
treatment of medically refractory TN. Relief of acute pain is excellent in appropri-
ately selected patients, particularly patients with idiopathic triggerable Type 1 TN,
and complications are rare. Recurrence is common, but repeated procedures can be
effective.
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Chapter 19

Microvascular Decompression
of the Trigeminal Nerve for
Trigeminal Neuralgia

Taylor Anne Wilson and John Diaz Day

Introduction

Facial pain is a relatively common complaint with many different etiologies and
anatomical origins. Trigeminal neuralgia (TN), also known as tic douloureux, is one
of the most common causes of facial pain [1]. Classically, TN is characterized by
excruciating, episodic, lancinating pain in the distribution of one or more branches
of cranial nerve V (CNV) that is triggered by a sensory stimulus. The pathophysiol-
ogy of TN is not completely understood nor agreed upon; however, the prevailing
hypothesis is that neurovascular compression of the trigeminal nerve by an artery or
vein damages the nerve, resulting in neuronal dysfunction and development of neu-
ropathic pain. Compression may result in damage to the myelin sheath which results
in ephaptic transmission of impulses that are perceived as pain. Injured neurons
often respond abnormally with heightened sensitivity, increased excitability, spon-
taneous signaling activity, or aberrant neuronal connectivity. Other neurovascular
compression syndromes include hemifacial spasm and glossopharyngeal neuralgia,
which involve, respectively, the facial nerve, cranial nerve VII (CNVII), and the
glossopharyngeal nerve, cranial nerve X (CNIX).

These cephalic neuralgias are often complex, chronic conditions that have proven
difficult to treat. Many medical and surgical modalities have been investigated to
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improve treatment of patients with TN and other compressive cephalic neuralgias.
Most of these modalities are aimed at providing symptomatic relief. Microvascular
decompression (MVD), however, is a neurosurgical procedure designed to target
the underlying pathophysiology to treat the disease pathology, providing symptom-
atic relief. MVD is one of the most effective treatments for TN and other vascular
compression syndromes, with high rates of long-term pain relief and/or cure.

Trigeminal Neuralgia: Clinical Presentation and Epidemiology

TN is classically characterized by episodes of electric shock-like, severe, lancinat-
ing pain in the distribution of one of more branches of the trigeminal nerve. Episodes
usually only last several seconds and rarely last >2 min, and there are periods with-
out pain or symptoms between episodes. Pain and symptoms are almost always
unilateral and without associated neurologic deficits. Episodes are typically trig-
gered by normally non-noxious sensory stimuli, such as eating, brushing teeth, or
chewing, in the distribution of the effected trigeminal branch.

TN is reported to have an annual incidence of approximately 4 per 100,000 pop-
ulation. The majority of patients who develop TN are over 50 years old with a mean
age of 63 at diagnosis [2—6]. TN is more common in females than males with a 1.8:1
ratio [4, 5]. TN almost always occurs unilaterally with only 1% of TN occurring
bilaterally, and these patients with bilateral TN almost always have pain and symp-
toms more consistent with atypical TN. Of the 99% of patients with unilateral TN,
60% have pain and symptoms on the right and 39% have pain and symptoms on the
left. TN may affect any one branch or branches of the trigeminal nerve. Most com-
monly, as seen in 42% of patients, V2 and V3 are both involved. Involvement of V2
alone is seen in 20% of patients, V3 alone in 17% of patients, and both V1 and V2 in
14% of patients, and much less commonly, all three divisions are seen in 5% of
patients and V1 alone in 2% of patients [3, 6, 7].

TN, however, does not always fit this classic description; thus, TN has been
divided into two clinical types—typical TN and atypical TN, also referred to as TN
type 1 (TN1) and TN type 2 (TN2), respectively. Typical TN refers to those patients
with the classic TN symptoms described above. Atypical TN refers to facial pain
also in the distribution of one or more branches of the trigeminal nerve, but the
quality of pain is different, characterized by more constant aching, burning pain.
Interestingly, some patients with atypical TN initially presented with a typical TN
picture, but over time, their symptoms evolve to include additional symptoms
more characteristic of atypical TN. In the author’s experience, this picture tends to
occur in patients treated medically, with the change occurring as a consequence of
the medication. The underlying cause of the pain is unchanged. TN may be viewed
as a spectrum of disease states versus distinct clinical types; however, the clinical
type of TN has important implications for diagnosis, treatment, and prognosis [8,
9].
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Pathophysiology

In more than 90% of patients, TN is due to neurovascular compression of the tri-
geminal nerve by an artery or vein. The superior cerebellar artery (SCA) is most
commonly the offending vessel. Less commonly, branches of the anterior inferior
cerebellar (AICA), an ectatic basilar artery, or veins may compress the trigeminal
nerve and produce TN. Other, much less common, causes of TN include compres-
sion from a posterior fossa tumor or demyelination from multiple sclerosis. Pain
secondary to non-compressive causes is overwhelmingly atypical in nature [10, 11].

TN is a type of neuropathic pain syndrome. Other neuropathic pain syndromes
include the other cephalic neuralgias, hemifacial spasm and glossopharyngeal neu-
ralgia, diabetic neuropathy, and postherpetic neuralgia [12]. Neuropathic pain is
characterized by abnormal, often complex, unpleasant sensation caused by neuronal
damage or dysfunction [2, 13]. In TN, the pathophysiology is not completely under-
stood; however, the prevailing hypothesis is that compression of the trigeminal
nerve at its dorsal root entry zone damages the nerve [14-19]. Damage to these
first-order neurons in the trigeminal pathway then leads to neuronal dysfunction,
demyelination, and development of neuropathic pain. The dorsal root entry zone is
where the transition exists between central myelin synthesized by the oligodendro-
cytes and the peripheral myelin synthesized by the Schwann cells [20-22]. Thus,
the dorsal root entry zone is particularly vulnerable, and compression at that site
may lead to micro-injury of nerve fibers with neuronal dysfunction and subsequent
segmental demyelination. Injured neurons respond abnormally to normal signals in
their normal environment with heightened sensitivity, increased excitability, sponta-
neous signaling activity, or aberrant neuronal connectivity [23, 24]. Additionally,
the partially demyelinated large A fibers are able to form aberrant synapses with
nearby smaller, poorly myelinated A-delta fibers and unmyelinated C (nociceptive)
fibers, leading to ephaptic transmission and abnormal neuronal signaling. These
pathophysiological changes trigger downstream changes in secondary pain path-
ways that ultimately manifest clinically with the pain and symptoms of TN [25].
Hemifacial spasm and glossopharyngeal neuralgia are also hypothesized to occur
via similar pathophysiological changes [11, 14, 20, 23].

Interestingly, most patients with TN2 initially began with symptoms more con-
sistent with TN, but over time, as the disease progressed, they gradually began
developing more atypical symptoms. One study found that the mean time from
onset of typical TN symptoms to more atypical TN symptoms is over several years
[1]. This suggests that typical and atypical TN may represent two ends of a spec-
trum with TN existing as a continuum of disease rather than having distinct clinical
entities [8]. As a cautionary note, many patients with TN1 will experience a change
in the character of their pain as a consequence of taking anticonvulsant medications
that are typically prescribed, i.e., carbamazepine. Therefore, in taking the patient’s
history, it is important to inquire what the symptoms were like before initiating
medical therapy. This will mitigate against the possibility of misdiagnosis as TN2
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based upon only having the pain history after medical treatment, which has changed
from the initial quality of symptoms.

Historical Perspective

More than 900 years ago, Avicenna described a clinical syndrome consistent with
what is now known as TN [26]. In 1756, Nicholas Andre officially named this con-
dition tic douloureux reflecting his notion that the disease entity was a form of
convulsive disorder involving the nervous system [18, 26, 27]. In the 1820s, Charles
Bell determined the trigeminal nerve, and its sensory function was anatomically and
physiologically distinct from the facial nerve and its motor function. This anatomi-
cal distinction allowed him to localize the pain and symptoms of tic douloureux to
the trigeminal nerve, and it was subsequently renamed trigeminal neuralgia [18, 26,
27]. With an anatomical basis for TN, surgical approaches were developed to access
and section affected fibers of the trigeminal ganglion to block the transmission of
pain; however, these approaches were associated with high rates of morbidity [18,
27, 28].

In the late 1920s/early 1930s, Walter Dandy first described the basis for the mod-
ern day MVD and developed the hypothesis that the pathophysiology of MVD is
related to vascular compression of the trigeminal nerve [29]. In 1929, Dandy pub-
lished his suboccipital, cerebellar approach, which he used to access and partially
section the trigeminal ganglion [30]. While performing this procedure, Dandy
observed arterial loops often obstructing his view of the trigeminal ganglion, and
these vessels also appeared to exert mass effect on the root entry zone of the tri-
geminal nerve. Subsequently, Dandy hypothesized that the pathophysiology of
TN is related to vascular compression of the trigeminal nerve [26, 27, 29, 30].
Dandy never formally tested this theory, and over time, his approach was largely
forgotten [18].

Dandy’s observations and hypothesis regarding the pathophysiology of trigemi-
nal neuralgia is the basis for modern day MVD. In the late 1950s/early 1960s,
Jannetta began to popularize MVD for the treatment of TN by studying and elabo-
rating on the pathophysiology behind Dandy’s theory that neurovascular compres-
sion of the trigeminal nerve at the dorsal root entry zone leads to the clinical
manifestation of TN. Before the MVD procedure gained popularity as a treatment
modality for TN, the widely held hypothesis was that manipulation, or trauma, to
the nerve itself was the cause of symptomatic relief in TN [14, 18]. In the late
1970s/1980s, as Jannetta built his series of patients treated by MVD, the hypothesis
that alleviating the compression by separating the offending vessel and the nerve
became more widely accepted by the neurosurgical community [18].

In 1996, Jannetta solidified his popularization of MVD when he published the
landmark study that established MVD as safe with a high rate of long-term success
in relieving pain and symptoms of TN. In this study, there were 1185 patients with
TN who underwent MVD between 1972 and 1991. In this study, MVD consisted of
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a suboccipital craniotomy with microsurgical separation of compressing arteries
and veins from the nerve, maintaining the separation with a cotton or Teflon felt.
The primary endpoint of this study was relief of pain. An excellent outcome was
defined as complete relief of pain with >98% of pain relieved without need for
medication. A good outcome was defined by partial relief of pain with >75% reduc-
tion in pain, and a poor outcome, considered a failure of treatment, was defined by
recurrence of >25% preoperative pain or need for additional intervention. Jannetta
had an excellent outcome in 82% of patients immediately postop and in 75% and
64% of patients at 1-year and 10-year follow-up, respectively. Most recurrences
occurred at 2 years after surgery with recurrence rates less than 2% at 5 years and
less than 1% at 10 years. Several risk factors for recurrence were identified. Lack of
immediate postoperative relief, symptoms for >8 years prior to surgery, female sex,
and venous compression were identified as negative prognostic indicators. This
study demonstrated a low rate of morbidity with MVD, but when there was a com-
plication, CSF leak, hearing loss, and facial numbness were the most common [31].

Treatment Options

There have been many different treatment modalities, both medically and surgi-
cally, aimed at treating TN. Medical management is generally the initial treatment
strategy for TN. Many different pharmacological agents have been and are used for
treating TN. Pharmacological agents with antiepileptic properties have been the
most effective in relieving pain [32]. Thus, carbamazepine and oxcarbazepine are
first line for treatment of TN. Carbamazepine has been reported to relieve pain in
69% of patients with newly treated TN. Other medications commonly used in
patients with TN include baclofen, gabapentin, phenytoin, clonazepam, lamotrig-
ine, and amitriptyline. These medications can be highly efficacious in relieving
pain; however, pain relief from these medications often decreases over time, neces-
sitating higher doses to maintain the same effect. Unfortunately, these medications
are not without side effects that may limit their use [22, 33, 34]. Thus, medications
may fail by no longer providing pain relief, in which patients are considered to have
medication-refractory TN, or the side effect profile becomes such that it precludes
continued use as treatment [13, 15, 18, 32, 35].

When medical therapies fail for whichever reasons, more invasive, surgical pro-
cedures are considered. Surgical options include chemoneurolysis, radiofrequency
ablation, percutaneous balloon ablation, stereotactic radiosurgery (e.g., Gamma
Knife®), and MVD [27, 36-39]. MVD, which involves a lateral suboccipital crani-
otomy followed by microsurgical technique to dissect and separate the offending
blood vessel or vessels away for the nerve, is considered the most efficacious treat-
ment for medication-refractory TN based upon available data [15, 18, 33, 40]. The
technique as performed by the senior author is described below. In the author’s
practice, all surgical methods are employed, and patients’ individual characteristics
are taken into account when recommending one treatment over another. In general,
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physiologically younger patients with imaging evidence of vascular compression
are offered MVD as the treatment of choice. Elderly patients with multiple comor-
bidities are considered better candidates for an ablative option, either radiofre-
quency rhizolysis or Gamma Knife® radiosurgery. Radiofrequency rhizolysis is
preferred for these patients with TN1 owing to the ability to target the involved
division specifically. It is also the preferred treatment for patients with TN2, espe-
cially secondary to multiple sclerosis. Gamma Knife® radiosurgery is preferred in
elderly patients with multiple comorbidities that are poor surgical candidates in the
author’s practice.

Microvascular Decompression

MVD is generally considered the most efficacious treatment for medication-
refractory TN in neurosurgical practice [31, 33, 41-44]. This procedure involves a
small lateral suboccipital craniotomy followed by microsurgical technique to dis-
sect and separate the offending blood vessel or vessels away from the nerve. Teflon
felt pledgets are placed between the vessel and nerve to prevent compression from
recurring. MVD has a high success rate in relieving pain in patients with
TN. Depending on certain patient characteristics and TN symptoms, the overall rate
of successful pain relief is approximately 90%. Of these patients with successful
pain relief, 75-80% have complete or near-complete resolution of their pain after
surgery and no longer need medication, and the other 10% have some pain relief
from surgery but continue to require medication to completely or near completely
control pain. Unfortunately, TN can recur despite successful pain relief initially
with MVD [31, 45]. In the author’s practice, recurrence tends to be secondary to
arachnoid scarring that appears at surgery to be exerting torque or a pull on the
nerve. Release of this scar tissue typically resolves the pain.

Recurrence rates following MVD have been reported anywhere from 1.5 to 3.5%
annually [42, 46]. Recurrence rates are higher in females than males. Patients whose
trigeminal nerve is compressed by a vein also have much higher recurrence rates
than those compressed by an artery [46—48]. Venous compression of the trigeminal
nerve has also been shown to be associated with lower rates of pain relief immedi-
ately postoperatively compared with arterial compression.

Although this procedure is generally well tolerated and efficacious in relieving
pain in patients with TN, no procedure is without risks. More common complica-
tions of MVD include facial sensory loss (25%), trochlear nerve palsy (4.3%),
hearing loss (3%), aseptic meningitis (2%), facial nerve palsy (1.6%), deafness
(1%), and bacterial meningitis (0.9%). CSF leak and cerebellar injury may also
occur. Mortality has been reported at 0.2-2.0% for MVD [47, 49]. Cranial nerve
palsies (facial sensory loss, trochlear palsy, facial palsy) tend to be transient, with
most improving shortly after surgery [48, 50]. Aseptic meningitis is generally
hemogenic in nature and responds well to dexamethasone, usually lasting
3-7 days [51].
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Surgical Technique

There are many variations in surgical technique for microvascular decompression.
The following description represents the preferences of the senior author.

Patient Selection

Selection of candidates for MVD involves taking an accurate history and obtaining
advanced imaging studies that may reliably demonstrate the compressive pathology.
All patients with facial pain should have high-resolution MRI imaging of the brain,
including thin cuts through the region of the pons with FIESTA (fast imaging
employing steady-state acquisition, a.k.a. True FISP, T2-FFE) sequences (Fig. 19.1).
These images have a high chance of demonstrating the compressive vessel.
Otherwise MRI is necessary to rule out the presence of tumor or aneurysm causing
compression. Patients with TN1 that demonstrate evidence of vascular contact with
the nerve at the brain stem on MRI and a lack of comorbidities that would contrain-
dicate general anesthesia should be considered for MVD. Patients with TN2 that
have evidence of compressive pathology may be considered as well; however, it
must be stressed to these patients prior to surgery that the outcomes are not always
optimal in such cases.

Patient Position and Preparation

After the induction of general anesthesia, patients are placed in the lateral decubitus
position with the head fixed in a Mayfield skull clamp. The chin is tucked and the
head rotated slightly so that the nose is in neutral position, with the crown of the
head slightly tilted downward. The upper arm is rested on a padded arm rest and is
angled obliquely away from the body with the shoulder pulled gently. This helps to
open the angle between the lateral subocciput and the shoulder, mitigating the pos-
sibility of the shoulder blocking the surgeon’s access to the area. The patient is well
padded and secured to the table.

The author prefers to perform this operation in a “keyhole” fashion; therefore,
exact positioning of the incision and craniotomy are critical to obtain adequate
exposure. A “lazy S” type of incision is planned, with its center over a point approx-
imately 1 cm posterior to the body of the mastoid and 1 cm below the superior
nuchal line. The superior nuchal line is traced by connecting the root of the zygo-
matic process with the inion. This line marks the level of the distal transverse sinus,
delineating the level of the posterior fossa (Fig. 19.2). Total incision length is
approximately 4 cm. After sterile preparation and draping, the incision is made and
the soft tissues elevated and retracted with multiple blunt scalp hooks. The
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Fig. 19.1 Axial high-reso-
lution T2 MRI views of TN1
patients with typical findings
of vascular contact causing
symptoms (arrows)

craniotomy is then made, measuring approximately 15 mm in diameter. Critical is
to position the craniotomy such that the posterior margin of the upper curve of the
sigmoid sinus is at the anterior margin. The dura is then opened in a curved fashion
with a “Y” extension posterior and superior. This positions the opening at the
petrotentorial angle. It is most helpful to allow CSF to drain while gently elevating
the cerebellum away from the petrotentorial angle. Patience to allow sufficient CSF
to drain results in relaxation of the cerebellum and provides operative space.
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Intradural Dissection

The key landmark in approaching the prepontine cistern and trigeminal nerve root
entry zone is to locate the petrotentorial angle and follow this medial. The petrosal
vein complex is invariably encountered lateral to the operative region and is envel-
oped in arachnoid. The arachnoid membrane is sharply dissected away from the
petrosal vein complex which will result in relaxation of the cerebellum away from
the dural surface. Drainage of cerebrospinal fluid increases the operative space
and obviates the need for fixed retraction. Arachnoid is then further opened above
and below the petrosal vein complex to fully expose the nerve root entry zone.
Dural dissection inferior to the petrosal vein complex should avoid arachnoid
around just superior to the cochlear nerve and internal auditory meatus. Dissection
of this region of arachnoid risks damaging the subarcuate artery, resulting in hear-
ing loss.

It is important to preserve the petrosal vein complex when possible to avoid an
unexpected complication owing to poor venous drainage of the cerebellum and
middle cerebellar peduncle. The petrosal vein can usually be sacrificed with impu-
nity; however, it is never certain, and there are no preoperative tests that will reliably
predict the reliance of the structures on this outflow route. Therefore, it is best to
preserve this venous complex whenever possible. If it is not possible to navigate
surgically around this vein complex and it must be sacrificed, closure of the conflu-
ence of the vein as near as possible to its junction with the superior petrosal sinus is
the best strategy. The key is to maintain a confluence that is open such that there is
the possibility of redirected venous outflow through one or more tributaries.
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The nerve is then inspected for vascular contact. The most frequent artery to
contact the nerve is the superior cerebellar artery, compressing the vessel on its
superior aspect. Much less frequent is the anterior inferior cerebellar artery or an
ectatic basilar artery. The arachnoidal attachments of the artery are divided with
sharp microsurgical dissection and the vessel moved gently away from the nerve.
Small pledgets of Teflon felt are then placed to prevent the artery from making fur-
ther contact with the nerve (Fig. 19.3). It is best to place the pledgets in such a way
that they are unlikely to move, in effect “shingling” them in place. The senior author
describes this as “building a fence” between the vessel and the nerve. Recurrence
secondary to slippage of a pledget is unlikely when done in this manner.

Venous compression constitutes a different situation in terms of whether the ves-
sel is excluded from contact either by pledget placement or sacrifice of the vein. The
most common vein to be pathologic is the trigeminal vein, which accompanies the
nerve in its course across the prepontine space to its entrance into Meckel’s cave.
This vein tends to be quite large in these situations, and a judgment is required
regarding whether it is reasonably safe to sacrifice the vessel. In general, as with the
petrosal vein complex, it is best to preserve major venous structures to avoid com-
plications from venous insufficiency. However, if the patient has a robust petrosal
vein complex, it is generally safe to sacrifice a trigeminal vein causing compression.
If the petrosal vein is absent or underdeveloped, a large trigeminal vein is more
likely to be important to the venous drainage of the brain stem and anterior cerebel-
lum and should be preserved. Freeing the vein and placing pledgets to obviate con-
tact with the nerve is then the necessary maneuver.

In some cases of venous compression, the area of contact with the nerve has been
observed to be more distal along the nerve, at the cisternal segment and not at the
entry zone. What can be very difficult in this situation is adequate visualization of the
affected segment of the nerve. The view may be obstructed by the suprameatal emi-
nence, located superior to the internal auditory meatus. In such situations visualiza-
tion will be improved by reduction of the suprameatal eminence by drilling or utilizing
a bone tip with an ultrasonic aspirator. An alternative strategy in this situation is to
utilize an endoscope, typically a 30° instrument, to obtain an adequate working view.

Another anatomical situation that may present particular challenges is compres-
sion of the nerve by an ectatic basilar artery. Maintaining Teflon pledgets in position
between the nerve and a large artery with higher amplitude pulsations owing to its
size is less secure. Therefore, taking steps to reduce the potential effects of move-
ment that could dislodge the pledgets becomes necessary. The senior author has
found it best in these situations to augment the decompression by placing a cotton
loop around the artery, avoiding stretch or compression of perforating branches, and
securing the loop to the petrous dura with suture (Fig. 19.4). This “sling” around the
vessel is fashioned such that the course of the artery is altered enough to decrease
the force of contact on the nerve. Pledgets are then placed between the artery and
nerve to complete the decompression.
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Fig. 19.3 Operative microscope views of a typical situation of superior cerebellar artery compres-
sion of the trigeminal nerve. (a) Prior to arterial dissection. (b) The artery is freed from contact
with the nerve. (¢) Multiple Teflon felt pledgets are placed to prevent further arterial contact with
the nerve
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Fig. 19.4 Operative views of an ectatic basilar artery compressing the trigeminal nerve in an
elderly patient with recalcitrant neuralgia. (a) The basilar artery compresses the left trigeminal
nerve with the vertebrobasilar junction visible just below. (b) The artery is deviated inferior and
lateral without kinking by placing a sling around the left vertebral artery. (c¢) After redirecting the
vessel Teflon is placed to pad the vessel completing the decompression

Reconstruction and Closure

After concluding the intradural work, the field is flooded with irrigant. It is advis-
able to recheck the pledget positions after vigorous irrigation to make certain noth-
ing will easily dislodge. After this final check, the dura is closed. Reconstruction of
the bone defect is important to mitigate against the risk of postoperative headache.
With keyhole openings as described above, bone defect reconstruction with
hydroxyapatite cement is effective, especially if any openings into mastoid air cells
occurred with bone removal. Closure of these openings are necessary to prevent
leakage of cerebrospinal fluid postoperatively via the mastoid to the middle ear
space and through to the Eustachian tube. The muscle layers and scalp are then
sutured and a simple dressing applied.
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Discussion: Outcomes with MVD for TN

Considering surgical treatments for TN, MVD is one of the most efficacious treat-
ments for patients with medication-refractory TN. However, results are not consis-
tent when treating patients with atypical TN with MVD [3, 52-54]. Several studies
have compared outcomes for MVD between these two types of TN and found that
patients with typical TN have much better outcomes in terms of immediate and
long-term pain relief compared with those with atypical TN [3]. Outcomes are cat-
egorized as excellent, complete pain relief without addition of medication; good,
mild or intermittent pain relief controlled with addition of medication; or poor,
minimal or no pain relief even with addition of medications. Immediately postop,
80-90% of patients with typical TN have been reported to have an excellent out-
come with complete pain relief, but only 45-50% with atypical TN had complete
pain relief [9]. Regarding the other patients with atypical TN, partial pain relief is
reported in 30% and poor pain relief or recurrence is reported in 20% [1, 54-56].

Regarding long-term follow-up of 5 years, it has been found that 73% of patients
with typical TN continued to have an excellent outcome with sustained complete
pain relief, whereas only 35% with atypical TN continued to have complete pain
relief [9]. Depending on the source, recurrence rates are also much higher in patient
with atypical TN, reported as high as 40-50%, compared with 10% in patients with
typical trigeminal neuralgia. Thus, patients with typical TN are more likely to have
both immediate pain relief and sustained, long-term pain relief following MVD [52,
54,57, 58].

Predictors of outcome regarding immediate and long-term pain relief vary
depending on the study [9, 57]. The presence of lancinating pain is the strongest
predictor of successful outcome, and this should be strongly taken into consider-
ation when deciding treatment modality in patients with TN [56, 57]. There is vari-
ability among studies regarding other positive or negative predictors of pain relief.
One study found that memorable onset and the presence of clear trigger factors were
associated with better outcomes in both typical and atypical TN [9]. This same
study found that preoperative sensory loss, however, is associated with worse out-
comes in patients with atypical TN, but not typical TN [9, 52, 57]. There is mixed
evidence regarding postoperative facial numbness with some studies finding either
no association with long-term pain relief or associated with worse outcomes and
postoperative burning and aching pain [55, 59-61].

Aside from MVD, other procedures involve lesioning the nerve to block abnor-
mal neuronal signal conduction that is interpreted as pain. MVD, on the other hand,
addresses the underlying pathophysiology. MVD is now generally regarded as the
most effective treatment for TN as it is associated with the lowest rates of recurrence
and sensory loss. With good patient selection and attention to meticulous microsur-
gical technique, outcomes with MVD should remain the patient’s best chance of an
optimal outcome.
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Advanced Neurosurgical Interventions

Check for
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Sharona Ben-Haim, Ahmed M. Raslan, and Andre Machado

Introduction

There are many etiologies causing the various phenotypic patterns of facial pain,
some of which are more likely to be refractory to both medical management and
often to first and sometimes second lines of more common surgical interventions.
These surgical interventions usually target the peripheral component of the trigemi-
nal nerve from its most distal aspect in the subcutaneous nerve endings of the face,
to the location of its cell bodies in the dorsal root ganglion located within Meckel’s
cave, to its entry into the brainstem. When these approaches fail to provide relief, or
when destructive interventions exacerbate pain, advanced neurosurgical interven-
tions in central nervous system targets should be considered.

Pain and temperature fibers of the face are circuitous in their course from periph-
eral nerves to their widespread representation in the cerebral cortex. Upon entering
the lateral aspect of the pons, these fibers take a sharp turn caudally in the spinal
trigeminal tract before synapsing in the spinal trigeminal nucleus. The inferior
aspect of this nucleus is named the nucleus caudalis, and nociceptive afferent fibers
are thought to synapse with second-order neurons in this region. This nucleus
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extends caudally to the spinal trigeminal tract, which together is often called the
trigeminocervical complex (TCC), thought to project down to the level of the C2
spinal segment [1, 2]. Second-order neurons cross midline and synapse mainly on
the medial ventral posterior (or ventral caudal) nucleus of the thalamus (VPM), as
well as other thalamic targets. From here, third-order neurons travel up to various
regions of the cerebral cortex including primary and secondary somatosensory cor-
tex, anterior cingulate gyrus, posterior parietal cortex, and insula, among others.
Other salient brainstem pathways have been described which involve both ascend-
ing and descending control of these fibers, most notably areas including the periaq-
ueductal gray (PAG) and ventral medulla [1, 3]. These complex networks of cortical
and subcortical regions that in concert process pain information and experience are
referred to as the “pain matrix.”

Advanced neurosurgical interventions of the CNS pathways of head and facial
pain have attempted to target most of these anatomic locations often with lesioning
procedures subsequently followed by neuromodulatory techniques. In this chapter,
we will discuss interventions in the spinal cord/brainstem regions as well as both
lesioning and neuromodulation of cerebral targets.

Advanced Neurosurgical Interventions:
The Spine and Brainstem

Nucleus Caudalis Dorsal Root Entry Zone (DREZ) Lesioning

The descending trigeminal tract and spinal trigeminal nucleus comprise fibers from
several cranial nerves. The nucleus can be parsed into three subdivisions from ros-
tral to caudal including the nucleus oralis, the nucleus interpolaris, and the nucleus
caudalis, located at the level of the spinomedullary junction to the C2 segment,
which carries pain and temperature fibers from the trigeminal nerve [4]. The nucleus
caudalis has thus been the target of intervention in the treatment of facial pain, par-
ticularly at the root entry zone where pain and temperature fibers enter the dorsal
horn gray matter of the spinal cord. The spinocerebellar pathway and the pyramidal
tract are within close proximity to the nucleus caudalis and thus pose a significant
risk to this procedure. Akin to the spinal dorsal root entry zone surgery, nucleus
caudalis DREZ is intended to destroy second-order neurons involved in chronic
pain syndromes that lead to their hyperactivity, as is thought to be the case in certain
clinical syndromes including anesthesia dolorosa.

This technique commonly employs a unilateral approach, although a bilateral
approach has recently been described [5]. A midline incision is made from the inion
to the spinous process of C3, and C1 hemilaminectomy is performed along with a
suboccipital craniectomy. Using microsurgical technique and employing a special
curved probe designed to mitigate the risk of postoperative ipsilateral ataxia [6], a
single line of lesions is made at 1-mm intervals directly above the C2 dorsal rootlets
and extended to approximately 5 mm above the obex on a line between the cervical
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dorsal roots and the rootlets of the spinal accessory nerve [7]. Lesions are made
using RF probes for 15 s each at a temperature of 70 C. Neurophysiologic monitoring
to safeguard against extension of lesioning into the neighboring corticospinal tract
is critical.

In one recent series, 11 nucleus caudalis DREZ procedures were reported for
varied pathologies of head and face pain including pain resulting from tumors,
atypical facial pain, and trigeminal neuralgia, among others. After the procedure
72.5% of patients reported initial pain relief, and 1 year after surgery, 62% of
patients still considered their pain relief satisfactory [4]. Bullard and Nashold
reported 25 nucleus caudalis DREZ operations for severe facial pain, with good to
excellent pain relief in 96% of patients at the time of discharge and sustained relief
in 67% of patients at 1 year [8]. In a more recent retrospective study involving
nucleus caudalis DREZ in 16 patients with head and face pain, 68.9% reported
being at least very satisfied with their pain relief after lesioning, and an average of
58.1% had pain relief that lasted more than 1 year. In this series, two patients
reported transient postoperative ataxia, and two patients reported a permanent new
neuropathy/radiculopathy. Eighty percent of patients in this study believed it
improved their quality of life [7].

Nucleus Caudalis Tractotomy-Nucleotomy

The elucidation of the brainstem components of the spinal trigeminal tract, which
send descending postganglionic projections to the nucleus caudalis, similarly led to
interventions targeted toward the treatment of intractable facial pain starting in the
late 1930s. This technique was further refined by applying stereotactic and mini-
mally invasive percutaneous techniques that target the tract at the cervicomedullary
junction [4, 9]. Although not commonly used, this remains a viable treatment option
for patients suffering from a variety of head and face pain syndromes including
malignancy-related facial pain, neuropathic pain, and various cranial nerve neural-
gias. The trigeminal tractotomy-nucleotomy is a miniature nucleus caudalis DREZ
that produces a complete lesion of the trigeminal tract but only a single or dual
lesion into the nucleus; therefore, it is more appropriate for conditions such as can-
cer pain of the face or neuropathic facial pain such as facial pain after dental proce-
dures. The procedure is done in the prone position using RF electrodes that are also
used for cordotomy and recently has been done using general anesthesia with the aid
of intraoperative CT scans. Two tandem lesions are created at 75 C for 60 s [10, 11].

In one series, ten patients underwent a percutaneous trigeminal tractotomy-
nucleotomy with initial pain relief reported as 98%, with 80% relief observed at
6-month follow-up [10]. While some authors believe that the procedure may not
have enough coverage of the nucleus caudalis to achieve maximal efficacy [6], some
recommend this procedure to be considered prior to more invasive techniques
including nucleus caudalis DREZ, particularly in the treatment of cancer-related
head and neck pain [12].
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High Cervical Spinal Cord Neuromodulation

Neuromodulation of the dorsal aspect of the spinal cord is well described in the
treatment of intractable pain of the body, and more recently spinal cord stimulation
of the high cervical region has been showed to be efficacious in the treatment of
both headache and facial pain syndromes [13]. These interventions target the spinal
trigeminal nucleus and nucleus caudalis region, with an aim to modulate similar
pathways as nucleus caudalis dorsal root entry zone procedures.

There has been a relative dearth of reported cases in the literature, with some
conflicting results. An initial case report by Barolat et al. revealed successful treat-
ment of trigeminal neuralgia by two leads in the cervical spinal cord between C1 and
C2 [14]. Another study of 41 patients with implanted dual two-contact paddle elec-
trodes (four contacts per system) in the cervical spinal cord for both upper limb as
well as face pain concluded that facial pain did not respond well to this treatment
modality [15]. In another study of 35 patients, cervicomedullary junction SCS with
quadripolar paddle leads was used for the treatment of intractable head and face pain
and reports that 71.4% of patients had a successful trial with subsequent implanta-
tion of stimulating electrodes between the occiput and C2. Of these patients, 75%
retained their implants and reported continued pain relief, with 50% reporting
decreased use of oral pain medications [16]. There is suggestion that adequate pain
relief in high cervical SCS may be highly dependent upon location of the electrodes
with adequate coverage of the nucleus caudalis region and attention to its anatomic
variability [17]. Successful use of this approach may necessitate modifications of the
technique for adequate placement at the cervicomedullary junction and may require
small occipital craniectomy in addition to a C1 laminotomy to achieve ideal cover-
age [16, 18].

Stereotactic Mesencephalotomy

Stereotactic mesencephalotomy aims to lesion the spinothalamic, trigeminotha-
lamic, and/or spinoreticular tracts at the midbrain level to treat medically refractory,
nociceptive, contralateral pain and is most widely utilized in the setting of cancer-
related head and neck pain. It was initially reported in 1952 by Spiegel and Wycis
for the treatment of intractable facial pain [19] but despite its efficacy has been
rarely utilized in the twenty-first century [20]. Anatomical target points indicate that
effective lesions are 5 mm behind the posterior commissure and 5-10 mm lateral to
and 5 mm below the intercommissural plane [21] targeting the spinothalamic/tri-
geminothalamic tract and avoiding the medial lemniscus. The major potential side
effects from this procedure are severe dysesthesias following damage to the medial
lemniscus as well as disorders of ocular motility [20].
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Advanced Neurosurgical Interventions: Cerebrum
Lesions

The creation of lesions in the brain for the treatment of chronic pain comprised some
of the earliest targeted functional neurosurgical interventions and continues to be
further refined with the aid of stereotactic methods and the utilization of new tech-
nology. Currently, this treatment modality is often superseded by neuromodulatory
techniques; however, it nonetheless remains highly effective and may in fact be supe-
rior in certain circumstances including, most notably, in the setting of cancer pain.

Lesioning of the thalamus for the treatment of pain has been utilized for several
decades, and target regions for intractable pain involving the head and face include
both lateral and medial thalamic regions such as the ventroposteromedial (VPM),
mediodorsal, centromedian, intralaminar, and parafascicular nuclei, thought to play
a critical role in both the sensory-discriminative and the affective-motivational com-
ponents of pain.

Over the past several decades, however, open ablative techniques often involving
radiofrequency lesions have been largely replaced by incisionless techniques includ-
ing Gamma Khnife radiosurgery [22] and most recently MR-guided high-intensity
focused ultrasound [23] with similar overall success rates. A recent meta-analysis
review of Gamma Knife thalamotomy for the treatment of pain found that 23-44%
of patients undergoing Gamma Knife (treated with a maximum cumulative dose
ranging from 140 to 250 Gy) for both malignant and nonmalignant sources of pain
achieved “‘significant” long-term pain relief [22]. Methodologies and exact targets
are not consistent between series nor are indications for treatment, making compari-
son studies difficult to interpret.

The anterior cingulate cortex (ACC) is thought to play a role in the affective com-
ponent of pain and has been the target of lesioning procedures for the treatment of
chronic, medically refractory pain for decades. Although some variations have been
reported, the target is typically described as being located 7 mm from midline, 20 mm
posterior to the anterior tip of the fontal horns of the lateral ventricle, and 1 mm above
the roof of the ventricles, bilaterally [24]. In a recent meta-analysis, a total of 224
patients who underwent anterior cingulotomy were reviewed including 36 patients
with head and neck cancer, 6 patients with face pain, 2 patients with “atypical” face
pain, 2 patients with postherpetic neuralgia, and 1 patient with thalamic face pain. It
was found that greater than 60% of patients across all studies were reported to have
significant pain relief postoperatively, which was sustained at least 1 year after sur-
gery [25]. There was no significant difference in patients who underwent the proce-
dure for a neoplastic source of pain compared to a nonneoplastic source. A significant
correlation was found between pain relief outcome and the position of the lesion,
with better outcomes found as the lesion target approached the tip of the frontal
horns, possibly due to proximity to rostral emotional subdivision of the ACC [25].
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Deep Brain Stimulation

Deep brain stimulation for the amelioration of chronic pain has been performed
since the early 1950s and became a widely used treatment modality in the 1970s and
mid-1980s. The technique fell out of favor in the late 1990s after two multicenter
trials were conducted with neither satisfying its endpoint criteria. DBS is currently
FDA approved for the management of Parkinson’s disease and essential tremor,
with a humanitarian device exemption for the treatment of dystonia and obsessive-
compulsive disorder, and is currently performed for pain in the USA on an investi-
gational basis or occasionally as off-label use of the hardware. It has been utilized,
in the past, for a variety of chronic neuropathic and nociceptive pain syndromes
including trigeminal neuropathy, postherpetic neuralgia, deafferentation facial pain,
“atypical” facial pain, as well as other head and neck pathologies. Criticisms from
previous literature have involved variability in patient selection as well as inconsis-
tencies in neurosurgical technique [26], and more recent studies have benefited
from new imaging modalities, procedural and hardware improvements, as well as
advancements in patient and target selection.

Currently there is no consensus as to the best target to treat chronic pain, with the
sensory thalamus (ventral posterior lateral and medial) being the most common
[27]. Modulation of descending control pathways by targeting the periaqueductal
and periventricular gray matter has also been utilized with success, with some con-
tending that it is more effective specifically in the treatment of nociceptive pain
[28]. Other targets such as the posterior hypothalamus have been tried successfully
for the treatment of chronic trigeminal autonomic cephalalgia however were unsuc-
cessful in the treatment of “atypical” facial pain [29].

In a series of 85 patients undergoing deep brain stimulation of the contralateral
ventral posterior nucleus of the thalamus and/or periventricular gray area for pain,
approximately 66% gained benefit and efficacy at long-term follow-up. In this
cohort, 15 patients presented specifically for head and face pain pathologies, 11 of
which were implanted and had sufficient follow-up data. In this subset, 54.5% of
patients experienced pain relief at a mean of 23 months of follow-up [30].

More recently, targets have sought to modulate the affective sphere of pain cir-
cuitry based on the concept that the overall pain experience is determined by the
integration of sensory-discriminative information combined with the affective-
motivational and evaluative-cognitive processing of pain [31]. Electrodes have been
placed in the anterior cingulate cortex [32] as well as the ventral striatum/anterior
limb of internal capsule (VS/ALIC) [33] with success in relieving some of the affec-
tive components of pain while frequently not changing the nociceptive experience
of pain. In one series, Boccard and colleagues describe their experience with 16
patients who underwent deep brain stimulation placement of the dorsal anterior
cingulate cortex for chronic neuropathic pain, in which 11 patients had long-term
follow-up data at a mean of 13.2 months [34]. In this cohort, there was an insignifi-
cant reduction in improvement of pain as measured on the visual analog scale
(VAS); however, there was statistically significant improvement in the physical
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functioning and bodily pain domains of the SF-36 as well as on the EuroQol
(EQ-3D), which evaluates dimensions including anxiety, pain, usual activities, self-
care, and mobility.

