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The Basics: 1. Background Focus



Chronic Pain

George C. Chang Chien, Eduardo Jusino,

and Armin Deroee

Key Concepts

e Chronic pain is defined as pain that persists beyond the
normal tissue healing time and is at least 3—6 months in
duration.

e Pain is categorized as being nociceptive or neuropathic.
Nociceptive pain is subdivided into somatic and visceral
pain. Neuropathic pain is subdivided into peripheral neu-
ropathic pain and central neuropathic pain.

* The sequence of events by which a pain stimulus is per-
ceived involves four processes: transduction, transmis-
sion, modulation, and perception.

Definition

The International Association for the Study of Pain defines
pain as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or
described in terms of such damage.” Adaptive pain protects
the body from injury and promotes healing when injured.
Maladaptive or chronic pain represents pathologic operation
of the nervous system.

Chronic pain is defined as pain that persists beyond the
normal tissue healing time. This time interval is often indi-
cated as 3 months, though some experts have identified the
window as 6 months (Table 1.1).

G.C. Chang Chien, DO (<)

Cleveland Clinic, Anesthesia Institute Pain Management,
9500 Euclid Ave, Dept C-25, Cleveland, OH 44195, USA
e-mail: gchangchien@gmail.com

E. Jusino, MD
Cleveland Clinic Foundation, Cleveland, OH, USA

A. Deroee, MD
Cleveland Clinic, Anesthesiology, Cleveland, OH, USA
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Types of pain

Pain is categorized as being nociceptive or neuropathic.

Nociceptive pain arises from a nerve fiber sensitive to a
noxious stimulus or to a stimulus that may become noxious.
Nociceptive pain is subdivided into somatic (skin, bones, and
joints) and visceral (body organs) pain. Somatic pain origi-
nates from injury to body tissue and it is well localized, dis-
crete, and intense. Visceral pain results from stimulation of
the visceral stretch receptors, and it is diffused and poorly
localized.

Neuropathic pain develops from abnormal neural activity
due to disease, injury, or dysfunction of the peripheral ner-
vous system (PNS) and/or central nervous system (CNS). It
is associated with abnormal sensations (dysesthesia) and
pain from normally non-painful stimuli (allodynia).
Neuropathic pain may be continuous and/or episodic. The
pain is usually described as burning, electric shock, numb-
ness, tingling, and itching.

Neuropathic pain is subdivided into peripheral neuro-
pathic pain and central neuropathic pain. Peripheral neuro-
pathic pain is due to damage to a peripheral nerve with or
without autonomic changes (postherpetic neuralgia, diabetic
neuropathy, and complex regional pain syndrome). Central
neuropathic pain results from abnormal central nervous sys-
tem activity (thalamic pain syndrome, poststroke pain, and
postspinal cord injury pain).

Mechanism

Pain sensation starts in the peripheral nerves through noci-
ceptors. The nociceptor is a receptor of a sensory neuron that
responds to potentially damaging stimuli by sending signals
to the spinal cord and brain. The pain signal is transmitted
from the peripheral nerve to the dorsal horn of the spinal
cord and through the CNS where it is processed in the
somatosensory cerebral cortex. Nociceptors are categorized
as fast conducting myelinated A-delta fibers that signal

J.E. Pope, T.R. Deer (eds.), Treatment of Chronic Pain Conditions, DOI 10.1007/978-1-4939-6976-0_1


mailto:gchangchien@gmail.com

4

G.C. Chang Chien et al.

Table 1.1 Definitions of some of the common terminology in pain
medicine

Chronic pain A pain that persists beyond the normal tissue
healing time. This time interval is often
indicated as 3 months, though some experts

have identified the window as 6 months

Nociceptive pain | A pain that arises from a nerve fiber sensitive to
a noxious stimulus or to a stimulus that may

become noxious

Neuropathic pain | A pain from abnormal neural activity due to
disease, injury, or dysfunction of the peripheral

nervous system and/or central nervous system

Neurogenic pain | Pain initiated or caused by a primary lesion or
dysfunction or by transitory perturbation in the

peripheral or central nervous system

Central pain Pain initiated or caused by a primary lesion or

dysfunction in the central nervous system

Peripheral Increased excitability in peripheral nociceptors

sensitization because of peripheral injury that manifests as
primary hyperalgesia

Central Increased and prolonged excitability of CNS

sensitization nociceptors because of peripheral injury that
causes promoting increased sensitivity to

painful stimuli (secondary hyperalgesia)

immediate, sharp pain and slow conducting unmyelinated C
fibers that transmit delayed, longer-lasting dull pain. The five
types of nociceptors include the following: thermal, mechan-
ical, chemical, silent, and polymodal.

The sequence of events by which a pain stimulus is per-
ceived involves four processes: transduction, transmission,
modulation, and perception. Transduction occurs in the
peripheral terminals of nociceptor sensory fibers where dif-
ferent forms of energy (thermal, mechanical, or chemical)
are converted into electrical activity. Transmission is the pro-
cess by which the electrical activity is conducted through the
nervous system. This involves three major components:
peripheral, synaptic, and central transmission. Nociceptive
impulses travel along peripheral nerve fibers through first-
order neurons (peripheral transmission) to the dorsal horn of
the spinal cord where they synapse with the second-order
neurons (synaptic transmission) and further transmit via neu-
rons that cross the spinal cord and ascend to the thalamus and
brainstem nuclei where third-order neuron synapsis occurs
(central transmission). Modulation is the process where neu-
ral activity may be altered along the pain transmission

pathway. Perception is the final stage of the pain-signaling
process by which neural activity in the transmission pathway
results in subjective sensation of pain at the level of the
somatosensory cortex.

Chronicity

Many factors may contribute to the development of chronic
pain. Peripheral injury leads to increased excitability in periph-
eral nociceptors (peripheral sensitization) that manifests as
primary hyperalgesia. This leads to increased stimuli of the
CNS that causes increased and prolonged excitability of CNS
nociceptors (central sensitization) promoting increased sensi-
tivity to painful stimuli (secondary hyperalgesia). At least
three mechanisms are responsible for central sensitization in
the spinal cord: (1) windup and sensitization of second-order
wide dynamic range neurons, (2) dorsal horn neuron receptor
field expansion, and (3) hyperexcitability of flexion reflexes.
Also, peripheral injury is accompanied by many changes
including new expression of sodium channels, adrenergic
receptors, and cholinergic receptors that contribute to depolar-
ization of injured nociceptors. This depolarization results in
sodium and calcium flux that may cause spontaneous action
potentials with or without stimulation. Derangements can
occur in both the ascending and descending signaling systems
at any level. All of these factors may contribute to the develop-
ment of chronic pain following injury.
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Mechanisms of Chronic Pain
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and Beth H. Minzter

Key Concepts

e Sensitization is a process in which repeated stimulus of a
receptor results in the progressive amplification of a
response.

* The key excitatory neuromodulators are glutamate, aspar-
tate, and substance P.

* The main inhibitory neuromodulators are GABA, gly-
cine, enkephalins, and somatostatin.

* Mechanisms of persistent pain include the following:
peripheral sensitization, central sensitization, ectopic
excitability of sensory neurons, physical rearrangement
of neurons’ circuitry, and disinhibition.

e Research into the mechanisms that generate and maintain
chronic pain are necessary to develop new interventions
and improved treatment outcomes.

Introduction

After inflammation or tissue injury, pain sensation may con-
tinue long after the withdrawal of the noxious stimuli. This
transition from acute to chronic pain has been a long-standing
medical enigma. Recent advances in the study of pain trans-
mission and processing have begun to unravel the cellular
mechanisms that underlie the maintenance of chronic pain.
The term sensitization refers to the process in which a
repeated stimulus results in the progressive amplification of
a response. Sensitization is a key factor in the genesis of
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chronic pain and a demonstration of plasticity within the
nervous system. As an example, repeated stimulation of
nociceptive C fibers entering the dorsal root can elicit a pro-
gressive increase in the number of action potentials gener-
ated. The dorsal root ganglia may become hyperexcitable
and display continuous spontaneous electrical activity. This
activity results from the expression of many cell-specific
molecules in modified cells, which alter the complex neuro-
nal circuits of our nervous system. These neuronal changes
are the mainstay of sensitization. Chronic pain sensation can
result from such injury. Understanding the changes that fol-
low in neural structures at a molecular level may help lead to
new therapeutic interventions.

There are various primary excitatory and inhibitory neu-
rotransmitters implicated in the propagation of chronic pain.
The amino acids glutamate and aspartate are the key excit-
atory neurotransmitters in the somatosensory system. The
four types of excitatory amino acid receptors are the
N-methyl-D-aspartate (NMDA), alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA), kainite, and
metabotropic receptors. Gamma-aminobutyric acid (GABA)
and glycine are the key inhibitory neurotransmitters.
Substance P is the key excitatory neuropeptide. The enkeph-
alins and somatostatin are the key inhibitory neuropeptides.

Peripheral Sensitization

Nociceptive stimulation of tissue in a neuron’s receptive
field causes release of inflammatory mediators (prostaglan-
dins, bradykinin, histamine, cytokines, growth factors) that
may reduce the threshold for excitation of peripheral recep-
tors. When changes occur in the response characteristics of
the primary afferent fibers which transmit pain, the A-delta
and C fibers, the peripheral nervous system is said to be sen-
sitized. Peripheral sensitization causes the nerve to be
responsive to benign, normally nonpainful stimuli, and this
is termed allodynia. This may also provoke an exaggerated
response to painful stimuli, known as hyperalgesia. Changes
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in cellular transduction such as increases in the cAMP-PKA
mechanism may be involved in further sensitization.
Inflammation leads to upregulation of nitric oxide synthase
that can cause neuropeptides to be released from nociceptive
nerve terminals, and these neuropeptides therein produce
inflammatory hyperalgesia. The recruitment of previously
silent nerve fibers which become sensitive to stimuli after
exposure to inflammatory mediators is another mechanism
of peripheral sensitization. The final common pathway for
peripheral sensitization appears to involve an increase in
intracellular calcium and protein kinase levels.

Central Sensitization

Central sensitization amplifies the synaptic transfer from the
nociceptor terminal to the dorsal horn neurons. Initial sensiti-
zation is an activity, which is dependent on stimulated noci-
ceptors, but subsequent transcriptional changes at the
molecular level sustain the sensitization. Previously sub-
threshold synaptic input to nociceptive neurons will now gen-
erate an augmented action potential output. The NMDA
receptor plays an important role as its responsiveness to gluta-
mate is increased, leading to increased excitability of the dor-
sal horn cell. Inflammation may contribute to both peripheral
and central sensitization. Neuroimmune interaction produced
by peripheral inflammation causes changes in brain-derived
neurotrophic factor, substance P, neurokinin, dynorphin, and
cyclooxygenase 2 which may lead to transcription-dependent
central sensitization. Also, neuroglial interactions contribute
to sensitization by releasing cytokines and chemokines after
nerve injury, altering gene transcription. The main causes of
central sensitization-maintained pain include neuronal sensiti-
zation, reduction in inhibitory interneuron activity, and modu-
lation of descending pathway activity.

Neuronal sensitization is triggered by intense electrical or
noxious stimulation of C fibers which promote wide-dynamic-
range (WDR) neuron hyperexcitability in the dorsal horn.
Repetitive electrical stimulation provokes increased excitabil-
ity leading to action potential “windup.” Windup refers to
slow, prolonged depolarization and ultimate burst of action
potentials with stimulation. WDR neuron sensitization is asso-
ciated with excitatory amino acids, tachykinins, and calcitonin
gene-related peptide. These neuromodulators affect the dorsal
horn neuron by increasing cation fluxes, impinging on intra-
cellular transduction mechanisms, and modulating receptor
and transmitter gene transcription. Synaptic transmission aug-
mentation at NMDA receptors is the final common pathway.
Adequate depolarization causes an increase in intracellular
calcium level leading to protein kinase phosphorylation that
antagonizes the magnesium blockade at the NMDA receptor.

Interneurons, as well as descending signals arising from the
brain, may be excitatory or inhibitory. Stimulation of some
cortical and subcortical areas may cause analgesia. Reduction

in inhibitory interneuron activity results in increased WDR
neuron excitability consistent with clinical hyperalgesia and
allodynia. The loss of GABA and glycerine activity in the dor-
sal horn produces a state of neuronal hyperexcitability.

Modulation by supraspinal descending pathways is likely
due to increases or decreases in several neurotransmitters caus-
ing descending facilitation or inhibition. The endogenous opi-
oid, noradrenergic, and serotonergic systems are involved in
descending control of nociceptive pain perception. There is evi-
dence that serotonin receptors provoke the release of substance
P from the spinal cord. This release of substance P correlates
with the receptors’ ability to increase nociception at the level of
the neurons. Increases in noradrenaline in the dorsal horn may
potentiate descending noradrenergic inhibitory circuits, thereby
reducing nociceptor stimulation. Diminished cerebral GABA
can lead to disinhibition of descending facilitation.

It has been demonstrated that the injured neurons within
the DRG are markedly more sensitive to activation, creating
the potential for a therapeutic window for treatment of
chronic pain with electrical stimulation.

Conclusion

The major causes of hypersensitivity to pain after injury are
peripheral and central sensitization. Substances released
after tissue injury can be nociceptor sensitizers. NMDA
receptor changes can increase dorsal horn excitability.
Activated glial cells may produce cytokines that alter gene
transcription and contribute to further sensitization. Other
mechanisms for persistent pain include but are not limited to
the following: ectopic excitability of sensory neurons due to
upregulation of voltage-gated sodium channels or downreg-
ulation of potassium channels, physical rearrangement of
neurons’ circuitry in the dorsal horn, and disinhibition due to
loss of GABA and glycine-mediated inhibition.

Suggested Reading

1. Cohen SA. Pathophysiology of pain. In: Principles and practice of
pain medicine. 2nd ed. Philadelphia: Saunders; 2004.

2.Dougherty PM, Raja SN, Boyette-Davis J. Neurochemistry of
somatosensory and pain processing. In: Essentials of pain medi-
cine. 3rd ed. Philadelphia: Saunders; 2011. p. 8—15.

3.Levine JD, Reichling DB. Peripheral mechanisms of inflammatory
pain. In: Textbook of pain. Edinburgh: Churchill Livingstone;
1999. p. 59.

4. Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain in
pain. Science. 2000;288:1765.

5. Woolf CJ, Thompson SW. The induction and maintenance of central
sensitization is dependent on N-methyl-D-aspartic acid receptor
activation: implications for the treatment of post-injury pain hyper-
sensitivity states. Pain. 1991;44:293.

6. Woolf CJ; American College of Physicians, American Physiological
Society. Pain: moving from symptom control toward mechanism-
specific pharmacologic management. Ann Intern Med. 2004;140:441.



Overview of Chronic Pain

Denis G. Patterson

Introduction

Chronic pain is a term that defines a set of specific medical
conditions in which a patient suffers from pain for extended
periods of time. While many interventional treatment options
exist depending on the nature of the complaint and the patient’s
overall well-being, otherwise, many patients are given opioid
therapy by primary care and ER physicians. This chapter
addresses several key national factors that are currently tied to
chronic pain: a growing epidemic of opioid use in the United
States which is partially attributable to the lack of physicians
who were effectively trained to treat pain, and the result is a
significant economic burden on the country.

Opioid Epidemic

The use of using opioids to treat non-cancer pain began in
1986 when Portenoy and Foley published a seminal paper.
They treated 38 patients with non-cancer pain for greater than
6 months with a median daily dose of less than 20 morphine
milligram equivalents per day. The lack of clinically signifi-
cant adverse events led them to conclude that physicians
could safely and effectively prescribe opioid medications to
patients without a history of substance abuse with “relatively
little risk of producing maladaptive behaviors which define
opioid abuse.” The results of this paper began the push for
physicians toward a greater acceptance of the use of opioid
analgesics to treat non-cancer pain. The movement gained
momentum in the 1990s when state medical boards curtailed
restrictions on laws governing the prescribing of opioids for
the treatment of chronic non-cancer pain. This led to new
pain management standards for inpatient and outpatient
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medical care implemented by the Joint Commission on the
Accreditation of Health Care Organizations (JCAHO) in
2000. These new standards lead to an increased awareness of
the right to pain relief, which provided further justification for
physicians to use opioids to treat non-cancer pain. Other fac-
tors that fueled the increase were aggressive marketing by the
pharmaceutical industry and the promotion for increased use
of opioids in the treatment of non-cancer pain by a myriad of
medical organizations.

Unfortunately, the above positions were based on unsound
science and blatant misinformation, accompanied by the dan-
gerous assumptions that opioids are highly effective and safe
and devoid of adverse events when prescribed by physicians.
As a result, opioid use became an epidemic in the United
States. The quantity of prescription painkillers (i.e., opioid
medications) sold to pharmacies, hospitals, and doctors’
offices was four times larger in 2010 than in 1999. Enough
prescription painkillers were prescribed in 2010 to medicate
every American adult around-the-clock for 5 months.
According to the CDC, drug overdose death rates in the
United States have more than tripled since 1990. In 2008,
more than 36,000 people (approximately 100 people per day)
died from drug overdoses, and nearly three-fourths of these
deaths were caused by prescription drugs. The misuse and
abuse of prescription painkillers was responsible for more
than 475,000 emergency department visits in 2009, a number
that nearly doubled from the previous 5 years. Almost all pre-
scription drugs involved in overdoses come from prescrip-
tions originally. Most prescription painkillers are prescribed
by primary care and internal medicine doctors and dentists,
not specialists. The 80/20 rule applies here: 20% of prescrib-
ers prescribe 80% of all prescription painkillers.

Lack of Physicians to Treat Pain

Unfortunately, legitimate chronic pain patients who need help
have become collateral damage on the recent war on opioid
prescribing. Patients who were previously stable on an
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effective low dose of painkillers have suddenly been cut off by
their physicians for no apparent reason. These chronic pain
patients are now paying the price because their physicians fear
that law enforcement is “looking over their shoulder.”

Meanwhile, public and medical misperceptions are wide-
spread about the nature of pain, its causes, and the way it
affects individual patients. Misinformation is fueled by the
fact that comprehensive research is lacking, even on basic
questions like how many people suffer from disabling
chronic pain and how well-existing drugs like opioids treat
long-term pain.

The problem is magnified by barriers that exist that allow
legitimate chronic pain patients from being able to seek med-
ical care. Traditionally, these patients would seek help from
their primary care physicians, but access to primary care
physicians in parts of the United States is shrinking due to
the dwindling number of primary care physicians. Existing
primary care physicians receive little medical education
about treating chronic pain and are left to treat most pain
with little specific guidance about effective care. In medical
school, students receive only a few hours at most of educa-
tion on pain treatment.

Primary care physicians seeking guidance on treating
pain patients might find that they do not have resources to
specialists who treat chronic pain. Currently, there are only
about 30004000 pain specialists in the entire United States.
That means that there is only one board-certified pain physi-
cian to treat every 25,000-33,000 patients that suffer from
chronic pain. Many board- certified pain physicians struggle
to keep up with the demand.

Economic Burden

Chronic pain affects 100 million Americans. Pain affects
more Americans than diabetes, coronary heart disease,
stroke, and cancer combined. The most common chronic
pain conditions that patients suffer from are back pain (27%),
severe headache or migraine pain (15%), neck pain (15%),
and facial ache or pain (4%). Back pain is the leading cause

of disability in Americans under 45 years old. More than 26
million Americans between the ages of 20—64 experience
frequent back pain.

Chronic pain causes a tremendous cost on our country in
health-care costs, rehabilitation, and lost worker productiv-
ity. The costs of unrelieved pain can result in longer hospital
stays, increased rates of rehospitalization, increase outpa-
tient visits, and decreased ability to function fully leading to
lost income and insurance coverage. Chronic pain is a sig-
nificant public health problem that costs society at least
$560-$635 billion annually. This includes the total incre-
mental cost of health care due to pain ranging between
$261-$300 billion and $297-$336 billion due to lost produc-
tivity (based on days of work missed, hours of work lost, and
lower wages).
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Anatomy of the Spine

Harpreet Singh, George C. Chang Chien,

and Robert Bolash

Key Concepts

e Keen understanding of spinal anatomy is necessary for
accurate diagnosis of painful spine conditions and safe
undertaking of interventional spine procedures.

e The spinal cord ends at the lower border of the L1 verte-
bra but may extend as far as the L3 vertebra in select
individuals.

e The “safe triangle” approach for transforaminal epidural
injections may minimize injury to the nerve root but does
not guard against entering the segmental radiculomedul-
lary artery.

* Bony architecture of the spine is best revealed by CT. MRI
is the imaging modality of choice for details of bone
marrow, ligaments, fascial planes, neural tissues, and soft
tissue structures.

Introduction

The vertebral column consists of 33 bony elements joined
together by joints and ligaments (Table 4.1). It houses and
protects both the spinal cord and proximal portions of the
spinal nerves. Detailed understanding of spinal anatomy
is essential for accurate diagnosis of painful spine condi-
tions and the safe performance of interventional pain
procedures.
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Osteology

The vertebral column consists of seven cervical, 12 thoracic,
and five lumbar vertebrae along with five fused sacral bones
that form the sacrum and four fused bones to form the coc-
cyx (Fig. 4.1). Each vertebra consists of a vertebral body, a
cylindrical ventral mass made of cancellous bone, and a dor-
sal vertebral arch made mostly of cortical bone. The large
intervertebral vertebral foramen, wherein the spinal cord
traverses, is enclosed by the vertebral body and dorsal arch.
The body is connected to the dorsal arch by two stout
horizontal supports known as pedicles. The posterior arch is
composed of two flat bones known as laminae, which join
together in the midline and project posteriorly to form spi-
nous process. Near the junction of pedicle and laminae, there
are superior and inferior articular processes which create a
joint with the inferior and superior articular processes of the
preceding and succeeding vertebrae, respectively, to form
synovial zygapophyseal joints (Z-joints, facet joints). At the
junction between superior and inferior articular processes,
transverse processes project laterally on both sides of the
vertebra. The junction between the two vertebral bodies
consists of cartilaginous end plates of adjacent vertebra, an
intervertebral disk, and anterior and posterior longitudinal
ligaments.

The size, shape, and sectional contour of the body are
variable throughout the spine. However, it is the characteris-
tic elements in the dorsal arch, which gives vertebrae their
distinct identity in different areas of the spine (Fig. 4.2).

Cervical Vertebrae

There are seven cervical vertebrae, the first two (atlas-C1
and axis-C2) and seventh cervical vertebra are unique in
morphology. A typical cervical vertebra consists of a bean-
shaped body which is relatively small in size. Unique to the
cervical spine are the uncovertebral joints or the joints of

n
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Table 4.1 Ligaments supporting the vertebral column

Ligament Attachment

Function

Anterior longitudinal ligament

Anterior tubercle of C1 to the sacrum, abutting the
anterior surface of vertebral bodies

Limits extension

Posterior longitudinal ligament
surface of intervertebral disk

From C2 to the sacrum, attached to posterior

Stabilization by limiting spinal flexion.
Prevents posterior disk herniation

Supraspinous ligament

Superior to inferior along the tip of the spinous processes

Stabilization by limiting spinal flexion

Interspinous ligament

spinous process

Connects inferior aspect of the cranial spinous
process to the superior surface of the adjacent

Stabilization by limiting spinal flexion

Ligamentum flavum

Connects the lamina of adjacent vertebra

Stabilization by limiting spinal flexion

Inter-transverse ligament

Connects adjacent transverse processes

Limits lateral flexion

Luschka, formed by the hook-shaped processes of the
superior surface of the vertebral bodies of the third to the sev-
enth cervical vertebra and first thoracic vertebra. The trans-
verse process of the cervical vertebra is perforated by the
foramen transversarium which protects the vertebral artery.
Part of the transverse process dorsal to the foramina creates
the posterior tubercle, whereas the ventral end forms the
anterior tubercle. The anterior tubercle is most prominent at
C6 vertebra where it is also known as Chassaignac tubercle.
The laminae enclose a relatively large vertebral foramen
with a triangular cross section. The superior and inferior
articular processes face obliquely superior/posteriorly and
inferior/anteriorly, respectively. Notably, the ligamentum fla-
vum may not be fused at midline in the cervical spine.

In total, the base of stability in the typical cervical spine
vertebra is created by these five points of articulation: the
bilateral facets, intervertebral disk, and the uncovertebral
joints (above and below).

The atlas, or C1 vertebra Vertebrae, is shaped like a ring
and lacks a definite body, consisting only of anterior and
posterior arches connected by lateral masses. Lateral masses
have superior and inferior articular surfaces. The superior
articular surfaces are directed cranially and internally
where they articulate with the occipital condyles. The infe-
rior articular surfaces are positioned caudally with a slight
medial and posterior tilt. The inferior articular surface of the
atlas articulates with the superior articular processes of axis.
The axis, or C2 cervical vertebra, is characterized by a
prominent anterior odontoid process, which serves as a
pivot allowing rotational movement of the atlas and serves
to prevent horizontal displacement of the atlas over the axis
(Fig. 4.3).

Thoracic Vertebrae
There are 12 thoracic vertebrae, which are characterized by

both facet joints and costal articulations. The typical thoracic
vertebra (T2-T8) is heart shaped and intermediate in size

between the cervical and lumbar vertebra. They have two
characteristic demifacets on each side of the body, which
articulate with the ribs. The superior demifacet is larger and,
in combination with smaller inferior demifacet of the
preceding vertebra, articulates with the corresponding rib.
Pedicles project from the superior aspect of the body; supe-
rior articular processes project from the junction of lamina
and pedicle. They are coronal in their plane of articulation,
bear an oval articular facet facing backward, and are slightly
lateral. The two articular surfaces lie in the arc of a circle
permitting limited rotation. Spinous process of thoracic ver-
tebrac angulate downward, gradually increasing in angula-
tion until reaching T7. At T8, their angulation begins to
decrease such that the spinous process of T12 is near hori-
zontal. Transverse processes are directed laterally and slight
posteriorly. They contain an articular facet on the ventral
aspect, which articulates with the tuberculum of the corre-
sponding rib.

Lumbar Vertebrae

The bodies of the lumbar vertebrae become progressively
larger to accommodate the increased weight of the trunk and
upper body. Transverse processes in the lumbar region vary
in length, with the longest at the L4 level and the thickest at
the L5 level. True transverse elements are represented by
accessory and mammillary processes which are joined
by mamillo-accessory ligaments (which may be ossified).
Notably, the medial branch of dorsal ramus passes beneath
this ligament. The superior lumbar articular processes are
widely situated and positioned medially, while the inferior
articular processes are reciprocally directed laterally.
Laminae in the lumbar region are shorter, and there is
less dorsal overlap when compared to the thoracic region.
Spinous processes are shorter and nearly horizontally ori-
ented. The vertebral foramen in the lumbar region is triangu-
lar in shape and larger compared to thoracic levels but
smaller compared to cervical levels (Fig. 4.4).
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Fig.4.1 Vertebral column a
lateral and anterior view (a)
AP view and (b) lateral view
(Reprinted with permission,
Cleveland Clinic Center for
Medical Art & Photography
© 2014-2015. All Rights
Reserved)
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Sacrum and Coccyx

The sacrum is a wedge-shaped bone formed by the fusion of
the five sacral vertebrae and their costal elements. The
sacrum articulates with two pelvic bones posteriorly forming
sacroiliac joints on either side.

The sacral canal is the caudal continuation of the vertebral
canal. It extends the length of the sacrum and ends at
the sacral hiatus where the coccyx, a small triangular bone
formed by fusion of four coccygeal vertebrae, begins. The
anterior and posterior walls of this canal are perforated by
sacral foramina, through which the sacral spinal nerves pass.
There are four pairs of dorsal and ventral sacral foramina.
Sacral spinal nerves divide into dorsal and ventral rami
within the sacral canal, and they exit the sacrum via the ante-
rior and posterior sacral foramina, respectively.

Intervertebral Foramen and the Safe
Triangle

On the lateral aspect of the posterior elements of the verte-
bral bodies are foramina created by two adjacent vertebrae.
The anterior border of the foramen is formed by the bodies of
the vertebrae and the intervertebral disk. The posterior bor-
der is marked by the superior and inferior articular processes
and facet joints. The superior and inferior borders are formed
by the pedicles of the superior and inferior vertebra, respec-
tively. The structures passing through these foramina include
the spinal nerve root; dorsal root ganglion; segmental spinal
artery; communicating veins between the internal and exter-
nal plexuses; and sinu-vertebral nerves.

The “safe triangle” was initially described by Bogduk and
refers to a three-dimensional area lateral to the inferior
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Fig.4.2 Ligaments of the
spine (Reprinted with
permission, Cleveland Clinic
Center for Medical Art &
Photography © 2014-2015.

All Rights Reserved) ligament

Intertransverse ligament

Posterior longitudinal

Ligamentum flavum

Facet capsular ligament

Anterior longitudinal

ligament

Fig.4.3 Cervical vertebrae
(Atlas and Axis) (Reprinted
with permission, Cleveland
Clinic Center for Medical Art
& Photography © 2014-2015.
All Rights Reserved)

Sulcus

margin of pedicle, dorsal to the vertebral body, and cephalad
to presumed location of the nerve root (Fig. 4.5). Entering in
this area for any interventional procedure (e.g., transforami-
nal epidural injection) reduces the risk of nerve root injury
but does not preclude entering in to the segmental spinal
arteries.

Intervertebral Disk

Approximately 80% of the vertebral column’s length is due
to vertebral bodies, and 20% consists of the intervertebral
disk. The intervertebral disk is composed of the cartilaginous

end plates, the central nucleus pulposus, and the circumfer-
ential annulus fibrosus. In the adult human, the intervertebral
disk is mostly avascular.

Spinal Cord

The central nervous system consists of the brain and spinal
cord. The spinal cord extends continuously from the medulla
oblongata and terminates at the conus medullaris, which is
connected by the filum terminale to the dorsum of the first
coccygeal vertebra. The adult human spinal cord usually
ends at the lower border of L1 but may extend as far as L3.
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Fig.4.4 Thoracic and lumbar vertebrae (a) AP view and (b) lateral view (Reprinted with permission, Cleveland Clinic Center for Medical Art &

Photography © 2014-2015. All Rights Reserved)

The spinal cord is divided in half by a dorsal median sulcus
and a ventral median fissure. It contains a central canal in the
middle and continues cranially with the cerebral ventricular
system. As is the case with the rest of the CNS, the spinal
cord is composed of white and gray matter. White matter forms
the bulk of the deep parts of the brain and the superficial
parts of the spinal cord. It is composed of bundles of
myelinated nerve cell processes, axons, which carry nerve
impulses between the cell bodies of the neurons, which make
up the gray matter. Large white matter tracts form descend-

ing motor fibers from the brain to the spine, whereas ascend-
ing sensory tracts transmit light touch, pressure, temperature,
and pain from the spinal cord to the brain (Fig. 4.6).

Gray Matter

The gray matter of the spinal cord surrounding the central
canal is “H-shaped,” with two dorsal and two ventral horns.
The ventral horn contains the cell bodies for motor neurons,
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Fig.4.4 (continued)

and afferent nerves from the dorsal rootlets terminate in the
dorsal horn. In thoracic and upper lumbar areas, there are
small projections in the middle of the dorsal and ventral
horn, called lateral horns, which contain cell bodies for pre-
ganglionic sympathetic fibers. Cytoarchitecturally, the spinal
cord gray matter is divided into ten distinct areas known as
Rexed laminae.

Lamina I to VI is primarily involved with sensory func-
tions and processing. Laminae I and II are the main targets
for primary nociceptive afferents. Lamina II, also known as
substantia gelatinosa, contains mostly interneurons involved
with modulation of input from sensory neurons. AB-fibers,
which respond to fine touch, project in laminae III, IV, and

L5

V. Ad nociceptors project to laminae I and V. Lamina V
receives both non-noxious (AB-fibers) and noxious input
monosynaptically from A3 nociceptors and indirectly
(polysynaptically) from C fibers. These types of neurons
that respond to multiple stimuli are known as WDR (wide
dynamic range) neurons and are most abundantly found in
lamina V. WDR neurons fire in graded fashion and exhibit
phenomenon called windup, wherein repetitive stimulation
leads to increased firing and post-discharge.

Rexed lamina VII consists of cell body of preganglionic
sympathetic fibers in the lateral horn of the spinal cord.
Laminae VIII and IX located in the ventral horn consist of
cell bodies of motor fibers to the skeletal muscles.
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White Matter

White matter surrounds the gray matter and is divided into ven-
tral, lateral, and dorsal columns by the ventral and dorsal horn.
It consists of ascending and descending tracts, consisting of

Fig. 4.5 The “safe triangle” — triangular area just superolateral to the
nerve root, below the pedicle, and posterior to the vertebral body

Fig.4.6 Cross section of
spinal cord demonstrating the
Rexed laminae and ascending
and descending tracts

Fasciculus gracilis

Lateral corticospinal tract

Dorsal spinocerebellar tract

Rubrospinal tract

Ventral spinocerebellar tract

Spino-olivary tract

Spinothalamic and
spinoreticular tract

Lateral reticulospinal tract

Vestibulospinal tract

Ventral reticulospinal tract

Tectospinal tract

nerve fibers connecting the brain and spinal cord. Their names
usually refer to their origin and destination, e.g., corticospinal
tract originating from cerebral motor cortex relaying motor sig-
nals to the ventral horn of the spinal cord.

Arterial Supply to the Spine

The spinal cord is supplied by three longitudinal arteries, one
anterior spinal artery, which forms from the union of the two
anterior spinal branches of each vertebral artery at the level
of the foramen magnum, and two posterior spinal arteries
which may either be direct branches of the vertebral artery or
branches from posterior inferior cerebellar arteries (PICA).
These longitudinal arteries receive collaterals from segmen-
tal arteries which originate from spinal branches of the
vertebral, deep cervical, intercostal, and lumbar arteries.
They transverse the intervertebral foramina at respective
levels and supply anterior and posterior nerve roots, but most
not reach the spinal cord. These smaller segmental arteries
are called radicular arteries. However, larger segmental arter-
ies primarily situated in the lower cervical, lower thoracic,
and upper lumbar regions reach the dura where they divide to
form ascending and descending arterioles and anastomose
with anterior and posterior spinal arteries. These arteries are
also known as radiculomedullary arteries to distinguish
them from those radicular arteries that supply only the nerve
roots. The largest radiculomedullary artery is called the

Fasciculus cuneatus

VI

Anterior corticospinal tract
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Fig.4.7 Arterial supply to
the spinal cord (Reprinted
with permission, Cleveland
Clinic Center for Medical Art
& Photography © 2014-2015.
All Rights Reserved)

artery of Adamkiewicz. It is usually a branch from one of
the lower posterior intercostal arteries (T9—11), the subcostal
artery (T12), or the upper lumbar arteries (L1 and L2).
It most often arises on the left side, above L2 but has
been found as low as L5 on the right side. The artery of
Adamkiewicz may provide the main blood supply for the
thoracolumbosacral part of the spinal cord (T8 to the conus
medullaris). The anterior spinal artery supplies the anterior
two thirds of the spinal cord, while the posterior one third of
the spinal cord is supplied by the posterior spinal arteries
(Fig. 4.7).

Venous Drainage of the Spinal Cord

Venous drainage of the spinal cord largely follows the arte-
rial supply. The lower segments of the spinal cord are drained
by a venous plexus that continues onward to the anterior and
posterior spinal veins and subsequently to the anterior and
posterior radicular veins that feed into the internal vertebral
plexus of the epidural space, finally emptying into the azy-
gous system.

Ischemia/Infarction of the Spinal Cord

Anterior spinal artery syndrome is caused by occlusion of
the anterior spinal artery leading to infarction of anterior two
thirds of spinal cord. It may be caused by atherosclerotic/
embolic occlusion of the anterior spinal artery and spinal
cord hypoperfusion or occurs after major aortic surgeries.
Anterior spinal artery syndrome occurs most commonly in

Anterior spinal a.
Sulcal branc

Left posterior spinal a.

Radiculomedullary a.

Posterior radicular a.
Anterior radicular a.
Spinal branch

the mid-thoracic level because of the paucity of collaterals in
this area and is hence termed the watershed area. Clinically
the syndrome is characterized by loss of motor function,
pain, temperature, and pin-prick sensation below the level of
the lesion. Proprioception and fine touch sensation are usu-
ally preserved. Cases of spinal cord infraction have been
reported with transforaminal epidural steroid injections with
particulate steroid injection, even in low lumbar levels, pre-
sumably from the occlusion of the anterior spinal artery by
the particulate material inadvertently injected into radiculo-
medullary arteries.

Imaging

Plain radiographs are the most commonly used modality to
image the spine. However, information yielded is limited to
gross bony abnormalities. Bony architecture of the spine is
best revealed by CT. MRI, on the other hand, is less useful
for revealing the osseous details; MRI is the imaging modal-
ity of choice to reveal details of bone marrow, ligaments, fas-
cial planes, neural tissues, and other soft tissue structures.
Common sequences used in spine MRI are T1-weighted and
T2-weighted imaging in the axial and sagittal planes. Coronal
imaging is useful in diagnosing scoliosis of the spine.

Spinal Pathology

Spondylosis Age-related degenerative changes in the verte-
bral column are defined as spondylosis. These changes may
include loss of intervertebral disk height, uncovertebral
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Table 4.2 Grading the level of spondylolisthesis

Grade I — 1-25% slip

Grade II — 26-50% slip

Grade III — 51-75% slip

Grade IV — 76-100% slip

Grade V — complete slip (>100%) also known as spondyloptosis

or facet joint arthrosis, and osteophyte formation. These
changes may cause buckling of ligamentum flavum and facet
joint hypertrophy resulting in neuroforaminal or spinal canal
stenosis.

Spondylolysis Defects in the pars interarticularis are
known as spondylolysis. It may lead to axial back pain
and instability. In addition, these defects may lead to
spondylolisthesis.

Spondylolisthesis Spondylolisthesis is defined as the dis-
placement of one lumbar vertebra over another. Antero-
listhesis is a term used to describe anterior displacement of a
superior vertebra over an inferior vertebra. Similarly, retro-
listhesis is used for posterior displacement of superior ver-
tebra over inferior. The most common etiology in older
populations is degenerative change; spondylolisthesis can be
traumatic or pathologic in origin as well. The most common
location is at the L4-L5 vertebra junction. Spondylolisthesis
is graded as a percentage of movement of one superior verte-
bra over inferior vertebra. Spondylolisthesis can lead to
spinal canal or neuroforaminal stenosis. Lateral lumbar
radiographs, CT, and MRI can be used to grade the level of
spondylolisthesis (Table 4.2). MRI is useful in assessing
the canal or neuroforaminal stenosis associated with this
condition, though the static image may miss dynamic
changes in vertebral body alignment associated with
movement (Fig. 4.8).

Spinal Stenosis Spinal stenosis refers to the narrowing of
the central vertebral canal resulting in compression of the
spinal cord and/or nerve roots. It can be caused by disk
degeneration, spondylolisthesis, ligamentum flavum hyper-
trophy, facet hypertrophy, or mass effect. In the lumbar
region, it may manifest as neurogenic claudication. In severe
cases it may cause myelopathy.

Myelopathy Myelopathy is referred to as a lesion or dys-
function of the spinal cord. The etiology may be compression
caused by spondylosis; infection; neoplastic, vascular, meta-
bolic diseases; etc. Clinical manifestations include gait dis-
turbance, muscle weakness, hyporeflexia at the level of the
lesion, spasticity, and hyperreflexia with Babinski sign
below the lesion. Severe cases may lead to paresis. MRI is the

Fig. 4.8 T2-weighted MRI showing grade III anterolisthesis of L5
over S1 vertebra

imaging modality of choice for evaluation of patients with
signs of myelopathy. MRI finds include spinal canal stenosis
with or without high-intensity cord signals on T2-weighted
images. Treatment is usually surgical decompression.

Cauda Equina Syndrome Cauda equina syndrome is
caused by compression of the terminal spinal nerve roots.
Clinically, the condition is characterized by back pain, sad-
dle anesthesia, bladder or bowel dysfunction, and sexual
dysfunction. The most common etiology is compression by a
herniated intervertebral disk, but may also be caused by ver-
tebral metastasis, spinal cord tumors, epidural granuloma
from intrathecal infusions, traumatic vertebral fracture or
dislocation, etc. Cauda equina syndrome is a medical emer-
gency. All suspected cases should be evaluated by lumbar
spine MRI, and urgent referral to a spine surgeon should be
sought.

Tarlov Cyst Tarlov cyst is a CSF-containing cyst of nerve
root most commonly seen in the sacral region. Although
these are mostly asymptomatic, larger cysts may cause adja-
cent bony erosions and nerve root compression, leading to
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Fig. 4.9 T2-weighted axial section showing Tarlov cyst arising from
right S2 nerve root (large arrow) causing bony erosion and contralateral
nerve root compression (small arrow)

H. Singh et al.

pain and radicular symptoms (Fig. 4.9). MRI is the diagnostic
modality of choice. Treatment of a symptomatic cyst is
drainage.
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Peripheral Pathways and Anatomy
of the Peripheral Nerve

Michael I. Yang

Key Concepts

e The topography of the sensory and motor bundles is
variable related to the surface of the nerve, and therefore
cathode stimulation needs to be tested.

* The peripheral nerves have different electrophysiological
classifications based on the size and presence of myelin.

Introduction

Ever since Melzack and Wall introduced the gate control
theory, the applications for neurostimulation have grown
exponentially. First introduced in the intrathecal space, elec-
trical neuromodulation has been advancing into the periph-
ery. Peripheral nerve stimulation (PNS) is the direct electrical
stimulation of specific, named nerves outside of the central
nervous system, which directly inhibit primary nociceptive
afferent fibers.

Background

The peripheral nervous system is composed of the groups of
neurons called ganglia and bundles of axons (nerves) that are
outside of the brain and spinal cord. The peripheral nervous
system has two components, somatic and autonomic. The
somatic nervous system consists of the sensory and the
motor neurons. Sensory ganglia are unipolar sensory neu-
rons and are in the dorsal root of all spinal nerves as well as
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many of the cranial nerves. Autonomic ganglia are in the
sympathetic chain, or in the associated paravertebral or pre-
vertebral ganglia, or in terminal ganglia within the organs.

The sensory neurons are the peripheral axonal processes
of neurons with cell bodies in the dorsal root ganglion. The
motor axons are the processes of anterior horn cells of the
spinal cord. Peripheral nerves have many layers of connec-
tive tissue; axons are encased within the endoneurium and
bundled into fascicles and surrounded by the perineurium —
the perineurium binding axons into fascicles and the epineu-
rium binding the fascicles into a nerve. The fascicles can
divide and fuse to form multiple plexi along the nerve trunk.
The nerve axons are then surrounded by Schwann cells,
which wrap the axons in myelin. The blood vessels are
slightly coiled so as to accommodate for the various move-
ments of the nerves. Smaller capillaries from the epineurial
blood vessels course to all inner parts of the nerve, so it is
difficult to make any part of a peripheral nerve ischemic. All
the above layers of the nerve are innervated and have a com-
plex plexus of nociceptors (Fig. 5.1).

The diameter of the axon and the distance between the
nodes of Ranvier determine the speed of conduction of the
nerve signal. The function and classification of an axon can
be deduced from its diameter and from conduction velocity.
Peripheral nerves can be categorized based on their conduc-
tion velocity and diameter (Table 5.1).

Nerves are classified as cranial nerves or spinal nerves on
the basis of their connection to the brain or spinal cord,
respectively. The 12 cranial nerves can be sensory, motor, or
a combination of the two. Spinal nerves are all mixed nerves
with both sensory and motor fibers. Spinal nerves emerge
from the spinal cord and then form plexuses, which give rise
to systemic nerves. Thoracic spinal nerves directly become
the intercostal nerves.

By better understanding the anatomy of the peripheral
nervous system, one can become more comfortable with
implantable techniques.
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Fig.5.1 Layers of the nerve Epineurium

Perineurium

Endoneurium

L Axon

Table 5.1 Nerve fiber classification, diameter and conduction velocity

Electrophysiological classification Classification of afferent Fiber diameter Conduction

of peripheral nerves fibers only (class/group) (pm) velocity (m/s) Receptor supplied

Sensory fiber type

Aa Ia and Ib 13-20 80-120 Primary muscle spindles, Golgi
tendon organ

AP I 6-12 35-75 Secondary muscle spindles, skin
mechanoreceptors

Ad I 1-5 5-30 Skin mechanoreceptors, thermal
receptors, and nociceptors

C v 0.2-1.5 0.5-2

Motor fiber type

Aa N/A 12-20 72-120 Extrafusal skeletal muscle fibers

Ay N/A 2-8 12-48 Intrafusal muscle fibers

B N/A 1-3 6-18 Preganglionic autonomic fibers

C N/A 0.2-2 0.5-2 Postganglionic autonomic fibers

Adapted from Warren et al. [3]

2.Esmaeil B, Khorasani MT, Montazeri N, et al. Types of neural
guides and using nanotechnology for peripheral nerve reconstruc-
tion. Int J Nanomedicine. 2010;5:839-52.

3. Warren S, Capra NF, Yezierski RP. The somatosensory system I: tac-
tile discrimination and position sense. In: Fundamental neuroscience.
4th ed. New York: Churchill Livingstone Inc.; 2012. p. 262-79.
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Evaluation of Headache

Zachary McCormick and Rajiv Reddy

Key Concepts

* A thorough history is the most revealing tool in the evalu-
ation of headaches.

e Screening for health- or life-threatening causes of head-
ache must be performed.

* The most common primary headache disorders include
tension-type, migraine, and cluster headache.

e Secondary headaches commonly referred to pain medi-
cine specialists are often related to medication overuse or
cervical spine disease/dysfunction.

* Patients often have more than one type of headache. It is
helpful to differentiate the most common or primary
headache type.

* A headache diary is a useful tool to characterize patterns
and triggers.

e The physical examination may provide no positive find-
ings in most patients with primary headaches but can pro-
vide vital information in diagnosing health- or
life-threatening secondary headaches.

e Imaging is indicated when a health- or life-threatening
secondary headache is suspected. The decision to image
may be informed by guidelines developed by the
American Association of Neurology.

Introduction

According to some sources, headache is the most common
complaint that leads people to seek medical care. Thus, the
pain medicine specialist must be comfortable with a thor-
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ough yet efficient evaluation of headache. The evaluation of
headache begins with a targeted history and physical exami-
nation. A health- or life-threatening cause of headache must
first be ruled out. If the reason for concern is identified, the
workup must progress rapidly. If suspicion for a health- or
life-threatening headache is alleviated, a reasonable approach
involves determining whether symptoms are related to a
benign secondary headache disorder versus a primary head-
ache disorder. Headaches may resolve without further need
for treatment if a secondary cause of headache can be identi-
fied and eliminated. Alternatively, if symptoms appear to be
related to a primary headache disorder, establishing a correct
diagnosis is vital to subsequently developing a treatment
plan.

History

A thorough interview that includes key elements of history
(Table 6.1) is necessary to distinguish primary versus sec-
ondary causes of headache. Attention to potential “red
flags” is important in order to determine the urgency of
imaging or other intervention. Elements of history that
should provoke concern include a new headache of unusual
severity or a sudden change in typical headache patter; a
rapid progression to peak symptoms, association with trau-
matic onset, exertion, or Valsalva maneuver; and nocturnal
symptoms, association with recumbent positions, projectile
vomiting, neurologic dysfunction, or evidence of other
associated systemic illness.

If potential “red flag” symptoms are not present, the focus
of interview can shift to distinguishing whether the headache
is related to primary or secondary cause. While there are
numerous primary causes of headache (Table 6.2), pain med-
icine specialists tend to encounter tension-type, migraine,
and cluster headaches most commonly. Typical features of
these headache types are shown in Table 6.3. Likewise, of
the numerous types of secondary headaches (Table 6.4), pain
specialists are most likely to see patients with cervicogenic
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Table 6.1 Key elements of a headache history

Table 6.4 Secondary headache disorders

Onset Benign Health- or life-threatening
Progression Medication-overuse Cerebrovascular dissection, thrombosis,
Temporal pattern (frequency, duration, time of day, menstruation, etc.) headache or vasculitis
Location Cervicogenic headache Intracranial hemorrhage
Quality Sinusitis Subdural hemorrhage
Severity Dental Hydrocephalus
Premonitory symptoms CSF leak
Triggers Idiopathic intracranial hypertension
Exacerbating and relieving factors Neoplasm
Associated symptoms Meningitis
Abscess

Family headache history

Past medical history

Social history — occupation, habits, diet

Medication reconciliation

Table 6.2 Primary headache disorders

Open-angle glaucoma

Table 6.5 Common, benign secondary headaches most often encoun-
tered by pain medicine specialists

Cervicogenic headache

Most common Common

Paroxysmal hemicrania

Migraine with or without aura | Paroxysmal short-lasting unilateral

neuralgiform attacks (SUNCT)
Hemicrania continua

Tension-type headache

Cluster headache Cold-stimulus headache

Benign cough headache

Benign exertional headache

Table 6.3 Typical features of common primary headache

Tension-type headache

Mild/moderate intensity paroxysmal, bilateral “band-like” lasting
30 min to 7 days

Migraine headache

Moderate/severe unilateral paroxysmal “throbbing” headache
lasting 4-72 h associated with nausea, vomiting, photo—/
phonophobia with or without aura, with predictable environmental
or dietary triggers, possible relation to menstrual cycle, aggravated
by routine physical activity, improved with sleep, often with a
family history of similar headaches

Cluster headache

Severe unilateral orbital/temporal “stabbing/piercing” headache
with possible tearing, rhinorrhea, miosis, ptosis, eyelid edema, or
facial diaphoresis, lasting 15—-180 min occurring more than 5x per
day, often a predictable times during the day, in cycles of 2 weeks
to 3 months

or medication overuse as the underlying etiology of
secondary headache. Typical features of these headache
types are shown in Table 6.5.

It is important to recognize that patients may experience
more than one type of headache, which may be related. For
example, cervicogenic headache may provoke tension-type

Occipitofrontal unilateral headache with predominant neck pain,
worsened by movement of the cervical spine, potentially in the
setting of recent trauma/whiplash-type injury or osteoarthritis:
cervicogenic headache

Medication-overuse headache

Insidious, progressive onset of frequency and intensity, associated
with regular analgesic use, temporally related to the last dose or just
prior to the next scheduled dose of an analgesic medication (most
often ergotamines, triptans, opioids, or NSAIDs), with possible
development of drug-dependence behavior

Table 6.6 Sample headache diary template

Date:
Time started/ended:

Warning signs:

Quality of pain (“stabbing,” “throbbing,” etc.):
Pain intensity (0-10):

Location:

Other symptoms (nausea, photophobia, etc.):

Treatment or medication tried and effect:

Hours of sleep:

Food eaten today:

Events prior to headache (activity, stress, etc.):

Other comments:

headache due to reactionary guarding or head, neck, and
shoulder girdle postural changes. Any headache type may be
associated with independent analgesic rebound headache due
to frequent nonsteroidal anti-inflammatory drug (NSAID)
use. In cases where headache type is not easily categorize due
to symptom overlap or inadequate history, instructing the
patient to keep a headache diary may be useful. A sample
template for a headache diary useful for clinical practice is
shown in Table 6.6.
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Physical Examination

In general, physical examination in the headache patient will
provide less diagnostic information than the history.
However, the physical exam can provide vital clues that indi-
cate a health- or life-threatening type of headache. Thus, a
thorough but targeted physical exam in the evaluation of
headache is necessary and, with repetition, can be performed
in approximately 3 min.

A systematic approach to the physical exam will ensure
thorough screening and efficiency. Key elements of the tar-
geted headache physical exam are shown in Table 6.7. “Red
flag” features on physical exam include Horner’s syndrome
(arterial dissection, malignancy), oculomotor deficits partic-
ularly with pupil asymmetry (aneurysm), combined facial
weakness, and numbness (head and neck malignancy). In
general, any cranial nerve palsy or neurologic deficit should
raise concern for a potentially health- or life-threatening
cause of headache.

Aside from screening for potentially sinister causes of
headache, a careful examination of the cervical spine and
shoulder girdle is often illuminating given that pain medicine
specialists often see patients with cervicogenic symptoms.
Complete assessment includes postural assessment with
attention to cervical spine and scapular position, cervical
range of motion in all planes, palpation for tender and trigger
points, as well as zygapophysial joint and occipital nerve-
regional tenderness.

Table 6.7 Key elements of a targeted headache physical exam

Vital signs

Mental status

Speech

Cranial nerves; particular attention to pupil symmetry, ocular
movement, facial symmetry, and strength

Sympathetics; Horner’s syndrome (ipsilateral ptosis, miosis, facial
anhydrosis)

Fundoscopic exam for papilledema if increased intracranial
pressure is suspected

Muscle stretch reflexes, Hoffman’s sign, Babinski sign

Motor function

Sensation

Balance

Gait

Musculoskeletal assessment of the cervical spine and shoulder
girdle; posture, cervical range of motion, palpation for tender and
trigger points

Temporomandibular joint assessment; range of motion, palpation

Palpation of the sinuses and teeth

Imaging

No particular imaging is indicated for a primary headache
disorder. However, if there is clinical suspicion for a sec-
ondary headache disorder, imaging must be considered.
While consensus does not exist, an imaging guideline to
inform clinical management of non-acute headache was
developed by the American Academy of Neurology
(Table 6.8). Imaging may also be considered when cervi-
cogenic headache is suspected, as zygapophysial arthrop-
athy, cervical foraminal stenosis, or other structural
findings may provoke such symptoms. Corroborating
clinical and imaging findings in such cases may inform
the diagnosis as well as identify potential targets for ther-
apeutic intervention.

Conclusion

A thorough, targeted history and physical exam is vital in the
evaluation of headache. Pain medicine specialists should be
familiar with the commonly encountered types of headache
but should also systematically screen for potentially health-
or life-threatening causes of headache.

Table 6.8 American Academy of Neurology imaging guideline for
non-acute headache

1. Non-contrast-computed tomography

(a) Recommended when urgent neuroimaging is necessary in
cases of:

(i) Suspected intracranial hemorrhage

(ii) Suspected elevated intracranial pressure or focal neurologic
deficit prior to lumbar puncture

(iii) Headache associated with neurologic changes

(iv) Headache presenting with a substantial change in
previously experienced headache characteristics

2. Contrast-enhanced computed tomography

(a) Recommended if abnormality is found on non-contrast CT or
a vascular abnormality or tumor is suspected and an urgent
evaluation is necessary.

3. Magnetic resonance imaging

(a) Recommended as an initial or urgent diagnostic examination
if there is suspicion of venous sinus thrombosis or vasculitis

(b) Recommended when an abnormality is suspected in the
posterior cranial fossa or at the craniocervical junction

(c) Recommended when an aneurysm or vascular malformation
is suspected and evaluated with magnetic resonance
angiography (MRA)

(d) If an abnormality is detected on CT, MRI may further define
the abnormality
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Cervical Spine History and Physical

Navdeep Singh Jassal

Key Concepts

e The cervical spine history and physical examination of a
patient are of utmost importance as diagnostic tools and
are the fundamental tools for triage.

* The goal should be to develop your patient’s trust, to gain
insight of the impact on their level of function, and to
identify the likely pain generators.

History

A systematic comprehensive history should follow an inquiry
approach into several domains (which can also be relevant to
any pain problem), including chief complaint, site, length of
illness, intensity, spread/radiation, quality/character, inten-
sity, frequency, duration, time of onset, mode of onset, pre-
cipitating factors, aggravating factors, relieving factors, and
associated features.