Motor Cortex Stimulation

Electrical modulation of the motor cortex was initially employed after animal mod-
els revealed that stimulation in this region was sufficient to induce complete, long-
term inhibition of thalamic burst hyperactivity in a thalamic pain model [35]. In this
procedure, a combination of intraoperative image guidance as well as electrophysi-
ology can be used to locate the motor cortex, and a small craniotomy or burr hole is
made. Paddle electrodes are then most often placed epidurally and aligned either
parallel or perpendicular to the central sulcus, although operative technique varies
considerably between centers.

A review of the use of motor cortex stimulation for pain found that among the
210 patients identified, a good response (>40-50% pain relief) was found in approx-
imately 55% of patients and in approximately 45% of patients with postoperative
follow-up >1 year. Results were slightly better in patients with facial pain etiologies
compared to poststroke pain syndrome. A good response was achieved in 68% of
the 44 patients with trigeminal neuropathic pain [36]. Several other case series have
similarly documented good results of using MCS for the treatment of trigeminal
neuropathic pain, with one review noting that 75-100% of patients achieve “good to
excellent” pain relief [28]. A recent randomized controlled trial using a high- and
low-frequency stimulation crossover model for a variety of neuropathic pain syn-
dromes enrolled 12 patients, 6 of whom withdrew from the study due to transient
adverse events. In the remaining six patients, there was no significant change in pain
relief with low or high stimulation [37]. There is still significant debate over the
efficacy of this treatment modality, and larger randomized studies are underway
with greater attention to patient selection and utilization of a more standardized set
of techniques.

Future Directions

When necessary, interventions of the central nervous system can be effective at
targeting severe neuropathic facial pain refractory to other medical and first-line
surgical treatment modalities. As we achieve further sophistication in understanding
the varied anatomic pathways and cortical representations of head and facial pain,
potential targets and methodologies will be refined. This, in combination with
improvements in the technological aspects of both increasingly less invasive lesion-
ing and neuromodulatory procedures, will serve to add to our armamentarium of
continually more efficacious interventions.
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Chapter 21
Surgical Management of Migraines

Eric J. Wright and William G. Austen Jr.

Introduction

Migraines are a common neurological disorder that are characterized by episodi-
cally debilitating headaches that affect millions of patients. Associated symptoms of
migraines include nausea and emesis, various sensory hypersensitivities and auras,
and photophobia. With a prevalence of 18% in women and 6% in men, the socioeco-
nomic burden of healthcare costs and lost work productivity of the estimated 35
million patients that suffer is greater than $13 billion dollars per year [1]. Patients’
physical and psychological well-being are also greatly affected.

Several different classification systems exist describing migraines. The fre-
quency and chronicity can be used to classify migraines as episodic or chronic in
nature. Chronic migraines are defined as having migraine symptoms for a minimum
of 15 days per month occurring more than three consecutive months. Chronic
migraine patients have three times the annual medical cost than episodic migraine
patients [2].

OnabotulinumtoxinA is the only FDA-approved treatment for prevention of
chronic migraines [3]. However, the majority of pharmacologic treatments are
focused on the abortive therapy after a migraine episode begins, with the most com-
mon class of medications being the serotonin receptor agonists, triptans.
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Nonpharmacological treatments revolve around the avoidance of migraine “trig-
gers.” This varies from patient to patient but commonly includes light, temperature
variances, tobacco, alcohol, and certain foods. Despite the long list of medications
currently utilized, no medication is 100% effective. Each medication has contrain-
dications, side effects, and overall lack of efficacy.

The etiology of migraines has yet to completely be described. Numerous theories
have been reported including vascular, neurogenic, neurovascular, extra-sensitive
nerve fiber, medication overuse, and peripheral. The current surgeries support the
peripheral trigger point theory of migraine etiology. It is believed that due to com-
pression, migraine or migraine-type pain is experienced.

The goal of any treatment of migraines is to reduce the intensity, severity, and
duration so that the individual can function within society. This is most commonly
achieved by medical therapies as described. However, there remains a distinct popu-
lation of patients who do not receive adequate benefit from current treatment strate-
gies. Other groups of patients suffer from the treatment-related side effects or have
poor medical compliance leading to continued symptoms. Together, these groups of
patients can be considered “refractory” to the medical treatment of migraines. It is
this refractory group of migraine patients that has pushed for the continued evolu-
tion of migraine treatments beyond medication.

History

Beginning in the 1930s and 1940s, attempts to surgically cure migraines were intro-
duced [4]. These early case reports involved transectioning segments of the trigemi-
nal nerve fibers with resolution of the patients’ migraines. This field continued to
expand, addressing various nerves around the calvarium that were believed to be
causing the migraine symptoms. In 1969, the greater occipital neurectomy was
described with good results [5]. The majority of early studies were to address
peripheral neuralgias around the head and neck.

In 2000, the first study was published showing a reduction in migraine headaches
in patients that had undergone cosmetic forehead rejuvenation, a surgery where the
corrugator supercilii was resected to prevent glabellar skin wrinkling [6]. This was
followed in 2002 by a prospective trial of surgical peripheral nerve decompression
for the treatment of migraines [7]. Patients that were preoperatively diagnosed by
the neurologist with having migraines based upon the International Headache
Society classification system were injected with Botox to screen for surgical candi-
dates. If improvement was noted, then surgery was offered to the patient.
Improvement, defined as a reduction in frequent or intensity, was found in 95% of
surgically treated patients. Numerous additional studies have been published with
findings of successful outcomes following surgery [8—12]. A placebo study includ-
ing a “sham” surgery control found the patients undergoing the actual surgery had a
statistically significant improvement at 1 year [8].
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Anatomical Basis

Due to the increasing number of studies showing improvement in migraine patients’
symptoms following surgery, anatomical studies have been conducted in an attempt
to explain how the surgeries can be beneficial. Four areas are believed to contribute
to the majority of peripheral nerve compression, known as trigger areas.

The frontal trigger area involves the supraorbital and supratrochlear nerves.
These nerves can have compression from muscle, fascia, blood vessels, or bone
[13-15]. Anatomical studies have shown the initial area of compression to the
supraorbital nerve can occur after exiting from the superior orbital fissure along the
intraconal path due to a periosteal sleeve. The nerve exits the orbit through either a
foramen or notch. This nonexpanding segment can be another area of compression.
Close involvement with the supraorbital artery and constant irritation by the con-
traction of the corrugator muscle fibers as the nerve continues to the subcutaneous
location are also common areas of compression.

The temporal trigger area involves the compression of the zygomaticotemporal
nerve. This nerve is completely sensory in nature and is a branch of the trigeminal
nerve, maxillary division (V2). As the nerve emerges from the zygomatic bone to
enter the temporal fossa, areas of compression can occur as it ascends through the
deep temporal fascia and temporalis muscle. Three paths have been described for
the transition of the nerve, long or short intramuscular paths or a completely extra
muscular path [16, 17].

Six anatomical compression points have been described for the greater occipital
nerve, the medial branch of the C2 dorsal root. As the nerve is followed from deep
to superficial, it traverses several different muscles. Initially, the nerve exits from
deep to the obliquus capitis inferior muscle and enters the semispinalis muscle. It
travels through this muscle exiting to enter the trapezius muscle. It then exits through
the tendinous portion as it travels adjacent to the occipital artery before entering the
subcutaneous tissue, providing sensation to the posterior scalp. At each of the transi-
tions, areas of compression have been described based upon anatomical studies [18].

The fourth area described as a migraine trigger is the septum, which involves
irrigation or compression of the ethmoidal nerves. Another branch of the maxillary
division of the trigeminal nerve is the anterior and posterior ethmoidal nerves.
Deviated septums or hypertrophied turbinates have been implicated in leading to
nerve irritation and subsequent pain located behind the eye.

Diagnosis and Preoperative Planning

Though patients suffering from migraines are desperate to have improvement, the
goal of the initial evaluation is to determine which subset of migraine patients would
actually benefit from surgery. Ideal patients are chronic migraine sufferers who have
had relief from neither nonpharmacologic nor pharmacologic therapies. Patients
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Fig. 21.1 Local anesthetic
nerve injection in office

should have established neurology care that has thoroughly evaluated the patient and
has diagnosed the migraine. For patients that have yet to find any relief, studies have
supported the role of surgery in the treatment of specific neuralgias. Though neu-
rologists have different diagnosis criteria, the surgery can address either diagnosis.
A thorough migraine history is obtained. Candidates for surgery are patients that
have failed or have not achieved adequate control of the migraines (chronic refractory
migraines). Any history of previous onabotulinumtoxinA or local anesthetic injections
performed for nerve blocks is reviewed as well as the postinjection outcomes. Patients
with tender trigger points, at areas of known nerve compression as discussed above,
favor peripheral migraine etiology. The single most important history is the location of
the pain at the time of onset. This is the site that can have a small amount of local anes-
thetic injected in clinic to help with diagnosis (Fig. 21.1). Patients that have improve-
ment with local anesthetic injection are believed to be excellent candidates for surgical
intervention. Physical exam includes location of the tender areas. It is not uncommon
on physical exam, when locating the trigger area, that an arterial signal can be found
with the use of a Doppler. For patients that present with a history suggestive of a nasal
trigger etiology, thorough intranasal exam is performed to evaluate for a deviated sep-
tum or turbinate hypertrophy. CT scans are also beneficial for a thorough workup.

Surgery

With the comprehensive anatomical studies demonstrating the various sites of
potential compression, the surgeries have been refined to address each area. It is
unlikely that a specific compression point can be identified and in an isolated fashion
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Fig. 21.2 Transpalpebral
approach for frontal
migraine release

released without releasing adjacent compression areas. It is the authors’ recommen-
dations to fully release the entire nerve from all defined compression areas. Since the
anatomical exposure has already been obtained, additional decompression steps do
not overly add to the complexity of the surgery. But more importantly, this will
ensure adequate release and prevent any repetitive surgeries that may be considered
if patients continue to have symptoms in the postoperative period [19].

For the frontal trigger area, the surgical approach can be either through an open
transpalpebral incision or an endoscopic approach (Fig. 21.2). The benefits of an
open approach are direct visualization of the supraorbital foramen or notch as well
as the intraorbital path of the supraorbital nerve. The open approach utilizes an
upper eyelid incision in the superior tarsal crease, similar to a blepharoplasty inci-
sion. The skin and orbicularis oculi muscle are elevated from the septum up to the
superior orbital rim. At this location, dissection medially will identify the supraor-
bital and supratrochlear nerves (Fig. 21.3). The nerves are released from the orbital
notch or foramen. An osteotome may be required to decompress the bony foramen
when present (Figs. 21.4 and 21.5). As the nerves travel superiorly, there can be a
close anatomical relation to the supraorbital artery and vein. The vessels are isolated
and removed when found in close proximity to the nerves. Care must be taken to
ensure complete ligation to prevent retraction into the globe where bleeding is more
difficult to control. As the nerve continues, the glabellar muscles will be visualized.
The depressor supercilii and corrugator supercilii muscles are removed along the
path of the nerves. At this point, the nerves should have a nonrestrictive path exiting
the globe to the subcutaneous tissue where the nerve continuously branches. In
order to prevent subsequent scarring, a component of the medial compartment fat is
released to act as a graft. Endoscopic decompression is an alternative method with
access incisions being placed in the hair-bearing frontal scalp area.

The zygomaticotemporal nerve can also be accessed through either the open or
endoscopic approach. With the open approach, dissection is extended from the lateral
aspect of the upper eyelid incision (Fig. 21.6). Dissection proceeds laterally along the
superficial surface of the deep temporal fascia. Once the nerve is identified, a long
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Fig. 21.3 Identification of
the supratrochlear and
supraorbital nerves

Fig. 21.4 Supraorbital
nerve exiting through a bony
foramen

Fig. 21.5 Osteotomy of the
bony foramen to release the
supraorbital nerve
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Fig. 21.6 Approach for the
zygomaticotemporal nerve
through the transpalpebral
incision

hemostat is used to avulse the nerve. If an isolated zygomaticotemporal neuralgia is
expected, a direct incision over the lateral orbital brow can be made. This provides
for excellent access to the nerve (Figs. 21.7 and 21.8). Once the nerve is identified,
it can be transected at the bony foramen. With the endoscopic approach from the
hairline, the key point is identifying the deep temporal fascia. Once in the correct
plane, the nerve is identified and avulsed in a similar fashion.

Patients will have postoperative edema and ecchymosis for 1-2 weeks.
Paresthesia of the forehead will occur due to the manipulation of the nerves during
the decompression. Contour irregularities related to the muscle resection in the gla-
bellar area can be seen in some cases as well as asymmetric movement if any resid-
ual muscle remains. For endoscopic procedures, alopecia can occur in the incision
site. With the open procedure, a compression wrap is applied and worn for 24 h
postoperatively. With endoscopic procedures, a drain may be added due to the extra
dissection area.

The occipital area is accessed with the patient in the prone position. It is benefi-
cial to have the head slightly flexed as the upper shoulder area can block access in
certain patients. This can be obtained with flexion of the bed or with the use of a
shoulder roll. A small 2-inch area of hair is shaved extending from the occipital
protuberance inferiorly. It is beneficial to mark this area with the patient awake and
in the upright position to ensure the midline is appropriately marked. The midline
incision gives easy access to performing bilateral greater occipital nerve releases.
After incising through the midline fascia, the trapezius fascia is opened in the area
corresponding to location of the nerve (3 cm inferior to the occipital protuberance,
1.5 cm lateral from the midline). The nerve is identified and followed both superfi-
cial and deep, removing a small cuff of muscle when encountered. As the nerve is
traced superficially, it is common to find a close approximation of the nerve and the
occipital artery (Fig. 21.9). The artery is ligated and removed.
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Fig. 21.7 Direct approach
to the zygomaticotemporal
nerve

Fig. 21.8 Complete transec-
tion of the zygomaticotem-
poral nerve

For the nasal trigger procedure, standard septoplasty techniques are performed to
remove any irritation or compression that is occurring. Though not all patients will
have a functional respiratory obstruction before the surgery, correction of the devia-
tion and alleviation of any compressing areas that are touching the septum will lead
to improvements in the migraine symptoms.
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Fig. 21.9 Occipital nerve
release. Occipital artery and
nerve shown in close
approximation

The auriculotemporal nerve and lesser occipital nerve are two other common
nerves that can be surgically addressed. These nerves are localized to the exact loca-
tion of irritation based upon the results of preoperative nerve blocks. Operatively,
the nerve is identified by direct incision and resected. This concept can be applied
to numerous sensory nerves around the head and neck that are found to be contribut-
ing to pain. With thorough anatomical knowledge, these procedures can be per-
formed safely with low risk.

All of the above surgical procedures carry risks. Risks include bleeding, infec-
tion, injury, or damage to surrounding anatomical structures and the risk of general
anesthesia. All patients will experience numbness following the procedure that last
for several months. If the nerve is only decompressed, the numbness is expected to
resolve. If the nerve is transected or avulsed, then the numbness is permanent. These
risks must be weighed against the expected benefits based upon a thorough history
and physical.

Conclusion

Migraine treatment will continue to revolve around pharmacologic interventions.
However, there is a subset of patients that are considered “refractive” to current
pharmacologic therapy that have peripheral nerve compression triggers that can be
ameliorated by decompression surgery. Practitioners providing comprehensive
migraine care should explore this possibility of surgery for patients with chronic or
refractory migraine symptoms.
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Introduction

Vestibular migraine (VM) describes the condition of episodic vertigo occurring in
patients with a history of migraine or other clinical manifestations of migraine.
Other terms that have been used nearly interchangeably with vestibular migraine
include migrainous vertigo, migraine-associated vertigo, migraine-related vestibu-
lopathy, benign recurrent vertigo, and benign paroxysmal vertigo of childhood.

Vestibular migraine is a distinct clinical entity from migraine with brainstem
aura (MBA), which was previously known as basilar migraine. The diagnosis of
MBA requires the presence of at least one neurologic symptom of brainstem or
bilateral cortical origin as part of the aura [1].

The importance of vestibular migraine may be simply illustrated by its high preva-
lence and the fact that it represents one of the most common causes (if not the most com-
mon) [2] of episodic vertigo. In a series of 200 consecutive patients referred for evaluation
of dizziness, 38% were diagnosed with vestibular migraine [3]. Vestibular migraine is
thought to account for around 10% of patients examined in vertigo clinics [4].

A large population study (4869 German patients) observed a lifetime incidence
of 0.98% for VM, spontaneous episodic vertigo was reported by 67% of VM
patients, and positional vertigo was reported in 24%. Age-adjusted, health-related
quality of life scores were consistently lower for individuals with VM, as compared
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to controls without vertigo. This study also found that only 20% of affected patients
had been diagnosed with vestibular migraine by a physician [5].

Méniere’s disease, vestibular migraine, and benign paroxysmal positional ver-
tigo (BPPV) represent the most common causes of episodic vertigo. While BPPV is
usually readily distinguished from the others by a short duration of symptoms and
characteristic physical examination findings (i.e., positive Dix-Hallpike maneuver),
differentiation of BPPV from VM may be complicated in some patients, as posi-
tional vertigo is observed in 24% of patients with VM [5]. Positional nystagmus was
observed in 29% of vestibular migraine patients in one series. While this was defi-
nite central-type positional nystagmus in 18%, the remaining 11% of patients had
positional nystagmus with peripheral features [6].

In other cases, it may similarly be challenging to differentiate between Méniere’s
disease and vestibular migraine due to significant overlap of clinical features
between these two [7-9]. A relationship between Méniere’s disease and VM has
been proposed as early as Prosper Méniere’s initial description of MD.

Migraine

Migraine is classified as migraine with or without aura. Vertigo and/or other ves-
tibular symptoms may be associated with migraine, but these symptoms are not
classified as aura. Aura symptoms may include visual disturbance, sensory changes
(i.e., paresthesia or anesthesia), speech and/or language disturbance, motor weak-
ness, brainstem symptoms, or retinal symptoms [1]. The current Headache
Classification Committee consensus for the classification and diagnosis of migraine
with aura, migraine without aura, vestibular migraine, and vestibular symptoms is
summarized in Table 22.1.

Table 22.1 Criteria for diagnosis of vestibular migraine (Headache Classification Committee of
the International Headache Society 2013)

(A) At least five episodes fulfilling criteria C and D
(B) A current or past history of migraine without aura or migraine with aura

(C) Vestibular symptoms of moderate or severe intensity, lasting between 5 min and 72 h

(D) Atleast 50% of episodes are associated with at least one of the following three migrainous
features:

1. Headache with at least two of the following four characteristics:

(a) Unilateral location

(b) Pulsating quality

(c) Moderate or severe intensity

(d) Aggravation by routine physical activity
2. Photophobia and phonophobia

3. Visual aura

(E) Not better accounted for by another ICHD-3 diagnosis or by another vestibular disorder
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The lifetime prevalence of migraine is approximately 15-17% in women and 6%
in men [4, 10]). The lifetime prevalence of vertigo (due to all causes) is approxi-
mately 7%. Epidemiologic studies suggest concurrent prevalence to be approxi-
mately 3.2%, which is higher than the 1.1% that would be expected by chance
alone. Vestibular migraine is thought to account for around 10% of patients exam-
ined in dizziness clinics and at least 9% of patients examined in migraine clinics [4].
Episodic vertigo occurs in up to one-third of migraine patients, which is nearly as
common as the classic visual aura [11-13].

Individuals with migraine are sensitive to lights, sounds, smells, motion, and
other stimuli that are not disturbing to people without migraine. Migraineurs are
extraordinarily sensitive to such stimuli during headaches, but they are typically
more sensitive at baseline, as well [11]. Susceptibility to motion sickness is com-
monly associated with migraine; it is present in 45-70% of migraineurs, which is
two to five times more common than in the general population [12-17].

Dizziness and Vertigo

Dizziness is defined as a sensation of disturbed spatial orientation [1]. Dizziness may
represent vertigo, imbalance, disequilibrium, lightheadedness, or other conditions.
Dizziness does not always represent a vestibular symptom. Vertigo is the illusory sen-
sation of motion of either self or surroundings, in the absence of true motion [18]. The
Bérany Society classification system for vestibular symptoms further considers ver-
tigo as internal vertigo and external vertigo. According to this system, internal vertigo
is defined as the sensation of self-motion when no self-motion is occurring or the
sensation of distorted self-motion during an otherwise normal head movement, while
a false sense of external motion is referred to as external vertigo or oscillopsia [19].
Vestibular symptoms are classified accordance with consensus recommendations
set forth by the Committee for the Classification of Vestibular Disorders of the
Barany Society [19]. Vestibular symptoms qualifying for the diagnosis of vestibular
migraine include spontaneous vertigo, positional vertigo, visually induced vertigo,
head motion-induced vertigo, and head motion-induced dizziness with nausea (see
Table 22.2) [1]. Spontaneous vertigo is vertigo that occurs without an obvious

Table 22.2 Vestibular symptoms, as defined by the Barany Society’s classification of vestibular
symptoms, (Bisdorff et al. 2009) qualifying for a diagnosis of vestibular migraine (Headache
Classification Committee of the International Headache Society 2013)

(A) Spontaneous vertigo: vertigo that occurs without an obvious trigger

(B) Positional vertigo: vertigo occurring after a change of head position

(C) Visually induced vertigo: vertigo that is triggered by a complex or large moving visual
stimulus

(D) Head motion-induced vertigo: vertigo occurring during head motion
(E) Head motion-induced dizziness with nausea
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trigger. Positional vertigo is vertigo triggered by and occurring after a change of
head position in space relative to gravity. Visually induced vertigo is vertigo trig-
gered by a complex, distorted, large-field, or moving visual stimulus, including the
relative motion of the visual surround associated with body movement. Head motion
vertigo is vertigo occurring only during head motion (i.e., that is time locked to the
head movement). It is worth noting that head motion-induced dizziness with nausea
is the only form of non-vertigo dizziness that is currently included as a symptom
meeting the criteria for vestibular migraine [19].

There is great variability in reports of the epidemiology of dizziness and vertigo
due to inconsistencies in how these entities are defined and reported. Dizziness is
one of the most common complaints in clinical medicine, affecting 11.5% of
American adults within the last year [20]. The lifetime prevalence of vertigo in
adults is estimated to be 7.4%, the 1-year prevalence 4.9%, and the 1-year incidence
1.4%. A 2.7:1 female-to-male preponderance was observed, and vertigo was nearly
three times more common in the elderly than in young adults [21, 22].

Clinical Features of Vestibular Migraine

Vertigo, dizziness, and disequilibrium are reported by 30-50% of migraineurs at
some point in time [23]. Vestibular migraine (VM) classically presents as vertigo
without symptoms relating to the hearing apparatus, such as aural fullness, tinnitus,
or hearing loss, though these symptoms may be observed in some patients. A personal
and/or family history of migraine headaches is frequently observed in patients with
vestibular migraine. In one series, migraine headaches were present before the onset
of vestibular migraines in 74% of patients, and 85% of patients reported experiencing
both vestibular migraine and migraine headaches within the previous year [5].

Vertigo associated with migraine may have central or peripheral features, and
this may complicate diagnosis and management. The vestibular symptoms
reported among migraineurs are variable, with rotational vertigo being the most
common (70%), followed by intolerance of head motion (48%) and positional
vertigo (42%) [3].

Nystagmus is a rapid, involuntary oscillatory movement of the eye [18].
Nystagmus with vestibular migraine is highly variable. This may be central or
peripheral type, it may be spontaneous or positional, and may involve one or both
eyes. Variable incidences (ranging from 29 to 100%) of positional nystagmus have
been observed in vestibular migraine patients [6, 24]. Definite central-type posi-
tional nystagmus is more common, but patients may also have positional nystagmus
with peripheral features [6].

The frequency and duration of episodes vary among VM patients and may vary
in individual patients over time. Vertiginous episodes may last seconds (~10%),
minutes (~30%), hours (~30%), or several days (~30%). Attacks may occur regularly
or irregularly and may occur with anywhere from days to years between [4, 13, 14,
25, 26].
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In one series [27], the vestibular symptoms of vestibular migraine were classified
as spontaneous vertigo versus triggered vertigo (which included visually induced
vertigo, head motion-induced vertigo, and head motion-induced dizziness with nau-
sea) for the purpose of comparison. Spontaneous rotatory vertigo was more fre-
quently observed in patients with migraine with aura, though the vertigo did not
meet the criteria to be classified as aura (spells were either too long or too short),
and visual aura was reported by these patients. Triggered vertigo was more common
in migraine without aura and frequently occurred concomitantly with headaches.

Triggers for vestibular migraine are only positively identified in a minority of
patients, but identification and avoidance of these triggers can be very effective in
successfully managing a patient’s symptoms. A wide range of triggers have been
described, and these occur with variable frequency. Common triggers for vestibular
migraine include stress (emotional stress, physical exertion, sleep deprivation,
exposure to bright lights, and the patient’s menstrual cycle), changes in weather, and
dietary triggers. Dietary triggers may include caffeine (or changes in caffeine
intake), alcohol, chocolate, cheese, monosodium glutamate, and nitrites, among
others. Symptoms usually occur within minutes or hours of exposure to triggers, but
there may be a significant delay in some cases. Maintaining a careful log of dietary
intake and symptoms for several weeks can be helpful in identifying these relation-
ships [11].

Ear-Related Symptoms with Vestibular Migraine

Auditory symptoms are common among migraine patients with dizziness.
Phonophobia was reported by 66%, tinnitus by 63%, and hearing loss by 32%. In
the same series, 11% reported fluctuating hearing loss with aural fullness [28]. In
another series, 38% of patients with vestibular migraine had ear-related complaints
(including subjective hearing loss, aural fullness, and/or tinnitus) during episodes of
vertigo or headache [10]. It has been suggested that the prevalence of cochlear
symptoms may increase with time. One author observed cochlear symptoms in 15%
of patients at the time of initial presentation, and this increased to 49% with long-
term follow-up [6]. In addition to true headaches, otalgia may be the presenting
complaint in some patients with migraine (77% of patients in one series) [29].

Hearing Loss with Vestibular Migraine

Audiometry is most commonly normal in patients with vestibular migraine, but
hearing loss may be observed in some patients. When present, hearing loss is a mild
to moderate low-frequency sensorineural loss, and it may be unilateral or bilateral.
While hearing loss tends to be fluctuating and progressive in cases of Méniere’s
disease, it tends to remain stable in cases of vestibular migraine [14, 30].
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Mild, bilateral, symmetric, up-sloping (low-frequency), sensorineural hearing
loss was observed in 18% of patients in one series [6]. Though rare, sudden senso-
rineural hearing loss has been observed to occur in association with migraine [31,
32]. Administration of migraine abortifacients and vasodilator medications has been
observed to lead to improvement in case reports, though it is unclear if the improve-
ment was spontaneous or the result of therapeutic intervention.

Tinnitus with Vestibular Migraine

Patients with vestibular migraine may complain of subjective tinnitus, particularly
when comorbid hearing loss is present. In one series, 12% of patients with VM also
had tinnitus [33]. While infrequently observed (1.9% of patients with VM), pulsatile
tinnitus may be observed in the context of vestibular migraine and often resolves
with standard management of the patient’s VM [33].

Psychiatric Comorbidity in Vestibular Migraine

A significant number of migraine (classic migraine and vestibular migraine) patients
have comorbid depression, anxiety, substance abuse, somatization disorders, and
other psychiatric disorders [34]. Symptoms of depression and anxiety are frequently
observed in dizzy patients [35], and anxiety and agoraphobia are even more com-
mon in patients with vestibular migraine than in patients with classic migraines
[36].

Diagnosis of Vestibular Migraine

Diagnostic Criteria

The diagnosis of vestibular migraine is made in accordance with the diagnostic
criteria for migraine, as established by the Barany Society and included in the third
edition of the International Classification of Headache Disorders [1].

Five criteria (designated as A through E) exist for making the diagnosis of ves-
tibular migraine. Criteria A for making the diagnosis of vestibular migraine state
that a patient must have at least five episodes fulfilling criteria C and D. To fulfill
criteria B, patients must have current or past medical history of migraine without
aura or migraine with aura.

Patients must have vestibular symptoms of moderate to severe intensity that last
between 5 min and 72 h (criteria C). Vestibular symptoms qualifying for a diagnosis
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of vestibular migraine include spontaneous vertigo (may be internal or external ver-
tigo), positional vertigo, visually induced vertigo, head motion-induced vertigo, and
head motion-induced dizziness with nausea. Other forms of dizziness do not meet
the criteria for diagnosis of vestibular migraine.

At least half of episodes must be associated with one of three characteristic
migraine features to meet criteria D. These characteristics include (1) headache, (2)
photophobia and phonophobia, and (3) visual aura. To meet these criteria, head-
aches must have at least two of four characteristics, including (1) unilateral location,
(2) pulsating quality, (3) moderate or severe intensity, and/or (4) aggravated by rou-
tine physical activity. Lastly, criteria E states that the patient’s symptoms must not
be better accounted for by another ICHD-3 diagnosis or by another vestibular
disorder.

Challenges in the Diagnosis of Vestibular Migraine

Identification of migraine as the cause of vertigo may be straightforward in some
cases, but there is significant overlap of clinical features that may be observed with
migraine and other disorders, including Méniere’s disease and benign paroxysmal
positional vertigo (BPPV). Beyond symptomatic overlap between vestibular
migraine and BPPV, classic BPPV may be more common in patients with migraine
than the general population [37].

Clinical Evaluation of Vertigo

Numerous underlying conditions may be the cause for a patient’s vertigo. While
most cases are due to benign conditions, some causes of vertigo are severe and life-
threatening. Prompt differentiation of dangerous conditions, such as ischemic
stroke, from benign causes of vertigo is a primary goal of the initial evaluation.

Patient History

The first step in evaluation of a dizzy patient is the distinction of vertigo from diz-
ziness, which may usually be accomplished based on history alone. Vertigo is a
vestibular symptom, while dizziness is not. Rotational vertigo or other illusory
symptoms of motion are typical of vertigo. Symptoms such as lightheadedness,
giddiness, drowsiness, or presyncope represent non-vestibular dizziness [4].
Motion sickness is commonly observed in patients diagnosed with vestibular
migraine [15, 17].
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Episodic vertigo, migraine, and Méniere’s disease are frequently clustered in
closely related individuals, including identical twins, suggestive of some heritable
component to these disease entities [8, 38]. Identification of a positive family his-
tory of one or more of these can be helpful in making an accurate diagnosis.

Physical Examination

A thorough and complete physical examination is imperative in the evaluation of all
patients with vertigo. Attention must be given to identify details which may be sug-
gestive of serious underlying conditions, such stigmata of cardiovascular disease or
neurologic abnormalities, even if subtle.

Imaging Studies

There are no imaging studies that are specifically useful in confirming a diagnosis
of vestibular migraine. The real utility of imaging is to eliminate other possible
causes for a patient’s vertigo. The most common imaging studies that may be useful
in the evaluation of vertigo and suspected vestibular migraine include duplex ultra-
sonography with Doppler, computerized tomography (CT), magnetic resonance
imaging (MRI), and related technical variants of these techniques.

Ultrasonographic evaluation of the cervical carotid arteries should be considered
in patients with cervical bruits noted on physical examination, history of transient
ischemic attacks, and/or amaurosis fugax; patients with a strong family history of
atherosclerotic disease (particularly at a young age); and older patients (especially
patients with coronary artery disease, peripheral vascular disease, prothrombotic
states, and/or comorbid hyperlipidemia).

CT imaging is indicated when the certain clinical features are observed in
patients who present with vertigo. This modality may be useful to investigate for a
cerebrovascular accident in cases of acute onset of vertigo or to evaluate for the
presence of structural abnormalities of the labyrinth, such as a horizontal canal fis-
tula from cholesteatoma or a dehiscent superior semicircular canal.

MRI modality is relatively low yield in the routine evaluation of vertiginous
patients. Considering the low diagnostic efficacy and high cost of these studies, they
should only be obtained for further evaluation when specifically indicated. In one
series, MRIs were obtained in more than 75% of patients for the evaluation of diz-
ziness [39].

Patients identified as having asymmetric sensorineural hearing loss with an inte-
raural threshold difference of 10 dB or more in any three contiguous frequencies,
15 dB or more in any two contiguous frequencies, 15 dB or more difference at 3 Hz,
and/or 15% or greater interaural difference in word recognition scores [40, 41]
should be imaged with MRI of the internal auditory canal with and without
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gadolinium-based contrast, as this pattern may be observed with tumors of the cer-
ebellopontine angle, internal auditory canal, or labyrinth. MRI studies should also
be obtained in patients with stigmata of intracranial hypertension and/or persistent
neural deficits to evaluate for other intracranial lesions.

Audiometry and Vestibular Testing

Audiologic assessment does not routinely provide specific diagnostic information
in cases of vestibular migraine but does provide valuable information in many cases
involving episodic vertigo. Audiometry should be obtained in any case involving
auditory complaints, as identification of underlying hearing loss (particularly a uni-
lateral hearing loss) is very helpful in guiding the clinician toward a diagnosis. As
vestibular migraine is largely a diagnosis of exclusion, identification of hearing
loss—particularly certain patterns of hearing loss—may help guide the diagnostic
pursuit in the correct direction. Identification of fluctuating sensorineural hearing
loss usually suggests Méniere’s disease or related conditions, and serial audiometric
testing is necessary to identify these cases.

Otoacoustic emission testing and reflex-evoked audiometry, such as auditory
brainstem reflex testing, may be useful in the evaluation of patients when suspicion
is high for retrocochlear causes of vertigo but is not routinely warranted. These tests
do not offer information beyond that of behavioral audiometry in most clinical
scenarios.

Routine videonystagmography (VNG) should not be obtained as part of the diag-
nostic pursuit in cases where history is suggestive of vestibular migraine. The most
commonly observed abnormality on VNG testing is asymmetry of bithermal calo-
rics. The reported prevalence of abnormal calorics ranges from 23 to 53% [14, 25,
26, 42]. In one series of migraine patients (with and without vertigo), 26% had canal
paresis on electronystagmography, and this was observed with similar frequency in
patients with and without vertigo [28]. In a comparison of caloric results between
patients with migrainous vertigo and non-migraine vertigo, patients in the migraine
group were observed to have nausea and emesis during caloric testing [43]. It has
been suggested that some vestibular migraine patients with abnormalities on VNG
testing ultimately develop Méniere’s disease [25]. Migraine headaches were
reported within 24 h by nearly half of a series of migraineurs after undergoing bith-
ermal caloric testing, suggesting that vertigo can act as a trigger for migraines [44].

Electrocochleography (ECoG) may be a useful modality in some cases, but this
information should be considered supplementary instead of diagnostic [43, 45, 46].
In cases of suspected Méniere’s disease with failure to respond to therapeutic inter-
vention, normal SP/AP measurements on ECoG may be suggestive of vestibular
migraine as the underlying cause of episodic vertigo.

Vestibular-evoked myogenic potential (VEMP) testing may similarly be useful
in certain scenarios, such as cases of suspected vestibular migraine where atypical
features are present—particularly those suggestive of superior semicircular canal
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dehiscence syndrome, such as autophony or a positive fistula test (nystagmus pro-
voked by pneumatic otoscopy). Abnormal cervical VEMP (cVEMP) and ocular
VEMP (0VEMP) thresholds may be observed in patients with vestibular migraine
and patients with Méniere’s disease. To date, conflicting results [47—49] have been
presented regarding the efficacy of VEMP testing in accurately differentiating ves-
tibular migraine from Méniere’s disease.

Conditions Related to Vestibular Migraine

Méniere’s Disease and Vestibular Migraine

Meéniere’s disease may present with variable symptoms and classically comprises
the triad of episodic vertigo, fluctuating hearing loss, aural fullness, and roaring,
low-pitched tinnitus. Méniere’s disease is diagnosed in accordance with criteria set
forth by the American Academy of Otolaryngology—Head and Neck Surgery
Committee [46].

Differentiation of VM from Méniere’s disease (MD) may be challenging due to
significant overlap of symptoms between the two disorders [7-9]. A link between
vestibular migraine and Méniere’s disease was suggested first by Prosper Méniere
himself [50, 51]. This is further complicated by the observation of a higher preva-
lence of migraine in patients with Méniere’s disease, as compared to the rest of the
population [51] and the observation that both VM and MD may coexist in a subset
of patients [4, 52].

It has been postulated that migraines may damage the inner ear over time, leading
to the development of endolymphatic hydrops [8, 53]. It has been suggested that
migraine-induced vasospasm and resulting ischemia may damage the stria vascularis
and repetitive insults may lead to progressive endolymphatic hydrops [53]. Following
this logic, some patients with vestibular migraine may experience progression to
symptoms of Méniere’s disease [53]. It has been suggested that some vestibular
migraine patients with VNG abnormalities ultimately develop Méniere’s disease
[25]. This may be the result of progressive vestibular damage due to migraine, but
this is uncertain due to a lack of data on the temporal evolution of these findings.

Benign Paroxysmal Vertigo of Childhood

Benign paroxysmal vertigo of childhood (BPVC) has long been considered to be a
form of vestibular migraine [54]. BPVC is listed by the International Classification
of Headache Disorders (ICHD) as a migraine precursor childhood periodic syn-
drome. The average age of onset of BPVC is approximately 3 years, and symptoms
spontaneously resolve around 6 years of age, on average [55].
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To make the diagnosis of BPVC, there must be five attacks meeting two criteria.
First, the attacks must consist of vertigo that occurs without warning, is maximal at
the time of onset, resolves spontaneously in minutes to hours, and does not involve
loss of consciousness. Second, the episodes must be associated with at least one of
the following: nystagmus, ataxia, vomiting, pallor, or fearfulness. A final consider-
ation in the diagnosis of BPVC is the elimination of other possible causes, including
posterior fossa tumors, seizures (i.e., must have a normal electroencephalogram),
and other vestibular disorders [1].

In a case series examining long-term outcomes of benign paroxysmal vertigo
[56], 100% of patients observed until at least 15 years of age went on to experience
migraines. In the same series, 61.5% of affected children had at least one first degree
relative with a history of migraines. Triggering factors were identified in 60% of
cases. The most commonly identified factors were psychological trauma, fever, car
trips, and fatigue. Associated symptoms include ataxia (100%), vegetative signs
(87%), and headache (36%) [56].

Management of Vestibular Migraine

Principles of Management

A variety of stepwise algorithms for management of vestibular migraine have been
described and studied. Lack of consistency in the diagnosis of vestibular migraine
among practitioners, clinical trial design, and reporting of outcomes makes interpre-
tation and comparison of efficacy among the algorithms difficult.

Strategies for medical management of vestibular migraine are similar to those for
management of classic migraine [57]. In general, the first step in management of
vestibular migraine involves identification and avoidance of possible triggers. In a
series of 100 patients, 52% identified factors that triggered vestibular migraines. Of
these patients, 61% identified mental or physical stress as a factor, 23% cited hor-
monal or weather changes, and 10% mentioned specific foods, such as cheese or
coffee [58]. Counseling on the avoidance of typical triggering agents and the impor-
tance of stress reduction and sleep quality should be provided to all vestibular
migraine patients at the time of diagnosis. Some practitioners will offer abortifa-
cient medications to be used for symptomatic treatment of vertigo during this initial
trial of lifestyle modification.

If a patient’s symptoms are not sufficiently controlled with this conservative
strategy, medical prophylaxis is often the next step. There are many options for
migraine prophylaxis, and medications with fewer and/or less disturbing adverse
effects are typically offered first. Escalation to prophylaxis with anticonvulsant
medications is reserved for patients whose symptoms persist with drugs from other
classes. Following this type of algorithm, complete or satisfactory control of vertigo
symptoms has been achieved in 72-92% of patients [14, 59, 60].
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Vestibular rehabilitation and retraining programs are sometimes offered to
patients with vestibular migraine, and studies have demonstrated some benefit from
this practice. In patients prescribed with vestibular suppressant medications, consid-
eration must be given to the timing of doses to avoid interference with vestibular
rehabilitation exercises [61].

Acute Symptomatic Medical Management

The acute, symptomatic management of vestibular migraine may include the use of
vestibular suppressants, antiemetics, and migraine abortifacients, such as triptans.
The efficacies of various migraine abortifacient medications (ergots, NSAIDs, opi-
ates, and triptans) for the treatment of migraine-related vertigo and migraine-related
non-vertigo vestibular symptoms have been observed to parallel their respective
efficacies for the management of migraine headaches. In the same study, sumatrip-
tan was found to be highly effective in improving both vertigo and headaches [62].

Pharmacologic Prophylaxis of Vestibular Migraine

When conservative management fails to control a patient’s symptoms, pharmaco-
logic prophylaxis may be offered (Table 22.3). Review of the existing literature
regarding the efficacy of the various forms of pharmacologic prophylaxis is chal-
lenging due inconsistencies in diagnosis and quantification of severity of vestibular
symptoms in migraine patients, as well as lack of uniformity in prescribing algo-
rithms between authors. In one series, patients using prophylactic medications in
addition to lifestyle modification had a decrease in frequency (80%), duration
(65%), and intensity (68%) of episodic vertigo attacks, while only an improvement
in the intensity of attacks was observed in those patients managed with lifestyle
modification alone [58]. In another series, a combination of trigger avoidance and
pharmacotherapy offered complete or satisfactory control of vertigo symptoms to
more than 90% of patients [14].

The most appropriate choice of medication for migraine prophylaxis varies from
one patient to another and depends on the patient’s age, general health and func-
tional status, history of drug reactions or adverse effects, sleeping status, and comor-
bidities such as depression, anxiety, or panic disorder [14].

First-line drugs for prophylaxis of classic migraines include propranolol, timo-
lol, amitriptyline, divalproex, sodium divalproate, sodium valproate, and topira-
mate. Second-line options for prophylaxis include gabapentin, naproxen,
timed-release dihydroergotamine mesylate (DHE-45), verapamil, metoprolol,
fluoxetine, and vitamin B, (riboflavin), among others [64]. While there is significant
therapeutic overlap between prophylactic options for classic migraine and vestibu-
lar migraine, few studies have systematically examined the efficacy of prophylactic
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Table 22.3 Common pharmacologic

283

agents for prophylaxis of vestibular migraine (UpToDate

2017 [63])
Most common side
Medication | Class effects Notes
Nortriptyline | Tricyclic e Cardiac * US boxed warning: suicidality
antidepressant arrhythmias in children and adolescents
* Palpitations * Serotonin syndrome may
e Anticholinergic occur when combined with
effects monoamine oxidase inhibitors
¢ Dizziness (MAOi) or when an MAOI has
e Tinnitus been used within 14 days
* Paresthesias
* Decreased libido
Propranolol | B-blocker * Bradycardia * US boxed warning: abrupt
e Hypotension cessation may lead to angina
e Sleep disorders pectoris or myocardial
e Agitation infarction in patients with
e Dizziness ischemic heart disease
* Fatigue
Metoprolol | f-blocker * Fatigue ¢ US boxed warning: abrupt
e Bradycardia cessation may lead to angina
* Hypotension pectoris or myocardial
e Dizziness infarction in patients with
e Vertigo ischemic heart disease
e Decreased libido
Verapamil Calcium channel * Headache e Caution in patients with
blocker e Gingival history of cardiac arrhythmia
hyperplasia or who take other anti-
» Constipation arrhythmic drugs
¢ Contraindicated in Wolff-
Parkinson-White and similar
accessory conduction
syndromes
Clonazepam | Long-acting » Fatigue, ¢ US boxed warning:
benzodiazepine drowsiness combination with opioids may
* Decreased mental cause profound sedation,
acuity respiratory depression, coma,
e Ataxia and death
e Dizziness
Topiramate | Anticonvulsant e Paresthesia * Should taper dosing instead of
* Drowsiness abrupt cessation to avoid
* Fatigue rebound effect
e Dizziness * No additional benefit noted for
*  Memory doses >100 mg/day
impairment
*  Mood disorder

(continued)
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Table 22.3 (continued)
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Medication | Class

Most common side
effects

Notes

Valproic Anticonvulsant

acid

Headache
Drowsiness
Dizziness
Insomnia

Nausea
Thrombocytopenia
Infection
Weakness

* US boxed warnings:
— Hepatotoxicity
— Mitochondrial disease

Fluoxetine | Antidepressant;
selective serotonin
reuptake inhibitor

(SSRI)

Insomnia
Headache
Drowsiness
Anxiety
Nervousness
Yawning

Nausea
Decreased libido
Weakness
Pharyngitis

* US boxed warning: suicidality
and antidepressants

Venlafaxine | Antidepressant;
serotonin-
norepinephrine
reuptake inhibitor
(SNRI)

Headache
Insomnia
Drowsiness
Dizziness
Weight loss

* Black box warning: suicidality
and antidepressants

¢ Nausea
¢ Abnormal
ejaculation

medications for vestibular migraine, specifically. Recently, a prospective random-
ized, controlled trial (RCT) was performed to compare the efficacy of propranolol
and venlafaxine for prophylaxis of vestibular migraine symptoms. The authors
found these agents to offer equal efficacy in preventing vestibular symptoms but
noted venlafaxine to be more effective in managing symptoms of depression [65].

Anticonvulsant medications, including divalproex, sodium divalproate, sodium
valproate, or topiramate, are usually prescribed for migraine prophylaxis in patients
who have failed a trial (or trials) of another medication with fewer side effects.
Topiramate has been observed to be highly effective in adequately controlling
symptoms of vestibular migraine [66]. Otologists are less likely than physicians
from other specialties to prescribe anticonvulsants (20% vs. 70%) for the treatment
of vestibular migraine [67].

Benzodiazepines are not routinely prescribed for non-vertiginous migraine but
are frequently prescribed for vestibular migraine by itself or in combination with
other medications. The most commonly prescribed agent from this class is clonaz-
epam, which is potent and long acting (half-life of 24-36 h). After oral administra-
tion, clonazepam reaches maximum blood levels in 1-2 h, making it less well suited
for the management of acute episodes [14].
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In a survey-based study on practice patterns [67], it was observed that different
perspectives exist between otologists and members of the International Headache
Society (IHC; mainly neurologists but also physicians from other specialties who
provide care to migraine patients) regarding clinical presentation, pathophysiology,
and management of vestibular migraine. Most IHC members (73.5%) think vestibu-
lar migraine is caused by a sensory trigger, while only 30.8% of otologists held this
opinion. More specifically, 60% of the IHC group believe this input is from the tri-
geminal nerve, compared to 9% of otologists.

Regarding symptom classification in vestibular migraine patients, significant dif-
ferences also exist. IHC members were more likely (62% vs. 43%) to consider ver-
tigo associated with vestibular migraine to be of central origin and to consider motion
sickness (70% vs. 23%) to be a feature of vestibular migraine. Otologists were more
likely than other physicians (56% vs. 26%) to consider hearing loss to be a symptom
of migraine. Additionally, management strategies differed somewhat between
groups, with IHC members being more likely to prescribe triptans (55% vs. 23%)
and anticonvulsants (70% vs. 20%) for the treatment of vestibular migraine [67].

Follow-Up and Prognosis

A significant proportion of patients experience complete relief or satisfactory
improvement of the symptoms of vestibular migraine with appropriate therapy. One
series of 81 patients observed 16% of patients to experience adequate symptomatic
relief from dietary modification alone. Following a stepwise algorithm, 31 of those
patients who failed to respond adequately to dietary modification were prescribed a
single prophylactic medication, which leads to significant relief in 77%. A third
group of 37 patients were either treated with another medication or referred for
neurology evaluation, leading to significant relief in 57% of these patients. Of
patients in this series with vestibular symptoms and headaches, more than 95%
reported equal improvement in both categories of symptoms. One hundred percent
of patients without headaches experienced substantial relief of vertigo and disequi-
librium with migraine therapy [60].

In another case series, complete or substantial control of vestibular symptoms
was achieved in 68 (92%) of 74 patients with episodic vertigo, in 56 (89%) of 63
patients with positional vertigo, and in 56 (86%) of 65 patients with non-vertiginous
dizziness. Aural fullness was completely resolved or substantially improved in 34
(85%) of 40 patients, ear pain in 10 (63%) of 16 patients, and phonophobia in 17
(89%) of 19 patients. Treatment leads to some symptomatic improvement in all
patients [14].

While complete relief of symptoms may be achieved in many cases, many
patients will still have symptoms with maximum medical therapy. The concept of
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satisfactory improvement remains subjective, and it is important for physicians to
establish realistic expectations and effectively communicate these goals to patients.

Conclusions

Vestibular migraine represents one of the most common (if not the most common)
causes of episodic vertigo. This entity presents significant diagnostic challenges due
to variability in presentation, overlap with other disorders, and lack of well-defined,
objective diagnostic criteria. Identification of other disorders masquerading as VM
is imperative, as some potentially life-threatening conditions may present similarly.
Management consists of patient education and counseling, identification and avoid-
ance of triggers, prophylactic medical therapy, symptomatic medical therapy, and
multidisciplinary specialty input, including professionals in the disciplines of gen-
eral internal medicine, otology/neurotology/otolaryngology, neurology, and psy-
chiatry, among others.
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Chapter 23
Peripheral Nerve Stimulation for
Head and Face Pain

Shannon W. Clark, Ashwini Sharan, and Chengyuan Wu

Introduction

Neuromodulation has emerged as a potentially promising therapeutic modality for
many headache and facial pain disorders. Electrical stimulation of a peripheral
nerve (PNS) is a mode of neuromodulation that can be used to treat not only neuro-
pathic pain that manifests in dermatomal patterns, but also primary headache disor-
ders that affect a region of maximal pain not correlating with one specific dermatome.
Common PNS strategies for head and face pain include implantation of subcutane-
ous electrodes to various named nerves such as occipital nerve stimulation (ONS),
supraorbital nerve stimulation (SONS), sphenopalatine ganglion (SPG) stimulation,
and vagal nerve stimulation (VNS).

The technique of PNS was first described in 1966 by Wall and Sweet [1] and
further popularized as a treatment option by the description by Weiner and Reed [2]
as a percutaneous PNS technique in 1999 when it was used in a series of patients
with occipital neuralgia. Such methods offered less invasive alternatives to the open
exploration of a nerve and direct application of an electrode resulting in easier trial
for patients [3]. Currently, this percutaneous technique is employed by various spe-
cialties including neurosurgeons, otolaryngologists, plastic surgeons, physiatrists,
and interventional pain management specialists to treat medically refractory cranio-
facial pain syndromes [4].
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Peripheral nerve field stimulation (PNfS), also known as subcutaneous neuro-
stimulation, is a key concept that broadens the indication of ONS and SONS from
neuropathic pain to primary headache disorders [5]. Field stimulation produces
paresthesia along a diffuse painful area that may not correlate with one specific
dermatome or otherwise be well-defined [3]. Body regions rather than nerves are
used to describe indications for PNfS; hence the documented efficacy of PNfS for
holohemispheric headaches such as migraine allowed larger patient population to
benefit from the therapy [6].

In this chapter, we focus the discussion on ONS with and without SONS, SPG
stimulation, and noninvasive vagal nerve stimulation (nVNS)—as these are the
most commonly utilized PNS modalities for head and face pain with promising
evidence-based efficacy.

Occipital Nerve Stimulation

ONS provides a minimally invasive, reversible, and effective treatment for a number
of intractable headache disorders. The technique is thought to work by inhibiting
central nociceptive impulses by stimulation of the peripheral extensions of the tri-
geminocervical complex, the nerve branches of C2 and C3 [7]. One hypothesis by
which PNS reduces centrally transmitted pain is based upon the gate control theory
as described by Melzack and Wall [8], which suggests that there is an inverse rela-
tionship between activity in small diameter nociceptive afferents and large diameter
nerve fibers. As a result, stimulation of large diameter fibers leads to suppression of
small diameter fiber nociceptive input and elevation of pain thresholds.

Indications

ONS has been used successfully in the treatment of occipital neuralgia and many
primary headache disorders such as migraine [2, 6, 9, 10], cluster headache [11-13],
and hemicrania continua [11]. Reports have also suggested its efficacy in secondary
headache disorders such as cervicogenic headache [14], C2-mediated headaches
[15], posttraumatic headaches [11], and postsurgical headaches [16].

Surgical Technique

The procedure can be performed with local anesthetic and conscious sedation, mon-
itored anesthesia care, or general anesthesia. In some centers, ultrasound is used as
adjunct to identify occipital nerves and occipital arteries to ensure optimal electrode
positioning [17]. In our institution, a small vascular Doppler ultrasound is used to
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mark out the occipital artery, which is then used as a guide to estimate the greater
occipital nerve (GON). Careful identification of the region of pain guides the appro-
priate placement of electrodes especially in cases of PNfS. Marking the region
based on the patient report before electrode placement facilitates the optimal posi-
tion at the site of maximal pain. The number of leads implanted may vary based on
the location and dimension of painful area.

Either cylindrical electrodes or narrow steerable paddle electrodes may be intro-
duced percutaneously. Cylindrical electrodes have a concentric electric field in all
directions, which permits ease of placement, but are more prone to migrate and
consume more current than paddle electrodes [18].

Trial Electrode Implantation

* Preoperative Considerations
In case of ONS, the stimulator lead can be directed medially from a lateral entry
point (medial and inferior to the mastoid process) or laterally from a midline
entry point. The authors prefer a lateral point entry in unilateral cases since the
patient can be placed in the lateral decubitus position, which may also allow for
concurrent implantation of a SONS electrode. The midline point entry, however,
is more appropriate in bilateral ONS cases when the patient is positioned prone.
Midline placement also offers a stronger foothold for anchors at the midline
nuchal ligament [6]. If the plan is to place combined ONS and SONS electrodes
to cover holohemispheric headache, we suggest either placing ONS with SONS
unilaterally or placing bilateral ONS for the trial period so that the patient can
compare the therapeutic benefit to the non-treated side/area.

» Patient Positioning
In case of unilateral lead placement, patients are placed in lateral decubitus position
on a horseshoe headrest. In case of bilateral lead placement, patients are placed
prone on a horseshoe headrest. Pillows can be placed under the chest to augment the
neck flexion. For trial lead placement, monitored anesthesia care is often adminis-
tered to facilitate a wake up test for proper paresthesia coverage if necessary.
After positioning, a small handheld Doppler is used to identify the path of the
occipital artery, which runs parallel to both occipital nerves. Once identified, the
arterial path is marked with a surgical marker (Fig. 23.1).
Standard surgical preparation and draping are performed with the entire planned
path of the electrode visible in the field (Fig. 23.2).

e Surgical Steps
Step 1: The occiput C1-C2 interspace is palpated to identify the starting point for
needle entry. The skin is infiltrated with local anesthetic at the entry point, and a
small entry incision is made with a 15 blade.
Step 2: A Tuohy needle is advanced subcutaneous space overlying the nerve in
the occiput C1-C2 interspace. The needle is inserted to the distance from the
midline insertion point to the mastoid tip (Fig. 23.1).
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Fig. 23.1 (a) The distance between the midline insertion point 1 to the mastoid point 2 is noted
with A. (b) The distance between the midline insertion pointl to the insonated occipital artery
(OA) is noted with B. Tip of implanted ONS electrode should come between the length of A and
B (shorter than from midline to mastoid but longer than from midline to insonated occipital artery
distance)

Fig. 23.2 (a) Patient prepped and draped in right lateral decubitus position with battery site
planned at the left gluteal location. (b) Cross mark is made on C1-C2 interspace in the midline.
Red dots denote insonated occipital arteries, and these are the directions of tunneling the elec-
trodes. (¢) Battery side should be sufficiently lower than the belt line to prevent discomfort



23 Peripheral Nerve Stimulation for Head and Face Pain 293

Step 3: The inner stylet of the Tuohy needle is withdrawn, and an eight-contact
cylindrical lead marked the same length as the tunneled length of Tuohy needle
is inserted into the needle until the marking is reached. The inner wire stylet of
the electrode is removed, and the Tuohy needle is withdrawn while taking care
not to pull the electrode back as well.

Step 4: The electrode is stitched in place to the skin over the entry site using 2-0
silk suture, and relaxing loops are made before placement of bacitracin and occlu-
sive dressing. The externalized trial electrodes are connected to the trial stimula-
tor system. Further programming of the stimulator is performed postoperatively.
Step 5: Intraoperative fluoroscopic imaging or a postoperative skull X-ray is per-
formed to confirm the proper placement of electrodes before patient discharge. The
patient is discharged with oral antibiotics to be taken during the entire trial period.

e Operative Pearls

— The level and depth of lead placement are crucial for a successful ONS trial.
Placing the lead too superficially risks failure of nerve stimulation and lead
erosion through the skin [19]. Patients tend to experience unpleasant burning
sensation with shallow leads. On the contrary, leads placed too deep risk stim-
ulating posterior neck muscles and causing unpleasant muscle spasms [20]. In
the case of deeply placed paddle leads, stimulation may be directed superfi-
cially thereby targeting the greater occipital nerve. Therefore, we recommend
operative ultrasound guidance for visualizing occipital nerve in cases of pad-
dle leads placement as described by Deer and Hayek [20].

— Intraoperatively, the patient’s sedation may be lightened to enable testing. If
the patient reports paresthesia is perceived in the area of pain, then lead place-
ments are optimal. Alternatively, stimulation parameters can be changed to
see if the coverage area becomes optimal. However, the wake up test is not
necessary if the occipital artery path is identified properly.

— Hayek et al. [20] have recommended positioning the stimulator lead subcuta-
neously at the level of nuchal line where GON is superficial rather than the
originally described method of placing over the C1 level by Weiner and Reed
[2]. At the level of Cl1, the trapezius and semispinalis capitis muscles lie over
the GON, therefore placing the lead further from the nerve and increases the
chance for inducing muscle spasms. Our preference is to insert the lead to a
more rostral position as described by Hayek.

* Postoperative Care

The trial period lasts 5-7 days on average. Periodic adjustment of the stimulator
settings may be required to achieve optimal relief of pain. Externalized cables
should be kept dry, and as such, patients are advised not to wash hair or take a
bath during the course of the trial. A trial is typically considered successful if a
patient experiences more than 50% improvement of pain severity. Only patients
with a successful trial and satisfaction with the trial therapy should proceed with
permanent stimulator and battery placement.
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Permanent Stimulator Placement

The steps for implantation of the permanent system are similar to the trial except
that this procedure is typically performed under general anesthesia to prevent pain
associated with tunneling the leads subcutaneously and implantation of the implant-
able pulse generator (IPG). If desired, intraoperative fluoroscopic guidance can
facilitate identical placement to the trial leads.
Steps 1 through 3 along with positioning and draping are the same with the trial
procedure.
Step 4: The electrode is anchored to the fascia. This step can be performed using
a nonabsorbable stitch or with anchors provided in the stimulator kit. A strain
relief loop should be created to minimize the risk of lead migration. We recom-
mend 1-2 anchors per lead.
Step 5: An additional incision is made at the cervical-thoracic level. And an addi-
tional loop is created at this point. The superior loop likely mitigates the motion
at occiput C1-C2, while the inferior loop likely protects from the translational,
flexion extension forces at the cervical-thoracic junction (Fig. 23.3). The addi-
tion of this loop has resulted in decreased migrations [21].
Step 6: A subcutaneous pocket approximately 2cm deep from the skin is pre-
pared for the battery. We typically place a flank or gluteal IPG, particularly when
the patient is positioned prone, as doing so has the benefit of not having to reposi-
tion the patient for IPG implantation. Similarly, if the patient was positioned in a
lateral decubitus position, either infraclavicular or axillary sites may be consid-
ered for purposes of proximity.
Step 7: The leads are tunneled from the anchor site to the IPG pocket. Extension
cables are frequently required for IPGs in the flank or gluteal locations. The
leads, with or without extensions, are then connected to the IPG.

Fig. 23.3 (a) Schematic drawing of two strain relief loops placed at the incision made in the mid-
line (along nuchal line) for needle incision site as well as at the cervicothoracic junction. (b)
Postoperative X-ray demonstrating the actual strain relief loops. In our experience, the second strain
relief loop at this very mobile location of the neck greatly reduced the pullout rate of electrodes
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Step 8: An impedance check is performed on the system to assess technical func-
tion of the entire system.

Step 9: All wounds are irrigated with antibiotic-impregnated solution, and the
incisions are closed.

e Complications

The major complication with ONS (and SONS) is lead migration. The incidence
of lead migration was reported to be 24—-60% within the first year and 100% after
3 years of implantation [10, 22, 23]. As a result some practitioners [20] have used
self-anchoring leads in ONS with encouraging preliminary results. In a case
series of patients implanted in this manner, none of 12 patients required a surgi-
cal revision for lead migration for a mean follow-up period of 13 months [20].
For SONS electrodes, forehead muscles and skin tend to move more than that of
the occipital area due to facial expressions. Hence, lead migrations and erosions
are more common in the facial leads, not to mention cosmetic concerns in this
area. The details of SONS are described in the next section.

Clinical Results in the ONS Literature

1. Occipital Neuralgia
Occipital neuralgia (ON) is a disorder characterized by sharp, electrical, parox-
ysmal pain, occasionally throbbing in quality, originating from the occiput and
extending along the posterior scalp, in the distribution of the greater, lesser, and/
or third occipital nerve [24]. The initial use of ONS in craniofacial pain was its
application for treatment of ON by Weiner and Reed [2]. Though use of spinal
cord stimulator as ONS for any craniofacial pain including ON is not approved
by FDA, numerous studies (Table 23.1) have shown its efficacy for ON. In fact
the Congress of Neurological Surgeons (CNS) published the evidence-based
guideline [24] for use of ONS for medically refractory ON in 2015, recommend-
ing it as a mainstay surgical treatment for ON.

2. Chronic Migraine
There have been numerous case series documenting the efficacy of ONS as ther-
apy for medically refractory chronic migraine (CM) since the late 1990s. Their
efficacies range from 50 to 100%. Table 23.2 summarizes the major early clinical
results reported.
Given these promising results, randomized controlled trials (RCT) of ONS for CM
have recently been undertaken. Three trials have been performed and are summa-
rized in Table 23.3. Subjects in the ONSTIM (Occipital Nerve Stimulation for the
Treatment of Chronic Migraine Headache) study included patients who were diag-
nosed with medically refractory CM for an average of 10 years with approxi-
mately 23 headache days per month [33]. Three-month responder rates were 39%
for adjustable stimulation group, 6% for sham stimulation group, and 0% for med-
ical management group. Lead migration occurred in 12 of 51 (24%) subjects.
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Table 23.1 Clinical results of ONS for ON
Author N | Results Complications
Weiner and 13 | All patients with >50% pain relief at the last Lead infection,
Reed, 1999 [2] follow-up (mean 2 years, range 1.5-5.5 years) breakage, and migration
(8%)
Ohetal.,, 2004 | 10 | Nine of ten patients with >75% relief at Worsened cervical pain
[25] 6 months (length of follow-up was only (10%)
6 months)
Kapural et al., | 6| Significant decrease in VAS from 8.7 to 2.5 at Allergic reaction over

2005 [9]

3 months as well as pain disability index from
49.8 to 14.0

battery (10%)

Slavin et al.,

Seven patients had 60-90% reduction of pain at

Infection (10%)

2006 [26] mean follow-up of 22 months (range,
5-32 months)
Johnstone 8 | Reduction in VAS in five patients at mean Migration (10%)
et al., 2006 follow-up of 25 months (range 647 months) Infection (29%)
[27] and two acquired employment
Melvinetal., |11 |Mean of 64% improvement in SF-MPQ Lead migration and
2007 [15] compared with baseline and 67% decrease in reoperation (18%)
VAS at 3 months
Magown et al., | 7 | Mean reduction of 96% on the VAS at mean of | Infection (14%)
2009 [28] 17 months (range, 2-30)
Palmisani 3 | All three patients reported >50% reduction in Reposition of battery
etal., 2013 pain intensity and frequency at 28-31 months (33%)
[29]
Abhinav et al., | 4 | Median VAS pre- and postoperatively was 9 and | None
2013 [30] 0
Table 23.2 Early case series reporting clinical results of ONS for CM
Author N | Results Complications
‘Weiner and 12 | 80% response rate NA
Reed, 1999 [2]
Popenoy et al., |25 | HA reduced from 76/90 to 38/90 days with Nine migrations, one
2003 [31] responder rate 88% infection
Ohet al., 2004 | 10 | 90% relief in 7 patients (f/u 6 months) Two infections
[25]
Schwedt et al., | 15| HA reduced from 90/90 to 60/90 days and severity | Three migrations
2007 [10] decreased from 6.75 to 4.5; plus reduction of
depression score
Matharu et al., 8 | PET study of ONS showing pain center modulated | Three migrations

2004 [32]

by ONS. 6 patients had >75% and 2 patients had

>50% relief

In another prospective randomized multicenter double-blind controlled study,
125 subjects with CM were implanted with a neurostimulation system and ran-
domized to an active or control group for 12 weeks [34], after which patients
were followed in an open-label phase. Reduction in the number of headache
(HA) days was recorded. Although there was not a significant group difference in
the number of patients with a 50% reduction on the visual analogue scale (VAS)
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Table 23.3 Prospective RCTs of PNS for migraine

Author N | Result Complications

Saper et al., ONSTIM | 75 | 39% responder rate to 249% lead migrations

2011 [33] adjustable ONS

Silberstein 125 | Reduction in headache days | 70% complications of which

etal., 2012 and MIDAS score with 40.7% required surgical

[34] ONS intervention

Lipton et al., PRISM | 139 | No statistically significant | 6.8% revision surgery and

2009 [35] reduction in HA days with | 15.1% required explanation due
ONS vs. sham to complications

Table 23.4 Case series reporting clinical results of ONS for CH

Author N |f/u Results

Burns et al., 14| 17.5 months | 10/14 improved (3 had >90%, 3 had >40%, 4 had 20-30%)
2007 [12]

Magis et al., 15| 36.8 months | 80% had 90% reduction in frequency, 10% did not respond.
2007 [13] 29% reduced prophylaxis medication

Lainez et al., 5|24 months | 3/5 had excellent response, 1 had partial, and 1 did not
2008 [36] respond

Fontaine et al., | 13 | 14 months | Attack frequency and intensity reduced by 68% and 49%.
2011 [37] 10 responders, prophylactic medication decrease in 8
Mueller et al., |27 |20 months | 93% response. 21 patients satisfied with treatment

2013 [38]

(primary endpoint), there was a significant group difference at 30% (p < 0.05),
which has still been considered to be clinically significant. In the active and con-
trol groups, number of HA days decreased by 7.0 and 2.7, respectively; total
migraine disability assessment (MIDAS) scores improved by 72.9 and 27.2,
respectively; and a 30% reduction in VAS was achieved in 36.4% and 13.5% of
patients, respectively. The authors concluded that these results provide evidence
to support the safety and efficacy of ONS for management of chronic migraine.

In a 52-week outcome analysis of the study, headache days were significantly
reduced by 6.7 days in the intention to treat population (p < 0.001). The percent-
ages of patients who achieved a 30% and 50% reduction in headache days and/
or pain intensity were 59.5% and 47.8%, respectively. However, a total of 70%
of patients experienced adverse events such as 11 infections, 29 lead migrations
and breakages, and 38 persistent pains at surgical sites, of which 8.6% required
hospitalization and 40.7% required surgical revision.

In a third prospective, double-blinded, randomized controlled, multicenter
trial, 139 patients were randomized to receive either active stimulation or sham
stimulation. The full study results are only available in abstract form [35].ONS
did not produce statistically significant benefits in relation to sham stimulation
for the primary endpoint of change from baseline migraine days per month.

. Cluster Headache
A number of observational studies have demonstrated promising efficacy of
ONS for the management of chronic cluster headache (CH). Table 23.4 summarizes
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the results of the main studies (n > 5) reported in recent years. The efficacy
ranges from 60 to 90% in these reported series with similar complication profiles
as reports for CM.

Supraorbital Nerve Stimulation

Since the distribution of pain may either be isolated to the anterior head region or
present both anteriorly and posteriorly, the potential for bilateral supraorbital nerve
stimulation (SONS) in combination with ONS was explored in more recent years.
There have been several case series documenting promising efficacy of combined
stimulations especially for primary headaches such as CM and CH.

Surgical Steps for Implanting SONS

Step 1: After prepping and draping the ipsilateral forehead, neck, and chest, the
incision site and needle insertion site are marked. For one SONS lead, an incision
is made in the lateral forehead just behind the hairline (approximately 1.5 cm
superolateral to the tip of eyebrow) for the ON-Q® T-peel introducer needle with
over the needle catheter (i.Flow*). We use ON-Q system (6 inch x 17 GA needle)
for SONS because it is more malleable as opposed to the stiff Tuohy needles. It
can also be used for ONS placements. Another incision is made in the right tem-
poral region, to which the distal SONS wire is tunneled.

Note: Trial lead placement for SONS is similar to the step 1, only the stab inci-
sion behind the hairline is made, and the trial electrode is anchored to the scalp
with 2-0 silk sutures at the entry site without being tunneled. Place bacitracin
ointment and occlusive dressing on top. Patients are advised to not wash their hair
for the duration of trials (approximately 5 days) to prevent electrodes pullout.
Step 2: The ON-Q needle with catheter is prebent to the curvature of the forehead.
The direction is chosen in such a way that the electrode contacts are positioned
perpendicular to the course of the supraorbital nerves. After the ON-Q is in posi-
tion, the inner needle is pulled out leaving the plastic sheath in place. A standard
electrode (four-contact or eight-contact) is passed into the epifascial plane, and
the tip of the electrode is buried and anchored with a 4-0 neurolon suture subperi-
osteally via a small nick incision made in the forehead crease to hold the tip down
and reduce lead migration (or later sticking out at the forehead).

Step 3: After removing the guide sheath, the electrode is tunneled back to the
incision in the right temporal region, and a titanium dog bone—shaped plate is
used to anchor the electrode to the cranium at the temporal incision (Fig. 23.4).
Step 4: A strain relief loop is created at the temporal incision, and the distal wire
is further tunneled down to the neck behind the ear. Another incision is typically
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Fig. 23.4 (a) Postoperative A—P view X-ray of right-sided SONS and ONS. (b) Lateral view
shows that the supraorbital lead is anchored to the skull with a dog bone-shaped titanium plate

made behind the neck medial to the scapula to connect extension cord as well as
to create another strain relief loops to prevent leads from pulled out on flexion
and extension of the neck and back.

Subsequent tunneling and battery implantations are the same as the ONS
procedure.

Clinical Results in SONS Literature

There are limited data available regarding the efficacy of SONS for the treatment of
headaches. Initial investigations in its use were predominantly for trigeminal auto-
nomic cephalgias (TACs) given the predominant frontal localization of the pain [39].
Since then, many centers started to use combined SONS and ONS to cover holohe-
mispheric pain and are now believed to have higher HA control rate with combined
stimulation than SONS or ONS alone [6]. Table 23.5 summarizes the clinical studies
published in recent years regarding the use of SONS for craniofacial pain.

In treating craniofacial pain, the variables that are predictive of the need for
SONS in addition to ONS are unclear. The question of whether ONS can effectively
ameliorate anterior pain was investigated in a study by Yancy et al. [40]. Thirty-
three patients who had undergone implantation of unilateral or bilateral ONS leads
for the treatment of medically resistant chronic craniofacial pain showed 26 patients
with more than 50% improvement in pain severity. Of the responders, nine reported
ONS was more effective for the posterior pain, while 15 considered ONS equally
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effective for both anterior and posterior pain. Therefore, while posterior pain was
preferentially improved in one-third of patients, two-thirds experienced significant
and equal relief of both anterior and posterior pain. The authors concluded that these
results support a role for central inhibition of sensory trigeminal pathways from
peripheral ONS.

Sphenopalatine Ganglion Stimulation

The sphenopalatine ganglion (SPG), which contains parasympathetic efferents des-
tined for meningeal blood vessels, lacrimal gland, and nasal mucosa, has been
implicated in the pathogenesis of the headache and cranial autonomic features asso-
ciated with CH and other TACs. Cranial autonomic symptoms reflect activation of
an increase outflow from parasympathetic efferents within the SPG. Since Sluder
[46] first described the application of cocaine or alcohol to the SPG for treatment of
headache, the SPG has been the target of a variety of surgical and nonsurgical inter-
ventions of the treatment of headaches, including percutaneous alcohol injection
[47], lidocaine or corticosteroid application [48], radiofrequency lesioning [49], and
neuromodulation [50].

In a recent review of SPG stimulation, Khan and colleagues [51] speculated that
SPG stimulation may work by either interrupting SPG parasympathetic outflow by
interfering with preganglionic superior salivatory nucleus to SPG efferents, or by
interfering with postganglionic outflow, or by modulating the sensory processing in
trigeminal nucleus caudalis (TNC) via slow neuromodulatory changes to the pain
processing structures of the brain stem.

The SPG Microstimulator Device

Currently, a CE-marked SPG stimulator device from Autonomic Technologies™ is
undergoing clinical trials in the USA for its efficacy in CH. The Pulsante micro-
stimulator system provides a novel, non-systemic therapy designed to deliver patient
controlled, real-time stimulation of the SPG. The microstimulator is a miniaturized
implantable device including the device body, an integral lead with six stimulating
electrodes, and an integral fixation plate (Fig. 23.5). The device is implanted such
that the electrodes are positioned within the pterygopalatine fossa (PPF) on the side
of the patients most prevalent CH, with the body positioned on the lateral posterior
maxilla medial to the zygomatic arch and anchored to the zygomatic process of the
maxilla using the fixation plate. The stimulator is inserted transorally using an inci-
sion to the outer gingiva, with the aid of custom surgical tools and intraoperative
fluoroscopy. It is powered and controlled by a handheld rechargeable remote con-
troller held to the patient’s cheek [52].
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Table 23.5 Clinical studies of SONS and combined SONS and ONS for craniofacial pain

Mode of

Author Types of HA | N | stimulation Results Complications
Slavin Neuropathic 30 | SONS, ONS, 15 patients had either | Three had
et al., 2006 | craniofacial and infraorbital | partial or complete reoperation due to
[41] pain stimulation pain relief and were | migration or

satisfied infection
Narouze CCH 1| SONS only Complete resolution | None
et al., 2007 of HA attacks after
[42] 2 months
Reed et al., | CCH 7 | Combined 100% had >50% 14% lead migration
2010 [43] SONS and ONS | decreased severity
Reed et al., | CM 44 | Combined Frequency of HA Not reported
2011 [6, SONS and ONS | decreased by 81%
44] and 50% had near

elimination of HA
Hann CM 14 | Combined 71% had >50% Lead migration
etal., 2013 SONS and ONS | decrease in severity (42.8%), lead
[6] allodynia (21%)
Vaisman TACs 5| SONS only VAS decreased from | Two lead migrations
etal., 2014 8.9 to 1.6 and 60% requiring surgery
[45] weaned off opiate use

Surgical Planning

A preoperative maxillofacial CT with 0.5-1.9 mm slice thickness is obtained to
evaluate the patient’s anatomy of the PPF and pterygomaxillary fissure (PMF). A
minimum PMF width of 1.2 mm is required for surgical eligibility as the integral
lead diameter of the neurostimulator is 1 mm. Dental or gum disease on ipsilateral
side of the treatment may predispose implant infection and is also a contraindication
for surgery.

Once surgical eligibility is established, custom surgical planning is performed
with the assistance of the manufacturer, and a recommendation for microstimulator
length and target positioning is provided based on patient-specific anatomy. Four
lengths are available ranging from 3.6 to 6.0 cm. The stimulating electrode target
location is the putative location of the SPG, typically located between the vidian
canal and the foramen rotundum. Based on the preoperative thin cut CT, a 3D
patient-specific anatomical rendering with digitally placed microstimulator is cre-
ated (Fig. 23.6). A 2D representation is also created at the same time to be used for
intraoperative direct comparison with the live fluoroscopic images.

1. Surgical Steps
Step 1: Preoperative antibiotics appropriate for oral surgery, such as IV clindamy-
cin, is given. Oral decontamination prior to surgery is necessary and should
include both a mouth rinse with chlorhexidine solution (0.12% solution) and a
scrub of the mucosa with iodine swabs.
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Fig. 23.5 (a) The
handheld remote controller
inductively powers and
controls the
microstimulator. (b) The
insertable Pulsante
microstimulator with six
electrodes attached to a
body (battery) with fixation
plate

“% 7

-
.

Step 2: The patient is placed under general anesthesia with the oral intubation
tube positioned on the opposite side of the oral cavity. Nasal intubation is not
recommended, as fluoroscopic images may be more difficult to assess. The
patient is placed supine on a fluoroscopy compatible table with chin slightly
elevated for easier access to the oral cavity.

Step 3: After injection of xylocaine 1% with 1:100,000 epinephrine, an incision
of 2 cm is made in gingival crevice over the posterior maxillary buttress along
the molars, leaving an inferior cuff of mucosa to allow suture closure. A limited
subperiosteal tissue dissection of the lateral and posterior maxilla is then
performed.

Step 4: After this initial subperiosteal elevation dissection, a procedure-specific
curved subperiosteal elevator is used to continue the dissection and to identify
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Fig. 23.6 (a) 3D reconstruction of thin cut facial bone CT demonstrating where the Pulsante
microstimulator should be placed. (b) Demonstrates the measurement of the device size

Fig. 23.7 Dissectors and introducers for the microstimulator. The two on the left are both subperi-
osteal dissectors specifically designed to create corridors to fit the electrodes. While the right one
is used to place the microstimulator

the PMF. This instrument allows for blunt atraumatic subperiosteal dissection,
while maintaining close contact to the posterior wall of the maxillary tuberosity
to avoid trauma to the surrounding tissues. Periodic fluoroscopy image guidance
is recommended to verify appropriate surgical introducer location.

Step 5: The dissection is completed once the instrument is positioned at the
entrance to the PPF and aimed toward the superomedial aspect of the PPF. The
device is then inserted with the aid of a shielded surgical introducer (Fig. 23.7).
Prior to insertion, the fixation plate must be bent appropriately to the anatomy of
the posterior lateral and zygomatic processes of the maxilla.

Step 6: The microstimulator is anchored to the maxilla using the most distal fixa-
tion plate hole using a standard craniofacial screw. Placement is confirmed with
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Fig. 23.8 Postoperative thin
cut CT with 3D reconstruc-
tion demonstrating
microstimulator being
placed in sphenopalatine
fossa

fluoroscopic images while comparing it with the preoperatively rendered 2D
planning imaging. Electrode impedance testing should be performed to ensure
proper functionality before closing wound with 4-0 resorbable sutures.

2. Postoperative Care
Patent should avoid undue pressure to the surgical area, smoking, and gum chew-
ing and maintain a soft diet and proper oral hygiene. Any postoperative wound
infections should be treated by surgical wound debridement, possible removal of
the implant, and antibiotics as appropriate.
On the first postoperative day, a thin cut facial bone CT should be taken to con-
firm proper placement of the microstimulator (Fig. 23.8). If location revision is
needed, the microstimulator should be removed and replaced within the first
days after the initial procedure to achieve ideal placement.

Clinical Results in the SPG Stimulation Literature

A small, open-label study using Pulsante microstimulator system indicated that this
modality may be effective in patients with chronic CH [53]. SPG stimulation
resulted in complete resolution of headache in 11 of 18 CH attacks with partial
improvement (>50% improvement in VAS) in three others. Pain relief was noted
within several minutes of stimulation. SPG stimulation has also been attempted in
ten migraine patients during attacks triggered by alcohol and odors [50]; but unfor-
tunately, one patient responded to sham stimulation, making it difficult to interpret
the response. Two patients had complete pain relief within 3 min of SPG stimula-
tion, three had reduction in pain, and five had no response. As in the CH study,
accurate placement of the stimulation needle and electrode was the most important
predictor of clinical success.

In a recent multicenter randomized, sham-controlled study [54] performed in
Europe, 32 CH patients were implanted with the Pulsante microstimulator system.
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Twenty-eight patients completed the study, and 67.1% of the attacks treated with
full stimulation resulted in pain relief compared to 7.4% of sham-treated attacks
(p <0.0001). In addition, 36% of patients experienced a >50% decrease in attack
frequency. Overall, 68% of patients experienced a clinically significant improve-
ment during the study by achieving pain relief of at least 50% in intensity and 50%
reduction in attack frequency.