The domain of associated features is the most important,
as it may lead the differential toward more serious causes of
pain. Refer to “red flags™ description and clinical indicators
for serious causes of spinal pain in Lumbar Spine H&P
chapter, as they also hold true for the cervical spine. After
cervical radiculopathy, cervical spondylotic myelopathy is
the most common cervical cord lesion after middle age. It
typically has an insidious onset; average age set is after
50 years, and it shows signs of bowel/bladder incontinence,
weakness/gait instability, and upper motor neuron signs.

Investigating litigation, secondary gain issues, and docu-
menting functional losses should also be included in the history
of present illness.
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Physical Exam

The cervical spine traditionally involves inspection, palpa-
tion, range of motion, neurologic examination, special tests,
and examination of related areas. Emphasis should be placed
on the neurologic exam, as cervical spine pathology can be
reflected to the upper extremity (weakness, altered reflexes,
sensation).

Inspection

This begins as the patient enters the exam room. Check for
posture of the head and abnormalities such as blisters, scars
(both anterior and posterior), and discoloration.

Palpation
Palpation can be divided into bony and soft tissue palpation.

Bony Palpation

This should be performed as muscles are relaxed in the
supine position. Palpate the anterior bony structures of the
neck including the hyoid, thyroid cartilage, first cricoid ring,
and carotid tubercles. Palpate the posterior aspect including
the occiput, the superior nuchal line, the mastoid process, the
spinous processes, and the facet joints. The C7 and T1 spi-
nous processes are larger than those above them, and a mis-
alignment can indicate facet dislocation or fracture to the
spinous process. The C5 and C6 are the most commonly
involved joints in cervical facet arthropathy.

Soft Tissue Palpation

This is divided into two clinical zones including the anterior
and the posterior aspect. Palpate the sternocleidomastoid
muscle, lymph node chain, thyroid gland, carotid pulse,
parotid gland, and supraclavicular fossa in the anterior
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Table 7.1 Sensory innervation landmarks by dermatome

Dermatome Landmark

C4 Shoulder

(&3] Lateral aspect of the elbow
C6 Thumb

C7 Middle finger

C8 Little finger

Tl Medial aspect of the elbow

Table 7.2 Muscles and action relative to myotomes

Root level | Muscle(s) tested Action
Cc4 Levator scapulae Shoulder shrug
C5 Biceps Elbow flexion
Co6 Extensor carpi radialis L. Wrist extension
C7 and B. Forearm extension
C8 Triceps Middle finger DIP flexion
T1 Flexor digitorum profundus | Finger abductors
Dorsal interossei

aspect. Palpate the trapezius muscle, lymph nodes, greater
occipital nerves, and superior nuchal ligament in the poste-
rior aspect.

Range of Motion (ROM)

Movements include passive and active flexion, extension,
lateral bending, and rotation. Approximately 50% of flexion/
extension occurs between the occiput and C1, and 50% of
rotation takes place between C1 (atlas) and C2 (axis).

Neurologic Examination

It can be divided into (1) muscle testing of the intrinsic mus-
cles of the neck including flexion, extension, lateral rotation,
and bending and (2) neurologic examination of the upper
extremity by neurologic levels.

Lesions can be separated into central, spinal nerve root,
and peripheral nerve lesions. Comparison of sensory deficits
relative to classical dermatome charts (see Tables 7.1 and
7.2) and peripheral cutaneous nerve maps can help localize
the lesion.

Table 7.3 Reflexes — cervical spine

Reflex

Biceps reflex
Brachioradialis reflexTriceps reflex

Nerve root level

C5-C6
C7-C8

Muscle strength testing can be used as a tool to grade a
specific, symmetric group of muscles (refer to the Table 9.3).

Reflexes

Reflexes are tested by tapping the tendon with a reflex
hammer to elicit a muscle contraction. Jendrassik maneuver
can be used to optimize the response by distracting the
patient by asking him/her to interlock flexed fingers.
Hoffman’s sign may be indicative of an upper motor neuron
disease (Table 7.3).

Gait Testing

Gait testing includes observation of normal ambulation char-
acteristics, heel to toe walk, and tandem gait testing. It is
important when considering for cervical myelopathy.

Special Tests

Special tests include the distraction test (effect of neck trac-
tion on relieving pain caused by neural foramen narrowing),
Spurling’s test (radicular pain caused by extending the neck
and rotating the chin toward the affected extremity), cervical
facet loading (indicative for cervical facet arthropathy),
Adson test (determines state of the subclavian artery), and
Valsalva test.

Examination of Related Areas

Examination of adjacent, structures including the shoulder
and temporomandibular joint, is important, as these areas
can all refer pain to the cervical spine.
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Thoracic Spine History and Physical

Reda Tolba

Key Concepts

e Thorough history taking and pain assessment of the
thoracic region are essential for proper diagnosis and
management of various pain conditions.

e A comprehensive physical exam including inspection and
palpation of the thoracic spine including the thorax, abdo-
men, and back is needed to explore the complaints raised
in the history.

e Imaging studies help to correlate findings obtained
from the history and physical exam to reach a proper
diagnosis.

Introduction

History and physical exam is crucial for diagnosis of chronic
pain, specifically for the thoracic spine, as the differential is
diverse. We explore the signs and symptoms of common tho-
racic pain challenges to improve patient outcomes.

History and Pain Assessment

* A detailed history is obtained from the patient with pain
in the thoracic region. It includes the onset of pain, dura-
tion of the pain, character of the pain, precipitating fac-
tors, relieving factors, and intensity of the pain. Asking
about the presence of any red flags such as significant
motor or sensory deficits, urine or bowel incontinence,
fever, and night sweats is essential to rule out any emer-
gent condition that requires immediate attention and
intervention.
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e The character of the pain can help differentiate between

neuropathic pain (burning, shooting) and nociceptive pain
(aching).

The intensity of the pain can be measured by different
scales including visual analogue scale (VAS), verbal rat-
ing scale (VRS), numerical rating scale (NRS), and oth-
ers. Other measures can be used to assess the degree of
disability caused by the pain such as Pain Disability Index
(PDI). Such measures are important to obtain at the initial
visit to compare in the future visits the efficacy of the
treatment and percentage of improvement the patient is
getting.

It is important to ask about recent history of fall or trauma.
Elderly patients with osteoporosis are vulnerable to
vertebral compression fractures which can cause severe
mid-back pain.

Previous treatments tried include medications, physical
therapy, chiropractor treatment, and interventional pain
procedures. Which modality has helped the patient in the
past if any.

Detailed history specific for each common condition that
can cause pain in the thoracic region. Thoracic radicu-
lopathy would cause back pain radiating to the chest wall
depending on the level involved. Patient with recent his-
tory of shingles can develop severe burning pain across
the corresponding thoracic dermatome. If the pain lingers
more than 3 months, the condition is called post-herpetic
neuralgia. Elderly patients with history of falls can
develop vertebral compression fracture at the thoracic
region causing severe and debilitating thoracic pain.
Patients with history of cancer can develop pain in the
thoracic spine and ribs due to multiple myeloma or meta-
static disease. History of surgery in the thoracic region is
important. Patient can develop persistent pain close to the
incision, a condition called post-thoracotomy syndrome.
History of fever, night sweats, and alarming signs of
infection can raise the possibility of more serious condi-
tions like vertebral osteomyelitis. Thorough history is
essential to rule out such rare but serious conditions.
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Other conditions like osteochondritis can cause pain in
the anterior chest wall close to the sternum. Myofascial
pain is a common cause of thoracic back pain and is usu-
ally confirmed by physical exam.

Physical Examination

A comprehensive physical examination of the thoracic
region including the thoracic spine, ribs, sternum, and
chest wall as well as the abdomen is essential to explore
the complaints raised in the history.

Inspection of the thoracic spine for proper alignment and
the presence of kyphosis, scoliosis, or angular deformi-
ties. Inspection of the chest wall and the thoracic spine for
any cutaneous lesions such as herpetic lesions. Inspection
of scars of previous surgeries including thoracic spine and
thoracotomy scars. Inspection of the thoracic for masses
or ecchymosis.

Palpation of the thoracic spine for spinal tenderness, para-
spinal muscle tenderness, and myofascial trigger points as
seen in myofascial pain and thoracic facet syndrome.
Severe tenderness on range of motion and percussion is
noted over the affected vertebral level in patients suffering
from vertebral compression fracture. Allodynia and

hyperalgesia are sometimes noted over the back and chest
wall in patients with herpetic and post-herpetic neuralgia
along the affected dermatomes. Tenderness over the cos-
tochondral junction is noted for patient with costochon-
dritis. Tenderness over the thoracic spine and over the ribs
can be noted in patients with metastatic disease and
patients suffering from multiple myeloma. Deep palpa-
tion of the abdomen can be performed to rule out any
pulsatile masses such as aortic aneurysm which can be
presented with thoracic pain. Range of motion of the tho-
racic spine is usually limited due to its location.

Imaging studies such as X-rays, CT scans, and MRI
should be reviewed. Results interpretation and proper
correlation with the history and physical exam are impor-
tant to adequately diagnose and treat the patients.
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Lumbar Spine History and Physical

Navdeep Singh Jassal

Key Concepts

e The lumbar spine history and physical examination of a
patient are of utmost importance as diagnostic tools and
are the fundamental tools for triage.

* The goal should be to develop your patient’s trust, to gain
insight of the impact on their level of function and to
identify the likely pain generators.

History

A systematic comprehensive history should follow an inquiry
approach into several domains (which can also be relevant to
any pain problem), including chief complaint, site, length of
illness, intensity, spread/radiation, quality/character, inten-
sity, frequency, duration, time of onset, mode of onset, pre-
cipitating factors, aggravating factors, relieving factors and
associated features.

The domain of associated features is the most impor-
tant, especially with regard to low back pain, as it may lead
the differential towards more serious causes of pain. “Red
flag” indicators include history of fever/night sweats,
trauma, recent surgery, illicit drug use, weight loss, prior
history of cancer, occupational exposure, bowel or bladder
incontinence and neurological signs/symptoms. This can
help to raise suspicion for serious causes for low back pain
(see Table 9.1).

Investigating litigation, secondary gain issues and docu-
menting functional losses should be included in the history
of present illness. Vocational history including lifting associ-
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ated with bending or twisting is the most common work
activity associated with low back injuries. Nursing, truck
driving and machine operations are amongst the occupations
with the greatest incidence of back injuries receiving work-
ers compensation.

Physical Exam

The lumbar spine traditionally involved inspection, palpa-
tion, range of motion, neurologic examination, special tests
and examination of related areas.

Inspection

Check the back for redness, unusual skin markings, lipoma
and birth marks. This may give insight to possible infection,
neurologic/bone pathology and spina bifida, respectively.
Posture should be checked including assessing for signs of
scoliosis, degree of lumbar lordosis curvature or the pres-
ence of kyphosis.

Palpation
Palpation can be divided into bony and soft tissue palpation.

Bony Palpation

Locate the L4/L5 interspace by placing your fingers on the
iliac crests and your thumbs at the midline of the back.
Palpate the spinous processes of other vertebrae superiorly
and inferiorly using your L4/L5 reference point. There may
indication of spondylolisthesis by a visible or palpable “step
oft” from one process to the next. Coccydynia can develop
after direct trauma and can be assessed via a rectal examina-
tion. Examine the posterior superior iliac spines, iliac crests,
greater trochanters and ischial tuberosities.
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Table 9.1 Clinical indicators for serious causes of spinal pain Table 9.2 Sensory innervation landmarks by dermatome
Pathology Clinical indicators Dermatome Landmark
Aortic Cardiovascular risk factors, no MSK signs, L1 Halfway between T12 (midline inguinal
aneurysm anticoagulants ligament) and L2
Tumour Prior history of malignancy, age > 50, failure to L2 Mid-anterior thigh
improve, weight loss, pain not relieved with rest L3 Medial femoral condyle
Infection Fever, sweating, risk factors including invasive 14 Medial malleolus
medical procedure/injection, illicit drug use, Ls Dorsum of foot
trauma to skin/mucous membrane,
immunosuppression, diabetes, alcoholism S1 Lateral heel
Fracture Severe trauma S2 Popliteal fossa at midline
Stress fracture | Sports involving extension and rotation of the 83 Ischial tuberosity
spine S4-5 Perianal area
Pathologic Prior history of malignancy, osteoporosis,
fracture prolonged uses of corticosteroids . .
Table 9.3 Lumbar region nerve root testing
Grade | Description
0 No muscle contraction
Soft Tissue Palpation 1 Trace contraction that is visible or palpable
This is divided into five clinical zones including midline 2 Full active ROM with gravity eliminated
raphe (includes superior and interspinous ligaments, paraspi- 3 Full active ROM against gravity
nals), iliac crest, posterior superior iliac spine, sciatic area, 4 Full active ROM against gravity with min-mod resistance
anterior abdominal wall and inguinal area. 5 Full active ROM against gravity with max resistance
Root level | Muscle(s) tested Action
L2 Psoas, Iliacus Hip flexion
Range of Motion (ROM) L3 Quadriceps femoris Knee extension
L4 Tibialis Ankle dorsiflexion
ROM is greatest at L5-S1 and movements include flexion, L5 Extensor hallucis longus EHL extension
extension, lateral bending and rotation. (EHL)
Peroneus Longus Ankle Eversion
S1 Hamstrings Ankle plantar flexion

Neurologic Examination

Table 9.4 Muscles and action relative to myotomes

Neurologic examination can be divided into sensation,

motor, .reﬂexes and coordmatpn. . Tested by tapping the tendon with a reflex hammer to elicit muscle
Lesions can be separated into central, spinal nerve root . nuaction

and peripheral nerve lesions. Comparison of sensory deficits  jendrassik manoeuver can be used to optimize the response by

relative to classical dermatome charts (see Table 9.2) and  distracting the patient by asking him/her to interlock flexed fingers

peripheral cutaneous nerve maps can help localize the lesion. ~ Clonus and an upgoing great toe (Babinski’s sign) may be
Muscle strength testing can be used as a tool to grade a indicative of an upper motor neuron disease

specific, symmetric group of muscles (Tables 9.3, 9.4, 9.5,

Reflexes

and 9.6). Table 9.5 Reflexes and grading
Grade Description
. . . . 0 No response
Coordination and Gait Testing P .
1+ Reduced, hypoactive
o . o L 2+ Normal response
Coordination and gait testing is a sensitive indicator for cerebel- 5 Brisk, hyperactive without clonus
lar function (finger to nose, heel to shin) and equilibrium (obser- Hyperactive with clonus

vation of normal gait, heel to toe walk and tandem gait testing).
Gait testing should also include pelvic tilt, motion and drifting.

Special tests include lumbar facet loading (indicative for ~Table 9.6 Reflexes — LS spine

lumbar facet arthropathy), femoral nerve stretch (indicative ~ Nerve root level Reflex
for high lumbar radiculopathy), straight leg raise (tests to L34 Patellar reflex
stretch the spinal cord/sciatic n.), Hoover Test (determine if ~ S1-2 Achilles reflex
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malingering), Gaenslen’s Sign (indicative for SI joint pathol-
ogy) and Patrick/Faber Test (indicative to detect hip pathol-
ogy or SI joint pathology).

Examination of Related Areas

Examination of related areas should include the hip, rectum and
pelvis, as these areas can all refer pain to the lumbar spine.
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Upper Extremity Physical Examination
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Enrique Galang and George C. Chang Chien

Key Concepts

e The evaluation of the upper extremity must begin with a
detailed history, as this is essential in formulating a dif-
ferential diagnosis.

* A thorough understanding of the anatomy of the upper
extremity is required to effectively perform a physical
examination.

* Advanced imaging and electrodiagnostic studies (NCV/
EMG) coupled with a thorough history and physical
examination can assist the clinician in making a
diagnosis.

Introduction

Neck and shoulder pain are common complaints among
the general population. They are the second and third
most common musculoskeletal complaints after back pain
in the primary care setting. Unfortunately, differentiating
between neck and shoulder pain can be a challenging task,
as both share symptoms. Furthermore, symptoms second-
ary to upper extremity compressive neuropathies may add
to the complexity of achieving a clinical diagnosis.
Provocative maneuvers are essential in localizing the site
of pathology. During the history and physical examina-
tion, the clinician must be cognizant of signs or symptoms
that may indicate a more sinister disorder by attending to
red flags. The red flags include fever, unexplained weight
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loss, history of cancer, history of violent trauma, and
upper extremity spasticity. A careful history and physical
examination are essential in the diagnostic evaluation of
the upper extremity (Table 10.1).

Anatomy

A thorough understanding of the anatomy of the upper
extremity is required to effectively perform a physical exam-
ination and is paramount to making the correct clinical diag-
nosis. The joints of the shoulder include the acromioclavicular
joint and glenohumeral joint (GHJ). The glenohumeral joint
is a ball and socket type joint. The main components of the
GH]J are the glenoid fossa and humerus, labrum, glenohu-
meral capsule, glenohumeral ligaments, and dynamic shoul-
der stabilizers (rotator cuff muscles — supraspinatus,
infraspinatus, teres minor, and subscapularis muscles). The
elbow is a complex hinge joint with three joint articulations:
humeroulnar joint, humeroradial joint, and proximal radioul-
nar joint. The ulnar nerve courses through the cubital tunnel
at the elbow and is a common site of pathology for the ulnar
nerve. The wrist is a condyloid joint which contains the
fibro-osseous tunnel known as the carpal tunnel. Within this
tunnel travels the median nerve which is site of the most
common entrapment neuropathy.

Innervation

The brachial plexus is comprised of the fifth, sixth, seventh,
and eighth cervical and the first thoracic nerve roots. A
thorough anatomical understanding of these nerve roots
and how they course the upper extremity is of the utmost
importance. Specifically, the clinician must familiarize
themselves with the anatomical courses of the median,
ulnar, and radial nerves as they are at risk for compression
at multiple locations of the upper extremity.
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Table 10.1 Differential diagnosis of upper extremity pathology

Table 10.2 Muscle strength grading

Differential diagnosis Strength grade Description
Primary neck pathology 0 No movement
Cervical facet arthropathy 1 Trace movement, muscle twitch only
Cervical discogenic pain 2 Full range of motion with gravity eliminated
syndrome 3 Full range of motion Against gravity
Cervical sprain/strain 4 Full range of motion with partial resistance or
Primary shoulder pathology asymmetric to contralateral side
Rotator cuff tendinopathy/tear 5 Full strength (appropriate for age/body build)

Acromioclavicular joint
arthropathy

Neurologic disorders

Cervical myelopathy

Brachial plexopathy

Cervical radiculopathy

Peripheral mononeuropathy

Muscle and connective tissue disorders

Mpyofascial pain syndrome

Fibromyalgia

Non-neuromusculoskeletal
disorders

Pancoast tumor

Ischemic chest pain

Pneumonia

Physical Examination

The basic elements of the physical examination of the upper
extremity include inspection, palpation, range of motion, and
a neuromuscular examination. The use of provocative
maneuvers targeted at suspected sites of pathology can aid
the clinician in determining a diagnosis. With regard to the
neuromuscular examination, the clinician should evaluate
strength, reflexes, and dermatomal patterns. Muscle strength
should be performed in the antigravity position to allow for
detection of minimal weakness (Table 10.2).

The symmetry of muscle reflexes implies normalcy. The
biceps reflex may be absent or diminished in a C6 (or C5)
radiculopathy or a brachial plexopathy. The triceps reflex
may be absent or diminished in a C7 radiculopathy, a bra-
chial plexopathy, or a proximal radial neuropathy. The bra-
chioradialis reflex may be absent or diminished in a C5 or C6
radiculopathy, a brachial plexopathy, or a radial neuropathy
(Table 10.3).

Note: (+) and (—) may be used in some conventions to denote subtle
gradations in strength

Table 10.3 Muscle stretch reflex grading

Reflex grade Description

0 Absent

1+ Diminished

2+ Normal

3+ Increased

4 Sustained clonus

One should also test for abnormal reflexes such as the
Hoffman reflex. A Hoffman reflex is flexion-adduction of
the ipsilateral thumb and index finger with passive snap-
ping flexion of the distal phalanx of the middle finger. It is
imperative that the clinician understands the motor and
sensory points of the upper extremity (Fig. 10.1). In addi-
tion to assessing the motor and sensory function of the
upper extremity, the clinician can also use provocative
maneuvers to further narrow their differential diagnosis
(Table 10.4).

Imaging Studies

Imaging studies in combination with the history and physical
examination can further help the clinician decipher the diag-
nosis for the patient. X-ray imaging can assist in the diagno-
sis of cervical facet arthropathy and shoulder osteoarthritis.
Magnetic resonance imaging can help the clinician delineate
between a cervical radiculopathy/myelopathy and a cervical
muscle strain/sprain. For rotator cuff pathology, magnetic
resonance imaging and musculoskeletal ultrasound share
comparable sensitivity and specificity.
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Key muscles

[ ] Elbow flexors

Wrist extensors
Elbow extensors

[ | Finger flexors (distal phalanx of middle finger)

Finger abductors (little finger)

0 = total paralysis

1 = palpable or visible contraction

2 = active movement,
gravity eliminated

3 = active movement,
against gravity

4 = active movement,
against some resistance

5 = active movement,
against full resistance

NT = not testable

Hip flexors
Knee extensors

|| Ankle dorsiflexors

Long toe extensors

: Ankle plantar flexors

l:l Voluntary and contraction (Yes/N

ASIA
STANDARD NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY

SENSORY
POINTS

Light
touch
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o) S45[ |

Pin
prick
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KEY SENSORY

0 = absent
1 = impaired
2 =normal

NT = not testable

[ ] Any anal sensation (Yes/No)

TOTALS g = [_]Pin prick score (max: 112)
TotaLs[ J+[ = I:l MOTOR SCORE { + = :l Light touch score (max: 112)
(Maximum) (50) (50) (100) (Maximum) (56) (56)  (56) (54)
NEUROLOGICAL R L COMPLETE OR INCOMPLETE? ] ZONE OF PARTIAL R L
LEVEL SENSORY [ ][] Incomplete = Any sensory or motor function in s4-s5 PRESERVATION SENSORY [ [
The most caudal segment Caudal extent of partially
with normal function motor [_JL_J ASIA IMPAIRMENT SCALE ) innervated segments MOTOR [

Fig.10.1 Myotomes and dermatomes of the upper extremity
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Table 10.4 Upper extremity physical examination maneuvers

Examination
name

Description

Cervical radiculopathy

Neck
compression
test

Passive lateral flexion, extension, and compression
of the head. A positive test reproduces ipsilateral
radicular symptoms distal from the neck

Supraspinatus tear

Empty can
test

With the arm at 90° of abduction, neutral rotation,
and 30° of internal rotation; resisted shoulder
extension is performed. A positive test is pain and
weakness

Subacromial impingement/rotator cuff tendinopathy

Hawkin’s test

Forward elevation of the affected shoulder to 90°
and then terminally internally rotating the
shoulder. Presence of pain is a positive test

Neer test

Passive forward flexion of the arm. Presence of
anterior shoulder pain with terminal forward
elevation is a positive test

Acromioclavicular arthropathy

Apley scarf
test

Passive adduction of the arm across the midline
attempting to approximate the elbow to the
contralateral shoulder. Presence of pain at the AC
joint is a positive test

Carpal tunnel syndrome

Carpal
compression
test

Gentle but firm, sustained pressure to the median
nerve of each hand simultaneously. The
reproduction of pain or paresthesias of the
symptomatic hand is a positive test

Additional Studies

Electromyography/nerve conduction studies (EMG/NCS):
NCS assess the ability of the peripheral nerve to conduct
electrical impulses. Needle EMG assesses nerve and muscle
function. EMG/NCS may help the clinician elucidate and
localize the neurological lesion.
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Key Concepts

e The evaluation of the lower extremity must begin with a
detailed history, as this is essential in formulating a dif-
ferential diagnosis.

* A thorough understanding of the anatomy of the lower
extremity is required to effectively perform a physical
examination.

* Advanced imaging and electrodiagnostic studies (NCV/
EMG) coupled with a thorough history and physical exam-
ination can assist the clinician in making a diagnosis.

Introduction

Low back pain is the most common musculoskeletal com-
plaint in the primary care setting. The ability to perform a
thorough history and comprehensive physical examination is
key to making a diagnosis and initiating a successful treat-
ment plan. Unfortunately, lower extremity pain is often con-
founded by radiculopathic pain originating from the lumbar
spine. Determining the source of the pain can be challenging
as multifactorial causes from both the lower extremity and
lumbar spine play a role. Furthermore, pathologies of the
hip, knee, foot, and ankle add to the complexity of achieving
a clinical diagnosis, as these joints are essential in the func-
tional movement and stability of the lower extremity.
Provocative maneuvers are useful in localizing painful
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lesions. During the history and physical examination, the cli-
nician must be cognizant of signs or symptoms that may
indicate a more sinister disorder by attending to red flags.
The red flags include fever, unexplained weight loss, history
of cancer, history of violent trauma, and lower extremity
spasticity (Table 11.1).

Anatomy

An intimate understanding of the anatomy is key in perform-
ing an efficient and thorough physical examination. This
understanding, moreover, allows the clinician to thought-
fully take into account the kinetic movements of the lower
extremity as they relate to the patient’s chief complaint.

The joints of the pelvis and hip include the bilateral sac-
roiliac (SI) joints, the pubic symphysis, and the femoroac-
etabular (hip) joints. The femoroacetabular joint is the most
mobile joint in the pelvis. Because of this mobility, hip
joint pathology is often manifested during weight bearing
and ambulation. There are multiple trochanteric bursas pro-
viding cushioning over the greater trochanter. These bursas
often become inflamed and are a frequent source of lateral
hip pain. The knee joint is a hinge joint, which connects the
femur superiorly to the tibia and fibula inferiorly. Because
the knee joint is the largest joint in the body, the joint is
susceptible to injury. Multiple ligaments of the knee include
the anterior cruciate ligament, posterior cruciate ligament,
medial collateral ligament, and lateral collateral ligament.
These ligaments provide anterior/posterior and valgus/
varus stability. The two menisci of the knee are crescent-
shaped fibrocartilaginous tissue located medially and later-
ally. The ankle mortise is compromised of the medial
malleolus, the lateral malleolus, and the talus. The lateral
malleolus extends more distally then its medial counter-
part, therefore making it very important in ankle stabiliza-
tion. The ankle and foot have multiple joints including
talocrural, subtalar, and inferior tibiofibular joints.
The main ligaments that provide support are the anterior
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Table 11.1 Differential diagnosis of lower extremity pathology

Table 11.2 Muscle strength grading

Differential diagnosis Strength grade Description
Primary hip pathology Sacroiliitis 0 No movement
Femoroacetabular arthritis 1 Trace movement, muscle twitch only
Femoroacetabular 2 Full range of motion with gravity eliminated
impingement 3 Full range of motion
Gluteus medius bursitis Against gravity
Piriformis syndrome 4 Full range of motion with partial resistance or
Primary leg and foot pathology Knee joint arthritis asymmetric to contralateral side
ACL/PCL Tears 5 Full strength (appropriate for age/body build)

Knee bursitis

Achilles tendinopathy
Plantar fasciitis Table 11.3 Muscle stretch reflex grading
Neurologic disorders Lumbar plexopathy\ Reflex grade Description
Lumbar radiculopathy 0 Absent
Peripheral mononeuropathy 1+ Diminished
Neurogenic claudication 2+ Normal
Muscle and connective tissue Myofascial pain syndrome 3+ Increased
disorders Fibromyalgia 4 Sustained clonus

Non-neuromusculoskeletal Disorders | Peripheral vascular disease

Gout

talofibular, posterior talofibular, and calcaneofibular and
deltoid ligaments. The anterior talofibular ligament is the
primary lateral ankle ligament stabilizer and is also the
most commonly injured ligament of the ankle.

Innervation

The innervation of the pelvis and lower extremity are derived
from the lumbosacral plexus. A thorough anatomical under-
standing of these nerve roots and how they course the lower
extremity is important. Specifically, the clinician must famil-
iarize themselves with courses of the sciatic, common pero-
neal, tibial, and obturator nerves as they are often culprits of
lower extremity neuromuscular pathology. The clinician
should also be familiar with the lateral femoral cutaneous
nerve, which provides sensation to the anterior/lateral aspect
of the thigh, and pathology to this nerve may result in
paresthesias.

Hip Physical Examination Maneuvers

The examination of the pelvic/hip should include observa-
tion for hip symmetry. Palpation of the SI and hip joints may
help localize the pathology. An evaluation for full range of
motion includes hip flexion, extension, abduction, adduc-
tion, and internal/external rotation. Refer to Table 11.4 for
interpretation of motor strength.

Knee Physical Examination Maneuvers

The examination of the knee should include inspection of
symmetry paying attention to any valgus or varus deformities.
Next, palpation of the joint and surrounding tissue may reveal
tenderness and effusion (Table 11.5). Evaluation for full range
of motion at the joint includes knee flexion and extension. An
abnormal reflex at the patellar tendon may be indicative of an
L4 radiculopathy (see Fig. 10.1). Refer to Tables 11.2 and 11.3
for an interpretation of motor strength and reflexes.

Physical Examination

A comprehensive physical examination begins with close
observation of the patient’s posture and gait. This is followed
by inspection of the lower limbs for signs of inflammation,
infection, and anatomical discrepancies (length, alignment,
and asymmetry). Neuromuscular testing follows palpation of
the hip, knee, and ankle joints. Pain and tenderness along a
dermatomal distribution should be noted (refer to Fig. 10.1).
Quantification of the clinical motor strength and reflexes are
provided in Tables 11.2 and 11.3.

Foot and Ankle Physical Examination
Maneuvers

First the patient should be evaluated standing, and one must
note any abnormality in stance. The arch should also be
examined for pes planus or pes cavus. Palpation along all
aspects of the foot can reveal common pathologies such as
Achilles tendinopathy and plantar fasciitis. An evaluation for
full range of motion includes foot inversion/eversion, plantar
flexion, and dorsiflexion. An abnormal Achilles tendon
reflex can be an indicative of a S1 neuropathy (Table 11.6).
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Table 11.4 Interpretation of motor strength

Examination name Description

Femoroacetabular Arthropathy

Hip Scour Test Patient in supine position with the knee and hip flexed. Apply a downward pressure at the knee along the shaft of
the femur to the hip joint. With the hip adducted, rotate the hip alternatively in the internal and external direction.
Presence of pain at the hip joint is a positive test

Sacroiliac arthropathy

FABER test Patient in supine position with one foot crossed over the opposite thigh in a figure four position with the leg in
external rotation. With one hand stabilizing the opposite ASIS, apply gentle pressure on the medial aspect of the
flexed knee. Presence of pain at the SI joint is a positive test

Piriformis syndrome

FAIR test Patient in a sitting position with 90° flexion of the hip and knee. Provide resistance at the lateral side of the knee
while the patient abduct at the hip joint. Presence of pain in the piriformis muscle is a positive test

Table 11.5 Knee physical examination maneuvers

Examination name Description

Medial capsule/medial collateral ligament tear

Valgus stress test With the knee extended, place one hand as pivot against the knee while using the other hand to push against
the foot in the opposite direction in a valgus maneuver. Positive test is pain and laxity

Lateral capsule/lateral collateral ligament tear

Varus stress test With the knee extended, place one hand as pivot against the knee while using the other hand to push against
the foot in the opposite direction in a varus maneuver. Positive test is pain and laxity

Anterior cruciate ligament tear

Anterior drawer test The patient is in supine position with hips flexed to 45° and knee flexed to 90°. The examiner should grasp
the knee with both hands with thumbs resting along the joint line and index fingers on the hamstring tendons.
The tibia is then drawn anteriorly. Positive test is pain and laxity

Posterior cruciate ligament tear

Posterior Drawer Test The patient is in supine position with hips flexed to 45° and knee flexed to 90°. The examiner should grasp
the knee with both hands with thumbs resting along the joint line and index fingers on the hamstring tendons.
The tibia is then pushed posteriorly. Positive test is pain and laxity

Meniscus tear

McMurray test The patient is in supine position with knee completely flexed. Provide external rotation while extending the
knee. Repeat with internal rotation while extending the knee. Positive test is pain and clicking from the joint

Table 11.6 Foot and ankle physical examination maneuvers

Examination name ‘ Description

Anterior talofibular ligament tear

Anterior drawer test ‘ Stabilize the leg with one hand and pull the heel forward with the opposite hand. Positive test is pain and laxity

Calcaneofibular and anterior talofibular ligament tear

Talar tilt test ‘ Stabilize the leg with one hand and invert the foot with the opposite hand. Positive test is pain and laxity

Achilles tendon tear

Thompson test The patient is in prone position with knees flexed 90°. Squeeze the calf to induce passive plantar flexion of the
foot. Positive test is absence of foot plantar flexion

High ankle sprain

Squeeze test Gently squeeze the tibia and fibular together. Positive test is pain in the high ankle
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Imaging Studies

Imaging studies in combination with the history and physical
examination can further help the clinician decipher the diag-
nosis for the patient. X-ray imaging can assist in the diagno-
sis of lumbar facet arthropathy, hip osteoarthritis, and knee
osteoarthritis. Magnetic resonance imaging can help the cli-
nician delineate between a lumbar radiculopathy/myelopa-
thy versus a lumbar muscle strain/sprain. Musculoskeletal
ultrasound can be used as an adjunct imaging modality to
assess for tendinopathy and bursitis.

Additional Studies

Electromyography/nerve conduction studies (EMG/NCSs):
NCSs assess the ability of the peripheral nerve to conduct
electrical impulses. Needle EMG assesses nerve and muscle

function. EMG/NCSs may help the clinician elucidate and
localize the neurological lesion.
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History and Physical Examination

for Neuropathy

Reda Tolba

Key Concepts

e Thorough history taking is an essential first step for
identifying the etiology and obtaining a proper diagnosis
and treatment of peripheral neuropathic conditions.

* Physical examination, including a focused neurological
examination, follows history taking and could help the
clinician to identify the severity of the condition.

* Electrodiagnostic studies like electromyography (EMG)
and nerve conduction studies can serve as tool to confirm
the nature and degree of pathology.

History and Pain Assessment

Detailed history is obtained from the patients suffering from
neuropathy. Neuropathic pain is usually characterized by
being spontaneous, burning, shooting, and lancinating. It can
be associated with paresthesia, frequently described as “pins
and needles.” The patients could describe other abnormal
sensations such as hyperalgesia, allodynia, hyperpathia, and
dysesthesia. The patient is asked about the onset of pain,
duration of the pain, character of the pain, precipitating fac-
tors, relieving factors, and intensity of the pain. Asking about
the presence of any red flags such as significant motor or
sensory deficits, urine or bowel incontinence, fever, and
night sweats is essential to rule out any emergent condition
that requires immediate attention and intervention.

Ask about previous treatment tried including oral and
topical medications, physical therapy, chiropractor treat-
ment, and interventional pain procedures. Ask about medica-
tion dose, frequency, side effects, and tolerance.

Patient is asked about various conditions that could lead to
peripheral neuropathies. Metabolic causes, most importantly
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diabetes mellitus (DM), will be on top of the list. Pain associated
with diabetic neuropathy is usually worse at night time. Patient
is asked about how long he has been having DM and how well
controlled is his condition. Labs should be reviewed including
HbAI1C. Thyroid functions should be reviewed to rule out
hypothyroidism. History of cancer (multiple myeloma) or
treatment with chemotherapy is asked. Toxic causes like che-
motherapy-induced neuropathy are not uncommon (such as
isoniazid, cisplatin, and others). A history of alcohol abuse is
asked. Infectious causes like HIV or Guillain-Barré syndrome
can lead to painful neuropathy. Nutritional causes such as beri-
beri (thiamine deficiency) or pellagra (niacin deficiency)
should be ruled out and promptly treated. Peripheral neuropa-
thy could be idiopathic with no identifiable cause.

Distribution and location of the painNeuropathy:history
and pain assessment, whether it involves all limbs (polyneu-
ropathy) or rather one limb (mononeuropathy). Entrapment
neuropathies follow a specific nerve distribution when these
nerves are vulnerable to compression in certain anatomical
locations. Common examples are carpal tunnel syndrome,
ulnar neuropathy, and thoracic outlet syndrome. EMG can
help confirm the diagnosis of such conditions.

Review of other systems should be performed. Associated
comorbidities are not uncommon with patients with diabetic
neuropathy. It is important to keep that in mind and coor-
dinate care with the patient’s primary care physician to
optimize his health and treat comorbid conditions. Dose
adjustment for instance is important in diabetic patients with
renal insufficiency.

Physical Examination

Focused and detailed neurological examination should be
performed for patients with neuropathy. This should include
complete sensory and motor evaluation.

Sensory evaluation includes light touch, pressure, tem-
perature, vibration, and proprioception, particularly in your
feet and legs. This can be done by several methods. To test
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temperature, ice or cold tuning fork can be used and held to
the patient’s leg. To test light touch and pressure, a cotton
swab or thin plastic fiber can be applied by touching the end
of the toe. A vibrating tuning fork can be used to test the
sense of vibration. Simply applying light touch such as rub-
bing to the affected extremity can test for allodynia (pain
produced by non-noxious stimuli). Single pinprick test can
test for integrity of the sensations and rule out sensory defi-
cit or some abnormal sensations such as hyperalgesia
(increase response to a stimulus that is normally painful).
Repeated pinprick testing can elicit a phenomenon called
“summation” (pain growing more intense with subsequent
stimulation).

Complete motor examination including muscle tone, deep
tendon reflexes, and muscle strength should be performed.
Although motor exam can be normal in many patients with
polyneuropathy, abnormalities should be detected.

Complete examination including general, heart, lung,
musculoskeletal, abdomen, skin, and other systems should
be performed. Inspection of the legs and feet for diabetic
ulcers, skin blisters, and joint deformities can be seen
in patients with diabetic neuropathy. Decreased or absent
peripheral pulses can be seen in diabetic patients due to asso-
ciated peripheral vascular disease.

Important Tests

Electromyography (EMG) and nerve conduction studies can be
used for confirmation of the type of neuropathy (axonal or
demyelinating). It can also detect the severity of the pathology
and the site of the pathology whether it is proximal or distal.
Those studies can be specifically useful for ambiguous cases,
when it is difficult to localize the source of the neuropathic
pain. EMG and NVC only detect large fiber neuropathy and
cannot detect small fiber neuropathy. Small fiber neuropathy is
considered a diagnosis of exclusion. It usually presents with
painful neuropathic pain in the feet in older patients. When
EMG is WNL, other tests can be used to confirm small fiber
neuropathy such as skin biopsy or quantitative sensory testing.
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Key Concepts

* Patients typically present with diffuse symmetric joint or
muscle pain.

e Look for systemic manifestations, which may occur in
many different organ systems, including the skin, heart,
lungs, liver, kidneys, and eyes.

* Morning stiffness is a common finding in systemic rheu-
matologic disorders.

e In addition to a thorough musculoskeletal examination, a
directed examination of other involved organ system
should be carried out.

Introduction

Systemic rheumatologic disorders are a diverse group of dis-
orders that typically cause chronic pain and inflammation of
joints and muscles. They may include other systemic mani-
festations that can affect almost any organ system. Many of
the systemic rheumatologic disorders are due to an autoim-
mune process. Patients with systemic rheumatologic disor-
ders often present with a complex clinical picture, making
their diagnosis difficult. One of the most useful tools at
a physician’s disposal is a thorough history and physical
examination, which oftentimes alone can lead to a correct
diagnosis.
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History

It is imperative to take a thorough history. One should focus on
the location of pain, duration, quality of the pain, exacerbating/
relieving factors, presence of morning stiffness, and any underly-
ing family history. A thorough history and review of systems to
determine extra-articular manifestations will be helpful in deter-
mining the possibility of a systemic rheumatologic disorder.

Physical Examination

A thorough physical examination should utilize all the exami-
nation skills discussed in the previous chapters. Due to the
diffuse and variable organ involvement of the systemic rheu-
matologic disorders, the clinician should not only employ a
thorough musculoskeletal examination but should be atten-
tive to examine other organ systems that may be involved.

Some of the most common systemic rheumatologic disor-
ders are presented in Table 13.1 with their typical presenting
history and physical examination findings.
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Table 13.1 Some of the most common systemic rheumatologic disorders with their typical presenting history and physical examination

findings

Rheumatologic disorder

History

Physical examination

Ankylosing spondylitis

Typically presents in the third decade of life
Men are three times more likely to be affected
Pain in the axial spine and sacroiliac joints
Associated with uveitis

Tenderness to palpation axial spine, sacroiliac joints, iliac
crests, trochanteric bursas

Lumbar lordosis and thoracic kyphosis as disease
progresses with loss of spinal mobility

Photophobia, decreased visual acuity

Polymyalgia rheumatica

Typically presents after the age of 50

Women are twice as likely to be affected
Patients present with polyarthralgias and pain
involving the shoulders, neck, and hip
Patients typically complain of fatigues and
generalized weakness

Shoulder and hip stiffness
Synovitis and bursitis of peripheral joints
Decreased range of motion of the shoulders, neck, and hips

Polymyositis

Typically presents between the age of 40-60
‘Women are twice as likely to be affected
Inflammation of muscles leading to muscle
degeneration and atrophy

Cutaneous manifestations common

High correlation with underlying malignancy
Proximal muscles affected initially followed by
the distal muscle groups

Profound muscle weakness on examination

Patients may demonstrate difficulty rising from sitting
position or raising arms above head

Periorbital heliotrope rash is pathognomonic

Small muscles of the hands and feet are typically spared

Rheumatoid arthritis

Typically presents between the age of 30-50
Women are two to three times more likely to be
affected

Symmetric involvement of three or more joints,
typically PIP, MCP, MTP, wrist, ankles, or knees
Extra-articular manifestations include rheumatoid
nodules, ocular involvement, vasculitis, and
pericarditis

Tenosynovitis and joint effusions are a characteristic
finding leading to joint destruction
Swan neck deformity

Scleroderma

Typically presents between the age of 30-50
Women are four times more likely to be affected
Polyarthritis, diffuse skin fibrosis, vascular damage
Extra-articular manifestations may affect the
esophagus, GI tract, kidneys, lungs, and heart

Polyarthralgias

Sclerodactyly

Raynaud’s phenomenon
Dysphagia

Shiny and atrophic looking skin
Patients may have masklike facies
Ulcerations of affected skin

Systemic lupus
Erythematosus

90% affected are women

More common in African Americans and Asians
Diffuse polyarthritis

Variable presentation that can affect many different
organ systems

Polyarthritis but typically less destructive compared to
rheumatoid arthritis

Butterfly rash

Extra-articular manifestations can affect the heart, lungs,
liver, or kidneys




Part IV

Evaluation and Assessment:
IV.Imaging and EMG/NCV



Indications/Interpretation for Advanced
Imaging: MRI and CT

Nomen Azeem

Key Points

e Magnetic resonance imaging (MRI) uses a magnet to
form a strong magnetic field around the area to be imaged.

* MRI is the preferred diagnostic imaging technique for
persistent axial spine pain with radicular symptoms if
they are potential candidates for surgery or epidural ste-
roid injection.

e The presence of some types of metal in your body is a
contraindication for MRI scan as it may be a safety
hazard.

* Computed axial tomography (CT) scan uses x-rays at dif-
ferent angles to generate cross-sectional images of struc-
tures in the body based on their ability to block the x-ray
beam.

e Computed axial tomography (CT) imaging for the spine
may be preferred for bony abnormalities as well as in
those patients that cannot tolerate MRI or have a contra-
indication for MRI scan.

* Poor correlation between magnitude of pain symptoms
and morphologic changes seen on spinal imaging.

Introduction

Magnetic resonance imaging was invented by Paul
C. Lauterbur of the University of Illinois Urbana-Champaign
in September 1971 who published the theory behind it in
March 1973. In 2003 Lauterbur along with Sir Peter
Mansfield of the University of Nottingham was awarded a
Nobel Prize in physiology or medicine for “discoveries con-
cerning magnetic resonance imaging.” Most of the early
research that involved MRI revolved around the detection of
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cancerous tissue. In 1980, the first MRI scanner was built by
professor John Mallard at the University of Aberdeen which
obtained the first clinically useful image of a patient’s inter-
nal tissues using magnetic resonance imaging (MRI), which
identified a primary tumor in the patient’s chest, an abnormal
liver, and secondary cancer in his bones. An MRI scanner
uses a magnet to form a strong magnetic field around the area
to be imaged. Hydrogen atoms in tissues containing water
molecules are used to create a signal that is processed to
form an image of the body. When you lie inside an MRI
machine, the magnetic field temporarily realigns hydrogen
atoms in your body, which then emit radio waves, which are
measured by a receiver coil that is used to create MRI
images. In time the use of MRI has spread beyond detection
of tumors and now can help assess a multitude of medical
pathologies and disease processes.

Determining the cause of back pain, with or without
radicular symptoms, is undertaken by incorporating a good
history and physical examination, provocative testing, and
diagnostic imaging. Per guidelines established by the
American College of Physicians and American Pain Society,
it is recommended that diagnostic imaging be reserved for
patients with low back pain that present with serious or pro-
gressive neurologic deficits. The most common diagnostic
imaging modalities for assessment of spinal pathology are
MRI and CT scan.

Magnetic resonance imaging (MRI) is the preferred diag-
nostic imaging technique for persistent axial spine pain with
radicular symptoms if they are potential candidates for sur-
gery or epidural steroid injection. The high resolution of
MRI for soft tissues allows elucidation of the morphology
and potential pathology of the intervertebral disc, the nerve
roots, the central spinal canal, neural foramina, and facet
joints without radiation exposure. Image contrast is weighted
in two categories, T1-weighted images and T2-weighted
images. In T1-weighted images, fatty tissue appears lighter
which allows for greater anatomic visualization and the
appreciation of mass effect on adjacent structures. In
T2-weighted images, fluid appears lighter which allows
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Table 14.1 MRI findings of common spinal pathologies

Spinal pathology

T1 weighted

T2 weighted

T1 contrast +

Annular tear

High intensity zone in annulus

Focally enhancing liner nidus
in posterior disc margin

Facet arthropathy

Hyperintense fluid in facet joint

Enhancing inflammatory soft
tissue changes surrounding
facet joint

Spinal metastasis

Focal hyperintensity (intramedullary,
extramedullary, intradural, or
extradural)

Focal enhancing lesion(s)
within spinal canal

Degenerative disc disease

Hypointensity within NP of dis,
decreased disc height, appreciation
of potential disc bulge vs. focal
herniation vs. extrusion

Possible linear enhancement
within disc, enhancement
within Schmorl nodes

Discitis Hypointensity of the disc and Hyperintensity of disc Enhancement of disc, adjacent
potential destruction of the vertebral vertebrae, paravertebral soft
endplate tissue, epidural abscess

Osteomyelitis Hypointensity within the two Hyperintensity within vertebral Enhancement of vertebral
contiguous vertebral bodies bodies 2/2 associated edema body

Arachnoiditis Hypointensity surrounding spinal

nerves

Epidural scarring

Hypointensity in proximity to
previous surgical site

Spondylolysis Hyperintensity in region of pars

interarticularis
Myelopathy Intramedullary hyperintensity Variable depending on etiology
Modic type I Hypointensity along end plate Hyperintensity along end plate May show prominent

enhancement along end plate

Modic type 11 Hyperintensity along end plate Hyperintensity or isointensity
Modic type IIT Hypointensity along end plate Hypointensity along end plate
Spondylolisthesis Anterior or posterior shifting of one | Anterior or posterior shifting of one

vertebral body appreciated relative
to adjacent vertebral body

vertebral body appreciated relative to
adjacent vertebral body

Spinal stenosis

Decreased AP diameter 2/2 disc
encroachment, ligamentum flavum

Decreased AP diameter 2/2 disc
encroachment, ligamentum flavum

Enhancing and crowded nerve
roots

hypertrophy, facet joint hypertrophy

hypertrophy, facet joint hypertrophy

greater appreciation of disease processes including degenerative
changes of intervertebral discs, inflammation, infection, and
neoplasm. Van Goethem et al. stress the importance of MRI
in patients following lumbar discectomy and intervertebral
fusion in achieving the most beneficial and timely outcome
in patients with failed back surgery syndrome. Gadolinium,
a non-nephrotoxic contrast agent, can be used to enhance
visualization and help identify structures with increased
vascularity on T1-weighted images. Spinal MRI images are
presented in three orientations, sagittal, axial, and coronal
views, which allow for a three-dimensional interpretation of
spinal pathology. Further having the ability to compare and
contrast T1- and T2-weighted images allows the visualiza-
tion of most spinal pathology (Table 14.1).

The presence of some types of metal in your body is a
contraindication for MRI scan as it may be a safety hazard.
This includes artificial heart valves, brain aneurysm clips,
heart defibrillator or pacemaker, inner ear (cochlear)
implants, older metallic artificial joints, metallic vascular

stents, spinal cord stimulator, metallic foreign bodies in the
orbits, or metallic surgical hardware including rods, plates,
screws, pins, staples, and wiring. There are some metallic
implants used for spinal fusion surgery that are no longer a
contraindication for MRI. Generally an MRI scan is con-
ducted with the patient lying supine within a closed bore
magnet which can cause patient anxiety and claustrophobia
leading to movement during the exam or aborting the exam
altogether. Although there are now magnets, which allow for
upright, sitting, or standing spine imaging to ease feelings of
anxiety, the resolution leaves much to be desired.

Although a sensitive imaging test, MRI may not be very
specific in determining the cause of back pain. There is a
poor correlation between magnitude of pain symptoms and
morphologic changes seen on MRI scan. Boden demon-
strated that one-third of 67 asymptomatic patients were
found to have a substantial abnormality on MRI of the
lumbar spine. Per a publication by Jarvik JG and Deyo RA,
high intensity zones representing annular disc tears are
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equivocal due to the high prevalence of these zones in
asymptomatic patients, and further disc bulges and protru-
sions are common in asymptomatic persons. It is thus vital to
correlate clinical findings with imaging in order to appropri-
ately determine the source of pain. Further with the emphasis
on cost control in medicine, it is important to limit the utili-
zation of MRI to those patients that will most likely benefit
long term from this diagnostic imaging modality.

In 1974, Robert Ledley, a professor of physiology, bio-
physics, and radiology at Georgetown University School of
Medicine, is known to have developed, what we know today
as, the computed axial tomography scanner. Computed axial
tomography scan also known as CAT scan or CT scan is a
type of imaging that uses x-rays at different angles to gener-
ate cross-sectional images of structures in the body based on
their ability to block the x-ray beam.

CT images of the spine can be obtained in the axial, sag-
ittal, and coronal planes. A CT scan of the spine can be
useful to appreciate the alignment of the spine, herniated
discs, central canal, and foraminal stenosis. A CT scan may
be preferred over MRI for evaluation of fractures of the
posterior elements, ossification spinal ligaments, or in post-
surgical patients with hardware for better visualization
without artifact. A CT scan is also an excellent option for
patients in which MRI is contraindicated or those that can-
not tolerate the MRI exam (i.e., claustrophobia). A study by
Thornbury and colleagues compared CT with MRI for her-
niated discs by establishing an expert panel to review all
initial radiographic and clinical data and 6-month follow-
up data that served as a reference standard. It revealed CT
had a sensitivity of up to 94% and specificity up to 64%,
which was similar to that of MRI. CT can accurately depict

the foraminal and extraforaminal nerve root because sur-
rounding fat provides natural contrast that allows for direct
visualization of nerve root displacement or compression.
Although the cost of CT is favorable when compared to
MRI, there should be consideration of radiation exposure
during a CT scan. As with MRI, abnormalities found with
CT may be found in normal, asymptomatic persons and
may result in unnecessary procedures or surgery; thus, CT
of the spine should only be used alongside a strong history
and physical exam.
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Key Concepts

e Electrodiagnostic testing is an extension of the physical
exam and is dynamic, assessing the real-time function of
nerves and muscles.

* Electrodiagnostic testing can help diagnose multiple
treatable causes of acute and chronic pain.

» Electrodiagnostic testing requires a patient who is able to
both tolerate a moderate level of pain and recruit their
musculature under painful conditions.

e Electrodiagnostic testing is an operator-dependent test.

Introduction

Electrodiagnostic testing (EDX) is used to answer questions
regarding the physiologic status of nerves and muscles, as
well as to help localize pathology and provide prognostic
information about that pathology. EDX typically refers to
two types of testing, nerve conduction velocity (NCV) stud-
ies and electromyographic (EMG) studies, though, colloqui-
ally, “EMG” is often used to refer to both of these studies.
NCV bypasses the normal activation of sensory and motor
nerves by using an externally applied burst of current to acti-
vate a peripheral nerve. This burst then propagates through-
out the nerve and is detected by an electrode applied at
specific distance, which allows the measurement of latency,
the amplitude, and the calculation of velocity. The sensory
response is recorded as the sensory nerve action potential
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(SNAP) and the motor response as the compound muscle
action potential (CMAP).This information is a sensitive indi-
cator of axonal injury (e.g., abnormally low action potential
amplitude), as well as the integrity of nerve myelination
(e.g., abnormally reduced conduction velocity). By stimulat-
ing the nerve at different sites, a trained practitioner can
localize the site of injury to a peripheral nerve. Common
pathologies identified by NCS include an array of neuropa-
thies, ranging from entrapment neuropathies to peripheral
neuropathies (Chart 1). The particular pattern of NCS
findings can also help identify the specific site of injury in
mononeuropathies, plexopathies, and radiculopathies. One
important caveat is that NCV only tests relatively large-
diameter nerves (Ia) and does not provide information about
smaller fibers (IIb, II, III) and thus cannot help diagnose
small fiber neuropathies.

In contrast to NCV, EMG does not involve passing elec-
trical current, but rather “listens” to muscle activity by way
of passing a thin needle electrode into specific muscles in
order to assess the response of motor units within these mus-
cles in different stages of activity: rest, minimal contraction,
and maximal activity. Abnormal activity as a result of pathol-
ogy can result in characteristic changes to these stages in
specific ways. At rest, motor units should be quiet, and so the
presence of any activity is abnormal and indicates damaged
muscle tissue. Abnormal resting activity includes positive
waves, fibrillation potentials, complex repetitive discharges,
myokymia, etc. After assessment of resting activity, volun-
tary activation is induced, with the examiner assessing the
quality and quantity of both individual and aggregate motor
unit action potentials (MUAPs). Characteristics of individual
MUAPs that are noted include amplitude, frequency, and
waveform complexity. Increased amplitudes and complex
waveforms can reflect complex reinnervation of formerly
denervated muscles, with the particular amplitude and mor-
phology findings also lending information about the time
course of the process in question. When activating muscles,
individual muscle fibers fire in a progressive and sequential
pattern. Changes in recruitment patterns can help identify
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Table 15.1 Common entrapment neuropathies

Affected nerve Clinical presentation

Site of lesion

Median nerve
“Carpal tunnel syndrome”

Dysesthesia in digits 1 and 2 and radial 1/2 of 3
Weakness in median-innervated hand muscles
Atrophy of median-innervated muscles in severe cases

Carpal tunnel in the wrist
Other entrapment sites:
Ligament of Struthers
Pronator teres

Ulnar nerve
“Cubital tunnel syndrome”

Dysesthesia in digits 4 and 5

Weakness in ulnar-innervated hand muscles
Atrophy of ulnar-innervated muscles in severe cases

Proximal: ulnar groove in the elbow
Other entrapment sites:
Guyon’s canal in the wrist

Peroneal nerve

Dysesthesia along lateral foreleg and dorsum of the foot
Weakness of foot dorsiflexion, “foot drop”
Atrophy of common peroneal-innervated muscles in severe cases

Deep to the peroneal longus muscles at
the fibular head

Cervical or lumbosacral
radiculopathy

Radicular pain in a sclerodermal or dermatomal distribution.
Myotomal weakness corresponding to the affected nerve roots

Impinged nerve root in the epidural or
neuroforaminal space

injury and inform prognosis. However, characterizing
recruitment patterns is a complex skill and can also require a
certain minimum level of technical equipment.