In the USA, a multicenter randomized, sham-controlled, prospective study to
evaluate the use of an implanted SPG neurostimulator for the treatment of migraine
headache intensity, symptoms, and frequency in chronic migraineurs (NCT01540799)
is active but no longer recruiting. In addition, a US multicenter randomized sham-
controlled study evaluating an implanted SPG neurostimulator for the treatment of
CH is currently recruiting subjects (NCT02168764).

Vagal Nerve Stimulation

Stimulation of the vagus nerve (VNS) has received increasing interest as a treatment
for head and face pain, primarily for migraine and cluster headaches. VNS was first
approved by FDA in 1997 for partial-onset seizures refractory to antiepileptic medi-
cations. Subsequently, it was approved as a therapy for medically refractory depres-
sion in 2005. Thus far, in several case series in epilepsy and depression cohorts,
chronic use of implanted VNS was associated with headache relief. In early 2000,
Kirchner et al. and Sadler et al. each reported a case where headache improved sig-
nificantly following VNS implantation [55, 56]. However, the evidence thus far is
sparse, retrospective, and mainly derived from patients who had undergone place-
ment of a vagal nerve stimulator treatment of refractory epilepsy.

A new preclinical investigation of VNS on an animal model of trigeminal pain
(pretreated with dural noxious inflammatory soups) showed that a single dose of
VNS (1-2 s of electrical stimulation directly applied to a dissected vagal nerve of an
anesthetized rat) suppressed ongoing spontaneous and noxious dural-evoked tri-
geminocervical neuronal firing. Two doses of VNS (second stimulation given 3 min
after the first one) also suppressed superior salivatory nucleus-evoked trigeminocer-
vical neuronal responses. VNS had no effect on normal somatosensory cutaneous
facial responses throughout [57]. This study provides a mechanistic rationale for the
observed benefits of VNS in the abortive treatment of trigeminal pain and primary
headaches.

Given the concern for surgical risks associated with VNS implantation, evalua-
tion of the nociceptive benefit of chronic VNS in headache sufferers has been under-
taken with noninvasive VNS (nVNS). In three retrospective studies of nVNS with
small numbers of patients, at least 50% reported a substantial (>50%) reduction in
migraine frequency after at least 6 months of stimulation [58, 59]. Table 23.6 sum-
marizes the recent results of nVNS for craniofacial pain in RCTs and cases series.

Noninvasive VNS has been studied in several primary headache disorders. To
date, most headache-related nVNS clinical studies utilized the transcervical VNS
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Table 23.6 Clinical study of nVNS for headaches

Type
Type of | of
Author HA study |N |Result
Silberstein et al., | CH RCT 133 | No significant difference for nVNS and sham for
2017 ACT1 primary endpoint of being pain-free at 15 min after
study [62] treatment. However, on subgroup analysis, episodic
CH patients had significantly higher response rate
in nVNS group
Silberstein et al., | CM RCT 59 | No significant difference between the reduction in
2017 the HA days per month during blind phase (—1.4 days
EVENT study for stim group and —0.2 days for sham group), but
[63] during open-label phase, nVNS resulted in —7.9 HA
after 8 months of treatment
Nesbitt et al., CH Case 19 | Among 11 chronic and 8 episodic cluster patients,
2015 [61] series 15 reported overall improvements (47% had
complete resolution of pain within 11 min of
stimulation)
Goadsby et al., | Acute Case 30 | 80 acute migraine attacks were treated with 90-s
2014 [60] migraine | series session of nVNS. 22% of moderate to severe attacks

were aborted at assessment 2 h after stimulation

Fig. 23.9 gammaCore® percutaneous VNS system in use over the cervical vagal nerve

device from gammaCore® (Fig. 23.9). gammaCore is the first n'VNS therapy applied
at the neck for acute treatment of CH approved by the FDA in 2017.

In one of the first open-label, single-arm studies evaluating the efficacy and
safety of an nVNS for the acute treatment of migraine with and without aura, 27
subjects were treated for 80 painful migraine attacks with two 90-s doses, at 15-min
intervals; stimulation was delivered to the right cervical branch of the vagus nerve.
Minor adverse events were reported in 13 patients, including neck twitching, hoarse-
ness of voice, and redness at the device site. No unanticipated serious or severe
adverse events were reported. For the first moderate to severe migraine attack
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treated (total of 19), the pain-free rate assessed at 2 h after the stimulation was 21%
(4 out of 19). For all the moderate to severe attacks treated (total of 54), the pain-
free rate at 2 h after stimulation was 22% (23 out of 54) [60].

External vagal nerve stimulation was also reported as being effective in an open-
label, observational cohort study [61] in 19 CH patients (11 chronic, 8 episodic).
Fifteen patients reported an overall improvement in their condition. Of all attacks
treated, 47% were terminated within an average of 11 min of commencing stimula-
tion. Ten patients reduced their acute use of high flow oxygen by 55%, and nine
patients reduced triptan use by 48%. Prophylactic use of the device resulted in a
substantial reduction in estimated mean attack frequency from 4.5/24 h to 2.6/24 h
(p < 0.0005) posttreatment.

Most recently, Silberstein et al. have published a double-blinded RCT for epi-
sodic and chronic CH known as the ACT1 study involving 133 patients which have
failed to observe significant difference between the stimulation and sham group for
the primary endpoint of being pain-free at 15 min after stimulation (26.7% of nVNS
and 15.1% of sham; P = 0.1). However, in their subgroup analysis breaking down to
episodic and chronic cohorts, episodic CH patients had significantly higher propor-
tions of improvement over the sham group (nVNS, 34.2%; sham, 10.6%; P = 0.008).
Authors concluded that this is a promising treatment for patients with episodic CH
with no significant adverse effect [62].

In a separate prospective, multicenter, double-blind, sham-controlled study,
Silberstein et al. investigated the use of nVNS on preventing attacks of CM (the
Event study). In it, 59 patients were studied during the blind phase (2 months) and
found that there was no difference in the reduction in HA days between the stimula-
tion and sham group (—1.4 in nVNS and —0.2 in sham; A = 1.2; p = 0.56). However,
in the following open-label phase (8 months), when all were placed in stimulation
group, the HA day reduction was —7.9 days per month, suggesting potential pro-
phylactic benefit in persistent use [63].

Early studies demonstrated the potential of invasive VNS and nVNS in the man-
agement of distinct types of headache disorders. VNS may be effective for both
acute and prophylactic treatment of headache [61, 64]. As with other forms of neu-
romodulation, chronic use of VNS seems to be associated with a better outcome,
which improves over time [65]. Nevertheless, a clearly effective double-blinded,
sham-controlled study that has a strongly positive primary endpoint for various
types of headache is still needed. With a good safety profile and the strong sugges-
tion of efficacy in previous trials, n'VNS may constitute an effective headache and
facial pain treatment.

Conclusion

Over the past decade, the evidence that PNS may be effective for the acute and pre-
ventative management of head and facial pain disorders has accumulated from
investigators around the world. The response to the initial efficacy reports has been
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measured, and the results of observational studies from different investigators have
been very similar. Sham-controlled studies that have been performed for ONS show
early promise.

The ability to blind several of these modalities has proven to be uniquely chal-
lenging, as has finding sensitive outcome measures that capture the improvements
seen at the bedside, particularly in the most highly disabled and medically intrac-
table patient populations. In addition adverse events—especially lead migration,
battery failure, and infection—were relatively high in early studies. Nevertheless,
continuing developments and more robustly designed randomized controlled trials
are underway.

Cost and surgical risk will likely continue to be concerns for PNS modalities
used to treat chronic pain. Noninvasive PNS such as nVNS will have advantage in
adoptability by general public due to low cost and low adverse event from the ther-
apy. Cost-effectiveness studies will be necessary if pivotal phase III studies confirm
the efficacy and long-term safety of implantable neurostimulation devices.

For patients who are disabled and suffer intensely and have failed to respond to
conventional and evidence-based pharmacologic and non-drug therapies, the emer-
gence of PNS offers hope for a safe and effective long-term strategy to reduce the
suffering associated with intractable headache and craniofacial pain.
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Neuromodulation for Trigeminal b
Autonomic Cephalalgias

Tsinsue Chen, Manjit Matharu, and Ludvic Zrinzo

Introduction

Trigeminal autonomic cephalalgias (TAC) refer to a group of strictly unilateral pri-
mary headache syndromes with cranial autonomic features and include cluster
headache (CH), short lasting unilateral neuralgiform headaches with autonomic
symptoms (SUNHA), paroxysmal hemicrania and hemicrania continua; SUNHA is
further subdivided into short-lasting unilateral neuralgiform headache attacks with
conjunctival injection and tearing (SUNCT) and short-lasting unilateral neuralgiform
headache attacks with cranial autonomic features (SUNA). These syndromes are
thought to be caused by dysfunction in the pain matrix involving the hypothalamic
region and trigeminocervical complex as well as the trigemino-parasympathetic
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reflex. Peripheral neuromodulation methods target the trigeminocervical complex
and the trigemino-parasympathetic reflex via extracranial stimulation of the occipi-
tal nerve or sphenopalatine ganglion, respectively, while the central neurostimula-
tion methods target the posterior hypothalamic region and spinal dorsal columns via
deep brain stimulation and spinal cord stimulation [1, 2].

Peripheral Neuromodulation Techniques

Sphenopalatine Ganglion Stimulation and Lesioning
Mechanism and Use of SPG stimulation

The sphenopalatine ganglion (SPG) lies in the pterygopalatine fossa and receives
trigeminal sensory inputs as well as cranial parasympathetic outflow from the supe-
rior salivary nucleus. Meningeal vessels and facial structures are innervated by post-
ganglionic SPG fibres, and neurotransmitters released by these fibres activate
trigeminal nociceptors and thus the trigeminal system. This positively feeds back on
the parasympathetic outflow and forms the trigemino-parasympathetic reflex [3].
Modulation of the SPG via stimulation or lesioning of the SPG via radiofrequency
ablation is thought to work by disrupting this trigemino-parasympathetic reflex.
Acute attacks are terminated by a direct effect on the trigeminal inflow and/or para-
sympathetic output, and attack prevention may be mediated by changes in neu-
rotransmitter production over time [4].

Sphenopalatine ganglion stimulation involves implanting a small neurostimula-
tor device into the pterygopalatine fossa via a small transoral incision through the
gum above the upper premolar teeth, overlying the maxilla. The stimulator delivers
an electrical current by induction from a remote held over the cheek by the patient
in both abortive and preventive contexts. After the procedure, the patient is initially
evaluated every 1-2 weeks to ensure that optimal stimulation settings result in com-
fortable soft palate paraesthesias. At the initiation of an attack, the patient activates
the device by placing the remote on the cheek over the implant and stimulates for a
least 15 min. If the attack persists, stimulation is turned off and rescue medication
used. The device can also be used prophylactically by stimulating for 15 min one to
two times per week. Ongoing studies are currently assessing the optimal regimen
for both abortive and preventive control [4].

Evidence for SPG Stimulation and Lesioning

Recently, a multicentre trial of 28 chronic cluster headache (CCH) patients treated
with SPG stimulation demonstrated a significant difference in number of attacks
reported as showing pain relief at 15 min between stimulation and sham groups
(67.1% vs. 7.3%, p < 0.0001) as well as number of attacks reported as
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demonstrating pain freedom at 15 min between the stimulation vs. sham groups
(34.1% vs. 1.6%, p < 0.0001). After 2 months of therapy, acute rescue medications
were only being used in 31% of cluster attacks in the stimulation group vs. 77.4%
of CH attacks in the sham group (p < 0.0001). Complications encountered included
infection (6%), lead misplacement or migration (15%) and transient sensory deficits
in the maxillary nerve distribution (81%) [5].

In a recent series of 33 CCH patients treated with SPG stimulation, Barloese
et al. reported ten patients (30%) who experienced at least one remission period
lasting at least 1 month, with an average remission period of 134 + 86 days. All ten
patients were taking triptans preoperatively, and at 24 months post-operatively, 60%
were not using triptans and 30% were not using any acute medications [6]. To our
knowledge, there have been no reports of SPG stimulation for the treatment of TACs
other than cluster headache.

Expert consensus published in 2014 recommended SPG stimulation for patients
with unilateral chronic cluster headache who have failed all medical therapies. The
device may be especially effective in patients with a high number of daily attacks
and those who are nonresponsive to or cannot tolerate triptans [7]. Given its mini-
mally invasive nature and potential to serve as both a preventive and abortive treat-
ment, SPG stimulation may be considered as a possible first-line option for medically
refractory CH patients. The device does, however, require patient cooperation to
turn it on and off during acute attacks, and this must be emphasized since clinical
improvement may only occur after weeks or months of stimulation.

Various lesioning methods of the SPG including Gamma Knife, anaesthetic
blocks and alcohol injections have been explored as treatment options for TACs [8].
In 1997, Sanders et al. reported 30% complete relief in 10 chronic cluster headache
patients and 60.7% complete relief in 56 episodic cluster headache patients under-
going radiofrequency (RF) lesioning [9]. Narouze’s group subsequently reported a
48.8% average reduction in attack frequency at 18-month follow-up in 15 patients
undergoing percutaneous RF ablation for chronic cluster headache. In this series,
approximately 50% of patients (7 of 15) reported transient paraesthesias in the
upper cheek and gums, which resolved by 3—6 weeks post-procedure. One patient
experienced permanent loss of sensation over the cheek area [10]. Recently,
Bendersky et al. reported a failed initial attempt at pain relief with pulsed radiofre-
quency in three CCH patients; however, after continuous radiofrequency ablation
was used, all patients became pain-free through 8—11 months follow-up [11].

Occipital Nerve Stimulation (ONS)
Mechanism and Clinical Use of ONS
Occipital nerve stimulation (ONS) has been used to treat medically refractory

chronic cluster headache and involves implanting one or two electrodes at the cra-
niocervical junction to stimulate the greater occipital nerve [12, 13]. Electrodes are
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connected to an internal pulse generator, typically in the subclavicular area. After
implantation, the neurostimulator is programmed to achieve tolerable levels of par-
aesthesia in the greater occipital nerve distribution and used as a preventive therapy
for TACs. Implantation of bilateral leads is recommended given the reports of con-
version from unilateral to bilateral symptoms after initiating unilateral stimulation.
Symptom improvement may not be seen for up to 3 months post-implantation;
however, there is unlikely to be clinical benefit after 1 year of clinical unrespon-
siveness [4].

While the exact mechanism of occipital nerve stimulation for trigeminal auto-
nomic cephalalgias is unclear, it likely involves non-specific modulatory effects on
descending pain-control systems. Although the paraesthesia induced by stimula-
tion follows the occipital nerve distribution, the therapeutic goal is to mimic the
“extra-occipital” effects that were initially seen in glucocorticoid injection studies
for primary headache prevention [14—16]. Early animal studies demonstrated ana-
tomical convergence of somatic, cervical and trigeminovascular afferents on tri-
geminocervical complex nociceptors [17, 18], which serve as an important relay
for head and facial pain to higher centres of pain processing in the thalamus, hypo-
thalamus and brainstem. These animal studies were later supported by fluorode-
oxyglucose positron emission tomography (FDG-PET) imaging in drug-resistant
cluster headache patients who were treated with occipital nerve stimulation.
Hypermetabolism in several pain areas normalized after 3—6 months of stimula-
tion, whereas hypermetabolism in the untreated ipsilateral hypothalamus remained
unchanged [19].

Evidence for ONS

To date, outcomes on 199 patients undergoing ONS for chronic cluster headache
have been published in ten major studies, with reported efficacies ranging from 52.9
to 100% [12, 13, 19-26]. In these studies, a positive therapeutic response was
defined as patients who have achieved >50% improvement in headache attack fre-
quency and/or severity compared to baseline. Recently, Fontaine et al. reported a
59% responder rate in 44 CCH patients being treated with ONS at 12 months [23];
Miller et al. demonstrated a response rate of 52.9% in 51 CCH patients with mean
follow-up of 39.2 months (range, 2-81) [25], and Leone’s group reported 66.7%
response rate in 35 CCH patients with a median follow-up of 6.1 years (range,
1.6-10.7) [24].

Reports of ONS for the treatment of SUNHA and hemicrania continua are lim-
ited to smaller case series. In 2007, Schwedt et al. reported near resolution of pain
at 3 months in a hemicrania continua patient treated with ONS [27]. One year later,
Burns et al. reported a 66.7% response rate in six hemicrania continua patients after
6-21 months of microstimulation of the occipital nerve using the Bion device [28].
Recently, Lambru et al. reported an 89% response rate (eight of nine patients) at a
median follow-up of 38 months (range, 24-55) in three SUNA and six SUNCT
patients treated with ONS. Four of these patients became pain-free, and the remain-



24 Neuromodulation for Trigeminal Autonomic Cephalalgias 317

ing four had >80% improvement [29]. Adverse events encountered can include
electrode migration (18.8%), hardware malfunction (9.4%) [24], hardware erosion
through the skin (3.9%) and infection (2%) [25].

Central Neuromodulation Techniques

Cervical Spinal Cord Stimulation (SCS)
Mechanism and Use of SCS

Application of high cervical spinal cord stimulation (SCS) to treat trigeminal auto-
nomic cephalalgias is based on clinical data from studies using spinal cord stimula-
tion to treat other chronic pain conditions, in particular chronic back pain [30-32].
In animal spinal cord models, afferent nociceptive inputs have been found to be
inhibited by modulating a wide range of neuronal activity. For example, in chronic
pain states, wide dynamic range (WDR) neurons are frequently hyperactive.
Preclinical models have demonstrated that stimulation of these neurons at high fre-
quency results in desensitization and decreased neuronal output, subsequently
restoring them closer to their preinjury condition [30].

Operative Technique

SCS implantation for TACs is similar to the techniques used for chronic back pain.
Patients initially undergo a test stimulation phase for 7-14 days, where either one or
two octad leads are placed in the epidural space. Fluoroscopy is used to determine
the appropriate entry point on the skin, based on accessing the upper thoracic spine
(usually the T2-3 interspace). After local anaesthetic is injected, a small incision is
made under conscious sedation. Using fluoroscopic guidance, a 14-gauge Tuohy
needle is inserted into the T2-T3 interspace and advanced cranially into the dorsal
epidural space. Epidural placement is confirmed using a saline probe with loss of
resistance technique.

Electrode(s) are advanced cranially in the dorsal epidural space until the distal
lead tip reaches the area between the occiput and the C2 vertebral body. For normal
frequency stimulation, intraoperative test stimulation is performed to confirm the
presence of ipsilateral paraesthesia over the neck, occipital, parietal and frontal
scalp areas as well as the facial areas encompassing the C2 root sensory supply and
V1-V2 trigeminal division. Test stimulation is not performed for high-frequency,
paraesthesia-free stimulation systems.

Leads are anchored by suturing them to the supraspinal ligament, and temporary
extensions are connected and tunnelled under the skin surface. The extensions are
then connected to an external stimulator during the trial period. High-frequency
stimulation targets the dorsal columns at the C2-C3 level, with parameters per-
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formed at 10 kHZ frequency, 30 ps pulse width and 1.4—4 mA. If test stimulation is
successful, permanent extensions and an internal pulse generator are implanted,
typically in the gluteal region [2, 33].

Evidence for SCS

Two small series evaluating SCS for treatment of TACs both involve high-fre-
quency, paraesthesia-free stimulation at 10 Kz and low-frequency stimulation with
induced paraesthesia (Table 24.1). Wolter et al. treated seven medication-resistant
chronic cluster headache patients with low-frequency SCS and followed them for
a mean of 23 months (range, 3—78). Continuous stimulation was used in all cases
but one, where intermittent stimulation was used. Stimulation settings were as fol-
lows: frequency, 40—110 Hz; pulse width, 100-500 ps; and amplitude, 2.0—
25.5 mA. Six patients (85.7%) achieved at least 50% or more reduction in attack
frequency and/or intensity, and one patient achieved pain freedom. Baseline mean
frequency of attacks decreased from 6 attacks/day to 1.4 attacks/day. Five patients
(71.4%) were able to discontinue triptan use, and the remaining two were able to
reduce triptan dosages. Four patients were completely medication free. All seven
patients state they would recommend the treatment to other patients, and six of
seven would undergo the procedure again if given the option. Adverse events
included one lead fracture requiring revision and two lead migrations requiring
revision [33].

Table 24.1 Major studies of high cervical spinal cord stimulation for the treatment of medication-
resistant trigeminal autonomic cephalalgias

Improvement
No. of Pain- | of at least
patients | Follow-up: | free 50% in Medication-
implanted | average patients | intensity and/ | free at Adverse
Study | Diagnosis | (n) months (n) or frequency |follow-up | events
Wolter, | Cluster 7 23 (3-78) |1 5 4 Dislocated
2011 headache lead
[33] requiring
revision
[2], lead
fracture
requiring
revision
[1]
Lambru, | SUNA 2 35 1 1 1 None
2016 [2] | Cluster 1 11 0 0 0 Lead
headache migration
requiring
revision

SUNA short-lasting unilateral neuralgiform headache attacks with autonomic symptoms
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Recently, Lambru et al. treated four chronic migraine, two SUNA and one
chronic cluster headache patient with high-frequency SCS. Average follow-up was
25.3 months (range, 12—40), and continuous stimulation was used in all cases. Of
the two SUNA patients, one reported near complete pain resolution at 42 months,
and the other reported 70% improvement at 28 months follow-up and has discontin-
ued preventive medications. The one cluster headache patient treated reported 50%
improvement in attacks at 9 months [2].

Deep Brain Stimulation (DBS)
Mechanism and Use of DBS

Initial functional neuroimaging studies in chronic cluster headache patients demon-
strated activation of the ipsilateral posterior hypothalamic area during acute cluster
headache attacks [34]. This led to the first successful DBS electrode implantation
for TAC in a chronic cluster headache patient in 2001, with lead placement in the
ipsilateral posterior inferior hypothalamic area. The patient experienced complete
resolution of symptoms within 48 h of initiating stimulation and remained pain-free
at 13-month follow-up [35]. Since then, there have been over 100 patients implanted
with DBS for the treatment of TACs (Table 24.2), with the majority being treated for
cluster headache [36-47], and a few small series and case reports of DBS for
SUNCT, SUNA and paroxysmal hemicrania continua [48-52]. The target used in
DBS for TACs was initially called “the posterior hypothalamus™; however, the area
between the mammillothalamic tract and red nucleus is more accurately referred to
as the ventral tegmental area [53].

After implantation, stimulators are programmed at 60 ps, 180-185 Hz, and the
voltage is titrated based on clinical benefit and side effect profiles. The stimulation
is delivered chronically, and patients are not typically given adjustable parameters,
as it is sometimes done during therapy for movement disorders such as Parkinson’s
disease or essential tremor. Patients are usually evaluated more frequently in the
initial 2-3 months. Similar to occipital nerve stimulation, if there has been no
improvement after 6—12 months of stimulation, it is unlikely that stimulation will
provide any clinical benefit [4].

Potential DBS candidates should be evaluated at a specialized DBS centre by a
multidisciplinary team consisting of neurologists, neurosurgeons and a neuropsy-
chologist. In large-volume DBS centres, overall risks of the procedure can be as
lower than 1% for intracranial haemorrhage [54—56] and 2% for hardware infection
[55, 57]. Other potential complications include seizure, hardware discomfort and
hardware failure. Seizures are rare and typically transient, occurring only in the
immediate post-operative period. Transient side effects associated with stimulation
in the hypothalamic and ventral tegmental area may include vertical diplopia, dizzi-
ness, vertigo and emotional disturbances (i.e. panic, anxiety) [47, 58].
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Operative Technique

DBS leads can be implanted with myriad stereotactic techniques and utilizing mag-
netic resonance imaging (MRI)-guided techniques or MRI-computerized tomogra-
phy (CT) fusion. Most studies for TACs use frame-based (Leksell) stereotaxy with
intraoperative microelectrode recording and test stimulation. Many centres target
the posterior hypothalamus using atlas coordinates based on the midcommisural
point (MCP). Target location varied between 2—-6 mm posterior to the MCP,
0-2 mm lateral to the MCP and 1-3 mm below the midcommissural plane. The
procedure is performed under conscious sedation, and the electrode is introduced
in a rigid cannula, 10 mm to target. Intraoperative test stimulation is performed
typically at 60 ps, 180 or 185 Hz. Side effects seen with higher-voltage macro-
stimulation of the posterior hypothalamus include diplopia, subjective mood
changes (i.e. feelings of anxiety, fear and/or panic), vertigo and changes in blood
pressure or pulse rate [35-42, 44, 45].

Our institution has adopted a MRI-guided, MRI-verified approach, without
microelectrode recording, utilizing frame-based stereotaxy (Leksell frame model
G) under general anaesthesia. This technique has been previously published for
other DBS targets used in movement disorders [59, 60] and was used in our recent
reports of chronic cluster headache and SUNA patients treated with ventral tegmen-
tal area (VTA) DBS. The most distal contact on the Medtronic 3389 lead is placed
in the ventral tegmental area, which is visualized on a 1.5T T2-weighted axial MRI
sequence at a level immediately superior to the mammillary bodies, anteromedial to
the red nucleus and posterolateral to the mammillothalamic tract (Fig. 24.1). An
immediate post-implantation stereotactic iMRI is obtained for patients without

Fig. 24.1 An axial T2-weighted 1.5T MRI through the midbrain following right ventral tegmental
area DBS. The lead artefact can be seen in between the hypointense red nucleus and mammillotha-
lamic tract
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ONS implants to confirm lead positioning (Fig. 24.1), and a stereotactic computer-
ized tomography scan (CT) is obtained for patients with existing ONS hardware.
Internal pulse generators are implanted in the infraclavicular area either in the same
procedure or within a week after surgery [47].

Evidence for DBS

There have been 18 published studies (excluding abstracts) on 101 patients under-
going DBS for TAC, with the majority of patients being treated for chronic cluster
headache (13 studies, 86 patients), followed by those with SUNCT or SUNA (4
studies, 14 patients) and paroxysmal hemicrania (1 case report) (Table 24.2).
Amongst the 86 chronic cluster headache patients treated, there was a 60.5%
response rate (n = 52) at 2.8—60-month follow-up, and 32.6% of patients (n = 28)
achieved a pain freedom [35—47]. Amongst the SUNCT and SUNA patients, there
was an 85.7% response rate (n = 11) at 7-63-month follow-up, and 7.1% (n = 1)
achieved pain freedom [48-51]. There has only been one case report of a patient
with paroxysmal hemicrania continua being treated with posterior hypothalamic
DBS who achieved pain freedom after 27 months [52].

The only placebo-controlled trial for DBS was a multicentre study led by
Fontaine and colleagues, randomizing 11 chronic cluster headache patients to
receive active versus sham stimulation over a I-month period. There were no
differences in primary and secondary outcome measures during the blinded sham
versus active stimulation phase. However, this may have been related to the rela-
tively short duration of the randomized phase, given that it is now established
that 3—-6 months may be needed to develop a response to DBS. After an addi-
tional 10 months of open-label stimulation in all patients, 54.5% (n = 6) achieved
>50% improvement in frequency of attacks, and three of these patients were
pain-free [44].

Our institution recently published the two largest prospective open-label series
of patients treated with ventral tegmental deep brain stimulation for chronic cluster
headache (n =21) and SUNHA (n = 11). In the CCH study, at median follow-up of
18 months (range, 4—-60), 76% of patients had at least a 50% reduction in headache
load (a composite score accounting for severity, frequency and attack duration).
Overall headache frequency improved significantly by 60%, headache severity
improved by 30%, and headache load improved by 68%. Seventy-six percent of
patients had at least a 50% reduction in headache load. Significant improvements
were also observed in quality of life, disability and mood scales. There were four
nonresponders (19%), of which three had also previously failed ONS treatment
[47]. In the SUNHA study, at median follow-up of 29 months (range, 7-63), 82%
of patients (n = 9) demonstrated a positive response. Overall, there was a 78%
reduction in median attack frequency and 99% median reduction in headache load.
The median time to achieve 50% clinical improvement was 1 month (range,
1-2 months) [51].
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Summary

Neuromodulation for TACs includes stimulation of both peripheral and central tar-
gets and should be considered in patients who have failed all conservative therapies.
Our centre recommends SPG stimulation or ONS as initial therapeutic options in
compliant patients. Given that SPG stimulation is a minimally invasive implantation
technique and can be used in both an abortive and preventive therapy, it is an attrac-
tive first-line therapy in CCH patients. Though used only as a preventive therapy,
ONS can also be considered given its low risk of adverse events and well-established
efficacy. Should peripheral neuromodulation strategies fail or be contraindicated,
central neuromodulation methods can be considered. The response rates of DBS
thus far appear comparable to ONS, though the therapy is associated with slightly
different risks, albeit low, given the intracranial nature of the procedure. DBS can be
considered as an alternative therapy for those who have failed SPG and/or ONS or
those in whom peripheral modulation is contraindicated. High cervical spinal cord
stimulation has recently emerged as an alternate central modulation technique
although current evidence is limited to small case series, and larger cohort and ran-
domized placebo-controlled trials will be needed. Thorough patient evaluation by a
multidisciplinary team at a specialist centre is necessary to determine the most
appropriate treatment modality for the unique symptoms and clinical needs of each
individual patient.
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Representative Clinical Cases



Chapter 25
Clinical Case of Type I Trigeminal Neuritis

Check for
updates

James Y. Suen and John Diaz Day

Representative Case

J. W. is a 29-year-old white male with sudden onset of pain in his right jaw over a
year ago. The pain is severe, electric-like, and intermittent. It can be triggered by
eating or talking. When the pain is intense, he cannot stay still and cries in agony
(Fig. 25.1). The pain has been so severe that he lost his job and had to quit college.
He had tried on anticonvulsants, tricyclic antidepressants, and pain medications,
which helped slightly but did not control his pain. A brain MRI at an outside facility
was said to be normal. He was referred by his neurologist to Dr. Suen for other
suggestions.

Overview

Trigeminal neuritis can be divided into the classic type I or atypical trigeminal neu-
ritis. Type I TN is a condition where an artery is adjacent to the trigeminal nerve as
it exits the pons and pulsates against the nerve which stimulates it and causes severe
pain [1]. To diagnose type I trigeminal neuritis, a special MRI scan which focuses
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Fig. 25.1 Patient with
severe, electric-like
pain. Unable to stay still
or talk

on the root of the nerve must be done and the artery must be looked for. This condi-
tion can be corrected with surgical decompression by placing a Teflon pad between
the artery and nerve [2].

The most common branch of the trigeminal nerve involved in type I is the third
division or mandibular division.

Representative Case Management

This patient presented with severe, electric-like pain which was intermittent and
debilitating. Because he was not responding to medical management and his MRI
was said to be normal, he was referred to Dr. Suen for consideration of nerve blocks.
His history and exam pinpointed his pain to the third division of his trigeminal
nerve. Diagnostic nerve blocks of his right inferior alveolar nerve where it enters the
mandible on the medial surface of the ascending ramus of his mandible were per-
formed using xylocaine and bupivacaine. He would get immediate relief, but the
relief would only last about 1-2 days. Because the nerve blocks were not lasting
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long enough, an indwelling catheter was placed percutaneous, so that the tip of the
catheter was adjacent to the inferior alveolar nerve where it enters the mandible.
When the bupivacaine was injected, his pain would stop, and so the patient was
instructed to give the bupivacaine through the catheter as needed.

The catheter would be effective for several weeks at a time, but because he had
such severe pain when the anesthetic would wear off, we recommended another
MRI scan to focus on the root of the trigeminal nerve. This MRI revealed an artery
touching the trigeminal nerve at its origin, and the patient was referred for micro-
vascular decompression. Postoperative relief of pain was rapid; when the patient
awoke from his surgery, he stated the severe pain was gone. The patient has been
followed for over 2 years with no further pain and is back working and was able to
finish college.

Differential Diagnosis

* Dental infections can cause severe pain but is not usually electric-like nor
intermittent.

* Sinus infection of the maxillary sinus usually has pain over the midface.

e Cervical plexus pain is frequently in the jaw and ear area.

Diagnostic Tests

* An MRI with special focus on the root of the trigeminal nerve must be per-
formed to rule out type I trigeminal neuritis (see Chap. 6 on imaging). It is not
uncommon for vascular compression of the trigeminal nerve to be missed on
a “routine MRI.”

e Dental evaluation with appropriate X-rays.

* A good history to rule out history of herpes zoster, trauma, or history of
cancer.

* A good physical exam to rule out tumors or cancer.

Key Points

e The appropriate MRI scan must be performed to diagnose the vascular
compression of the trigeminal nerve at its origin.

e If a previous MRI scan has been performed and said to be negative, but the
pain is consistent with type I trigeminal neuritis, another scan should be
considered.

* Even in the absence of imaging findings, classic clinical presentation may
lead a surgeon to recommend microvascular decompression to good effect.

e Pain in the jaw area can be from the mandibular division of the trigeminal
nerve or can be from the upper cervical plexus and must be differentiated.
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Representative Case History

The patient is a 44-year-old woman with a history of migraine headache present-
ing with a 3-year history of pain in the face, described as a primary constant, dull,
burning ache with superimposed periods of sharp, electric shock-like sensation
predominantly in the V1 distribution unilaterally. The patient states that although
she experiences mostly pain in the face, there are also periods of intermittent
hypesthesia. The pain is not triggerable by light touch but is made worse by
showering, washing her hair, and brushing her teeth. Shortly after the pain started,
she experienced pain-free intervals of up to a few weeks, but for the last year, it
has been present constantly. There is no history of multiple sclerosis, facial
trauma, herpes zoster, or previous surgical treatment for facial pain. Neurological
examination is normal with intact cranial nerves, no evidence of facial sensory
loss, and normal temporomandibular joint mobility. Carbamazepine is prescribed
which produces moderate but incomplete relief. However, she continues to have
severe pain.
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Overview

Trigeminal neuralgia (TN) is a specific type of chronic pain that affects the trigemi-
nal nerve [1]. The condition can be very debilitating to patients, affecting every
aspect of life. According to the Burchiel’s classification, idiopathic trigeminal neu-
ralgia can be categorized into two different classes, Type 1 and Type 2, based on
whether lancinating or constant pain predominates [2]. Type 1, the classic and more
common form, involves episodes of electrical shock-like sensations that usually
lasts for only seconds with relatively mild or no pain between attacks. Type 2 TN
involves primarily constant pain, although shock-like pain is sometimes superim-
posed. Both types can be further subdivided: Type 1a refers to exclusively lancinat-
ing pain with no pain whatsoever between attacks, Type 1b is mostly lancinating
pain with minor constant pain, Type 2a is constant pain with superimposed lancinat-
ing pain, and Type 2b is constant pain only [3]. It is possible that the spectrum of
pain from Type 1a to Type 2b represents a continuum from neuralgia to neuropathic
pain [4]. Because of the constant nature of the pain, Type 2 TN is sometimes con-
fused with other craniofacial pain syndromes, including headaches, disorders of the
temporomandibular joint, or musculoskeletal disease. Common clinical characteris-
tics of TN including trigger points, memorable onset, pain-free intervals, and anti-
epileptic response may be present in Type 2 TN but are more common in Type 1 [3].
Patients with Type 2 TN can experience altered facial sensation, are less likely to
have a neurovascular compression, and are less likely to respond to both conserva-
tive and surgical treatments [5]. For example, type of TN is the single most impor-
tant predictor of long-term outcome after microvascular decompression for
trigeminal neuralgia. At 3 years postoperatively, approximately 2/3 of patients with
Type 1 TN are pain-free off medications, compared with 1/3 of Type 2 TN patients,
and the likelihood of excellent outcome is correlated with the amount of lancinating
pain experienced by the patient [3].

Differential Diagnosis

Many facial pain syndromes can mimic Type 2 TN (Table 26.1). Non-neuropathic
causes of facial pain include sinusitis, dental disease, orbital disease, facial trauma,
cancer, temporal arteritis, cavernous sinus syndromes, and autonomic cephalalgias
such as cluster headache, petrous apicitis, temporomandibular joint pathology, and
primary headache syndromes such as migraine [1]. If there is a history of incidental
or intentional injury to the trigeminal nerve, the pain syndrome is called trigeminal
neuropathic pain or trigeminal deafferentation pain, respectively. TN in the pres-
ence of multiple sclerosis is called symptomatic trigeminal neuralgia, and neuro-
pathic pain after herpes zoster is called postherpetic neuralgia. Finally, pain that is
confirmed by psychological testing to be psychogenic in origin is called atypical
facial pain [1].
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Table 26.1 Common causes of facial pain

Extraoral

Headache Tension headache, cluster headache, migraines

Musculoskeletal | TMJ disorders

Neuropathic TGN, posttraumatic trigeminal pain, glossopharyngeal neuralgia, postherpetic
neuralgia

Vascular Giant cell arteritis, malignancy

Atypical Persistent idiopathic facial pain

Oral

Dental Caries, pulpitis, periapical disease, cracked tooth, alveolar osteitis, periodontal
disease

Non-dental Salivary gland disorders, sinusitis, cancer, mucosal disorders, atypical
odontalgia

Diagnostic Work-Up

A detailed clinical history is essential for accurate diagnosis of Type 2 TN. It is
important to determine the distribution and the characteristics of the pain includ-
ing chronicity, aggravating or alleviating factors, and efficacy of conservative
management options [6]. A thorough physical examination should be performed to
access for facial tenderness, scarring from previous surgeries in the region of inter-
est, basic dental exam, and detailed cranial nerve exam. MR imaging should also
be performed to rule out other causes of pain such as tumors, vascular malforma-
tions, or multiple sclerosis. In addition, high-resolution balanced fast-field echo
sequences can allow for assessment of neurovascular compression of the trigemi-
nal nerve [5].

Treatment Options

As with all pain syndromes, a trial of nonsurgical treatment should be attempted
prior to consideration of surgery (Table 26.2). A substantial proportion of patients
with Type 2 TN will experience pain relief using antiepileptic medication such as
carbamazepine. Medically intractable patients with Type 2 TN and neurovascular
compression often improve with microvascular decompression, with 32% of
patients having complete resolution of pain and 68% exhibiting substantial
improvement [3]. Rhizolysis techniques such as radio frequency, glycerol injec-
tion, balloon compression, stereotactic radiosurgery, or open internal neurolysis
can be effective if there is no evidence of neuropathic pain. Finally, neuromodula-
tion approaches such as trigeminal nerve stimulation, motor cortex stimulation,
and high cervical intrathecal drug delivery have been used with some success in
refractory cases [1].
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Table 26.2 Conservative therapies for trigeminal neuralgia

Drug Class Major side effects

First line

Carbamazepine Anticonvulsant Aplastic anemia, SIADH, CYP450 inducer
Oxcarbazepine Anticonvulsant Skin rash (potentially fatal)

Second line

Lamotrigine Anticonvulsant Skin rash (potentially fatal)

Baclofen Muscle relaxant Drowsiness, respiratory depression

Case Management

This patient had a 3-year history of constant, aching, burning pain in the V1 distri-
bution with occasional lancinating electrical shock-like pain that is less severe than
the constant pain. She is diagnosed with Type 2a TN. MRI showed neurovascular
compression of a branch of the SCA into the root entry zone of the trigeminal nerve.
Treatment options were discussed with the patient, and she elected to proceed with
microvascular decompression. After the procedure, she experienced substantial
relief. At 3 years after the operation, she has occasional pain that is well controlled
using a small dose of gabapentin.

Alternative Management Options

Conservative management including pain medications, especially antiepilep-
tic agents

Microvascular decompression in cases of vascular compression of the trigem-
inal nerve on imaging and no response to conservative therapy
Neuromodulation approaches including neurostimulators or intrathecal
pumps

Rhizolysis procedures including internal neurolysis, radio frequency, glycerol
injection, balloon compression, and stereotactic radiosurgery

Key Points

Type 2 trigeminal neuralgia refers to idiopathic neuropathic facial pain syn-
drome that involves primarily constant rather than intermittent lancinating
pain.

A careful assessment of clinical history and physical examination is essential
for accurate diagnosis of Type 2 TN.