A good EDX report will include a history and physical
that sets the stage for interpretation of the EDX data. In addi-
tion to data and waveforms enumerating NCV values and
EMG findings, there should be a summary statement that
presents especially salient findings to be used in the overall
interpretation, with disclaimers denoting any abnormalities
or technical issues that may limit or influence the data that
was gathered. This report is not used to make the diagnosis
in and of itself, but rather to support a diagnosis that the cli-
nician should already be considering.

Patient Selection

One unique property of EDX that is both an advantage and
disadvantage is that it is a dynamic and functional test. Thus,
it requires a patient who can actively participate in the diag-
nostic test by activating muscles when asked. With regard to
timing, the typical recommendations for obtaining EDX are to
check after the acute period of injury due to the idea that
changes in membrane stability and innervation take weeks to
months to manifest. However, there are findings that manifest
acutely following complete nerve transection, including loss
of motor recruitment, decrease in motor nerve amplitude, and
decreases in sensory nerve amplitude. Furthermore, testing in
the acute period may be pursued to assess for preexisting
pathology that may complicate the diagnostic picture.

Best Practices

Electrodiagnostic studies can be performed by a number of
practitioners, but as they are an operator-dependent test,
studies are best performed by a physician board certified
in electrodiagnostic medicine by the American Board of
Electrodiagnostics or the American Board of Neurology.
Subtle pathology can be easily missed, and spurious

abnormal values may be overcalled as pathologic by
practitioners who are inexperienced. Furthermore, lack of
good clinical history and physical exam skills can lead to a
suboptimally designed EDX study that is not powered to
detect pathology; the testing needed to rule out carpal tunnel
syndrome is different from that need to rule out a C8-T1 cer-
vical radiculopathy or a brachial plexopathy. In patients who
suffer from acute or chronic pain, designing an optimal study
that addresses the most likely etiologies of the patients’ com-
plaint is especially crucial (Table 15.1).

When interpreting EDX, it is crucial to keep in mind that
the normal values used for NCV are often lab specific and
determined empirically from a particular population of nor-
mal subjects. There are numerous technical confounds that
can throw EDX results into questions including ambient and
body temperature, body habitus, and electrical interference.

Conclusion

Electrodiagnostic studies are an extension of the history and
physical exam and obtain unique data regarding the function
of peripheral nerves and muscles. When there is a clinical
question of peripheral neuropathy, EDX is useful for charac-
terizing the distribution, severity, time course (acute, sub-
acute, chronic, old), and prognosis, as well as underlying
pathology. EDX is useful to direct pathology-specific inter-
ventions, such as an epidural steroid injection versus carpal
tunnel injection in a patient with neck and hand pain.
Practitioners should consider ordering EDX studies in
patients without an unequivocal diagnosis based on history
and physical examination.
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Key Points

e Cauda equina syndrome (CES) is an emergent, absolute
indication for operative treatment of lower back pain.

* Most patients with progressive motor deficits should be
considered for surgery.

e Operative treatment in patients without CES or progres-
sive neurologic deficits should be considered after failure
of more conservative therapies.

e Surgery may provide faster relief of lower back pain,
although long-term outcomes may only be slightly favor-
able when compared with conservative treatment.

Introduction

Patients have a wide array of options for treating low back
pain including pharmacologic therapy and minimally
invasive procedures. Operative management is the most
invasive treatment option, has the most potential compli-
cations, and requires extensive rehabilitation. However,
surgery may offer the most rapid and complete correction
of symptoms in patients experiencing low back pain. In
the absence of absolute indications for urgent decompres-
sion surgery (i.e., cauda equina syndrome, progressive
motor deficits, etc.), risks and benefits of postponing sur-
gery as well as alternative, less invasive therapies should
be considered.
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Absolute Indications

Lower back pain caused by cauda equina syndrome (CES)
is an absolute indication for operative treatment. CES is
caused by compression of the nerve roots in the lumbosa-
cral spine. Although relatively rare in the patient present-
ing with low back pain, CES is a neurosurgical emergency
for which urgent decompression should be pursued. All
patients with symptoms suggestive of CES (such as new
onset urinary retention, fecal incontinence, new onset
lower extremity weakness and sensory deficits, or saddle
numbness) should undergo emergent MRI of the entire
spine (the lesion may also be above the cauda equina) and
neurosurgical referral.

Patients with progressively worsening motor deficits are
commonly considered for operative measures. While not an
acute presentation as with CES, these patients experience a
gradual decline in function and motor weakness noted sub-
jectively by the patient or seen on serial office visits. These
patients may have undergone minimally invasive, conserva-
tive therapy throughout their course of treatment. Surgical
correction should be pursued in an attempt to prevent further
loss of function.

Other potential causes of lower back pain that must be
treated operatively, such as abdominal aortic aneurysm or
infection, should be considered and ruled out. This is best
done through a careful history and physical exam with spe-
cial attention to red flag symptoms (i.e., age greater than 50,
fever, chills, etc.). Further imaging studies and surgical refer-
ral should be pursued where indicated.

Relative Indications

When patients experience minimal improvement in lower
back pain despite maximum conservative treatment includ-
ing pharmacologic therapy and minimally invasive proce-
dures, surgical management is appropriate. Often, patients
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may be referred for a trial of conservative therapy due to a
desire to avoid more invasive surgical correction or because
of comorbid conditions that place them at higher than aver-
age perioperative risk. If these patients fail maximum con-
servative therapy, surgery may be their best option. The ideal
amount of time to trial conservative therapy before moving
onto surgical decompression remains ambiguous and must
be defined through ongoing discussions between the patient
and practitioner.

Several studies have shown that when compared to more
conservative measures, surgical treatment provides faster
and superior control of lower back pain symptoms initially.
These studies show long-term results of surgery for lower
back pain in regards to patient pain level, satisfaction, and
function are comparable to slightly better than those of con-
servative treatment. No drawback has been shown to first
trialing conservative management before moving onto sur-
gery if less invasive measures are unsuccessful. Thus, the
urgency of the patient’s desire for pain relief is factored
against the risks inherent to surgery and challenges of reha-
bilitation. Patients with severe intractable pain preventing
them from participating in most activities of daily living are
likely to benefit from the rapid results of decompression sur-
gery. However, the primary location of the patient’s pain
must also be taken into account as decompression surgery is
thought to be more helpful in patients with predominant leg
pain when compared to predominant low back pain.

Conclusion

In determining whether a patient’s low back pain requires sur-
gery, one must first rule out absolute indications for operative
intervention such as cauda equina syndrome. If no absolute
indications exist, conservative options should be presented to
the patient before pursuing surgery.
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Key Concepts

» Conservative management as a starting treatment has
been the mainstay of pain management.

* Pharmacotherapy and injection therapies should be incor-
porated as part of a comprehensive pain management
plan.

e Interventional techniques can dramatically reduce pain
and obviate the need for medications along with their
potential side effects.

e Implantable therapies should be considered earlier in the
pain care algorithm and not relegated as a final treatment
option.

e Although the up-front costs of implantable therapies may
be higher, over time, they can be more cost-effective
when compared to continued conservative management.

Introduction

Pain can frequently be a challenging and complex condition
to manage given the multitude of causes in addition to its
overall impact on patients. Contemporary pain medicine has
therefore evolved into a field, where patients receive care
through a multimodal and multidisciplinary team approach.
As the field of pain medicine has changed, the spectrum of
pain care has broadened. Providers are tasked with increas-
ing demands as our knowledge of the mechanisms underly-
ing pain continues to grow with increasing treatment options
at our disposal.
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Conservative Management

The goal of pain care is to improve pain and functionality
and to facilitate return to previous levels of activity.
Conservative management as an initial starting treatment has
been the cornerstone in treating patients who suffer from
pain. Classic pain care algorithms favor starting with treat-
ments that are overall efficacious, least invasive, and cost-
effective. Conservative non-pharmacologic management
options include physical therapy and psychological therapy,
which comprises cognitive behavioral therapy, group ther-
apy, biofeedback, and relaxation. Complimentary treatment
options such as acupuncture, chiropractic care, and massage
therapy may be beneficial in certain patients.

Pharmacologic Treatment

Pharmacologic agents have been shown to be beneficial in
the management of pain. Incorporating pharmacologic treat-
ment options alongside conservative management options
should be considered as part of a comprehensive pain man-
agement plan. The World Health Organization presented the
analgesic treatment ladder in 1986 as a guide to help clini-
cians better manage chronic cancer-related pain. This treat-
ment ladder has important and applicable ideas that can be
considered in the treatment of noncancer-related pain as
well. The ladder advocates starting with non-opioid medica-
tions and stepping up the strength of medications depending
on patient response. When initiating pharmacologic agents,
starting with non-opioid therapies such as acetaminophen
and nonsteroidal anti-inflammatories is recommended. Other
adjuvant medications that can be incorporated include anti-
depressants, antiepileptic medications, topical agents, and
muscle relaxants. Opioid therapy is a powerful tool in pain
management, but judicious usage and patient selection are of
paramount importance. The Center for Disease Control
(CDC) published recommendations on chronic opioid use
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for noncancer-related pain, and the recommendations
suggest that opioids be given at a quantity under 90 mor-
phine equivalents per day, with increased vigilance if patients
are given more than 50 morphine equivalents per day, later
than should be placed after other regional treatments. Opioid
therapy for chronic nonmalignant pain must be carefully
evaluated on an individual patient basis. Providers should be
vigilant for side effects, tolerance, hyperalgesia, and misuse
of opioids when prescribing. Guidance suggests compliance
testing be performed randomly, commonly with urine test-
ing, along with motoring of the pharmacy board for schedule
II medications, typically available in most states.

Injections

Interventional pain management techniques should be con-
sidered as part of a comprehensive pain care plan. The
breadth of interventional pain management modalities avail-
able is remarkable. Injections can be a relatively safe and
effective means to help manage many painful conditions.
Central nerve blocks, peripheral nerve blocks, sympathetic
nerve blocks, epidural steroid injections, facet injections,
radio-frequency lesioning, neurolysis, joint injections, bursa
injections, and trigger point injections are some of the avail-
able injection techniques that can be used to treat many pain-
ful conditions. A thorough understanding of anatomy and
pathophysiology is critical to safely select and perform inter-
ventional techniques for pain management. When employed
appropriately, injections can improve pain and restore func-
tionality. A key benefit to interventional techniques is a
potential to reduce pain without the need for oral medica-
tions that carry potential systemic effects.

Implantable Therapies

Traditional pain management algorithms focused on starting
with conservative treatment options that are typically less
invasive and costly. Depending on the response to the treat-
ment, progressing to more invasive and usually more costly
interventions would then follow. Based on these older algo-
rithms, implantable therapies were relegated as last-resort
treatment options in patients who have exhausted more con-
servative options. This approach unfortunately can lead to
worse outcomes for the patient, such as prolonged pain, dis-
ability, overall costs, countless procedures, and medication
toxicity. Identifying appropriate patients and implementing

advanced implantable therapies such as neuromodulation or
implantable drug-delivery systems earlier in the care algo-
rithm can lead to better pain management and overall cost-
effectiveness. Although implantable therapies may carry a
higher up-front cost, over the long term, they can be more
cost-effective by reducing physician follow-up visits, hospi-
talizations, and reliance on chronic pain medications.

Surgery

Despite the available treatment options we have for pain,
some patients have continued and persistent pain. Referral
for surgical evaluation should be considered in patients who
demonstrate anatomic abnormalities consistent with their
pain which may be amenable to surgical correction. Patients
with significant functional disability and unremitting pain
despite undergoing multiple nonsurgical treatments may
benefit from surgical consultation. In the multidisciplinary
model of pain care, working closely with a surgeon to
address any possible surgical options should be considered.
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Key Concepts

e Pain is a multidimensional phenomenon that affects an
individual’s mood, health, and function.

 Interdisciplinary pain rehabilitation utilizes the biopsycho-
social model of care which approaches health as best under-
stood in terms of a combination of biological, psychological,
and social factors rather than purely in biological terms.

e Interdisciplinary treatment is an effective approach to
pain care and has demonstrated improvements in pain,
mood, and function including return to work in a chronic
pain population.

* Providers should consider referral to a chronic pain reha-
bilitation program that offers interdisciplinary care for
patients who also suffer from significant functional limi-
tations secondary to their chronic recalcitrant pain.

Introduction

Chronic pain is a debilitating condition that affects people all
over the world. In the United States, the prevalence of chronic
pain is estimated at 30.7%. Spine and musculoskeletal disor-
ders account for nearly 70 million physician office visits annu-
ally and 130 million outpatient, hospital, and emergency room
visits. The multidimensional experience of chronic pain
results in individualized perceptions and coping mechanisms
that reflect the complex biopsychosocial aspects of a patient in
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chronic pain. The biopsychosocial model states that health is
best understood in terms of a combination of biological, psy-
chological, and social factors rather than purely in biological
terms. Functional restoration or interdisciplinary pain man-
agement programs incorporate this model in assessing and
treating pain and have demonstrated lasting results in pain
reduction, improved quality of life, as well as psychosocial
functioning. The key component to program success is col-
laborative ongoing communication among team members, the
patient, and their support system.

Interdisciplinary Pain Rehabilitation Team

There is no consensus about what constitutes an interdisci-
plinary pain rehabilitation program. These programs typi-
cally involve multiple providers of different specialties
including pain medicine specialists (physiatry, psychiatry, or
anesthesiology), pain psychology, physical and occupational
therapy, social work, as well as vocational rehabilitation.
Dedicated functional restoration programs often have a
defined duration and schedule of daily activities. More inten-
sive programs are scheduled for 8 h a day for upward of
4 weeks and show stronger benefits and improved outcomes.
Group therapies are a hallmark of some functional restoration
programs and often include the goal of de-escalation and dis-
continuation of chronic opioid medications. Interventional
pain management techniques such as sympathetic blocks for
complex regional pain syndrome may be appropriate to facili-
tate physical and occupational therapies.

Patient Selection

Although all patients with chronic recalcitrant pain may ben-
efit from comprehensive pain rehabilitation, patients with
significant psychiatric comorbidities such as depression,
anxiety, substance abuse, and history of physical or emo-
tional abuse may require this comprehensive type of pain
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rehabilitation in order to optimize successful treatment of
their pain. Providers should consider referral to a chronic
pain rehabilitation program in patients who also suffer from
significant functional limitations secondary to their chronic
recalcitrant pain.

History and Physical Examination

Intake to a pain rehabilitation program typically includes a
detailed pain history such that the patient describes the
characteristics of their pain and the circumstances in which
it began. Practitioners should inquire about pain location,
quality, intensity, temporal characteristics, aggravating
and alleviating factors, impact of pain on function, sleep
and quality of life, past treatment and response, patient
expectations, and goals. Previous testing such as medical
evaluation, imaging, neurophysiologic testing, and labora-
tory work should be reviewed. The results of prior inter-
ventional procedures, surgeries, and medications should
be detailed and noted.

Past medical history including vision or hearing impair-
ment, amputation, diabetes or other endocrine problems,
cancer, or cardiovascular disease is important to note as
they can affect performance and participation in therapy
sessions.

Social history should include support networks, substance
abuse (tobacco, drugs, medications, and alcohol), hobbies,
and medicolegal confounders such as an active injury lawsuit
or ongoing worker’s compensation claim.

Functional history should include premorbid and current
levels for daily activities, vocational status, exercise, and
work history.

Psychological history should include a detailed screen for
depression, anxiety, and other psychiatric illness. History of
psychiatric illness and/or hospitalization, history of abuse
(emotional, sexual, or physical, etc.), significant pain cata-
strophizing, or pain behaviors should also be noted.

Physical examination should be thorough, and identify
any limitations that should be addressed in physical and
occupational therapy.

Medical Management

Supervision by a physician specializing in pain medicine is
not always necessary but can provide close monitoring for
titration of pain medications. Rapid de-escalation of opioid
medications may cause withdrawal symptoms, which can be
treated with medications such as clonidine. Initiation of new
medications such as tricyclic antidepressants may require
medical monitoring for potential life-threatening side effects
such as QT prolongation. Other groups of medications used

to assist with pain and opioid reduction include the skeletal
muscle relaxants, antiepileptic drugs (AEDs), and selective-
norepinephrine reuptake inhibitors (SNRIs).

Physical Therapy

Physical therapy (physical therapists or PT) is a branch of
rehabilitation medicine that includes prescription of or assis-
tance with specific exercises, manual therapy, and education
to promote strength, endurance, as well as increase func-
tional capacity. There is considerable evidence to support the
incorporation of physical therapy and exercise in the man-
agement of many types of chronic musculoskeletal disorders
including osteoarthritis, fibromyalgia, rheumatoid arthritis,
low back pain, as well as myofascial pain. Exercise or exer-
cise therapy in patients with chronic pain has been demon-
strated to improve function and reduce disability. Among the
numerous benefits, physical therapy can reduce pain associ-
ated with movement by strengthening the musculoskeletal
system, improve cardiac function, and boost metabolic effi-
ciency. Weight loss may improve pain associated with the
lower back or joint degeneration.

Occupational Therapy

Occupational therapy (occupational therapists or OT) is a
branch of rehabilitation medicine that focuses on adapt-
ing the environment, modifying the task, teaching the
skill, as well as educating the client/family in order to
increase participation in and performance of daily activi-
ties including bathing, showering, toileting, and func-
tional mobility. The role of OT in chronic pain is to
identify activities and behaviors that aggravate pain and
to teach methods for decreasing the frequency/duration
of painful episodes. There is an emphasis on proper pos-
ture and body mechanics.

Together, PT and OT implement therapy interventions to
decrease dependence on pain medications. These processes
are especially important in disease processes such as com-
plex regional pain syndrome and neuralgias which can lead
to kinesiophobia as well as fear avoidance behaviors.
Desensitization therapy and movement therapies are effec-
tive modalities to reduce the aforementioned disabilities.

Psychology

Pain psychology is an important aspect of pain rehabilitation
and functional restoration. Up to 60% of patients with
chronic pain have comorbid depression or anxiety.
Additionally, patients with chronic pain may have poor cop-
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Table 18.1 Sample of psychological treatment modalities in chronic ~ Rehabilitation Institute of Chicago Center for Pain
pam Management
Treatment Description Cleveland Clinic
Relaxation Biofeedback is a method of monitoring Johns Hopkins University
Biofeedback physiologic parameters including heart rate, Spaulding Rehabilitation Hospital
Progressive sweating, skin temperature, muscle tension, R K
muscle and brain activity as part of relaxation Kennedy Krieger Institute
relaxation exercises Mayo Clinic
Guided imagery | Progressive muscle relaxation involves Stanford
Altered focus tensing and then relaxing muscles to create
awareness of tension and relaxation
Guided imagery involves focusing your .
imagination to create calm, peaceful images in Conclusion

your mind, thereby providing a “mental
escape”

Altered focus involves shifting attention to any
specific nonpainful part of the body (hand,
foot, etc.) and alter sensation in that part of
the body

Group therapy develops camaraderie between
patients who can help each other solve a
problem and impediments to relaxation
techniques

Positive peer pressure may exist to practice
exercises between sessions

Group therapy

Cognitive
behavioral therapy

Modality of therapy that is designed to
address maladaptive behaviors, thoughts, or
beliefs about the pain experience to enable the
patient to change the behaviors related to it

ing strategies of dealing with their pain or pain exacerbating
factors. Psychological treatment goals are designed to pre-
dict/manage pain, teach coping skills to minimize pain and
pain-aggravating factors such as anger and anxiety, as well as
how to maximize function and positive attitude, despite the
presence of chronic pain (Table 18.1).

Partial list of university-based interdisciplinary pain
rehabilitation programs:

The multidimensional experience of chronic pain results in indi-
vidualized perceptions and coping mechanisms that reflect the
complex biopsychosocial aspects of a patient in chronic pain.
Comprehensive pain rehabilitation programs have been demon-
strated effective in reducing the use of pharmacologic treatment,
surgeries, and implantable pain devices while improving func-
tion and mood, as well as facilitating return to work. Providers
should consider referral to a chronic pain rehabilitation program
in patients who also suffer from significant functional limita-
tions secondary to their chronic recalcitrant pain.
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Key Concepts

» Physical therapy is a branch of rehabilitation medicine that
includes prescription of or assistance with specific exer-
cises, manual therapy, and education to promote strength
and stamina as well as increase functional capacity.

e There is considerable evidence to support the incorpora-
tion of physical therapy and exercise in the management
of many types of chronic musculoskeletal disorders
including osteoarthritis, fibromyalgia, rheumatoid arthri-
tis, back, and myofascial pain.

e Physical therapy can reduce pain associated with move-
ment by strengthening the musculoskeletal system,
improve cardiac function, and boost metabolic efficiency.
Weight loss may improve pain associated with the lower
back or joint degeneration.

Introduction

Chronic pain is a multidimensional pathological process that
is best understood in terms of a combination of biological,
psychological, and social factors rather than purely in bio-
logical terms. Comprehensive pain management is a multi-
faceted approach that includes multiple modalities including
physiatry, psychiatry, pain psychology, physical and occupa-
tional therapy, as well as social work. Physical and occupa-
tional medicine modalities have been demonstrated to
facilitate functional restoration, decrease in pain, and
improve return-to-work rates. Physical therapy (PT) is over-
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seen by physical therapists, which are formally trained and
licensed healthcare professionals that possess a skill set to
help patients reduce pain, restore function, and help prevent
disability. Physical therapists incorporate active and passive
therapeutic exercises to address muscle strength, flexibility,
neuromuscular control, functional mobility, endurance, bal-
ance, and locomotion to maximize function and maintain
physical activity in an effort to ultimately decrease pain.

Physical Therapy Strategies

Formal physical therapy programs should include passive
joint mobilization and range of motion exercises and address
muscle function to restore joint mobility and stability. These
programs should be tailored to each individuals needs and
include assessment of current and premorbid functional
capacity and medical conditions that may impair therapy and
include objective goals.

Throughout the course of treatment, therapists will help
monitor and progressively increase the level and complexity
of therapeutic exercises. Ultimately, the patient should be tran-
sitioned to a daily structured home exercise program with
aerobic, stretching, and strengthening exercises. Exercise pre-
scriptions should be specifically designed to enhance physical
fitness, address weight loss, and promote health by reducing
risk factors for associated chronic disease processes.

Modalities commonly employed in PT include moist
heat, transcutaneous electrical stimulation, cryotherapy, and
ultrasound (Table 19.1).

Shoulder

The shoulder is a complex joint made up of the humerus,
clavicle, and scapula and stabilized by 18 muscles, liga-
ments, and tendons. The muscles and joints of the shoulder
allow it to move through a large range of motion. The shoul-
der can abduct, adduct, rotate, and be raised in front of and
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Table 19.1 Goals of physical therapy

Table 19.2 Post shoulder surgery rehabilitation protocol

To educate patients on the principles of stretching and strengthening

To educate patients on proper posture and ergonomic principles

To accelerate the stages of healing by reducing pain and the
inflammatory cycle

To restore muscular flexibility, joint mobility, and proper
biomechanics

To strengthen the involved muscles

To prevent future occurrence and manage exacerbations of pain

To facilitate return to normal activities

behind the torso and move through a full 360° in the sagittal
plane. The consequence of this range of motion is instability,
and the shoulder joint is prone to dislocation. One of the
most common pathologies is a rotator cuff injury. Pathologic
changes in the rotator cuff extend across a spectrum of dis-
ease including tendinopathy, impingement, and tearing.
Medical management and physical therapy protocols depend
on the cause and severity of disease.

In general, strengthening of the rotator cuff should ini-
tially incorporate closed chain exercises and progress to
open chain exercises for correction of strength imbalance. In
the acute rehabilitation stage, strengthening exercises for the
scapular stabilizing muscles rather than the rotator cuff
should be emphasized. The serratus anterior and inferior tra-
pezius, which retract and depress the scapula, should be
strengthened. The pectoralis minor and upper trapezius
should be stretched to reduce impingement. Additionally,
posterior glenohumeral joint capsular tightness and scapulo-
thoracic kinematics should be corrected. See Table 19.2 for
post shoulder surgery rehabilitation protocol.

Hip

The femoral-acetabular joint translates forces from the pelvis
and axial skeleton into the ground. As a large weight-bearing
joint, it is prone to degenerative forces that may lead to pain-
ful conditions. In patients with hip pain from osteoarthritis,
strengthening of the pelvis and lower extremity may improve
function and reduce pain. Strengthening should address the
hip abductors, external hip rotators, and knee flexors and
extensors. Patients should be evaluated for gait abnormality,
which should be corrected when appropriate. In general,
strengthening exercises should initially incorporate closed
chain exercises and progress to open chain exercises for cor-
rection of strength imbalance. Postoperative total hip arthro-
plasty patients should have weight-bearing status maintained
according to surgical recommendations. Posterior hip precau-
tions, which include no hip flexion greater than 90 degrees,
no hip adduction or internal rotation beyond neutral, and none
of the motions combined, will be initially instituted. Anterior

Phase 1

(0-6 weeks)
Passive range of
motion phase

Goals Protect healing tendon
Restore passive ROM of the shoulder

Recommended Pendulums

exercises Standing scapular mobility (no resistance)
Supine or standing passive external rotation
Passive shoulder flexion

Phase 2

(6-12 weeks)
Active range of
motion phase

Goals Continue to improve passive ROM
Initiate progression of active ROM
Initiate gentle submaximal rotator cuff
isometrics

Recommended Continue exercises from phase 1 until each

exercises can be progressed to active assisted or active
motion
Supine passive external rotation in scapular
plane progressing to 90 deg. of abduction
Table slides in flexion with progression to
wall slides

Phase 3

(12-24 weeks)

Strengthening

phase

Goals Continue to focus on restoration of ROM,
biomechanics, and strength
Initiate progressive strengthening of rotator
cuff and periscapular muscle groups
Begin to use arm for daily activities

Recommended Scapular retraction

Prone horizontal abduction

Manual resistance patterns

Dynamic strengthening

Push up progression

Progress to diagonal patterns and multi-
planar and Functional planes of motion

exercises

hip precautions include avoiding lying supine or prone, and
there should be no external rotation of the hip. In these
patients, it is crucial that the treating physical therapist
addresses hip range of motion and isometric strength training
of the hip flexors and quadriceps, hamstrings, as well as the
hip abductors, adductors, and gluteal muscles. Resistive exer-
cises for the quadriceps and hamstrings are commonly initi-
ated within 2 months postoperatively.

Knee

Common conditions that cause pain in the knee include
osteoarthritis, meniscal injury, anterior or posterior cruciate
ligament injury, disorders of the patella, and quadriceps or
patella tendinopathy. After an injury and once weight-bearing
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restrictions are reestablished, patients can begin exercises to
stretch and strengthen the knee. In general, strengthening
exercises should initially incorporate closed chain exercises
and progress to open chain exercises for correction of
strength imbalance. This includes strengthening and range of
motion exercises of the hip abductors, adductors, flexors,
and extensors. Active and passive range of motion of the
knee and proprioception training of the lower limb should be
emphasized. Postoperative total knee arthroplasty patients
should be ambulatory as soon as deemed appropriate and
maintain range of motion exercises with appropriate soft tis-
sue balance to ensure proper biomechanics.

Ankle

Achilles tendinopathy is relatively common and is character-
ized by pain in the posterior part of the heel most commonly
in the midportion of the Achilles tendon. Alfredson’s model
of eccentric training should be instituted by the treating phys-
ical therapist. It is a 12-week program that is successful in
approximately 90% of patients with pain in the midportion of
the Achilles tendon. The protocol involves no concentric
loading but eccentric training in which patients undertake
painful heel-drop exercises (180 repetitions/day) (Table 19.3).
It should be noted that the exercise protocol should elicit pain
in the tendon. If a patient does not experience pain in the ten-
don, the load should be increased until pain is provoked.

Spine

Chronic cervical and lumbar spine pains are common indica-
tions for physical therapy. Therapies should address range of
motion, soft tissue mobilization, strengthening and stretching
of postural muscular, the hip girdle and abdominal core. A
thorough posture and ergonomic assessment should be per-
formed to assess for aggravating factors for chronic pain. A
progressive therapeutic exercise program with an extension

Table 19.3 Summary of Alfredson’s heel-drop exercise program

Exercise The patient should stand on the edge of a step and
rise up on their toes first lifting the non-painful leg
and then slowly lowering their weight through the
painful leg

The heel should drop below the step

Exercises are performed with both straight and
bent knee

Pain should be elicited when performing exercises

Repetition 3 sets of 15 repetitions with a straight knee

3 sets of 15 repetitions with a bent knee

Frequency Twice daily

Progression A weighted backpack can be utilized as exercises

become more comfortable

bias for stretching and strengthening of the lower limb and
core musculature is commonly implemented for the lumbar
spine. Gait training, safety awareness, proper use of assistive
devices, modification of activities, and proper body mechanics
should also be addressed by the treating physical therapist.

Conclusion

Chronic pain can be reduced by properly addressing common
musculoskeletal complaints with comprehensive physical ther-
apy programs that promote conditioning of musculature, flexi-
bility, and range motion with improved overall fitness and
weight loss. A multifaceted and interdisciplinary approach uti-
lizing conservative modalities has been shown to help facilitate
functional restoration and decrease pain. Addressing mobility
and preventing and correcting deformity can not only slow the
progression of disease and decrease pain but can also substan-
tially improve quality of life. Individualized therapy programs
should be designed and overseen by medical providers and
implemented by physical therapists. It is paramount to properly
monitor a patient’s progression in a physical therapy program
for proper adjustment in therapeutic exercises and modalities.
By specifically addressing muscle strength, flexibility, neuro-
muscular control, myofascial dysfunction, functional mobility,
endurance, balance, and locomotion, patients can maximize
function and ultimately better manage their chronic pain.
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Key Concepts

e Prescribing opioids for chronic pain

» Tailoring opioid doses for patient-specific needs

* Proper rotation and conversions of opioid treatments

» Risks and side effects associated with opioid medications

Introduction

Opioid medications have grown in popularity in recent
years and are seen as an effective and essential medication
in managing many forms of severe painful pathology.
However, the benefits opioids provide to patients are
accompanied by significant risks which must be addressed
and mitigated by physicians and patients alike. This chap-
ter outlines the appropriate protocol for implementing opi-
oids as a form of pain management in patients with
confirmed pathology.

Prescribing Opioids for Chronic Pain

If and when opioids are deemed necessary for the treatment
of a patient’s chronic pain, the prescribing physician should
adhere to the following protocol before writing any opioid
prescriptions (Table 20.1):

1. Confirmation of pathology by a thorough history and
physical and appropriate diagnostic testing.

2. Exhaust non-opioid-based medications.

3. Review of medical records to rule out contraindications.
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4. Implement patient/physician opioid agreement.
5. Screen for opioid diversion.

Once the decision has been made to prescribe opioids, the
screen for diversion should be conducted at every touch
point that involves prescribing opioids to the patient. This is
often considered standard of care and essential to optimize
patient safety. As stated, the physician should require the
patient to sign an opioid agreement. It should include com-
pliance to obtain pain medications from a single doctor/prac-
tice and to only fill pain medication prescriptions at one
pharmacy. Many states and pharmacies participate in con-
trolled prescription monitoring programs. These programs
have become a vital tool that may be used to track the origi-
nation of controlled prescriptions as well to monitor where
prescriptions are being filled.

When treatment is initiated, it should be required by the
physician that the patient agree to not consume any alcohol,
marijuana, or other illegal substances. Patients must also
agree to undergo periodic and unscheduled urine drug
screens (UDS) to test for illegal substance abuse as well as to
monitor if the prescribed medication is being utilized.
Random pill counts are another means to rule out diversion.

Clinic Pearl

Patients who use heroin in conjunction with prescribed opi-
oids will have a UDS test positive for 6-monoacytlmorphine
(6-MAM) for approximately 12 h after substance abuse
occurs. Beyond this 12-h window, only morphine will be
present in the patient’s UDS. Figure 20.1 illustrates the
metabolites of heroin and its eventual metabolism to mor-
phine in the body.

On the onset of treatment, the total daily pill amount and
dose prescribed should be at the lowest possible dosage that
is estimated to adequately control the patient’s pain. The
dose may then be incrementally increased until adequate
pain relief is achieved or the risks of increasing the opioid
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dosage outweigh the benefits. Titration increases must be
done at a slow interval. Most iatrogenic overdoses/deaths are
related to too high of an initial dose and/or escalating the
opioid medication too quickly over a short period of time
without proper monitoring. When the dosage is incremen-
tally increased, the risks associated with opioid medications
also increase in tandem. The adverse effects of opioids
increase significantly when a patient’s daily equivalent dose
of morphine exceeds 50-100 mg per day. There is a threefold
increase in deaths related to opioid overdose when the daily
oral morphine equivalent exceeds 200 mg.

When prescribing opioids, the physician should attempt to
never provide more than 30 days worth of medication. This
will mitigate the possibility of abuse and promote frequent
interaction between the physician and patient for better moni-
toring of the patient’s current pain levels and current opioid
safety compliance. The prescribing physician must inform

Table 20.1 Contraindications for opioids

Lack of appropriate pathology

Severe respiratory instability

Severe psychiatric instability or suicide risk

Unaddressed or recent substance use disorder

Severe opioid allergy/side effects

Coadministration of drugs capable of inducing life-threatening
interactions

Inappropriate use of medication (providing medication to others,
concurrent alcohol use, concurrent or illegal substance use)

patients to not share their prescribed medications with other
individuals. Such abuses are illegal and dangerous. Physicians
should also instruct patients to store their medications in a
secure location where they cannot be accessed by anyone
other than themselves. Four out of five patients who overdose
on opioids did not have the medication prescribed to them.
Lost or stolen medications should not be replaced, unless
under rare and extenuating circumstances. It is always the
patient’s or their assigned caretaker’s responsibility to moni-
tor the safety of the opioid medications.

Again, opioid medications should be used for the treat-
ment of pain only when the severity of the pain warrants
such use, and non-opioid pain medications have previously
been tried but failed to adequately control the patient’s pain.
Each patient’s reaction to opioid treatments will be different,
and a tailored approach should be implemented to reduce the
possibility of over-medicating.

Tailoring Opioid Doses for Patient-Specific
Needs

A tailored approach requires the potency and dose of opioids
to be increased incrementally as pain and patient comorbidi-
ties dictate. For cases of mild pain, the initial regimen should
be a nonsteroidal anti-inflammatory drug (NSAIDs) or acet-
aminophen. For moderate levels of pain, an opioid receptor
agonist such as tramadol or hydrocodone can be paired
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alongside with NSAIDs or acetaminophen when deemed
appropriate. In cases of severe pain, a higher potency opioid
receptor agonist such as oxycodone, morphine, oxymor-
phone, hydromorphone, methadone, or fentanyl may be con-
sidered for use.

Many of the opioids listed above can be modified to
increase the duration of their effectiveness. These modified
opioids are typically found in forms such as extended-release
tablets. These longer-lasting opioid treatments should only
be given to patients who are considered to have high opioid
tolerance, and other short-acting opioids are less effective.
Patients who fall into this category of treatment must be
treated in a controlled environment where monitoring and
assessment for adverse effects can be routinely performed.
Extended-release tablets should never be used as first-line
therapy to treat acute or postoperative pain. Patients should
be warned to never split extended-release pills into partial
doses or be crushed. Such actions can cause an unreliable
amount of drug to be released, which could lead to
overdose.

When physicians are developing a tailored approach for
patient care, it is important to note opioid medications are
only one variable in the treatment of a patient’s pain. They do
not encompass the entirety of a patient’s pain symptoms. The
use of opioids should not hinder or delay early implementa-
tion of other therapies and modalities such as exercise and
physical therapy. A multifaceted approach paired with sup-
plementation of opioids to alleviate pain is the hallmark of
best practices.

Proper Rotation and Conversion of Opioids
for Ongoing Pain Management

As treatment continues, chronic pain patients may
develop a tolerance to the opioid medications they are
currently prescribed. It maybe necessary for opioid med-
ications to be rotated periodically. The proper conver-
sion dosages for opioid rotation can be calculated as
shown in Table 20.2.

Risks and Side Effects Associated
with Opioid Medications

The addictive nature of opioids paired with their growing
availability from physicians has advanced their popularity
for abuse. In the USA, death related to opioid overdose has
risen significantly. Consequently, physicians must continu-
ally be aware of the dangers of prescribing opioids. To
decrease the chance of addiction, overdose, and death, physi-
cians should adhere to opioid prescribing guidelines. It is
important to remember risks should be identified and

Table 20.2 Opioid conversions

1. Calculate total mg dose taken in the past 24 h

2. Determine equianalgesic dose

3. If pain is controlled on current opioid, reduce the new opioid
daily dose by 30-50% to account for cross-tolerance

4. If inpatient with proper monitoring, methodically titrate to
achieve analgesic effect during first 24 h and/or consider patient-
controlled analgesia (PCA)

5. Monitor for adverse events and effectiveness

Buprenorphine (IM/IV): 0.4 mg Meperidine (IV/IM/SC):

75 mg

Meperidine (PO): 300 mg
Methadone (acute IV): 5.0 mg
Methadone (acute PO): 10 mg
Morphine (IV/IM/SC): 10 mg
Morphine (acute PO): 60 mg
Morphine (chronic PO): 30 mg
Oxycodone (PO): 20 mg

Butorphanol (IM/IV): 2.0 mg
Codeine (IM/IV): 120 mg
Codeine (PO): 200 mg
Fentanyl (IM/IV): 0.1 mg
Fentanyl (Transdermal): 0.2 mg
Hydrocodone (PO): 30 mg

Hydromorphone (IV/IM/SC):
1.5 mg

Hydromorphone (PO): 7.5 mg Oxymorphone (IV/IM/SC):

1.0 mg

Oxymorphone (PO): 10 mg

Disclaimer: It should be noted that these conversions are not definitive
and should only be used as a guide. Vigilance with individual patient
application of opioids conversions is still at the sole discretion of the
prescribing provider

assessed before treatment commences. Side effects and non-
abuse-related risks may also manifest. Examples are as fol-
lows: increased falls, traffic, and work-related accidents;
impaired decision-making, depressed breathing, sleep disor-
ders, endocrine dysfunction, cognitive deficits, increased
cancer risk, and opioid-induced hyperalgesia. These risks
and side effects paired with the high abuse potential of opi-
oid medications require the prescribing physician to be vigi-
lant. Discernment between patients who require these
medications to function in daily life and those who seek out
opioids for abuse or secondary gain should constantly be
exercised. Following established guidelines for prescribing
these medications will help physicians mitigate the pitfalls
associated with opioid prescribing (Box 20.1).

Box 20.1 States that participate in prescription
monitoring programs

Alabama, Arizona, California, Colorado, Connecticut,
Florida, Hawaii, Idaho, Illinois, Indiana, Iowa, Kansas,
Kentucky, Louisiana, = Maine, = Massachusetts,
Michigan, Minnesota, Mississippi, Nevada, New
Mexico, New York, North Carolina, North Dakota,
Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island,
South Carolina, Tennessee, Texas, Utah, Vermont,
Virginia, West Virginia, and Wyoming
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Key Concepts

e NSAIDs have analgesic, anti-inflammatory, and anti-
pyretic properties by inhibiting prostaglandin synthesis
through cyclooxygenase COX pathway.

* NSAIDs can have adverse effects on different systems
including the gastrointestinal, renal, and cardiovascular
systems. Patient’s medical history should be reviewed
prior to treatment.

e NSAIDs can be used alone or in conjunction with other
pain medications in treatment of varieties of nociceptive
pain conditions.

Background

NSAID class of medications has been used by millions of
patients worldwide for many years. They have analgesic,
anti-inflammatory, and antipyretic properties. They are com-
monly used to treat nociceptive pain conditions such as
osteoarthritis, low back pain, rheumatoid arthritis, inflamma-
tory arthropathies (e.g., gout, lupus, ankylosing spondylitis),
dysmenorrhea, renal colic, and headaches, to mention a few.
They have been used alone or in conjunction with opioid
medications in acute pain settings such in the perioperative
period. Their use for neuropathic pain has been less
effective.
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Mechanism of Action

¢ NSAIDs inhibit prostaglandin synthesis by inhibiting cyclo-
oxygenase COX enzyme leading to inhibition of prostaglan-
dins synthesis. After tissue damage, cell membrane
phospholipids form substances called eicosanoids (such as
arachidonic acid) by the action of phospholipase A2.
Arachidonic acid then is converted into prostaglandin G2
and H2 by the action of cyclooxygenase COX enzyme.
NSAID analgesic action is thought to be both centrally in the
CNS and peripherally at the nociceptive nerve endings.

e There are two isoforms of cyclooxygenase enzyme: COX1
is responsible for the production of prostaglandins involved
in GI protection and enhancing platelet aggregation, while
COX2 is only created when there is inflammation and tis-
sue damage. It produces prostaglandins responsible for
pain and inflammation. NSAIDs inhibit both COX1 and
COX2 and, thereby, the synthesis of prostaglandins and
thromboxanes. Selective COX2 inhibitors such as cele-
coxib have less adverse effects on the GI system.

Classification

* NSAIDs can be classified by their chemical structure

into:

— Salicylates (e.g., aspirin)

— Propionic acid derivatives (e.g., ibuprofen, naproxen,
ketoprofen)

— Acetic acid derivatives (e.g., indomethacin, etodolac,
diclofenac, ketorolac, nabumetone)

— Enolic acid derivatives (e.g., meloxicam, piroxicam)

— Anthranilic acid derivatives (e.g., mefenamic acid,
meclofenamate)

— Selective COX2 inhibitors (e.g., celecoxib, rofecoxib,
valdecoxib, etoricoxib)
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Side Effects and Contraindications

Gastrointestinal Gi

Peptic ulcers/bleeding, dyspepsia, gastropathy, nausea, and
vomiting and diarrhea. Formulations combining NSAIDs
with proton pump inhibitors or prostaglandin analogue are
available to reduce GI side effects. Avoid use with patients
with history of peptic ulcer or stomach bleeding.

Renal

Constriction of the afferent arteriole and decrease in renal
perfusion pressure due to inhibition of prostaglandin forma-
tion leading to renal toxicity including acute renal failure and
acute tubular necrosis, hypertension, sodium, and fluid reten-
tion. Other less common renal effects can occur including
nephrotic syndrome and interstitial nephritis. Avoid use in
patients with renal disease.

Cardiovascular

Aside from aspirin, NSAIDs increase risk of acute coronary
syndrome and stroke. That includes nonselective NSAIDs
and COX 2 inhibitors. This is due to inhibition of platelet
activation by inhibiting formation of thromboxane A2.
Nonaspirin NSAIDs can increase the risk of heart failure in
patients with preexisting heart disease. Avoid use (excluding
Aspirin) in patients with history of stroke, history of myocar-
dial infarction, or hear failure. Avoid use of NSAIDs in
patients taking daily aspirin to reduce cardiovascular risk as
NSAIDs can inhibit cardioprotective effects of aspirin.

Hepatic
On rare occasions, long-tern NSAID therapy can cause

minor increase in liver functions and hepatocellular injury. It
is advisable to follow liver functions in those patients.

NSAID-Induced Asthma

Due to increase leukotrienes, which can trigger bronchospasm.

Others

Impaired bone healing after lumbar fusion (short duration of
treatment or use of fewer doses postoperatively is advised),
allergic reactions, and possible erectile dysfunction. NSAID
use can produce adverse effects during pregnancy (prema-
ture closure of the ductus arteriosus, miscarriage, and prema-
ture birth). Avoid use of NSAIDs during third trimester of
pregnancy.

Rofecoxib (Vioxx) is a selective COX2 inhibitor that was
withdrawn from the market due to increased risk of heart
attacks and stroke with long-term use.

Drug Interactions

e NSAIDs should be used with caution with patients taking
warfarin due to increased risk of bleeding.

* NSAIDs can antagonize the antihypertensive effects of
ACE inhibitors in patients with hypertension.

e By reducing renal blood flow, NSAIDs can decrease elim-
ination of renal excreted drugs such as lithium. Lithium
level should be cautiously monitored. It also can decreases
efficacy of diuretics.

Uses and Role in Perioperative Period

As mentioned above, NSAIDs can be used in a variety of
acute and chronic nociceptive pain conditions but less
effectively for neuropathic pain conditions. There is now
an emerging role for use of NSAIDs in combination with
opioid medications for treatment of acute pain in the peri-
operative setting. NSAIDs can be used in a multimodal
approach due to its synergic effect with opioid medica-
tions. This allows for dose reduction of the opioid medica-
tions and better analgesia in the postoperative period with
fewer side effects. It also can improve quality of analgesia
provided. Caution should be taken when using NSAIDs in
the postoperative period. Avoid use for patients with pre-
existing heart disease, renal, or hepatic disease. The post-
operative use of NSAIDs in certain patient populations can
be based on clinician judgment. One patient population for
instance is patients who underwent spinal fusion. For those
patients the risks of impairing bone healing are weighted
against the analgesic benefits that NSAIDs can provide.
Proper dosing, timing, and monitoring of toxicity are
essential to avoid complications.
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Conclusion

NSAIDs play an essential role in the treatment of a variety of
acute and chronic nociceptive pain conditions. Their role in
neuropathic pain has been less effective. There is an emerg-
ing role for NSAIDs in the treatment of acute pain in the
perioperative period. Side effects of NSAIDs can limit their
use despite their analgesic benefits. There is hope in the
future to developing more COX isoforms that can lead to
more selective action of NSAIDs, with isolated central anal-
gesic effects and without peripheral toxic side effects.
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Key Concepts

* Anticonvulsants have been used in pain management
since the 1960s, very soon after they were first used for
treatment of epilepsy.

* Anticonvulsants are effective in the treatment of neuro-
pathic and mixed pain conditions.

* Dizziness and somnolence are the most common side
effects reported with use of anticonvulsant medications in
the treatment of pain.

e Titrate the dose of these medications to effect and tolera-
bility. Gradual titration may improve treatment adherence
by minimizing initial adverse effects.

Introduction

Neuropathic pain arises from dysfunction or a lesion in the
central or peripheral nervous system or both. Following
nerve injury, alteration in the expression, distribution, and
voltage dependence of ion channels leads to enhanced excit-
ability and ectopic firing that in turn leads to increased per-
ception of pain. Anticonvulsant medications with unique
channel blocking and membrane-stabilizing properties have
been used in neuropathic and mixed pain since the 1960s.
Anticonvulsants have demonstrated efficacy for several
chronic pain conditions including painful diabetic neuropa-
thy, postherpetic neuralgia, trigeminal neuralgia, phantom
limb pain, postoperative or traumatic neuropathic pain,

R.P. Grandhe, MBBS, MD
Cleveland Clinic, Department of Pain Management,
Cleveland, OH, USA

G.C. Chang Chien, DO (<)

Cleveland Clinic, Anesthesia Institute Pain Management,
9500 Euclid Ave, Dept C-25, Cleveland, OH 44195, USA
e-mail: gchangchien@gmail.com

© Springer Science+Business Media LLC 2017

complex regional pain syndrome, cancer-related neuropathy,
HIV neuropathy, spinal cord injury, multiple sclerosis, and
fibromyalgia.

Mechanism of Action

Anticonvulsant medications inhibit transmission of electri-
cal signals within the nervous system. This can occur via
many mechanisms, at unique points within signal transmis-
sion, with the overall effect of preventing neuronal mem-
brane depolarization. This effect is one reason why the term
anticonvulsants has now fell off in favor of the term “mem-
brane stabilizers” and explains why the use of antiseizure
medication is useful in the treatment of neuropathic pain.

Gabapentin and pregabalin bind to the alpha 2-delta sub-
unit of voltage-gated calcium channels in the dorsal horn,
reducing opening of these channels. Subsequently calcium
influx and thus depolarization is reduced leading to an inhi-
bition of the ascending pain signal. Anticonvulsants like car-
bamazepine and topiramate predominantly exert their action
via blockade of voltage-gated sodium channels. Other drugs
such as valproic acid have additional actions via GABA and
glutamate pathways (Table 22.1).

Scientific Evidence

The Neuropathic Pain Special Interest Group (NeuPSIG) of
the International Association for the Study of Pain has rec-
ommended gabapentin or pregabalin as one of the three first-
line medications for treatment of neuropathic pain other than
trigeminal neuralgia. Pregabalin in doses of 300-600 mg
daily has been found effective in patients with postherpetic
neuralgia, painful diabetic neuropathy, central neuropathic
pain, or fibromyalgia. Gabapentin in doses greater than
1200 mg daily was associated with moderate or substantial
benefitin 43% or 31% of patients, respectively, in a Cochrane
overview (Table 22.2).
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Table 22.1 Mechanism of action for common membrane stabilizers

Drug Na channel blockade Ca channel blockade Glutamate mechanism GABA mechanism
Gabapentin pregabalin Binds voltage-gated or
L type
Topiramate Yes Inhibits AMPA- type Potentiates GABA
glutamate receptor inhibition
Carbamazepine Yes
Oxcarbazepine
Lamotrigine Stabilizes slow Na+ Prevents release of
channel glutamate
Valproic acid Yes Acts on GABA A receptor
Phenytoin Yes
Table 22.2 Common membrane stabilizer medications
Drug Dose titration Common side effects Clinical tips
Gabapentin Start at 300 mg (100 mg in elderly) CNS depression including somnolence Dose reduction in renal
increase over 2—4 weeks to a dose of and dizziness, edema, and gait impairment
1200-3600 mg/day as tolerated disturbances
Pregabalin Start at 100 mg (75 mg in elderly) Peripheral edema, dizziness, somnolence, Dose reduction in renal
increase over 2—4 weeks to ataxia, headache, fatigue, weight gain, impairment
300-600 mg/day xerostomia, blurred vision, diplopia Possible angioedema in some
patients
Carbamazepine Start at 100—200 mg BID increase Drowsiness, dizziness, nausea, vomiting Monitor Na+ levels and CBC
by 200 mg/week to a max dose of Leukopenia and agranulocytosis Dose reduction in hepatic
1200 mg a day impairment
Possible Stevens- Johnson
syndrome and TEN in
patients of Asian descent
Oxcarbazepine 1200-1800 mg/day Similar to carbamazepine except for Monitor Na+ levels
lower risk of agranulocytosis and
leukopenia. Risk of hyponatremia
Topiramate Start with 50 mg/ day and titrate to Sedation, cognitive impairment. Risk for
200-400 mg/day kidney stones, glaucoma, and weight loss
Lamotrigine Start at 25-50 mg and titrate over Sedation, rash Has been used in HIV-
4-6 weeks to 300-500 mg/day associated neuropathy
Valproic acid 800 mg/day Somnolence, dizziness, gastrointestinal May be effective for migraine
upset headaches
Phenytoin 200-300 mg/day Dizziness, sedation, ataxia, bleeding Potential for drug interactions
gums, anemia due to enzyme induction

A growing volume of evidence suggests moderate-to-
large reduction in the development of chronic postsurgical
pain (CPSP) with gabapentin and a very large reduction in
the development of CPSP with pregabalin. Carbamazepine
has been demonstrated in crossover, placebo-controlled,
double-blind studies to be an effective medication in the
treatment of trigeminal neuralgia with a low number needed
to treat of less than 2.

Conclusion

Anticonvulsants (membrane stabilizers) are an important
tool in the armamentarium of a pain physician. Common
side effects of anticonvulsant medications include dizziness
and somnolence. The pain physician should be apprised of

how to monitor and treat the unique and potentially fatal
adverse effects associated with medications such as lamo-
trigine, oxcarbazepine, and carbamazepine. Anticonvulsant
medications require gradual upward titration of dosage until
clinical effects are perceived or side effects are intolerable or
the maximum dose is reached.
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Key Concepts

e Antidepressants have shown proven efficacy in the treat-
ment of chronic pain syndromes and neuropathic pain.

* The analgesic effect of antidepressants is of a much lower
dose in comparison to the dose used to treat depression.

e It has a diverse range of pharmacologic actions but
primarily inhibition of serotonin, norepinephrine, and
epinephrine reuptake.

e Newer antidepressants have increased receptor specificity
resulting in analgesia with minimal side effect profile.

* Weight gain and cholinergic symptoms are the usual
adverse effects reported by patients.

e Dosing of antidepressants should always start at a lower
dose and slowly titrated until adequate pain relief is
achieved or side effects limit dose escalation.

and constant burning pain. Its analgesic effect is independent
of the presence of depression or mood improvement, which
is usually achieved at lower doses.

Pharmacologic Mechanism

The analgesic effect of antidepressants is primarily due to the
inhibition of reuptake of serotonin, epinephrine, and norepi-
nephrine. The presence of a higher level of these neurotrans-
mitters modulates the activation of the descending inhibitory
pathway in the pain pathway (pain mechanisms chapter). Its
diverse range of antinociceptive action includes monoamine
modulation, inhibition of ion channel activity (i.e., sodium
and calcium), N-methyl-D-aspartate (NMDA), histamine, and
cholinergic receptors. It has also shown interaction with opi-
oid receptors and stimulation of endogenous opioid release.

Background

The management of chronic pain is complex and requires
multimodal approach as well as “polypharmacy” to provide
pain relief, to increase functionality, and to improve quality
of life. Also, the concept between the causal relationship
between chronic pain state and depression exists, and patients
would manifest features of both.

Antidepressants have shown efficacy in the treatment of
many chronic pain syndromes and regarded as one of the
first-line treatment in neuropathic pain. Data supports its
effectiveness in patients experiencing brief, lancinating pain
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Clinical Application

Classification of antidepressants is typically based on their
specificity on the neurotransmitter reuptake (Table 23.1).
The potential efficacy of each drug in terms of providing
analgesia has been inconsistent in comparative studies.
However, a significant body of evidence suggests its use in
neuropathic pain conditions such as postherpetic neuralgia,
painful diabetic neuropathy, painful mononeuropathy and
polyneuropathy, spinal cord injury, fibromyalgia, osteoar-
thritis, low back pain, cancer-related neuropathic pain, and
Human immunodeficiency virus sensory neuropathy.

Tricyclic Antidepressants (TCA)
e TCAs have been shown to be efficacious in the treatment
of neuropathic pain and headache syndromes.

e TCAs also have anti-inflammatory effect by inhibiting
prostaglandin and substance P as shown in animal studies.
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Table 23.1 Common antidepressant and neuropathic pain medications

Class of antidepressants Antidepressant 5-HT NE DA H Anticholinergic side effects
Tricyclic antidepressants (TCA) Anmitriptyline ++ + ++++ + +
Clomipramine +++++ + ++ ++ +
Desipramine +++++ + ++++ +++ ++
Imipramine -+ + ++ + +
Nortriptyline ++ + ++++ + +
Selective serotonin reuptake Citalopram +++++ ++++ ? + +++
inhibitors (SSRIs) Fluoxetine -+ +++ o+ e+ o+
Fluvoxamine +++++ +++++ +++++ +++++ +++++
Paroxetine +H+++ ++ +H+H++ +H+++ ++
Sertraline +++++ +++ B +++++ ++
Selective norepinephrine Duloxetine +++ + +44++ +++ 4+
reuptake inhibitors (SNRIs) Milnacipran ? ++ ? ? ?
Nefazodone ++ +++ ++ +++++ +++++
Venlafaxine 4+ ++++ +++++ ++++ +++++
Monoamine oxidase inhibitors Isocarboxazid
Selegiline
Tranylcypromine
Dopamine reuptake inhibitors Bupropion ++++ ++++ +++++ +tt +++++
Tetracyclic antidepressants Mirtazapine + ++++ ++++ + ++
Selective serotonin reuptake Tianeptine + - ++ ? +
enhancer

5HT serotonin, NE norepinephrine, DA dopamine, H histamine

30-fold selectivity for 5-hydroxytryptamine (5-HT)/

e Added benefit of TCAs besides elevation of mood .
serotonin receptors.

includes normalization of sleep pattern and muscle

relaxation. e Duloxetine is the first prototype drug that has been
e These are generally prescribed due to its affordability in approved by the FDA for the treatment of painful diabetic
comparison with other antidepressants. neuropathy.

e There are no clear guidelines that support optimum dos-
age to achieve pain relief; however, some data suggest
that higher dosage may potentially provide additional Tetracyclic Antidepressants
pain relief.
s Secondary amine TCAs such as nortriptyline and desipra- * Studies have shown limited analgesic property exists with

mine have better side effect profiles and less toxicity than its use and showed inferior analgesia when compared to
tertiary amine TCA drugs. other antidepressants.
* May consider its use if patients are not tolerant to other
agents.

Selective Serotonin Reuptake Inhibitors (SSRI)

e Clinical trials have demonstrated variability and inconsis- Monoamine Oxidase Inhibitors
tencies for the treatment of chronic pain syndrome.

e Reduction of pain was seen in patients with peripheral
diabetic neuropathy, fibromyalgia, and headache.

e There is limited evidence that its analgesic effect exists
for chronic pain condition.

e Its use is limited due to multiple side effects and drug-to-
drug interaction.

Serotonin-Norepinephrine Reuptake Inhibitors
(SNRI) Dopamine Reuptake Inhibitors

e The degree of serotonin selectivity across the specific e Its prototype bupropion also has noradrenergic activity,
drugs on this class varies with venlafaxine having the but the evidence of analgesic effect is limited.
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Side Effects

The use of antidepressants has its potential dangers for abuse
and overdose. Careful considerations should always be given
to patients who show signs of overt depression and suicidal
tendencies. It is advocated to start on a lower dose with slow
titration to achieve maximum pain relief and/or side effects
are not tolerated.

* Weight gain is the most common complaint of patients
taking antidepressants. The mood alteration effect may
have an effect on appetite and general well-being.

* Anticholinergic-type side effects are the usual complaints
of patients that include dry mouth; sedation and urinary
retention may limit its use.

e Its use in pregnancy is not advocated due to the risk of
fetal malformation.

e Cardiac toxicity has been reported in patients taking TCA,
manifested as, but not limited to, myocardial infarction,
sinus tachycardia, and increased ventricular ectopy. Some

authors suggest screening EKG in patients over the age of
40 and starting a new TCA.

Conclusion

Antidepressants can be used to treat chronic pain states espe-
cially if there is a component of depression. It is also vital to
know that its use may be associated with untoward side
effects inherent to the drug.
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Key Concepts

o Skeletal muscle relaxants are thought to help break the
acute “pain-spasm-pain” cycle by either depressing cen-
tral or spinal reflexes (antispasmodics) or reducing skel-
etal muscle hypertonicity and involuntary contractions
(antispasticity agents).

* Muscle relaxants may also exert their effect by causing
general CNS depression.

e Acetaminophen and NSAIDs are considered first-line
therapies for nonspecific low back pain. There is no indi-
cation for muscle relaxants in chronic low back pain.

* Due to their sedating nature, as well as potential for mis-
use, abuse, and concomitant use of alcohol, opioids, ben-
zodiazepines, or other sedatives, use extreme caution
when prescribing.

Introduction

Antispasmodics and antispasticity agents, often called “skel-
etal muscle relaxants,” are often used to treat low back pain
and generalized muscle spasms. They are frequently used in
the setting of acute musculoskeletal, soft tissue, or ligamen-
tous injury or strain. The exact cause of muscle spasms is
controversial. A commonly accepted theory is that they are
thought to be part of a “pain-spasm-pain” cycle in which (1)
part of the body is injured, (2) muscle contracts or “spasms”
involuntarily to protect the area from injury, (3) muscle con-
tracture contributes to local tissue ischemia, (4) ischemia
causes release of additional nociceptive chemical mediators,
and (5) the cycle continues.
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Background

Antispasmodics (carisoprodol, chlorzoxazone, cyclobenzap-
rine, metaxalone, methocarbamol, and orphenadrine) are FDA-
approved for relief of acute (1-3 weeks) musculoskeletal
discomfort. Although frequently prescribed long-term, none are
indicated in the treatment of chronic back pain. Definitive
mechanisms of action of antispasmodics are less understood.
These agents are thought to primarily act by inhibiting spinal
interneurons, depressing polysynaptic reflexes within the dorsal
horn of the spinal cord and the descending reticular formation in
the brain. It is unclear, however, whether antispasmodics may
exert their effect via sedation, as other sedatives also decrease
these polysynaptic reflexes. Benzodiazepines (i.e., diazepam)
are sedatives commonly used as skeletal muscle relaxants.
Benzodiazepines act on postsynaptic y-aminobutyric acid
(GABA,) neuronal receptors to decrease neuronal nociceptive
transmission. These decreases in spinal reflexes from benzodi-
azepines and nonbenzodiazepine antispasmodics are thought to
indirectly relax skeletal muscle.

Antispasticity agents work at the level of the spinal cord or
skeletal muscle to reduce skeletal muscle hypertonicity and
involuntary contractions. Oral baclofen and possibly tizanidine
are antispasticity agents and are FDA-approved for muscle
spasticity due to upper motor neuron conditions, i.e., multiple
sclerosis and spinal cord lesions. Baclofen is a GABAjy agonist,
whereas tizanidine is a central o, agonist similar to clonidine.
Tizanidine is thought to have antispasmodic properties as well.
Although antispasmodics and antispasticity agents are not
technically interchangeable, clinicians often use the antispas-
ticity agents to treat muscle spasm.

Application
For initial treatment of nonspecific low back pain, acet-

aminophen and nonsteroidal anti-inflammatory drugs
(NSAIDs) are relatively safe and thus recommended as
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first-line therapy by the American Pain Society and
American College of Physicians based on their 2007 guide-
lines. Comparatively, there are no quality data that support
the use of skeletal muscle relaxants over NSAIDs. However,
muscle relaxants may be an acceptable alternative in
patients with contraindication to NSAID use or when
NSAID therapy has failed. There is no clear evidence that
one muscle relaxant agent is more effective than others for
treatment of muscle spasm and low back pain. Understanding
the differences among the muscle relaxant classes in terms
of use, mechanism of action, and side effects will aid in
tailoring therapy to patient needs.

Prolonged use of benzodiazepines and carisoprodol may
result in physical and psychological dependence and thus

Table 24.1 Antispasticity agents and antispasmodics

should not be used as first-line agents. Caution should be
used when prescribing any muscle relaxant/antispasmodic
agent given its sedative effects and potential for abuse or
misuse, especially concomitant use with alcohol, opioids,
benzodiazepines, or other sedative.

Specific Drugs (Table 24.1)

Antispasmodics: metaxalone, methocarbamol, orphenadrine,
chlorzoxazone, carisoprodol, cyclobenzaprine
Antispasticity agents: baclofen, dantrolene (not discussed
here)
Both: tizanidine, benzodiazepines (diazepam)

Drug and class Onset Duration (h) | Mechanism of action Side effects Important considerations®
Sedatives/CNS
depressants
Carisoprodol (Soma) 30 min 4-6 Decreased communication Dizziness, drowsiness, Converts to meprobamate in
at reticular formation and HA, N/V, seizures, liver; may result in physical
spinal cord withdrawal or psychological dependence
and abuse; reduce dose in
hepatic disease and elderly
Chlorzoxazone 30-60 min | 4-6 Inhibits multisynaptic reflex | Dizziness, drowsiness, | Rare idiosyncratic
(Paraflex) arc spinal cord and HA, N/V hepatocellular toxicity
subcortical levels
Cyclobenzaprine 60 min 12-24 Acts at brain stem to reduce | Blurry vision, Structurally related to TCAs;
(Flexeril) tonic somatic motor activity, | dizziness, drowsiness, reduce dose in hepatic
some 5-HT, antagonism dry mouth, prolonged disease and elderly; caution
QTec, urinary retention use with SSRIs; seizures with
tramadol and MAOIs
Metaxalone (Skelaxin) | 60 min 4-6 General CNS depressant Dizziness, drowsiness, | Contraindicated in severe
HA, N/V hepatic/renal disease
Methocarbamol 30 min 4-6 General CNS depressant Diplopia, dizziness, Less sedating than others in
(Robaxin) drowsiness, similar class; almost 100%
light-headedness excreted in urine
Orphenadrine 60 min 4-6 Analgesic and euphoric Anxiety, dizziness, Anticholinergic; caution use
(Norflex) properties; central atropine- | light-headedness, in cardiac arrhythmias,
like effects palpitations, syncope elderly, heart failure; taper in
chronic use
GABA agonists
Baclofen (PO) 3 days Variable Presynaptic GABA agonist; | Drowsiness, HA, Reduce dose in renal disease;
(Lioresal) decreases transmission at hypotension, N/V, gradually reduce dose over
spinal cord withdrawal, urinary several weeks upon
retention discontinuation
Diazepam (PO) 30 min Variable Presynaptic GABA, agonist; | Fatigue, hypotension, Controlled substance;
(Valium) decrease transmission at psychiatric reactions, minimize use for low back
spinal and supraspinal sites | sedation pain; avoid use in elderly
Central a2 agonists
Tizanidine (Zanaflex) |2 weeks Variable Central 2 agonist; increases Dizziness, drowsiness, Reduce dose in hepatic/renal
presynaptic inhibition of dry mouth, hypotension, | disease; taper in chronic use
motor neurons prolonged QTc

CNS central nervous system, HA headache, GABA gamma-aminobutyric acid, SSRIs selective serotonin reuptake inhibitors, MAOIs monoamine
oxidase inhibitors, N/V nausea and vomiting, 7CA tricyclic antidepressant
2All sedatives may have additive effects when combined with alcohol or other CNS depressants
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Key Concepts

e Several steroid formulations available for parenteral
administration are used off-label in epidural injections.

e Catastrophic complications have been reported following
epidural steroid injection with particulate steroid
suspensions.

e It is now recommended that non-particulate steroid solu-
tions be used as the initial therapeutic agent for all trans-
foraminal epidural steroid injections.

e Only non-particulate steroid solutions (e.g., dexametha-
sone) are recommended for use in cervical transforaminal
epidural injections.

Introduction

Epidural steroid injections have gained popularity due to their
minimally invasive nature, evidence of clinical effectiveness
for radicular pain, and ease of reproducibility. It is usually per-
formed for patients with radicular symptoms on the hypothe-
sis that radicular pain is caused by leakage of inflammatory
mediators from the herniated nucleus pulposus. Glucocorticoids
have anti-inflammatory effects, limiting the formation of ara-
chidonic acid by inhibiting phospholipase A2 and ultimately
the formation of prostaglandins and other eicosanoids involved
in the inflammatory mechanism. Multiple steroid formula-
tions are available for parenteral administration, and although
these medications have been used in the epidural space, these
are considered off-label applications.
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Indications

Epidural steroid injections are best studied in patients with
radicular pain due to lumbar disc herniations and have
demonstrable evidence of efficacy, clinical effectiveness,
and safety. It is less studied in patients with radicular symp-
toms due to foraminal stenosis or neurogenic claudication
from central spinal canal stenosis. Epidural injection of ste-
roids in patients with axial back pain lacks evidence of effi-
cacy or effectiveness.

Background

There are several steroids preparations available in approxi-
mate equipotent solutions (Table 25.1). Triamcinolone,
methylprednisolone, betamethasone, and dexamethasone
were commonly used for epidural injections. Triamcinolone
now has a label warning against epidural use.

Historically the corticosteroids used were particulate ste-
roid suspensions. Unfortunately catastrophic complications
have been reported following transforaminal epidural injec-
tions; all occurred with particulate steroids. The proposed
mechanism is embolization of a medullary artery (supplying
the anterior spinal artery) known as artery of Adamkiewicz.
Dexamethasone, a solution, contains no particles larger than
red blood cells and cannot act as an embolic agent. Although
its efficacy was questioned in small trials with short-term
follow-up, recent large retrospective and randomized com-
parative effectiveness trials have shown outcomes to be
indistinguishable from steroid suspensions. It is now recom-
mended as the initial therapeutic agent for all transforaminal
epidural steroid injections in order to prevent serious neuro-
logical complications.

Steroid preparations may also vary by added preserva-
tives, some of which may be neurotoxic. When available, a
preservative-free preparation is desirable.
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Table 25.1 Steroid preparations

Methylprednisolone Triamcinolone Dexamethasone Betamethasone

Equivalent dose (mg) 4 4 0.75 0.6
Max particle size (microns) >500 >500 0.5 500
Concentration Densely packed Densely packed Few particles Densely packed
Aggregation Extensive Extensive None Some
Size Densely packed 12*# RBC <RBC 12*# RBC
GC potency 5 5 27 33
Half-life (hrs) 18-36 18-36 36-54 36-54
Preservatives Benzyl alcohol Yes Yes No No

Methylparaben No No Yes No

Sodium bisulfite No No Yes No

Adapted from Derby et al. [2] and Benzon et al. [1] Practical management of pain, 5th edn, chapter 44
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Radiologic Safety in Interventional
Spine and Pain Medicine

W. Porter McRoberts

Key Concepts

e Use of X-ray fluoroscopy remains essential for the safe
completion of many pain procedures.

* Fluoroscopy yields cumulative, dose-related morbidity to
patients, staff and physician.

* The physician is responsible for everyone’s exposure, and
staff training is essential to reduce exposure and increase
expediency.

Introduction

It’s ironic that such a life improving modality can also yield
such morbidity. Until other modalities supersede fluoros-
copy, it will remain the primary tool for pain procedure
imaging. The physician, being closest to the fluoroscopy
unit, is most susceptible to cumulative effects of X-ray dose
because of the multipliable effects of proximity and proce-
dure number. Hopefully, most absorption will be through
cumulative scatter radiation and not direct exposure.
Understanding several basic radiation principles and then
reviewing with your OR staff will yield enormous benefit.
Lastly, by reducing exposure to the patient, the physician and
staff will also benefit from exposure diminution.

Background

Fluoroscopy’s origins began with X-ray when Wilhelm
Conrad Rontgen discovered the previously unknown radia-
tion “X” in 1895. The first fluoroscopes were simply card-
board funnel darkened to see the fluorescence from an
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activated barium salt. At first X-ray was thought to be benefi-
cial to the body, but soon first experimenters correlated skin
burns and radiation exposure. Initially there was little reason
to suspect the association between exposure and morbidity;
however, the first warning of negative effects came from
Thomas Edison, Nikola Tesla and others who reported eye
irritations. Now fluoroscopy is used routinely in medical
imaging.

Dose-Limiting Strategies (Distance, Time, Barriers)

Use good technique.

Increase the distance between patient (and physician)
and X-ray source.

Lower the image intensifier as much as possible.

When taking lateral projections, move away from the
X-ray source as much as possible.

Collimate always, especially with digital magnifica-
tion. Learn to function with tight collimation.

Limit digital magnification (use leaded, prescription
eye lenses to maximize visual acuity).

Stand away when high-dose situations occur.

Limit fluoroscopy usage.

Limit use of live fluoro, and if possible use pulse mode.

Anticipate needle motion thus minimizing multiple
steps of confirmatory fluoro. Use when needle is
close to sensitive tissues.

Use low-dose settings as a default; train staff to do so.

Use digital subtraction when indicated and tubing to
distance the operator from the beam.

Use barriers.

Lead gloves work when outside the beam, and it should
be obvious, but keep hands out of beam.

Wear well-fitted lead that’s comfortable. The more
coverage, the better.

Use 360-lead protection when the back may be
exposed to the c-arm.

Use lead glasses always.

Long-term strategies.
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Meet with your staff and continually train on tech-
niques to reduce.

Educate staff on position of c-arm prior to first expo-
sure so as to increase likelihood that first fluoro shot
has medical relevance other than to serve as a refer-
ence for improved targeting. Target in the mind first
and then with the fluoro.

Have machine inspected regularly by medical physi-
cist, and incorporate education for physician and
staff with physicist.

Consistently wear and monitor dosimetry badges and
rings. Routinely monitor and correlate strategies for
dose reduction with actual reduction.
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Trigger Point Injections

Nomen Azeem

Key Points

e Atrigger point is a hyperirritable spot in the muscle asso-
ciated with a hypersensitive palpable nodule in a taut
band which is painful on compression.

e Myofascial trigger points are a component of a larger dis-
order known as myofascial pain syndrome (MPS).

* Physical and emotional stress is thought to increase sus-
ceptibility to trigger points due to fatigue of the muscles.

* Diagnosis of myofascial pain syndrome is done by his-
tory and clinical exam.

* Conservative treatment options include spray and stretch,
physical therapy, and massage.

e Invasive treatment options include dry needling, trigger
point injection, and botulinum toxin.

Introduction

Approximately 23 million Americans have chronic disorders
of the musculoskeletal system. According to Travell and
Simons, a myofascial trigger point is classically defined as a
hyperirritable spot in the skeletal muscle that is associated
with a hypersensitive palpable nodule in a taut band which is
painful on compression and can give rise to characteristic
referred pain, motor dysfunction, and autonomic phenom-
ena. Myofascial trigger points are thought to be a component
of a larger disorder known as myofascial pain syndrome
(MPS). MPS is defined as sensory, motor, and autonomic
symptoms that are caused by myofascial trigger points. MPS
is a major progenitor of nonarticular local musculoskeletal
pain and tenderness that affects every age group and is com-
monly recognized as “muscle knots.” MPS is not to be con-
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fused with fibromyalgia syndrome, which is ascribed to a
collection of complaints including chronic widespread pain,
accompanied by tactile allodynia, fatigue, sleep disturbance,
and psychological distress.

There are many causes of trigger points theorized.
However commonly accepted causes include an initial insult
to the muscle fibers either due to an acute trauma or repeti-
tive microtrauma. Physical and emotional stress is also
thought to increase susceptibility to the development of trig-
ger points due to fatigue of the muscles or muscle groups. A
local twitch response is a characteristic response of myofas-
cial trigger points elicited by palpation or needle insertion.
The origin of LTR may be due to altered sensory spinal pro-
cessing resulting from sensitized peripheral mechanical
receptors. According to Simons et al., the site of an LTR is a
“sensitive locus,” and the site where there is spontaneous
electrical activity is the “active locus”. It is hypothesized that
a myofascial trigger point locus is formed when a sensitive
locus, a nociceptor, and an active locus — the motor end
plate — coincide. According to Shah et al., trigger points can
be categorized into “active,” which elicit pain locally and
referred pain without palpation and “latent” which only
cause pain when palpated. Further it was determined that
there is a release of biochemicals associated with pain,
inflammation, and intercellular signaling which are elevated
in the vicinity of “active” trigger points.

Diagnosis of myofascial pain syndrome is mainly done
by history and clinical exam, specifically the painful palpa-
tion of trigger points and identification of LTRs. Travell and
Simons identified eight clinical characteristics for the diag-
nosis of myofascial pain syndrome (Table 27.1).

There are various conservative treatment options for
trigger points which include spray and stretch, physical
therapy, and massage. Simons and Travell advocated pas-
sive stretching after applying vapocoolant spray over trig-
ger point. Physical therapy programs can be contoured to
include stretching, correction of improper biomechanics
and posture, and modalities such as TENS unit, ultra-
sound, and cryotherapy. Massage techniques such as deep

97

J.E. Pope, T.R. Deer (eds.), Treatment of Chronic Pain Conditions, DOI 10.1007/978-1-4939-6976-0_27


mailto:nazeem@soa.md
mailto:azeemnx@gmail.com

98

N. Azeem

Table 27.1 Diagnosis of myofascial pain syndrome

1. Onset description and immediate cause of pain

2. Pain distribution pattern

3. Resisted ROM and increased sensitivity to stretching

4. Weakened muscle due to pain with no atrophy

5. Compression causing pain similar to patient’s chief complaint

6. Palpable taut band within muscle correlating with patient’s
trigger point

7. LTR elicited by snapping palpation or rapid insertion of a needle

8. Reproduction of referred pain with mechanical stimulation of
trigger point

stroking, stripping, and myofascial release can be utilized
to improve trigger points.

Invasive treatment options for trigger points include dry
needling, trigger point injection, and botulinum toxin. Dry nee-
dling is the rapid repeated insertion of a small needle directly
into the trigger point. Trigger point injections utilize a similar
technique to dry needling but commonly use a local anesthetic
for patient comfort. Although steroids have been used for trig-
ger point injections, there is currently no evidence to support its
use, and it carries the risk of local myotoxicity, subcutaneous
tissue damage, and discoloration of the skin. Botulinum toxin
blocks muscle contraction by preventing acetylcholine release
presynaptically, which denervates the muscle. Botulinum toxin
does not discriminate between a trigger point and surrounding
tissue which could lead to complications.

With the increasing incidence of myofascial pain syn-
drome, a comprehensive approach must be employed to
effectively improve pain symptoms with specific focus on
the management of trigger points. Further large scale ran-
domized double blind clinical trials may help to establish
guidelines for the efficacious treatment of trigger points both
independently and within the context of myofascial pain
syndrome.
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Key Concepts

e Knee pain as manifestation of osteoarthritis is the most
common indication for intra-articular knee injection.

e The diagnosis of knee pain is based on history, physical
examination, and imaging modalities.

* The approaches to access the retropatellar space include
anterolateral, anteromedial, superolateral, and superome-
dial approach.

e The most common medication used for knee injection is
corticosteroids, but agents such as hyaluronic acid, botu-
linum neurotoxin, and platelet-rich plasma (PRP) have
been described.

e The use of ultrasound and fluoroscopy guidance may help
improve accuracy and outcome of knee injections.

e Special care should be taken to avoid injecting into
Hoffa’s fat pad as atrophy can be the result if corticoste-
roids are placed within this structure.

Background

Intra-articular injections of the knee are usually performed in
patients complaining of knee pain following failure of conserva-
tive management. Knee pain can be caused by intra-articular
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processes, which involved the ligaments, by meniscal tear, or
may be post-traumatic in origin. It may also result from carti-
lage loss secondary to degenerative processes like osteoarthritis
or synovitis. Also, inflammatory causes such as inflammatory
arthritis or septic arthritis along with tendinopathies and bursitis
may present as knee pain. Infrequently, it may be referred pain
from areas involving the spine and/or the hip joint. Multiple
studies have demonstrated a positive efficacy of corticosteroid
injection in noninfective inflammatory conditions in the knee
joint. A recent meta-analysis shows intra-articular hyaluronic
acid injections are also an effective way to treat knee joint arthri-
tis. Many painful syndromes around the knee may mimic knee
joint pain, including Baker’s cyst and prepatellar, suprapatellar,
iliotibial band, and pes anserine bursitis.

Diagnosis

Knee pain can be diagnosed based on clinical presentation
and radiographic imaging. Typically, the pain is localized to
the knee and worsens with activity. Patients will report
decreased in functional status and range of motion due to
pain. On physical examination, patients will have a decreased
passive range of motion of the knee joint. The presence of
crepitus, effusion, quadriceps weakness, and medial and lat-
eral laxity may be noted but not necessarily present.

X-ray imaging is the simplest and cost-effective to evalu-
ate for radiographic evidence of knee osteoarthritis. Classic
signs of osteoarthritis include joint space narrowing, osteo-
phyte formation, subchondral cyst formation, and increased
subchondral bone density (Fig. 28.1).

Technical Considerations

The knee is a complex articulating joint that is prone to
injury. It consists of three compartments: the tibiofemoral,
lateral tibiofemoral, and patellofemoral, all of which share a
common synovial cavity.
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Fig. 28.1 Anterior-posterior weight-bearing radiograph. The right
knee has had total knee arthroplasty. The left knee demonstrates severe
medial and lateral compartment osteoarthritis. Note the decreased joint
space, sclerotic bone changes, subchondral cyst formation, and osteo-
phyte formation

The approach to knee injection is selected based on the
individual’s bony anatomy and should be the path of least
obstruction, with maximal access of the synovial cavity. The
knee joint can be accessed by superolateral, superomedial,
or anteromedial/anterolateral approaches. The patient
should be sitting with the knee flexed at 90°. Locate the
apex of the patella by palpation. Lockman reported the con-
cept of the triangle technique in which one line is drawn
from the apex of the patella to the lateral pole of the patella,
and another line is drawn from the apex to the medial upper
pole of the patella, resulting in an inverted triangle. The base
of the triangle forms the upper border of the patella. The
lateral line of the triangle is then marked at the midpoint,
where the needle can be inserted and directed into the intra-
articular knee joint (see Fig. 28.2). A 1 /2-2 inch 22-gauge
needle is ideal for injections with a 5 ml syringe. However,
needle sizes ranging from 22 to 25 gauges have been used
depending on medication viscosity, access to arthritic joints,
and if aspiration of fluid is anticipated. A higher gauge nee-
dle may increase the resistance in pushing the medication
with minimal discomfort. Careful initial palpation and
marking of the injection site is advocated to reduce re-pal-
pation after preparation of the site. Maintenance of sterile
technique is advised at all times. The skin can be cleansed
with iodine disinfectant or chlorhexidine. Skin anesthesia
can be accomplished by injection of 2-3 ml of 1% lidocaine
prior to needle insertion.

Fig.28.2 Landmarks for knee joint injection. Insert the needle into the
space between the patella and femur parallel to the middle facet of the
patella. The dashed triangle gives/provides the technique as described
by Lockman. White dashed circle is the medial needle insertion site,
although this injection can be performed both at the medial and lateral
recess

If a joint effusion is noted, this should be aspirated to
relieve pressure within the joint capsule. Once a needle
has entered the joint space and satisfactory joint fluid has
been withdrawn, the syringe can be removed and replaced
with a syringe filled with medication intended for injec-
tion (Fig. 28.3).

Superolateral Knee Injection

The patient is positioned supine with the knee fully extended,
with a pad to support the knee to facilitate relaxation. The
physician’s thumb is used to gently rock then stabilize the
patella, while the needle is inserted below the superolateral
surface aiming toward the center of the patella. The needle is
then directed slightly posterior and inferomedially into the
knee joint. The needle should not feel any resistance upon
entering the skin. A hard obstruction may reflect encounter-
ing the bone or cartilage. Redirect the needle until the
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Fig.28.3 Needle entry location described and approach

obstruction is “walked off.” Injection of medication should
be without any resistance.

Superomedial Knee Injection

The patient is positioned supine with the knee fully extended,
with the pad support underneath the knee to facilitate relax-
ation. The physician’s thumb is used to gently rock then sta-
bilize the patella, while the needle is inserted below the
superomedial surface aiming toward the center of the patella.
The needle is then directed slightly posterior and inferolater-
ally into the knee joint. The needle should not feel any resis-
tance upon entering the skin. A hard obstruction may reflect
encountering the bone or cartilage. Redirect the needle until
the obstruction is “walked off.” Injection of medication
should be without any resistance.

Anterolateral/Anteromedial Knee Injection

The patient can either sit or lie supine with the knee flexed 90°
to facilitate ease of needle entry. The needle is inserted either

lateral or medial to the patellar tendon approximately 1 cm
above the tibial plateau and directed 15°—45° from the anterior
knee surface vertical midline toward the joint space. The nee-
dle should not feel any resistance upon entering the skin. A
hard obstruction may reflect encountering the bone or cartilage.
Redirect the needle until the obstruction is “walked off.”
Injection of medication should be without any resistance.

The use of ultrasound and fluoroscopic-guided knee
injections may improve accuracy and increase the likelihood
of directing medication in the joint space.

Medications

A variety of medications have been used to inject the knee.
The injectable amount ranges from 2 to 8 ml.

Corticosteroids

e These agents have anti-inflammatory properties which
also possess varied metabolic effects and modify the
body’s immune response. Oftentimes, these are combined
with local anesthetics depending on the physician’s pref-
erence. No large trials to date have compared the value of
various steroid preparations for knee injection.

 Preparation: methylprednisolone, triamcinolone, dexameth-
asone, hydrocortisone, prednisolone, and betamethasone.

Hyaluronic Acid

e Hyaluronic acid is an anionic, nonsulfated glycosamino-
glycan which forms a viscoelastic solution in water that
works as a lubricant. It plays a vital role in managing fric-
tion among adjacent tissues.

e This helps form the structural integrity of the synovium
and the cartilage that helps lubricate the synovial joint. It
is also a pro-inflammatory mediator that modulates cell
proliferation, migration, and gene expression.

e Preparation: Synvisc, Supartz, Euflexxa,
Orthovisc, and Supartz.

Hyalgan,

Botulinum Toxin

* Botulinum toxin type A is an acetylcholine release inhibi-
tor and neuromuscular-blocking agent found in the natu-
ral toxin from Clostridium botulinum.

e This may provide pain relief in patients with advanced
knee osteoarthritis. The mechanism may be due to the
neurotransmitter-mediated inhibition of sensory neurons.

e Preparation: Botox, Dysport, and Xeomin.
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Platelet-Rich Plasma (PRP)

e PRP is blood plasma that has been enriched with a con-
centrated source of autologous platelets, growth factors,
and cytokines that is known to stimulate healing of bone
and soft tissues.

e The procedure is complex and requires special equipment
to prepare. Its use has shown production of new hyaline/
fibrocartilage formation. It also contains high levels of
cytokines and growth factors.

After injection, a sterile dressing and pressure is applied
at the injection site. Ice can be applied to the affected area for
the first 2448 h. The patient is also instructed to increase
activity with straight leg raising exercises with avoidance of
vigorous exercises and running for several days.

There are no existing guidelines for a repeat injection.
However, a 4- to 6-week interval period is reasonable if
symptoms persisted. Partial relief from the initial injection
warrants consideration for repeat injection. Some practitio-
ners will advocate switching between viscosupplementation
and corticosteroid injections. If adequate pain relief is not
achieved, consider further imaging or surgical consultation.

Complications

Complications associated with knee injections can be divided
into two broad categories: infectious and noninfectious
causes. With regard to infectious cause, iatrogenic septic
arthritis is the most serious complication and is commonly
attributed to poor sterile technique. This occurs in 1 per
2000-15,000 injections. Noninfectious complications of
knee injections are usually seen as a result from steroid
injection besides the inherent trauma to the surrounding

structures such as soft tissue, ligaments, and nerves. Chronic
steroid injections may cause tendon rupture and nerve atro-
phy or necrosis. Systemic effects of steroids that include
impaired glucose control especially in diabetic patient,
osteoporosis, menstrual irregularity, ecchymoses, and sup-
pression of the hypothalamic-pituitary axis have been
described. Though uncommon, other complications, such as
skin atrophy and dystrophic calcification around the joint
capsule, may occur.
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Ankle Injection
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Key Points

e Common indication for injecting the ankle joint is for
pain secondary to arthritis.

* Diagnosing ankle joint arthritis is done by thorough his-
tory and clinical exam.

* Ankle joint injections done by palpation of anatomy,
under ultrasound guidance, or under fluoroscopy for more
precise placement of needle.

* Risks of ankle injections include cartilage deterioration,
weakening or ruptured tendon, possible puncturing of a
vein or artery, infection, or osteonecrosis.

 Tarsal tunnel injection is done by palpation of anatomy or
ultrasound guidance for more precise needle and injectate
placement.

e Risks of tarsal tunnel injections include nerve damage,
puncturing of a vein or artery, or infection.

The articulation of the talus with the tibia and fibula forms
the ankle joint and is stabilized by ligaments that attach to
the medial and lateral malleoli. On the lateral ankle joint is
stabilized by the anterior talofibular ligament (ATFL), poste-
rior talofibular ligament (PTFL), and the calcaneofibular
ligament (CFL). The medial ankle joint is stabilized by the
deltoid ligament.

The ankle joint is one of the more commonly injected
joints. The main indication for injecting the ankle is for pain
secondary to arthritis that has failed conservative treatment
including rest, ice, and the use of nonsteroidal anti-
inflammatories. Arthritis of the ankle joint may occur in
older patients with wear and tear or in athletes with a history
of trauma to the area. Other indications for ankle joint injec-
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tion include crystalloid deposition disease, mixed connective
tissue disease, and synovitis.

Diagnosing ankle joint arthritis is done by obtaining a
thorough history and clinical exam. Patients can present with
pain, swelling, redness, warmth, crepitus, and gait distur-
bance. A plain film x-ray of the ankle joint can confirm find-
ings consistent with ankle joint arthritis.

Ankle joint injections may be done by palpation of anat-
omy, under ultrasound guidance, or under fluoroscopy for
more precise placement of needle and injectate. The patient
is positioned in a supine position with the ankle relaxed, and
space between the anterior border of the medial malleolus
and the medial border of the tibialis anterior tendon is pal-
pated to identify the space between the talus and tibia. As
with any joint injection, a sterile technique must be utilized.
Once proper entry point is identified, a 25-gauge 1.5 inch
needle is inserted into the space and directed posterolater-
ally. Once in position, aspirate fluid to rule out intravascular
needle placement and inject solution of 3—5 mL of local
anesthetic and 1 mL of steroid. The needle is withdrawn and
Band-Aid is applied.

Risks of ankle injections include cartilage deterioration,
weakening or ruptured tendon, the possible puncturing of a
vein or artery, an infection, or osteonecrosis.

The Achilles tendon or the lateral ligaments of the ankle
joint including the ATFL, PTFL, and CFL can be injected with
novel regenerative solutions such as platelet-rich plasma
(PRP) for persistent pain secondary to tendonitis or ligament
sprain (with ultrasound guidance). According to Taylor and
colleagues, a systematic review found that PRP use in tendon
and ligament injuries has several potential advantages, includ-
ing faster recovery and possibly a reduction in recurrence with
no adverse reactions described. However, due to the risk of
weakening of the tendon or ligament leading to rupture, these
structures should not be injected with a steroid solution.

The tarsal tunnel is formed by the medial malleolus and
the flexor retinaculum under which the posterior tibial nerve
passes. The posterior tibial nerve further divides into the
medial/lateral plantar nerves and the calcaneal branches that
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Fig.29.1 Tarsal tunnel
boundaries

innervate the base of the foot. Any compression of the
posterior tibial nerve while passing through the tarsal tunnel
can cause neuropathic foot pain (Fig. 29.1).

Diagnosing tarsal tunnel syndrome is done by obtaining a
thorough history and clinical exam. Patients present with
burning sensation, pain, and paresthesias which worsen with
weight bearing. On exam, there may be a positive Tinel’s test
(tapping over the tarsal tunnel can exacerbate pain symp-
toms). EMG/NCS may also be used to detect a posterior
tibial nerve compression neuropathy.

Tarsal tunnel injection may be palpation of anatomy or
ultrasound guidance for more precise needle and injectate
placement. The patient is positioned in a lateral decubitus
position with symptomatic foot down, and the posterior
tibial tendon is identified by resisted foot inversion. The
posterior nerve runs posterior to posterior tibial tendon;
thus, the needle entry point is behind the medial malleolus
posterior to the tendon. As with any joint injection, a sterile
technique must be utilized. Once proper entry point is iden-
tified, a 25-gauge 1.5 inch needle is inserted at a 30° angle
and advanced a few centimeters. The needle should be

Medial mallelus

Tendons
Posterior
tibial nerve

Medial
malleolus

Flexor
retinaculum
covering tarsal tunnell

Tarsal tunnel

Boundaries:
Roof: flexor retinaculum
Floor: medial surfaces of

the talus and calcaneus

repositioned if patient feels paresthesias. Once in position,
aspirate fluid to rule out intravascular needle placement and
inject solution of 1-2 mL of local anesthetic and 0.5-1 mL
of steroid. The needle is withdrawn and Band-Aid is
applied. Risks of tarsal tunnel injections include possible
nerve damage, possible puncturing of a vein or artery, or an
infection.
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Key Concepts

e Hip pain is a very common symptom with numerous
causes. In a study of 6056 adults with ages 60 and older,
14.3% reported significant hip pain most days in the past
6 weeks.

* Injections of corticosteroid or hyaluronic acid have been
shown to delay total hip replacement in patients with
osteoarthritis.

Introduction

In patients with hip pain, history and physical exam are critical
to diagnosis. The location and character of hip pain, along with
aggravating and alleviating factors, and the impact on ambula-
tion can all be used to distinguish conditions affecting the bursa
and other soft tissues from conditions impacting the hip joint
and adjacent bones. Pathology presenting from the femoroac-
etabular (hip) joint typically presents with pain deep within the
groin. Gradual onset of groin pain with weight bearing and
improvement with rest is the hallmark of osteoarthritis of the
hip joint. Differential diagnosis of acute onset of groin pain
with weight bearing includes occult fracture from trauma,
osteonecrosis (especially in patients with a history of high glu-
cocorticoid use), acute synovitis, or septic arthritis. By com-
parison, constant pain in the anterior hip region, that is, neither
aggravated by direct pressure nor repetitive flexion of the hip,
suggests lower abdominal/pelvic pathology, inguinal hernia, or
referred pain from L2 to L3 spinal nerve roots.
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Background

The first-line treatment for most hip conditions consists of
conservative management including rest of the joint and sur-
rounding structures, ice, nonsteroidal anti-inflammatory
drug (NSAID), and physical therapy. Injections are the next
reasonable step for pain that is refractory to conservative
measures. After ruling out a septic joint, an intra-articular
injection of a 2-5 mL mixture containing corticosteroid (tri-
amcinolone or methylprednisolone) mixed with a local anes-
thetic can suppress the inflammation contributing to joint
pain. This can serve both as a diagnostic and therapeutic
tool. It is highly suggested that image guidance with ultra-
sound or fluoroscopy be used for interarticular hip joint
injections. When the femoroacetabular joint is injected with-
out image guidance, the miss rate is relatively high and the
femoral nerve can be injured 30% of the time. Literature
supports performing about ten injections to gain proficiency
at performing ultrasound guided hip injections.

With image guidance, the femoroacetabular (hip) joint
can be injected successfully with either the anterior or lat-
eral approach. The anterior approach to the hip joint is per-
formed with the patient lying in a supine position. It is
critical to mark the course of the femoral artery, with the
insertion site of the needle lateral to the vascular bundle and
vertical to the mid-portion of the femoral neck to avoid neu-
rovascular injury. The needle is advanced in a straight direc-
tion until it reaches the anterior aspect of the base of the
femoral neck. A small amount of iodinated contrast is
injected to verify the intra-articular position of the needle
before deposition of corticosteroid solution. If arterial punc-
ture occurs, direct pressure can be applied to the injection
site to prevent development of a hematoma. The joint can
also be injected via the lateral approach using fluoroscopy
(Fig. 30.1). Studies have demonstrated decreased rates of
neurovascular injuries with the lateral approach when com-
pared to the anterior approach because it allows visualiza-
tion of the needle at all times during the insertion of the
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Fig.30.1 Fluoroscopic view of intra-articular injection of the left hip via
lateral approach

needle. Patients can be positioned either supine or on their
side with the affected hip up. The entry site is immediately
cephalad to the greater trochanter, at the mid-level of the
anteroposterior dimension of the thigh. Using fluoroscopic
guidance, the needle is advanced, so it enters the hip joint
laterally at the junction of the femoral head and neck. Intra-
articular position may be verified using iodinated contrast
prior to deposition of corticosteroid solution.

Greater trochanteric bursitis is a commonly used term
describing lateral hip pain with tenderness to palpation
over lateral aspect of the hip. Patients often complain of
pain that is made worse when lying with direct pressure on
the affected side. The point of maximal tenderness is typi-
cally around 1.5 inches below the superior portion of the
trochanter directly over the maximum lateral prominence.
The hip range of motion is normal. Physical exam should
also include analysis of gait, lower back flexibility, and
sacroiliac joint dysfunction. The goals of treatment include
reducing inflammation in the bursa, correcting any under-
lying gait disturbance, and preventing recurrent bursitis
through specific hip and back stretching exercises. Initial
treatments should include heat and passive stretching exer-
cises to reduce the pressure over the bursal sac. If conser-
vative treatment fails, the trochanteric bursa sac can be
injected. With the patient lying laterally with affected hip
up, the area over the greater trochanter can be palpated for
the point of maximal tenderness. After the hip is prepped
in a standard aseptic fashion, the needle can be directed
toward this area until periosteum is contacted or fluoros-
copy guided techniques. The needle is then pulled back
slightly, and the medication is injected after negative aspi-

Fig. 30.2 Fluoroscopic view of the greater trochanter bursa injection
with contrast

ration. While this can be performed blindly, having experi-
enced physicians use a fluoroscopy bursagram results in
correct placement 53% of the time (Fig. 30.2).

Aftercare for All Injections

The literature suggests patients rest for 3 days, avoiding
direct pressure and repetitive movements of the joint. Patients
are allowed to shower following injection but should avoid
soaking the injection site for 3 days to decrease the risk of
infection.

Candidacy

First-line treatment for hip pain includes conservative mea-
sures such as rest, ice, nonsteroidal anti-inflammatory drug
(NSAID), and physical therapy. Injections are the next rea-
sonable step for pain that is refractory to conservative mea-
sures. Contraindications to hip joint injections include
patients who have an unstable or surgically implanted joint,
a septic joint, and an infection of soft tissues around the joint
such as cellulites, an intra-articular hip fracture, avascular
necrosis, severe osteoporosis, and a clotting disorder or those
who are on anticoagulants.
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Key Concepts

* Qccipital nerve block (ONB) allows blockade of nociceptive
afferent fibers distributed over the occipital region, vertex,
sides of the head, as well as upper cervical region, which
is known to interact with the trigeminal complex.

* ONB may provide acute headache relief, abort an intrac-
table headache cycle, or serve as part of prevention strate-
gies for occipital neuralgia, migraine, cluster headaches,
and other common headache disorders; ONB typically
provides rapid pain relief, lasting days to weeks and
months.

* ONB can be performed blindly or with ultrasound guid-
ance. They are technically simple and well tolerated by
patients and, if accurately performed, are remarkably safe.

Background

Occipital nerve blocks are used as a diagnostic and therapeu-
tic instrument for management of headaches assumed to be
caused by occipital neuralgia. Recently, ONB has been found
to be effective in treatment of an array of acute and chronic,
primary and secondary headache conditions listed below.
While the number of randomized controlled studies which
support the efficacy of this procedure is limited, there is an
abundance of positive observational studies and case reports,
in addition to a recent systemic review favoring the useful-
ness of this intervention. It is suggested that ONB is espe-
cially helpful in the treatment of severe headache when
medications are not effective or have unfavorable or intoler-
able side effect profile.

Introduction

Occipital nerve block (ONB) has been found effective in the
treatment of occipital neuralgia, migraine headaches, cervico-
genic headache, cluster headache, and some other primary and
secondary headache disorders.
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Anatomy

There are three occipital nerves: the greater occipital nerve
(GON), the lesser occipital nerve (LON), and the third occip-
ital nerve (TON). The TON is a branch of the third cervical
nerve and typically connects to the GON from below and
medially. It is responsible for providing sensations to the
back of the scalp and lower occipital region. The GON origi-
nates higher, from the dorsal primary ramus of the second
cervical nerve. It is located between the m. inferior obliquus
capitis and m. semispinalis capitis. As the GON travels ceph-
alad, it penetrates the m. semispinalis capitis and then the m.
trapezius. It then can be located less than 1 inch lateral to the
superior nuchal line. The GON can be found lateral to the ver-
tex and medial to the occipital artery (OA). The LON is differ-
ent from TON and GON as it mainly consists of branches of
the superficial cervical plexus, and it has contributions from
the C2 and C3 ventral rami. The LON travels cephalad on the
posterior border of the m. sternocleidomastoid. It provides
sensory innervation of the scalp lateral to the GON distribu-
tion, up to the posterior part of the ear.
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Candidacy

Indications for ONB include the treatment of acute or chronic
headaches, which may be unresponsive to pharmacological
treatment. It may also be used as abortive therapy for an
intractable headache, as well as assist in weaning off of
medications known to contribute to medication overuse
headache. The geriatric population and expectant mothers
are good candidates especially where oral analgesics/antide-
pressants/membrane stabilizers provide pain reduction but
may cause side effects or are contraindicated. Specifically,
the ONB may be utilized in treatment of migraine (with or
without aura, status migrainosus, and chronic migraine), epi-
sodic or chronic tension or cluster-type headache, chronic
daily headache, cervicogenic headache, posttraumatic head-
ache, hemicrania continua, new daily persistent headache,
post-dural puncture headache, trigeminal neuralgia, and
occipital neuralgia.

Techniques

The ONB uses an injectate of 3—5 ml of local anesthetic
(typically 1% lidocaine or 0.5% bupivacaine) in close
approximation to the GON. It can be done using 25-30-
gauge 5—1-inch needle. Steroid medication, preferably, non-
particulate, such as dexamethasone (1-5 mg, half-life
36-54 h) or methylprednisolone (20-125 mg, half-life
18-36 h), can be added. Adding a steroid to local anesthetic
is touted as a potential adjuvant resulting in protracted thera-
peutic effect of the regional nerve blockade. The use of the
steroids for the GON block is however controversial, with
only scant evidence demonstrating improved efficacy in
cluster headaches.

In the past GON blocks were performed using the land-
marks technique. When using a landmark technique, a
patient should be placed in a sitting or prone position. The
occipital artery should be palpated on the back of the head at
or slightly caudal to the superior occipital protuberance
about 1.5 inch lateral to the midline. The GON is typically
located medial to the artery approximately 0.5—1.5 inch lat-
eral to the occipital protuberance (also termed inion).
Palpating this will often produce occipital tenderness, or
even headache, which may indicate the location for the
blockade. The GON blockade can be performed on both
sides depending on symptomatology. It is important to avoid
injury to occipital artery during the injection. Therefore, the

Periosteum

Medial

Lateral

Fig. 31.1 Schematic representation of greater occipital nerve (GON)
block, landmark technique. The GON is typically located medial to
occipital artery (OA). TR m. trapezius

artery should be palpated before a skin wheal with local
anesthetic is performed. The injection should be carried out
medial to pulsation of the occipital artery (Fig. 1). The varia-
tions in the course of GON and artery may require increase
in volume of local anesthetic up to 10 ml in order to achieve
clinical success. The inadvertent intra-arterial injection of
local anesthetic or particulate steroid (triamcinolone) can
result in complications including and not limited to scalp
necrosis, hair loss, and hair discoloration. The needle is typi-
cally advanced until the bony periosteum is encountered or
until the patient reports paresthesia. In order to avoid injection
into the periosteum, the needle should be then slightly with-
drawn. The aspiration of the syringe should be performed, and
if negative, the local anesthetic should be injected in the
located tender point or in a fanlike manner. This technique
results in a field block and improves the likelihood of suc-
cessful block. In addition using this technique may result in
blockade of the TON or LON, which can be in close approxi-
mation to the GON (Fig. 31.1).

Recently ultrasonographic guidance has been proven to
accurately locate the GON, the surrounding muscles, soft
tissues, and, most importantly, vascular structures. It also
provides real-time visualization of the needle as it is advanced
aswell as the injectate. Ithas been shown that ultrasonography-
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Fig. 31.2 (a) Ultrasonographic image of greater occipital nerve (red
arrows), injectate spread just above the GON. M medial, L lateral, C2L
Ce lamina, IOM m. inferior obliquus capitis, SSC m. semispinalis capi-
tis, SC m. semispinalis capitis, TR m. trapezius. Inset orientation of
probe tilted superolateral. Inset probe placement adapted from Greher

guided GON blocks may have better outcomes and poten-
tially safer interventions. Ultrasonography-guided GON
block can be performed at the same location as the traditional
landmark technique or lower, at the C2 level, where the GON
is located just above the m. inferior obliquus capitis (Fig. 2).
GON block typically provides rapid pain relief, within
15-30 min, lasting days to months. Patients with history of
craniotomy, or if the patient has received antiplatelet or antico-
agulation therapy, require detailed discussion on risk/
benefits/alternative treatment options, preferably image-guided
intervention and longer monitoring/special attention after the
ONB (Fig. 31.2).

M, Moriggl B, Curatolo M, Kirchmair L, Eichenberger U. Sonographic
visualization and ultrasound-guided blockade of the greater occipital
nerve: a comparison of two selective techniques confirmed by anatomi-
cal dissection. Br J Anaesth. 2010;104(5):637-42. (b) Transverse ana-
tomical view of IOM and GON (red arrow)
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Key Concepts

e All patients with a new diagnosis of trigeminal neuralgia
should undergo brain and brainstem MRI with and with-
out gadolinium to rule out posterior fossa or brainstem
lesions and demyelinating disease.

e Skill with fluoroscopic guidance of the technique should
be developed before attempting to perform this block to
avoid devastating complication.

* Adequate time is needed to allow the patient to become com-
fortable with the approach and appropriate sedation to occur.

Anatomy

The trigeminal nerve contains sensory and motor fibers.
Somatic afferent fibers transmit pain, light touch, and tem-
perature sensation from the skin of the face, the oral and
nasal mucosa, the teeth, and the anterior two thirds of the
tongue. Visceral efferent fibers innervate muscles of facial
expression, tensor tympani, and muscles of mastication.
Also, the trigeminal nerve has multiple communications
with autonomic nervous system through the ciliary, spheno-
palatine, otic, and submaxillary ganglia (Fig. 32.1).

The trigeminal nerve travels as follows: brainstem, pre-
pontine fossa, Meckel’s cave (trigeminal/Gasserian ganglion
location), and extracranial branch. After the Gasserian gan-
glion, the nerve separates into the ophthalmic, maxillary, and
mandibular divisions.
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The ophthalmic division carries sensory fibers to the
scalp, forehead, upper eyelid, conjunctiva, cornea, nose,
nasal mucosa, frontal sinus, and parts of the meninges. It
divides into the nasociliary nerve, lacrimal nerve, and frontal
nerve. The nasociliary nerve divides into the sensory root of
ciliary ganglion, long ciliary nerve, posterior ethmoidal
nerve, anterior ethmoidal nerve, and infratrochlear nerve.
The frontal nerve divides into the supratrochlear nerve and
supraorbital nerve.

The maxillary division provides purely sensory fibers to
the lower eyelid, cheek, nares, upper lip, upper teeth, upper
gums, nasal mucosa, palate, roof of the pharynx, maxillary
sinus, ethmoid sinus, sphenoid sinus, and parts of the
meninges. Its branches are divided into four groups,
depending on the location where they branch off: the cra-
nium, the pterygopalatine fossa, the infraorbital canal, or
the face. The intracranial group includes the middle menin-
geal nerve. The pterygopalatine group includes the zygo-
matic nerve, the superior alveolar nerves, the nasopalatine
nerve, the palatine nerves, and the pharyngeal nerve. The
infraorbital group includes the infraorbital nerve and the
anterior superior alveolar nerve. The facial group includes
the inferior palpebral nerve, the superior labial nerve, and
the lateral nasal nerve.

The mandibular division contains a large sensory root and
a small motor root that provide innervation to the lower lip,
lower teeth, gums, chin, jaw, parts of the external ear, and
parts of the meninges. Its branches are divided into three
groups: the main trunk, the anterior division, and the poste-
rior division. The main trunk group includes efferent
branches for the medial pterygoid, tensor tympani and tensor
veli palatini muscles, and an afferent nerve for the meningeal
branch. The anterior group includes the efferent masseteric,
deep temporal, and lateral pterygoid nerves and the afferent
buccal nerve. The posterior group includes the efferent/affer-
ent inferior alveolar nerve and the afferent auriculotemporal
and lingual nerves.
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Introduction

Trigeminal neuralgia is a disease characterized by distinc-
tive, intense episodes of pain in the trigeminal nerve distri-
bution on a unilateral side. Most cases of trigeminal
neuralgia are idiopathic. Inflammatory causes (e.g., multi-
ple sclerosis, infection, etc.) and compression of the tri-
geminal roots (e.g., tumors, vasculature, etc.) may be
associated. Patients usually describe the pain as electric,
shooting, and shock-like. The pain can be precipitated by
light mechanical stimulation to the face or oral mucosa.
The vast majority of cases affect either the maxillary or
mandibular division (V2 or V3), alone or in combination.
In approximately 5% of patients, the symptoms occur
solely in the ophthalmic division (V1).

Treatment

The primary treatment for trigeminal neuralgia is pharmaco-
logic (carbamazepine). Other anticonvulsants may also be
beneficial. For patients who fail to respond to pharmacologic
treatment, trigeminal nerve block is a practical next step. If
this fails, more invasive options such as radiofrequency abla-
tion, balloon compression, Gamma Knife radiosurgery, and
microvascular decompression may be considered after eval-
uating the risk-benefit ratio.

Trigeminal Nerve Block and Neurolysis
Indications

The indications for performing a trigeminal nerve block
include the following: management of trigeminal neuralgia,
surgical anesthesia, anatomic differential neural blockade,
prognostic nerve block before ablative procedure, alleviation
of acute pain emergencies, palliation of cancer pain, man-
agement of cluster headache, and treatment of persistent
ocular pain.

Contraindications

The contraindications for performing trigeminal nerve block
include but are not limited to the following: patient refusal,
local infection, sepsis, coagulopathy, increased intracranial
pressure, behavioral abnormalities, allergy to local anesthet-
ics, and uncooperative patient.

Technique
Injecting small, incremental doses of local anesthetic to

avoid local anesthetic toxicity should be utilized for all
blocks (Figs. 32.1, 32.2, 33.3, and 32.4).
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Fig.32.2 Dermatomes:
trigeminal nerve (Reprinted
with permission, Cleveland
Clinic Center for Medical Art
& Photography © 2014. All
Rights Reserved)
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Figs.32.3and 32.4 Lateral trigeminal nerve block of the face (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography

© 2014. All Rights Reserved)

Gasserian Ganglion Block

The patient is positioned supine with the cervical spine
extended. Under fluoroscopic guidance, submental and
oblique views are obtained to identify the foramen ovale.
Approximately 2.5 cm lateral to the corner of the mouth, a
needle is advanced perpendicular to the pupil of the eye in a

cephalad direction toward the auditory meatus. After contact
is made with the base of the skull, the needle tip is withdrawn
slightly and walked posteriorly into the foramen ovale.
Carefully aspirate for blood/CSF. After needle position is
confirmed and aspiration is negative, the therapeutic solution
may be injected. An average volume of 0.4 mL of neurolytic
solution is usually adequate to provide long-lasting pain
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Fig.32.5 Radiographic
image: trigeminal nerve block

relief. The methods of ablation include thermal injury by
radiofrequency, chemical injury by glycerol/phenol/alcohol
injection, and mechanical compression by balloon inflation.

Coronoid Approach for Maxillary
and Mandibular Nerve Block

The coronoid approach may be utilized for simultaneous
maxillary and mandibular nerve block. The coronoid notch is
identified by asking the patient to open and close the mouth
several times and palpating the area just anterior and slightly
inferior to the acoustic auditory meatus. A needle is inserted
just below the zygomatic arch directly in the middle of the
coronoid notch. The needle is advanced 1.5-2 inches in a
plane perpendicular to the skull until the lateral pterygoid
plate is encountered. The needle is withdrawn slightly, and
7—-15 mL of local anesthetic is injected.

Gasserian Ganglion, Ophthalmic, Maxillary,
and Mandibular Nerves Radiofrequency
Ablation

The patient is positioned supine with the cervical spine
extended. A nasal cannula and/or nasal trumpet may be uti-
lized to maintain the airway patent. Sedation is commenced.
The needle is directed as stated above in the Gasserian gan-
glion block section. After the needle is engaged in the fora-
men ovale, lateral view fluoroscopy is used to advance the
needle to a point just superior to the intersection of the
petrous bone and the clivus. Sedation is stopped. The stylet
of the needle is removed and replaced with the radiofre-

quency electrode. Once the patient is adequately awake, test
stimulation is started with 0.05-0.15 volts at 50 Hz to evoke
paresthesia in the area desired. When the electrode location
is confirmed, the patient is anesthetized again. Afterward,
the electrode is heated up to 75-80 °C for 90 s.