MRI is needed to rule out any other lesions causing facial pain.

Conservative therapy with medications is the initial treatment option.
Surgical results for Type 2 TN patients are inferior to those with Type 1 TN. In
patients with Type 2 TN undergoing MVD, 1/3 will experience complete
relief, 1/3 incomplete relief, and 1/3 no change in pain after surgery.

If MRI does not show vascular compression, rhizolysis or neuromodulation
techniques may be efficacious in the appropriate patient population.
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Chapter 27
Trigeminal Nerve Pain, V1 Distribution:
Representative Case

James Y. Suen and Chelsey Smith

Representative Case History

The patient is a 34-year-old white female with a history of an auto accident 4 years
previously, who sustained a non-displaced fracture of her orbital rim. Since that injury
she has had severe pain in her supraorbital and supratrochlear nerves. Her pain was
constant, and she required daily narcotic pain medications to make the pain tolerable.

Overview

The supraorbital and supratrochlear nerves are the terminal branches of the ophthal-
mic division of the trigeminal nerve or V1. These nerves innervate the ipsilateral
forehead up to the vertex of the scalp. It also innervates the upper eyelid. Pain in
these nerves are not uncommon and is frequently associated with “migraine” head-
aches. It is usually unilateral and may have various etiologies. It can be the trigger
point for migraine headaches or generalized headaches. It is commonly called a
sinus headache. There is a connection of the trigeminal nerve with the upper cervi-
cal nerve roots called the trigeminocervical complex [1]. This can explain bidirec-
tional relay of sensation between the trigeminal nerve and the occipital nerves.
Trigeminal pain in V1 can trigger off occipital headaches and vice versa.
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Differential Diagnosis

e Trauma—can compress nerves or cause neuromas.

e Compression within the supraorbital foramen or the notch.

e Herpes zoster involving V1. About 10% will have chronic pain.

» Skin cancer involvement with perineural invasion.

* Entrapment from reconstruction titanium plates and screws after craniotomy
or fracture repair.

» Frontal sinus infections—history and scans can rule out this possibility.

e Brain tumors—imaging scans can rule this possibility out.

e Classic trigeminal neuralgia from vascular compression at the origin of the
trigeminal nerve.

¢ Congenital malformations involving the orbit can cause V1 pain. This includes
lymphatic, venous, and arteriovenous malformations.

e Migraine headaches.

e Supraorbital neuralgia of unknown etiology.

Diagnostic Workup

The history is important to determine how long the pain has been present and if they
have had previous trauma or surgery near the supraorbital or supratrochlear nerves
or have a history of herpes zoster or skin cancers in the forehead. It is important to
ask if the pain seems to originate in the eyebrow or forehead area and if that is the
trigger point for more generalized headaches, including occipital headaches.

A physical exam should be done to check for tenderness over the supraorbital or
supratrochlear nerves, which can be very sensitive. One should look for scars from
previous skin cancer excisions or feel for titanium plates or screws in the forehead.
Look for vascular malformations involving the orbit or periorbital structures.

With regard to tests, an MRI/MRA scan can be performed to rule out vascular
compression of classic trigeminal neuralgia, brain tumors, aneurysms, and sinusitis.

Representative Case Management

This patient had a history of trauma to the orbital rim and has had chronic daily pain
which started after her injury. Her previous CT scan did not show any displaced
fracture of her orbit or signs of sinusitis. She did not have an MRI to rule out vascu-
lar compression because of this history. She was tried on numerous medications,
including anticonvulsants and amitriptyline, but could not tolerate most of these
drugs because of side effects. She required hydrocodone, six to eight tablets per day,
in order to make the pain tolerable.
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Fig. 27.1 Supraorbital
and supratrochlear nerves
prior to excision

Supraorbital nerves Supratrochlear nerves

Because she had localized pain in her left forehead and it was sensitive to touch,
she was treated with nerve blocks [2] of the supraorbital and supratrochlear nerves
using lidocaine 1% with epinephrine (3 mL) and 3 mL of 0.5% bupivacaine [2].
This would give her good relief of her head pain for 1¥2 to 2 weeks. When Kenalog,
0.3 mL (40 mg/mL), was added, she would get 3-5 extra days of relief.

After about 18 months of these nerve blocks about once a month, it was recom-
mended to her that those nerves be resected. We resected both the supratrochlear
and supraorbital nerves. The nerves appeared enlarged but no compression or neu-
roma was noted (Fig. 27.1). She obtained immediate relief and has not had any
significant pain in the 12 months since surgery. The numbness of her forehead has
not bothered her, because she is so grateful to be pain-free. She was able to taper off
of her pain medications.

Alternative Management Options

e A decompression procedure of her supratrochlear and supraorbital nerves
could be tried as a first option. This would include identifying both nerves and
following them from where they exited the orbit and freeing the nerves from
any adhesions or compression while removing the accompanying blood ves-
sels with the nerve.

e Medical treatment using the commonly used anticonvulsants or amitriptyline
and, if necessary, pain medications starting with the nonsteroidal anti-
inflammatory drugs or various narcotics.
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Ablation using alcohol or radio-frequency techniques would be another
option. Alcohol ablation can be very painful.

Key Points

Medical therapy is commonly the initial treatment.

If the patient can identify the supraorbital and supratrochlear nerves as the
trigger points or where the pain is primarily present, then we prefer to do
nerve blocks of those nerves. It is helpful if the patient is having pain at the
time when the nerve blocks are performed, because if the pain goes away after
the nerve blocks, then there is a good chance the nerve blocks can be
effective.

It is common to repeat several nerve blocks before longer pain relief can be
obtained.

We have found that 1% lidocaine with epinephrine, 2-3 mL for the initial
injection, is less painful. If the lidocaine stops the pain, then we follow it with
the same amount of 0.5% Marcaine. If this turns out to be effective for several
weeks, we may not use Kenalog. If the pain relief only lasts a few days, we
add the Kenalog (0.5 mL of 40 mg/mL) to the local anesthetics.

In superficial areas, the steroids can cause tissue atrophy which is usually
noticeable.

If the nerve blocks are effective, but the pain continues to recur, then we discuss
ablation of the nerves as a more permanent solution.
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Chapter 28
Representative Clinical Case: Trigeminal
Nerve Pain—V-2 Distribution

James Y. Suen and Chelsey Smith

Representative Case

History

The patient is a 37-year-old white female with a history of pain in her left midface
for more than 20 years. She initially thought it was related to her teeth, and the den-
tist did root canals and eventually extracted one molar tooth with no pain relief. She
had no history of trauma , shingles, or other pathologies. Her pain progressed and
became severe and chronic. Sinus X-rays and an MRI to rule out vascular compres-
sion of her trigeminal nerve were negative. She was referred to us for evaluation by
a neurosurgeon who did not feel he could help her pain.

Overview

The second division of the trigeminal nerve has several branches which should be
known. The main trunk of V-2 leaves the skull through the foramen rotundum and
then passes through the inferior orbital fissure at the back of the orbit. Before enter-
ing the fissure, it gives off a branch which curves around the posterior-lateral wall
of the maxillary sinus and enters the bone and supplies the posterior maxillary teeth
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Supraorbital
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Alveolar N

Fig. 28.1 Area innervated by the maxillary division of the trigeminal nerve

(Fig. 28.1). This branch is called the posterior superior alveolar nerve. Pain can
originate from this nerve only and should be known for nerve block purposes.

Also a branch comes off while in the infraorbital canal in the floor of the orbit and
exits through the zygoma to supply the zygoma and anterior temple area. It is called
the zygomaticotemporal nerve [1] and can be involved with migraine or tension
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headaches. This nerve can be the source of pain in this area and can respond to nerve
blocks for pain relief.

The main nerve branch of V-2 is the infraorbital nerve, which supplies the ipsi-
lateral cheek dermatome, including the lateral nose, the lip, and the midface. The
lower eyelid is also supplied by this nerve.

Pain located in this area is commonly treated as dental or sinus in origin but often
times is not related. It is possible that dental procedures on the maxillary teeth may
initiate pain in this area. The pain is usually unilateral and may involve only one
branch of V-2 but can trigger pain in the rest of the dermatome and even in adjacent
dermatomes.

Differential Diagnosis

* Trauma can compress nerves or cause neuromas.

* Nerve compression within the infraorbital foramen, the zygomaticotemporal
nerve in the zygoma, or the posterior superior alveolar nerve in the lateral
maxilla bony wall.

* Dental pathology.

» Skin cancer with perineural invasion.

* Entrapment from reconstructive plates or screws.

* Maxillary sinusitis.

* Classic trigeminal neuralgia from vascular compression at the origin of the
trigeminal nerve.

 Infraorbital neuralgia of unknown etiology.

Diagnostic Workup

History and physical exam are paramount in the workup of pain in this area.
Oftentimes pain can start after having a dental procedure, but with a careful history,
it may reveal that the dental procedure was performed because of the pain. It is
important to distinguish the specific nerves involved. The pain may involve only one
branch or all of them. Having the patient point to the location of the pain is impor-
tant. Pain in the infraorbital branch is located in the anterior midface and includes
the side of the nose, anterior cheek, and upper lip. Pain in the posterior superior
alveolar nerve is usually located in the face just above the premolar and molar max-
illary teeth. Pain in the zygomaticotemporal branch of the V-2 will be mostly in the
temple area just above the zygoma and lateral orbital rim. This can direct where the
nerve blocks will be most effective.

The oral cavity should be examined carefully for dental or other oral problems,
such as a malignancy.

Imaging may be helpful to look for sinonasal problems.
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Representative Case Management

This patient did not have any inciting events to her knowledge that may have caused
her pain. Initially she thought she had a toothache, and she had a root canal with no
improvement, so one molar tooth was extracted with no relief of pain. Her MRI 1
year ago was negative for vascular compression of her trigeminal nerve.

Medications tried for pain relief included anticonvulsants, tramadol, steroids,
amitriptyline, and hydrocodone. The medications did not stop her pain but helped
some.

After referral to us, we recommended nerve blocks [2] and found that 1% lido-
caine with 1:100,000 epinephrine injected into the mucosa where the posterior
superior alveolar nerve was located and the infraorbital nerve would stop her pain.
We then followed that with 0.5% bupivacaine. Her pain control would last from 1 to
2 weeks and then recur.

Because of inadequate prolonged pain relief from the nerve block, we recom-
mended surgery of the nerves we felt were involved: the posterior superior alveolar
nerve and the infraorbital nerves.

We decompressed the infraorbital foramen and destroyed the infraorbital artery.
Then, with a coarse diamond burr, we removed the bone of the lateral wall of the
maxilla where the posterior superior alveolar nerve innervates the molars and pre-
molars (Fig. 28.1).

The surgery was performed under general anesthesia as an outpatient
procedure.

After surgery, she did well, with no pain for 3 months. Then the pain recurred in
her left cheek area where the infraorbital nerve innervates. We had decompressed
the nerve and caused it to be numb for several months, and when the nerve recov-
ered, her pain recurred. We have seen this temporary pain relief with decompression
only and feel that nerve resection is more permanent. We took her back to surgery
and resected the nerve and expect her pain should be relieved indefinitely.

Alternative Management Options

e Medical treatment which was tried and had minimum pain relief.

e Ablation of V-2 at the trigeminal ganglion or at the foramen rotundum using
alcohol or radio-frequency techniques.

e Resection of the involved nerve could have been done initially.

Key Points
e Nerve blocks of the involved V-2 nerves using lidocaine with epinephrine as
a diagnostic test, and if pain is relieved then add the bupivacaine for pro-
longed effects. This can be easily performed in the clinic setting.
e Repeat nerve blocks may increase the pain relief intervals.
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* The posterior superior alveolar nerve is within the bone of the lateral wall of
the maxillary sinus just above the upper premolar and molar teeth, so that
bone must be removed to remove the nerve.

e If pain becomes intolerable and the nerve blocks only provide temporary
relief, then surgical decompression or resection of the involved nerves should
be considered.
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Representative Case History

This patient is a 54-year-old male who was diagnosed with multiple sclerosis, which
had progressed to the point that the patient was a quadriplegic with only head and
face movement. He could talk and had normal mental function.

About 10 years before, he was seen by us; he developed severe right jaw pain
which he described as severe and electric-like. It was almost constant and was inca-
pacitating to him. Talking and eating would trigger the severe pain. He had an MRI
which did not show any vascular compression of the takeoff of his trigeminal nerve.
His neurologist tried multiple medications, but they sedated him too much and did
not stop his pain. He underwent Gamma Knife radiosurgery treatment to his tri-
geminal nerve which helped for about 8 weeks, but then the pain recurred and was
as severe as before.

Because he was paralyzed and difficult to move and transport to emergency
rooms, his neighbor (a dentist) did transoral nerve blocks of his right inferior alveo-
lar nerve, using lidocaine, that would stop the pain for several hours. The dentist
even taught the patient’s wife how to do the nerve blocks, because the patient’s pain
would be so severe. Her nerve blocks would only help for about 30-60 min.

The patient was referred by his neurologist to see if we had anything to offer for
his pain.
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Overview

The third division of the trigeminal nerve (V-3), the mandibular division, has both
sensory and motor function. The motor function is to the masticatory muscles. The
main branches of the sensory innervation are to the tongue (lingual nerve), mandi-
ble and teeth with the terminal branch going to the ipsilateral chin and lip (inferior
alveolar and mental nerves), and the auriculotemporal nerve which exits behind the
temporomandibular joint and supplies the temple area above the ear.

It is important to differentiate pain coming from the jaw and teeth (inferior alveo-
lar nerve) compared to the skin of the lower ear and jawline which is superficial and
not in the jaw (upper cervical plexus nerves) because the origin of the pain is differ-
ent (Fig. 29.1).

The auriculotemporal nerve innervates the temporal area and can be a frequent
cause of migraine or tension headaches.

The lower mandibular teeth are supplied by the inferior alveolar nerve and com-
monly present as a toothache resulting in dental extractions, but the pain in the jaw
persists.

The mandibular division of the trigeminal nerve is the most common to be
involved with the classic type I trigeminal neuritis. An MRI with emphasis on the
takeoff of the trigeminal nerve from the pons should be performed to rule out this
etiology.

Fig. 29.1 Trigeminal
nerve with its three
divisions. The mandibu-
lar division, V-3, is
shown with the branches
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Differential Diagnosis

¢ Trauma, such as mandible fractures or dental extractions or root canals, can
injure the inferior alveolar nerve.

e Compression within the inferior alveolar canal or mental foramen.

e Skin or jaw cancers with perineural invasion.

e Entrapment from reconstructive plates or screws.

¢ Classic trigeminal neuritis from vascular compression at the root entry zone
of the trigeminal nerve.

e Multiple sclerosis.

 Inferior alveolar nerve or mental nerve neuralgia of unknown etiology.

Diagnostic Workup

Gathering a pertinent history from the patient allows knowledge of the location,
severity, time course, and precipitating or alleviating factors for their pain. Inciting
events could include previous surgeries, including dental procedures, trauma, infec-
tions, and previous radiation.

A comprehensive head and neck exam, coupled with palpation, is also of utmost
importance, because underlying pathology can exist externally or intraorally.

Always obtain information about trigger points and the origin of pain.

Palpate the overlying skin and the TMJ for pain as well as the gingiva and teeth.
Close attention can reveal underlying dental pathology, masses, reconstructive
apparatus, or vascular malformations.

With regard to imaging, CT, MRI, and MRA can all be of utility depending on
likelihood of diagnosis.

Representative Case Management

This patient had been treated for over 10 years with different medications, but none
helped his pain, and the medications kept him sedated most of the time. He was
referred to us for evaluation and treatment. He is a quadriplegic from multiple scle-
rosis. He described his pain as being in the distribution of the right inferior alveolar
nerve—the right mandible and chin. A nerve block of the inferior alveolar nerve
was recommended to him as a diagnostic test. [1] We blocked the nerve where it
enters the medial mandible just below the condylar notch using a transoral approach,
the same as what the dentist uses to block the mandibular teeth (Fig. 29.2). Four mL
of 1% lidocaine with 1:100,000 epinephrine was used to inject the nerve. The block
stopped his pain completely, so we followed the lidocaine with 4 mL of 0.5% bupi-
vacaine which can cause numbness for up to 4-5 h.
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Fig. 29.2 (a) and (b) are
two different views of the
inferior alveolar nerve and
entering the mandible at
the level of the lower teeth
and about 2-2.5 cm
posterior to the anterior
edge of the ascending
mandibular ramus. When
doing the injection, the

25 Ga needle is curved
laterally to go around the
prominence just anterior to
the nerve foramen

J. Y. Suen and C. Smith
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He was seen 2 weeks later and reported that the pain relief lasted almost the full
2 weeks, which had never happened before. The nerve blocks were repeated at 2- to
3-week intervals for several months, and then we were able to extend the intervals of
nerve blocks to 7-8 weeks. We did add 0.5 mL of Kenalog (40 mg/mL) after several
injections, and it seemed to prolong the duration of the pain relief. The patient has
gone over 2Y2 years with no pain, but we do the nerve blocks every 8 weeks to pre-
vent pain. He and his wife state that the nerve blocks have “given him his life back.”

His multiple sclerosis has remained stable for the past 2 years.

Alternative Management Options

* Medical therapy using anticonvulsants, tricyclic antidepressants, and pain
medications were tried, and none were helpful.

e Ablation of the V-3 nerve in the foramen ovale using alcohol or radio-fre-
quency techniques can be tried but have variable success rates.

* Gamma Knife to the main trigeminal nerve may give some relief but has a
high relapse rate.

e Nerve decompression procedures may have some success but is difficult for
V-3 because of the location entering the mandible and its course.

Key Points

e Medical therapy is commonly the first-line of treatment; however, if we can
pinpoint the nerve involved, we will do a nerve block as a diagnostic test. It is
better if the patient is having pain, and after the block, if the pain resolves, it
is an indication that that nerve is the cause of the pain.

 Patients are seen about 1-2 weeks after the initial nerve block, and if the pain
has recurred, another nerve block is performed. Adding 0.5—-1 mL of Kenalog
(40 mg/mL) can prolong the duration of pain relief.

* We will tell patients that we cannot tell how long the nerve blocks will last
because every patient is different.

* Repeat nerve blocks are done as needed and may prolong the duration of the
pain relief.

*  We have done repeated nerve blocks every few weeks to few months for sev-
eral years with continued pain relief, so they can be done indefinitely as long
as they help.
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Chapter 30
Temporomandibular Pain
Case Presentation

John K. Jones and James Y. Suen

A 23-year-old female presents with a 4-week complaint of pain in the right pre-
auricular/auricular area and limited range of mandibular motion. She has no
previous history of similar discomfort. She denies any significant blunt trauma
to the face or mandible. By history she was eating a bagel when she had acute
pain and a sensation of instability in her right jaw joint. She has noticed a slight
change in her occlusion with an inability to make her right posterior teeth touch
(posterior open bite). Over time she has noticed that she has slowly regained
some of her range of motion, but she still has significant pain especially with
opening her mouth. Upon careful history taking, she does have a history of
occasional “clicking” of her jaw joints. The noise was not accompanied by any
pain or limited range of motion. She specifically denies any parafunctional hab-
its such as clenching or bruxism. She did not seek any treatment until now. She
has tried OTC analgesics with limited success in pain relief. She is very con-
cerned about her limited range of motion. In addition the pain that she is expe-
riencing is resulting in lost productivity.
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Overview

Temporomandibular pain complaints are very common. The pain can be due to
intra-articular changes (internal derangement), extra-articular muscle and ligamen-
tous pain, or a combination. Temporomandibular disorders can also manifest with
other symptoms such as malocclusion, otalgia, tinnitus, a sensation of ear fullness,
dizziness, as well as adnexal muscular pain and cephalalgia [1]. Because of the
variety of presentations, it can be a diagnostic challenge. Evaluation by a dental
professional with interest and experience in the management of temporomandibular
disorders should be considered if a temporomandibular disorder is suspected.

Differential Diagnosis

Internal derangement right temporomandibular joint
Temporomandibular arthralgia

Local muscle soreness right temporomandibular joint
Impacted third molar teeth

Primary rheumatologic disease

Acute otitis media

Otitis externa

Maxillary sinusitis

Referred pain from odontogenic (dental) source

Diagnostic Work-Up

The work-up begins with careful history taking to include onset, duration, and quality
of pain as well as any relieving or exacerbating factors. Problems with other articula-
tions should be investigated. The trends since the onset of pain are also important.
Past history of similar pain, joint noise, or limited range of motion should be investi-
gated as should a history of any significant trauma to the head and neck [2].
Examination consists of otologic examination for evidence of disease, auscultation of
both temporomandibular joints, and a recording of the mandibular range of motion in
maximal opening, protrusion, and right and left lateral excursions. Intraoral examina-
tion should include an inspection of the occlusion especially the relative stability as
well as any excessive attrition or fractures to the teeth. Possible dental sources of pain
can be identified by obvious decay, gingivitis, tooth mobility, or very heavily restored
teeth. The muscles of mastication should be palpated to determine tenderness. The
preauricular area should be examined for edema and tenderness to palpation.

Initial imaging is ideally accomplished with a panoramic radiograph to evaluate
joint position as well as screen for any osseous changes consistent with arthritis.
The panoramic radiograph also allows one to screen for maxillary sinusitis and



30 Temporomandibular Pain Case Presentation 359

dental disease. If internal derangement is suspected, an open/closed mouth MRI
may be helpful in determining meniscal mobility and position as well as condition.
CT scanning is less efficacious due to the inability to examine the meniscus but can
be useful especially if osseous pathology is suspected.

Case Management

After taking a careful history, examination was accomplished. The external auditory
canal was clear, and the tympanic membrane was intact and without any evidence
of otitis media. Palpation to the right preauricular region elicited point tenderness
over the right temporomandibular joint. Auscultation revealed no crepitus or clicks.
Palpation of the muscles of mastication revealed significant tenderness on the right
side particularly the right lateral pterygoid muscle on intraoral palpation. Inspection
of the occlusion revealed a well-maintained adult dentition without evidence of
parafunctional wear. The occlusion appeared very stable with very good interdigita-
tion of the teeth when together. Maximal interincisal opening was 29 mm. Protrusion
resulted in pain and a deviation of the chin to the right. Left lateral excursion was
minimal and accompanied by pain. Right lateral excursion was 7 mm. Base on the
history and examination, a diagnosis of internal derangement of the right temporo-
mandibular joint was strongly suspected. Given the acute onset, limited mobility
and lack of improvement over time, the working diagnosis was anteriorly dislocated
right temporomandibular meniscus without reduction.

A panorex radiograph was obtained which revealed a healthy dentition without
the presence of impacted third molar teeth. There were no degenerative changes
noted in either temporomandibular joint. The joint space was slightly wider on the
right when compared to the left. No evidence of maxillary sinusitis was noted.
Meniscal dislocation without reduction was strongly suspected. The patient was
given a choice re: having an MRI or a procedure to reduce the meniscal dislocation.
The patient chose a procedure rather than delaying treatment waiting for an MRI.

The patient was given three options for procedures: arthrocentesis, arthroscopy,
and arthrotomy. After careful discussion of the three options, arthrocentesis was
chosen. Right temporomandibular arthrocentesis was performed in the clinical set-
ting with intravenous sedation. Arthrocentesis resulted in immediate increase in
range of motion as well as decreased pain. She was placed on NSAIDs and soft diet.
Her malocclusion resolved in the first week after treatment. At 4 weeks she was
noted to be pain-free. Auscultation revealed no noise and full range of motion had
been regained.

Alternative management that could have been considered would consist of occlu-
sal splint therapy, but this is typically much better for extra-articular temporoman-
dibular problems. Splint therapy has limited efficacy for acute internal derangement.
Referral to physical therapy could also have been considered in an attempt to reduce
the meniscal dislocation and reestablish disc mobility. Given the acute onset of the
pain and limited range of motion, a diagnostic/therapeutic right temporomandibular
block could have been offered as an initial procedure to reduce the dislocation.
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Key Points

Acute temporomandibular internal derangements should be managed as dis-
locations in the orthopedic sense, meaning that anatomic reduction as soon as
practical should be attempted.

Management by observation or splint therapy in this case would likely have
resulted in a chronic internal derangement with a much poorer prognosis for
relief of pain and return to normal mobility.

The temporomandibular joint is unique in its envelope of motion because it
both hinges and slides (translates). The first 25-30 mm of opening the mouth
is aresult of hinging within the glenoid fossa. Greater range of motion requires
translation. Internal derangements typically compromise translation.

When an acute internal derangement is suspected, prompt treatment or refer-
ral for treatment optimizes chances for successful resolution of the problem.
If acute internal derangements are not properly managed, they become chronic
internal derangements with a much poorer long-term prognosis.
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Chapter 31
Pain of Dental Origin

John K. Jones

Case Presentation

A 34-year-old male presents with complaints of left facial pain. The pain was abrupt
in onset and sharp in character. Over time it has become more of a dull aching pain
that has gradually increased in intensity. There is no associated fever. The pain was
initially well localized to the left upper quadrant of the maxillary dentition but has
become rather diffuse and thus difficult to localize. It is somewhat positional in
nature. The pain is worsened when bending over and also worsened with jarring
such as walking down a flight of stairs. It is not exacerbated by eating. There is no
significant history of trauma or recent dental intervention. The pain responds some-
what to NSAIDs but never resolves. A secondary complaint is that of nasal conges-
tion and foul-tasting postnasal drip.
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Overview

Orofacial pain is predominantly of dental origin. Odontogenic pain is so prevalent
that it is important to rule out an odontogenic source of pain prior to diagnostic test-
ing for other entities. Odontogenic sources of pain can mimic other painful condi-
tions. Fortunately odontogenic pain has several helpful characteristics and routine
diagnostic findings to help with accurate diagnosis. Odontogenic pain does not stay
the same over time. It typically starts abruptly as a visceral pain response and
evolves to a more musculoskeletal pain response over time. There are stereotypical
radiographic findings associated with non-vital teeth as well as testing modalities to
determine the presence or absence of pulpal vitality.

Differential Diagnosis

* Odontogenic pain
* Maxillary sinusitis



31

Pain of Dental Origin 363

Infraorbital neuropathic pain
Referred pain
Idiopathic or atypical facial pain

Diagnostic Work-Up

History should include:

Time of onset and duration

Character and consistency of pain

Relieving or exacerbating factors

Response to medication

Associated findings such as fever, change in taste, odor, postnasal drip
Date of last dental examination/treatment

History of allergic rhinitis or sinusitis

Prior history of similar presentation

Examination should include:

General neurological exam

Topographic examination of the face and neck for asymmetry, edema, ery-
thema, or skin abnormalities, such as skin cancers

Palpation of the affected area

Intranasal examination

Percussion of the maxillary sinuses

Intraoral examination of the dentition and supporting structures with attention
being paid to carious and heavily restored teeth, the presence of any edema,
erythema, or fistulae

Imaging

Initial imaging can be accomplished with panoramic radiograph of the teeth or with
a sinus series. A maxillofacial CT of the sinuses can also be used especially if the
potential for sinus surgery is significant. This can be used to rule in or out sinus
disease in the form of membrane edema, fluid accumulation, or both.

Referral

If pain of dental origin is suspected, referral to a dental healthcare professional is
indicated.
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Case Management

The patient was placed on antibiotic therapy empirically based on a provisional
diagnosis of left maxillary sinusitis. Because the pain was consistent with maxillary
sinusitis and the need for sinus surgery was likely, the patient was referred for a
maxillofacial CT scan of the sinuses. The scan revealed a unilateral fluid level and
membrane thickening in the left maxillary sinus. The other sinuses were clear, and
no other remarkable findings were noted. The patient did not have a history of a
recent dental examination or dental imaging. Because the fluid level was unilateral,
the patient was referred to a dentist for evaluation of the left maxillary posterior
dentition. The molar teeth were noted to be heavily restored. Extensive recurrent
caries were noted. The maxillary left second molar tested non-vital and was deemed
non-restorable. After discussion with the referring provider, the decision was made
to extract the involved tooth with the reasoning that the chronic apical periodontitis
associated with the tooth had contaminated the sinus [1]. Culture specimen was
obtained at the time of extraction. The patient then underwent surgical irrigation of
the maxillary sinus, and the maxillary ostium was enlarged surgically. If the sinus
had been treated without resolving the dental cause, then recurrence was very likely
[2]. Follow-up revealed complete resolution of the presenting pain.

Alternative Management Options

¢ Irrigation and debridement of the sinus without dental evaluation. Temporary
resolution might have been possible, but recurrence would have been very likely.

» Extraction of the responsible tooth without appropriate management of the
sinus. It is very likely that that sinusitis would have persisted as a result of the
magnitude of involvement.

Key Points
e The upper posterior teeth can be the source of a maxillary sinus infection.
e Medical and dental interventions were necessary collaboratively to resolve
the infection.
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Representative Case History

The patient is a 60-year-old white male with a history of severe headaches in the
right lateral orbit and temple area for many years. The headaches occurred two to
three times a month and would last for almost a week. About two to three times a
year, his headaches would be so severe, he would have to be admitted to the hospital
for 5-7 days to control his headaches. He was referred by his neurologist to see if
we had anything to offer him to help or prevent the headaches.

While getting a detailed history, the patient said that at the onset of his head-
aches, he would notice discomfort in his right nostril, and over several hours, his
right temple would begin hurting and the severe headaches would occur. He had
nausea and vomiting with the headaches, and sumatriptan would help some if he
took it early into the episode. He was also tried on several anticonvulsants and could
not tolerate them. He would require large doses of narcotics in the hospital to con-
trol his pain and headaches.
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Overview

There is a known medical entity called contact point headaches or “Sluder’s neural-
gia,” which is pain in the face and head which originates in the nose [1, 2]. The
pathophysiology is related to a “bony spur” on the nasal septum which can jut out
and touch the middle or superior turbinate (Fig. 32.1) and compress the posterior-
lateral branches of the palatine nerve off of the pterygopalatine ganglion (Fig. 32.2).
This is a trigger point that can result in severe facial pain and headaches. The pain
can be sharp, shooting and usually localized to one side. It usually starts in the cheek
and radiates to other locations, especially the temple area. Decongestant medica-
tions can help prevent or treat the problem.

The diagnosis can be by a good physical exam but can also be recognized on a
CT scan that can reveal a septal deviation which touches the turbinates on the side
of the pain. Pain response to a nasal spray of decongestant and topical anesthetic can
also be diagnostic. At the onset of the pain, a patient sprays a strong decongestant
into the nose to shrink the turbinates and also uses a spray topical anesthetic, such
as 4% lidocaine or 2% tetracaine. If the pain and headache are aborted, it is strong
evidence of a contact point headache.

Fig. 32.1 A CT scan
can give information
regarding a septal spur
impinging on the
turbinate causing pain
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Fig. 32.2 Pterygopalatine ganglion with branches to the turbinates

The treatment is fairly simple and consists of a nasal septoplasty to remove the
bony spur and straighten the septum [2, 3].

Differential Diagnosis

* Migraine headaches

» Peripheral trigeminal neuritis
e Sinusitis

* Dental origin pain
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Diagnostic Workup

e A good history and physical exam is important to obtain the trigger point and
whether nasal congestion from allergies or upper respiratory infections trig-
gers the pain and also if cold medications, such as decongestants, help the
pain.

¢ The physical exam should look carefully at the nose and especially the septum
for “spurs” which touch the turbinates or are close.

e A CT scan can be helpful to identify the bony spur touching the turbinate [4].

Representative Case Management

The patient was evaluated and found to have a septal spur which jutted out and
touched the middle turbinate on the right side. He was told to use oxymetazoline
nasal spray at the onset of the facial pain, followed by spraying 4% lidocaine into
the same nostril to see if the pain and headache would be aborted. He used this treat-
ment and found that it would prevent the headaches.

The patient underwent a nasal septoplasty to remove the bony spur and straighten
his septum. He was also told to use the oxymetazoline and lidocaine if he felt a
headache starting. Since surgery, he has gone over 3 years without any facial pain or
headaches.

Alternative Management Options

e Just use the decongestant and topical anesthetic at the onset of any pain.

e Do sphenopalatine ganglion blocks.

e Reduce the size of the nasal turbinates using various methods.

e Take medications such as pain medications or anticonvulsants.

*  Workup and treat patients for allergies to try to prevent turbinate congestion.

Key Points

* A thorough history and physical exam is crucial to pinpoint the nose as the
trigger point.

¢ Ifanasal “contact point headache” is suspected, use decongestants and topical
anesthetics to see if the headaches can be aborted. If it does, the diagnosis is
pretty definite.

e If this entity is confirmed, a nasal septoplasty is usually curative for the
headaches.
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Chapter 33
Post Herpes Zoster Neuritis

James Y. Suen

Case Presentation

A 47-year-old white female had herpes zoster infection of her right V1 and V2
trigeminal nerve branches about 10 years previously. She had severe pain with her
infection plus significant corneal ulceration. Her pain never resolved and caused a
great deal of stress. Three years later, she had a nerve stimulator implanted over the
right supraorbital nerve, and it helped about 75% of her pain. While the nerve stimu-
lator helped a lot of her pain, it required frequent setting adjustments. The residual
pain was located in the distribution of her right infratrochlear nerve, which was over
the medial canthus of her right eye and bridge of her nose on the right side. This
residual pain was severe and was aggravated by temperature changes, barometric
weather changes, bright lights, and by wind blowing on her face. It affected her
daily life significantly.

Overview

Herpes zoster infections usually cause a great deal of pain before and during the
infection. About 10% of the patients who develop herpes zoster infections will have
postherpetic neuritis, which can cause pain indefinitely. It has been shown that nerve
blocks during the acute infection can help decrease the pain [1, 2], but there has not
been much written about nerve blocks or nerve stimulators to help control long-term
pain in these situations.
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It is not uncommon for several divisions of the trigeminal nerve to be involved
with herpes zoster infection. The virus can linger in the ganglion of nerves.

Most patients will be treated with various medications, including antivirals, anti-
convulsants, amitriptyline, antianxiety medications, and narcotics, which can help
the pain but do not usually control the pain. These patients are desperate for treat-
ment to stop their pain.

Differential Diagnosis

* Post herpes zoster neuritis is an easy diagnosis, and there are not many other
considerations for a differential diagnosis.

Diagnostic Evaluation

The history is important for diagnosis. When a patient describes a history of pain for
several days, then an outbreak of a vesicular rash along one or more dermatomes
lasting about 10—14 days is a certain diagnosis for herpes zoster infection. It is pos-
sible for patients to have a history of a previous herpes zoster infection. The critical
question is whether the pain before and during the infection persisted after the rash
cleared. If the pain persisted, the diagnosis is surely post herpes zoster neuritis.

Physical exam will commonly show residual scars from the rash. If the eye is
involved, there may be corneal scars. Also it is common to find trigger points which
are very sensitive to touch or pressure and can accentuate the pain.

Imaging studies are not usually necessary.

Representative Case Management

This patient had postherpetic neuritis in her V1 nerve distribution on her right side.
After being treated for several years with medications, which did not control her
pain, a right supraorbital nerve stimulator was suggested. After a successful trial
with an externalized stimulator, she underwent the device implantation procedure
(Fig. 33.1). The nerve stimulator helped a lot of her pain, but she continued to have
severe pain in one area—the area supplied by the infratrochlear nerve on the same
side. The pain was severe and increased with temperature changes, barometric
weather changes, bright lights, and by wind blowing on her face. Also it was very
sensitive to touch. The option for nerve blocks to augment the pain relief accom-
plished with the stimulator was recommended.

She had nerve blocks to the right medial canthus and bridge of nose areas using
3 mL of 1% xylocaine with epinephrine followed by 3 mL of 0.5% bupivacaine
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Fig. 33.1 Post herpes "
zoster neuritis of V1. ¢
Treated with a nerve
stimulator implant
(under the skin where
dotted line is) and with
nerve blocks where
white arrow is pointing

subcutaneous (Fig. 33.1). She reported 50% relief for 2 weeks. Two and one half
weeks later she had repeat injections, and Kenalog, 0.5 mL of 40 mg/mL, was
added. She continued to have good pain relief for about 2 weeks each time. After
about 1 year of repeated nerve blocks to help her pain, she requested a more perma-
nent pain relief. She underwent surgical resection of the infratrochlear nerve by
removing all of the tissue between her skin and bridge of her nose and orbital rim
near the medial canthus.

She has had no significant pain in that area for over 10 months and is very pleased
with the results. The small area of numbness does not bother her. She was able to
decrease most of her medications she had been on for years. She does still have
intermittent pain in her supraorbital nerve and continues to use the nerve stimulator
to help control the pain in that area.
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Alternative Management Options

Continue nerve blocks.

Inject alcohol into that area of her involved nerve, but it can cause severe pain
and skin slough.

Add another nerve stimulator electrode to the infratrochlear nerve area. This
carries a higher risk for infection than non-implantable alternatives. The sur-
gical implant also has a risk of device erosion and can be a less cost-effective
option.

Key Points

Post herpes zoster neuritis is very painful and causes major stress to the
patient.

Nerve blocks can help the pain during an acute infection with herpes zoster
and also the postherpetic pain.

If the nerve blocks are helpful, a nerve stimulator or resection of the involved
nerves can help to control the pain.

Insertion of nerve stimulators can be expensive compared to nerve resection.
Patients rarely complain about the numbness and are happy to have less or no
pain.
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Representative Case History

This patient is a 52-year-old white female presenting to clinic for “migraine” head-
aches on both sides of her head. These symptoms began 8 years previously. Initially,
the headaches had started in the “right face down to the chin” per the patient. She
underwent dental evaluation and her problem was deemed unrelated to dentition. At
an outside hospital, she was treated with a Gamma Knife for the pain, but the pain
did not improve. The pain is daily and constant, affecting her quality of life to the
point where she cannot get out of bed at times.

Overview

It is not uncommon for patients to present with a history of multi-location head and
neck pain including bilateral pain. Pain in one nerve can trigger pain in other areas.
This adds to the difficulty in treating this subset of patients. It is crucial to obtain a
detailed history to try to determine where the pain or headache starts. This trigger
point can help determine which nerves are the origin of the pain. There can be more
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than one trigger point. The history should include determining the trigger points,
history of previous trauma, surgery, cancer, infections, or dental problems. Most of
these patients will have been on many different medications and will be on narcotics
for pain control.

Differential Diagnosis

e Brain tumors or intracranial vascular anomalies—history and imaging can
rule this out.

e Head trauma from various causes. History is important to elicit.

» Skin cancer or other types of cancer.

* Entrapment from reconstructive plates/screws in bilateral locations.

* Migraine headaches.

* Tension headache.

* Sinus infections.

* Classic trigeminal neuralgia from vascular compression at the origins of the
trigeminal nerves.

— Bilateral neuralgia of unknown etiology.
— Multiple sclerosis.
— Psychogenic disorders.

Diagnostic Workup

Bilateral facial pain workup can be more tedious compared to unilateral pain
patients. History and comprehensive physical evaluation are vital to optimum
treatment of the patient along with detailed documentation. It is important to
ascertain where the pain or headaches seem to begin and where the pain goes
to from there. These trigger points can cause more diffuse pain. When pinned
down, most patients will tell you where the pain starts. Past medical and surgi-
cal history should include medical conditions, systemic illnesses, central or
peripheral nervous system pathology, prior cancers and their associated treat-
ments, traumas, past surgeries, social risk factors, dental issues, and infections.
Examine the overlying skin for any abnormalities and palpate the underlying
bony structures and soft tissues, checking for masses, bony step-offs, or for-
eign bodies. Imaging can be very helpful in these patients, especially when
trying to rule out central nervous system pathology that could be causing bilat-
eral symptoms. We recommend MRI for this purpose. If bony structures such
as reconstructed areas or sinuses need specific review, a CT scan can be per-
formed as well.
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Representative Case Management

While 8 years ago her pain had begun on the right side, currently her most signifi-
cant pain was in the left auriculotemporal nerve distribution (temple) , but she also
complained of pain in her left forehead and in her right temple area and in the right
upper neck. The patient was currently medicating with cyclobenzaprine, gabapen-
tin, amitriptyline, alprazolam, and hydrocodone. Both CT and MRI were obtained,
each showing no underlying pathology. For diagnostic and therapeutic purposes,
1% lidocaine with 1/100,000 epinephrine (3 cc) was injected into the area of the left
auriculotemporal nerve (ATN) (Fig. 34.1). This immediately caused her pain in that
area to subside; however she still had pain in her right face and neck. This injection
was followed by 0.5% bupivacaine (3 cc) injection in the ATN. We also did nerve
blocks of her right auriculotemporal nerve and her right upper cervical plexus
nerves with good pain relief of those areas.

The nerve blocks would control her pain for 2-3 weeks, and then she would
return for repeat nerve blocks. Her most severe pain was in the left auriculotemporal
nerve distribution. We tried 100 units of Botox into her left temporalis muscle, and
it did not seem to help prolong her pain relief. It was noted that when her left-side
pain was controlled, she had less pain in the right side. Because of the need for
recurrent nerve blocks, discussion about nerve decompression of her left ATN ver-
sus nerve excision was recommended [1-3]. She opted for nerve excision, and this
was performed 14 months after her visit to us. The superficial temporal artery was
found to be looped around the auriculotemporal nerve and also abutting it for several

Fig. 34.1 Injection of
the auriculotemporal
nerve just posterior to
the TMJ
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Fig. 34.2 Superficial
temporal artery looping
around the auriculotem-
poral nerve

centimeters (Fig. 34.2). The artery was excised, and 3 cm of the ATN and its
branches were excised.

Postoperatively, she had resolution of pain in the left auriculotemporal region but
had persistent complaint of pain in the left supraorbital nerve and zygomaticotem-
poral nerve distribution, right auriculotemporal distribution, and also her right cer-
vical plexus distributions. Nerve block for all four of these locations was performed,
each with immediate pain relief. Overall her pain was much better, and the severe
pain in the left auriculotemporal nerve distribution is still gone after 8 months. She
required nerve blocks in the other nerve areas about once a month to control her
pain. She was interested in doing more nerve resections for long-term relief, so she
underwent surgical resection of her left supraorbital, supratrochlear, and zygomati-
cotemporal nerves on the left and the auriculotemporal nerve on her right side. Over
5 months after these additional nerve excisions, the patient has had no pain or head-
aches since surgery, and she is very happy with the results. She was able to discon-
tinue all pain meds.

Alternative Treatment Options

e Medical therapy for this patient could also include anticonvulsants, NSAIDs,
and higher doses of narcotics. One must be wary of potential side effects with
each of these classes of medications and understand the risk of addiction and
intolerance.

e Nerve decompression instead of resection is an option but less chance for
long-term relief.
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Ablation using alcohol or radiofrequency techniques could be utilized but,
because of multiple nerves involved, would be difficult.

Psychological evaluation and therapy might be useful.

Resection of the other nerves causing her other pain could be performed.

Key Points

Bilateral facial pain can be complex and also prove difficult to treat.
Detailed history and physical evaluation is critical to locate trigger points and
to identify which nerves are triggering the pain and headaches.

Imaging should be performed to rule out other causes.

Utilization of lidocaine/bupivacaine nerve blocks coupled with Botox and/or
Kenalog can help achieve maximum time of pain control and help space out
nerve injections.

Unfortunately (as seen with this case report), when one area of pain is
resolved, other locations of pain can surface. Do not be discouraged by this;
these new areas are amenable to treatment as well. A step-wise approach to
each problem area is paramount, and as seen in this particular patient, relief in
her trigger point area (left auriculotemporal nerve) improved her quality
of life.
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Chapter 35
Anesthesia Dolorosa

Joshua M. Rosenow

Representative Case History

The patient is a 38-year-old right-handed woman who had the spontaneous onset of
right facial pain. This original pain was intermittent “lightning electric pain” in the
right V3 region. Over time this involved more of the right face. She tried several
medications and, after a year without improvement, underwent microvascular
decompression (MVD). She was pain-free for a week before the pain returned (the
same quality as before the first MVD) primarily in the V2/V3 dermatomes. Twelve
months later she had repeat MVD without any pain-free period postoperatively. She
underwent stereotactic radiosurgery 6 months afterward without significant change
in the pain but with a new “creepy crawly feeling” in the right V2/V3 dermatomes.
She then underwent percutaneous balloon compression (PBC) rhizotomy. Following
this procedure the pain changed and became constant burning, mostly in the right
V1/V2 dermatomes “like a toothache” with improvement in the V3 distribution
pain. She also developed new right corneal anesthesia. The shocking component
was mostly relieved but replaced by the constant burning. She then underwent a
second PBC several months later which magnified the burning and expanded the
numbness in the face, as well as worsened her corneal sensory loss.

She next underwent right supraorbital neurectomy without change in the pain.
After she had a trigeminal block which caused both temporary numbness and pain
reduction, she underwent a total sensory rhizotomy (open sectioning of the trigemi-
nal nerve root at the brain stem). She awoke from this with total right facial numb-
ness and persistent V1/V2 burning pain, as well as new right occipital neuralgia.
Removal of her cranioplasty plate and subsequent C1 and C2 ganglionectomy
reduced but did not fully relieve the occipital pain.
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Currently she continues to have constant burning pain in the right V1/V2 derma-
tomes. Running, swimming, significant continuous activity, and talking all increase
the pain. She has tried to adjust her hours at work as a physical therapist to minimize
exacerbations in pain.

She presented to our center using only nortriptyline and baclofen for pain reduc-
tion. In the past she had tried pregabalin, gabapentin, carbamazepine, hydrocodone/
APAP, and multiple other opioids and neuromodulatory medications.

On physical and neurologic examination, she has healed incisions from her mul-
tiple prior procedures. She has a depression in the region of her prior right retrosig-
moid procedures. She has a right occipital Tinel’s sign. Her right face is completely
anesthetic and she wears a right corneal prosthesis to protect her anesthetic cornea.

Overview

Anesthesia dolorosa (AD) is sometimes colloquially called “phantom face pain.” It
is the most severe form of trigeminal deafferentation pain and results from repeated
intentional injury to the trigeminal nerve. As in this case, patients often initially
present with uncomplicated pain such as trigeminal neuralgia, but the summation of
numerous intentional injuries to the trigeminal nerve in the service of relieving the
original pain can result in a numb face that remains painful.

Older statistics state the incidence of AD to be 2-4% among patients who
undergo trigeminal rhizotomy [1].

Differential Diagnosis

Etiologies of anesthesia dolorosa can include [2—4]:

1. Intentional injury to the trigeminal nerve due to repeated ablative treatments
for trigeminal neuralgia

2. Severe traumatic injury to the peripheral trigeminal nerve involving all three
distributions

3. Unintentional injury to the trigeminal nerve during posterior fossa surgery for
another condition such as acoustic neuroma, meningioma, or trigeminal
neuroma

Diagnostic Workup

The diagnosis of anesthesia dolorosa is based on clinical examination and a history
of injury to the trigeminal nerve. Patients have loss of sensation (most often com-
plete) to fine touch and pinprick in the painful regions of the face.
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Case Management

The patient had already failed numerous medical treatments, as well as percutane-
ous trigeminal blocks. In an attempt to begin with the least invasive surgical proce-
dure, a trial of V1 and V2 peripheral stimulation was attempted. Not unexpectedly,
the patient could perceive no stimulation-evoked paresthesias during the trial and
obtained no pain relief.

She next underwent a 1-week trial of combined sensory thalamic (ventrocau-
dal nucleus—Vc) and periaqueductal gray (PAG) deep brain stimulation (DBS).
Intraoperative microelectrode recording was performed. It was exceedingly dif-
ficult to locate the thalamic sensory region for the face due to (presumed) neuro-
plasticity in the face of chronic deafferentation. The thalamic sensory region for
the arm had expanded to occupy the region normally subserving facial sensation.
Despite multiple microelectrode tracks in more medial positions, very little facial
sensory representation could be located, while there was abundant arm represen-
tation in all tracks. The thalamic electrode was implanted in the most medial
position that still allowed PAG electrode placement without targeting conflicts.
During the week of the inpatient trial, some facial paresthesias could be evoked,
with accompanying arm paresthesias as well. The PAG stimulation caused a
pleasant light-headed sensation. At the close of the trial, the patient felt that her
pain had overall been decreased to an extent that merited permanent implant.
However, over the course of the subsequent months, this pain reduction dimin-
ished to the point of being nonsignificant. Numerous programming changes
failed to resolve this situation, and the device was removed approximately
9 months after implant.

The patient was subsequently offered either nucleus caudalis DREZ (dorsal root
entry zone) lesioning or centrolateral thalamotomy, which she is considering.

Alternative Management Options

Like all central pain syndromes, anesthesia dolorosa is exceedingly difficult to treat.
All surgical procedures have had mixed results. Deep brain stimulation has been
employed with some success for AD, but not in this case [4]. This patient’s stimula-
tion targeted the ventrocaudal thalamus and the periaqueductal gray. The centrome-
dian/parafascicular (CM/Pf) thalamic complex has also been used for deep brain
stimulation with some success [5]. Another central neurostimulation option is epi-
dural motor cortex stimulation. This has the advantage of not requiring awake map-
ping or implanting electrodes into the brain (with the concomitant risk of
intracerebral hemorrhage). However, results of this therapy for AD have also been
inconsistent [6]. Moreover, the programming of the device is time intensive, and
there is a long-term risk of therapy-limiting seizures due to the electrical cortical
stimulation [7, 8].
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Other ablative procedures for AD include nucleus caudalis DREZ lesioning or
central thalamotomy [3]. Again, neither of these procedures are certain to produce
long-lasting pain relief, but both have shown some efficacy. Caudalis DREZ inter-
rupts the second-order pathways in the brain stem that have lost afferent input as
part of AD and may spontaneously generate pain impulses.

Central lateral (CL) thalamotomy has also been used to treat a variety of chronic
pain states, including central pain such as AD [9]. Unlike other ablative treatments,
some research has shown that patients who have pathologic elevations in EEG
power spectra in certain frequency ranges may have a higher chance of benefitting
from the procedure. While traditionally performed with radiofrequency lesioning,
newer technologies such as MR-guided focused ultrasound (MRgFUS) have also
been utilized for this purpose [10].

Key Points

* Anesthesia dolorosa (AD) is a chronic pain syndrome due to trigeminal nerve
injury.

* AD may be caused by intentional or unintentional injury.

* Opioids and neuromodulatory medications may have little effect on AD
symptoms.

* Both neuromodulatory (stimulation) and ablative surgical methods have been
used to treat AD with some success, but results have been inconsistent.
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Representative Case History

The patient is a 51-year-old female who developed chronic facial pain following a
radical neck dissection for TIN1 squamous cell carcinoma of the oral cavity, tongue,
and right-sided cervical lymph nodes. She described her pain as a constant pulling
sensation in the right side of her face. She also reported episodic sharp, shooting
pain down her anterior and lateral neck with hyperalgesia of the surrounding skin.
During her treatment course, she was unable to obtain control of pain with opioids,
gabapentinoids, antidepressants (e.g., duloxetine), anxiolytics (e.g., alprazolam), or
physical therapy.

Overview

Nociception, the sensory experience of pain, is mediated by the unmyelinated
termini of primary afferent neurons and carried to the central nervous system by
A-delta and C fibers [1]. These afferent neurons and their downstream connec-
tions can become sensitized resulting in chronic neuropathic pain disorders [2].
Symptoms may include hyperalgesia, a condition where a minimally painful
stimulus results in an exaggerated pain response, and allodynia, a condition where
a non-painful stimulus is perceived as painful. These primary afferent neurons
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can begin to express receptors to catecholamines in a pathological condition
known as sympathetically mediated pain [2, 3]. Examples include complex
regional pain syndrome, trigeminal neuralgia, cancer pain, and phantom limb
pain [4]. Patients with sympathetically mediated facial pain can be diagnosed and
oftentimes treated with blockade of the afferent sympathetic cell bodies which
reside in the sympathetic ganglion. An interventional pain block targeting the
stellate ganglion would block the sympathetics of the inferior cervical ganglion
and first thoracic ganglion, which supply the unilateral upper extremity, head, and
neck [5]. An alternative to the global sympathectomy model is a microsympathec-
tomy, which targets only the gray rami of spinal levels conveying pain and effec-
tively reduces pain while not altering sympathetic outflow to unaffected areas.
This procedure is not currently the standard of care, although studies in animal
models are showing promise [6].

Differential Diagnosis

e Tumor recurrence, other regional tumors, or lymph node enlargement
Rule out with imaging. May also present with unilateral neurologic or vascu-
lar symptoms.

* Neuralgia (glossopharyngeal or trigeminal)——Commonly related to com-
pression or infection. Pain commonly has a sudden onset, is usually described
as sharp, and is provoked by sensory stimulation, such as touch.

* Postherpetic neuralgia History would include a dermatomal rash consis-
tent with previous acute herpes zoster.

* Posttraumatic trigeminal pain May be suspected after surgical damage to
trigeminal nerve with abnormal findings on qualitative sensory testing.

e Dental pain Pain would be provoked by mastication and/or thermal stim-
uli, such as hot/cold foods. Imaging could assist in diagnosis.

e Cervical arterial dysfunction Associated with manipulation of neck, such
as in chiropractic practice, and may present with jaw claudication [7]. CT
angiogram could be diagnostic.

* Infection (e.g., abscess)——Laboratory analysis would likely reveal a leuko-
cytosis. Abscess could be seen with imaging.

e Craniocervical junction abnormalities——Symptoms may include vascular
insufficiency, Horner’s syndrome, or cranial nerve abnormalities. MRI or CT
of upper spinal cord and brain can be used to rule out.

e Complex regional pain syndrome——Typical presentation originates in an
extremity.

* Psychogenic pain Presence of other comorbid psychiatric disorders is
supportive. Pain or symptoms such as paralysis may be present. Pain often
does not follow anatomic distributions such as a dermatome or myotome.
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Diagnostic Workup

The workup should begin with a thorough patient history particularly focusing on
the onset, location, duration, character, associated symptoms, radiation, timing, and
severity of the pain. Focus should also be paid to a possible inciting event. In this
patient, the onset of pain was after a major invasive procedure, which would raise
concern for posttraumatic neuralgia or psychogenic causes. Since her history was
remarkable for anxiety and depression, a psychogenic etiology is plausible.
Postherpetic neuralgia should be ruled out without a history of acute herpes zoster.
A dental history should be taken including previous caries, associated risk factors,
and any history of oral procedures [8].

The physical exam will further narrow the differential. Simple observation of
head and neck structures can provide evidence of inflammation or infection (e.g.,
erythema). Visualization of full dentition is important and can aid in diagnosis of
dental pathology. Palpation of neck structures may reveal lymphadenopathy as a
primary source of pain or compression of neuronal structures.

Imaging is effective in diagnosing many painful disorders of the head and neck,
including craniocervical junction or anatomic abnormalities, abscess or local tissue
inflammation (i.e., supporting infectious etiology), lymph node enlargement, or
regional tumor. In our patient with a history of carcinoma, imaging revealed no
abnormalities other than an enlarged lymph node, which was negative for cancer on
fine needle aspiration. Laboratory investigation, such as a complete blood count,
may rule out infectious etiologies. Our patient’s laboratory investigations were
unremarkable, further narrowing the differential. The patient’s physical exam also
revealed hyperesthesia of the shoulder and numbness of the face with symptoms
relieved by gabapentin. This finding further supports a neuropathic origin. In a
patient with neuropathic pain with a suspected sympathetically mediated compo-
nent, stellate ganglion block can be performed for diagnostic purposes. On initial
injection, this patient had abatement of pain confirming sympathetic contribution to
her pathology.

Representative Case Management

The patient had undergone major surgery on the head and neck and was still having
pain despite institution of appropriate pharmacotherapy. A stellate ganglion block
was used for local sympathectomy. The block was achieved by injecting 0.25%
bupivacaine with 1:200,000 epinephrine anterior to Chassaignac’s tubercle under
ultrasound and fluoroscopic guidance [9]. Both imaging modalities were used due
to the high risk of intravascular injection due to surgically altered anatomy (see
Fig. 36.1). This procedure proved both diagnostic and therapeutic for her condition.
Within 1 month, the patient had a resolution of her symptoms for a duration of
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Fig. 36.1 Stellate
ganglion block.
Procedure view
provided is anterior-
posterior during
fluoroscopic imaging.
Chassaignac’s tubercle
at C6 is seen with
contrast superior and
inferior spreading
through the sulcus of
the stellate space

18 months. At this time, the symptoms returned, and another stellate ganglion block
was performed, which resulted in a decline of symptoms within 1 month of the
repeat procedure.

Alternative Management Options

e Trial of additional antineuropathic drugs (e.g., pregabalin). Uptitrate dose
until at maximal dose or patient is unable to tolerate side effects.

e Trial of tricyclic antidepressants (e.g., amitriptyline) in combination with
antineuropathic drugs can be more effective than either drug alone.

 Peripheral nerve stimulator implantation after failure of pharmacotherapy.

e Neurolysis of the sympathetic ganglion with chemical or radiofrequency
ablation.

Key Points

* Homeostatic dysregulation at the level of the peripheral and central nervous
system can lead to expression of adrenergic receptors on neurons, which can
cause inappropriate stimulation of nociceptors. This disorder is called sympa-
thetically mediated pain, and this mechanism to varying degrees underlies a
number of chronic pain conditions.

» Characterizing the type of pain is crucial, because the presence of neuropathic
pain symptoms, such as allodynia or hyperalgesia, suggests a neuropathic ori-
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gin of the pain. Neuropathic pain can be amenable to pharmacotherapy, local
anesthetic block, neurolysis, or neuromodulation. Opioids are usually avoided
as they are generally not effective against neuropathic pain, and harm often
outweighs potential benefits. Blockage of sympathetic ganglion is diagnostic
and often therapeutic for sympathetically mediated pain.
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Case History

A 26-year-old female biostatistics PhD student with history of motion sickness in
childhood and no other significant past medical history presented for recurrent
headaches. These headaches started during high school and were predominantly
behind her left eye, throbbing, severe, and associated with light and sound sensitiv-
ity. Early in the course of a headache, she would experience nausea and would fre-
quently vomit. Her headaches were worsened with routine activity and improved
but did not completely remit with lying down in a dark room. They were not associ-
ated with visual disturbance. They could last days at a time. She noticed that most
months she would have a debilitating headache starting 1 day prior to her menstrual
periods (which were regular 28-day cycles on an oral contraceptive containing
20 mcg ethinyl estradiol). These were often more severe than her usual headaches
and could often persist for 2-3 days despite treatment with ibuprofen 800 mg. She
would often have one or two other headaches a month that would respond to ibupro-
fen 800 mg. She noticed that these often occurred in the setting of her rare chocolate
consumption. In total, she had headaches about 4 days a month, all of them associ-
ated with light and sound sensitivity. Her sister had recently been diagnosed with
migraines, and her mother recalled disabling headaches during the first trimester of
her pregnancies and with her menstrual periods prior to menopause. During college,
when her sleeping hours were less regular and alcohol consumption was more, she
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recalled a stretch of time where her headaches became more frequent, and ulti-
mately almost daily, with escalating use of aspirin/acetaminophen/caffeine
(Excedrin). Her primary care doctor educated her about medication-overuse head-
ache and encouraged her to limit her caffeine use to one cup a day, maintain better
sleep habits, drink more water, limit alcohol consumption and aspirin/acetamino-
phen/caffeine, and use ibuprofen 800 mg no more than 2 or 3 days a week. With
stopping aspirin/acetaminophen/caffeine and an effort toward these lifestyle modi-
fications, her headaches returned to their prior pattern.

Overview

Migraine is a common neurologic disorder with cumulative lifetime incidence of
43% in women and 18% in men [1]. It is a common reason for presentation both in
the clinic setting and emergency department and is often treated by practitioners
from numerous different specialties, including primary care, OB/GYN, neurology,
ophthalmology, otolaryngology, dentistry, neurosurgery, and emergency medicine.

Among primary headache disorders encountered in both outpatient and inpatient
medicine, the most common is migraine. Migraine is defined in the International
Classification of Headache Disorders-3 (ICHD-3; www.ichd-3.org) as a headache
which if untreated or unsuccessfully treated lasts 4-72h h and is associated with
nausea or with photophobia and phonophobia; and has at least 2 of the following 4
characteristics: 1) unilateral, 2) pulsating, 3) moderate/severe, and 4) worsened by
routine physical activity.[2].

It exists in many subtypes, including migraine with and without aura, hemiplegic
migraine, migraine with brainstem aura (formerly known as “basilar migraine”),
retinal migraine, and others. Identifying migraine aura and other “migraine vari-
ants” is important due to concern for increased risk of vascular events in these
patients. Of note, patients with migraine aura who are on estrogen-containing birth
control and use tobacco are advised to either stop tobacco or discontinue estrogen-
containing birth control due to their cumulative risk of vascular events. Triptans and
ergots are contraindicated in patients with hemiplegic migraine due to theoretical
risk of vasoconstriction, as well as in patients with prior vascular events or signifi-
cant vascular risk factors.

It is important to quantify the frequency of headache days and migraine days per
month. Patients are said to have “episodic migraine” if they have less than 15 head-
ache days per month and “chronic migraine” if they have more than 15 headache
days per month. Oral preventive medications are often initiated for patients with 4
or more migraine days per month, and onabotulinumtoxin A (Botox) is FDA indi-
cated for patients with chronic migraine or at least 15 headache days and at least 8
migraine days per month.


http://www.ichd3.org
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For patients presenting with a migraine lasting longer than 72 h, they are said to
have status migrainosus, which has its own treatments, sometimes called “rescue
treatments.”

Differential Diagnosis

There are a daunting number of headache disorders described in the ICHD-3 beta
[2]. While most headaches are due to primary headache disorders (such as migraine
or tension type headache), the first task in the evaluation of a new patient is exclud-
ing secondary headache disorders (such as vascular, infectious, and neoplastic
causes). Practitioners are first charged to evaluate for “red flag” signs and symptoms
concerning for secondary headache disorders, many of which represent medical
emergencies. A helpful mnemonic is SNOOP (or S2NOOP4) [3]:

— Systemic signs or symptoms (fever, weight loss)

— Secondary risk factors (history of HIV or malignancy)

— Neurologic signs or symptoms (altered mental status, asymmetry on neuro-
logic examination)

— Onset: Sudden or “thunderclap headache”

— Older: New onset headache at age >40

— Positional headache: Present upon awakening and improving with rising or
present when sitting/standing and remitting with lying down

— (Change from) Prior headache in quality

— Papilledema

— Pregnancy

At initial visit, a thorough history and physical examination including neurologic
examination should be performed. Funduscopic examination is important to evalu-
ate for papilledema, which suggests increased intracranial pressure. If a secondary
headache disorder is suspected, clinical judgment should be used to decide whether
referral to the emergency department is warranted, or whether an outpatient consul-
tation with a neurologist, neurosurgeon, or other specialist in appropriate.

Secondary headache disorders to consider include, but are not limited to:

e Subarachnoid headache

e Epidural, subdural, or intraparenchymal hematomas
e Cerebral venous thrombosis

e Carotid dissection

e Meningitis

e Temporal arteritis

e Brain tumor

 Idiopathic intracranial hypertension

e Spontaneous or iatrogenic CSF leak
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Migraine is often diagnosed by ophthalmologists and otolaryngologists in
patients concerned for eye or sinus pathology. An otolaryngology, neurology,
allergy, and primary care consensus based on review of clinical trial data in 2006
stated that the majority of “sinus headache” is actually migraine [4].

A quick mnemonic for diagnosing migraine is “PIN,” the mnemonic for the ID
Migraine screening questionnaire: photophobia, incapacitating, and nausea. The
validated questions that accompany the “PIN” mnemonic are about the incidence of
certain features in association with headaches over a 3-month period:

1. Light bothered you (a lot more than when you don’t have headaches)?

2. Your headaches limited your ability to work, study, or do what you needed to
do for at least 1 day?

3. You felt nauseated or sick to your stomach when you had a headache?

If the patient answers “yes” to two of those three questions, the sensitivity and
specificity for diagnosis of migraine are 81% and 75%, respectively [5].

This “PIN” mnemonic can help differentiate migraine from the other common
primary headache disorder, tension-type headache, as well as less common primary
headache disorders, most notably cluster headache. There are many other primary
headache disorders on the differential as well, including the trigeminal autonomic
cephalalgias and hypnic headache.

Diagnostic Workup

Laboratory testing is not always indicated. Labs should be considered if there is
concern for an infectious etiology and in patients over the age of 50 with new-onset
headache and/or visual disturbance, where giant cell (temporal) arteritis must be
considered and evaluated for with erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP).

Imaging may be warranted if secondary headache is suspected, but imaging is
not routinely required for patients with headache [6]. Non-neurologists sometimes
order CTs where MRI would be more helpful; discussion with radiology or neurol-
ogy colleagues may help guide correct ordering. This is supported by the American
Headache Society’s Choosing Wisely campaign, which recommends against imag-
ing in stable headaches meeting criteria for migraine and recommends MRI over CT
except in case of emergency where MRI is not available [7].

Case Management

On evaluation by a neurologist, the patient had no “red flag” signs or symptoms and
a normal neurologic examination, and she was reassured that an MRI of her brain
was not necessary. She was diagnosed with episodic migraine without aura and was
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suggested to complete a 3-month headache diary given suspicion for menstrual-
related migraine. The physician and neurologist discussed starting topiramate
25 mg nightly and titrating topiramate by 25 mg per day weekly up to 50 mg twice
a day. While the patient was initially interested when she heard that topiramate
might help her to lose a few unwanted pounds, she was dissuaded by topiramate’s
possible cognitive side effects. She opted instead to start magnesium oxide 400 mg
daily for migraine prevention. Given her prominent nausea, she was given a trial of
zolmitriptan nasal spray 5 mg for acute migraine treatment. She was educated about
lifestyle modifications and trigger avoidance (in her case, chocolate). At 3-month
follow-up, her headache diary confirmed migraines starting one day before her
menstrual period in 2 of 3 months. She reported that her rare migraines between
menstrual periods responded well to zolmitriptan nasal spray, but that her menstrual-
related migraines did not. She was started on naproxen 550 mg twice a day starting
2 days prior to her menstrual period for menstrual-related migraine “mini-
prophylaxis.” She was educated that she could discuss with her primary care doctor
switching from her current oral contraceptive to an “ultralow” dose oral contracep-
tive containing 10 mcg ethinyl estradiol, as this may help to prevent menstrual-
related migraines as well.

Alternative Management Options

Migraine treatments can be divided into lifestyle modifications and trigger avoid-
ance, pharmacologic treatments, and interventional treatments.

Lifestyle modifications include encouraging regular sleep and meal times, stable
low dose of caffeine consumption, adequate hydration, regular exercise, and stress
reduction and relaxation techniques. Patients report many triggers, some of which
are more easily avoidable (such as alcohols or chocolate), others of which may be
modifiable (such as irregular sleep and menstrual periods), and those which are least
modifiable (such as weather changes and scents from others’ perfume and tobacco
smoke). Patients should be educated about medication-overuse headache; using
acute migraine medications more than two or three times a week increases risk of
headaches becoming more frequent and developing chronic migraine.

Pharmacologic migraine treatments can be divided into preventive (or prophy-
lactic) treatments, acute (or abortive) treatments, and rescue treatments.

There are many oral preventive treatments for migraine; these should be used daily
regardless of the presence of headache that day. An excellent resource is the 2012
guidelines from the American Academy of Neurology and American Headache
Society (Table 37.1) [8]. The three classes of preventive medications most often used
are antiepileptics (with evidence favoring topiramate and divalproex sodium), antide-
pressants (with evidence favoring amitriptyline and venlafaxine; nortriptyline is also
commonly used in clinical practice), and antihypertensives (with evidence favoring
propranolol, metoprolol, timolol, atenolol, and nadolol). Since these guidelines were
published, newer positive studies have been published supporting the use of candes-
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artan, memantine, and simvastatin with vitamin D for migraine prevention.
Nutraceuticals are natural treatments (including magnesium, riboflavin or vitamin B2,
and melatonin) for migraine prevention, many of which have been demonstrated to be
effective for migraine prevention in randomized controlled trials [9]. There are also
four monoclonal antibodies targeting the calcitonin gene-related peptide (CGRP) or
its receptor currently in clinical trials for migraine prevention. Some of these CGRP-
targeted monoclonal antibodies have completed phase 3 trials with positive results
recently being announced, while others are currently undergoing phase 3 trials.

Menstrual-related migraine, when supported by the patient’s headache diary,
may be treated preventively with 5-day courses of frovatriptan, naratriptan, zolmi-
triptan, or NSAIDs such as naproxen. These are usually dosed two or three times a
day. The magnitude of the drop in estrogen (or ethinyl estradiol, if on oral contra-
ceptives) with menstrual periods is believed to provoke menstrual-related migraine,
and starting or changing to a very-low dose ethinyl estradiol oral contraceptive
(10 mcg ethinyl estradiol) may help prevent menstrual-related migraine.

Acute (or abortive) migraine treatments are used as needed and should be used
as early as possible during the course of migraine. An excellent resource is the 2015
American Headache Society assessment of evidence (Table 37.2) [10]. Treatments
can be divided into simple analgesics (acetaminophen and NSAIDs), combination
analgesics (such as aspirin/acetaminophen/caffeine, marketed as Excedrin), trip-
tans, and ergots. Butalbital-containing compounds (marketed as Fioricet, Fiorinal,
and Esgic) have been removed from the market in many countries, and the American
Headache Society’s Choosing Wisely recommendations advise against these com-
pounds, as well as opioids, due to their risk of addiction, overdose, withdrawal, and
medication-overuse headache (also known as rebound headaches) [7].

Medication overuse is a frequent cause of migraines becoming “chronic” or
“transformed.” In the AMPP study, overuse of butalbital-containing compounds and
opioids conveyed an odds ratio of about 2 for episodic migraine transforming into
chronic migraine at 1-year follow-up [11]. In clinical experience, many headache
providers have found that frequent use of acetaminophen, NSAIDs, aspirin/acet-
aminophen/caffeine (Excedrin), and triptans all can cause medication-overuse
headache and that with reducing overuse of these medications that patients can
return to having episodic migraine.

There are seven triptans currently on the market: the fast-acting triptans are
sumatriptan, zolmitriptan, rizatriptan, eletriptan, and almotriptan, and the long-
acting triptans are naratriptan and frovatriptan. Fast-acting triptans are most often
used for acute treatment of migraines, while the long-acting triptans are most often
used for menstrual migraine prophylaxis or for the treatment of status migrainosus.
Triptans and dihydroergotamine are also available in different formulations, includ-
ing nasal sprays and injectables, which can be helpful for patients who experience
nausea, vomiting, and gastric statis with their migraines. Lasmiditan, a novel SHT-
IF agonist, is currently being studied for acute treatment of migraine, with one posi-
tive phase 3 trial thus far. While triptans (SHT-1B/1D agonists) and ergots are
contraindicated in patients with vascular risk factors due to concern for vasocon-
striction, lasmiditan does not cause vasoconstriction in vitro and is being studied for



N. M. Schuster

398

Sw 0001
Al uoydourwe)ooy
JIsAdeuy

Sw (OQ[ AJ [OPeWeL],,
Sw O AL QUOPERYIDA
Sw ¢/ JNT utprrodoy,

0d 3w ()¢ AUIPO),
3w g AT [oueydioing,
proido

3w g9 auaydoyjowiosy,

3 7—1 (eme

[im ourersiun) AT OSSN
SPYO

Sw | Aeiads [eseu joueydiong,
splordQ

Keids [eseu

8w 09-0€ AI/AT SB[0I0133
Sw 01 uoyordory

3w OGS ‘00S uoxoideN,
Sw (00F ‘00z ueyordngy
8w 001 ‘0 orujOPIQ

QUIWEYJOUION) OB[0I0IDY] Sw Q| Quozeuayq Sw 001 uegoxrdiqiny, Sw 0§ undsy,
SAIVSN SAIVSN SAIVSN SAIVSN
/31 08—0F
Al UOIQSIURID),
3y/3w | 3w (¢ 3w 001/1 Sw | JoreyUI ATRUOW[NG
NI QuizewoidioyD, | AJ QUOSIIOJ0IPAH, QUIRJJBd/QUIURIOSIH, Sw ¢ Aeads [eseN,
sapURHUY AT UTED0PIT, Suw g—[ ouIe)osIg, 3w [ DS I ‘ALAHA HHA
3ANESIU D) [9Ad] SIYIO 303175 $)0317y sj03ay
3w gz ¥d 3w ]
INI/AI 2uizeradio[yooid,
Suwr ] AJ oprweldo[oolon,
31 001 DS 9pnoanop 3w G/ 7 Al Toprradoi(g (syyoene Juneyroedesur-uou
PBYPQ | W QP qIX09[D 3w 000 1—00% Al @reoidiep | 3w Gz AT Quizewoidio[yD, 10J) 3w Q[ ueydourue)aoy
3ANE3IU { [PAI] SAIVSN ndapidanuy sdnPuRNUY BIEEY (4147
SIOYI0 ) [oAYT D [0AYT q [0A9] V [0A9T

QOUIPIAR Y} JO YISUANS T°LE JqEL



399

37 Nonsurgical Management of Migraines

MITAI JUIPIAD AFO[0INAN JO AWIPLIY UBILIOUWLY ())(Z UO Pased,

[01] STOT '[e ¥° BULIBIY WOL]

QUIBISIW 9INOB J0J QAIOIYJAUT A[qIssod ST UONBIIPIA :9ANRSAU D) [9A]
QUIRISTWI 9N JOF QAIIOIAUT A[qeqoid ST UOTIBIIPIJA] :9ATeSAU { [0Ad]
QUIBITIW 9)JNOE JOJ SUOTJBIIPAW FUIMO[[0] ) JO AoBdYJo a3 9Injal 10 J1oddns 0) ojenbopeur 10 SUNOIPUOD ST OUIPIAT () [PAY]
QOUAPIAD [qR[IBAR UO PISB] JUAUNET) JUIBISIUI 9JNOB J0J dANOILR A[qIssod aIe SUONBIIPIIA D) [9A]
QOUPIAQ J[QB[TEAR UO PISEq JUAUIIEAI) QUIBISTW 9JNOE JOJ AT} A[qeqoid o1e SUOnedIpaJA (g [9A9]
QOUQPIAQ J[QB[IBAR UO PISEq JUUIBAI) QUIBISIUW 9JNOE JOJ AIDIJJO SB PAYSI[e)Sd I8 SUONBIIPIIA 1Y [9A]

Sw O0p/$TE/0S

qurogges usydourure)aoe/eyqreing,
Sw Og/0/STE/OS QUIOPOd
Juroyyeo/uaydourwre)doe,/feqreing,
suoneuIquIo))

[eSBUBIUI QUIBIOPIT,
3w (g [enqeng,
SIYO

Sw og/sg uaxoideuyurydinewng
Sw OET/005/00S
suregeo/undse/usydournue)aoy,
suoreUIqUIO))

SwGgT IO

Sw ¢ ‘Gz Aeads TeseN]  —
ueydiniujoz

w C h._w Umu -

Swggyred -

3w g ‘01 Aeads [eseN, —

Sw 01 ‘0S ‘ST IBI0:  —
ueydimewing
3w (] ‘G ueydinezry,

3w 059/SL Sw ¢z ‘1 uerdereN,

uaydourwe)ooe/jopewel], Sw ¢z ueydineaory

3w 00v/ST 3w 08 “0p ‘0t uerdimorg

Sw 9[—f A QUoseyjowexXaq uaydouruwre)ooe/auropo), Sw ¢z ueydimowy

P1019)§ suoneuIqUIO)) sueydiry,

SO N [PAY] D [oA] q oA V [0A]




400 N. M. Schuster

use in patients with vascular risk factors. Small-molecule CGRP antagonists are
also currently in clinical trials for acute treatment of migraines.

Rescue treatments are used for migraines not responsive to the above acute medi-
cations as well as for status migrainosus. A series of three articles reviewed the
evidence behind rescue treatments [12—14]. In the emergency room, intravenous
therapy with ketorolac and a D2 antagonist (prochlorperazine or metoclopramide)
together with diphenhydramine to prevent akisthesias due to D2 antagonists is most
often used first and if ineffective is often followed with IV sodium valproate or IV
dihydroergotamine. Other treatments commonly used in this situation include par-
enteral or oral steroids and IV magnesium.

a Midpupilary Limbus Orbital b
line line rim

Occipital
protuberance

Upper 1/3 Hair line

of forehead Frontalis

Orbital rim Supraorbital
Lateral canthus notch
Corrugator

Limbus

Procerus Nuchal ridge

Medial canthus

Mastoid
process

Inion
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Tragus line Mid-helix

Fig. 37.1 PREEMPT protocol botulinumtoxin injection sites, 5 units per site for 31 fixed-site
locations. (a) Red-Procerus (1 site), Purple- Corrugators (2 sites), Orange- Frontalis (4 sites).
(b) Purple- Occipitalis (6 sites), Orange- Cervical Paraspinals (4 sites), Red- Trapezius (6 sites).
(c) Temporalis (8 sites). [15]
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Interventional treatments for migraine prevention include onabotulinumtoxin A
(Botox) per PREEMPT protocol, an FDA-indicated treatment. Insurance compa-
nies generally require patients to have received adequate trials of two or three oral
preventives from different pharmacologic classes prior to providing approval for
onabotulintoxinA. The PREEMPT protocol consists of injections of 5 units of ona-
botulinumtoxin A to 31 standardized locations across the forehead, temples, occiput,
and trapezeii (Fig. 37.1). Up to 40 additional units may be injected in a “follow the
pain” manner, with the caveat that this must be mindful of avoiding areas where
additional injections may have untoward cosmetic effects, eye ptosis, or neck drop.
Pericranial peripheral nerve blocks are often performed for migraine prevention or
for treatment of status migrainosus—greater occipital nerve blocks are the most
common blocks performed. Supraorbital, supratrochlear, auriculotemporal, lesser
occipital nerve blocks, and sphenopalatine ganglion blocks are also sometimes per-
formed. Trigger point injections targeting the cervical paraspinals, trapezeii, levator
scapulae, masseters, and other muscle groups may also be performed in patients for
whom cervical myofascial pain is suspected of contributing to their headaches.
Interventions targeting the temporomandibular joints, including injections and bite
blocks, can be used when temporomandibular dysfunction is suspected of contribut-
ing to the patient’s migraines.

Key Points

* Migraine is the most common primary headache disorder encountered in the
outpatient and inpatient settings. Clinicians must first exclude secondary
headache disorders before diagnosing migraine.

e Treatment should include education about lifestyle modifications including
education about medication-overuse headache (“rebound headache”).

* Pharmacologic treatments include preventive, acute, and rescue treatments.

e Oral preventive treatments are often started for patients with migraines 4 or
more days a month, and onabotulinumtoxin A can be considered for patients
with 8 or more migraine days a month and 15 or more headache days a month.
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Chapter 38
Surgical Techniques of Migraine Surgery

Check for
updates

Eric J. Wright and William G. Austen Jr.

Frontal Migraine

Representative Case History

The patient is a 26-year-old white female who was referred to clinic for evaluation
of her head pain. She has tried numerous pharmacologic treatments that have not
alleviated her symptoms. She has been seen by numerous neurologists and has been
given the diagnosis of chronic refractive frontal migraines. She currently does not
work due to the almost daily migraines. She has no history of trauma. Her symp-
toms started approximately 10 years ago. Her pain starts at a constant location
located above her right brow and spreads throughout the frontal area.

Overview

Patients found to be refractive to the current pharmacologic therapies of migraines
can possibly benefit from surgical decompression of numerous peripheral nerves
around the head and neck. It has been found that either the nerve irritation can act as
a trigger for the migraines or a separate entity of a peripheral neuralgia. Patients
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frequently have been treated with numerous pharmacologic therapies yet continue to
have symptoms. The pain will start at the area of nerve compression but will spread.
This range of pain location can confuse the diagnosis of a single nerve etiology.