A coronoid approach can also be used for RFA of the
maxillary and mandibular nerves after neurolysis is com-
plete; the patient is awakened to test the efficacy of the pro-
cedure. The goal is mild hypoesthesia.

Radiofrequency ablation provides the highest rate of
pain relief when compared to other percutaneous nerve
destructive procedures. The two forms of radiofrequency
ablation are continuous and pulsed. Pulsed RFA is a nonde-
structive method of delivering RF energy to the trigeminal
ganglion. In contrast to conventional RF described above,
short bursts of RF current at 42 °C are generated with long
pauses between bursts to allow heat to dissipate in the tar-
get tissue. In a recent randomized controlled study compar-
ing both, it has been shown that continuous radiofrequency
is more effective than pulsed radiofrequency. Although in
recent study, patient received PRFA did not have paresthe-
sia, which clinically shows that it is nondestructive and
may be an advantage. However, pain relief was not satisfac-
tory as it was expected.

Complications

Potential complications include but are not limited to the
following: bleeding, infection, nerve injury, intravascular
injection, intrathecal injection, cardiac and respiratory
arrest, seizure, stroke, dysesthesia, motor weakness, and
pain exacerbation.



32 Trigeminal Nerve Block

17

Suggested Reading

1.Erdine S, Ozyalcin NS, Cimen A, Celik M, Talu GK, Disci
R. Comparison of pulsed radiofrequency with conventional radio-
frequency in the treatment of idiopathic trigeminal neuralgia. Eur
J Pain. 2007;11:309-13.

2. Gulur P, Wainger BJ, Young A. Head and facial trigeminal neural-
gia. In: Pain procedures in clinical practice. 3rd ed. Philadelphia:
Elsevier; 2011. p. 297-304.

3. Narouze SN. Trigeminal (Gasserian) ganglion, maxillary nerve, and
mandibular nerve blocks. In: Interventional management of head
and face pain: nerve blocks and beyond. New York: Springer; 2014.
p- 53-9.

4. Singla A. Trigeminal neuralgia. In: Essentials of physical medicine
and rehabilitation. 2nd ed. Philadelphia: Saunders; 2008. p. 491-6.

5. Waldman SD. Gasserian ganglion block. In: Pain management. 2nd
ed. Philadelphia: Elsevier; 2011. Expert Consult. Web 1 Aug. 2014.

6. Waldman SD. Trigeminal nerve block. In: Atlas of pain management
injection techniques. 3rd ed. Philadelphia: Saunders; 2013. p. 44-6.



Sphenopalatine Ganglion

33

Robert Bolash and Reda Tolba

Key Concepts

e The sphenopalatine ganglion serves as a major intersec-
tion point for sympathetic and parasympathetic nerve
fibers innervating the face.

* Application of local anesthetic to the ganglion has proven
efficacy in the treatment of head and facial pain disorders
including cluster headaches, herpes zoster, trigeminal
neuralgia, atypical facial pain, and migraine.

* The sphenopalatine ganglion can be blocked via a percu-
taneous infrazygomatic approach by application of local
anesthetic or by applying radiofrequency ablation of the
ganglion.

Introduction

Historically, sphenopalatine ganglion blocks have been used
for the treatment of a wide variety of conditions including
asthma, angina, singultus, epilepsy, glaucoma, headaches,
neck pain, vascular spasm, facial neuralgia, blindness, low
back pain, sciatica, earache, temporomandibular joint dys-
function, hyperthyroidism, dysmenorrhea, fibromyalgia, and
myofascial pain. It is uncertain if these early “successes”
were due to the application of local anesthetic to the spheno-
palatine ganglion or the fact that intranasal cocaine was the
most commonly utilized local anesthetic.
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Indications

Today, the sphenopalatine ganglion block is employed for the
treatment of sphenopalatine neuralgia, trigeminal neuralgia,
atypical facial pain, acute migraine, cluster headaches, and
herpes zoster. Most successes have been demonstrated in the
treatment of chronic and episodic cluster headache likely by
interrupting the parasympathetic outflow from the superior
salivary nucleus. Clinical success has demonstrated improve-
ment among patients with atypical facial pain, trigeminal
neuralgia, and migraine, including refractory cases in patients
who have failed numerous noninvasive modalities.

Treatment

Historically, a transnasal approach utilizing local anesthetic-
soaked pledgets containing lidocaine, tetracaine, or cocaine has
been used. The nare is anesthetized by inserting the local anes-
thetic-soaked pledget along the superior aspect of the middle
turbinate overlying the sphenopalatine ganglion. A percutaneous
Sfluoroscopically guided infrazygomatic approach to the spheno-
palatine ganglion for both diagnostic blocks and radiofrequency
ablation is used by interventional pain physicians. A lateral fluo-
roscopic view of the face is obtained with the c-arm by superim-
posing the two rami atop each other. A skin wheal is created
inferior to the zygomatic arch and anterior to the mandible. A 22
or 25-gauge 3.5-inch spinal needle is then inserted coaxially with
lateral fluoroscopic guidance. The needle is then advanced supe-
riorly and medially toward the pterygopalatine fossa utilizing AP
fluoroscopic guidance. The needle tip will terminate just lateral
to the ipsilateral nasal wall. Following final needle positioning,
0.2 mL of contrast material is injected under live fluoroscopic
imaging to rule out intravascular spread (Fig. 33.1).

The percutaneous technique can be modified to perform
radiofrequency ablation. A 22-gauge 10-cm curved, blunt
radiofrequency needle with a 5-mm active tip is substituted
and is advanced in same manner as described above. Upon
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Fig.33.1 Percutaneous fluoroscopic views: Needle courses medially toward the ipsilateral nasal wall

proper needle position, and confirmation of negative intravas-
cular spread, sensory stimulation is carried out at 50 Hz with
a 1-ms pulse duration. A favorable needle position will result
in deep perinasal and maxillary paresthesias at <0.5 V. After
stimulation is confirmed, local anesthetic is injected and
radiofrequency neurotomy is performed at 80 °C for 90 s.
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Key Concepts

e Auriculotemporal nerve is a peripheral branch of the
mandibular nerve and lies in close proximity to parotid
gland, neck of the mandible, and temporal vessels.

* Auriculotemporal nerve is at risk of injury during surgical
intervention of the parotid gland or mandibular condyle.

* “Frey’s syndrome” may be a consequence of injury to the
branches of the auriculotemporal nerve and is also seen as
a consequence of fractures of the temporomandibular
joint (TMJ).

Anatomy

The auriculotemporal nerve arises as two roots from the pos-
terior division of the mandibular nerve. These roots encircle
the middle meningeal artery then converge to form a single
nerve. The auriculotemporal nerve passes between the neck
of the mandible and the sphenomandibular ligament, gives
off branches to parotid gland posteriorly, and gives branches
to the auricle anteriorly. It then goes across the root of the
zygomatic process of the temporal bone, deep to the superfi-
cial temporal artery (Fig. 34.1).

Innervation

The somatosensory root (superior) gives somatosensory
fibers, which rise up to the superficial temporal area. It gives
sensory supply to the skin of the auricle, external acoustic
meatus, outer side of the tympanic membrane, and the skin
in the temporal region (superficial temporal branches). It
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also gives articular branches to supply the temporomandibu-
lar joint (TMJ).

The parasympathetic root (inferior) carries postgangli-
onic fibers to the parotid gland which serve as secretomotor
fibers for the parotid gland.

Clinical Significance

The nerve as it courses posteriorly to the condylar head is
frequently injured in temporomandibular joint (TMJ) sur-
gery, causing an ipsilateral paresthesia of the auricle and
skin surrounding the ear. Auriculotemporal nerve is the
main nerve that supplies the temporomandibular joint
(TM1J), along with branches of the masseteric nerve and the
deep temporal.

“Frey’s syndrome” merits consideration. Anatomically,
the auriculotemporal nerve (ATN) is in close relation to the
parotid gland, neck of the mandible, temporal vessels, and
sphenomandibular ligament. Fine branches of the ATN are at
risk of division during surgical intervention of the parotid
gland or condyle of the mandible. “Frey’s syndrome” or
abnormal gustatory sweating can develop. This syndrome is
characterized by occurrence of hyperesthesia, flushing, and
warmth or sweating over the distribution of the auriculotem-
poral nerve and/or greater auricular nerve while eating foods
that produce a strong salivary stimulus.

Auriculotemporal neuralgia (AN) is characterized by cri-
ses of strictly unilateral lancinating pain that may be per-
ceived in the temporal region, TMJ, and in the parotid,
auricular, and retro-orbital regions. The main clinical charac-
teristic of AN is moderate to severe pain, associated with
exacerbations, perceived as stabbing pain. The pain may
worsen or be triggered by pressure on the periauricular region
at the level of the tragus. Case reports have described about
refractory facial pain after TMJ surgery attributed to AN. Pain
from parotitis, a condition that can be caused by mumps, is
carried by the auriculotemporal nerve to the brain.
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Auriculotemporal Nerve Block

This block can be performed to relieve refractory pain attrib-
uted to auriculotemporal neuralgia. Block technique is
described as follows: the needle is inserted below the TMJ,
in the posterior margin of the head of the mandible, just in
front of the tragus, to a depth of 1-1.2 cm, at a horizontal 45°
angle in the direction of the nose, with care taken to first
perform aspiration in order to avoid intravascular injection.
Subsequently 0.5 cc of lidocaine 2% mixed with 0.5 cc of
dexamethasone (8 mg/ml) can be injected to block the nerve.
Simopoulos et al. have described a case of successful auricu-
lotemporal nerve stimulation for treatment of chronic refrac-
tory migraine.
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Key Concepts

* Glossopharyngeal neuralgia is characterized by unilateral
paroxysmal pain in the oropharynx, nasopharynx, larynx,
base of the tongue, lower jaw, and ear. These attacks are
typically excruciating and described as sharp, stabbing,
“shocks of electricity” that can last from seconds to
minutes.

* Antiepileptic drugs and tricyclic antidepressants may be
used to ameliorate the pain of glossopharyngeal neuralgia.

e Blocks with a local anesthetic with or without a cortico-
steroid, chemical neurolysis, and radiofrequency ablation
are all options in the management of glossopharyngeal
neuralgia.

* An obtunded gag reflex is one way to test for a successful
glossopharyngeal nerve block.

Introduction

Glossopharyngeal neuralgia is characterized by unilateral
paroxysmal pain in the oropharynx, nasopharynx, larynx,
base of the tongue, lower jaw, and ear. These attacks are typi-
cally excruciating and described as sharp, stabbing, “shocks
of electricity” that can last from seconds to minutes. The
diagnosis is primarily based on the description of the loca-
tion and pattern of the pain. A block of the glossopharyngeal
nerve is a useful tool to confirm the diagnosis. MRI is rou-
tinely performed to rule out a tumor or other mass lesion, or
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blood vessels that may be compressing the glossopharyngeal
nerve. Antiepileptic drugs and tricyclic antidepressants may
be used to ameliorate the pain of glossopharyngeal neural-
gia. Blocks with a local anesthetic with or without a cortico-
steroid, chemical neurolysis, and radiofrequency ablation
are all options in the management of glossopharyngeal neu-
ralgia. In severe cases that are refractory to other treatments,
surgery that severs the glossopharyngeal nerve may be the
only treatment to relieve the pain.

Background

Glossopharyngeal neuralgia is characterized by unilateral
paroxysmal attacks triggered by stimulation to the orophar-
ynx, such as mechanical swallowing, yawning, coughing,
laughing, and chewing, and sensory stimulation such as cold,
salty, acidic, or bitter foods.

The incidence of GPN increases with age and most often
affects persons older than 50 years; however, in patients with
multiple sclerosis, GPN tends to occur at a younger age. In
217 cases of glossopharyngeal neuralgia seen at the Mayo
Clinic, 57% of the cases were in patients greater than
50 years old, while 43% were between the ages of 18 and 50.
Twelve percent of these patients had bilateral involvement,
but a frequency as high as 25% has been reported.
Additionally, 12% of the patients exhibited both glossopha-
ryngeal and trigeminal neuralgia. A greater prevalence in
males has also been reported by some authors, while others
have reported no difference in prevalence by gender.

Cardiovascular symptoms such as bradycardia, hypoten-
sion, and even cardiac arrest may accompany the attacks in
1-2% of the cases. The close association between the glos-
sopharyngeal nerve and the vagus nerve (CN X) may under-
lie, in part, the etiology between glossopharyngeal neuralgia
and the cardiac symptoms.

Glossopharyngeal neuralgia may mimic trigeminal neural-
gia. Both may present with facial/jaw pain elicited by the same
mechanical and sensory mechanisms. Cases may be difficult
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to differentiate in patients with pain in the region of the tragus
or deep to the angle of the jaw. However, compared to trigemi-
nal neuralgia, glossopharyngeal neuralgia is relatively rare
although dual diagnosis has been reported. A diagnostic inter-
ventional block may be useful in differentiating the two etiolo-
gies and indeed may be the only way to definitively establish
the diagnosis of glossopharyngeal neuralgia.

Diagnosis

Diagnosis is based on clinical presentation, physical exami-
nation, imaging studies, and diagnostic blocks.
High-resolution MRI or CT scan of the head may reveal
tumor, bony erosion, multiple sclerosis plaques, abscess, or
infection. 3D visualizations of the brain stem or MRA may
identify neurovascular compression or arteriovenous malforma-
tion. Visualization of the offending vessel was better in cases of
compression from the posterior inferior cerebellar artery (PICA)
compared to the anterior inferior cerebellar artery (AICA).

Medical Treatment

Medical treatment of GPN is similar to treatment for other
forms of neuropathic pain, including trigeminal neuralgia.
Antiepileptic drugs (AEDs) and tricyclic antidepressants
alone or in combination have been studied with variable effi-
cacy. AEDs that have been used include carbamazepine,
lamotrigine, diazepam, and gabapentin; tricyclic antidepres-
sants such as amitriptyline and nortriptyline have been used.

Glossopharyngeal Nerve Block

Patients that are not well managed on medication alone may
benefit from a glossopharyngeal nerve block (Table 35.1).

Techniques for extraoral, intraoral, fluoroscopic, or
ultrasound-assisted procedures have been described. The use
of fluoroscopy allows real-time imaging of the contrast
media and may help minimize intravascular injection in case
the needle tip has penetrated either the carotid or jugular ves-
sels. Injections of local anesthetic and/or steroids or chemi-
cal neurolysis and radiofrequency ablation are all options in
management of glossopharyngeal nerve dysfunction. We
describe the classic nonimage-guided intraoral approach to
perform the glossopharyngeal nerve block.

Table 35.1 Indications for GPN block or neurolysis

Glossopharyngeal neuralgia (GPN)

Post-tonsillectomy pain control

Cancer pain

To reduce gag reflex for awake endotracheal intubation

Singultus (hiccups)

Carotid sinus syndrome

Patients that are poor candidates for microvascular decompression

Intraoral Technique
Anterior Tonsillar Pillar Method

The patient is asked to open the mouth widely (Fig. 35.1).
The tongue is swept to the opposite side with a tongue
depressor, laryngoscope blade, or gloved fingers. A
25-gauge, 3.5 inch spinal needle is inserted 0.5 cm deep,
just lateral to the base of the anterior tonsillar pillar
(ATP). The use of a spinal needle is advantageous for
visualization of the tonsillar pillars by keeping the
syringe out of the patient’s mouth. After careful aspira-
tion for blood or cerebrospinal fluid, 2 mL of local anes-
thetic (LA) plus non-particulate steroid is injected. The
advantages of this method are that the ATP is easily iden-
tified and exposed, and the tongue movement does not
trigger the gag reflex.

The patient is asked to open the mouth widely. The
tongue is depressed down with a laryngoscope blade or a
tongue blade. A 22-25 gauge, 3.5 inch spinal needle bent
1 cm from the distal end is directed laterally into the sub-
mucosa along the caudal aspect of the PTP (palatopharyn-
geal fold). After careful aspiration for blood and
cerebrospinal fluid, 2 mL of local anesthetic and/or ste-
roid is injected. The PTP method becomes more difficult
in patients with large tongues or small oral opening and
may cause greater gag reflex.

Conclusion

Pain from glossopharyngeal neuralgia can be challenging to
diagnose and treat. Current best evidence supports the use of
a multimodal approach to treatment including medication
management and interventional techniques such as nerve
blocks, radiofrequency neurolysis, and surgical decompres-
sion when indicated.
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Fig.35.1 Anatomy for
intraoral glossopharyngeal
nerve block. Posterior
tonsillar pillar method

Hard Palate
Soft Palate
Uvula

Anterior
Tonsilar Pillar
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Tonsilar Pillar

Tongue
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Key Concepts

e The atlanto-occipital (AO) and atlantoaxial (AA) joints
are common causes of neck pain due to arthritic change
and whiplash injury, among other causes.

e Patients typically present with both headache and neck
pain aggravated by lateral rotation of the cervical spine
and/or flexion or extension of the cervical spine.

* Anesthetic or corticosteroid injection into the AO/AA
joints can be diagnostic and therapeutic for pain arising
from these structures.

e The proximity of many vital structures necessitates com-
plete mastery of the relevant anatomy, fluoroscopic image
interpretation, and expert interventional technique.

e Injection of contrast under fluoroscopy with or without
ultrasound is recommended to assure safe needle place-
ment prior to injection of medication.

* Major complications associated with AO/AA injection
are related to the close proximity of the target structures
to the foramen magnum and the vertebral arteries.

* Potentially catastrophic outcomes include direct injury to
the brain stem and spinal cord and intravascular injection
of medication causing seizure of brain infarction.

* These injections are contraindicated in patients with cer-
vical joint hypermobility or joint instability.
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Introduction

The diagnosis of cervicogenic headache (CH) should be
considered in patients with headache and concomitant his-
tory of neck pain, cervical trauma, or whiplash injury.
Patients with CH pain commonly report symptoms in the
back of the head and around or over the top of the head,
sometimes up to the eyebrow or behind the eyes. These
symptoms may be referred pain from cervical structures
innervated by the upper three cervical spinal nerves includ-
ing the muscles, joints and ligaments, the dura mater of the
spinal cord and posterior cranial fossa, and the vertebral
artery. Not surprisingly, patients with other types of head
and facial pain may also report neck, shoulder, and myo-
fascial symptoms. Thus, CH is often misdiagnosed as ten-
sion or migraine headaches leading to treatment failure.
Diagnostic criteria for cervicogenic headaches have been
established by the International Headache Society’s
International Classification of Headache Disorders
(Headache chapter). Nonetheless, the great overlap in
symptomatology between CH and other headache types
often requires a diagnostic block.

The atlanto-occipital (AO) and atlantoaxial (AA) joints
are susceptible to arthritis and can be injured during accel-
eration/deceleration (“whiplash”) injuries. Pain following
such injuries is often initially attributed to soft tissue injury
such as muscle strain. AO and AA injections can be valu-
able during the workup for headaches. Local anesthetic
infiltration of the joints has been demonstrated to provide
good short-term relief of cervicogenic headaches. Due to
the invasive nature and risk for injury, the criteria for a posi-
tive response to anesthetic blockade are stringent: pain must
be reduced by 90% or more, ideally with a dual block para-
digm. According to one retrospective study, pulsed radiofre-
quency treatment within the AA joint led up to 12 months of
pain relief.
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Anatomy

Occiput The occipital bone is part of the cranium at the
posterior/inferior part of the skull. A prominent feature of
the occipital bone is the foramen magnum, through which
the cranial cavity communicates with the vertebral canal.
The foramen magnum is a large oval aperture with its long
diameter anteroposterior. It is wider behind than in front
where the condyles that articulate with the atlas (C1) preside.
Critical structures that enter the foramen magnum include
the medulla oblongata, the vertebral arteries, and the ante-
rior/posterior spinal arteries.

C1 (atlas) The arlas (C1) is the most superior cervical ver-
tebra of the spine. The atlanto-occipital joint allows the head
to nod up and down on the vertebral column. The atlas has a
ring shape, consisting of an anterior and a posterior arch and
two lateral masses (Chap. 7).

C2 (axis) The second cervical vertebrae allow for the head
to rotate. The odontoid process rises perpendicularly from
the surface of the anterior body and makes articulation with
the atlas. It is positioned in between the anterior part of the
atlas and the transverse ligament. The latter separates the
odontoid process in the front and the thecal sac and the spinal
cord in the back. The odontoid process acts as a pivot that
allows the atlas and attached head to rotate on the axis. The
processes contain the transverse foramen which gives pas-
sage to the vertebral artery, vertebral vein, and a sympathetic
nerve plexus.

Nerves

The C1 nerve root (suboccipital nerve) exits between the
skull and the C1 vertebrae. It provides motor innervation to
the suboccipital muscles and interconnects with fibers of the
C2 and C3 nerves. The greater and lesser occipital nerves
(GON and LON) exit from between the first and second ver-
tebra. The GON is the medial branch of the dorsal primary
ramus of cervical spinal nerve 2. Its course often covers a
large portion of the posteromedial aspect of the AA joint.
The GON innervates the skin along the posterior part of the
scalp to the vertex, over the ear. The LON typically arises
from the lateral branch of the ventral ramus of the second
and sometimes also the third cervical nerve and can some-
times be derived from the GON. The LON innervates the
lateral portion of the posterior scalp and the medial surface
of the pinna of the ear. The third occipital nerve (TON) is the
medial branch of the posterior division of the third cervical
nerve. It innervates the inferior portion of the posterior scalp.
Third occipital nerve headache is common in patients with
chronic neck pain and headache after whiplash (Chap. 7).

The Vertebral Artery

The vertebral arteries arise from the subclavian arteries,
then typically enter the transverse process of sixth cervical
vertebrae (C6), and less common at C7 (Fig. 36.1). They
then proceed superiorly, in the transverse foramen. The ver-
tebral artery lays immediately posterolateral to the atlanto-
axial joint as it courses through the C2 and C1 foramina.
Once they have passed through the transverse foramen of
C1, the vertebral arteries travel across the posterior arch of
C1 crossing the medial posterior aspect of the atlanto-occip-
ital joint and through the suboccipital triangle before enter-
ing the foramen magnum. This diagonal course across the
posteromedial aspect of the AO joint provides an important
landmark for performing AO injections. Of note, the verte-
bral artery is covered during its entire course with a large
plexus of veins.

Clinical Diagnosis

Patients often report neck pain, “stiffness,” with decreased
cervical range of motion and difficulty in head turning.
Patients may report posterior headaches (occipital head-
aches) aggravated by rotation, side bending, and/or flexion
or extension of the cervical spine. Additionally, some
patients may report posterior or preauricular pain symp-
toms. CH refer into the posterior scalp but can also manifest
as shoulder pain and occasionally arm pain on the side of
the headache. Symptoms can be unilateral or bilateral. On
physical examination, pressure on the base of the head and
upper cervical spine may reproduce pain or trigger head-
aches. Diagnosis is made according to the criteria for cervi-
cogenic headaches established by the International
Headache Society’s International Classification of Headache
Disorders (Table 6.5).

Atlanto-Occipital Injection
Under Fluoroscopic Guidance

The patient is placed in the prone position with a small
roll or towel placed under the chin to accentuate cervical
flexion. Although both AO and AA injection can be per-
formed under ultrasound guidance, fluoroscopic guid-
ance is most commonly utilized to identify the vertebral
bodies of C1 and C2 by identifying the characteristic
odontoid process of C2 (Fig. 36.2). Additionally, C2 spi-
nous process is the first and most superior cervical verte-
brae with a bifid spinous process. It is important to
visualize the vertebrae of C1 and C2 midline, accounting
for any rotation. The skin is prepped and draped in a ster-
ile fashion. The skin overlying the target is anesthetized
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Fig.36.1 Model of occiput, atlas, and axis. Red star: Vertebral artery. Oval: Atlantoaxial joint. Square: Atlanto-occipital joint

Fig.36.2 Lateral cervical
radiograph demonstrating the
atlanto-occipital, atlantoaxial,
and cervical facet joints. Left:
Oval outlining the atlanto-
occipital joint line. Star
denotes atlantoaxial joint.
Right: Open mouth
radiograph demonstrating
occiput, the ring of the atlas,
and the body of the axis.
Black arrows depict the
atlanto-occipital joint line.
Dashed line oval surrounds
the right atlantoaxial joint line

with 2-3 ml of local anesthetic. Care is made not to pen-
etrate too deeply, as many critical structures may be
within 1-2 cm of the skin.

To perform an AO joint injection, the needle should be
directed toward the superior posterolateral aspect of the
joint to avoid the vertebral artery medially. After negative
aspiration, injection of contrast under fluoroscopy is rec-
ommended to assure correct placement of the needle. If the
needle is too medial, it may cause inadvertent puncture of
the vertebral artery or the dural sleeve. Barring intravascu-
lar spread of contrast, medication can be incrementally
injected with intermittent aspiration via extension tubing
under close scrutiny for neurovascular compromise or
change in neurologic status.

Atlantoaxial Injection Under Fluoroscopic
Guidance

The patient is similarly positioned and prepared as above. It
is critically important to adjust the C-arm and clearly visu-
alize the AA joint (Fig. 36.2). The target for AA joint injec-
tion is the space between the exiting C2 root and the
vertebral artery. A needle should be directed toward the
junction of the middle and lateral thirds of the posterior
aspect of the joint to avoid the C2 nerve root medially or
the vertebral artery laterally. After negative aspiration,
injection of contrast under live fluoroscopy is recom-
mended to assure correct needle placement (Fig. 36.3).
Barring intravascular spread of contrast, medication can be
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Fig.36.3 Identifying the vertebral body of C1 and C2. Left: Note the
vertebral body of C2, with a prominent odontoid process in the midline
and coaxial view of the needle hub in the atlantoaxial joint. White

incrementally injected with intermittent aspiration via
extension tubing under close scrutiny for neurovascular
compromise or change in neurologic status.

Complications

Complications associated with AO/AA injection are related
to the close proximity of the target structures to the foramen
magnum and the vertebral arteries. Injury to the brain stem
and spinal cord may result directly from inadvertent needle
placement or indirectly form intravascular injection that
leads to compromised blood flow to the brain and spinal
cord. Inadvertent intravascular injection of local anesthetic
can lead to anesthetic toxicity, presenting as ataxia, dizzi-
ness, or seizures. Other signs and symptoms of anesthetic
toxicity include a metallic taste in the mouth and ringing in
the ears. Injection of particulate steroids may lead to embolic
infarction of the central nervous system. Subarachnoid
administration of local anesthetic in this region can result in
an immediate total spinal anesthetic. These injections are

dashed line circle around the hub. Right: Note the contrast dye outlining
the joint lines. Lateral image demonstrating needle and contrast dye in
the atlantoaxial joint

contraindicated in patients with cervical joint hypermobility
or joint instability.
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Key Concepts

e The facet joints are well-documented, common sources of
spinal pain.

* The medial branch (MB) block of the dorsal primary
ramus subserves the facet joints and a chemical or steroi-
dal block of the nerve serves both as a diagnostic predi-
cate to facet joint denervation as well as a potentially
therapeutic intervention.

e Facet medial branch block (MBB) can safely be per-
formed in the cervical, thoracic and lumbar spine, but
varying level of evidence support MBB possibly
because there exists low variability in MB anatomy in
the cervical and lumbar spines and more inconsistency
the thoracic spine.

e Cervical facet syndromes can contribute to cervicogenic
headache particularly with painful joints high in the cervi-
cal spine; joints lower may also contribute to shoulder
and thoracic pain.

» Thoracic facet joints, while less likely to be diseased sec-
ondary to the relative stability yielded by ribs, also
respond well to blockade and ablation.

e Lumbar facets are most commonly involved and in addi-
tion to the associated low back pain may also generate
pain that radiates to the hips and thighs.

e MBB should not be confused with intra-articular injec-
tion of the facet. While both address the joint, they serve
very different purposes.
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Introduction

Interest in the specific course of the posterior or dorsal
ramus of the spinal nerve was detailed as early as 1956,
and interest in percutaneous rhizolysis of the innervating
nerves of the lumbar facets grew in the early 1970s par-
ticularly in Australia. Nikolai Bogduk appears to be the
first (1979) to perform dissection to specifically eluci-
date the variability surrounding the neuroanatomy of the
facet joints. Since, hundreds of publications have arisen
surrounding the joints, their anatomy, and neural supply
and how interventions aimed at curbing pain associated
with the joints treat patients. The dorsal primary ramus of
von Luschka trifurcates into lateral, intermediate, and
medial branches. The medial branch serves the multifi-
dus and interspinalis muscle, the facet joint, the interspi-
nous ligaments, as well as other lesser structures. After
trifurcation the MB again bifurcates into superior and
inferior branches to serve the individual articular surface
of the joint. Each joint is largely served by two indepen-
dent MBs.

Anatomy

True diarthrodial joints, the facets are formed via the
articular processes of the inferior and superior laminar
projections and are present from CI1 inferiorly to the
sacrum. Posteriorly, they are capsulated, and when
arthritic, joint access angles change considerably.
Anteriorly the capsule is formed of ligamentum flavum
and is often fenestrated or incompetent, thus allowing the
physiologic release of joint fluid. Total joint volume is
variable from 1 to 2 cubic centimeters (cc).
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MBB Technique and Implications

The actual method of needle delivery is beyond the scope
of the chapter; however, understanding the neurophysiol-
ogy of the block is important (Figs. 37.1 and 37.2).
Numbing the skin reduces pain associated with the injec-
tion and likely minimally affects the specificity of the
block. The needle is then passed down to the correspond-
ing innervating nerve(s) in succession, and an aliquot of
local anesthetic is used. The larger the aliquot, the more
likely are collateral structures to also be blocked, such as

Fig.37.1 Optimal cervical loci for facet joint denervation

disk and or spinal nerve, and thus specificity suffers.
Smaller aliquots increase sensitivity and put onus on the
interventionalist’s accuracy. Most suggest a half cc of vol-
ume per MBB. The duration of blockade is largely depen-
dent on the anesthetic used. The optional addition of
corticosteroid dilutes the concentration of the anesthetic
and may confound the results not only because of dimin-
ished effect of the local, but also because the patient may
associate the delayed effects (without immediate effect)
with a positive block. The addition of steroid however has
been associated with prolonged pain relief, and in some
the blocks may also be therapeutic, negating the need for
rhizotomy. When removing the needle, some leave a light
wake of local anesthetic to diminish the resultant and pos-
sibly confounding pain of the procedure itself; however,
the contrary opinion argues, painful paraspinal muscles
respond to intramuscular local anesthetic well, and this too
may confound results. Accurate MBB also chemodener-
vates nonarticular structures such as the multifidus and
interspinalis muscles as well as the interspinal the supra-
spinal ligaments and other potentially painful structures,
and while diminishing the specificity of the block for diag-
nosing articular pain, it is the most prognostic for success-
ful denervation. Lastly, debate continues regarding the
utility of one versus two prognostic blocks and the cutoff
percentage of pain relief for “successful.” Making dener-
vation contingent upon two blocks or higher percentages
while increasing the percentage of successful denervations
does diminish the overall treatment success number.

Some argue, however, that the blockade is essentially
unnecessary as the rhizotomy is neither detrimental, danger-
ous, nor expensive, and the blockade serves only to delay
treatment, increase medical costs, and cause pain to the
patient.

Intra-articular injection is the most specific in diagnosing
the intra-articular facet as the source of pain; however, over-
fill runoff usually runs anteriorly into the epidural posterior
lateral recess where the spinal nerve lies. If prediction of suc-
cessful rhizotomy is the aim, then MBB is best.

Conclusions

Facet joints are a common cause of spinal pain, and MBB
remains the best overall prognostic tool for evaluating the
potential success of denervation. Accuracy in needle placement
increases specificity. Debate ensues regarding the need for
prognostic steps, as the denervation is safe and effective.
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Fig.37.2 Optimal lumbar
loci for denervation
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Key Concepts

e Denervation is typically performed via radiofrequency
(RF) ablation but can also be performed with either cryo-
neurolysis or chemoneurolysis

e Thermal ablation can provide significant relief for the bet-
ter part of a year for most patients

* Cryoneurolysis yields neuropraxic injury without neurot-
mesis, temperatures typical of liquid nitrogen yield
3—4 months relief; colder temperatures generate possibly
longer periods of pain relief

* Lesion size is directly proportional to nerve injury likeli-
hood, and significant industry energy is aimed at increas-
ing lesion size safely

e Sensory testing may increase accuracy and nerve injury
likelihood

* Motor testing may predict safety

e With typical radiofrequency ablation, very little tissue
destruction occurs distal to the spindle-shaped lesion,
making needle placement and understanding of lesion
shape critical to success

Introduction

Early in the 1970s, Rees and later Toakley appear to be
among the first to attempt fluoroscopically directed medial
branch sectioning via radiofrequency technique. Soon there-
after Norman Shealy reported on electrocoagulation rhizoly-
sis. Toakley’s results of 200 sectioned patients revealed a
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surprisingly excellent outcome of 125 good results and 37
fair results with a follow-up of 6 months to 2 years.

Techniques

The conventional RF generator provides the following sev-
eral essential functions:

Function Purpose

Sensory nerve stimulation Proximity to target sensory nerve
(50 Hz)

Motor nerve stimulation Proximity to motor nerve (or spinal
(2Hz) nerve)

Temperature monitoring Ensure appropriate coagula

Impedance monitoring Confirm physiologic electric circuit

Temperatures Function

42.5-44 °C Temporary conduction block
45-50 °C Early cytotoxic range

70-80 °C Irreversible lesioning

>90 °C Carbonization of tissues

Proximity predicts success and, importantly, catastrophe.
To serve that end, 0.25 V depolarizes nerve when immediately
adjacent, and 2 V depolarizes at 1 cm distant. Lower sensory
thresholds indicate increased proximity, and the absence of
radicular neural recruitment at high thresholds indicates safe
distance. Lesion size can be influenced by injectate, tempera-
ture, and gauge of the needle employed. Commonly, a 10 mm
active tip is employed for radiofrequency.

Cervical Testing

Motor 2-Hz: 2.0 V without radicular stimulation.

Sensory 50-Hz: 0.25-0.50 V local recruitment suggests good
proximity.

Sensory 50-Hz: 1.0 V absence of radicular recruitment indi-
cates safety.
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Fig.38.1 AP lumbar spot film of needle placement for low-threshold
sensory testing indicating excellent location

Fig.38.2 Lateral view lumbar needle placement

Lumbar Testing (Figs 38.1 and 38.2)

Motor 2-Hz: 3.0 V without radicular stimulation.

Sensory 50-Hz: 0.25-0.50 V local recruitment suggests good
proximity.

Sensory 50-Hz: 1.0 V absence of radicular recruitment indi-
cates safety.

Conclusions

Facet joints are a common cause of spinal pain, and MBB
remains the best overall prognostic tool for evaluating the
potential success of denervation. Accuracy in needle place-
ment increases specificity. Debate ensues regarding the need
for prognostic steps, as the denervation is safe and effective.
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Key Points

e Epidural analgesia has been used for chronic pain man-
agement for over a century.

e The anatomy of the spinal epidural space has several mis-
conceptions, and proceduralists should be knowledgeable
about the details of this unique space.

* There are several approaches, trajectories, and techniques
to enter the epidural space and several needle designs
have been employed and modified over time.

e Therapy using local anesthetics, steroids, and normal
saline has been widely used for epidural analgesia.

* The risks of epidural analgesia include post-meningeal
puncture headache, hematoma, infection, and neurologic
complications.

e Outcomes are mixed. Certain conditions that result in
radicular pain appear to have short-term benefit.

Introduction

The reported first attempt and successful injection of drug
for chronic pain management occurred in 1901 in France by
Jean-Athanase Sicard and Fernand Cathelin. The unique fea-
tures of injection into this relatively small space were the
production of segmental neural blockade and influence on
neuraxial pathology. Since then, the epidural space has been
used to manage acute, chronic, and cancer pain. This review
will focus on its use in chronic pain management.
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Anatomy

A discussion regarding epidural analgesia is founded on an
understanding of the anatomy, which has gone through sev-
eral controversies over the past century. It is imperative that
practitioners are aware of the details and potential aberrancies
of this unique anatomical structure (Fig. 39.1). The spinal
epidural space is distinct from the cranial epidural space; the
spinal epidural space is often coined a potential space, but the
fact that it is filled with fat, arterioles, Batson’s venous plexus,
and lymphatics with millimeters of thickness which can be
viewed with any MRI or CT contradicts the definition of a
potential space—it is in fact an actual space (Figs. 39.2, 39.3,
and, 39.4). The cranial epidural space is a potential space. The
posterior spinal epidural space is between dura and ligamen-
tum flavum and runs from foramen magnum to the sacrococ-
cygeal ligament (Fig. 39.5). On the lateral aspects of the
epidural space, rootlets exit the neuroforamina. Injectate
flows along rootlets, to the nerve roots and dorsal root ganglia
(Fig. 39.6) [1]. The thickest portion of the epidural space is
typically at the interlaminar interspace in the posterior mid-
line. The anterior aspect of the epidural space which is
between the posterior longitudinal ligament, and the dura is
of interest because this is where injectate may have an impact
on disc pathology. There is significant heterogeneity of the
epidural space with changes in thickness anterior to the spi-
nous process and around pedicles; although often depicted as
a contiguous and symmetric sheet based on artists’ renderings
in textbooks, it is more often not (Fig. 39.7). In rare instances,
plica mediana dorsalis, a midline septum, can prevent bilat-
eral spread of injectate [2].

Anatomy of Pathology
There are several etiologies for neck and back pain with

or without radicular pain. The discs have nerves, includ-
ing the sinuvertebral and gray rami innervating the annu-
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Fig.39.1 Local anesthetics may abolish sensation in various parts of the
body by topical application, injection in the vicinity of peripheral nerve
endings and along major nerve trunks, or instillation within the epidural
or subarachnoid space. The ensuing sensory block occurs locally and
spreads to areas distal along the nerve pathway (With permission from
Deer et al. [27]. © American Academy of Pain Medicine 2013)

Fig. 39.3 Magnetic resonance imaging of lumbar spine. Sagittal
T2-weighted images revealing the typical “sawtooth” pattern of the pos-
terior midline epidural fat (Acknowledgement of Dr. Alex Schabel)

lus fibrosus which can be nociceptive due to inflammation
or trauma. When there is a disc herniation, the nucleus
pulposus, a vestige of the notochord, may extrude its con-
tents of proteoglycans onto nerves causing significant
nociceptive input. The natural history of disc herniation is
not as dire as once believed —most patients recover with-
out intervention as discs do protrude, extrude, and absorb
over time [3] although predicting where resorption versus
continued pathology will occur and in whom is difficult to

Fig. 39.2 Magnetic resonance imaging of lumbar spine. Axial
T2-weighted image demonstrates the dorsal and lateral epidural space . o
(Acknowledgement of Dr. Alex Schabel) predict at this time.
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Fig. 39.4 Magnetic resonance imaging of lumbar spine. Sagittal
T1-weighted images revealing the typical “sawtooth” pattern of the pos-
terior midline epidural fat (Acknowledgement of Dr. Alex Schabel)

The neuroforamina may be occluded causing lateral ste-
nosis due to disc herniation, facet hypertrophy, synovial cyst,
or scarring. Central spinal canal stenosis can be congenital,
as in short pedicle syndrome, or due to degeneration which
has an estimated prevalence of 19.4% of the US population
aged 60—69 years with absolute spinal stenosis based on CT
imaging; not all of these patients have symptoms of neuro-
genic claudication [4]. Stenosis can result from disc hernia-
tion, ligamentum  flavum  hypertrophy,  vertebral
osteophytosis, posterior longitudinal ligament osteosis, facet
hypertrophy, compression fracture, or spondylolisthesis.

In addition to understanding these structural components
that may stimulate nociceptive inputs, it is crucial that prac-
titioners understand that pain is an unpleasant sensory and
emotional experience [5]. An individuals’ genotype, pheno-
type, and psychological makeup also play a role in what they
describe as pain, or suffering.

Fig. 39.5 Layers of the neuraxial canal (With permission from Deer
et al. [27]. © American Academy of Pain Medicine 2013)

Fig. 39.6 Axial cryomicrotome of the second thoracic vertebrae and
spinal nerve. DRG dorsal root ganglion (With permission from Hogan
[1]. © Wolters Kluwer Health Inc.)

Techniques

The epidural space can be approached via several routes in
the sacral, lumbar, thoracic, and cervical spine (Fig. 39.8).
The interlaminar approach involves a posterior introduc-
tion of the needle between the superior and inferior lamina
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Fig.39.7 Conceptual model
of the epidural space with
pockets of incongruity (Image
obtained from SlideShare.net)

Epidural

space

Fig.39.8 Conceptual
approaches to enter the
epidural space. The
interlaminar approach has four
trajectories: midline,
paramedian, parasagittal, and
transmedian. The
transforaminal approach
enters laterally in the
neuroforamina

of the desired levels of the cervical, thoracic, and lumbar
spine. The commonly performed trajectories include the
midline and paramedian. Some operators choose to per-
form a parasagittal or transmedian trajectory to deposit
injectate to one side of the epidural space, ideally where the
pathology exists. The caudal approach enters the epidural
space from its most inferior aspect at the sacral hiatus with

Ligamentum
flavum

Midline
Parasagittal

Paramedian Interlaminar

Transmedian

Transforaminal

piercing of the sacrococcygeal ligament. Determination of
the approach or interspace to enter and/or target depends on
where a patient describes their nociceptive input, which is
often corroborated by provocative testing and radiologic
imaging. The type of needle used for this approach is gen-
erally a more blunt needle so operators can feel the differ-
ences in tissue, with particular attention on the pressure
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gradient on the syringe plunger between the ligamentum
flavum and into the epidural space [6]. The Tuohy, Coudé,
Weiss, Crawford, or Hustead needles are blunt needles and
come in a variety of sizes for entry from 14 gauge for spinal
cord stimulator leads to 22 gauge for single-shot injection.
Catheters come in various materials and can be steered
through needles to the area of pathology. The Tuohy needle
was developed by Ralph Huber, DMD, and utilized by
Edward Tuohy, MD, for continuous spinal anesthesia in
1945 [7]. This needle has since been used for continuous
epidural analgesia, starting with Curbelo on 1949, and has
the advantageous property of a scalloped surface on the
back of the bevel allowing for laminar sliding.

Entry into the epidural space can be determined via sev-
eral approaches, most commonly, the loss-of-resistance tech-
nique, which was developed by the Italian physician, Achille
Mario Dogliotti, in 1933. The loss-of-resistance technique
can be accomplished with a low-friction piston/syringe
(glass or plastic) using saline or air. Saline is recommended
to reduce the potential risk of pneumocephalus if there is
intrathecal infiltration, although there may be situations
where using air has advantages [8]. Other ways to determine
entry into the epidural space include the hanging drop
method, catheter insertion, fiber optics, and epiduroscopy.

The transforaminal approach starts at a point lateral on a
patient’s back and enters via the neuroforamen. This tech-
nique does not use loss-of-resistance and utilizes a spinal
needle (Quincke, Chiba) to end either adjacent to the nerve
root or at a point contiguous with the epidural space. All of
these techniques are confirmed using contrast media under
fluoroscopy to watch spread along nerve roots or with epi-
dural fat delineation and spinous process sparing, to differen-
tiate from intrathecal spread, or a myelogram. The landmark
or blind approach has fallen out of favor due to poor reliabil-
ity in entering the epidural space, although was the pioneer-
ing method for entry. Ultrasound can be a useful imaging
tool, particularly in pregnant patients where radiation is con-
traindicated [9].

The epidural space can be used to place catheters for con-
tinuous infusion such as in acute or cancer pain, to place
leads for dorsal column stimulation, or if adhesions in the
epidural space are a source of nociception, adhesiolysis can
be performed. The remainder of this chapter will focus on
epidural steroid injections.

Therapeutic Injectate

Local anesthetics were the first drugs injected into the epi-
dural space, starting with cocaine in 1901. Even with the
longest-acting local anesthetics to date, relief is still on the
order of several hours via voltage-gated sodium channel
blockade. For this reason, other agents have been added to

prolong relief. Steroids were introduced into the epidural
space in 1952 by Robecchi and Capra, and despite a volumi-
nous history of epidural steroid injections, steroids are not
FDA approved for use in the epidural space today. The
North American Spine Society, Agency for Healthcare
Research and Quality, and Department of Health and Human
Services recognize that epidural steroid injections are part
of the management for radicular pain. It is hypothesized that
steroids work by decreasing inflammation by inhibiting
PLA2 [10], reducing vascular permeability, or by epigenetic
mechanisms [11], which may account for the delay (days) in
relief. The relief from steroids is variable from patient to
patient. Glucocorticoids are preferred for epidural steroid
injections because of their greater anti-inflammatory activ-
ity (Fig. 39.9). There has been controversy regarding the
ability of particulate steroids to aggregate and their potential
role in neurologic injury. For this reason, non-particulate
steroids are recommended. Greater scrutiny of steroids
occurred in 2012 when the New England Compounding
Center (NECC) shipped methylprednisolone that was con-
taminated by fungi leading to 800 individuals developing
meningitis—this tragic event led to 64 deaths [12]. Steroid
frequency and dose must be monitored; chronic neuraxial
steroid use can lead to hypercorticism, adrenal suppression,
osteopenia, impaired glucose tolerance, and increased intra-
ocular pressure, among other side effects.

Other adjuvants in chronic pain management have not
been as widely explored as compared to acute pain manage-
ment where adjuvants such as epinephrine, clonidine, neo-
stigmine, cyclooxygenase inhibitors, etc. have been used.
One of the unspoken therapeutics in epidural injections is
normal saline, a substance that is not benign. Future develop-
ment of therapeutics in the epidural space to modulate
pathology, dorsal root ganglia, or nerves could be impactful
in chronic pain management (Table 39.1).

Contraindications and Risks

The contraindications to this procedure include patient
refusal, an allergy to any of the substances in contact with the
patient, systemic infection or local infection at the needle
entry site, bleeding dyscrasia, or on an antithrombotic agent
without proper cessation. In a retrospective study of 4265
ESIs, the most common complications were increased pain
(1.1%), pain at site of injection (0.33%), persistent numb-
ness (0.14%), and “others” (0.80%) [13].

Meningeal puncture is a risk and can result in postural
headache. Bernards expressed that the term post-dural punc-
ture headache (PDPH) is inaccurate because dura mater is
actually porous; he advocated the term post-meningeal punc-
ture headache (PMPH) [14]. PMPH appears to be more rare
in chronic pain management, with one retrospective analysis
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Fig.39.9 Relative properties of steroids (Adapted from Benzon et al. [26])

Table 39.1 Indications in chronic pain management

Disc herniation

Central spinal canal stenosis

Neuroforaminal stenosis

Facet or nerve root cyst with radicular pain

Compression fracture of the spine with radicular pain

Postherpetic neuralgia

stating an incidence of 0.004% [13], than it is in labor anal-
gesia, approximately 1% [15], due to several factors includ-
ing imaging and age differences. Management of PMPH is
generally time, fluid, caffeine, cyclooxygenase inhibitors,
potentially triptans, and epidural blood patch [16].

Risks of epidural injections include bleeding in the epi-
dural space resulting in an epidural hematoma, which could
lead to paralysis if not identified and evacuated [17, 18]. In
2015, the American Society of Regional Anesthesia and
Pain Medicine (ASRA) developed their guidelines on the
use of antithrombotics for interventional pain procedures.
[19] It should be noted that even strict adherence to these
guidelines does not prevent this complication absolutely.

Patients are at rare risk for segmental medullary artery or
artery of Adamkiewicz vasospasm or occlusion from trans-
foraminal injections; this can result in anterior spinal artery
ischemia and paralysis [20]. Infections can occur locally at
the site of injection, cellulitis; into the epidural space,
becoming an epidural abscess; or along the meninges, to
become meningitis. Needles and catheters have found their
way into and around nerve roots, as well as into the spinal
cord. Development of cauda equina syndrome has been
reported [21]. A review of methods to reduce neurologic
complications related to epidural steroid injections was
published in Anesthesiology and is worth review [22].

Outcomes

The study on the outcomes of epidural steroid injections
has historically been poor, and in order to understand the
impact of this intervention on individuals and populations,
better studies must be conducted and published without
bias. Various operators, routes, injectate properties,
approaches, pathologies, and individual differences make
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studying outcomes an extraordinary challenge. After the
NECC fungal meningitis outbreak, The New England
Journal of Medicine published a perspective article that
stated “clinicians persist in clinical practices despite weak
evidence of efficacy.” [23] A review and meta-analysis in
Pain Physician in 2015 looked at 52 articles that met manu-
script criteria (with 72 excluded) and concluded that there
is level IT evidence for ESI for disc herniation, discogenic
pain, postsurgery back syndrome, and spinal canal stenosis
[24]. In 2013, Cohen et al. summarized the evidence regard-
ing the use of epidural steroid injections, their impact on
patient beneficence, cost-effectiveness, prevention of sur-
gery, return to work, and healthcare utilization [25].

Conclusion

At 115 years since the first epidural for chronic pain manage-
ment, we are still in our developing stages of understanding
the power of the epidural space. Its physiologic purpose is
enigmatic, and some interventionists feel its purpose is to
provide a conduit to one of the most epidemiologically press-
ing health problems in humans—low back and neck pain.
We have a long way to go to understand which candidates are
best for such intervention to improve our currently shaky
outcomes. Refining understanding, techniques, and develop-
ment of drugs will progress the utility of epidural analgesia
in chronic pain management.
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Background

Existing in approximately 80% of cases imaged, the stellate
ganglion is formed by the fusion of the inferior cervical and
first thoracic ganglia of the sympathetic tract. It is normally
located anterior to the transverse process of C7, superior to
the neck of the first rib, and inferior to the subclavian artery.

Indications

A blockage of the stellate ganglion is utilized for both diag-
nostic and therapeutic purposes in pathologies affecting the
upper extremities, face and head. As a diagnostic tool, the
injection of local anesthetic at this site can potentially reduce
pain if it has a sympathetic component.

A stellate ganglion blockade has shown to be an effective
treatment for the following conditions:

e Complex regional pain syndrome
* Herpes zoster (shingles)

e Raynaud’s phenomenon

e Scleroderma

e Phantom limb pain

e Hyperhidrosis

e Hot flashes

e Intractable hiccups
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Contraindications

e Allergic reactions to local anesthetics
e Recent myocardial infarction

e Coagulopathies

e Symptomatic bradycardia

Procedure

The stellate ganglion block is performed utilizing either CT,
fluoroscopic, or ultrasound guidance. While ultrasound
allows for a better visualization of soft tissue anatomy with-
out the radiation exposure, fluoroscopy provides better local-
ization of local anesthetic delivery through the use of a
contrast agent.

The most common technique for this procedure is the C6
transverse process approach. After positioning the patient
supine, with head slightly turned to the contralateral side and
mouth open, the physician locates Chassaignac’s tubercle.
This easily palpable landmark usually exists between the tra-
chea and the carotid sheath at the level of the cricoid carti-
lage, medial to the sternocleidomastoid muscle (SCM). The
SCM is retracted laterally, and pressure is maintained on the
surrounding tissues as the needle is inserted and directed
toward the tubercle. One percent lidocaine with sodium
bicarbonate is injected creating a skin wheel over the tuber-
cle. Under fluoroscopic guidance, a 22-gauge stellate needle
is directed toward the tubercle, and after negative aspiration
for heme, air, and CSF, 3 cc of Omnipaque contrast is admin-
istered. Once visualization of contrast movement down the
paravertebral fascia to the inferiorly located stellate ganglion
is achieved, 10 cc of 0.25% Bupivacaine, with/without
Kenalog, is injected in 1 ml increments intermittently with
negative aspirations under fluoroscopic view.
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A successful stellate ganglion block is suggested clini-
cally by the onset of Horner’s symptoms as well as a relative
temperature change in the ipsilateral versus the contralateral
hand of > 1.5 °C. As an important side note, if the practitio-
ner achieves a successful block based on the abovementioned
symptoms without significant reduction in pain, the possible
involvement of Kuntz fibers should be considered. Believed
to exist in 10-20% of the population, these T2-nerve fibers
contribute to the brachial plexus without traversing the sym-
pathetic trunk. This may necessitate reevaluation for possible
neuraxial techniques in an attempt to assess T2-T3 sympa-
thetic involvement.

Complications

The following are possible complications of the stellate gan-
glion blockade through either of the two approaches
discussed:

e Pneumothorax (higher risk with C7 anterior paratracheal
approach)

e Dysphagia

e Vocal cord paralysis

 Intra-arterial or intravenous injection

» Epidural placement of local anesthetic
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Key Points

e Celiac plexus is formed from paired nerves of the greater,
lesser, and least splanchnic nerves.

* Techniques described to block the celiac plexus include
the retrocrural and anterocrural needle placement.

* Visceral pain involving the intestines, liver, pancreas,
gallbladder, and bladder can be treated by the celiac
plexus block.

e Celiac plexus denervation strategies have been described
for both cancer and non-cancer-related visceral pain.

Introduction

Celiac plexus block (CPB) is an interventional modality
used for the purposes of diagnosing and treatment of non-
somatic abdominovisceral pain. Although the most common
etiology of chronic abdominal pain treated with CBP is pan-
creatic cancer, chronic abdominal pain secondary to cancer
and non-cancerous involvement of many of the visceral
structures of the abdominal compartment have been success-
fully treated with CPB. One may separate non-visceral from
visceral etiologies of abdominal pain by positive response to
somatic blocks such as intercostal nerve blocks. A Cochran
review of CPB in patients with pancreatic cancer had statisti-
cally improved pain scores and demonstrated less side effects
compared to those patients receiving opioid only. Some mis-
analyses have even suggested longer life expectancy with
improved pain control following CPB.
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Background

The celiac plexus is a retroperitoneal structure that is found
anterolateral to the aorta, epigastrium, and crus of the dia-
phragm located typically at L1 vertebral level. However,
some variability exists, and plexus may be found anywhere
between T12 and L2 vertebral bodies. Splanchnic nerves
composed of autonomic afferent and efferent fibers as well
as nociceptive fibers of the upper abdominal viscera form the
celiac plexus. Parasympathetic contributions via the vagus
nerves are also contributory. These nerves travel from the
spine in the retrocrural space and pierce the crura of the dia-
phragm to enter the retroperitoneal cavity (Table 41.1).

Considerations

See Table 41.2.

Techniques

There are many techniques that may be used for CPB. The
posterior approach to the splanchnic nerves and celiac plexus
using retrocrural and anterocrural techniques, respectively,
and transaortic and to endoscopic ultrasound have all been
used to successfully block the transmission of pain via the
celiac plexus.