Differential Diagnosis

e Chronic frontal migraine with a peripheral trigger
e Supratrochlear/supraorbital neuralgia
 Intracranial process

* Frontal sinus pathology

Diagnostic Workup

As has been described, the success of the surgery will depend upon the correct
patient selection. Migraines are a pathologic condition of the brain that, when trig-
gered by peripheral nerve irritation or compression, can be treated with extracra-
nial surgery. A thorough history and physical are performed at the initial patient
encounter. If patients take a preventative medication, they are asked to stop several
days before the clinic visit. Ideally, the patient will be experiencing a migraine at
the time of the clinic visit. Patients evaluated are those who have been labeled as
experiencing chronic migraines that are not successfully prevented or treatment
with pharmacologic therapies or have not tolerated the treatment medications due
to side effects.

Medical records from the neurologist are reviewed along with any imaging that
has previously been performed. A migraine questionnaire is completed assessing
the number of migraine per month, duration, intensity, location, and triggers.

Neurologists are with increasing frequency performing nerve blocks and
administering botulinum toxin type A. A positive history of improvement or reso-
lution of symptoms, even if temporary, is an indication that surgery could benefit
the patient.

Patients are asked to point with one finger to the exact location of the onset of
pain. It is at this location bupivacaine or lidocaine can be injected, 1-2 cc. Large
amounts of anesthetic are not needed, as it is beneficial to isolate to the exact loca-
tion as possible the area of nerve irritation. Patients are reevaluated in 10—15 min. If
they have had a significant improvement or complete resolution of their pain, then
it is believed that surgical intervention can offer a more permanent treatment solu-
tion. If the pain continues, this does not exclude surgery. Patients can have more
than one peripheral trigger. Blocking of one area can unmask a second area. The
areas are blocked sequentially until they have all been addressed. If the patient expe-
riences numbness in the nerve distribution yet continues to have no significant
improvement, at this point, surgery is not recommended.
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The surgical procedures that have been described continue to evolve as our expe-
rience and understanding of the anatomical basis improves. Here, we describe the
authors’ preferred method of migraine surgery.

Representative Case Management

The patient has failed to achieve migraine control with medical management under
direction of a neurologist. After office injection of lidocaine, her symptoms signifi-
cantly improved; therefore she was offered surgical decompression of her supraor-
bital and supratrochlear nerves. Given the location of the trigger point areas, surgical
access must be considered to avoid unsightly scarring on the face. Though endo-
scopic procedures can be successfully performed, the authors use an open approach
for all decompression areas [1].

Under general anesthesia, the forehead and upper eyelid areas are injected with
lidocaine 1% with 1:100,000 epinephrine. A transpalpebral incision at the supratar-
sal crease is made. The orbicularis oculi muscle elevated superiorly staying superfi-
cial to the septum. This is continued until the lateral orbital rim is encountered. By
staying lateral, the target nerves will not be accidently injured in the exposure. Blunt
dissection is performed medially until the supraorbital nerve is identified (Fig. 38.1).
The nerve is released from either the bony foramen or notch. The nerve is then fol-
lowed as it traverses the glabellar muscle unit. The depressor supercilii, corrugator
supercilii, and procerus muscle fibers that surround the nerve as it travels superiorly
are resected, completely freeing the nerve until it enters the subcutaneous tissue
plane. The supraorbital artery, if found to be in close proximity of the nerve, is
coagulated and resected. Once the nerve has been completely released, in order to
prevent nerve scarring and contour irregularities, a fat flap is created from the medial
fat pad and is sutured around the nerve. The skin is then closed. No drain is needed
for the procedure.

Alternative Management Options

» Continued local anesthetic injection with long-acting or liposomal formula.

* Botulinum toxin type A has been shown to be a successful treatment for fron-
tal migraines. However, this has been found to have decreasing efficacy in
some patients. The neurologist before referral usually tries this option.

» Nerve resection can be performed if the patient continues to have symptoms
following the decompression. This is reserved to secondary surgery due to the
numbness of the forehead and anterior scalp. There is also concern that a
neuroma can develop at the site of transection. In the authors’ experience, this
is typically not required.
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Fig. 38.1 Intraoperative
view of the transpalpe-
bral (upper blepharo-
plasty) approach to the
orbital rim. The
supratrochlear and
supraorbital nerves are
seen. The supraorbital
nerve is seen exiting a
tight bony foramen

Key Points

E. J. Wright and W. G. Austen Jr.

e Patients have failed medical management under the supervision of a

neurologist.

* Upon injection of local anesthesia in the supraorbital area, patients’ symp-
toms significantly improve. These patients can be expected to benefit from

nerve decompression.

e Surgical approach is performed through a transpalpebral supratarsal crease

incision to minimize any visual scarring.

* Complete release of the nerves is carried out along with resection of any mus-
cle that could cause compression. The supraorbital artery is resected.

Conclusion

With careful patient selection, patients diagnosed with refractive chronic migraines
can find symptomatic improvement with surgical decompression of the involved
nerves. The described surgical procedures are performed via an open approach with
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thorough anatomical exploration for any areas of compression or irritation of the
affected nerves. The field of migraine surgery will continue to evolve with ongoing
research and experience.
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Chapter 39
Representative Clinical Case:
Occipital Neuralgia

Michael D. Staudt and Jennifer A. Sweet

Representative Case History

The patient is a 44-year-old African-American female who presented with severe,
lancinating occipital pain. Her medical history was notable for a motor vehicle col-
lision resulting in a whiplash injury and a Chiari malformation for which she under-
went decompression surgery. The pain was predominantly right-sided and described
as constant, stabbing, and sharp and made worse with palpation and neck move-
ment. The patient was neurologically intact on physical examination, although had
a positive Tinel’s sign with exquisite tenderness to palpation over the greater occipi-
tal nerve on the right side predominantly, as well as the left side to some degree. She
achieved notable but transient pain relief with selective occipital nerve blocks and
transcutaneous electrical nerve stimulation. Anticonvulsant medications resulted in
pain relief initially, but were less effective over time.

Overview

Occipital neuralgia (ON) is a pain disorder described by the International Headache
Society as sharp, shooting, or stabbing pain which manifests along the distribution
of the greater (GON), lesser (LON) , or third occipital nerves [1]. It can be unilateral
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or bilateral and presents with recurring paroxysmal episodes lasting for a few sec-
onds to a minute. The pain is often elicited with palpation of the affected nerve
branches or even with certain movements of the head and neck. It may also be asso-
ciated with dysesthesias or allodynia. Frequently, nerve blocks will be done and
produce temporary relief of symptoms, but lack of efficacy of the block does not
necessarily exclude ON as a diagnosis [2, 3].

Knowledge of the anatomy of the occipital nerves is essential to understanding
the diagnosis and treatment of ON. The dorsal ramus of C2 emerges between the
atlas and axis and curves inferiorly and obliquely before giving off a medial branch,
the GON [4]. The GON then pierces the semispinalis capitis and trapezius to sup-
ply the occipital skin toward the scalp vertex and is often accompanied by the
occipital artery. The LON similarly arises from the C2 dorsal ramus, with an occa-
sional contribution from the C3 dorsal ramus, and ascends the posterior border of
the sternocleidomastoid before piercing the posterior triangle of the neck to inner-
vate the mastoid region [4, 5]. The third occipital nerve arises from the superficial
medial branch of the C3 dorsal ramus and innervates the suboccipital region [6]. A
variable pain distribution in ON may be explained by the convergence between
cervical and trigeminal afferents in the pars caudalis of the spinal trigeminal
nucleus [4].

There are a variety of potential etiologies of ON, although most presentations are
idiopathic [5]. However, ON can occur as a result of trauma or compression of the
occipital nerves or upper cervical dorsal root ganglion. Thus, a thorough history and
physical exam are important, as are radiographic imaging such as flexion/extension
x-rays or occasionally a cervical MRI. ON may also arise from a neoplastic process.
In addition, pain in the posterior scalp can be associated with a number of headache
and non-headache disorders, although ON tends to be distinguished by the localized
tenderness in the distribution of the occipital nerves.

Initial treatment measures are conservative and include alternating warm or
cold compresses and physical therapy or massage to alleviate muscle tension [7].
Medications such as antiepileptics and antidepressants may decrease the fre-
quency and severity of ON pain when taken regularly, and anti-inflammatories
may alleviate pain during acute episodes [7]. Local anesthetic blocks and steroid
injections can be both diagnostic and therapeutic, although the benefit is usually
transient. Pulsed radiofrequency has gained popularity as an effective nondestruc-
tive treatment, but these effects are also short-lived [8]. There are numerous surgi-
cal treatment options for ON, including occipital neurectomy, C2 ganglionectomy,
and rhizotomy, although these procedures tend to be invasive and destructive and
confer variable benefit [9]. As such, occipital nerve stimulation (ONS) has
emerged as an additional treatment modality for patients with medically refrac-
tory ON and has been demonstrated to provide excellent and sustained pain relief
with low complication rates [10, 11]. ONS is also a reversible and adjustable
treatment that does not produce numbness, unlike the lesioning procedures
described above.
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Differential Diagnosis

e Tension headache

e Cluster headache

e Migraine headache

e Hemicrania continua

e Cervicogenic headache

e Myofascial pain

e Chiari malformation

e C1-C2 degenerative arthritis

e Neoplasm involving the posterior fossa or C2 nerve root

e Systemic vasculitis or inflammatory lesions of the C2 nerve root or greater
occipital nerve

e Giant cell arteritis involving the occipital arteries

* Postherpetic neuralgia involving the C2 nerve root or greater occipital nerve

e Metabolic disorders including diabetes

* Infection

Diagnostic Workup

The clinical history is important to distinguish ON from other headache disorders,
primarily based on the distribution and characteristics of pain. Pain from true ON
tends to be sharp and stabbing with paroxysmal attacks. It can be elicited with palpa-
tion of the neck and/or occiput and triggered with neck movements. In contrast, dull,
aching, and throbbing pain that is more diffuse and harder to localize to the occipital
nerves is less likely to be ON. Patients may report avoiding washing or brushing their
hair, or wearing hats. Although the majority of ON cases are idiopathic, it is important
to ask about prior head or neck trauma, neck surgery, or other systemic disorders.

A physical exam should demonstrate pain on palpation of the occipital region.
There may also be allodynia with stimulation of other regions of the scalp or hair. A
positive Tinel’s sign is frequently elicited over the affected nerve that reproduces the
patient’s pain. The neck and occipital region should be examined for irregularities
or scars from previous head or neck trauma or surgery.

An initial diagnostic workup includes head and neck imaging (MRI or CT) to
rule out a structural cause for the patient’s symptoms, such as a tumor, degenerative
cervical spine disease, or a Chiari malformation, as well as flexion/extension cervi-
cal X-rays to rule out instability. Additional testing may include blood work for
systemic inflammatory or metabolic processes, if the clinical history is suggestive
of these etiologies. Local anesthetic block of the GON and/or LON is both diagnos-
tic and therapeutic. However, it is important to recognize that other headache types
may also respond to occipital nerve blocks [12].
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Case Management

The patient had a history of a whiplash injury and Chiari decompression prior to the
onset of her symptoms, which may complicate the diagnosis of ON as these pathol-
ogies can present with neck pain and posterior headaches. However, the character-
istics of her occipital pain and physical exam findings were most consistent with a
diagnosis of ON. Conservative management was first attempted with medications,
including gabapentin (800 mg TID) and amitriptyline (25 mg daily). Topiramate
was tried but was ineffective. Local anesthetic blocks and transcutaneous electrical
nerve stimulation resulted in significant but transient benefit. A decision was then
made to proceed with an occipital nerve stimulation trial.

After a pain psychology evaluation confirmed the patient’s candidacy for surgical
intervention, a trial stimulator lead was placed. The patient was positioned supine
with a shoulder bump, under MAC and local anesthesia, and an 8-contract trial per-
cutaneous spinal cord stimulator electrode was inserted from a stab incision in the
right posterior auricular region, extending across the occiput bilaterally at the level of
the posterior arch of C1, as confirmed with intraoperative fluoroscopy. The lead posi-
tion also corresponded with the location of the patient’s positive Tinel’s sign, which
was marked preoperatively. The patient was awoken during the trial procedure and
tested to confirm adequate coverage of her pain. The trial leads were externalized and
secured, and she was sent home with multiple stimulation program options for
7 days. Trial stimulation resulted in greater than 50% pain relief (Fig. 39.1).

Fig. 39.1
Intraoperative x-rays
during trial occipital
nerve stimulator
electrode implantation.
The electrode is
inserted through the
right side and extends
to the contralateral side
as well, corresponding
with the patient’s pain
distribution
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One month later, the patient underwent permanent ONS lead implantation, per-
formed in the same manner described above. Again, an §-contact percutaneous spi-
nal cord stimulator electrode was inserted through a small incision in the right
posterior auricular region of the scalp. The lead was secured with an anchor, which
was sutured to the fascia, and a strain relief loop was placed. The lead was then tun-
neled to the right infraclavicular region and connected to a rechargeable, implant-
able pulse generator. Impedances were checked, the generator was secured to the
fascia, and the wounds were irrigated and closed in sequential layers. Postoperative
x-rays confirmed good positioning of the lead (Fig. 39.2).

The patient maintained the same benefit from her permanent stimulator as from
the trial and was able to be more active in her daily life. In follow-up, she has
described significant and near-complete resolution of her pain, without requiring
oral pain medications.

Alternative Management Options

* Conservative therapy with anticonvulsants and antidepressants was first tried
and failed, despite adjustments in medication types and dosages. Further med-
ical therapy alone would likely be ineffective.

* Occipital neurectomy of the greater and/or lesser occipital nerves could be
attempted, although would be difficult due to the previous scar tissue from the
Chiari decompression. These procedures also have a high rate of pain recur-
rence, and the proximal nerve stump may develop a painful neuroma.

Fig. 39.2 Postoperative lateral (a) and anterior-posterior (b) skull x-rays demonstrate appropriate
occipital nerve stimulator electrode placement
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e (2 ganglionectomy avoids the issues of nerve regeneration and neuroma for-
mation that occur with neurectomy and would result in complete sensory loss
in the C2 distribution. This procedure is more invasive and technically com-
plicated and may result in a painful deafferentation syndrome.

e Rhizotomy could be attempted as a last resort, although it is more invasive
and technically complicated than all other therapeutic measures. Selective
dorsal rhizotomies are usually attempted to minimize sensory loss.

y Points

* Occipital neuralgia is characterized by severe, paroxysmal, sharp, and stab-
bing pain in the distribution of the greater, lesser, and/or third occipital nerves.

* Diagnosis is confirmed by occipital tenderness and a positive Tinel’s sign
along the occipital nerve and is relieved with local anesthetic blocks.

* First-line treatment consists of medical management with antiepileptic and/or
antidepressant medications.

* Medically refractory occipital neuralgia is best managed with occipital nerve
stimulation, a procedure that is relatively easy to perform, is associated with
low surgical risk, and confers excellent and lasting clinical benefit.

* Surgical lesioning procedures may be considered as alternative therapies but
are much more invasive and technically challenging. They tend to produce
permanent numbness but can also result in painful deafferentation
syndromes.
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Chapter 40
Head and Neck Cancer Pain: A Case Study

Check for
updates

Vinita Singh and Johnathan H. Goree

Representative Case History

The patient is a 53-year-old male with T3N2c squamous cell carcinoma of the left
supraglottis who is now 4 weeks into a 7-week course for radiation and chemo-
therapy. He presents with constant, uncontrolled throat pain described as burning
and shooting. He remarks that this began shortly after the onset of his radiation
therapy and chemotherapy treatments. Of note, the patient does have a history of
chronic pain secondary to failed back surgery treated with tricyclic antidepressants
and low-dose opiates.

Overview

Radiation-induced mucositis is defined as mucosal damage to the oral and pharyn-
geal cavity as a result of cancer therapy. This is a common and treatment-limiting
side effect of radiotherapy, and this risk is increased in patients who are receiving
concurrent chemotherapy. Sonis et al. estimate the occurrence of mucositis with
cancer of the head and neck to be 42%, while others have estimated these numbers
to be much higher [1]. While it was previously believed that this disease is simply a
loss of the epithelium due to the destruction of epithelial stem cells, current models
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of disease pathophysiology now suggest a much more complex, five-stage mecha-
nism [2]. First is initiation where oxidative stress and reactive oxygen species are
generated by chemotherapeutic agents and radiation. Second is the generation of
messenger signals. During this phase, reactive oxygen species through various
mechanisms begin to generate secondary mediators of injury including TNF-o and
others. Third is amplification, in which these mediators like TNF-a and other pro-
inflammatory cytokines begin to activate a number of pathways that result in tissue
injury and apoptosis. This leads to ulceration which includes the bacterial coloniza-
tion of growing lesions where epithelial death has recently occurred. The last phase
is healing which is associated with re-epithelialization and reestablishment of oral
flora [1, 2]. Symptoms of mucositis include oral pain, restricted speech, secondary
infections, and difficulty swallowing often leading to reduced oral intake [2—4].

Differential Diagnosis

* Neoplasm-related pain

e Oral thrush

e Candidiasis

e Scarring secondary to radiation

e Herpes simplex virus

e Oral mucositis secondary to radiation therapy or chemotherapy

Diagnostic Workup

Diagnosis is mostly clinical based on history and physical exam. Radiation-induced
mucositis may be associated with burning sensation and pain. Clinical exam often
reveals redness, edema, or ulceration of the affected area [5, 6]. Difficulty with speech,
difficulty swallowing (even saliva) and decreased oral opening may be observed.
Multiple scoring systems for the severity of mucositis have been developed, but none
are universally accepted. One example is the National Cancer Institute Common
Terminology Criteria. This includes elements of pain, erythema, ulceration, function,
and dietary intake. There are also more specific scales for patients who are undergo-
ing radiation and chemotherapy for treatment of head and neck cancer.

Case Management

Since the pain onset coincided with radiation treatment, it was more likely radiation-
induced mucositis-related pain as opposed to primary neoplasm-related pain. Physical
exam revealed erythema of left oropharyngeal area and tenderness to palpation over
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erythematous area. The patient was advised to do frequent saline flushes throughout
the day to keep the oral cavity clean and avoid superimposed infection. He was also
prescribed magic mouthwash which contained Maalox (aluminum hydroxide, mag-
nesium hydroxide, and simethicone), nystatin, diphenhydramine, and lidocaine to
swish and swallow 10 mL by mouth every 4-6 h as needed. He was prescribed liquid
gabapentin for neuropathic pain. This patient was opioid tolerant and had to be main-
tained on high dose of opioids as well for acute pain control. Fentanyl patch was
chosen as a long-acting opiate to avoid issues with swallowing. Liquid oxycodone
was chosen as breakthrough medication for ease of administration. Medication dos-
age was titrated on various occasions as his pain increased during the continued treat-
ment, but we were able to wean opiates to his baseline after he finished his treatment.
Superior laryngeal nerve block was considered, given the location of his tumor, but
could not be pursued as he developed systemic infection involving his peripherally
inserted central catheter shortly after initiation of his therapy.

Alternative Management Options

e Superior laryngeal nerve block
» Keratinocyte growth factor-1

* 0.5% doxepin mouthwash

* 2% morphine mouthwash

e Zinc supplementation

Key Points

e Early speech and occupational rehabilitation are crucial when a patient is receiv-
ing head and neck radiation.

* Medications may be difficult to swallow, and oral liquid and transdermal pain
medications should be considered.

e Nutrition can become challenging if swallowing becomes an issue.

e Oral hygiene is of utmost importance to reduce severity of oral mucositis and
avoid complications such as infection
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Chapter 41
Cervical Plexus Pain Case Report

Chelsey Smith and James Y. Suen

Representative Case

This patient is a 66-year-old white female presenting with severe pain in the right
upper neck and jaw area. The pain has been present since being weaned off of a
ventilator during an ICU stay for sepsis. She had a tracheostomy placed during her
stay in the ICU because of a prolonged need for ventilation. The tracheostomy tube
has been removed. Constant in nature, the pain is debilitating for her. She also has
pain on both sides of her upper neck and jawline area. She has been on gabapentin,
hydrocodone, and alprazolam, and the pain is not controlled.

Overview

The upper cervical plexus sensory innervation covers several topographic areas with
its three named branches: lesser occipital, greater auricular, and the anterior cervical
nerves (Fig. 41.1). The branches wrap around the posterior border of the sternoclei-
domastoid muscle (SCM) approximately 1-2 cm superior to the midpoint of the
sternocleidomastoid muscle between the mastoid and clavicle. The branches extend
radially like the spokes of a bicycle wheel. The lesser occipital branch supplies
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Fig. 41.1 The upper cervical plexus nerves innervate the areas behind the ear to the top, the lower
one half of the ear, the parotid, and angle of the jaw

sensation to the postauricular area to above the ear. The greater auricular nerve
ascends around the SCM muscle and supplies the lower earlobe and the skin over
the parotid gland. The transverse cervical nerve supplies sensation to the angle of
the jaw area. Due to its wide distribution, it can be the culprit for head, neck, and
facial pain. The patient will often denote a trigger point within this dermatome with
accompanying radiation of pain in one or more nerve branch regions. Chief
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complaints associated with cervical plexus neuralgia can range from ear pain to jaw
pain to scalp pain to neck pain, and commonly the patient has previously been
misdiagnosed.

Differential Diagnosis

e Trauma—can compress nerves or cause neuromas.

e Skin cancer or other cancers with perineural invasion and lymph node
metastasis.

» Postoperative after neck dissection.

e Brain tumors—history and imaging can rule this out.

* Migraine headaches.

* Neck musculature pain.

* Eagle’s syndrome.

e Cervical plexus neuralgia of unknown etiology.

Diagnostic Workup

In addition to the timeline of pain in the cervical plexus region, quality, radiation,
consistency, and triggers are important. Trigger points are significant and can con-
vey which branches are most impacted by the pain. Previous history of cancers,
surgeries, infections, and traumas are also pertinent. Ask about risk factors such as
tobacco and alcohol use, along with any signs of neck masses. Comprehensive head
and neck exam is paramount for cervical plexus dermatomal pain, particularly in
those patients with cancer risk factors. Ear exam, mirror exam of the pharynx and
larynx, and palpation of the neck for lymphadenopathies, masses, and thyroid
pathology should be performed on these patients also. Imaging for this subset of
patients may include cervical CT scan to work up masses/pathology in the neck or
to aid in the workup of any suspicious lesions in the upper aerodigestive tract. MRI
can be used to rule out cervical spine pathology and also to better delineate any
vascular or lymphatic malformations that are found.

Representative Case Management

The patient’s neck and face pain was debilitating for her. Daily medications such as
tramadol, hydrocodone, and gabapentin were being utilized multiple times daily
with little effect. She was also on anticonvulsants chronically for a history of sei-
zures. CT and MRI were performed to rule out any underlying pathology related to
cervical plexus pain for this patient. No specific findings were found on MRI, but
she was noted to have a right-sided elongated styloid process adjacent to her right
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carotid artery. Initially, nerve injections were tried in the clinic setting for diagnosis
and pain control. The primary injection of 1% lidocaine with 1/100,000 epinephrine
(3 cc) into the right cervical plexus would relieve her pain, and this was followed
with 0.5% bupivacaine (3 cc) injection [1]. Liposomal bupivacaine injection were
also used at times. With the nerve blocks, she would experience immediate pain
relief that lasted from 1 day to 1 week. Due to the findings of elongated styloid pro-
cess, we discussed excision of her elongated styloid process to help with her pain,
and she underwent the procedure. After resection of the styloid process, her seizures
stopped, and she indicated that her neck pain was less but still persistent. Nerve
blocks were resumed for residual pain. Because the residual pain persisted, we dis-
cussed with her resection of the greater auricular and transverse cervical nerve
branches (pain distribution was in these areas primarily). After the resection of these
nerve branches was performed, she had some mild residual pain and soreness for the
first 4 weeks postoperatively, but she has been pain-free except for some tolerable
soreness and had not taken any narcotic pain medication in over 10 months. Her
quality of life was greatly improved, as this was the first time in 3 years she had not
been reliant on narcotic medications. She continues to do well at subsequent follow-
up visits and maintains discontinuation of narcotic medications. Also the pain on the
opposite side of her jaw area and upper neck has resolved since surgery.

Alternative Management Options

e Cervical plexus nerve decompression could have been initially performed in lieu
of nerve resection, but the patient was not concerned about permanent numbness
in the jawline and neck, so nerve resection was pursued.

e Ablation using alcohol or radiofrequency techniques can be utilized for pain
relief, but these techniques can be painful.

Key Points

* Nerve blocks aided in diagnosis and short-term management of her symptoms.

e Treatment of her pain was multifaceted in that imaging (CT) indicated that the
elongated styloid process could be linked to her pain, but after surgical resection
of the styloid process, only a portion of her pain was relieved.

» Post styloid resection, her pain was controllable with nerve blocks but only for
short intervals.

e If nerve blocks do not give prolonged pain relief, then nerve resection can be an
option.

* Nerve resection can give prolonged or permanent pain relief.
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Representative Case History

John is a 12-year-old otherwise healthy white male who is brought in by his mother.
She is concerned with a history of intermittent changes in his vision as well as
complaints that he is often fatigued, complaining of neck stiffness, poor sleep, and
irritab. She has been going through a divorce and is concerned he is making this up
to get attention.

When asked he describes the changes to his vision as objects being bigger or
smaller than he knows they should be. Sometimes stationary objects will appear to
move. The changes in his vision usually last about 30-60 minutes. He said this nor-
mally only happens about twice a year since he was 5 but now it is happening twice
a month. Upon further questioning he reports right-sided frontal pain that he says
hurts very bad after his vision gets better. Sometimes he also wants to vomit. He
states improvement with going to a quiet dark room and taking ibuprofen. If he can’t
lie down and take medicine, the pain has a 2-day duration.
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Overview

Headache is a common pediatric pain syndrome in the head and neck area. Since
brain tissue is insensate, headache is the result of stimulation of pain-sensitive nerve
fibers in large cerebral blood vessels, periosteum, and soft tissues within the scalp,
sinuses, the temporomandibular joints, dentition, or the gingiva. Stimulation of
these pain-sensitive nerve fibers can result from many primary and secondary
causes, including predisposition due to family history, an intracranial process,
trauma, vascular disease, or sinusitis. Headaches can have significant impact on the
lives of pediatric patients, resulting in missed school days, poor academic perfor-
mance, loss of social interactions, missed extracurricular activities, and psychoso-
cial issues. Studies vary in the epidemiology of childhood headaches. There is an
overall prevalence of 58% of patients reporting some form of headache in the past
year. Headaches are more common in boys in children under 7 years, but as puberty
approaches, the ratio changes. 27% of adolescent females and 20% of adolescent
males have frequent or severe headaches. This same sex differentiation applies for
migraines. In the past year, 5% of boys and 8% of girls have had a migraine.
Recognition of the cause for the pediatric headaches is crucial to the success of their
treatment.

Differential Diagnosis

The most common pediatric primary headaches are migraine and tension-type head-
aches. Both types can be classified by temporal pattern: acute, acute recurrent,
chronic nonprogressive, and chronic progressive. See Table 42.1 for examples of the
four temporal patterns of headaches.

The International Headache Society (IHS) has classified headaches into three
groups on the basis of etiology and has provided diagnostic criteria to facilitate
proper evaluation and treatment. The three main classifications are as follows:

e Primary headaches

— Migraine

Tension type

— Trigeminal autonomic cephalalgias (cluster and paroxysmal hemicranias)
Others (i.e., exercise primary cough, new daily persistent headache)

e Secondary headaches such as head/neck trauma, vascular disorders, infection, or
psychiatric disorders
e Cranial neuralgias, facial pain, and others
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Table 42.1 Causes of pediatric headaches

427

Acute headache causes

Infection: sinusitis, pharyngitis, meningitis, or
upper respiratory tract

Migraine

Intracranial hemorrhage

Hypertension

Substance abuse (e.g., cocaine, alcohol)
Hydrocephalus

Ventriculoperitoneal shunt malfunction
Brain tumor

Trauma

Stroke

Vasculitis

Intoxicants (e.g., lead, carbon monoxide)

Acute recurrent headache causes

Migraine

Fasting/eating disorders
Mitochondrial disease

Trigeminal autonomic cephalalgias

Tension headache

Recurrent toxin: alcohol, illicit drugs,
medications

Seizure-associated headache

Chronic nonprogressive headache causes

Tension headache

Chronic posttraumatic headache

Chronic trigeminal autonomic cephalalgias
Thyroid disease

Dental disease

Sleep apnea

Chronic migraine

New daily persistent headache
Chronic sinus disease

Idiopathic intracranial hypertension
Fasting/eating disorders

Chronic-progressive headache causes

Brain tumor

Brain abscess/infection

Aneurysm or vascular malformation
Hydrocephalus or other elevated causes of
intracranial hypertension

Thyroid disease

Parathyroid disease

Pseudotumor cerebri

Medications (birth control, tetracycline,
high-dose vitamin A)

Intoxication (lead poisoning)

Sinus venous thrombus

Chiari malformation

Vasculitis

Diagnostic Workup

For primary pediatric headaches, a thorough history and physical examination is
often sufficient to obtain the diagnosis. Laboratory, radiographic imaging, and elec-
troencephalographic studies are not useful to establish the diagnosis of a primary
pediatric headache. They can be helpful in excluding secondary causes of headache
such as an electroencephalogram for a child with migraine variants that is concern-
ing for seizure activity.

Neuroimaging should be performed if there is any suspicion of a structural etiol-
ogy to the headache in question. Table 42.2 provides red flags for causes of second-
ary headaches that warrant imaging. Given the broad differential of structural causes
for headache and the wide array of imaging modalities that are available, imaging
studies must be chosen judiciously in order to yield the greatest amount of clinical
information in a cost-effective manner. However, routine imaging studies often are
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Table 42.2 Red flags for secondary headache

Worst headache of life
Acute headache with exploding or sudden severe onset

Thunderclap headache

Progressive chronic headache

Increased headache with straining, coughing, or sneezing

Focal neurologic symptoms: altered mental status, papilledema, ataxia, abnormal reflexes,
abnormal eye movements, other abnormalities, or asymmetric neurologic exam

Age less than 3 years old

Presence of ventriculoperitoneal shunt

Neurofibromatosis or tuberous sclerosis or other neurocutaneous syndrome

Systemic symptoms: fever, weight loss, rash, or joint pain

Secondary risk factors: immunosuppression, genetic disorder, rheumatologic disorder, cancer,
hypercoagulable state

Change in headache pattern: new or different change in frequency, severity, or clinical features

Morning headache or vomiting upon awakening

Headache waking the patient up from sleep

Meningeal signs

not necessary for pediatric patients with long-standing stable headache symptoms
and normal neurologic examination, since the likelihood of these patients having
any significant structural pathology is low.

John does not have a history of any intracranial abnormalities or seizure disorder.
His 14-point review of systems is negative except as described in the representative
case above. He saw an ophthalmologist 1 week ago and had a normal visual exam.
There is no family history of seizures or brain tumors. His mother, sister, and aunt
all have migraines. On exam, John is not in distress. He is slightly overweight with
normal vital signs for his age. A complete neurologic exam is normal. The rest of
his physical exam was unremarkable.

Representative Case Management

Pathophysiology

Migraine headaches make up the majority of primary pediatric headaches.
Prevalence is around 1-3% in children 3-7 years old and 8-23% in adolescence.
The exact etiology of migraine headaches still remains unclear, but it is felt that the
cause is multifactorial. One proposed contributing mechanism of migraine pain sug-
gests the stimulation of the trigeminovascular system. The initial triggers for the
activation of the trigeminovascular system remain unclear. The release of pro-
inflammatory mediators such as substance P, calcitonin gene-related peptide, and
vasoactive intestinal peptide from the synaptic boutons of the perivascular branches
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of the trigeminal nerve at the meningeal and basal cerebral vessel level leads to
neurogenic inflammation such as rupture of local blood vessel and disruption of
blood-brain barrier. The subsequent vasodilatation further stimulates the trigemino-
vascular system thus creating a positive feedback loop within the system.

Another proposed contributing mechanism of migraine headaches is abnormal
central transmission of afferent pain signals in these patients. Evidence exists that
patients with migraine headaches can exhibit a defect in the central catecholaminer-
gic system that leads to cortical hyperexcitability. Abnormal magnesium metabo-
lism, more specifically low magnesium level, can also contribute in the abnormal
afferent central transmission of pain.

Radiographically white matter hyperintensities in the posterior circulation terri-
tories on MRI T2-weighted images are observed at a higher frequency in patients
with migraines accompanied by aura. The exact role of this phenomenon in the
pathophysiology of migraines still needs further elucidation.

An other proposed mechanism of migraine headache has its origin within the
brain stem. The aura in a migraine headache is thought to be mediated by neuronal
activation followed by suppression, otherwise known as cortical spreading depres-
sion, throughout the cortical surface. At the same time, changes occur in cerebral
blood flow resulting in hyperperfusion followed by hypoperfusion. This process of
cortical spreading depression is thought to be due to either trauma or changes in the
local concentration of potassium, hydrogen ions, and glutamate. Possibly through
the release of nitric oxide, atrinatriuretic peptide, noradrenergic pathways activa-
tion, and/or alterations to cerebral blood flow, cortical spreading depression acti-
vates the nociceptive pathway within the central nervous system. Cortical spreading
depressions can also lead to neurogenic inflammation, which can stimulate several
neurotransmitters that cause cerebral blood flow alteration and nociceptor activation
within the central nervous system.

Migraine headaches may also exhibit a genetic predisposition. Almost 70% of
pediatric migraine patients have at least one family member with migraine head-
ache. In familial hemiplegic migraine, a rare migraine subtype, several genetic
mutations were found in ion channels that are responsible for neurotransmitter
release within the CNS. These mutations may ultimately change cortical
excitability.

Classification of Migraines

Pediatric migraines can be divided into two groups: with aura and without aura.
They are often bilateral in nature and the precise location is often difficult to obtain
from children. The duration is often shorter when compared to adults, can be only
30-60 min. Migraine without aura is more common in pediatrics. Aura is seen in
14-30% of children with migraines. Like adult patients, pediatric patients also
experience premonitory symptoms. The most common symptoms include neck
stiffness, fatigue, irritability, face changes, and mood changes. Other premonitory
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symptoms included yawning, nausea, phonophobia, photophobia, cacosmia, hyper-
activity, sleep problems, increased anxiety, food cravings, and difficulty
concentrating.

Migraine without aura is identified by at least five episodes meeting the follow-
ing criteria:

Duration under 72 h
e At least two of the following:

— Unilateral or bilateral

Pulsating

Moderate to severe in intensity

— Aggravated by or causing avoidance of routine physical activity

e At least one of the following must be present during the episodes:

— Nausea and/or vomiting
— Photophobia and/or phonophobia

* Not attributed to any other cause

Symptoms of dizziness, blurry vision, difficulty reading, stomach pain, flushing,
sweating, limb pain, pallor, and dark circles of the eye may also be present during a
migraine. Children will often have loss in appetite, be quitet, and want to be left
alone. They may have intolerance to light, noise, smells, and physical activity.

Common migraine triggers include stress, “let up” from stress, dehydration, fast-
ing, illness, and lack of sleep. Other lifestyle factors affecting migraines include
obesity, lack of physical exercise, regular consumption of alcohol or caffeine, dys-
functional family situation, physical or emotional abuse, bullying, unfair treatment
at school, and insufficient leisure time.

Migraine with aura consists of migraine headaches episodes that meet IHS crite-
ria for migraine without aura along with visual, sensory, or speech symptoms or
combination of the three. The onset of the aura is gradual and the aura lasts no more
than 60 min. Auras usually occur less than 30 min before the onset of headache. See
Table 42.3 for common pediatric auras. Both positive and negative features can be

Table 42.3 Auras

Motor (rare) Weakness or hemiplegia

Retinal Sudden loss of vision or photopsia or scintillations in only
one eye

Sensory (less common than Numbness or tingling

visual)

Visual Scotomata

Blurry vision

Tunnel vision

Scintillations

Zigzag lines

Alice in Wonderland syndrome
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experienced with the aura and the symptoms are completely self-limited. Migraine
with aura includes the following types of headaches:

* Typical aura with migraine

* Typical aura with nonmigraine headache
» Typical aura without headache

e Familial hemiplegic migraine

* Sporadic hemiplegic migraine

* Basilar type migraine

Some less common migraines are characterized by prominent sensory aura such
as vision disturbances and distorted sense of space and time. Patients may experi-
ence sensory hallucinations such as micropsia and/or metamorphopsia.

Hemiplegic migraine is seen more commonly in pediatric patients than in adult
patient. It is characterized by sudden onset of hemiparesis and/or hemianesthesia
with the headache to follow shortly after. Other associated symptoms include numb-
ness, aphasia, and confusion. This can be familial or sporadic.

Basilar artery migraines are more common in female pediatric patients. These
headaches are usually characterized by dizziness, ataxia, nystagmus, dysarthria, tin-
nitus/hyperacusis, bilateral paresthesias, diplopia or other vision disturbance, vom-
iting, and severe occipital headache. There is no motor weakness. The auras can be
unilateral or bilateral.

Our case patient John meets the definition of pediatric migraine with a visual
aura. He describes the Alice in Wonderland syndrome visual aura about 30-60 min
before he has unilateral, moderate/severe intense frontal headache associated with
nausea, photophobia, and phonophobia. He has a history of these headaches in the
past with recent exacerbation. It may be alarming to have had an increase in the
frequency of his headaches; however, his stress levels are elevated with his parents’
divorce. This is the likely explanation for the exacerbation and neuroimaging is not
necessary. Now let’s discuss treatment options.

Treatment Goals and Guidelines

The short-term goals of treatment for migraines in pediatric patients are analgesia,
prevent associated symptoms such as nausea, and promote proper sleep. The long-
term goals for these patients and their caretakers are to improve their quality of life
by decreasing the severity and frequency of each headache episodes.

Agents employed in the symptomatic treatment of primary pediatric headaches
should be chosen carefully according to the headache type, frequency of occur-
rence, associated symptoms, and potential adverse-effect profile of the chosen
agent. It is also important to consider the patient’s other comorbidities when choos-
ing a pharmacologic therapeutic agent in order to achieve the greatest clinical effect
while avoiding poly-pharmacy.
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Given the availability of multiple levels of therapeutic agents for symptomatic
treatment, the stratified care approach is preferred over a stepwise treatment
approach. Rather than beginning therapy with the agent of the lowest cost and grad-
ually escalating care as needed, the severity of the patient’s clinical situation and
needs are assessed up front. The level of therapy is then chosen based on the patient’s
specific clinical needs in an overall cost-effective manner.

Adjustment to the treatment plan is recommended in order to achieve the most
effective regimen. The goals of an effective regimen should aim at treating the head-
ache but also targeting other associated symptoms such as nausea, vomiting, photo-
phobia, or phonophobia. Medication use should be under the supervision of a
physician in order to avoid misuse that may result in exacerbation of headache
symptoms. Parents should also closely monitor therapy in pediatric patients.

Treatment Agents

Analgesic therapy such as NSAIDs is the first-line treatment for these types of head-
aches, especially in the setting of recent development of these headache syndromes.
Other helpful adjunctive agents include analgesics both opioid based and non-
opioid based, sedatives, and antiemetics. It is important to recognize that an opioid
is an agent of last resort especially in migraine headaches when all other avenues of
treatment have been exhausted and should not be withheld due to fear of misuse.
The use of opioids in these patients should be handled by healthcare professionals
who are experienced in proper opioid management.

Non-pharmacologic modalities such as adequate sleep, darkness, and a quiet
room are essential in the proper management of acute and tension-type headaches.
Regularly scheduled meal times, proper sleep hygiene, relaxation techniques such
as meditation or diaphragmatic breathing, and adequate physical activity are all
adjunct activities that should be encouraged in addition to prescription treatment
plan. The treatment plan should be individualized based on the age of the child and
his/her ability for behavior modification since behavioral techniques can be very
effective in the treatment of primary headache disorders. Complementary or alter-
native medicine such as acupuncture can also be considered for some patients.

Headaches that are acute in nature are often responsive to relatively mild analge-
sic agents such NSAIDS. Acetaminophen and ibuprofen are recommended as first-
line treatment for symptomatic relief. Opioids and other medication with addictive
potential such as benzodiazepines should be avoided. Appropriate lifestyle changes
can reduce the occurrences of headaches by identifying and eliminating headache
triggers such as alcohol, excessive caffeine, and triggering drugs such as nitrates
and hormone therapy. Table 42.4 lists common medications that are associated with
potentially causing headaches.

The goal of abortive therapy is to interrupt a headache and its progression after
its onset. In patients with frequent headaches, all abortive agents carry the risk of
overuse that may lead to more headaches. See Table 42.5 for a list of abortive
agents.
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Table 42.4 Medications associated with headaches
Acid blockers: famotidine and ranitidine Corticosteroids
Amiodarone Ergotamine
Angiotensin-converting enzyme inhibitors Estrogen
Alpha- and beta-adrenergic agonists and blockers Immunoglobulin
Anti-arrthythmics Methylxanthines
Antimicrobials: amoxicillin, metronidazole, Nitrates
sulfamethoxazole, trimethoprim, ciprofloxacin,
gentamicin, nitrofurantoin, ofloxacin, tetracyclines
Calcium channel blockers Opioids
Caffeine Oral contraceptives
Phosphodiesterase inhibitors
Sympathomimetics
Thyroid hormone replacement
Vitamin A and retinoic acid
Table 42.5 Abortive headache and migraine agents
FDA
approved
Max daily for pediatric
Drug Starting dose dose Comment headaches
Single agents
Acetaminophen (Tylenol) |15 mg/kg 75 mg/kg Avoid with severe | Yes,
liver disease age >6
Ibuprofen (Motrin) 10 mg/kg 40 mg/kg Avoid with aspirin | Yes,
triad age >12
Naproxen (Aleve) 2.5-5 mg/kg 1000 mg Avoid with aspirin | Yes,
triad age >12
Combination
Fiorinal 1-2 capsules q4hr |6 capsules |Salicylate No
(aspirin-butalbital- sensitivity
caffeine)
Midrin 2 capsules, 5 capsules | Avoid if recent No
(isometheptene followed by 1 inl12h ML, stroke, or
mucate-dichloralphenazone- | capsule every hour MAOI use
acetaminophen) until relief
5-HT1I receptor agonists
Almotriptan 6.25-12.5 mg, may |2 doses/day |Contains sulfa Yes,
repeat after 2 h age >12
Rizatriptan <40 kg—-5 mg Dosing not | If taking Yes,
(Maxalt) >40 kg—10 mg established | propranolol: 40 kg |age 6-17
do not use
>40 kg—5 mg
Sumatriptan 25-50 mg, may 200 mg Yes,
(Imitrex) repeat after 2 h age >12
Zolmitriptan Nasal Spray |2.5-5 mg, may 10 mg If taking Yes,
(Zomig) repeat after 2 h cimetadine max age >12
single dose
2.5 mg, daily 5 mg
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Triptans such as sumatriptan are an effective class of abortive agents for migraine
headaches. Several triptans are approved for pediatric patients with acute migraine
headaches by the US Food and Drug Administration. Triptans’ primary mechanism
of action is through vasoconstriction via serotonin 5-HT1 receptor agonist activi-
ties. As a result of this vasoconstrictive property, the use of triptans is contraindi-
cated in patients with heart diseases, poorly controlled hypertension, pregnancy, or
patients with hemiplegic and basilar migraines. In addition to clinical efficacy, trip-
tans are very easy to administer due to their various formulations. Triptans can be
delivered as an oral tablet, nasal spray, transdermally, subcutaneous injection, or
parenterally. Some adverse effects of triptans include flushing/warm sensations,
dizziness, chest pain, and cardiac arrhythmias. However, overuse of triptans (>10
times per months for 3 months) or frequent acute migraine headaches episodes (>15
episodes per month) requiring the use of triptans can lead to rebound or withdrawal
headaches.

Isometheptene and ergotamines can also be used as abortive agents for pediatric
patients with migraine headaches. They are most effective when given at the begin-
ning of a migraine attack or at the onset of an aura if present. They are less effective
in young pediatric patients due to the fact that they are less able to effectively com-
municate the early symptoms of a headache or the beginning of an aura, both of
which make the administration of these agents at the appropriate time more diffi-
cult. Same as triptans, rebound or withdrawal headaches can occur with overuse of
these agents.

The long-acting formulation of NSAIDs such as naproxen is less likely to cause
medication overuse headaches when compared to other abortive agents. They are
readily available over the counter, but such availability can result in improper use
and systemic toxicity due to inadequate medical supervision. To avoid rebound or
withdrawal headaches, the general recommendation is to keep use less of NSAIDs
and acetaminophen to less than 10 days per month.

Since John has some relief with an NSAID, he can add acetaminophen to his
regimen. Given his moderate nausea, an antiemetic agent is also appropriate. If his
migraines do not break or become intolerable in severity with the addition of acet-
aminophen, he should be prescribed a 5-HT1 receptor agonist to take at aura onset.

Prophylactic therapy is usually considered for pediatric patients with migraine
headaches when the headaches occur at such frequency to significantly interfere
with patient’s lifestyle and regular activities. There is currently no agreed consensus
on specific criteria to start prophylactic therapy. Frequency and severity of acute
migraine headaches episodes are important considerations in the decision to start a
prophylactic regimen and the agents used. In addition, the decision to start a pro-
phylactic regimen must also weigh the potential risks associated with long-term
drug use against the potential for headache relief. Like abortive agents, several
classes of medication are available.

The effects of a prophylactic regimen are not immediate. Generally speaking, it
takes several weeks for prophylactic therapy to yield significant clinical response of
decreased frequency and/or severity of acute migraine headache episodes.
Discussion of this important aspect of prophylactic therapy with the patient and
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Table 42.6 Prophylaxis treatment for pediatric headaches
FDA-
approved for
pediatric
Drug Starting dose Max dose Comments headaches
Anticonvulsant
Carbamazepine | 20 mg/kg/day 35 mg/kg/day Monitor for blood No. Usually
(Tegretol) (100-200 mg dyscrasias and used if
twice daily) depression >6 years old
Topiramate 5-10 mg/kg/day | 100 mg divided Monitor for metabolic | Yes, age
(Topamax) Start 25 mg BID acidosis, depression >12 years
gqHS. Increase and hyperammonemia | old
by 25 mg/day
Valproic acid 20 mg/kg/day Titrate up to Monitor for Yes, age
(Depakote) (max, 250 mg 40-45 mg/kg/day | pancreatitis, >12 years
twice daily) in BID dosing depression, or old
over 4-6 weeks hyperammonemia
Max 1000 mg/day
Antidepressant
Amitriptyline 0.1-0.2 mg/kg/ | 2 mg/kg/day Monitor for No
day arrhythmias and
depression
Antihistamine
Cyproheptadine | 0.25-1.5 mg/kg | 2-8 mg Avoid with MAOI use | No. Usually
(Periactin) use if
>3 years old
Beta-blocker
Metoprolol 2 mg/kg/day 6 mg/kg/day or Increase at weekly No
tartrate 200 mg intervals
(Lopressor)
Propranolol 0.5 mg/kg/day | 4 mg/kg/day Increase at weekly No. Usually
(Inderal) (10-40 mg TID) intervals use if
>3 years old

caregivers leads to more realistic expectations and better compliance. Frequent
adjustment to a prophylactic regimen is not recommended. All prophylactic therapy
should be given a sufficiently long trial period before dosing adjustment or cross
titration of medications except in the case when patient is experiencing significant
adverse effects from the treatment. Table 42.6 provides common examples of pro-
phylactic pediatric headache agents.

Migraine headache patterns are known to change and even remit spontaneously
in some pediatric patients. Thus the need for continuous prophylactic therapy should
be reassessed at a regular interval. Once the decision is made to discontinue prophy-
lactic therapy, the medication used should taper off slowly to avoid potential with-
drawal symptoms. If the patient’s headaches resume during the tapering process,
then the patient should remain on the lowest headache-free dose of the prophylactic
agent used. Patients and their caregivers also need to be cognizant of the fact that the
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patient may never be headache-free or the headaches may return in the future despite
appropriate therapy.

Nonselective beta-blockers such as propranolol and nadolol are effective as pro-
phylactic therapy for childhood migraines. Nadolol is easier to administer due to its
longer half-life that results in less frequent daily dosing. Beta-blockers are contrain-
dicated in asthmatics and diabetics as B-blockers may cause bronchospasm and
hypoglycemia. In adolescent patients, beta-blockers may cause symptoms of
depression. Beta-blockers may also interfere with athletic performance by causing
bradycardia and hypotension and infrequently cause sexual dysfunction in adoles-
cent males who are sexually active. Some beta-blockers may cause AV block and
anaphylactic reactions.

Tricyclic antidepressants are frequently used for prophylactic therapy in pediat-
ric migraine patients. Amitriptyline is especially known to be effective in migraine
prevention. One significant drawback of tricyclic antidepressants is potential exces-
sive sedation.

The antihistamine/antiserotonin agent cyproheptadine is also commonly used
especially in younger patients. Its side effects include sedation, increased appetite,
and weight gain. Cyproheptadine is contraindicated in patients taking monoamine
oxidase inhibitors or those who have glaucoma.

Anticonvulsants valproic acid, carbamazepine, and topiramate are another pro-
phylactic agents that have been used with reasonable success in pediatric migraine
patients. They are particularly useful if the patient has a coexisting seizure disorder.
The mechanism of action for these agents is not well understood. The administra-
tion should be closely monitored due to potentially serious side effects such as
blood dyscrasias, somnolence, dizziness, hyponatremia, metabolic acidosis, glau-
coma, depression, pancreatitis, and hepatic failure.

Although calcium channel blockers such as verapamil have been used for
migraine prophylaxis in adults, their efficacy in pediatric migraine patients have not
been validated.

Prophylactic therapy may become appropriate for John in the future if his head-
aches continue to increase in frequency and cause significant impairment of func-
tion. There are no specific criteria to follow to determine when to start a prophylactic
agent. Appropriate follow-up to monitor his symptoms and potential functional
impairment will be needed.

Alternative Management Options

The exact role of diet in primary headache disorders remains unclear. Foods rich in
tyramine or phenylethylamine such as chocolate and fermented cheese are common
triggers. Other dietary triggers include nitrates, citrus fruits, caffeine, aspartame,
and monosodium glutamate. If a dietary trigger for headaches is identified, the
avoidance of such trigger can have an obvious positive impact.
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Table 42.7 Hours of sleep Age | Hours of sleep needed on average
needed in pediatric patients

2 13

34 12

5 11

6-12 | 10-11

13-18 |9

Lack of physical activity and childhood obesity has been linked to pediatric pri-
mary headache disorders. Lifestyle changes that lead to healthy weight loss and
increased physical activity will lead to an improvement of overall health for these
patients with the potential for relief from their headache disorder.

Patients suffereing form primary headches, especially teenager, who are prone to
sleep debt, a regular sleep schedule with proper sleep hygiene and avoidance of
sleep deprivation or oversleeping and adequate amounts of sleeps can have a signifi-
cant impact on headache control. Table 42.7 lists the average hours of sleep children
need according to their age in a 24-h period.

Children experience stress just like adults. Stress, both as a trigger for and a con-
sequence of a headache disorder especially for patients with tension-type headache,
is another important focus for nonpharmacologic treatment of pediatric headache
disorders. General stress reduction itself can lead to improvement in headache
disorders.

Cognitive behavior therapy can benefit patients whose headaches are triggered
by stress. For patients who are under significant stress, psychotherapy should be
prescribed to reduce the negative effects. Family therapy is indicated if stressors in
the home environment such as a divorce or an ill family member are contributing
factors.

Relaxation techniques with biofeedback through cutaneous temperature mea-
surements or muscular contraction monitoring with an electromyography can be
very useful in modifying the bodies response to stress and can prevent headache
occurrence by itself in older and cooperative pediatric patients. Done by a psycholo-
gist trained in cognitive-behavior therapy, the treatment is usually performed sev-
eral times a week over a period of 1-2 months.

John should start to keep a migraine diary. This diary should focus on finding
patterns to his symptoms. He should monitor his sleep and stress levels as well as
any known food triggers to find out what his specific headache triggers may be. I
would also have John start a graduated walking program to improve his activity and
reduce stress.

Key Points

e Pediatric migraines have different criteria for diagnosis than adult migraines.

* Diagnostic workups in pediatric headaches are indicated if red flags for second-
ary headaches are present.

e Lifestyle modifications including decreased stress, improved sleep hygiene, cog-
nitive behavioral therapy, and avoiding food triggers are the first-line treatments
in pediatric headache management.
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» Single agents such as acetaminophen and NSAIDs are frequently effective in
treating pediatric migraines.

e If significant distress and functional impairment occur, starting prophylactic
medications is indicated.
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Left maxillary sinusitis, 364
Lesser occipital branch, 421
Lesser occipital nerve, 9, 109, 117, 166
Lesser occipital neuralgia (LON), 409, 410
Lidocaine
autonomic cephalgias, 140
evidence for migraines, 140
mechanism of action, 139, 140
side effects, 140
trigeminal neuralgia, 140
Life-span approach, 71
Lingual nerve, 6, 108
Lipopolysaccharides, 27
Local anesthetic injection, 405

M

Malignancy, 26

Mandibular branch, 6

Maxillary branch, 4

Maxillary left second molar test, 364

Maxillary nerve, 113

Maxillary sinusitis, 98, 157, 158

Maximal intensity projection (MIP)
reconstruction, 63, 66

McGill Pain Questionnaire (MPQ), 79

Meckel’s cave, 223, 251
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Medical management
antiepileptics
carbamazepine, 126
gabapentin, 126—128
phenytoin, 129
pregabalin, 128, 129
topiramate, 130, 131
valproate, 131, 132
anti-inflammatory medications
corticosteroids, 133-135
NSAIDs, 132, 133
capsaicin, 140, 141
lidocaine, 139, 140
migraine abortives
cannabinoids, 144, 145
ergot derivatives, 144
triptans, 143, 144
migraine prophylactics
ACE Inhibitors/ARB Blockers, 143
beta-blockers, 142
botulinum toxin, 141, 142
calcium channel blockers, 142, 143
muscle relaxants
baclofen, 135
Tizanidine, 135, 136
non-opiate analgesics, 125
SNRI
duloxetine, 137
milnacipran, 137, 138
venlafaxine, 136, 137
TCAs (see Tricyclic antidepressants)
Medical refractory trigeminal neuralgia, 211
Medical therapy
auriculotemporal nerve, 378
trigeminal nerve pain, V-3 distribution, 355
Medically refractory atypical trigeminal
neuralgia, 217
Meéniere’s disease (MD), 272, 277, 278, 280
Meningitis, 240
Mental nerve block, 114
Meridians, 201-204
Microsystem acupuncture, 206, 207
Microvascular decompression (MVD), 64,
212,218,221, 238, 239, 241-244,
246, 247, 333, 338, 381
durability and complication profile of, 230
TN, 240
historical perspective, 238, 239
intradural dissection, 243, 244
long-term follow-up, 247
patient position and preparation, 241, 242
patient selection, 241
reconstruction and closure, 246
surgical technique, 241
treatment options, 239



446

Migraine abortifacients, 276
Migraine abortives
cannabinoids, 144, 145
ergot derivatives, 144
triptans, 143, 144
Migraine headaches, 107, 108, 112, 161, 168,
177-179
botulinum toxin prophylaxis, 176-179
extracranial etiology, 175
Migraine prophylactics
ACE inhibitors/ARB Blockers, 143
beta-blockers, 142
botulinum toxin, 141, 142
calcium channel blockers, 142, 143
Migraine prophylaxis
amitriptyline, 138
nortriptyline, with combination therapy,
139
topiramate, 130
valproate, 131
venlafaxine, 136, 137
Migraine with brainstem aura (MBA), 271,
392
Migraines, 44, 55, 73, 263, 265-269, 278, 393,
395-401
anatomy
compression points, 263
frontal trigger area, 263
septum, 263
temporal trigger area, 263
basilar artery, 431
case management, 394-395
chronic migraine, 392
classification systems, 261
diagnosis, 264, 272
differential diagnosis, 393-394
episodic migraine, 392
etiology, 262
hemiplegic, 392, 431
history, 262
imaging, 394
incidence, 392
initial evaluation, 263
laboratory testing, 394
lifestyle modifications, 395
lifetime prevalence, 273
local anesthetic nerve injection, 264
medical therapy, 262
motion sickness, 391
nonpharmacological treatments, 262
onabotulinumtoxinA, 261
pharmacologic treatments, 261
acute/abortive treatments, 397-400
interventional treatments, 401
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preventive treatments, 395-397
rescue treatments, 393, 400
physical examination, 264
prevalence, 261
socioeconomic burden, 261
surgical management
auriculotemporal nerve, 269
bony foramen, 265, 266
lesser occipital nerve, 269
occipital nerve release, 267, 269
open transpalpebral incision/
endoscopic approach, 265
risks, 269
supratrochlear and supraorbital nerves,
266
zygomaticotemporal nerve, 265, 267, 268
trigger avoidance, 395
vascular events, 392
with/without aura, 272, 392
Millon Behavioral Medicine Diagnostic
(MBMD), 84
Milnacipran, 137, 138
Mini Mental Status Exam (MMSE), 85
Minnesota Multiphasic Personality Inventory
(MMPI-2), 84, 87
MMPI profile, 84
Modified Somatic Perception Questionnaire
(MSPQ), 87
Monoamine oxidase inhibitor (MAOI), 193,
194
Monotherapy, 195
Mood symptoms, 80, 81
Motion sickness, 277
Motor cortex stimulation (MCS), 257
Mucosal diseases, 100, 160
Multiple Ability Self-Report Questionnaire
(MASQ), 85
Multiple sclerosis, 14, 25
Multiple sclerosis-related trigeminal neuralgia,
216,217
Multiple scoring systems, 418
Muscle relaxants
baclofen, 135
tizanidine, 135, 136
Myofascial TMD pain, 99, 159

N
Nabilone, 145
Nadolol, 436
Naproxen, 132
Narrow steerable paddle electrodes, 291
Nasal origin
anticonvulsants, 368
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bony spur, 366
clinical history, 368
CT scan, 368
decongestant and topical anesthetics, 368
differential diagnosis, 367
nasal turbinates, 368
pain medications, 368
patient history, 365
physical examination, 368
pterygopalatine ganglion, 366, 367
sphenopalatine ganglion blocks, 368
Nasal septoplasty, 368
Nasal turbinates, 368
Neck dermatomes, 3
Negative thought pattern, 188, 189
Nerve decompression, 355, 378
Nerve resection, 405
Nervus intermedius neuralgia, 43
Neuralgia, 24-26, 3943
differential diagnosis, 38, 39
geniculate neuralgia, 42
glossopharyngeal neuralgia, 42
nervus intermedius neuralgia, 43
occipital neuralgia, 43
paratrigeminal neuralgia, 42
sluder neuralgia, 42
superior laryngeal neuralgia, 42
trigeminal neuralgia/trigeminal pain,
39-41
trigeminal (see Trigeminal neuralgia)
Neurocognitive testing, 84, 85
Neuromas, 26
Neuromodulation approaches, 338
Neuropathic pain, 23, 24, 31, 100, 159, 237
Neurotoxin, 174
Ninth cranial nerve (CNIX), 66
Non-enhanced computed tomography
(NECT), 60
Noninvasive VNS (nVNS), 305-307
Non-odontogenic oral-dental pain, 98
maxillary sinusitis, 157-158
mucosal diseases, 160
myofascial TMD pain, 159
neuropathic pain, 159
temporomandibular disorders, 158
Non-opiate analgesics, 125
Nonorganic syndromes, 86
Non-pharmacologic modalities, 432
Nonselective beta-blockers, 436
Nonsteroidal anti-inflammatory drugs
(NSAIDs), 155
adverse effects, 133
mechanism of action, 132
TMJ in Adults, 132, 133
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Norepinephrine, 138

Nortriptyline, 139

Nuchal line, 9

Nucleus caudalis DREZ lesioning, 252, 253
Nucleus caudalis tractotomy-nucleotomy, 253
Numerical rating scale (NRS), 79
Nystagmus, 274

(0]
Occipital nerve stimulation (ONS), 291, 293,
295-297, 410
clinical evidence, 316-317
clinical results
cluster headache, 297
medically refractory chronic migraine,
295-297
occipital neuralgia, 295
clinical use, 315
indications, 290
mechanism, 316
permanent system, 294-295
trial electrode implantation
operative pearls, 293
patient positioning, 291
postoperative care, 293
preoperative considerations, 291
standard surgical preparation and
draping, 291
surgical steps, 291
Occipital neuralgia (ON), 15, 43, 295
blood work, 411
case history, 409
C2 ganglionectomy, 414
clinical history, 410, 411
conservative therapy, 413
differential diagnosis, 411
GON, 409, 410
local anesthetic blocks, 410, 411
LON/third occipital nerves, 409, 410
medications, 410
occipital nerve stimulation, 410
occipital neurectomy, 413
physical examination, 410, 411
postoperative x-rays, 413
refractory, 410
rhizotomy, 414
steroid injections, 410
trial occipital nerve stimulator electrode
implantation, 412
Occipital neurectomy, 413
Occlusal splint therapy, 359
Ocular VEMP (o0VEMP), 280
Oculinum, 174
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Odontogenic dental pain, 95, 96
Odontogenic pain, 95, 156, 362
Oligodendrocytes, 237
OnabotulinumtoxinA, 261
Oncologic disease, 160
Ophthalmic branch, 4
Ophthalmic nerve, 104
Ophthalmoplegic migraine, 134
Opioid risk assessment, 86
Opioid risk tool, 86
Opioids, 432
OPPERA study, 81
Optic neuritis, 16, 134
Oral methylprednisolone, 134
Oral mucosa, 100
Oral prednisone, 134
Oral preventive treatments, 395-397
Oral-dental pain, 154-156
evidence-based management of, 153, 154
acupuncture, 154
botulinum toxin, 154, 155
burning mouth syndrome, 156
facial pain, interventional procedures
for, 155
medication treatment efficacy and
chronic orofacial pain, 155
odontogenic pain, 157
periodontal pain, 157
tooth-related pain, 156
Orofacial pain, 32
burning mouth syndrome, 100
maxillary sinusitis, 98
mucosal diseases, 100
myofascial TMD pain, 99
neuropathic pain, 100
non-odontogenic dental pain, 98
odontogenic dental pain, 95, 96
oral hard tissues, 95
oral soft tissue, 95
periodontitis, 97
pulpitis, 97
temporomandibular pain, 98, 99
tooth anatomy, 96
Oswestry Disability Index, 80
Otoacoustic emission testing, 279
Oxcarbazepine, 239

P

Pain Anxiety Symptoms Scale (PASS-20), 82
Pain beliefs and attitudes, 82, 83

Pain Disability Index (PDI), 80, 87

Pain intensity, 78-80, 82, 87

Pain matrix, 252
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Pain syndromes, 205, 206
Pain-sensitive nerve fibers, 426
Paratrigeminal neuralgia, 42
Patient Global Impression of Change (PGIC),
127
Patient Health Questionnaire, 81
Pediatric migraines, 432436
average hours of sleep, 437
case history, 425
classifications, 426
cognitive behavior therapy, 437
diet, 436
family therapy, 437
lack of physical activity and childhood
obesity, 437
nonpharmacologic treatment, 437
pain-sensitive nerve fibers, 426
pathophysiology, 428-429
prevalence, 426
primary headaches, 427
prophylactic therapy, 434
relaxation techniques, 437
secondary headaches, 427, 428
sex differentiation, 426
stratified care approach, 432
stress, 437
symptoms, 432
temporal patterns, 426, 427
treatment agents
abortive agents, 432-434
adjunctive agents, 432
analgesic therapy, 432
antihistamine/antiserotonin agent, 436
calcium channel blockers, 436
common medications, 432, 433
non-pharmacologic modalities, 432
nonselective beta-blockers, 436
prophylactic therapy, 435, 436
treatment goals, 431
with aura, 430, 431
without aura, 429, 430
Percutaneous balloon compression (PBC),
222,381
Percutaneous lesioning techniques, 222
Periaqueductal gray (PAG), 383
Pericranial peripheral nerve blocks, 401
Periodontal disorders, 96
Periodontal ligament, 95
Periodontal pain, 157
Periodontitis, 97
Peripheral cutaneous nerves, 178
Peripheral injury, 23
Peripheral nerve compression, 263
Peripheral nerve field stimulation (PNfS), 290
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Peripheral nerve stimulation (PNS), 290-295,
297-307
occipital nerve stimulation
cluster headache, 297
indications, 290
medically refractory chronic migraine,
295
occipital neuralgia, 295
permanent system, 294
trial electrode implantation, 291-293
sphenopalatine ganglion
application, 300
clinical results, 304-305
cranial autonomic symptoms, 300
microstimulator device, 300-302
postoperative care, 304
PPF, 301
pterygomaxillary fissure, 301
surgical steps, 301
thin cut facial bone CT, 301, 303
supraorbital nerve stimulation
clinical results, 299-301
surgical steps, 298-299
Peripheral nerves, 21
Peripheral neuralgia, 403
Peripheral neuromodulation techniques,
314-317
occipital nerve stimulation
clinical evidence, 316-317
clinical use, 315
mechanism, 316
SPG stimulation and lesioning
clinical evidence, 314-315
mechanism and clinical use, 314
Peripheral sensitization, 22, 23
Peripheral trigeminal neuritis, 104
Peripheral trigger point theory, 262
Persistent idiopathic facial pain (PIFP), 17, 27,
44,130
Petrosal vein complex, 243
Phantom face pain, see Anesthesia dolorosa
Pharmacologic prophylaxis, 282-284
Phenytoin
adverse effects, 129
in facial pain, 129
mechanism of action, 129
Phonophobia, 275
Photophobia, incapacitating, and nausea
(PIN), 394
PHQ-2, 82
PHQ-9, 82
Pittsburgh Sleep Quality Index, 85
Placebo effect, 196, 207
Positional vertigo, 274
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Positive fistula test, 280
Post herpes zoster neuritis
alcohol injection, 374
diagnostic evaluation, 372
differential diagnosis, 372
medications, 372
nerve blocks, 371, 372, 374
nerve stimulator electrode, 374
nerve stimulator implant, 372, 373
patient history, 371
Posterior fossa, 14
Posterior inferior cerebellar artery (PICA), 66
Posterior superior alveolar nerve, 5, 106, 113,
163, 165, 346, 348
Postherpetic neuralgia (PHN), 15, 16, 26, 40,
138, 139, 387
gabapentin, 127
pregabalin, 128
Post-traumatic trigeminal neuropathy, 41,
127-129
Preauricular pain, 98
PREEMPT protocol, 401
Pregabalin
adverse effects, 129
facial pain, 128
mechanism of action, 128
postherpetic neuralgia, 128
Primary headache disorders, 392, 393, 426,
427,431, 437
Progressive muscle relaxation, 192
Pro-inflammatory mediators, 428
Prophylactic therapy, 434-436
Psychological assessment, 70-71, 74
acute pain, 69
American Pain Society, 75
anger assessment, 82
anxiety screening tools, 82
autonomic nervous system activity, 85
chronic pain, 69-71, 74
components, 76
comprehensive pain inventories, 84
depression screening tools, 81, 82
International Association for the Study of
Pain, 71, 75
interview and behavioral observations, 76
IOM report, 71
mood symptoms, 80, 81
neurocognitive testing, 84, 85
nonphysiological factors, 73
pain beliefs and attitudes, 82, 83
pain intensity and descriptive measures,
78-80
psychological evaluation, 73, 74
psychological testing, 78
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Psychological assessment (Cont.)
QoL/functional impact of pain, 80, 81
response bias, 86, 87
risk for aberrant drug behaviors, 85, 86
risk stratification models, 70
screening assessment, 75
sleep quality, 85
TMD, 73

Pterygomaxillary fissure (PMF), 301

Pterygopalatine fossa (PPF), 300, 301

Pterygopalatine ganglion, 366, 367

Pulpal pain, 97

Pulpitis, 97, 157

Pulsante microstimulator system, 300, 304

Q

Quality of Life (QoL)/functional impact of
pain, 80, 81

Quality Standards Subcommittee of the
American Academy of Neurology
(AAN), 131

R
Radiation-induced mucositis
amplification, 418
with burning sensation and pain, 418
definition, 417
generation of messenger signals, 418
healing, 418
initiation, 418
occurrence, 417
ulceration, 418
Radiofrequency rhizolysis (RR), 222, 240
Radiofrequency rhizotomy, 226-228
Radiopaque iohexol, 228
Radiosurgery, 230
Rebound headaches, 397
Red flags, 427, 428
Reflex-evoked audiometry, 279
Refractory head and neck pain, 387
Refractory occipital neuralgia, 410
Relaxation techniques, 192, 437
Repeat radiosurgery, 211
Repeatable Battery for the Assessment of
Neuropsychological Status
(RBANS), 85
Rescue treatments, 393, 400
Retraining programs, 282
Reversible pulpitis, 97
Rhizolysis procedures, 338
Rhizotomy, 218, 414
Robust petrosal vein complex, 244
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Rotational vertigo, 277
Ruber International Hospital series, 213

S
Sativex, 145
Schwann cells, 26
Screener and Opioid Assessment for Patients
with Pain-Revised (SOAPP-R), 86
Secondary headaches, 393
pediatrics, 426
red flags, 427, 428
Secondary trigeminal neuralgia, 41
Second-order neurons, 252
Selective serotonin reuptake inhibitors (SSRI),
195
Serotonin, 138
Serotonin-norepinephrine reuptake inhibitors
(SNRI)
duloxetine, 137
milnacipran, 137, 138
venlafaxine, 136, 137
Short-lasting unilateral neuralgiform headache
attacks (SUNHA), 313
Short-lasting unilateral neuralgiform headache
attacks with conjunctival injection
and tearing (SUNCT), 313
Short-lasting unilateral neuralgiform headache
attacks with cranial autonomic
features (SUNA), 313
Sleep dysregulation, 190
Sleep hygiene, 190
Sleep quality, 85
Sluder’s neuralgia, 42, 366
Somatoform disorders, 86
Sphenopalatine ganglion (SPG), 156,
314-315, 319
application, 300
clinical results, 304-305
cranial autonomic symptoms, 300
microstimulator device, 300-302
postoperative care, 304
PPF, 301
pterygomaxillary fissure, 301
stimulation and lesioning
clinical evidence, 314-315
mechanism and clinical use, 319
surgical steps, 301
thin cut facial bone CT, 301, 303
Spine
high cervical spinal cord neuromodulation,
254
nucleus caudalis DREZ lesioning,
252,253



Index

nucleus caudalis tractotomy-nucleotomy,
253
stereotactic mesencephalotomy, 254
Spontaneous intracranial hypotension (SIH),
120
Spontaneous vertigo, 273
Standard septoplasty techniques, 268
State-Trait Anger Expression Inventory
(STAXI), 82
Steady-state free procession (SSFP), 62
Stellate ganglion block, 387, 388
Stereotactic mesencephalotomy, 254
Sternocleidomastoid (SCM) muscle, 8, 117,
421
Steroids, 134
Stevens-Johnson syndrome, 126
Subcutaneous neurostimulation, see Peripheral
nerve field stimulation
Substance abuse assessment, 86
Sumatriptan, 143
Superior laryngeal neuralgia, 16, 42
Supraorbital nerve, 4, 7, 104, 106, 112
Supraorbital nerve stimulation (SONS)
clinical results, 299-301
surgical steps, 298-299
Supratrochlear nerve, 4, 7, 104, 106, 112
Symptomatic trigeminal neuralgia, 41

T
Tao, 201
Temporal headache, 115, 206
Temporomandibular disorder (TMD), 27, 73,
79, 84, 85, 155, 158, 182, 183
botulinum toxin, 182, 183
management of, 181
Temporomandibular joint disease (TMJ), 99,
116, 132, 133
Temporomandibular pain, 98, 99
arthrocentesis, 359
arthroscopy, 359
arthrotomy, 359
clinical manifestation, 358
diagnostic work-up, 358-359
differential diagnosis, 358
internal derangement, 358, 359
occlusal splint therapy, 359
occlusion, 359
palpation, 359
panorex radiograph, 359
patient history, 357
Tension headaches, 9
Tetracaine, 114
Tetrahydrocannabinol (THC), 145
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Therapeutic nerve blocks
greater occipital nerve, 164
procedure technique, 167, 168
trigeminal nerve, 162, 163
upper cervical plexus nerves, 166
Tic douloureux, 235
Tinel’s sign, 382, 411
Tizanidine
adverse effects, 136
chronic daily headache prophylaxis, 136
chronic tension-type headache, 136
mechanism of action, 135
T3N2c squamous cell carcinoma, 417
Tolosa-Hunt Syndrome, 134
Tooth anatomy, 96
Tooth-related (odontogenic) pain, 156, 157
Topiramate
adverse effects, 130, 131
mechanism of action, 130
migraine prophylaxis, 130
persistent idiopathic facial pain, 130
trigeminal neuralgia, 130
Transient oculomotor nerve palsy, 229
Transient receptor potential vanilloid
subfamily member 1 (TRPV1), 180
Transverse cervical branch, 166
Transverse cervical nerve, 9, 422
Traumatic injuries, 26
Tricyclic antidepressants (TCAs), 436
amitriptyline, 138, 139
nortriptyline, 139
Tricyclic therapies, 194, 195
Trigeminal autonomic cephalalgias (TAC), 44,
314
central neuromodulation (see Central
neuromodulation techniques)
hemicrania, 313
paroxysmal hemicrania, 313
peripheral neuromodulation (see Peripheral
neuromodulation techniques)
SUNHA, 313
Trigeminal cervical complex, 110
Trigeminal deafferentation pain, 40, 382
Trigeminal nerve, 4-6, 54, 55, 61, 109, 164
auriculotemporal nerve, 108
divisions, 104, 105, 108
inferior alveolar nerve, 108
infraorbital nerve, 104
infratrochlear nerve, 104
lingual nerve, 108
mandibular branch, 108
maxillary branch, 104
ophthalmic nerve, 104
peripheral trigeminal neuritis, 104
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Trigeminal nerve (Cont.)

posterior superior alveolar nerve, 106 nerve block, 353, 355

superior cerebellar artery compression of, nerve decompression procedures, 355

245 palpation, 353

supraorbital nerve, 104 physical examination, 353

supratrochlear nerve, 104 sensory innervation, 352

therapeutic nerve blocks, 162, 163 Trigeminal nerves, 5, 62, 108

ZTN, 106, 107 Trigeminal neuralgia (TN), 13, 14, 25, 35-36,
Trigeminal nerve ganglion, 6 61, 103, 155, 179, 180, 211-218,
Trigeminal nerve pain, 351-355 221-230, 235, 382

V1 distribution baclofen, 135

multiple sclerosis, 351

ablation, 344

clinical history, 342

decompression procedure, 343

differential diagnosis, 342

medical treatment, 343

medications, 342

patient history, 341

physical examination, 342

supraorbital and supratrochlear nerves,
343

trigeminocervical complex, 341

V2 distribution

ablation, 348

botulinum toxin
dosing and administration, 180
treatment mechanism of, 179, 180
carbamazepine, 126
causes of, 25
clinical presentation and epidemiology,
236
gabapentin, 127
gamma knife radiosurgery
combined Cleveland Clinic and
Mid-Michigan Medical Center
series, 213, 214
dose prescription, 215

clinical history, 347 isocenter placement, 214
differential diagnosis, 347 medical refractory trigeminal neuralgia,
infraorbital nerve, 347, 348 211
maxilla, 346, 348 medically refractory atypical trigeminal
medical treatment, 348 neuralgia, 217
medications, 348 microvascular decompression and
nerve blocks, 347, 348 rhizotomy, 218
nerve resection, 348 multiple sclerosis-related trigeminal
pain recurrence, 348 neuralgia, 216, 217
patient history, 345 Ruber International Hospital series, 213
physical examination, 347 University of Arkansas series, 212, 213
posterior superior alveolar nerve, 346, University of Pittsburgh series, 211, 215

348 Wake Forest University series, 215, 216
zygomaticotemporal nerve, 346 idiopathic

V3 distribution, 354 type I, 39-40

ablation, 355 type 11, 25, 40
auriculotemporal nerve, 352 lidocaine, 140
differential diagnosis, 353 modalities and techniques, 62, 63, 65
Gamma Knife, 355 MVD, 240
history, 353 historical perspective, 238, 239
imaging, 353 intradural dissection, 243, 244
inferior alveolar and mental nerves, long-term follow-up, 247

352-354 patient position and preparation, 241,
lingual nerve, 352 242
lower mandibular teeth, 352 patient selection, 241
medical therapy, 355 reconstruction and closure, 246
medication, 353 surgical technique, 241
motor function, 352 treatment options, 239
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pathophysiology, 179, 237
percutaneous procedures for, 221
alternatives, 230
anatomic considerations, 223, 224
balloon compression, 228, 229
glycerol rhizotomy, 227, 229
modern use of, 222
operative management, 221
operative principles, 225, 226
patient selection, 222, 223
radiofrequency rhizotomy, 226228
postherpetic neuralgia, 40
post-traumatic trigeminal neuropathy, 41
prevalence of, 31
secondary trigeminal neuralgia, 41
topiramate, 130
trigeminal deafferentation pain, 40
Trigeminal neuralgia type 1 (TN1), 25
Trigeminal neuralgia type 2 (TN2), 25
Trigeminal neuritis
peripheral, 162
type I, 54, 104
diagnostic nerve blocks, 332
diagnostic tests, 333
differential diagnosis, 333
medications, 332
microvascular decompression, 333
severe, electric-like pain, 331, 332
Trigeminal trophic syndrome, 127
Trigeminocervical complex (TCC), 108-109,
252,341
Trigeminovascular system, 428, 429
Trigger point injections, 401
Trigger points, 155, 159
Triptans, 143, 144, 434
Ttypical trigeminal neuritis, 104

U

University of Arkansas, 212, 213

University of Pittsburg, 211, 215

Upper cervical plexus nerves, 8, 109,
111, 166

\%
Vagal nerve stimulation (VNS), 305
Valproate
adverse effects, 132
in facial pain, 131, 132
mechanism of action, 131
migraine prophylaxis, 131

453

Varicella zoster viral (VZV) infection, 26
Vascular compression, 61
Vascular contact, 242
Vasodilator medications, 276
Venlafaxine
adverse effects, 137
mechanism of action, 136
migraine prophylaxis as monotherapy,
136, 137
Venous compression, 244
Verapamil, 436
Vertigo, 277-279
clinical evaluation
audiometry, 279
CT imaging, 278
ECoG, 279
fluctuating sensorineural hearing loss, 279
MRI modality, 278
patient history, 277-278
physical examination, 278
ultrasonographic evaluation, 278
VEMP testing, 279
videonystagmography, 279
definition, 273
internal, 273
lifetime prevalence, 273, 274
Vestibular migraine (VM), 273-279, 281-284
BPVC, 280
clinical features
ear-related symptoms, 275
hearing loss, 275-276
psychiatric comorbidity, 276
subjective tinnitus, 276
diagnostic criteria, 272, 276-277
dizziness, 273
follow-up and prognosis, 285
incidence, 271
management
acute, symptomatic management, 282
anticonvulsant medications, 281
classic migraine, 281
pharmacologic prophylaxis, 282-284
MBA, 271
Méniere’s disease, 272, 277, 280
nystagmus, 274
otologists, 285
triggers, 275
vertigo
audiometry, 279
CT imaging, 278
definition, 273
ECoG, 279
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Vestibular migraine (VM) (Cont.)
episodic, 273, 274
internal, 273
lifetime prevalence, 273
MRI modality, 278
otoacoustic emission testing, 279
patient history, 277-278
physical examination, 278
ultrasonographic evaluation, 278
VEMP testing, 279
vestibular symptoms, 273, 275, 276
Vestibular rehabilitation, 282
Vestibular symptoms, 273, 275, 276
Vestibular-evoked myogenic potential (VEMP)
testing, 279
Videonystagmography (VNG), 279
Visual analogue scales (VAS), 79
Visually induced vertigo, 274
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w

Wake Forest University series, 215, 216
Wallerian degeneration, 23, 26

Western medicine, 200

X
Xerostomia, 100
Xylocaine, 110-114, 116, 117, 167, 168

Z
Zygomaticotemporal (ZTN) nerves, 5, 106,
107, 114, 162, 163, 346
complete transection, 267, 268
direct approach, 267, 268
nerve block, 113, 118

transpalpebral incision, 265, 267
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