The most common technique employed to proceduralists
today is the posterior approach with the aid of fluoroscopy,
CT, or both. The level of needle insertion is typically L1,
identified with fluoroscopy. A 15 cm or longer 20 gauge spi-
nal needle is inserted 68 cm lateral of midline, with the left
needle placement attempted first. The needle is advanced
along the anterolateral aspect of the superior half of the L1
vertebral body with the bevel of the needle pointing superi-
orly. Care is taken to not make contact with the vertebral
body as this can be quit painful. With the c-arm in position
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Table 41.1 Indications for celiac plexus block

Indications

Intractable non-somatic abdominal visceral pain that has failed
medical management. Cancerous and non-cancerous involvement
of the following viscera

Liver Gallbladder
Stomach Spleen
Omentum Mesentery
Pancreas

Small intestine Mid-transverse colon

Kidneys Adrenal glands

Contraindications

Contrast allergy

Abnormal coagulation profile

Table 41.2 Considerations

Standard ASA monitoring

Intravenous access for medication and fluid administration

Positioning tolerance by the patient (i.e., prone position is poorly
tolerated in a patient with large ascites)

Normal coagulation profile

for a lateral view, the needle is advanced until its tip is just
ventral to the anterior border of the vertebral body. The right
needle is position the same as the left. At this location, the
needle is in the retrocrural space where the splanchnic nerves
are located just prior to piercing the diaphragmatic crura and
forming the celiac plexus. Injection of contrast media at this
location will show a cephalic spread along the splanchnic
nerves in the retrocrural space. The anterocrural technique is
employed by advancing the needle until it pierces through
the crura of the diaphragm. If the aorta is contacted during
placement of the left needle, a transaortic approach may be
utilized using a single needle. With this approach, the needle
is advanced through the aorta until blood is no longer aspi-
rated. At this location, the needle is just anterior of the aorta
where the celiac plexus is located. Injection of contrast
media in the anterocrural space will show spread more cau-
dal and anterior than with retrocrural technique.

Anterior approach utilizes a single needle placement under
CT guidance to the periaortic region, possibly traversing the
abdominal viscera. This approach may be particularly useful
in a patient who cannot tolerate the prone position. This is
often performed by interventional radiologists.

Endoscopic ultrasound is an approach in growing popu-
larity today. With this technique, a needle is inserted through

the endoscope and through the posterior wall of the stomach
to the periaortic region. This is often performed by
gastroenterologists.

Regardless of the approach, needle placement is con-
firmed with the use of contrast media. Extreme care must be
taken to ensure there is no vascular uptake, posterior spread
in the vicinity of the neuroforamina or epidural space, or
contrast uptake within the intima of the aorta.

Medications

Once proper needle placement is confirmed, 5—10 ml of 2%
lidocaine is injected through each needle as a test dose. If
neurolysis is desired, 10-20 ml of either ethyl alcohol of
60% or greater or phenol of 6% or greater is injected. Both
cause neurolysis by similar mechanisms by causing extrac-
tion of phospholipids and cholesterol and precipitating lipo-
protein and mucoprotein ultimately causing Wallerian
degeneration and fibrosis of the nerves. Alcohol is hypo-
baric, and care must be taken that its injection is not in the
epidural or intrathecal space. The limitation of the use of
alcohol is the severe burning that the patient feels upon its
injection, although dilution with local anesthetic may be
used to assuage this effect. The benefit of phenol injection is
that it has local anesthetic properties, and therefore addi-
tional local anesthetic is not needed. Radiofrequency of the
splanchnic nerves has also been described.

Complications

» Diarrhea from increased parasympathetic activity is expe-
rienced by approximately 44% of patients. Bowel motil-
ity may be beneficial in those who have constipation
secondary to chronic opioid use

* Hypotension secondary to splanchnic dilation is experi-
enced by approximately 38% of patients. Administration
of IV fluids prior to procedure may ameliorate this

* Respiratory depression may occur if care is not taken to
reevaluate patient’s opioid requirements. Opioid require-
ments may be decreased following successful block.

e Vascular injection

e Spinal cord and nerve damage

e Retroperitoneal and visceral hematoma

e Abscess

e Discitis

* Pneumothorax



Lumbar Sympathetic Block

Sean K. Graham

Key Concepts

* Lumbar sympathetic block is a diagnostic and therapeutic
treatment modality for sympathetically maintained pain
to the lower extremities.

e The ideal site for blockade is at the upper third of the L3
vertebral body.

Introduction

Lumbar sympathetic blockade results in interruption of the
sympathetic efferent fibers to the lower extremities without
affecting the somatic nerve roots. This provides diagnostic
information as to the relative sympathetic contribution to the
patient’s pain syndrome. It also provides analgesia in those
patients with a significant sympathetically maintained com-
ponent to their pain.

Anatomy

The lumbar sympathetic chain consists of sympathetic effer-
ent fibers. The neurons follow somatic nerves or vessels to
effect vascular smooth muscle, sudomotor cells, and periph-
eral nociceptors.

There are five paired lumbar ganglia that lie along the
anterolateral border of either side of the five lumbar ver-
tebrae. The majority of sympathetic efferent neurons
responsible for vascular tone in the lower extremities
pass through the paravertebral ganglia at L2 and L3.
These ganglia therefore are the targets for lumbar sympa-
thetic blockade. The lumbar arteries at these levels are
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known to exit the aorta and travel posteriorly across the
middle of the vertebral bodies prior to branching into
radicular or segmental medullary arteries. The ideal site
then, for blockade of the L2 and L3 ganglia, would be at
the upper third of the L3 vertebral, both targeting the
ganglia and avoiding the segmental lumbar arteries and
their branches.

The lumbar sympathetic chain is well separated from the
lumbar somatic nerves by the psoas major muscle and its
fascia. This separation is what allows sympathetic blockade
to the lower extremities without affecting sensorimotor func-
tion. It is important to note however that there is a connection
between the sympathetic chain and the somatic nerves via
the gray and white rami communicantes. Caution should be
taken, especially when performing neurolysis, as the injec-
tate may track posteriorly along these pathways and result in
somatic nerve injury.

Candidacy

Indications for lumbar sympathetic blockade include chronic
moderate to severe cancer and noncancer pain not controlled
by more conservative measures. It is indicated for any pain-
ful condition in which there is a significant contribution from
the sympathetic nervous system. It can also be used in condi-
tions associated with limited blood flow within the small
vessels of the lower extremities.

Indications

See Table 42.1.

Contraindications

The contraindications to lumbar sympathetic blockade
include bleeding diathesis and local or systemic infection.
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Table 42.1 Indications

Complex regional pain syndrome (I and II)

Acute herpes zoster

Postherpetic neuralgia

Post-amputation stump pain

Phantom limb pain

Radiation neuritis

Peripheral neuropathy

Peripheral ischemia due to:
Atherosclerosis
Frostbite
Erythromelalgia
Raynaud’s disease
Buerger’s disease

the needle until the tip sits exactly at the most anterior border
of the vertebral body.

With appropriate needle position confirmed, 2-3 mL of
contrast is injected and should be visualized tracking in a
cephalocaudal direction along the anterolateral surface of
L3, without vascular uptake and without tracking posteriorly
toward the somatic nerve root. Once contrast spread is
deemed appropriate, a test dose of 5 mL 2% lidocaine is
injected to facilitate a rapid onset of the sympathetic block
and production of subsequent changes in skin temperature.
When skin temperature has started to increase in the affected
lower extremity, a volume of 15-20 mL of 0.375% bupiva-
caine is injected.

Technique

The patient is placed in the prone position, and the skin is
marked at a site approximately 7-9 cm lateral to the spinous
process of L3. A skin wheal is raised, and local anesthetic is
infiltrated in an oblique path directed toward the L3 vertebral
body. A 22-gauge 6-inch needle is then inserted and advanced
under fluoroscopic guidance toward the target just below the
inferior border of the transverse process of L3 and just lateral
to the L3 vertebral body. Once passing underneath the trans-
verse process, the needle is angled in such a way to move
along the lateral surface of the vertebral body and advanced
until the tip lies at the anterolateral edge and the upper third
of L3. Lateral fluoroscopic imaging is then used to advance
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Superior Hypogastric Plexus Block
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Emil H. Annabi, Jimmy Arefieg, and Stephen Shiller

Key Points

* Superior hypogastric plexus is a target for lower abdomi-
nal pain of visceral origin.

e Posterior approach is the most common technique and
requires fluoroscopy.

* Neuroablative techniques have been described.

Background

The superior hypogastric plexus is a culmination of nerves
formed by the aortic plexus and the splanchnic nerves. It is
located in the retroperitoneum anterior to the vertebral bod-
ies of the lower one-third of LS5 to the upper one-third of S1
bilaterally. It consists of both outgoing (efferent) sympa-
thetic fibers and incoming (afferent) pain fibers.

Indications

A superior hypogastric plexus blockade has been shown to
be efficacious in reducing pelvic pain associated with meta-
static cancers and nonmalignant pathologies that do not
respond to medication management related to the following
anatomic sites:

e Bladder
e Descending colon
e Penis
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¢ Prostate
¢ Rectum
o Testes

e Urethra
e Uterus
e Vagina
¢ Vulva

Contraindications

¢ Recent myocardial infarction
e Coagulopathies

Procedure

A superior hypogastric plexus blockade can be done under
CT guidance but is more commonly done under fluoroscopy
due to decreased radiation exposure to the patient and avail-
ability of equipment. Both an anterior and posterior approach
have been documented, with the posterior approach com-
monly utilized unless spinal pathology renders this approach
impossible.

When performing the posterior approach, the patient
is placed in the prone position with a cushion under the
pelvis to decrease physiologic lumbar lordosis. One per-
cent lidocaine is used to create a skin wheel at the site in
intended injection, approximately 1-2 mm superior to
the sacral alae, bilaterally. Under fluoroscopic guidance,
the needle is advanced in an oblique direction to allow
passage inferiorly to the transverse process of L5. The
final location for the needle tip is immediately anterior to
the L5-S1 intervertebral disk. At this site, 3 cc of
Omnipaque contrast is administered to assure localiza-
tion followed by 10 cc of 0.25% bupivacaine with/with-
out Kenalog injected in 1 ml increments intermittently
with negative aspirations.
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Complications

Complications for the posterior approach of the superior
hypogastric plexus blockade are incredibly rare but do
include:

Bleeding

Local infection

Injury to iliac vessels

Injury to organs of the region



Ganglion Impar Block
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Key Points

e Perineal pain can be managed with injection of the gan-
glion impar.

e The ganglion impar is the most caudal visceral plexus.

* A trans-sacrococcygeal ligament approach is the most
common described.

Introduction

The ganglion impar supplies nociceptive and sympathetic
innervation of the perineum, distal rectum, perianal region,
distal urethra, vulva/scrotum, and distal third of the vagina.
Blockade of the ganglion impar has classically been utilized
for treatment of malignant pelvic and perineal pain when it
was first described in 1990. However, there are many benign
etiologies of visceral and sympathetically maintained pain of
the pelvis and perineum that have been successfully treated
with ganglion impar block without the need for neurolysis.

Indications

See Table 44.1.

Contraindications

Contrast allergy
Abnormal coagulation profile
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Technique

Blockade of the ganglion impar was first described in 1990
and is practiced among many proceduralists today. It is per-
formed with the patient in the lithotomy position, lateral
decubitus position with the knees flexed, or the prone posi-
tion with a pillow under the abdomen or flexion of the oper-
ating table to allow flexion of the lumbosacral spine. The
technique includes bending, usually at two different loca-
tions, or curving the needle with the insertion site being mid-
line through the anococcygeal ligament under fluoroscopic
guidance. Needle advancement is directed anterior to the
coccyx and into the retroperitoneal space to the level of the
sacrococcygeal joint. At this location, contrast media is
injected, and spread is observed to be both cephalad and cau-
dad along the anterior board of the sacrum and coccyx form-
ing the classic “comma sign.” Since the needle is directed
within the retroperitoneal space, there is risk of rectal injury.
If this is of considerable concern, the proceduralist may
place his index finger of his non-dominant hand within the
patient’s rectum and directing it anteriorly to increase the
space between the anus and tip of the coccyx. Once correct
needle placement has been confirmed, local anesthetic is
injected and the patient is asked about relief of pain. If the
etiology is malignant, neurolysis may be employed. For
benign etiologies, neurolysis may not be necessary. Since
this technique involves inducing multiple bends or pro-
nounced curvature to the needle, the proceduralist may find
it difficult to withdraw the stylet of the needle, and this
should be practiced at the beginning of the procedure prior to
needle insertion.

Since the original description of the above technique,
there have been alternative approaches that have been
offered in the literature with reported success. These include
trans-sacrococcygeal and intercoccygeal approaches where
needle through needle technique is employed through the
sacrococcygeal ligament and intercoccygeal ligaments,
respectively, under fluoroscopic guidance. For example, a

153

J.E. Pope, T.R. Deer (eds.), Treatment of Chronic Pain Conditions, DOI 10.1007/978-1-4939-6976-0_44


mailto:eeannabi@gmail.com

154

E.H. Annabi et al.

Table 44.1 Indications

Malignant

Pelvic organ cancer pain (cervix, colon, bladder, rectum,
endometrium)

Perineal metastatic cancer pain

Perianal malignant pain

Benign (potential indications)

Idiopathic perineal pain

Coccydynia

Sacroiliitis

Sacrococcygeal pain

Post-traumatic perianal pain

Vulvovaginitis

Post-episiotomy pain

Chronic anal pain

Pain of the glans penis

Tenesmoid pain

Chronic prostatitis

Chronic proctitis

Sacral postherpetic neuralgia

Spinal cord malformations

Failed back surgery

Postsurgical thrombosis of perineal veins

Vaginal protrusion

Testicular ablation

Perineal pain of unknown origin

22-gauge 38-mm needle is used as an introducer, while a
25-gauge 50-mm needle is advanced to the location of the
ganglion impar. The main benefits reported include not
needing to induce bends or curves to the needle to allow use
of stylet, and therefore less blockage occurs. It is also
reported that there is less discitis or fistula formation and is
better tolerated by patients since there is no need for the
proceduralist to place his finger in the rectum. Potential dif-
ficulty is that the sacrococcygeal ligament is calcified and

fused in over 50% of patients. Intercoccygeal fusion is only
seen in approximately 12% of patients.

Medications

* Local anesthetics

e Steroids

e Clonidine

e Neurolytics (minimal volume since ventral ramus of the
sacral nerve runs close the to the ganglion)

* Botox

Complications

e Rectal perforation

* Needle breakage with multiple bends
e Periosteal injection

e Needlestick injury to proceduralist

¢ Fistula formation
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Vertebral Augmentation

Jonathan D. Carlson

Key Points

e Vertebral body augmentation is typically performed in the
presence of an acute or non-healing vertebral compres-
sion fracture.

e MRI with STIR or CT scan with contrast may be helpful
in evaluating the location and age of the fracture.

* Retropulsed fragment architecture is a contraindication
for vertebral body augmentation.

* Employing a fitted brace is a conservative care approach.

e Care and vigilance should be exercised when performing
the procedure.

Introduction

Vertebral augmentation is a percutaneous fluoroscopic-
guided procedure of which orthopedic cement or polymethyl
methacrylate (PMMA) is injected into a vertebral compres-
sion fracture (VCF) to minimize pain and decrease morbid-
ity. Pain can be severe, and associated morbidity may include
decreased lung functional residual capacity, spine deformity,
and decreased movement/ambulation.

Vertebral augmentation was first reported in 1987 by a
French radiologist and neurosurgeon, Deramond and
Galibert, who injected orthopedic cement into a painful C2
hemangioma. The patient received significant relief.

Vertebral augmentation (VA) can be done either as a ver-
tebroplasty or kyphoplasty. Vertebroplasty is when the
PMMA is injected via carefully placed trocars within the
vertebral body (Fig. 45.1). The thought is the trabeculation
of the cement stabilizes the fracture.
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Kyphoplasty is when trocars are placed in the same fash-
ion as vertebroplasty, but balloons are first inflated to reduce
the fracture and possibly decrease the associated kyphosis.
Subsequent PMMA is injected after the balloons are removed
(Fig. 45.2).

Diagnosis

Adequate history and physical are imperative. Physical exam
usually notes marked pain with percussion at the concordant
level of the suspected fracture. The ideal imaging is typically
MRI: T1 fat suppressed and T2 STIR (Fig. 45.3). MRI is use-
ful, especially STIR images, because they can help to deter-
mine the age of the fracture. Acute/subacute VCF typically
showed radiographic changes. Repair of fractures with bone
edema noted on MRI or increased uptake on a bone scan is
more likely to produce pain relief than chronic VCF repair.

Indications

The primary indication in the United States is for painful
osteoporotic compression fractures. Malignancy is the other
main indication. Repair of VCF in younger patients is typi-
cally avoided due to lack of insurance coverage and the need
for surgical intervention.

Conservative treatment would include pain medications/
adjuvants and spine bracing such as a Jewett brace. Most
would agree that physical therapy should be avoided as this
may worsen the fracture. Some providers would further sug-
gest facet joint procedures at, above, and below the level of
the VCE.

Local coverage determination (LCD) as of 2013 is fairly
ubiquitous and states that conservative measures should be
exhausted, the fracture should not be older than 4 months,
and there must not be any retropulsion into the spinal canal
visualized on imaging. Failure to adhere to these guidelines
may result in lack of payment of the procedure.
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Fig.45.1 Vertebral augmentation via vertebroplasty

Fig.45.2 Vertebral augmentation via kyphoplasty

Technique

. Proper patient selection: a painful fracture refractory to

conservative treatment.

Expert hands-on training and supervision are essential.
Seek out spine surgical consult in patients with new-onset
myelopathy or in younger patients with traumatic VCF.
Avoid repair of severe VCF or “bow-tie” fractures.

. Limit VA to mid-thoracic (T6 or lower) and lumbar

regions.

10.
11.

12.
13.

14.

Fig.45.3 TI fat suppressed with gadolinium enhances VCF; T2 STIR
is most sensitive for water content and will elucidate bone edema

Confirm that there are adequate radiographic landmarks
in all views before starting the procedure.

The transpedicular approach seems to be the safest entry
route.

Unilateral midline trocar placement or bilateral trocar
placement are considered by many experts the best man-
ner in which to stabilize the VCE.

In AP fluoroscopic view, do not violate medial border of
the pedicle until the trocar has entered the cortex of the
vertebral body in a lateral view. This will assure, with a
high degree of confidence, that you are not in the spinal
canal.

Allow for adequate setup time for PMMA; it should
have the consistency of toothpaste.

Inject PMMA slowly, always under live fluoroscopy.
Use no more than 2—4 ml of PMMA per vertebral level.
In lateral fluoroscopic view, once the trocar is in the
anterior one-third of the vertebral body, do not allow
PMMA to enter the posterior one-third of the verte-
bral body, or there may be risk of spinal canal
compromise.

No more than two to three levels should be repaired in
one sitting. General rule of thumb: for every 1 ml of
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cement injected, 1 ml of bone marrow fat is potentially
displaced. The higher the volume of PMMA injected,
the higher the risk for pulmonary fat emboli.

Contraindications

* Adequate response to conservative treatment

e New-onset myelopathy

e Burst fractures

e Standard neuraxial spine procedures contraindications
* Retropulsed fracture architecture

Complications

Subsequent adjacent VCF can occur 12.4-21% of the time
after VA. Other complications include extravasation of
cement, improper trocar placement, and the usual complica-
tions of bleeding, infection, and nerve damage.

Vertebroplasty Versus Kyphoplasty

A meta-analysis with over 21 studies and over 1000 patients
showed that both techniques reduced vertebral compression
pain in the immediate postoperative period greater than 50%.
A smaller prospective study showed that, again, both meth-
ods were similar in reducing pain but that kyphoplasty
showed a significant increase in the angle of kyphosis and
decreased cement leakage.

Controversy

In 2009, two randomized controlled studies published in the
New England Journal of Medicine stated that there was min-
imal difference with VA versus placebo. These studies were

highly publicized lending to the controversy of whether or
not VA should be done at all. Advocates of these studies
underscored the conclusion that VA was not efficacious and
the procedure imposed unnecessary risk to the patient.
Opponents argued that the studies were highly flawed and
were potentially putting patients at risk for increased pain
and morbidity. They further argued that VA was not com-
pared to a true sham but rather another pain procedure (facet
procedures), thus nullifying the term “placebo.” Furthermore,
the power analysis was not met and nearly all of the initial
sham patients crossed over for VA treatment. Regardless, the
salient message was that both views acknowledged that over-
utilization of VA was more than likely occurring and should
be curtailed.

Conclusion

In properly selected patients, vertebral augmentation, when
done by a proficient interventionalist, may be of valuable
benefit in reducing pain and decreasing morbidity as well as
being more efficacious and cost-effective than conservative
treatment alone.
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Key Concepts

e Provocative discography is a modality that correlates
symptoms with pathological findings identified with other
imaging tools.

e Discography is usually indicated for patients with persis-
tent back pain with high suspicion of discogenic origin, in
whom surgery is a viable option.

* During discography, physician must assess at least one
normal disc to compare with the suspected disc.

* Measuring the amount and type of pain provoked, pres-
sure measures, volume of the contrast injected, and the
radiographic findings evaluate each disc.

* Discitis is the most feared serious complications follow-
ing discography.

e Other potential complications include nerve root injury,
epidural hematoma, trauma to retroperitoneal structures,
and pneumothorax.

Introduction

Discography was first introduced in 1948 as a diagnostic
modality for herniated nucleus pulposus in patients with
axial low back pain. Although different diagnostic modali-
ties such as magnetic resonance imaging (MRI) and com-
puted tomography (CT) can diagnose pathological or
morphological changes of the intervertebral disc, yet they
fail to correlate these changes to pain. Provocative discogra-
phy on the other hand is not only an imaging modality but
also a tool that correlates symptoms with pathology.
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Indications
Discography is usually indicated in:

1. Patients with persistent back pain for at least 3 months, in
whom conservative treatment measures failed to provide
relief.

2. Patients in whom surgical intervention is a viable option
where there is a high index of suspicion for discogenic
pain.

3. Patients with failed back surgery syndrome to distinguish
between painful pseudoarthrosis and a symptomatic disc.

4. Patients who have previous lumbar fusion to identify
whether the levels above and below the fusion are the
source of pain.

Contraindications

Contraindications to discography include (1) bleeding disor-
der or anticoagulation therapy, (2) systemic infection or skin
infection at the puncture site, (3) pregnancy, (4) allergy to
contrast dye, and (5) severe psychiatric conditions where the
patient cooperation and pain reporting are impaired.

Lumbar Discography Technique

Different techniques have been described for lumbar discog-
raphy. Posterolateral approach is commonly used today and
is described below.

The patient is positioned in the prone with a pillow under
the abdomen. Surgical prep and full-body drapes should be
utilized. Antibiotic prophylaxis is recommended before the
beginning of the procedure. For L5-S1 disc, a cranial tilt of
the C-arm at about 45° is usually required. The C-arm is then
moved oblique until the superior articular process is seen at
the midpoint of the disc. The presence of the iliac crest in the
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needle trajectory sometimes causes difficulty approaching
this disc. L4-L5 disc usually requires less cranial tilt. A
straight anteroposterior view is usually sufficient for L3-L4
and L2-L3 discs, and even some caudal tilt might be
required. At any disc, the superior articular process (SAP)
should be at the midpoint of the disc space.

After skin infiltration, an 18-gauge angiocath is inserted
under fluoroscopy lateral to the SAP at the midpoint between
the endplates. A 22-gauge 7-inch spinal needle is then
inserted via the 18-gauge angiocath. Resistance is typically
encountered when passing through the annulus. Leg pain
usually suggests contact with the nerve root and requires
needle redirection. Final needle position should be confirmed
in the anteroposterior and lateral views, which should show
the tip of the needle in the middle of the disc in both views
(Figs. 46.1 and 46.2). The same steps should be repeated for
each level tested. When all needles are in place, water-solu-
ble contrast is injected at each level in increments of
0.2-0.6 ml.

Physician must assess at least one normal (control) disc to
compare with the suspected disc. Each disc is evaluated by
five measures: amount of pain provoked, type of pain (con-
cordant or discordant), pressure measures (opening pressure,
pressure at the onset of pain, and maximum pressure), vol-
ume of the contrast injected, and the radiographic findings.

Pressure Interpretation

Disc pressure should be measured by connecting each needle
to a manometer as the disc is pressurized. Opening pressure
is the pressure at which the dye starts to appear in the disc.
Each disc is pressurized until pain is elicited or until reach-
ing 90-100 psi (pound per square inch). Pain that starts at
pressure between 0 and 15 psi is typically related to chemical
sensitivity. This means that the pain is triggered from contact
of the contrast dye with the nerve endings. Pain with pres-
sure between 15 and 50 psi correlates with the disc being
mechanically sensitive. Pain with a pressure between 51 and
90 psi is inconclusive, and other sources of pain should be
investigated. Pain with pressure above 90 psi is considered
negative.

Radiographic Interpretation

Computed tomography (CT) scan should be performed
immediately after discography. This is important to evaluate
the spread of the contrast in the nucleus as well as the degree
of the annular disruption. The grade of annular degeneration
is evaluated by the extent of the spread of contrast into the
annulus using the modified Dallas discogram scale:

e Grade I: the contrast reaches the inner third of the
annulus.

e Grade II: the contrast reaches the middle third of the
annulus.

e Grade III: the contrast reaches the outer third of the
annulus.

e Grade IV: when the fissure spreads circumferentially.

e Grade V: when the fissure has completely ruptured the
outer layers of the disc and is leaking contract material out
of the disc. This type can cause a chemical radiculopathy.

Complications

The most common serious side effect following discography
is discitis. The incidence of discitis is variable and reported
between 5:2000 and 1:30. Other rare but serious complica-
tions following discography include epidural hematomas or
abscesses. Discography can also lead to nerve root trauma or
even trauma to the spinal cord or cauda equina. Other com-
plications related to the site of discography include retropha-
ryngeal hematoma or abscess with cervical epidural,
pneumothorax with thoracic discography, and trauma to ret-
roperitoneal structures with lumbar discography (Figs. 46.1
and 46.2).

Fig. 46.1 Discogram of L3-L4, L4-L5, and L5-S1 showing needle
position with contrast dye spread in anteroposterior view
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Fig. 46.2 Discogram of L3-L4, L4-L5, and L5-S1 showing needle
position with contrast dye spread in lateral view
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Key Concepts

e Complications in interventional pain management are
overall quite rare; the interventional pain physician should
be adept at minimizing complications and identifying the
early warning signs of complication and keen at under-
standing the acute and post-acute management of these
complications.

Introduction

Iatrogenic emergencies in interventional pain management
are overall quite rare. According to one multicenter review
analysis of 26,151 procedures, less than 0.1% of the proce-
dures resulted in a transfer to an emergency department (ED)
or an aborted procedure. Importantly, each procedure has a
unique risk and safety profile. According to the ASA Closed
Claims Project, epidural steroid injections accounted for
40% of all claims involving pain management cases that
occurred between 1970 and 1999. Early identification of iat-
rogenic complications is imperative to preventing significant
morbidity and mortality.

In this review, we discuss the more common iatrogenic
emergencies into broad categories: cardiovascular, neuro-
logic, and other (Table 47.1).
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Anaphylaxis

Anaphylaxis is an acute, life-threatening allergic reaction. In
anaphylactic reactions, exposure to an allergen (food, medi-
cation, insect, or chemical compound) causes a severe
immune reaction. During an anaphylactic episode, activated
mast cells and basophils release potent inflammatory media-
tors including: histamine, TNF, and IL-4. The excessive
release of these acute inflammatory mediators results in rap-
idly progressive vasodilatation, increased vascular permea-
bility, and bronchoconstriction.

Signs and Symptoms

Providers should have high suspicion for anaphylaxis when
patients present with rapidly progressive and severe symp-
toms involving the skin, respiratory, and cardiovascular sys-
tems after exposure to known or possible allergens.
Integumentary involvement is seen in about 90% of cases and
is characterized by urticaria and itching. These symptoms
may be absent due to the use of antihistamines or not apparent
due to draping of procedural patients. Respiratory symptoms
are apparent in a majority of cases. Progressive airway swell-
ing can lead to airway obstruction and acute respiratory fail-
ure. Tachycardia and hypotension are typically observed, but,
in severe cases, cardiovascular collapse can occur.

Immediate in Office Management

Symptoms in patients with anaphylactic reactions progress
rapidly over minutes. Initial management should focus on
activation of emergency resources, airway protection, and
early administration of epinephrine. Upon recognizing an
anaphylactic reaction, the provider should immediately stop
patient exposure to the suspected allergen, call for help, and
activate emergency response systems. Continuous monitoring
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Table 47.1 Complications in interventional pain management

Cardiovascular Neurologic Other
Anaphylaxis Local anesthetic toxicity Post-dural
and iatrogenic seizure puncture
headache

Subarachnoid anesthetics
injection (high/total spinal
block)

Epidural hematoma

Vasovagal syncope

Pneumothorax

of vital signs, cardiac telemetry, and pulse oximetry should be
instituted, and supplementary 100% oxygen should be pro-
vided. Large bore I'V access should be obtained, and IV fluid
bolus should be started for patients with hypotension.
Elevation of the patient’s legs facilitates venous return, and a
partial head-up position may improve respiratory mechanics.

Respiratory compromise can progress rapidly. Patients
who are experiencing stridor, who have neck swelling or
angioedema, or rapidly progressing symptoms, may be in
danger of imminent respiratory obstruction. Intubation for
airway protection by an experienced provider should be
strongly considered in these cases.

The primary goal, in addition to supportive care, is early treat-
ment with epinephrine to halt progression of the reaction and to
minimize respiratory and circulatory involvement. Intramuscular
epinephrine (1:1000) in a dose of 0.2-0.5 mg should be given on
the mid-anterior-lateral thigh. This dose can be repeated every
5-15 min depending on the response. All other agents (antihista-
mines, B2 agonists, steroids) should be considered second-line
therapies and may have minimal effects on severe respiratory
and cardiovascular symptoms. Many patients respond to a single
dose of epinephrine. Despite initial improvement, some patients
may show recurrent symptoms hours later, so all patients should
be transferred to a monitored setting.

Neurocardiogenic (Vasovagal) Syncope
Mechanism

Neurocardiogenic or vasovagal syncope is a common cause of
syncope. It is a transient and self-limited episode of syncope
which is mediated by neural reflexes. These episodes are
induced by exposure to a trigger (pain, sight of blood or needle,
rapid changes in position, or stress). These triggers can cause a
paradoxical increased parasympathetic and decreased sympa-
thetic tone which can result in bradycardia and/or a drop in
blood pressure. This subsequent drop in blood pressure can
cause loss of consciousness due to decreased brain perfusion.

Signs and Symptoms

Sudden vasovagal syncope is often preceded by prodromal
symptoms lasting seconds to minutes. Early signs include
diaphoresis, nausea and vomiting, flushing, tinnitus, and pal-
pitations. Later signs include visual disturbances (blurry
vision, dark spots, tunnel vision), anxiety, skin pallor, pares-
thesia, and confusion. Loss of consciousness may follow and
the patient may fall. The subsequent change to horizontal
position results in restoration of perfusion and usually return
of consciousness.

Immediate in Office Management

Objectives in treating neurocardiogenic syncope involve res-
toration of normal perfusion, supportive care, and evaluation
of etiology. Normal perfusion can most rapidly be restored
by placing the patient in a supine or Trendelenburg position.
Evaluation of the circulation, airway, breathing (CABs),
vital signs, and mental status should be conducted, as well as
evaluation for injuries if a fall occurred. Supportive care
including supplemental oxygen, IV access, blood glucose
monitoring, and discontinuation of inciting medications
should be instituted. In more severe cases, IV fluid adminis-
tration, pharmacological heart rate, and blood pressure sup-
port may be indicated. Most patients will recover
spontaneously with minimal intervention after perfusion is
restored. In these instances, avoid reexposure to the inciting
trigger, and slowly return patients to the upright position. If
rapid recovery is not observed or if the patient is at high risk,
consider transfer to a higher level of care.

Workup

Workup for neurocardiogenic syncope includes 12-lead
EKG (obtained at the time of the event if possible) and may
include Holter monitoring and tilt table testing. Referral for
outpatient workup may also include cardiology and neurol-
ogy consultations for evaluation of the underlying cause of
the syncope.

Treatment
Long-term treatment options include maintenance of intra-

vascular volume, avoidance of triggers, desensitization ther-
apy, vasoconstricting medications, or pacemakers.
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Local Anesthetic Toxicity and latrogenic
Seizure

Mechanism

Local anesthetics are commonly used in pain management
practices for both therapeutic and diagnostic applications.
Local anesthetics interrupt neuronal transmission by block-
ing voltage-gated sodium channels. High dosages and unrec-
ognized intravascular injection can lead to elevated plasma
concentrations with undesirable effects. Local anesthetic
systemic toxicity (LAST) is related to non-specific blockage
of sodium channels in the central nervous system and
myocardium.

Providers giving local anesthetics should give particular
attention to avoiding systemic toxicity with local anesthetics.
Careful attention to toxic dosing is advisable. If large quanti-
ties of local anesthetics are required, they should be given in
divided doses with observation for signs of toxicity.
Unintentional intravenous injection of local anesthetic
should be avoided. Negative aspiration after needle or cath-
eter placement and between doses does not always exclude
intravascular placement. If applicable, test doses with a phar-
macological marker (i.e., epinephrine) or radiological con-
trast can be helpful. Despite these safeguards, systemic local
anesthetic toxicity can occur.

Signs and Symptoms

Early signs and symptoms of local anesthetic toxicity are
caused by the effects on the central nervous system (CNS).
First signs of LAST may be reported as altered sensation by
the patient such as perioral numbness, vision changes, metal-
lic taste, and tinnitus. Patients may report light-headedness
or dizziness as well. Objective signs usually begin with an
initial excitation phase. Altered mental status, including agi-
tation and confusion, is usually present; however, these
symptoms may be attenuated by periprocedural sedation.
Muscle twitching may be observed. Progression of CNS
symptoms may finally result in generalized seizure.
Following the excitation phase and possible seizure, CNS
depression may develop with drowsiness progressing to non-
responsiveness and even coma. Respiratory depression and
apnea further augment the central toxic effects.

Following neurological symptoms, the cardiovascular
effects of LAST may develop. A hyperdynamic state with
hypertension and tachycardia can be seen first. Progression
of cardiovascular toxicity results in hypotension and slowed
cardiac conduction leading to brady-arrhythmias. Ventricular
arrhythmia and hemodynamic collapse are the final stages of
LAST and can be resistant to resuscitative efforts.

Immediate in Office Management

Upon recognizing the development of LAST, the provider
should focus on activation of emergency resources, avoid-
ance of further symptom progression, and preparation for
severe neurological and cardiovascular manifestations.
Activation of emergency medical resources and obtaining
assistance are critical. Local anesthetic infusions should be
immediately stopped. Supplementary 100% oxygen should
be provided, IV access obtained, and vital sign and cardiac
monitoring initiated. If CNS symptoms are progressing or
severe, seizure prophylaxis should be instituted by giving a
benzodiazepine such as midazolam. Ventilation support with
positive pressure should be provided if breathing becomes
inadequate.

Although most patients do not develop to severe symp-
toms and cardiovascular effects, delayed progression can be
seen, so transfer to a monitored setting is indicated. While
awaiting a higher level of care, preparation for advanced car-
diovascular life support (ACLS) is wise, and cardiac medica-
tions including epinephrine and atropine should be made
immediately available.

Workup

Avoidance of systemic toxicity is obviously the best approach
to reducing LAST. After an episode of systemic toxicity, pro-
viders should consider performing a root cause analysis to
evaluate the factors which may have contributed including
excessive dosing, unrecognized intravascular injection,
selection of local anesthetic, solution concentrations, and
patient factors (comorbidities, age). Assessment of prepared-
ness for recognizing and treating LAST should be conducted.
Providers should examine their practices and use of medica-
tions and contrast to identify intravascular injection.

Treatment

Advanced treatment of LAST is best provided in a highly mon-
itored and well-equipped environment. Seizures are managed
with repeated dosages of benzodiazepines. The cardiovascular
effects, particularly in the case of bupivacaine, can be resistant
to treatment. ACLS protocols primarily guide management.
According to the American Society of Regional Anesthesia and
Pain Medicine (ASRA), epinephrine doses should be limited to
less than 1 mcg/kg when treating hypotension and vasopressin,
calcium channel blockers, and beta-blockers, and additional
local anesthetics should be avoided. ASRA guidelines recom-
mend Intralipid, a 20% lipid emulsion, for treatment of severe
LAST. An initial bolus of 1.5 ml/kg given over 1 min (which
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can be repeated if refractory), followed by an infusion of
0.25 ml/kg/min for at least 10 min, is recommended. Longer
infusions and increased rates to 0.5 ml/kg/min can be used for
persistent hypotension up to 10 ml/kg of lipid emulsion.

Pneumothorax

Pneumothorax is an abnormal collection of air or gas in the
pleural space that causes an uncoupling of the lung from the
chest wall which may interfere with normal breathing. This
interference with normal respiratory function has potential
for severe morbidity and mortality depending on the size of
the lesion and the physiologic reserve of the patient.
According to the American Society of Anesthesiology closed
claims database on liability related to chronic pain manage-
ment, of the 284 chronic pain management claims between
1970 and 1999, the most common complication of blocks
was iatrogenic pneumothorax, accounting for 51% of all
block claims. On reexamination of the ASA closed claims
database from 2005 through 2008, the percentage of iatro-
genic pneumothorax was drastically down to less than 0.1%
due to significantly increased cervical procedure-related
complications. Among all pain interventions, trigger point
injections and facet injections are associated with majority
of pneumothorax incidents. latrogenic pneumothorax can
occur when patients are treated with trigger point injections
in the neck region, trapezius muscle, rhomboid major, or
minor muscles. The highest risk for iatrogenic pneumotho-
rax is associated with the rhomboid major muscle due to the
variability in thickness of the skin, subcutaneous fat layer,
and other soft tissues in this area between individuals. One
study investigated an appropriate depth of needle insertion
during trigger point injection into the rhomboid major mus-
cle using ultrasonography and suggested the safe margin was
1.4-1.7 cm in the underweight or normal group (BMI <23)
and 2.1-2.1 cm in the obese group (BMI > 25) to deliver a
safer and more efficient procedure.

Mechanism of latrogenic Pneumothorax

The visceral pleura covers the surface of the lung, and the
parietal pleura lines the inside of the chest wall. Between the
two layers, there is only a small amount of lubricating serous
fluid. If the integrity of the two layers is violated, air is
allowed to enter and accumulate between the visceral and
parietal pleura, and a one-way valve is formed; pneumotho-
rax develops.

Signs and Symptoms

Symptoms of iatrogenic pneumothorax include sharp and
sudden-onset chest pain at the same side of intervention dur-
ing the procedure. The pain is made worse by a deep breath
or a cough, leading to feelings of tightness in the chest.
Shortness of breath, rapid heart rate, rapid breathing, cough,
and fatigue are other symptoms of pneumothorax.
Examination of the chest with a stethoscope may reveal
decreased or absent breath sounds over the affected lung if
the size is large enough. The diagnosis is usually confirmed
by chest X-ray. In office examination by a trained provider
with ultrasound is also an efficient method to evaluate the
integrity of the pleura. If a pneumothorax is suspected,
M-mode ultrasound can detect small air collections with
high sensitivity.

Immediate in Office Management

Immediate in office management depends on a number of
factors, e.g., the size, the mechanism of trauma, the clinic sta-
bility of patient, and the physician managing the patient. The
treatment of pneumothorax may vary from discharge with
early follow-up, to immediate needle decompression and
transfer to a higher level of care for chest tube placement.

Most of iatrogenic pneumothoraces by needle injury are
very small (defined 1 cm or less air rim) or small (defined as
<15% of the volume of the hemithorax). These pneumotho-
races are unlikely to progress to respiratory failure or tension
pneumothorax. They resolve by resorption at a rate of 1.25%
per day, although the rate may be increased by the adminis-
tration of supplement oxygen. Patients who have no associ-
ated breathlessness, increased O2 requirement (O2 Sat >94%
on room air) or underlying lung disease, do not always
require treatment, and their pneumothorax will likely resolve
spontaneously. A case-by-case evaluation is needed and
careful follow-up of these patients is critical. If patients are
asymptomatic and hemodynamically stable, a short-stay
observation is an option for these patients, and they should
be given clear instructions to return to hospital if there are
worsening symptoms. Outpatient follow-up includes
repeated X-rays to confirm improvement.

In the case of a large pneumothorax (>15%) or a symp-
tomatic patient with breathlessness, increased oxygen
requirement, and decreased oxygen saturation (<94% with-
out O2 therapy), immediate reduction of the pneumothorax
by urgent aspiration or insertion of a chest tube should be
considered in the office under fluoroscopic guidance.
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Advanced Treatment

It has been observed that when compared to tube drainage,
first-line aspiration in iatrogenic pneumothorax significantly
reduces the number of patients requiring hospital admis-
sion, without increasing the risk of complications. The
remainder of the treatment can be conservative. However,
ongoing observation in hospital is required even after a suc-
cessful procedure. A chest tube (or intercostal drain) is the
most definitive initial treatment of a pneumothorax. If the
patient has respiratory or hemodynamic compromise, ten-
sion pneumothorax should be suspected. This is character-
ized by shifting of the mediastinum and potentially
life-threatening compression of the contralateral lung and
great vessels. In cases of tension pneumothorax, the needle
or cannula is left in place to provide continuous decompres-
sion, maintain ventilation, and restore cardiac output.
Rarely, in extreme cases, video-assisted thoracoscopic sur-
gery (VATS) or pleurodesis may be necessary in some
refractory pneumothorax.

Aftercare

If iatrogenic pneumothorax occurs in a smoker, it may be
advisable for the patient to remain off work for up to a week
after this incident. Air travel is discouraged for up to 7 days
after complete resolution of a pneumothorax if recurrence
does not occur. Underwater diving is considered unsafe after
an episode of pneumothorax unless a preventative procedure
has been performed.

Subarachnoid Local Anesthetics Injection
(High or Total Spinal Block)

Background

According to the ASA closed claims database review from
2005 through 2008, among 294 chronic pain management
claims, about 1% of the cases were directly related to cervi-
cal dural puncture during ESI. The incidence of accidental
dural puncture during a labor epidural needle placement is
1-1.5%, but the incidence of accidental dural puncture dur-
ing epidural steroids injection under fluoroscopy guidance is
unknown and probably much lower.

Depending on the dose and level of LA delivered, iatro-
genic subarachnoid local anesthetic injection leads to spinal
anesthesia, which can be classified into three categories:

1. Surgical spinal anesthesia: anesthetic block reaches to
desired anatomic level for planned surgery.

2. High spinal: clinical block well above the level required
for surgical anesthesia but without significant sequelae
(such as respiratory compromise or bradycardia).

3. Complete spinal block: anesthetic block involving the cervi-
cal spine and above (such as brain stem and cranial nerves).

It may be a rare event, particularly under fluoroscopy
guidance, but unexpected extensive spinal anesthetic from
ESI could be a life-threatening and devastating event requir-
ing emergent cardiopulmonary resuscitation.

Pathophysiology of Total Spinal Anesthesia

Intrathecal local anesthetics block the transmission of affer-
ent nerve signals from peripheral nociceptors and efferent
nerve signals from the central nervous system. The degree of
neuronal blockade is determined by the amount and concen-
tration of local anesthetic used and the properties of the
axon. Heavily myelinated, small preganglionic sympathetic
fibers are blocked first. Thin unmyelinated C-fibers associ-
ated with pain are blocked later, while thick, heavily myelin-
ated A-alpha motor neurons are blocked last.

Total spinal anesthesia occurs when excessive doses of
anesthetic intended for epidural administration are delivered
into the subarachnoid space and interfere with normal neuro-
nal function in the cervical spinal cord and brain stem.

Signs and Symptoms

Symptoms and signs usually occur within minutes of ESI;
however, delay up to 30 min has been reported. Clinical pro-
gression usually occurs over the subsequent several minutes.
Nausea and high sensory level block (>T1) may be early
signs. The impairment of ventilatory function and hemody-
namic instability are the indicators for emergent resuscita-
tion. The clinical manifestations of complete spinal block
include some or all of those listed in Table 47.2.

Table 47.2 Clinical manifestations of complete spinal block

Cardiorespiratory Neurological

Hypotension® Nausea and anxiety®

Bradycardia® Arm/hand dysaesthesia or

paralysis®

Respiratory compromise® High sensory level block

Apnea* Cranial nerve involvement

Reduced oxygen saturation Loss of consciousness®

Difficulty speaking/coughing

Cardiac arrest (asystole)

Adapted from www.totw.anaesthesiologists.org
*Commonly reported or “classical”
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Prevention of Intrathecal Injection

Prevention of injury is the most reliable means to assure the
safety during image-guided pain interventions. The precise
placement of the epidural needle with the assistance of fluo-
roscopic guidance is mandatory. Practitioners must learn to
recognize the characteristic patterns of epidural and intra-
thecal contrast spread. It is also important to recognize
unusual contrast patterns that signal subdural placement.
During epidural steroid injection, it is wise to abort the pro-
cedure before placing steroid when either subdural or intra-
thecal needle position is suspected. The clinician should
limit a single epidural bolus of anesthetic to the maximum
reasonable dose to administer as a single intrathecal injec-
tion, particular at the cervical level. A resuscitation cart with
adequate equipment and medication stored should be read-
ily available; associated training and rehearsal should be
regularly scheduled in preparation for this kind of emergent
scenario.

Immediate in Office Management

Once injection of intrathecal local anesthetic and particulate
steroid has occurred, immediate, on-site supportive care
should be given dependent on degree and height of block.
The management may include induction of general anesthe-
sia and intubation. Early recognition is vital as block pro-
gression may be mitigated (reverse Trendelenburg/head
raised) and serious cardiorespiratory compromise avoided.
Severe respiratory dysfunction or apnea may occur without
loss of consciousness. Appropriate psychological reassur-
ance must be provided and an induction agent administered
before intubation to minimize distress and the chance of
awareness. Sedation and mechanical ventilation need to be
continued until there is clear evidence of adequate spontane-
ous respiratory function. Hemodynamic changes should pro-
gressively improve as the block resolves.

Aftercare

With the appropriate cardiopulmonary resuscitation, usually
the patient can be recovered completely without any untow-
ard sequelae. Postoperative discussion with the patient is
prudent. This provides the opportunity to assess the potential
for psychological distress, provide an explanation of the
event, and answer any questions. Unless there is clinical sus-
picion of an anatomical abnormality, there is no evidence
further investigation is beneficial. While the topic of ongoing
debate, intrathecal injection of particulate steroid prepara-
tions may lead to neurotoxicity.

Post-Dural Puncture Headache (PDPH)
Background

Post-dural puncture headache (PDPH) is a puncture of the
dura mater and a complication during spine procedures.
Leakage of cerebrospinal fluid through the dura mater punc-
ture causes reduced fluid levels and pressures in the brain
and spinal cord and may lead to the development of PDPH
hours or days later. The headache is severe and described as
“searing and spreading like hot metal,” involving the back
and front of the head and spreading to the neck and shoul-
ders, sometimes involving neck stiffness. It is exacerbated
by movement and sitting or standing and relieved to some
degree by lying down.

The incidence of accidental dural puncture during a labor
epidural needle placement is 1-1.5%, but the incidence of
accidental dural puncture during epidural steroids injection
under fluoroscopy guidance is unknown and probably much
lower. Generally speaking, the smaller needle diameters cor-
related with a lower incidence of PDPH, lower incidence of
PDPH with a large-diameter blunt-tip needle when compared
with a smaller-diameter cutting needle, and the incidence rate
reduction of PDPH using the parallel orientation technique to
the long axis of the spinal cord comparing to the perpendicu-
lar insertion technique. The independent risk factors of PDPH
include a higher incidence in women versus men, pregnancy,
a higher incidence in the age group 20-50 years, and a higher
incidence in patients with lower body mass index.

Pathophysiology of PDPH

The pathophysiology of the PDPH is not completely under-
stood. Through a known dural puncture, cerebral spinal fluid
(CSF) escapes at a rate that exceeds CSF production. The
Monro-Kellie rule speculates that in an intact skull, the sum
of the volumes of brain, CSF, and intracranial blood is con-
stant; therefore, the headache results from CSF volume loss,
compensatory vasodilatation, and venous hypervolemia. In
contrast, due to the reduction in CSF total volume, especially
in the spinal region, the brain shifts caudally. The direct trac-
tion hypothesis states that the headache is from placing trac-
tion on the pain-sensitive intracranial structures and causing
cerebral vasodilatation as a result of the brain shifting.

Signs and Symptoms
An orthostatic bilateral headache following recent history of

meningeal puncture is the pathognomonic symptom for
PDPH. The headache is characteristically occipital and/or
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frontal and always bilateral, worse within 15 min after stand-
ing or sitting, and improves within 15 min after lying down
flat (The International Headache Society). The absence of an
orthostatic component should lead to a search for other
causes. 75% of PDPH occurs within 48 h following a dural
puncture and 72% of PDPH spontaneously resolved within
7 days and 87% by 6 months. Symptoms associated with
PDPH can include neck stiffness, nausea, vomiting, photo-
phobia, diplopia, scalp paresthesia, upper and lower limb
pain, auditory changes including tinnitus, and hypoacousia
and can include mental status changes. PDPH is a clinic
diagnosis largely based on a thorough history and physical
examination.

Immediate in Office Management

In the event of unintended dural puncture during epidural
steroid injection and based upon the fact that 85% of PDPHs
last less than 5 days, the initial treatment for PDPH is conser-
vative and supportive therapy. In addition to bed rest and oral
or intravenous hydration and analgesics, pharmacological
treatment with caffeine is beneficial in the treatment of
PDPH. Caffeine, a potent central nervous system stimulant,
causes cerebral vasoconstriction and the reduction of cere-
bral blood volume and is the most widely used pharmaco-
logic therapy. Caffeine is administered as an oral dose of
300 mg or intravenously as 500 mg in 500-1000 ml normal
saline over 2 h; the intravenous dose can be repeated over the
next 2—4 h. The effect of caffeine is transient, and the dose
must be repeated because it does not address the underlying
pathology.

Proposed preventive procedures of PDPH include pro-
phylactic EBPs and epidural saline injections and infusions
or intrathecal injection of 10 ml normal saline. A Cochrane
review did not recommend prophylactic EBP and determined
that therapeutic EBP to be beneficial.

Advanced Treatment

Once pharmacologic and other noninvasive options have
been exhausted without improvement and the patient is
unable to wait for the natural resolution of the headache,
more invasive treatment can be explored. The gold-standard
epidural treatment for PDPH is an epidural autologous blood
patch (EBP). The optimal time to place an epidural blood
patch is >24 h after the development of the PDPH, as there is
a 71% failure rate if the epidural blood patch is done within
24 h of dural puncture as compared to a 4% failure if done
after 24 h. The initial relief can be as high as 100%. Bed rest
for 2 h in the supine position after EBP provided 100% relief
in contrast 60% relief in patients who remained supine for

only 30 min. The overall long-term relief of PDPH from an
initial EBP is between 61 and 75%. In these recurrent cases,
repeated EBP might be required. The contraindications to an
EBP are similar to those for any spinal or epidural
procedure.

As the pathophysiology of PDPH is not completely
understood, the mechanism of EBP is also controversial. The
early mass effect provides rapid relief following an EBP. In
agreement with the mechanical traction hypothesis, the ini-
tial early epidural mass effect leads to the reduction in the
spinal intradural volume, which subsequently shifts the CSF
cephalad, thus resuspending the brain and reducing mechani-
cal traction. In agreement with the Monro-Kellie rule, this
intracranial shift in CSF also reduces the intracranial blood
volume and cerebral vasodilatation. A second, more lasting
effect is due to sealing of the dural/arachnoid tear with a
gelatinous plug. This sealing of the dural/arachnoid hole pre-
vents further loss of CSF and allows for regeneration and
restoration of the CSF volume. The plug acts as a bridge
until permanent repair of the dural/arachnoid hole occurs.
The occurrence of this second effect is more variable and
accounts for the failure of the EBP despite initial relief.

Aftercare

Complications after an EBP are rare. The most common
complication is mild low back and radicular pain following
the procedure that resolves spontaneously in a few days and
can be treated with nonsteroidal anti-inflammatory drugs
(NSAIDs). Other possible complications include epidural
hematoma, infection, iatrogenic intracranial hypertension,
and arachnoiditis due to unintentional subdural/subarach-
noid injection of the blood.

Spinal Epidural Hematoma

Spinal epidural hematoma (SEH) is an accumulation of
blood in the potential space between the dura and the bone
surrounding the spinal cord. It is typically the result of
trauma such as lumbar puncture or epidural analgesia but
may also occur spontaneously. Spontaneous spinal epidural
hematoma may be associated with anticoagulation, throm-
bolysis, blood dyscrasias, coagulopathies, thrombocytope-
nia, neoplasms, or vascular malformations. Early
identification of SEH is important as delayed intervention
may result in irreversible morbidity such as permanent neu-
rological deficits.

The incidence of spinal epidural hematoma (SEH) has
been estimated to be 1:220,000 after a spinal block, 1:150,000
after an epidural block, 1:190,000 after epidural anesthesia,
and 1:250,000 in the obstetrical population. However, the
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incidence of SEH specifically as a complication of ESI has
not been defined. Large case series of serial cervical ESIs
ranging from 141 to 790 patients have reported no associated
serious neurologic complications, including SEH.

Pathophysiology

Various mechanisms have been suggested to account for
SEH including unrestrained epidural venous and arterial
bleeding, as well as bleeding from arteriovenous malforma-
tions. Other theories include bleeding from the posterior
internal vertebral venous plexus, although some have argued
that venous pressure is less than intrathecal pressure, and
thus venous bleeding should not be capable of causing acute
spinal cord compression. In support of an arterial origin of
SEH, three cases have been reported of SEH with bleeding
arising from arteries in the posterior longitudinal ligament
following anterior discectomy.

Spinal epidural hematoma has a bimodal distribution with
peaks during childhood and during the fifth and sixth decades
of life. Increasing age has been noted as a risk factor for post-
operative spinal epidural hematoma. Risk factors for SEH
due specifically to ESIs have not been clearly described, but
are likely similar to those reported for epidural anesthesia.
Cervical ESI may be associated with a higher relative inci-
dence of SEH compared to thoracic or lumbosacral ESI. From
an anatomic standpoint, the spinal cord is most vulnerable to
compression in the cervical region given the relatively
smaller diameter of the spinal canal including a smaller-
diameter peridural space in this area compared to thoracic
and lumbar levels. A study of ten cadaver specimens sug-
gested that cervical ESIs may also pose a relatively higher
risk of hemorrhagic complication due to an observed high
frequency of anatomical variation of arteries within the spi-
nal canal in this area compared with the thoracic and lumbar
regions.

Signs and Symptoms

Spinal epidural hematoma typically causes severe localized
back pain with delayed radicular radiation that may mimic
disk herniation. Associated symptoms may include weak-
ness, numbness, urinary incontinence, or fecal incontinence.
Spinal epidural hematoma may have variable findings on
physical examination, determined by the level of the lesion.
A thorough examination for neurologic changes is para-
mount in cases of suspected SEH. New-onset motor weak-
ness or sensory disturbances may be unilateral or bilateral.
Acute changes in myotatic reflexes and asymmetry should be
noted, as well as any alterations of bladder or anal sphincter
tone. Any reports of ascending paralysis should not be dis-

missed and unequivocally attributed to anesthetic motor
block from neuraxial procedure.

Immediate in Office Management

SEH is a rare complication following interventional neurax-
ial procedures. However, unrecognized SEH can lead to per-
manent neurologic sequelae. The interventionalist should be
wary of evolving signs and symptoms such as excessive pain
or progressive extremity weakness and should refer these
patients for emergent imaging. Early decompression, within
8 h of onset of symptoms, increases the likelihood of favor-
able outcomes. In office management includes monitoring of
vital signs, monitoring for progressive neurologic change,
and inclusion of total spinal anesthesia within the
differential.

Advanced Treatment

Emergent evaluation for SEH includes complete blood count
(CBC) with platelets to assess for infection, hematocrit, and
platelets to identify potential causes for hemorrhage, as well
as prothrombin time (PT), activated partial thromboplastin
time (aPTT), and international normalized ratio (INR) to
evaluate for derangements in the clotting cascade. Blood
chemistries, including electrolytes, blood urea nitrogen
(BUN), creatinine, and glucose are helpful to characterize
metabolic derangements that may complicate clinical course.
Emergent imaging with MRI or computer tomography (CT)
is necessary to identify the epidural hematoma. A neurosur-
gical consultation is necessary for possible emergent evacu-
ation of a spinal epidural hematoma. Early decompression
will decrease the likelihood of any neurological sequelae.

Aftercare

If the patient has any resultant neurological deficits from the
spinal epidural hematoma such as paraplegia or tetraplegia,
intense rehabilitation with physical and occupational therapy
will reduce the long-term disability for the patient.

Conclusion

Iatrogenic complications in interventional pain management
office are rare but have potential to cause significant morbid-
ity and mortality. Proper planning including emergency pro-
tocols and early recognition of potential complications are
necessary to promote safety in the interventional pain
practice.
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Key Concepts

* Regenerative medicine is a branch of medicine that
attempts to change the course of chronic disease by heal-
ing damaged tissues and organs that are beyond repair by
current technology.

e Regenerative medicine modalities include platelet-rich
plasma and various types of mesenchymal stem cells
including adipose-derived stem cells, bone marrow aspi-
rate concentrate, and amnion-derived stem cells.

* Regenerative medicine modalities are an enticing alterna-
tive to injectable forms of local anesthetics and cortico-
steroids which have both demonstrated chondrotoxic
potential.

* Level 1 evidence supports PRP for the treatment of lateral
epicondyle tendinopathy.

* Regenerative medicine for the treatment of numerous
musculoskeletal conditions including degenerative disc
disease are on the horizon.

Introduction

Current medical treatments are increasingly unable to keep
pace with patients’ needs, and there are few effective ways to
treat the root causes of many diseases, injuries, and congeni-
tal conditions. Regenerative medicine is defined as the “pro-
cess of creating living, functional tissues to repair or replace
tissue or organ function lost due to age, disease, damage, or
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congenital defects.” Regenerative sciences have made major
advances in understanding how tissues repair after injury;
and the signaling mechanisms involved are being progres-
sively understood. Recent developments in the emerging
fields of stem cell science and regenerative medicine may
allow the use of stem cells to repair tissue damage. Because
of these advances, regenerative medicine therapies have seen
a dramatic increase in breadth and frequency of use for
orthopedic conditions. Currently, regenerative medicine
therapies are showing promise in the treatment of osteoar-
thritis, acute and chronic soft tissue injuries, ligament and
tendon injuries, and enhancement of healing after recon-
structive ligament surgeries. Promising clinical and surgical
applications in the future include improved outcomes of spi-
nal fusion and improved treatment of degenerative joint and
disc disease. The current clinical evidence on many regen-
erative therapies is mixed regarding efficacy. This in part is
due to the variability in study protocols and treatment param-
eters. However, this realm of biomedical research is growing
rapidly, and there are numerous ongoing studies.

To understand a therapeutic treatment focused on acceler-
ating healing, the clinician must be knowledgeable in the
physiological processes of wound healing and tissue repair.
Regenerative medicine encompasses a wide array of thera-
peutic modalities and may be overwhelming to the clinician
who is beginning to incorporate regenerative medicine in
their medical practice. Regenerative treatment includes the
use of but not limited to autologous platelet-rich plasma
(PRP) and mesenchymal stem cells (MSCs) such as amniotic
stem cells and those found in the bone marrow and adipose
(Table 48.1).

Platelet-Rich Plasma (PRP)

Platelet-rich plasma therapy is currently the most common
form of regenerative medicine practiced in the United States.
PRP is a volume of plasma containing a concentrated platelet
count that is four to eight times above that in whole blood.
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Table 48.1 Summary of common regenerative medicine modalities

Modality Source
Platelet-rich Whole blood is separated into cellular
plasma (PRP) components either by centrifuge or density

gradient cell separator. The buffy coat/plasma
(leukocytes and platelets) can then be
extracted for use as PRP

Adipose-derived MSCs (ADMSCs): A small
amount of fat is removed from the waist via a
minimally invasive procedure. The fat is
subsequently centrifuged and stems cell
separated

Bone marrow aspirate concentrate (BMAC):
commonly removed from the iliac crest via a
minimally invasive procedure. BMAC is
subsequently centrifuged and stem cells
separated

Amniotic mesenchymal stem cells (AMSC):
commercially prepared stem cells sourced
from a tissue bank. The cells are derived from
the placenta of live healthy donors
prescreened for disease during the pregnancy.
As opposed to ADMSC and BMAC (which
are autologous), amniotic stem cells are
allogenic

Mesenchymal stem
cells (MSCs)

PRP is an autologous blood product that is derived by draw-
ing a sample of venous blood (usually 60 cc) and spinning it
in a centrifuge in order to separate and harvest the platelet
fraction. It is delivered via image-guided injection to dam-
aged joints, ligaments, and tendons to promote healing. PRP
produces an anabolic state in tissues as a result of the plate-
lets releasing growth factor proteins including transforming
growth factor-f1, insulin growth factors 1 and 2, vascular
endothelial growth factor (VEGF), basic fibroblast growth
factor, and hepatocyte growth factor (HGF). These growth
factors stimulate cell division and promote angiogenesis, tis-
sue granulation formation, and growth of the extracellular
matrix.

Currently, PRP is primarily used for soft tissue injuries
(tendons, ligaments, bursa) and osteoarthritis of the three
major joints (shoulder, hip, knee). There is also an unpub-
lished study on its use for treatment of annular disruption
of the lumbar disc. There are many controversies surround-
ing the use of PRP that remain to be solved. These include
but are not limited to preparation method, ideal platelet and
leukocyte concentration, timing of injection to injury, and
patient-specific factors such as general health, age, and sex.
As an example, it has been found that a leukocyte-rich PRP
preparation creates a greater pro-inflammatory response as
compared to leukocyte-poor PRP. The consequences of this
effect are currently unclear, with studies currently under-
way to differentiate the impact on outcomes of this
variable.

Mesenchymal Stem Cells (MSC)

A stem cell is an undifferentiated cell that is capable of self-
renewal through mitotic cell division while remaining in an
undifferentiated state and can differentiate into a variety of
specialized cells when needed. There are three basic types of
stem cells — adult, embryonic, and induced pluripotent stem
(iPS) cells. Adult stem cells are found in all organs and tis-
sues of the body and serve to replace dying cells and regener-
ate damaged tissues. Because they are derived from adult
tissue, their use is not considered controversial. Adult stem
cells can be further subdivided based on differentiation
potential into mesenchymal stem cells, hematopoietic stem
cells, neural stem cells, etc. The largest number of publica-
tions listed in the US National Library of Medicine for MSK
disorders is on mesenchymal stem cells.

Mesenchymal stem cells are a specific type of adult stem
cell. They are multipotent cells that differentiate into a variety
of connective tissue types (adipose, bone, tendon, cartilage,
muscle). As such, they are ideally suited for musculoskeletal
procedures. They can be derived from autologous sources such
as the bone marrow and adipose tissue or allogenic sources
such as commercially prepared stem cells. When injected into
a targeted tissue, they induce an anabolic response through
paracrine effects on the surrounding cells. MSCs actively
secrete cytokines and growth factors that turn on cellular pro-
cesses resulting in healing. While PRP is most commonly used
to treat damaged ligaments and tendons, MSCs are more often
used to treat cartilage damage associated with osteoarthritis or
degenerative disc disease. As such, there are multiple studies
examining the chondrogenic potential of various subtypes of
cells, e.g., bone marrow vs adipose-derived MSCs. The pre-
ponderance of the evidence supports bone marrow-derived
MSC:s as the best choice for treating cartilaginous disorders.

Regenerative Treatments for Tendon
and Ligament Disorders

Chronic tendinopathy is characterized by failure of the nor-
mal tendon repair mechanism and is a common malady that
leads to chronic pain. Multiple studies have demonstrated the
efficacy of PRP in the treatment of chronic tendinopathy and
ligamentous injuries. Currently, the most compelling data to
date have been in elbow lateral epicondyle tendinopathy, for
which numerous randomized controlled trials have demon-
strated therapeutic benefit and superiority over both local
anesthetic and corticosteroid for pain and function. According
to one randomized controlled study, a single autologous PRP
injection produced better and longer-lasting relief than a
single corticosteroid injection for the treatment of tennis
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elbow. In another study looking at the use of PRP in the treat-
ment of grade 2 hamstring muscle injuries, PRP in combina-
tion with a rehabilitation program was significantly more
effective than rehabilitation program alone.

As with any emerging treatment, continued diligence in
the medical community to further evaluate the efficacy and
safety of regenerative therapies is paramount. One RCT
showed “no clinical and ultrasonographic superiority of
platelet-rich plasma injection over a placebo injection in
chronic Achilles tendinopathy at 1 year combined with an
eccentric training program.” One limitation of this study
included differences in the natural healing response between
load-bearing tendons and non-load-bearing tendons. Thus,
current regenerative medicine technology does not work uni-
versally across chronic degenerative injuries.

Regenerative Treatments for Osteoarthritis

PRP has been demonstrated to be an effective treatment for
mild to moderate osteoarthritis of the knee. In one prospec-
tive study in patients with degenerative knee cartilage lesions
and osteoarthritis, intra-articular injections of PRP demon-
strated superiority over hyaluronic acid viscosupplementa-

Table 48.2 Potential sources for cell therapy

tion at 6-month follow-up. In this study, as well as other
regenerative medicine studies, younger patients with milder
forms of disease tended to fair better.

Regenerative Therapy for Discogenic Pain

Low back pain is a major cause of disability and of particular
interest to the pain physician. Degenerative disc disease
(DDD) is one of the most common causes of low back pain.
Regenerative therapy trials for degenerative disc disease are
currently underway. Results from a prospective, double-
blind, randomized controlled trial studying the efficacy of
lumbar intradiscal PRP demonstrated statistically significant
and clinically relevant improvements in pain and function.
Potential sources for cell therapy for discogenic pain are
described in Table 48.2.

Conclusion

The future for regenerative treatments in pain medicine is
promising. Future research is necessary to identify appropri-
ate protocols for specific purposes.

Cell types Source

Advantages Disadvantages

Embryonic stem (ES) cells Early embryo

Pluripotent stem cells with high Ethical barriers
capacities of self-renewal,

proliferation, and differentiation

Induced pluripotent stem (iPS)
cells

Artificially derived from somatic
cells by reprogramming with
transcription factors

Pluripotent stem cells with high
capacities of self-renewal,
proliferation, and differentiation

Safety issues, especially caused
by potential tumor genesis

Mesenchymal stem cells Bone marrow

(MSCs)

The technology for isolation and
expansion is mature, and basic
research has documented its role
in discogenesis

More invasive procedure required
to obtain cells from donors

Adipose

Abundance

Ease to harvest

Low immunogenicity
Well-documented research on its
role in disc regeneration

Questions remain regarding the
capacity of differentiation in
chondrocytes

No head-to-head efficacy
comparisons with BM-MSCs
efficacy

Nucleus pulposus

Can be stimulated to proliferate
and differentiate, in situ

Low yield in number, decreased
viability, and expression of
proteoglycan and type II collagen
in the setting of DDD

Umbilical cord

Further studies to establish the
immunologic safety of allogeneic
human umbilical cord MSC
transplantation are needed

Pluripotent
No ethical barriers

Amniotic

Further studies needed to
establish efficacy in the treatment
of cartilaginous tissues

Pluripotent
No ethical barriers
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Key Concepts

e The sacroiliac joint (SIJ) joins the sacrum to the pelvis
transmitting the forces from the axial skeleton above to
the lower extremities. SIJ dysfunction is a common cause
of low back pain.

* History will reveal pain with maneuvers that stress the
pelvic ring.

* Look for contributing factors such as a history of pelvic
girdle trauma, repetitive asymmetric axial loading, preg-
nancy, or spondyloarthropathy (ankylosing spondylitis).

* No single physical exam maneuver is indicative of
sacroiliac joint dysfunction, but a composite of exam
maneuvers has been positively correlated to confirmatory
diagnostic joint injection.

e The diagnostic gold standard remains image-guided intra-
articular joint injection.

e There are myriad treatment options including corticoste-
roid injection and radiofrequency ablation.

Introduction

Sacroiliac joint (SI1J) arthropathy is a common cause of
acute and chronic low back pain. It is estimated to be the
cause of up to 30% of low back pain. In a recent multicen-
tric study, Cher and colleagues found that the overall health
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burden endured by chronic SIJ pain sufferers was greater
than cohorts with COPD, coronary artery disease, and
asthma.

The SIJ is a mechanical relay station — transmitting loads
to and from the trunk and lower extremities while simultane-
ously providing logic functions as position sense and loading
behavior. As such, it provides a unique role in human
locomotion and serves as the driving impulse of truncal
counterrotation.

S1J pathology is commonly associated with other condi-
tions including: trauma to the pelvis, ankylosing spondylitis,
psoriatic arthritis, Reiter’s syndrome, inflammatory bowel
disease, and pregnancy.

Anatomy

The sacroiliac joints are a pair of diarthrodial L-shaped joints
that join the sacrum to the ilium bones. The articular surface
of the ilium is made up of fibrocartilage, while the sacral
surface is made up of much thicker hyaline cartilage. There
are interosseous sacroiliac ligaments that maintain tight
adherence between the sacrum and ilium. In addition to the
primary SI ligaments, the sacrotuberous and sacrospinous
ligaments further stabilize the sacrum to the pelvic girdle.
These ligaments have also been implicated as potential pain
generators. The orientation of the SIJs within the pelvis
renders them particularly vulnerable to axial loading to fail-
ure. In fact, Miller found the SIJ to be twenty times more
susceptible to axial overloading than the lumbar motion
segments. Commensurate with Miller’s report, Fortin and
Roberts observed a high incidence of SIJ pain in competitive
figure skaters — who repetitively land their jumps on the
same lower extremity.

Normal motion within the paired joints include a small
amount of movement (2—18°) in the transverse plane called
nutation (forward rotation of the sacrum between the ilia)
and counternutation (backward rotation of the sacrum
between the ilia). In addition to the amount of nutation/
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Fig.49.1 (a, b) Cadaveric
specimens demonstrating
dense SIJ innervation inferior
and medial to the

PSIS. Lateral branches of the
dorsal rami emanate from the
S, to S, dorsal foramina
(Reproduced with permission
from Cox and Fortin [2]. ©
American Society of
Interventional Pain
Physicians)

counternutation, the existence of an oblique axis (implicated
in normal reciprocal gait mechanics) has been the subject of
debate.

Innervation

The common pathways of innervation revealed by recent
investigations include: the lateral branches of the sacral
dorsal rami, the medial branch of the L5 dorsal rami, and
variable innervation from the superior gluteal nerve
(Fig. 49.1). Several investigators have also reported on the
branches from the lumbosacral plexus and obturator nerve.
Innervation of ventral rami origin has been questioned by the
absence of ventral receptors in fetal SIJ capsules. This com-
plex innervation pattern has implications for the treatment of
S1J arthropathy.

Physical Examination

Patients with symptomatic sacroiliac joints often present to
their physicians pointing at the SIJ (immediately medial and
inferior to the PSIS) as the source of their pain (i.e., a posi-
tive Fortin finger test or FFT). Upon experimental stimula-
tion of the SIJ capsules of asymptomatic volunteers, Fortin
and co-workers observed that all volunteers referred evoked
symptoms below their PSIS with some extending toward the
ipsilateral greater trochanter. These observations are congru-
ent with the aforementioned cadaveric reports demonstrating
dense innervation in the same area below the PSIS. While
primary buttock pain is the most common presentation, it is
not unusual for patients with symptomatic SIJ’s to report

o

Cadaver 3 2
* Righ o

symptoms radiating as far distal as the foot. Accordingly,
Fortin and colleagues employed arthrography, post-
arthrography CT, and capsular immunohistochemical tech-
niques to link the SIJ to sciatica.

There are a number of physical examination provocative
maneuvers for identifying symptomatic sacroiliac joints
including: Gillet’s test, Patrick’s maneuver (FABER),
Gaenslen’s test, anterior-posterior compression, thigh thrust,
and sacral compression (Table 49.1). While no single exam
maneuver is diagnostic for SIJ pathology, Laslett and others
have demonstrated that combining multiple stress tests
greatly enhances the diagnostic yield. As the pelvic girdle is
a ring (consider Pascal’s principle), examine patients with
putative SIJ pain for tenderness of the surrounding liga-
ments, as well as the pubic symphysis.

Diagnostic Modalities

Plain films (X-rays) are a common screening method for sus-
pected sacroiliac joint pathology, but are often nondiagnostic
for early stages of degenerative or inflammatory pathology.
They do play an important role in the setting of trauma; when
evaluating a patient for gross fracture, dislocation, or
dynamic instability. CT can show evidence of degenerative,
erosive, or destructive joint changes earlier than radiographs.
While MRI is more sensitive than CT or scintigraphy for
evaluating the evolution of marrow space pathology (associ-
ated with stress fracture or inflammatory sacroiliitis), CT
outperforms MRI when assessing osseous contour abnor-
malities. Structural findings on imaging studies are not prima
facie evidence of pain. In fact, degenerative changes in
asymptomatic SIJs are common, after the age of 30.
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Table 49.1 Provocative physical exam maneuvers

Exam maneuver

Description

Patient position

Action

Findings

Distraction or
anterior-posterior

This test applies anterior-
posterior shear stress on the

Supine, legs in neutral
position

Apply gradual, sustained
downward pressure on

Reproduction of pain localized to
the sacral sulcus or sacroiliac joint

compression bilateral sacroiliac joints the bilateral anterior-
superior iliac spine.
Thigh thrust This test applies anterior- Supine, hip flexed to 90° Apply gradual, sustained, |Reproduction of pain localized to

posterior shear stress on
unilateral the sacroiliac
joint

with the knee relaxed

vertically directed force
through the femur

the sacral sulcus or sacroiliac joint

Sacral thrust

This test applies forces to
the bilateral sacroiliac joint

Prone, legs in neutral
position.

Apply gradual, sustained
downward pressure on
the superior sacrum

Reproduction of pain localized to
the sacral sulcus or sacroiliac joint

Patrick’s
maneuver
(FABER)

This test applies tensile
forces to the anterior
sacroiliac joint ligaments

Supine, the hip flexed,
abducted, and externally
rotated and the foot resting
on the opposite knee

The examiner then
applies gradual, sustained
downward pressure on
the flexed knee

Reproduction of pain localized to
the sacral sulcus or sacroiliac
joint, NOT the anterior groin
which would suggest femoral-
acetabular dysfunction

Fortin finger test

The patient is asked to
point to the area of

Standing

The patient points with
one finger

Patient points immediately
posteromedial to PSIS

maximum pain

Fig.49.2 SIJ injection and
arthrography injection. (a) AP
arthrography S (sacrum) I
(ilium) r (inferior recess of
capsule) arrow — bead of
contrast in joint margin. (b)
Enface oblique arthrography.
Arrows indicate the capsule —
delineating the auricular shape
of the synovial joint
(Reproduced with permission
from Fortin and Sehgal [16])

While image-guided anesthetic blockade of a putatively
painful joint is the standard for diagnosis (as no single physi-
cal exam maneuver is indicative of sacroiliac joint dysfunc-
tion), the intervention should be considered an extension of a
careful history and physical.

Treatment Options

Conservative treatment should include cold application, anti-
inflammatory medication or anti-inflammatory nutritional
supplements, and relative rest (in the acute stage). Once pain
has subsided, further efforts should be employed to restore
normal mechanics, including manual medicine techniques,

pelvic stabilization exercises to allow dynamic postural con-
trol, and muscle balancing of the trunk and lower extremi-
ties. SIJ belts or pelvic stabilization orthoses will provide
confidence and proprioceptive awareness for sacroiliac joint
dysfunction sufferers. A properly positioned cinch-type pel-
vic stabilization orthotic (worn directly superior to the
greater trochanters) can significantly limit sacroiliac motion
and thereby decrease pain.

If conservative treatment fails, SIJ intra-articular
injections should be considered, not only as a therapeutic
intervention but also to confirm the diagnosis (Fig. 49.2).
Mitigation of symptoms by analgesic block is the most reli-
able and reproducible means by which a painful SIJ can be
identified.
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Fig. 49.3 AP plain film projection. Radiofrequency probes (with
10 mm tips) are oriented across the S1 to S4 dorsal foramina (medial to
lateral)

Once the diagnosis is confirmed by profound relief of
symptoms (lasting at least as long as the duration of the local
anesthesia) following a diagnostic block, long-standing
relief can often be obtained by radiofrequency ablation treat-
ment of the sacral lateral branches and dorsal ramus of the
L5 nerve (Fig. 49.3).

Dorman and co-workers observed in vitro that injecting
chemical irritants into ligamentous tissue incites collagen
proliferation. Theoretically, scarring and tightening of the
ligaments results in stabilization of the joint. Hence, prolifer-
ant therapies may have a role in addressing an unstable SIJ.

Autologous mesenchymal stem cells (which morph in to
bone, cartilage, and connective tissue) combined with
platelet-derived growth factors have also been the subject of
considerable research focus for joint conditions, including
the SIJ. These biologic media are generally administered by
image-controlled injections. While more research and devel-
opment of this technology is warranted, regenerative
approaches to SIJ pathology hold great promise.

Arthrodesis of the sacroiliac joint for chronic, non-
traumatic, painful dysfunction is controversial but may be
considered if all nonsurgical treatments have failed. Moore
found a 75% success rate employing an open, modified
Smith-Petersen fusion technique with AO hardware.

Since Moore’s study there have been at least ten reports in
the peer review literature suggesting that minimally invasive
(“closed”) fusion with instrumentation approaches are also
effective for a subset of patients. Clinical judgment should be
used if lumbar spine pathology coexists with sacroiliac joint
dysfunction, as this information should factor in the treat-
ment algorithm.

Summary

On balance, look for a history of trauma to the pelvic ring or
repetitive asymmetric axial loading. Many patients with SIJ
dysfunction present with primary buttock pain, as well as
some who point directly at the joint as the source of their
symptoms (i.e., positive FFT). Some patients will report
symptoms suggestive of instability — the so-called “slipping
clutch” syndrome. Palpatory examination reveals sacral sul-
cus, joint line, and surrounding ligamentous tenderness.
Pubic symphysis tenderness further implicates pelvic girdle
versus primary lumbar pathology. Several PE stress maneu-
vers also substantiate the diagnosis of SIJ dysfunction.

The history and physical findings should be confirmed
by an image-guided direct intra-articular diagnostic block.
Treatment options range from anti-inflammatory medica-
tions and physical therapy to radiofrequency ablation, stem
cell therapy, and surgical fusion.
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Platelet-Rich Plasma

Hector Miranda-Grajales

Key Concepts

e Platelet-rich plasma (PRP) injection therapy has evidence-
based medicine supporting its use for certain tendino-
pathies: lateral epicondylitis, Achilles tendinopathy, and
plantar fasciitis.

e PRP rarely has any complications.

e There are multiple PRP isolation techniques described in
the literature.

Introduction

Platelet-rich plasma is a therapeutic technique used to treat
tendinopathies. It is mostly used to treat chronic pain second-
ary to the following conditions: lateral epicondylitis, Achilles
tendinopathy, and plantar fasciitis. PRP is used to treat other
conditions as well: patellar tendinopathy, medial epicondyli-
tis, and rotator cuff tendinopathy, although evidence base for
the benefit of PRP to treat these conditions is lacking. The use
of PRP rarely has any complications. One side effect of using
this technique is worsening of the patient’s pain at the site of
injection. This usually lasts no more than 48 h. If this side
effect happens, it should not be treated with nonsteroidal anti-
inflammatory drugs as this would counteract the effects of the
platelet-rich plasma pro-inflammatory mechanism of action.
It should not be treated with local anesthetic injection as this
has been shown to decrease efficacy of the healing properties
of PRP. It can be treated with a short course of short-acting
narcotics or with ice therapy.

Platelet-rich plasma can be isolated with a centrifuge in
multiple different ways: single-spin process at 1500 revolu-
tions per minute (RPM) for 5 min, single-spin process at
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3200 RPM for 15 min, and double-spin process. The double-
spin process involves centrifugation of whole blood for
5 min at 1500 RPM, and then the plasma containing the
platelets is centrifuged a second time for 20 min at 6300
RPM. The single-spin process at 1500 RPM yields a lower
platelet-rich plasma concentration (PRPLP), single-spin pro-
cess at 3200 RPM yields high platelet and white blood cell
plasma concentrations (PRPHP), double-spin process yields
a higher platelet plasma and lower white blood cell con-
centration (PRPDS). PRPLP increases cell proliferation
osteocytes, myocytes, and tenocytes. PRPDS increases cell
proliferation of osteoblasts and tenocytes, but not of myo-
cytes. PRPHP increases cell proliferation of tenocytes but
not of myocytes. The studies done thus far to test the efficacy
of PRP injections have not determined superiority among
any of the mentioned PRP isolation techniques.

A total of 25-30 mL of whole blood is required to isolate
at least 3 mL of PRP. After this is done, 2-3 mL of PRP is
injected into the affected area.

Background

The proposed mechanism of action of PRP is that it assists in
the healing process of an injured tendon. Tendon connective
tissue has poor blood supply and, hence, decreased healing
properties. Platelets contain endogenous growth factors
within alpha granules. These growth factors are transforming
growth factor-f1 (TGF-f1), insulin-like growth factors (IGF)
1 and 2, vascular endothelial growth factor (VEGF), basic
fibroblast growth factor (BFGF), and hepatocyte growth fac-
tor (HGF). These factors are released upon degranulation of
the alpha granules; degranulation is precipitated by calcium,
thrombin, or collagen. It is worth mentioning that the first
phase of wound repair involves the arrival of the platelet/
fibrin complex to initiate the healing cascade.

Once injured, tendons and ligaments don’t completely
regain the biomechanical properties they had prior to the
injury. This makes tendons/ligaments susceptible to reinjury.
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Chronic ligament injuries generally represent chronic
instability from failure of acute ligament healing and may have
an inflammatory component. Inserting PRP into the injured
tendon accelerates the healing process by increasing the
platelet concentration by 5-8 times the normal concentration.

Indications

AN S

Lateral epicondylitis
Medial epicondylitis
Achilles tendinopathy
Plantar fasciitis

Patellar tendinopathy
Rotator cuff tendinopathy
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Intrathecal Drug Delivery Indications

Jason E. Pope

Key Concepts

e Intrathecal therapy is moving away from its position as a
pain care salvage therapy to one earlier in the pain care
algorithm.

* Morbidity and mortality surrounding intrathecal therapy
is largely iatrogenic.

e Intrathecal therapy requires vigilance and ancillary
support.

Introduction

The historic contention that bulk flow plays a large role in
CSF mixing and solute dispersion has proven to be inac-
curate, as recent work into cerebrospinal fluid (CSF) flow
dynamics of the intrathecal space has offered an insight
into pharmacokinetic modeling. The locomotives behind
the nonhomogenous, discrete regions of mixing, with bidi-
rectional cranio-caudal oscillatory movement, are cardiac
and pulmonary in origin. Animal models suggest that dis-
persion from the catheter tip within the CSF by slow infu-
sion is rather limited, dependent on the physiochemical
properties of the drug, rate, and volume delivered, sugges-
ting that site-specific catheter placement congruent with
area of pain within the IT space is important for optimal
efficacy.

Candidacy

Indications for intrathecal therapy include chronic moderate
to severe cancer and noncancer pain uncontrolled by
more conservative measures. The geriatric population, where
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opioid analgesics provide pain reduction but complicated by
side effect (including constipation or altered mentation), are
excellent candidates.

Indications

See Table 51.1.

Patients should be medically compliant and undergo a
psychological screen to determine psychological tolerability
of implanted therapies. The patient should be medically sta-
ble and have no systemic infection, untoward bleeding risks,
or local skin infections at the site of the proposed implant.
The patient should have the intellectual capacity to manage
the therapy (Fig. 51.1).
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Fig.51.1 Methylene blue dye spread after chronic infusion in an ani-
mal model demonstrating A: posterior, B lateral, and C anterior spread.
Taken with permission from [1]

Table 51.1 Indications

Axial back pain
Multiple compression fractures
Arthritis pain
Spinal stenosis
Multilevel degenerative disc disease

Complex regional pain syndrome

Abdominal pain

Failed back surgery syndrome

Connective tissue disorders

Trunk pain
Postherpetic neuralgia

Cancer pain
Primary tumor invasion
Bone metastasis
Nerve plexus invasion
Chemotherapy-induced neuropathy
Radiation-induced neuritis

Analgesic efficacy with systemic opioid Delivery with intolerable

side effects




Intrathecal Drug Delivery Trialing

Strategies

Jason E. Pope

Key Concepts

e Trialing for chronic intrathecal infusion has been
described employing many different routes of delivery,
and while there is little evidence to suggest a superior
one, it is recommended to dose within the epidural space.

* Outpatient dosing has been recommended by the PACC,
with the importance of vigilance and conservative
dosing.

e Cardiopulmonary depression can occur with intrathecal
opioid dosing.

e Ziconotide is a non-opioid-based therapy that does not
cause cardiopulmonary compromise.

Introduction

The trial procedure is typically performed in one of two
ways. Both trialing methods require a 23-h inpatient obser-
vation to determine efficacy and monitor for untoward
events, namely, respiratory depression. An example of
typical 23-h orders is in the appendix. Importantly, an
appreciation for predictable side effects helps mitigate
complications. In my practice, during the 23-h observed
stay, we discontinue all of non-analgesic sedating medi-
cations (benzodiazepines, sleep aids, etc.) to avoid compli-
cating the presentation of intrathecal overdose. All of the
patient’s outpatient analgesic medications are continued,
but listed as “prn” status. All patients must urinate prior to
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discharge. Side effects are dose related, but not linearly.
Success is gauged by at least 50% pain reduction with no
intolerable side effects.

Intrathecal Medication Side Effects

See Table 52.1.

Itching can be mitigated by Atarax 25 mg BID.

Urinary retention can be mitigated by bethanechol 25 mg
BID.

Single-Shot Trial Procedure

Patients are positioned prone in an operating room or injec-
tion suite, and strict sterile precautions and drape are fol-
lowed. Using fluoroscopy, after appropriate topicalization, a
3.5 inch 22 or 25G needle is advanced using AP and lateral
guidance to enter into the intrathecal space at the L-2 inter-
space. After free flow CSF is obtained, 1-2 cc of Isovue is
injected to demonstrate myelogram and to survey the intra-
thecal space. Then, the medication is injected with barbo-
tage. The needle is removed, a Band-Aid is placed over the
puncture site, and they are monitored for 23 h.

Dose calculation opioids: (Oral route converted to
morphine equivalents)/300/2.

e The denominator of the equation (2) will increase with
escalating doses of medications.

Typical intrathecal morphine dose trials range from 0.1 to
0.5 mg. See Table 52.2 for conversion from morphine to
other opioids. Conversions are not exact and require clinical
judgment. Prialt dosing typically is initiated as a 2mcg bolus
and increased intervally to a maximum dose of 8 mcg with
each subsequent trial.
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Table 52.1 Intrathecal medication side effects

Opioid-related
side effects

Pruritus, urinary retention, pedal edema,
sedation, respiratory depression

Ziconotide Nausea, headache, urinary retention, confusion,
dizziness, sedation, psychosis (rare),

hallucinations (rare)

Table 52.2 Conversion from morphine to other opioids
Dilaudid (mg)
0.02

Morphine (mg) Fentanyl (mcg)

0.1 mg 10mcg

Catheter Trial Procedure

The patient preparation positioning is the same. Under fluo-
roscopic guidance, a 17G Tuohy needle is then advanced
into the epidural space with the standard “loss of resistance”
technique, localizing the epidural space. Under lateral fluo-
roscopic guidance, the needle is placed with careful attention
to paresthesias. Once cerebrospinal fluid is obtained, the
flexible catheter is threaded, avoiding paresthesias, and then
the needle is removed. The catheter is then secured, and slow
infusion of medication is then initiated and titrated to clinical
effect up to a maximal ceiling dose.

Site of Service

Historically, IT therapy was proposed to be performed in an
inpatient or 23-h observational setting. This allowed an oppor-
tunity to monitor for delayed respiratory depression. However,
in practice, many clinicians performed outpatient low-dose opi-
oid trials with no untoward events. Recently, the Polyanalgesic
Consensus Conference (PACC) of 2017 described strategies for
intrathecal trialing in the outpatient setting. Patient selection cri-
teria include previous opioid exposure, medical comorbidities,
age of the patient, and medication intrathecal dose.
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Key Concepts

e Innovation surrounding intrathecal therapy includes new
implantable programmable infusion systems.

e The Medtronic SynchroMed II programmable pump
employs a peristaltic roller delivery strategy.

* The Flowonix SynchroMed II programmable pump
employs a piston valve delivery strategy.

e Both pumps carry MRI compatible conditional label-
ing at 1.5 Tesla. The Medtronic system restarts after
a predictable motor stall while exposed to the MRI,
while the Flowonix Prometra II exposure to an MRI
trips the flow activated valve (FAV), which requires the
device to be reset by removing the medication in
its entirety and programming a bolus to reopen the
FAV pump, with subsequent replacement of the
medication.

e The Flowonix Prometra I programmable pump requires
all the medication to be removed from the pump in its
entirety prior to MRI exposure, as there is no flow acti-
vated valve and the contents of the reservoir are emptied
through the catheter into the patient.

Introduction

Intrathecal therapy is a powerful tool in the armamentarium
of the pain provider. It serves as a treatment strategy for both
nociceptive and neuropathic pain, with sustainable outcomes
and cost-effectiveness that is superior to spinal cord stimula-
tion. New platforms have entered into the market, and we
will review some of the differences in turn.
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Available Devices

Implantable programmable infusion systems have been an
advanced pain care option for nearly 30 years. The current
offering available, at the time do this writing, are the
Medtronic SynchroMed II (Fig. 53.1) and the Flowonix
Prometra II (Fig. 53.2). Each offers different attractive fea-
tures and advancements. A clear understanding of the differ-
ences will improve device troubleshooting, management,
and patent safety and efficacy.

The Medtronic SynchroMed II pump is the most com-
monly used implantable, programmable pump in use today.
It uses a roller, geared, rotor system that delivers reservoir
agents by a seemingly peristaltic sequence along an internal
catheter that ultimately leads to the external catheter. It
allows for the use of a patient therapy manager, or PTM,
which serves as a patient-controlled bolus device. It is an
MRI conditional system for 1.5 and 3.0 Tesla, but not for
open, sitting, or standing. A predictable motor stall occurs,
with imitation and recovery commonly within 20 min. Motor
stall scan infrequently take up to 90 min to recover.

Combination therapy caused corrosion of the internal tub-
ing resulting in mechanical failure of the pump, as reported
within a series of warning letters, with others surrounding
bolus delivery and over-infusion. The pump life is suggested to
be 5-7 years.

The Prometra I system represents a new delivery strategy
and is an implantable, programmable intrathecal delivery
device. It employs a valve-gated regulation system that
allows for a very accurate delivery, even at small volumes,
delivering small bolus. This has been hypothesized to reduce
granuloma formation. The pump has a delivery strategy that
does not corrode with placement of combination therapy
within the device. The pump is MRI conditional for 1.5
Tesla. Once exposed to a magnetic field, the flow activated
valve (FAV) is closed, preventing the contents of the reser-
voir to be emptied in the patient, which could have occurred
in the Prometra I.
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Table 53.1 Comparison of the latest technologies
Prometra® II SynchroMed II
Motor/rotor None Yes
Flow rate 0.0-28.8 ml/day 0.048-24 ml/day
Pump mechanism Valve gated Peristaltic
Material Titanium Titanium/plastic

Fig.53.1 Medtronic SynchroMed II (From http://professional.medtronic.
com/pt/neuro/itb/prod/synchromed-ii/index.htm#.V2t5SGFZ_dUs)

PROMETRAII

PROGRAMMABLE PUMP

Fig.53.2 Flowonix Prometra II (From http://www.flowonix.com/sites/
default/files/Prometra-Practice-Brochure.pdf)

Once the FAV trips, the contents of the reservoir have to
be removed and then replaced, within the reservoir in order
for the valve to be reset. Further, there is no reading to
inform the clinician or the patient if the valve trips. The

Refill septum

Raised 3 mm

Inverted septum

Refill septum

25 psi

3-5 psi

MRI conditional®

1.5 Tesla; removal
of medicine after
MRI is required

1.5 and 3.0 Tesla,
no removal of
medicine needed

Patient-controlled

Yes

Yes

bolusing strategy

“The Prometra I and Prometra II requires all reservoir contents to be
removed BEFORE MRI

pump also has a positive pressure refill reservoir, where
once the refill needle is placed correctly within the septum,
once deployed, if the refill syringe is left in place, it will
refill with reservoir contents, adding a layer of safety to the
refill procedure. The side port needle cannot be exchanged
for the reservoir refill needle, which makes accurate place-
ment of either needle for the intended procedure more
likely. The pump also supports a PTC (Patient Therapy
Controller) which allows for patient-controlled boluses.
Pump longevity has been estimated to be as high as
10 years.

Table 53.1 defines the comparison of the latest technolo-
gies. Although the Codman 3000 and the Codman
Medstream are commercially available historically, they are
mentioned for completeness, although not included in this
writing.

Conclusion

Intrathecal therapy is a needed component in the pain offer-
ings to patient suffering. With innovation and multiple plat-
forms available, it is essential to understanding the subtle
differences surrounding their delivery.
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Intrathecal Drug Delivery Implantation

Jason E. Pope

Key Concepts

 Intrathecal therapy is an important tool for malignant and
nonmalignant pain treatment.

e The implantation procedure is typically performed in the
right lateral decubitus position.

*  When placing the needle, it should be performed below
the spinal cord in most scenarios.

e Catheter introduction into the intrathecal space should be
performed carefully, and patient should be able to report
any new radicular or axial complaints.

Implant Procedure

After a successful trial, the patient is positioned in the lateral
decubitus position, with the back flush to the end of the table.
The patient should receive antibiotic within 30 min of inci-
sion. The patient is marked and draped in the manner
depicted in the following figure, marking the lower most pal-
pable rib and the iliac crest. The reservoir site is marked on
the abdomen, away from the belt line, on a flat horizontal
plane. The site for the paraspinal incision is marked adjacent
to the spinous process ipsilateral to the abdominal reservoir
site (Fig. 54.1). Sidedness of intrathecal pump reservoir
placement is under the discretion of the implanter and
deserves mention (Table 54.1).

After appropriate topicalization, a 3.5 inch incision over-
lying the paraspinal site is created and carried down to the
lumbodorsal fascia using blunt dissection and electrocautery.
It is identified by the glossy fascia appearance. A weitlaner is
commonly used to aid in visualization. Once this is accom-
plished, a small pocket is formed by horizontal dissection
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along the fascia to accommodate the anchor and stress relief
loop.

Using AP and lateral fluoroscopic guidance, an introducer
needle is placed contacting the lamina of the vertebral body
ipsilateral to the reservoir site. It is then walked off cephalad
and medial into the IT space with serial checks in the lateral
projection to determine depth while the patient is conversant.
Once free flow CSF has been obtained, the catheter is then
advanced into the CSF, again, while the patient is conversant. If
paresthesias are felt, the catheter is withdrawn and repassed.
Further, if resistance is met while threading the catheter, the
catheter is withdrawn. Once the catheter is in place, the needle
and stylets are removed, leaving the catheter within the CSF. It
is then secured to the lumbodorsal fascia using an anchor and a
nonabsorbable suture. The catheter distal end is then clipped to
the drape, and a sterile wet lap is placed within the incision.

Attention is then directed to the reservoir site. A 5-6 cm
incision is then created to accommodate the diameter of the
intrathecal pump. Small rake retractors are used on the cau-
dal side of the incision and pulled outward to create a dissec-
tion plane to Scarpa’s fascia and then replaced by army-navy
retractors on either side of the formed pocket. Once the
pocket is created to accommodate the pump, hemostasis is
confirmed, and a saturated lap is placed inside the incision.

Attention is then directed to the pump for preparation.
Commonly, the pump is shipped with sterile water within the
reservoir. This should be removed in its entirety and then
discarded. The pump is then refilled with the designed
therapeutic medication. Common medication starting doses,
maximum concentrations, and maximum daily doses are
highlighted in Tables 54.2, 54.3 and 54.4.

Ziconotide requires a rinse of the pump as the medication
binds to the internal tubing. The reader is directed to the
manufacturer’s information for further information.

Attention is then directed to the operative sites. Both laps
are removed, and the tunneler is utilized from the paraspinal
incision to the abdominal incision with care to remain super-
ficial to the transversus abdominus plane. The catheter is
then placed through the tunneler and then the tunneller is
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Fig.54.1 Placement of intrathecal therapy in a patient

Table 54.1 Considerations for sidedness of IT pump placement

Table 54.2 Recommended starting dose ranges

RIGHT side LEFT side Drug Recommendation of starting dose
Intrathecal needle Normal, right- Opposite, left-handed, Morphine 0.1-0.5 mg/day
placement handed driving or backhand driving Hydromorphone 0.01-0.15 mg/day
anatomic placement | needle placement Ziconotide 0.5-1.2 meg/day
Masking of pt Appendicitis Diverticulitis, Fentanyl 25-75 meg/day
comorbid constipation, Bupi : 0.01—4 me/d
presentations diverticulosis uptvacaine - mercay
Clonidine 20-100 mcg/day
Sufentanil 10-20 mcg/day

Table 54.3 Recommended bolus starting doses

Drug Recommended dose
Morphine 0.1-0.5 mg
Hydromorphone 0.025-0.1 mg
Ziconotide 1-5 mcg

Fentanyl 15-75 mcg
Bupivacaine 0.5-2.5 mg
Clonidine 5-20 meg
Sufentanil 5-20 meg

removed. The catheter is then cut to the proper limit, which
allows for slack to be created within both incisions.
Importantly, it is handed off the device representative for
measurement. The catheter is then secured onto the pump.
Both incisions are then irrigated and the pump is internalized
with the aspiration side port at approximately the 10:00 posi-
tion. The incisions are closed with 3-O vicryl and 4-O
monocryl in a running fashion. A sterile dressing is then
applied and an abdominal binder is placed.

Typically, the dressings are maintained for at least 48 h,
along with the abdominal binder with close vigilance. In the
outpatient setting, it is advocated to watch the patient for at
least 8 h prior to discharge with a responsible adult. In the
inpatient setting, they are observed in the 23-h setting.

Table 54.4 Recommended maximal daily doses and medication

concentrations
Maximum Maximum

Drug concentration dose per day
Morphine 20 mg/mL 15 mg
Hydromorphone 15 mg/mL 10 mg
Fentanyl 10 mg/mL 2000 mcg
Sufentanil 5 mg/mL 500 mcg
Bupivacaine 30 mg/mL 10 mg
Clonidine 1000 mcg/mL 600 mcg
Ziconotide 100 meg/mL 19.2 mcg

Conclusions

The implant procedure needs to be approached with appro-
priate preoperative planning and intraoperative execution of
the surgical plan with excellent tissue management. In a
closed claims analysis recently published in 2016, most
claims for intrathecal therapy were surrounding the implant
procedure and the maintenance of the therapy. latrogenic
error, including programming, can result in overdose and
death. Vigilance is imperative to deliver this necessary pain
care therapy safely.
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Intrathecal Drug Delivery: Maintenance

John Hau

Key Concepts

¢ Routine maintenance of intrathecal drug delivery systems
is critical to the safety and effectiveness of the therapy.

e Medication management, pump refill, and pump pro-
gramming are vital aspects of intrathecal drug delivery
maintenance.

e Vigilance for adverse events related to intrathecal drug
delivery is paramount to patient safety.

e Medication administration adverse events are a signifi-
cant source of intrathecal drug delivery complications.

¢ Delayed identification of granuloma formation at the tip
of the catheter can lead to significant morbidity.

Introduction

Intrathecal drug delivery for the treatment of chronic refrac-
tory pain has grown since its introduction in the 1980s. After
appropriate patient selection, trialing, and implantation, rou-
tine maintenance of the intrathecal drug delivery system is
critical to the efficacy of the therapy as well as to patient
safety.

Medications

The available medications for intrathecal drug delivery are
extensive. Currently in the United States, the Food and Drug
Administration (FDA) has only approved morphine,
ziconotide, and baclofen for intrathecal use. However, many
other agents have been utilized by pain management practi-
tioners. Current therapy can be broadly divided into opioid
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and non-opioid-based therapy. The Polyanalgesic Consensus
Conference has published recommended care algorithms
with separate arms for neuropathic, nociceptive, and mixed
pain states. The recommended care algorithms can assist
providers in choosing the appropriate medication therapy for
patients.

Refills

Routine maintenance of intrathecal drug delivery systems
includes the interval refilling of the reservoir. Typical refill
intervals range from 1 to 6 months. The US Food and Drug
Administration requires intrathecal pumps to be refilled at
least every 6 months regardless of remaining reservoir vol-
ume. Each device manufacturer will have unique refill kits.
Intrathecal pump refills are performed under sterile tech-
nique. Refills can typically be performed with palpation and
proper alignment of the template provided in the refill kits.
The use of image guidance with ultrasound or fluoroscopy
can help to reduce the incidence of refill errors.

Programming

Improving technology with intrathecal drug delivery sys-
tems has helped to advance the safety and versatility of the
therapy. Previously, constant flow pumps delivered a con-
tinuous infusion at a set rate. However, with the program-
mability of the newer devices, providers can adjust flow rates
and administer boluses. A personal therapy manager (PTM)
can also be used by patients to deliver boluses in a patient-
controlled manner. Instead of continuous infusion rates,
intermittent bolus dosing has gained popularity as an alterna-
tive means of delivering the medications. There are currently
no prospective studies to define the best rate and type of drug
delivery. Continuous intrathecal delivery has long been the
standard mechanism, but intermittent bolus dosing may be
associated with reduced incidence of granuloma formation.
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Adverse Events

Intrathecal drug delivery systems provide practitioners a
powerful tool to help manage chronic refractory pain. Due to
the nature of the therapy, adverse events can cause significant
morbidity and mortality. Therefore, vigilance for possible
adverse events is a critical component of therapy
maintenance.

Medication administration adverse events are a signifi-
cant source of intrathecal drug delivery complications.
Incorrect medication, programming error, pocket fill, and
accessory port fill are potential complications that can arise
during maintenance of the intrathecal pump. Respiratory
depression from the delivered medications is a serious
adverse event that is usually due to inadequate patient moni-
toring. Having another provider verify medication, dosing,
and programming may reduce these errors. Utilizing image
guidance during pump refills may also help minimize adverse
events.

Mechanical issues with the intrathecal pump itself may
arise during the course of the therapy. The internal compo-
nents of the pump may malfunction. Catheter-related issues
such as displacement, kinking, or disconnect may also occur.
If there are any concerns for catheter-related issues, a dye
study under fluoroscopy can be performed. This is usually
performed by injecting radiographic contrast through the
side port under fluoroscopic guidance.

Granuloma formation is a significant complication of
intrathecal therapy. Granuloma formation at the catheter tip
can lead to neurological compromise. Delay in identifying
granuloma formation can lead to significant morbidity,
including paralysis. Patients will typically present with
increased back pain or increasing lower extremity weakness.

Patients may also present with decreased therapeutic
response. The time to granuloma formation is variable, and
in most cases of granuloma formation, opioids are impli-
cated. Morphine and hydromorphone are the most com-
monly implicated agents in granuloma formation. No reports
of fentanyl-related granuloma formation exist, although
there are reports of baclofen-related granulomas. The admin-
istration of high concentrations of opioids has been associ-
ated with granuloma formation. Some providers advocate
low concentration and low-dose therapy, but this should be
balanced with refill frequency as lower concentrations will
require more frequent refills. The diagnosis of granuloma is
usually made with MRI with and without gadolinium with
closely spaced images through the catheter tip.
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PACC Guideline Statements

Andrea C. Wong

Key Concepts

e The PACC guidelines of 2012 created algorithms for
treatment approaches to neuropathic and nociceptive
pain. The algorithms were established based on the best
available evidence from published reports and from inter-
disciplinary expert panel discussions.

Introduction

Table 56.1 outlines an algorithm for treatment of neuropathic
pain with intrathecal therapy. Of note, morphine and
ziconotide are the only FDA-approved medications for intra-
thecal therapy directed at neuropathic and nociceptive pain.
Table 56.2 outlines an algorithm for treatment of nociceptive
pain with intrathecal therapy. Patients often present with a
combination of neuropathic and nociceptive pain. There is
no specific algorithm outlined by the PACC 2012 guidelines
for this mixed picture. It is suggested that the clinician base
decision making on the clinical scenario to determine appro-
priate treatment.

Intrathecal medication dosing recommendations were
made including initial dose, bolus dose, maximum recom-
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mended dose, and maximum concentration. Table 56.3
includes recommendations for intrathecal opioids, while
Table 56.4 includes recommendations for intrathecal non-
opioids. There were no specific guidelines made to define the
best rate to deliver medication, although it was noted that
there was a theoretical increased risk of developing an
inflammatory mass at the catheter tip with higher concentra-
tions of drug, even though this has not been proven clini-
cally. It was suggested that programmed bolus doses be set
no more than 5-20% of daily continuous infusion, given the
risk of cumulative side effects including hypotension and
motor weakness. It is expected that early on in the initiation
of IDD, many changes to the treatment regimen will be
required to achieve optimal symptom management with the
least side effects.
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Table 56.1 2012 Polyanalgesic algorithm for intrathecal therapy directed at neuropathic pain

Line 1 Morphine Ziconotide Morphine + bupivacaine
Line 2 Hydromorphone Hydromorphone + bupivacaine Morphine + clonidine
or hydromorphone + clonidine
Line 3 Clonidine Ziconotide + opioid Fentanyl Fentanyl + bupivacaine or
fentanyl + clonidine
Line 4 Opioid + clonidine + bupivacaine Bupivacaine + clonidine
Line 5 Baclofen

Table 56.2 2012 Polyanalgesic algorithm for intrathecal therapy directed at nociceptive pain

Line 1 Morphine Hydromorphone Ziconotide Fentanyl

Line 2 Morphine + bupivacaine | Ziconotide + opioid Hydromorphone + bupivacaine | Fentanyl + bupivacaine
Line 3 Opioid + clonidine Sufentanil

Line 4 Opioid + clonidine + bupivacaine Sufentanil + bupivacaine or clonidine

Line 5 Sufentanil + bupivacaine + clonidine

Table 56.3 Recommended dosing of intrathecal opioids

Maximum recommended

IT opioid Initial dose Bolus dose Maximum concentration
Morphine 0.1-0.5 mg/day 0.2-1.0 mg 15 mg 20 mg/mL
Hydromorphone 0.02-0.5 mg/day 0.04-0.2 mg 10 mg 15 mg/mL

Fentanyl 25-75 mcg/day 25-75 mcg No known upper limit 10 mg/mL
Sufentanil 10-20 mcg/day 5-20 mecg No known upper limit 5 mg/mL

Table 56.4 Recommended dosing of intrathecal non-opioids

Daily maximum

IT non-opioid Initial dose Bolus recommended dose Maximum concentration
Ziconotide 0.5-2.4 mcg/day 1-5 mcg 19.2 mcg 100 meg/mL
Bupivacaine 1-4 mg/day 0.5-2.5 mg 10 mg 30 mg/mL

Clonidine 40-100 mcg/day 5-20 mcg 40-600 mcg 1000 meg/mL




Part IX

Advanced Pain Care Therapies: IX. Spinal Cord
Stimulation



Spinal Cord Stimulation Indications

Michael I. Yang

Key Concepts

* In the newer algorithm for treatment of chronic pain, spi-
nal cord stimulation therapy is moving away from its
position as an advanced treatment option and moving to
one earlier in the pain care algorithm.

e Spinal cord stimulation therapy has increasingly better
pain-control outcomes than reoperation of the spine.

Introduction

Previously, spinal cord stimulation therapy has been thought
of as an advanced therapy option in the pain treatment algo-
rithm. With newer technology and better understanding of
the drawbacks of oral medication treatment, spinal cord
stimulation therapy has moved forward to be considered ear-
lier in the pain treatment algorithm. Spinal cord stimulation
therapy allows the delivery of small, precise dosages of elec-
tricity directly to targeted nerve sites. The idea of using small
doses of electricity in the epidural space to targeted nerve
sites has many benefits: lowering systemic drug use, lower-
ing dose-related side effects, and targeting stimulation to
specific anatomical regions and pain.

Background

One of the earliest uses of electricity was in medicine for the
treatment of pain. Starting in 15 A.D., torpedo fish were used
to deliver an electrical shock to patients to relieve pain.
Spinal cord stimulation (SCS) was first used by Norman
Shealy in 1967, and since then, dorsal column stimulation
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has continued to improve, based on lead innovations and
consistent improvements in technology of the implantable
battery. These improvements provide better coverage for tar-
geted pain areas and to deliver an alternative to oral and
injected medications or nerve ablation therapies.

Candidacy

Indications for spinal cord stimulator therapy include chronic
moderate to severe axial back pain and neuropathic limb
pain uncontrolled by more conservative measures. The
chronic pain population, where opioid analgesics and other
oral medications provide pain reduction but complicated by
side effect (including constipation or altered mentation), are
excellent candidates.

Indications

See Table 57.1.

Physical Screening

» Diagnosis established/confirmed.

* Pain is neuropathic in origin.

¢ Pain in the trunk or extremities, unilateral or bilateral.

* Conservative therapies have not provided sufficient relief.

e Multidisciplinary screening, including psychological
examination, completed.

* No contraindications to implantation exist.

» Patients should be medically compliant.

» Patients should undergo a psychological screen to deter-
mine psychological fitness to proceed with implanted
therapies.

e The patient should be medically stable and have no sys-
temic infection, untoward bleeding risks, nor local skin
infections at the site of the proposed implant.
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Table 57.1 Indications

Axial back pain
Multiple compression fractures
Arthritis pain
Spinal stenosis
Multilevel degenerative disc disease
Foraminal stenosis

Radicular limb pain

Complex regional pain syndrome

Abdominal pain

Failed back surgery syndrome

Peripheral ischemia

Diabetic foot neuropathy

Post-chemotherapy neuropathy

Postherpetic neuralgia

Noncardiac chest pain

e The patient should have the intellectual capacity to man-
age the therapy.

As evident by above, there are many areas of the body that
can be covered by the stimulation of the spinal cord.
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Anatomy for Traditional Spinal Cord
Stimulation and Barolat Map

Michael I. Yang
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Key Concepts

e Stimulation of the dorsal elements of the spinal cord
directly corresponds to the dermatomal distribution of the
body areas.

e A distinct map of the various body areas available for
stimulation can be created using the large body of evi-
dence from studies that correlate electrode placement
with spinal cord levels using paresthesia elicited by stim-
ulation of the dorsal neural elements.

Introduction

As vertebrate animals, our spine is segmented into bands, or
dermatomes, of enervation by the nervous system. Spinal
cord stimulation of the various dermatomal segments via the
dorsal roots, dorsal horns, and dorsal/lateral column has
been well documented. There is a large body of evidence that
demonstrate the direct correlation between the dermatomal
distribution of paresthesia elicited from cathodal stimulation
and placement within the posterior epidural space overlying
the spinal cord. The electricity follows Ohm’s law, and there-
fore electricity needs to penetrate the epidural space, the
CSF, and the meninges, with the target of the dorsal columns.
With the need for paresthesia overlap for pain relief, place-
ment of the leads to offer a high likelihood of paresthesia
overlap is critical.
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Barolat Map

In 1993, Dr. Barolat and colleagues gathered data from 106
patients who underwent spinal cord stimulator implanta-
tion. From these data points, they were able to formulate a
map to correlate the region of the body most likely to be
stimulated by placement of the electrode at specific spinal
cord levels. This led to the development of the “Barolat
Map” (Fig. 58.1).

It can be deduced that these are the most common lead
placements for producing the paresthesia at the specific body
region; however, it must be noted that individual anatomy
may vary. Different pathologies such as scoliosis and/or
rotoscoliosis, etc. may also contribute to variations in ana-
tomical positioning of the dorsal neural elements.
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Fig.58.1 Barolat map

Electrode positioning suggestions for Spinal Cord Stimulation

Pain Location
(dermatome)

Vertebral Level
(center bipole

placement)

Pain Location
(dermatome)

Vertebral Level
(center bipole

placement)

Anterior Shoulder
(C4-5 fibers)

C3 (range C3-5)

Buttock through LE
(L2-S1 fibers)

T9-T10 (range T11-
L1)

External Arm (C5
fibers)

C4 (range C2-T3)

Low back (T9-L1
fibers)

T8 (range T7-10)

Radial Forearm (C6
fibers)

C5 (range C2-T3)

Abdomen (T9-L1
fibers)

T6 (range T4-T11)

Median Hands (C6-
7 fibers)

C6 (range C2-T3)

Anterior thigh (L2-
L3 fibers)

T11 (range T11-
T12)

Ulnar Hand (C8 C7 (range C2-T2) Anterior Leg (L4-5 T12 (range T12-L1)
fibers) fibers)
Ulnar forearm (T1 C7 (range C4-T3) Posterior Leg (S1- L1 (range T11-L1)

fibers)

S2 fibers)

Internal Arm (T2
fibers)

T1 (range C5-T3)

Posterior thigh (S1-
S2 fibers)

L1 (range T11-L1)

Chest (T2-6 fibers)

T2 (range T1-T7)

Foot (L5-S1 fibers)

L1 (range T11-L1)




Spinal Cord Stimulation Trial

Michael I. Yang

Key Concepts

e There are very few procedures where the patient is able to
trial the procedure prior to deciding whether he/she would
like to proceed with the actual permanent procedure.

e A trial not only determines whether the patient will have
adequate coverage of the pain but also can demonstrate
whether the patient will have any undesirable stimulation.

e The spinal cord stimulation trial is required by most
insurance companies prior to permanent implant.

Introduction

There are very few procedures where the patient is able to
trial the procedure prior to deciding whether he/she would
like to proceed with the actual permanent procedure. With
spinal cord stimulation, most insurance companies require a
trial of the procedure prior to permanent implant to ensure
high success rate of the implant procedure.

Pretrial Preparation

e The MRI of the thoracic spine should be reviewed for any
anatomical anomalies and to verify whether implantation
of the leads would further compromise the caliber of the
spinal canal.

e The spine should be checked for stability; should there be
instability, the patient should undergo stabilization prior
to stimulator implant.

e A thorough physical exam is necessary to document the
areas of the body with pain.
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e It is extremely important that the patient is medically
compliant and psychologically fit to proceed with the trial
procedure.

* Though it is not required, most insurance companies want
the patients to have psychological clearance to proceed
with the spinal cord stimulator trial.

e As with all epidural procedures, the patient cannot be
anticoagulated at the time of the procedure, and care must
be taken to decrease the chance of epidural hematomas.

* As with all procedures, informed consent must be
obtained. The patient should know the risks and benefits,
dangers, and possible side effects to the procedure.

Trial Lead Implant

One of the keys to a safe and successful spinal cord stimula-
tor trial is the positioning and entry point of the Tuohy nee-
dle for insertion of the stimulator lead. For cervical trials, the
entry point is usually at T1/2 intervertebral level; for thoracic
lead placement, entry point is usually at L1/2 intervertebral
level. The entry angle for the Tuohy needle is preferably
approximately 30° from the skin, angling toward anatomical
midline. As the leads are fed through the needle, it is impor-
tant to try to keep the leads as close to midline as possible so
as to avoid hitting the lateral nerve roots or having the leads
move to the ventral aspect of the spinal cord.

Troubleshooting

A few of the more common problems one can encounter dur-
ing a trial procedure are:

e Difficulty driving the lead wire — rotate the stylette in
small, quarter-turns while feeding the wire into the Tuohy
needle with consistent pressure.

e Lead tip hitting obstructions — obstructions such as adhe-
sions, scar tissue, and or septated dura. Sometimes the tip
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is directed dorsally and is hitting against the ligamentum
flavum.

e Dural puncture — immediately remove the Tuohy needle
and attempt at a superior level or the contralateral side.

some physicians will leave the system in for even longer than
10 days. During that time, the patient should decide whether
he/she has greater than 50% pain relief and, if so, proceed
with the permanent stimulator implant.

Post-implant

The patient should attempt the usual activities of daily living
so as to test the efficacy of the spinal cord stimulator system.
The trial system remains in place from 3 to 10 days, and
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Key Concepts

e Spinal cord stimulation can be placed surgically with
many techniques and include percutaneous or paddle lead
arrays.

* A successful spinal cord stimulation trial that merits can-
didacy for permanent placement of the device is typically
defined as greater than 50% relief of the target painful
location and an improvement in function.

e Vigilance with preoperative preparation, intraoperative
management, and postoperative care is crucial for a suc-
cessful outcome.

Introduction

After a successful spinal cord stimulator trial, the patient
would be scheduled for the permanent implant. Based on the
patient’s MRI as well as how smoothly the trial procedure
carried out, the surgeon and the patient would decide whether
to proceed with the cylindrical implants versus the paddle
lead implant.

Cylindrical Lead Implantation

After appropriate surgical preparation with an antimicro-
bial skin cleaning solution and appropriate draping includ-
ing a full body lap and % side drape, a C-arm is utilized to
identify the target location and the planned skin incisions.
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Some surgeons elect to place the needles within the epi-
dural space and then perform the surgical direction in the
paraspinal area around the leads. Others perform the surgi-
cal dissection first. The latter is described here. A superfi-
cial incision is made down to the level of the lumbodorsal
fascia. The dissection is carried through the skin, adipose
tissue, superficial fascia, adipose, and then to lumbodorsal
fascia. The lumbodorsal fascia is easily identified as a
pearly white connective tissue. A wet lap is then placed
within the incision. Attention is then redirected to the para-
spinal incision. Using fluoroscopic guidance, the inferior
end plate of the T12 vertebral body is squared off. This
opens the T12-L1 interlaminar space and is typically
achieved by a caudal tilt with the intensifier of the C-arm.
A 14-gauge Tuohy needle is then advanced to the epidural
space using a loss of resistance technique. The second nee-
dle is advanced ipsilaterally within the same epidural space
and cephalad to the existing needle. The cylindrical leads
are introduced in the posterior epidural space, and live or
intermittent fluoroscopy is used to navigate the leads to the
desired spinal level. Testing is performed to ensure appro-
priate lead placement. The Tuohy needles are then removed,
and the leads are anchored to the lumbodorsal fascia. Stress
relief loops are created, and the leads are then tunneled to
the battery location, typically in the left flank, and the leads
are secured in the IPG with a hex wrench. Copious irriga-
tion is performed and the incisions are closed with 3-O
Vicryl and 4-O monocryl. Sterile dressings are applied and
an abdominal binder is recommended.

Paddle Lead Implantation

A superficial incision is made down to the level of the
lamina near the desired paddle location. A partial lami-
nectomy is performed and the paddle lead inserted into
the epidural space, under direct vision. The paddle lead
can be secured. The pocketing and lead closure is the
same.
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Intraoperative Troubleshooting

A few of the more common problems that can occur with the
permanent implant are:

e There is typically hesitancy when beginning the surgical
dissection to the lumbodorsal fascia, and a common mis-
take is to misidentify the superficial fascia as the lum-
bodorsal fascia.

* The anchor “noses” need to be placed underneath the
lumbodorsal fascia.

e Correct tissue management is needed and closure of dead
space is encouraged. An abdominal binder is helpful in
this regard.

*  When placing the second needle into the same laminar epi-
dural space, it is helpful to caudally tilt the intensifier to the
gain a “gun barrel” view of the needle, which will identify the
interlaminar epidural space above and below the existing
needle.

e The caudal end of the paraspinal incision for the anchors
and the leads should coincide with the needle skin entry
site for a percutaneous placement with cephalad place-
ment to accommodate visualization of the lumbodorsal
fascia.

e Two-layer closure is recommended to mitigate wound
dehiscence.

Post-implant

The immediate postoperative phase is accompanied by rec-
ommendations of maintaining dryness of the incisions and
the dressing, avoiding hot tubs, pools baths, or showers,
keeping an occlusive dressing for at least 48 h. An abdominal
binder is placed to apply gentle pressure on the incision site to
reduce dead space around the battery site. The patient should
refrain from participating in rigorous activities for approxi-
mately up to 4 weeks postoperatively. This will ensure the
body to scar around the leads and decrease the chances of
lead migration and/or breakage. Some physicians also put
patients on a week of prophylactic antibiotics to decrease the
chances of infection, although no data supports this practice.
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Key Concepts

e Spinal cord stimulation is a therapy that is indicated for
refractory neuropathic pain of the trunk and limb.

e Nearly 30% of patients with spinal cord stimulation
develop tolerance to the pain-relieving effects.

* Rechargeability has been reported to be somewhat trou-
blesome for tonic stimulation therapy.

» Explant data suggests the reason may have been related to
loss of therapeutic effect in nearly 20%.

* New neuromodulation strategies may be helpful in miti-
gating these therapeutic losses.

Introduction

Neuromodulation is one of the fundamental tools among the
armamentarium of treatment choices in pain management.
The International Neuromodulation Society defines neuro-
modulation as the alteration of nerve activity through the
delivery of electrical stimulation and/or chemical agents to
targeted sites in the body [1-4]. The field of neuromodula-
tion is on an exciting trajectory of growth and development
beyond pain control. SCS is the only modality in chronic
pain management which has not only shown to provide long-
term pain relief [5], but it has also been proven effective in
reduction of medications [6] and return to work in the chronic
pain patient population. Maintenance of the benefit of these
therapies are essential, as cost-effectiveness and sustained
relief deserve special comment.
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Sustainability

The importance of a maintained therapy is critical for patient
care and the future of the therapy. Maintenance of therapy
centers on troubleshooting the device and management of
the patient-device interface. We will explore each individual
section; however, it would be remiss to not comment on cost-
effectiveness. In a historical retrospective review performed
by Kumar, the cost-effectiveness of SCS, as compared to
medical management, is 2.5 years. Further, Lad et al. dis-
cussed cost savings when SCS is offered earlier in the treat-
ment strategy, as compared to other conservative measures.
These points are critical, in that over a third of the patients
explanted within a year of implant. Of the reasons cited for
explant, the most common was loss of therapeutic effect.
Interestingly, approximately half of his implanted patients
could expect a return visit to the operating room.

Troubleshooting the Device
Reprogramming

Most commonly, patients need to be informed that the device is
one that requires refinement. Reprogramming is performed in
an effort to better capture and minimizes the pain complaint. In
a paresthesia-inducing stimulation strategy, this can be per-
formed by reorienting the cathodal stimulation electrodes
(Figs. 61.1,61.2,61.3 and 61.4) and guarding anodes, by adjust-
ing the frequency and the amplitude. This is recommended to be
performed in the office for patient feedback. For HF10, this is
perfumed by adjustment of the amplitude and the lead cathode
configuration. If the response to reprogramming is successful,
then the patient can follow-up as needed, with recommenda-
tions to have the device optimized every 3—4 months. However,
if the paresthesia field is markedly different, as compared to
when it was originally programmed, or fails to cover the
intended target, one should consider migration of the leads.
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Fig.61.1 Example of
percutaneous and paddle leads
(Courtesy of St. Jude
Medical, with permission)

Fig. 61.2 Primary cell and rechargeable IPGs (Courtesy of St. Jude,
with permission)

There is a growing interest to have centers for program-
ming through data acquisition and remote programming from
the clinic. Further ease of programming has been created
through innovative computerized programming strategies.

Migration
Migration, or movement of the leads from the original place-

ment, can interfere with the delivery of the stimulation to the
intended target, resulting in a suboptimal outcome. If this is

e A - -

-
-

-

Fig. 61.3 Senza IPG and leads capable of HF10 therapy (Courtesy of
Nevro, with permission)

discovered, which most commonly is related to failure of the
anchor, the patient needs to be revised with a reoperation and
replacement of the leads.

Infection

With any surgical procedure, surgical site infection is a
concern. These are commonly identified within 3 months of
the permanent therapy. Most commonly, this is related to
the IPG location. Once identified, infection needs to be
managed aggressively. If only very subcutaneous infection
is surrounding the incision site, wound care can be
attempted with careful monitoring. If any systemic signs of
illness occur, the device needs to be removed, the wound
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Fig.61.4 Trial lead
placement

cultured, a neuraxial MRI with and without contrast per-
formed, and antibiotics initiated with recommendations
from an infectious disease specialist.

Habituation/Tolerance

Hayek et al. reported on an 8-year retrospective review
within his center experience demonstrating a failure rate of
near 25% ending in explant, with 41% of those related to loss
of therapeutic effect. This demonstration of habituation (or
tolerance) has been reported with traditional stimulation
nearing 30%. New waveforms have demonstrated success
with returning these patients to a state of improved pain care,
both for HF10 and Burst DR.

Patient Device Interface
Recharging

Spinal cord stimulation therapies are largely powered by two
types of implantable batteries — primary (non-rechargeable)
or rechargeable (Fig. 61.2 and 61.3). The described benefits
from the rechargeable system are often described as being of
longer duration and smaller profile. For traditional,
paresthesia-inducing stimulation strategies, the recharging
burden is approximately once a week for 30—40 min. Some
data suggests that oftentimes the recharging episodes and
frequency are less efficient, with charging episodes 5.2 times
per month with charging episodes up to 2.3 h.

For HF10 therapy, with a higher energy requirement, the
recharging strategy is usually daily for 30-40 min. A pro-

spective study was performed suggesting that reliable
recharging did not impact fatigue with the device. A retro-
spective review of devices that ended in explant suggested a
faster explant rat with rechargeable systems as compared to
primary cell therapies.

Patient-Controlled Programming

As device innovation continues, so too does the patient
programming of their therapy. For paresthesia-inducing
strategies, positional changes need to be accommodated by
commonly adjusting the amplitude of the therapy. RF and
Bluetooth technology now make it easier to program.

Conclusion

The future of spinal cord stimulation is dependent on sustain
treatment success. With a mindful approach to maintain and
troubleshooting the therapy, clinicians enable the device and
the patient the best chance for success.
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Spinal Cord Stimulation Surgical Paddle

Placement
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Key Concepts

* Spinal cord stimulation (SCS) has Class I evidence of its
superiority when placed against conventional medical
management and against repeat spinal.

e Published literature describes the advantages with lami-
nectomy electrode placement, although more invasive
than percutaneous placement.

e Electrode implantation via laminectomy can be per-
formed either under local anesthetic with intravenous
sedation or under general anesthesia utilizing
neuromonitoring.

* The advent of paddle electrodes has expanded treatment
options and has inherent benefits such as broader stimula-
tion patterns and lower stimulation requirements.

Stimulation

Spinal cord stimulation (SCS) is an adjustable, nondestruc-
tive, neuromodulatory procedure that delivers therapeutic
doses of electrical current to the spinal cord for the manage-
ment of neuropathic pain. The most common indications are
failed back surgery syndrome (FBSS) and complex regional
pain syndrome (CRPS), but may also include ischemic limb
pain and angina. There are scattered reports regarding the
treatment of intractable pain due to other causes including vis-
ceral/abdominal pain, cervical neuritis pain, spinal cord injury
pain, postherpetic neuralgia, and neurogenic thoracic outlet
syndrome. Experience suggests that, in selected patients, SCS
can produce at least 50% pain relief in 50-60% of the
implanted patients. Interestingly, with the proper follow-up
care, these results can be maintained over several years.
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Peripheral nerve stimulation (PNS) has been coming in
favor of treating neuropathic pain of the back, trunk, and neck,
as well as with occipital nerve stimulation for the treatment of
various headache syndromes and occipital neuralgia.

Early stimulating systems were only radiofrequency
(RF)-driven passive receivers coupled with unipolar elec-
trodes. This has now been followed by implantable pulse
generators powered by a lithium battery that have options
such as rechargeable generators (Fig. 62.1). These are then
coupled with many different types of percutaneous and
paddle-type arrays (Fig. 62.2). This has led to the advent of
surgical leads and implants.

It is paramount that spinal cord stimulation be a part of
every spine surgeon’s armamentarium. Multiple randomized
controlled trials have demonstrated the superiority of spinal
cord stimulation to reoperation in the spine. It is crucial that
these options be available to patients from both their sur-
geons and pain management physicians to adequately and
completely treat their patients with all available options.

Relevant Anatomy

Understanding the somatotopy of the spinal cord is para-
mount to knowing the technical aspects of implantation. A
basic tenet of SCS is to create an overlapping of paresthesia
and pain region. In order to do this, correlation of the somato-
topy and the level of the spinal cord are necessary.

High cervical regions such as C2 can cover the posterior
occipital region and occasionally the lower jaw. C2—C4 stim-
ulation will provide coverage of the shoulder, while stimula-
tion in the lower cervical region such as C5—C6 will provide
for the entire hand. To cover the anterior chest wall or the
axilla, an electrode toward C7 will be necessary.

More commonly, an implanter will seek cover the lower
extremities. Lateral placement at T11-T12 will cover the
anterior thigh, while placement at T11-L1 can cover the pos-
terior thigh. Coverage off the foot as a whole can be achieved
along these same areas, but it becomes more difficult to
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Fig.62.1 Internal pulse generators. (a) Medtronic. (b) St. Jude Medical, Inc. (¢) Boston Scientific. (d) Nevro. (e) Spinal modulation

Fig.62.2 Paddle electrodes
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cover the sole of the foot. Alternatively for coverage of the
sole of the foot, a patient may require insertion on the lumbar
L5 or S1 nerve roots. Low back pain is very difficult to cover
because mid-thoracic stimulation can affect the chest and
abdominal wall. The best localization for low back coverage
is with midline placement at T8-T9. Paddle electrodes can
vary in width and length covering from one to three vertebral
bodies, as well as vary in contact configuration. The surgeon
will need to make decisions for which electrode is based on
patient’s pain etiology, pain pattern, and intended coverage.

Stimulation of the dorsal spinal cord likely affects large
afferent myelinated fibers that can include the dorsal columns,
dorsal roots, dorsal root entry zone, and the dorsal horn. It
becomes increasingly difficult to distinguish stimulation pat-
terns secondary to the overlap with simultaneous stimulation of
more than one structure. Midline versus lateral placement would
also affect desired outcome. Most patients prefer stimulation of
the dorsal column from electrodes closer to the midline.
Laterally, placed thoracic electrodes are more likely to stimulate
the thoracic nerve roots and result in painful stimulation.

Screening Trial

Most physicians will utilize a screening trial prior to perma-
nent implantation of the system. Several methods have been
utilized to implement a trial. A patient may have a temporary
percutaneous electrode implantation where the leads are
externalized allowing the patients to return home and deter-
mine efficacy. Another method is to surgically implant the
electrodes and leave them externalized allowing the patient
to assess the efficacy while being observed in either a hospi-
tal setting or return home. Finally, an intraoperative trial can
be utilized where the patient is awakened during surgery and
allowed to determine the degree of pain relief.

All of these screening trial methods can be followed by
permanent implantation or removal of the system. Although
each can be effective, it is largely determined on a single-
patient basis. Each method has pros and cons and must be
tailored to each individual patient. Most authors would agree
that a screening trial with 50% pain relief would warrant per-
manent implantation.

Recording the results of the trial, position of the electrode,
definition of the paresthesia experienced by the patient, and
accurate management of expectations are paramount for the
implanting surgeon.

Advantages and Disadvantages of Surgical
Lead Implants

Percutaneous electrodes can be inserted without much dis-
section and offers a substantial advantage when one per-
forms a trial to assess candidacy for a permanent implant.

After the trial period, the temporary percutaneous electrode
can easily be removed in the implanting physician’s office.
During implantation, these electrodes can be advanced over
several segments in the epidural space, allowing testing of
several spinal cord levels to assess for optimal electrode
position.

A major disadvantage that has been cited with percuta-
neous electrodes is their tendency to migrate. This is
related to their inherent flexibility, which is necessary for
their insertion through a Touhy needle, and to their cylin-
drical shape, which does not prevent migration even
months after implantation. Also, percutaneous electrodes
are less energy efficient than paddle electrodes. The elec-
trical current is distributed circumferentially around the
electrode and is expected to result in greater shunting of
current. In addition, patients with percutaneous leads may
also describe a greater positional variance in their
paresthesia.

Paddle electrodes require a surgical laminotomy and
implantation under direct vision. Implantation under direct
vision may be safer in the upper thoracic and cervical areas,
where there is a risk of damaging the spinal cord with the
large-bore Touhy needle. Most implants can be done through
a small skin incision. The amount of bony removal is usually
minimal.

Multiple arrays or different electrode configurations can
be also constructed with plate electrodes. The main advan-
tage of plate electrodes resides in their more inherent stabil-
ity in the dorsal epidural space and lesser propensity to
migrate. In addition, direct visualization and implantation of
a surgeon can lead to improved patient paresthesia coverage
with electrode positioning, better anchoring methods, and
access to additional technology not available with percutane-
ous implants. Paddle electrodes have broader stimulation
patterns and lower stimulation requirements. Plate electrodes
are more energy efficient in delivering electrical stimulation.
Another advantage is the ease in current steering, as well as
current shielding which leads to increased fiber selectivity
and more focused pain control. Long-term efficacy with pad-
dle electrodes is inherent given the ability for various pro-
gramming adjustments and configurations. Published
literature describes the advantages with laminectomy elec-
trode placement, although more invasive than percutaneous
placement, yielded significantly better clinical results in
patients with failed back surgery syndrome with long-term
follow-up.

A long-term issue has been the inability of patients to get
an MRI with these systems. Presently, there are specific
Medtronic and Boston Scientific stimulator systems that
have a MRI conditional scenario for a brain MRI that
includes both percutaneous and surgical implanted systems.
More recently, Medtronic has released a fully MRI condi-
tional system that only includes percutaneous implants with
cylinder leads.
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Surgical Implantation Techniques

Electrode implantation can be performed either under local
anesthetic with intravenous sedation or under general anes-
thesia. With modern anesthetic techniques, testing an awake
patient yields immediate feedback regarding the stimulation-
induced paresthesia. When the procedure is performed with
the patient under general anesthesia, one relies on the radio-
graphical position and on evoked motor or sensory responses
to assure proper electrode positioning.

In the awake placement, the anesthetic management dur-
ing the procedures performed is of crucial importance to the
success of the procedure. A patient awakening from anesthe-
sia may be very uncooperative and disoriented, while a
patient who is too sedated would not be able to answer ques-
tions during the testing. Either would result in complete fail-
ure of the procedure or, even worse, in accidental neural
injury. Most patients undergoing implantation are positioned
in a lateral decubitus position or prone position, and the
anesthesiologist places a laryngeal mask airway (LMA).
With the LMA, the anesthesiologist can maintain the airway
while simultaneously keeping the patient deeply sedate. As
the patient emerges from the anesthesia, the LMA is removed,
and conversation may be held with the patient.

The more recent trend is toward implantation under gen-
eral anesthesia secondary to a number of reasons why
implantation under general anesthesia may be desirable. The
awake operation is often performed while the patient is under
local anesthesia, which is very stressful for the patient, and
predisposes them to movement. This can lead to decreased
patient satisfaction, equipment migration, undesired stimula-
tion effects, and treatment failure. These factors lead to the
implanting surgeon having a preference for non-awake
placement. Additionally, personal experience for most
implanting physicians reveals that intraoperative wake-up is
not always desirable. Some patients are severely disoriented,
and others are agitated, which interferes with reliable com-
munication with the surgeon. Further, the preoperative nar-
cotic medication doses frequently required for these patients
with chronic severe pain often make pain control during the
wake-up very difficult even with generous local anesthetic.
Finally, x-ray identification of the midline is oftentimes not
possible in the lateral decubitus position.

The use of EMG/SSEP during implantation allows a stim-
ulation lead to be positioned relative to a physiologic midline
and/or positioned along the dorsal column in a longitudinal
direction. The availability of multiple channel arrays and
implantable pulse generators that can function with multiple
electrodes now allows for generous implantation of extra
electrodes as well as larger paddle electrodes. Some recent
studies have conclusions reporting that implantation per-
formed under general anesthesia utilizing monitoring tech-
niques was associated with fewer failure rates and fewer
reoperations. It is becoming accepted as a safe and effica-
cious alternative to awake surgery.

Conclusions

The treatment of chronic pain remains challenging. Spinal
cord stimulation has been performed for over 30 years, and
advances have been made making it a more reliable and safe
modality. When compared to most of the other chronic pain
treatment modalities, the magnitude of its long-term results
are not easily matched with very few other invasive modali-
ties claiming this success rate with a few years of follow-up.
It is important to remember that the goal of neurostimulation
is to reduce pain, rather than to eliminate pain and should be
used as a treatment adjunct. The advent of tripole and pentad
paddle electrodes has expanded treatment options and has
earned an established and firm role in contemporary chronic
pain management.
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Key Concepts

e The dorsal root ganglion represents well-defined structure
that lends itself to stimulation therapy.

* Robust clinical data defines patient safety and efficacy in
the largest randomized, controlled study on CRPS.

» Patients have greater than 85% success at 1 year follow-
ing implantation.

Introduction

Neuromodulation continues to evolve, with a focus on novel
targets and expanding indications. This expansion often
times brings novel strategies to treat traditionally challeng-
ing chronic pain conditions. Dorsal root ganglion (DRG)
stimulation provides a predicate strategy for revisiting old
targets and the development of a space changing therapy.
DRG therapy, with recent approval by the Food and Drug
Administration (FDA) in February of 2016, now makes it
possible to treat CRPS or peripheral causalgia of the lower
extremity (defined as the iliac crest to the foot).

Science

The DRG is a paired structure with the spinal canal, acces-
sible via the epidural space, just caudal to the pedicles, and
encased by a dural layer. It is termed a pseudo-unipolar
structure that has axons that extend from the periphery and
travel to the dorsal horn of the spinal cord, with extension to
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adjacent vertebral segments. This redundancy describes the
failures of ablative or excisional therapies to the DRG.

Chronic pain creates an environment that raises the firing
threshold of these abnormal fibers, as compared to normal
physiologic fibers, with preferential activation. This creates
a stimulation therapeutic window, allowing for preferential
selection of the abnormal fibers. Important to the transmis-
sion of the action potential is the T-junction, which serves as
a low-pass filter. Stimulation increases this effect, with the
resultant reduction of action potential generation to the dor-
sal horn.

The Device

Equipment designed for the placement of the newly devel-
oped lead is required for safe and accurate deployment. The
introduction system includes a sheath (big curve and small
curve), a guide-wire, a lead, and a stylette. The lead is more
pliable, with a smaller diameter, than the traditional SCS
lead and has four contacts.

The Targets

e [llioinguinal: T12, L1, L2
¢ Genitofemoral L1, L2

e HipL3

e KneelL3

e Foot L5, L4, S1

The Procedure

Patients are placed in the prone position, similar to SCS. The
FDA has approved the device placement for T10 to S2.
Needle placement is contralateral trajectory with entry into
the interlaminar epidural space of the target DRG. It is advo-
cated that skin entry is two vertebral bodies below and con-

221

J.E. Pope, T.R. Deer (eds.), Treatment of Chronic Pain Conditions, DOI 10.1007/978-1-4939-6976-0_63


mailto:popeje@me.com

222

T.R. Deer and J.E. Pope

tralateral to the target DRG, for a normal body habitus. Once
the needle is placed in the optimal location, the big curve
sheath and guide-wire system are steered under fluoroscopy
to the target DRG, with care to place the system in the supe-
rior and posterior portion of the foramen, with the distal end
of the sheath at the location where the distal contact is to be
placed. The placement is then confirmed in the lateral view,
the guide-wire removed, and the styletted lead introduced.
The sheath is withdrawn, the superior stress relief loop is
placed, then the inferior stress relief loop is created, and then
the sheath, stylette, and needle are removed. When multiple
levels are placed, the superior location is placed first.

The Evidence

DRG stimulation is statistically superior to SCS for treat-
ment of the CRPS or peripheral causalgia of the lower
extremity. 86% of patients received >50% at 1 year of those
that receive the implant. Equally impressive, 75% of patients
of those that were offered and completed the trial had greater
than 50% at 1 year. This fundamentally changes the approach
to the therapy. 67% of patients had greater than 80% relief at
1 year. Migration rate of the device was less than 1%, as
compared to the published SCS experience of near 18%.
Precision of the perceived paresthesia overlying the pain-
ful extremity was markedly improved, with 95% accuracy,
while the need for paresthesia to promote pain reduction was
less dependent than SCS. Since commercialization in April

of 2016, the programming suggests pain relief with sub-
threshold stimulation.

Conclusion

DRG therapy is a revolutionary strategy to treat a historically
difficult chronic pain disease. With success that rivals the
benefits of antibiotics for pneumonia, this therapy will
change the landscape of the pain care algorithm for CRPS.
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Key Concepts

e Peripheral nerve stimulation (PNS), which requires
implantation of stimulating electrode leads over the
affected injured peripheral nerve

e Percutaneous PNS, which involves percutaneous inser-
tion of stimulating electrode leads in the vicinity of an
affected injured nerve, with proper guidance

e Peripheral nerve field stimulation (PNFS), which stimu-
lates smaller nerves in the generalized region of pain

Introduction

PNS is defined as electrical stimulation, which is performed
on the peripheral nervous system and applied over or near a
specific nerve or region of pain. Electrical current can be
delivered to nerves transcutaneously (transcutaneous electri-
cal nerve stimulation, TENS), percutaneously with a tempo-
rary electrode (so-called percutaneous electrical nerve
stimulation, PENS), and with the help of surgically or percu-
taneously implanted electrodes (PNS).

Background

Historically, the first published report of PNS for treatment
of neuropathic pain described a procedure performed on
October 9, 1965 when Drs. Wall and Sweet implanted elec-
trodes around the median and ulnar nerves of a 26-year-old
woman with a clinical presentation consistent with complex
regional pain syndrome (CRPS). Electrical stimulation of
the median nerve provoked pleasant paresthesias and modu-
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lated pain in the medial three fingers. Subsequently, Drs.
Melzack and Wall published the “gate control” theory of
pain in their article in Science, which hypothesized that
innocuous stimulation of the sensory nervous system might
modulate or suppress the transmission of pain. This paved
the way for the development of a new treatment modality,
which was called “neuromodulation.”

Soon thereafter, Pain and the Neurosurgeon by White and
Sweet was published in 1969 and detailed a radiographic
image of a PNS device implanted on the ulnar nerve of a
patient with post-traumatic neural impingement. Subsequently,
there were dozens of clinical reports, which explored various
aspects of PNS through the 1990s. Since that time, PNS has
remained relatively consistent, such that the target nerve was
exposed, and a paddle-type electrode lead was placed in direct
contact with the injured nerve trunk.

Introduction of a percutaneous PNS insertion technique
in the late 1990s then revolutionized the PNS field. This
approach was initially applied to craniofacial stimulation,
but was then later expanded to include other parts of the
body, including the neck, chest wall, abdomen, pelvic, lower
back, groin, and extremity regions. Next, there was develop-
ment of peripheral nerve field stimulation (PNFS), which
targets more distal nerve structures, including unnamed
branches and subcutaneous nerve endings, in a generalized
region of pain.

More recently, PNS was advanced by addition of ultra-
sound guidance, helping in more accurate visualization of
peripheral nerves during percutaneous lead insertion. Finally,
technical innovations were made, which were specific to
PNS applications.

Candidacy

PNS is indicated for cases of chronic, severe, disabling pain
of neuropathic origin, which has not responded to more con-
servative measures including medical treatments, which is
associated with a clear diagnosis, and which occurs in the
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absence of correctable pathology. Candidates are expected to
be familiar with the modality and should be willing to use the
system. Furthermore, candidates should have a favorable
neuropsychological profile and should respond positively to
a trial of PNS before the permanent device is implanted, with
both subjective pain and objective functional improvement.
The usual contraindications, such as short life expectancy,
active infection, uncorrectable coagulation disorder, and
poorly controlled medical comorbidities, which would pre-
clude patients from undergoing elective surgery and/or anes-
thesia, should be considered.

Indications

The most common indications for PNS are chronic pain,
which is subsequent to peripheral nerve injury, persistent
pain from compressive neuropathy (following adequate
decompression), complex regional pain syndromes (CRPS)
type 1 (formerly known as reflex sympathetic dystrophy) and
type 2 (formerly known as causalgia), and painful peripheral

neuropathy. For PNS (or PNFS) of the chest wall, abdomen,
neck, upper and lower back, groin, and other parts of the
trunk, the most common indications are postsurgical neuro-
pathic pain, post-infectious (particularly postherpetic) pain,
and post-traumatic neuropathy. Newer indications include
headache, tinnitus, fibromyalgia, and peripheral pain.
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Key Concepts

e PNS therapy, like spinal cord stimulation (SCS) therapy,
includes a trial or test phase, as well as an implant phase.

e This staged treatment should only be offered to appropri-
ate candidates, who are appropriately screened, and only
after careful setting of realistic goals and expectations for
pain and functional improvement.

The goal of PNS or percutaneous PNS is to produce tin-
gling paresthesias along the territory of a specific stimu-
lated nerve. The goal of PNFS is to distribute paresthesias
in an electrical field around the lead’s active electrodes,
without achieving a clearly defined nerve distribution,
which results in a concentric stimulation-induced sensa-
tion/paresthesia in a specific area of precise zone of pain,
without radiation, and without following a specific named
nerve target.

Introduction

Implantation of a peripheral nerve stimulator is performed in
two stages, which are similar to the two stages of spinal cord
stimulation. During the first stage, an electrode lead is
inserted via the percutaneous or surgical approach directly
over a targeted nerve, in the vicinity of a targeted nerve or
branch, or in a generalized region of pain. The trial of stimu-
lation lasts several days or weeks. Three PNS techniques are
used by neuromodulators for various types of neuropathic
pain: (1) PNS, in which leads are implanted in subcutaneous
tissue, over a specific sensory nerve, which correlates with
the painful area; (2) Percutaneous PNS, in which leads are
implanted subcutaneously in the region of a sensory nerve
territory; (3) PNFS, in which leads are implanted within a
perceived or generalized area of pain.
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Candidacy

Patients with extremity pain, which is limited to the distribu-
tion of a single nerve, are better candidates for PNS. Patients
with pain in the trunk, chest, and abdomen are better candi-
dates for PNFS. Pure sensory nerves are generally better tar-
gets for PNS than mixed motor/sensory or pure motor nerves,
whereby stimulation may also provoke unwanted motor
stimulation. Patients should have documented 50% or greater
improvement in pain and level of function during a trial of
stimulation. Standardized pain rating scales, as well as func-
tional assessment tools, can be used before trial, at the end of
trial before lead removal, and again at baseline, after lead
removal to more accurately gauge response to trial stimula-
tion. Patients and providers should have a candid discussion
to review this trial information before deciding whether it is
appropriate to proceed with implant. Decision to move to
implant should not be rushed.
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Key Concepts

* Implantation after a successful trial, like SCS, can be per-
formed in either a percutaneous or surgical fashion.

e There are advantages to each approach, which should be
considered carefully in light of the specific clinical sce-
nario and should be reviewed with the candidate.

Introduction

If the trial is successful, the second stage involves insertion of
a permanent electrode. This electrode is anchored in place, usu-
ally to the underlying fascia. Subsequently, the electrode lead
or an appropriate extension cable is connected to an implant-
able pulse generator (IPG)/battery via a tunneling procedure.

Percutaneous

Historically, PNS electrode leads were implanted surgically
via an open technique to better visualize deeper anatomical
structures, such as nerves and blood vessels, proximate to
the more superficial nerves being treated. However risks,
such as perineural scarring, made the open approach prob-
lematic historically. More recently, introduction of ultra-
sound guidance has gained favor, allowing minimally
invasive access for accurate percutaneous electrode inser-
tion. Because of the variable course and depth of the nerves
to be stimulated, as well as the proximity of nerves to blood
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vessels, ultrasound guidance has become very helpful to dif-
ferentiate pertinent structures and to allow for safe place-
ment of electrodes.

Currently, percutaneous electrode leads are usually selected
for several reasons: (1) when the nerve of interest is to be found
in a predictable anatomical area, whereby stimulation is deliver-
able without direct contact with the nerve, and (2) when the pain-
ful area may require coverage with multiple leads, whereby
stimulating paresthesias are concordant with the pain distribution.
Generally, percutaneous placement dominates the field of PNS.

Surgical

Some neuromodulators still use surgically placed paddle
leads for PNS because of several important benefits:

1. Paddle electrodes have several rows of electrode contacts
separated by a preset distance, which allows for multiple
stimulation paradigms in the longitudinal, transverse, and
oblique directions. Thus, electrode contact configuration
parallels the course of sensory fibers inside the nerve trunk
and allows for more precise targeting and programming.

2. Paddle electrodes are flat and offer unidirectional stimu-
lation, directing electrical energy toward the nerve while
shielding the surrounding tissue via insulation of the pad-
dle’s backing, leading to more efficient use of energy,
which maintains battery life of the IPG.

3. Paddle electrodes are more stable over time and are asso-
ciated with lower migration rates.

The most important requirement in selecting the surgical
approach over percutaneous approach is the need for highly
refined surgical skills, which allows better exposure of
peripheral nerves, since multiple reports of perineural fibro-
sis following long-term PNS therapy with paddle leads have
raised concerns about their safety and appropriateness of this
approach in future applications.
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Key Concepts

* Maintenance of PNS, like SCS, refers to procedural and
management considerations, which promote successful
PNS treatment longitudinally.

e Reprogramming to maintain appropriate stimulating
paresthesias.

*  Monitoring for adverse events/complications during trial,
implant, and postoperative phases.

* Ongoing monitoring of pain management with frequent
reassessment of function, quality of life (QOL), and
patient satisfaction.

Introduction

After following the appropriate indications for therapy and
candidate selection, and after setting realistic goals and
expectations, maintenance of therapy involves three general
considerations, which should be carefully monitored and
documented to sustain the life of PNS therapy treatment.
These include the following:

Managing Therapy Through Reprogramming

Patients undergoing PNS therapy will need ongoing adjust-
ments to stimulation to maintain stimulating paresthesias in
areas of pain, which may evolve over time. Re-programming
should always follow a focused re-assessment of pain to assess
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for change in quality, location, or intensity of pain, as well as
diurnal variation or relation of pain to activity level.
Reprogramming should always be accompanied by patient
education to promote understanding of how individualized
programming can achieve pain control and improve function.

Monitoring for Adverse Events/
Complications

This includes avoidance of complications during the trial,
implant, postoperative, and maintenance phases. Potential
complications include infection, hemorrhage, injury to ner-
vous tissue, placement of electrode/device in the wrong com-
partment, hardware migration, erosion, and device
malfunction, which includes lead fracture and disconnection.
Overall, most PNS complications are minor and rarely, if ever,
require hospitalization. Because of recent technological
advancements, many early PNS complications are rarely seen
today, while others remain static. One reason for the unchanged
rate of some complications is that peripheral nerve stimulation
is still mostly performed using devices developed and mar-
keted for spinal cord stimulation applications. As the anatomy
of peripheral nerves and surrounding soft tissues is very differ-
ent from the epidural spinal space, where SCS electrodes are
generally placed, PNS complications persist from adapting
technology to the peripheral nervous system.

Fortunately, morbidity associated with PNS and percutane-
ous PNS is low, and most issues may be resolved with simple
outpatient revision surgeries. Reduction in the complication
rate is expected to occur when the hardware used in PNS pro-
cedures is appropriately adapted and designed for PNS applica-
tions. Introduction of dedicated PNS/PNFS devices will reduce
complication rates and will improve reliability and sustainabil-
ity of the therapy. Morbidity of the more recently introduced
PNEFS technique is still generally unknown, but will become
more available as the use of this technique increases.
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Monitoring of Pain, Function, QOL,
and Patient Satisfaction

Maintenance of therapy also involves maintaining pain
reduction and level of function, which in turn maintains
patient satisfaction.The use of validated pain scales and
functional assessment tools is pivotal in documenting clini-
cal status and can be used as an educational tool in counsel-
ing patients on overall progress of therapy. Finally,

maintenance of therapy includes ongoing enhancement of
technology to improve accuracy, efficiency, and sustainabil-
ity of therapy.
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Key Concepts

e New therapies include C2-C3 nerve stimulation and
chronic neuropathic pain, both of which have widespread
applications, with several proposed but unproven mecha-
nisms of action.

Introduction

Peripheral nerve stimulation of the occipital branch of the C2
nerve for occipital neuralgia, intractable chronic migraine,
transformed migraine, chronic cluster headache, hemicrania
continua, facial pain, fibromyalgia, peripheral pain, and tin-
nitus represents new applications. Electrical stimulation of
the occipital branch of the C2 nerve takes a special place in
PNES, because of its seemingly widespread effects, which
are not fully explained. Hypotheses have been proposed
including:

1. The reduction of the activity of nociceptive fibers, provid-
ing pain relief according to the “gate control” theory pro-
mulgated by Melzack and Wall

2. The reduction of peripheral nerve excitability by electri-
cal stimulation, thereby reducing pain

3. The central effect on thalamic structures, which alleviates
pain via the trigemino-cervical complex

New Targets

Peripheral nerve stimulation has also been found to be an
appropriate therapeutic tool for refractory neuropathic pain
(such as intractable chronic headache, pelvic pain, testicular
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pain, abdominal pain, low back pain), when placed over the
affected nerve or plexus, when other less invasive modalities
have failed. Specifically, PNS has been shown to be effective
in treating severe neuropathic and intractable pain after mul-
tiple joint surgeries complicated by causalgia-type pain. This
treatment approach is generally successful as long as there is
some level of preserved sensation in the painful area.
Evidence for efficacy is not strongly conclusive, and long-
term controlled studies have not been conducted.

Peripheral nerve stimulation has been found to be a safe
and effective short-term treatment option in poststroke
patients with hemiplegic shoulder pain (HSP) by stimulat-
ing the peripheral nerves in a percutaneous approach, which
affect the trapezius, supraspinatus, and medial and posterior
deltoids.

New technology includes wireless electrical nerve stimu-
lations (WENS), which uses an external power source, sub-
sequently reducing the need for an internal battery or
implanted pulse generator (IPG). This approach could
increase long-term viability and efficacy of PNS technology
in vivo.

New applications include the use of peripheral nerve field
stimulation (PNFS) or subcutaneous peripheral nerve stimu-
lation (SQ PNS). Although the mechanism by which PNFS
provides pain relief is poorly understood and probably
involves a number of interrelated mechanisms, it involves
placement of subcutaneous leads over a painful area to stim-
ulate nerve endings and dermal receptors, eventually travel-
ing through the dorsal roots to reach the spinal cord. This
treatment has been used to treat both neuropathic as well as
nociceptive pain related to intractable failed back surgery
syndrome (FBSS) and sacroiliac pain. PNFS used in con-
junction with spinal cord stimulation has also been widely
documented and has successfully treated conditions includ-
ing intractable low back pain in patients with FBSS, as well
as post-herniorrhaphy pain. In fact, combination therapy has
been shown to be more affective than SCS alone or intrathe-
cal opioid therapy for the subset of patients who have axial
greater than radicular pain or in patients with persistent
inguinal pain after hernia repair surgery.
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Further exploration of using ultrasound guidance for
peripheral nerve stimulation among neuromodulators will
undoubtedly help to advance generalizability of this treat-
ment and increase clinical applications.
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Key Concepts

e PILD allows access to the posterior central canal via
ultra-minimally invasive approaches without the need for
general anesthesia.

e Three critical criteria for patient selection portend
success: (1) the patient has neurogenic claudication and
leg pain with walking or standing, (2) the patient has
central canal lumbar spinal stenosis which is a function
of ligamentum flavum hypertrophy, and (3) there exists
no other rational cause of the patient’s pain, e.g., far
lateral recess stenosis, foraminal stenosis, or vascular
claudication.

e PILD has been demonstrated by multiple prospective
studies to be both safe and effective.

Introduction

Lumbar spinal stenosis (LSS) is a common progressive con-
dition affecting predominantly older populations. Symptoms
of LSS are manifested by low back pain and leg pain upon
standing or walking or both, and symptoms cease with rest-
ing, termed neurogenic intermittent claudication (NIC).
Treatments for symptomatic LSS depend on severity, rang-
ing from conservative approaches such as physical therapy
with or without epidural steroid injection in mild cases to
open spinal surgical decompressive approaches such as lam-
inectomy with and without complex fusion. For symptom-
atic patients with mild-moderate and moderate-severe degree
of LSS, or those with high surgical risk, or those unwilling to
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have open surgery, PILD is poised as an effective and attrac-
tive minimally invasive treatment alternative to traditional
approaches.

Background (for LSS Definition
and Diagnosis, LSS Types, and Treatment
Effectiveness)

LSS has three main subclassifications or components: lateral
stenosis (LS), canal stenosis (CS), and spondylolisthesis.
Frequently, canal stenosis occurs in combination with either
of the other two or both. PILD addresses specifically central
canal stenosis, which refers to decreased AP or transverse
diameter of the canal and/or decreased cross-sectional area
of central spinal canal. The most commonly accepted radio-
logical criteria for diagnosis of CS in lumbar region are an
AP diameter of 10 mm or less and cross-sectional area less
than 70 mm?, although there is no consensus. Etiologies of
LSS can be classified as congenital/developmental or
acquired/degenerative in nature. The distinction is important
for treatment. In the former case, the LSS usually is the result
of congenital bone structural constriction of the canal and
naturally small thecal sac, whereas in the latter the narrow-
ing is due to ligamentum flavum hypertrophy (LFH) result-
ing from disc degeneration and movement, weight-bearing
facet joints, and spinal instability. Spondylolisthesis in itself
can also cause spinal stenosis in either spondylolytic or
degenerative type. Furthermore, foraminal stenosis (FS) and
disc herniation (DH) can also contribute to the formation and
symptoms of LSS. Maximal efficacy of PILD relies heavily
on knowing components and etiology of LSS.

Candidacy

The main indication of PILD is symptomatic LSS of the
degenerative CS associated with LFH. Additionally, imaging
finding should have minimal LS, FS, or potential symptom-
atic disc herniation. LSS symptoms are described as
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neurogenic intermittent claudication (NIC). NIC is defined as
discomfort distributed in unilateral or bilateral buttock/groin/
leg, described as pain, heaviness, or paresthesia (numbness,
tinging, burning), worsened with standing and walking but
relieved by flexion (sitting or bending, e.g., over a shopping
cart). Frequently, LSS also presents with low back pain in
conjunction with NIC, in a similar exacerbating symptoms by
standing and walking and alleviation by flexion. Radiological
findings of LSS which favors the use of PILD include:

1. Stenosis limited to one or two levels.

2. NIC symptoms should be attributed predominantly to
canal stenosis, not lateral or foraminal stenosis or disc
herniation.

3. Absence of significant instability on flexion/extension
x-ray if spondylolisthesis presents.

4. Anterior listhesis <5 mm.

Ligamentum flavum hypertrophy >2.5 mm.

6. No prior fusion or bone removal surgery at index level.

e

Fig. 69.1 Central canal stenosis as a function of ligamentum flavum
hypertrophy

Both appropriate LSS clinical and radiological criteria
should be combined to identify the ideal candidate to ensure
the likelihood of good outcome. Typical candidates might
have sagittal MRI findings as seen in Figs. 69.1 and 69.2.
Readers should also know that the selecting standards for the
right PILD patient will likely continue to evolve, and afore-
mentioned measures should serve as general guideline
(Tables 69.1 and 69.2).

Fig. 69.2 Ligamentum flavum hypertrophy contributing to LSS. Note
anteriorly, disc bulge also contributes, but not significantly minus the LH

Table 69.1 Patient inclusion criteria

Symptomatic LSS primarily caused by dorsal element hypertrophy
>6 months of NIC
Prior failure of conservative therapy

Radiologic evidence of LSS
LFH > 2.5 mm
Central canal sectional area <100 square mm

Anterior listhesis <5.0 mm

Ability to walk at least 10 feet unaided before being limited by pain

Table 69.2 Patient exclusion criteria

Prior surgery at the intended treatment level

History of recent spinal fractures with concurrent pain symptoms

Disabling back or leg pain from causes other than LSS

Significant/symptomatic disc protrusion or osteophyte formation

Excessive/symptomatic facet hypertrophy

Spinal stenosis with minimal or no LFH [4]

LFH Ligamentum flavum hypertrophy [2]
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Summary

PILD is a minimally invasive, percutaneous option for
those suffering from LSS. Compared with open surgical
resection, it presents as arguably a vastly less risky alterna-
tive. Open surgical series report dural tears from 6.8% to
15.6% of cases [2]. The rate of blood transfusion in surgical
patients ranges from 9.9% in the Maine Lumbar Spine
Study [3] to 14.2% in the SPORT Lumbar Spinal Stenosis
Study [1]. Total complications in open surgical series range
from 13.8% to 27.2%. Deer and Kapural in their initial
study of 90 patients reported no complication. Persons
wishing to avoid this exposure to surgical risk may consider
this arguably safer option.
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Key Concepts

e PILD, at present either MILD® or Totalis®, requires
familiarization with the technique and instrumentation
through formal training.

*  Whenever working near neural elements the risk of neural
compromise or injury is correlated with the level of seda-
tion, the more awake a patient is, the lower the risk of injury.

* Good local anesthesia to the lamina will provide comfort
to the patient while preserving a wakeful state.

e Imaging and understanding of the safe working zones
will allow for adequate decompression.

Introduction

Traditionally, choices for lumbar spinal stenosis (LSS) man-
agement are limited, ranging from conservative treatment to
epidural steroid injection and if recalcitrant to conservative
measures spinal surgery involving laminar resection. Conser-
vative treatments include physical therapy and medications. In
majority of cases, physical therapy provides either temporary
or no relief for neurogenic intermittent claudication (NIC).
Medications commonly used for LSS typically consist of
NSAIDs, anticonvulsant, and pain medications. However, as
LSS is predominantly affecting the older population, the
health risk of polypharmacy needs to be considered. Epidural
injection provides short-term relief and is often limited by steroid
exposure in repeating injections. The effect of complementary
alternative medicine is unclear for treatment of LSS. Surgery
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offers the ability of stenosis decompression, but may have
unexpected spinal complications. Given the older population
as the primary patient group, medical comorbidities present as
a potential obstacle in surgical clearance. Therefore, a gap
exists in the treatment of moderate to moderate-severe LSS,
where surgery may not be the most appropriate option. The
development of PILD fills that gap.

Background

Decompressing neural elements while preserving spinal and
connective tissue anatomy remains the goal of any surgical
treatment for LSS. Both laminectomy and laminotomy
require open dissection from skin to the level of lamina, with
supporting muscles and fascia interrupted during the pro-
cess. Incisions are usually 4-6 cm in size, possibly larger in
multilevel approaches. With frank instability, or if there
exists concern for instability after laminectomy, the surgeon
often includes instrumented fusion. Such broad and exten-
sive surgery causes tissue disruption and can leave patients
with significant postsurgical pain, in addition to exposure to
a host of neurological risk. Endoscopic decompression is
less invasive, but with similarly high complication rates,
mainly dural tears. PILD uses a smaller incision, causes min-
imal tissue disruption, and decompresses neural elements by
debulking the ligamentum flavum with nominal effect to the
osseous and muscular integrity of the spine. Currently, there
are two PILD systems available commercially: MILD® pro-
cedure by Vertos and Totalis® procedure by Vertiflex.

MILD Procedure
Kit
The MILD kit comes with instruments needed to perform the

procedure. They are (1) MILD Portal, (2) MILD Trocar and
Handle, (3) MILD Portal Stabilizer, (4) MILD Depth Guide,
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(5) MILD Bone Sculpter Rongeur, (6) MILD Tissue Sculpter,
and (7) MILD Surgical Clamp.

Overview

MILD accesses the interlaminar space through posterior
lumbar spine from a lateral-oblique approach. The access
point starts at inferior lumbar lamina of the index level, and
the skin entry point is located lateral to the inferior spinal
process of the index level. The Bone Sculpter Rongeur and
the Tissue Sculpter access the ligamentum flavum and lam-
ina through the Portal. Fluoroscope is placed in cephalo-
caudal AP positioning, parallel to the lamina surface in order
to obtain an open trajectory view for initial approach. The
depth of the Tissue Sculpter insertion requires contralateral
oblique fluoroscopic view, in conjunction with ipsilateral
epidurography, to assess the tip position of the Sculpter rela-
tive to epidural space. Resection by the Tissue Sculpter
through the Portal allows the debulking of the ligamentum
flavum. A small amount of the lamina is also removed.

Procedure Detail

1. Patient placed on a radiolucent table in prone position.

2. Perform preoperative AP and contralateral fluoroscopic
views to determine the path of initial approach. Patient is
prepped and drapped in a sterile fashion.

3. Perform interlaminar epidurography using standard
median or paramedian techniques. This identifies the
border of the ligamentum flavum and epidural and dural
space.

4. Administer local and deep anesthesia at the skin entry
site, based on preoperative fluoroscopic planning, typi-
cally 1-1.5 vertebral segment caudal to index level. Make
a small dime-sized skin incision.

5. Insert and lock the Trocar into the Portal. Advance the
combination to the inferior dorsal lamina surface, lateral
to the spinal process. Position the tip toward the superior
margin of the inferior lamina. Remove the trocar.

6. Secure the Portal with either Portal Stabilizer or Surgical
Clamp. Attach the Depth Guide.

7. Placing the Bone Sculpter Rongeur through the Portal,
use clock—/counterclockwise rotation to remove small
portion of lamina bone to create better access to inter-
laminar space. Repeat the process as needed.

8. Remove the Rongeur and use the contralateral epidurog-
raphy view to deploy the Tissue Sculpter through the por-
tal into dorsal ligamentum flavum. Adjust the Depth
Guide as needed. Squeezing the trigger opens the jaws
at the device tip. Releasing the device trigger allows

an effective resection of the ligamentum. Remove the
resected tissue and repeat until satisfactory unobstructed
epidurography is obtained.

9. Remove the Portal. Repeat the steps on contralateral side
and other levels.

Totalis Procedure
Kit

The Totalis Direct Decompression System comes with spe-
cialized non-sterile reusable instrumentation set and a sterile
single use kit. The reusable instrument set includes sized
sequential dilators and access cannulas, small blunt tip, and
bunt tip reamers. The single use kit includes the Cannula
Base Stabilizing Platform, the Tissue Dissector, and the
Rongeur.

Overview

The Totalis accesses the interlaminar space and the posterior
lumbar spine. The approach is midline and through the inter-
spinous ligament of the index level. AP and lateral fluoro-
scopic views are utilized for midline and depth assessment
for the instrument placement. Epidurography is recom-
mended. The Tissue Sculpter and the Rongeur remove the
ligamentum flavum and small portion of the bone from supe-
rior, inferior, and lateral aspects of the lamina.

Procedure Detail (Figs.70.1 and 70.2)

1. Place patient on a radiolucent table in prone position.
Prepped and drapped patient in a sterile fashion.

2. Perform AP and contralateral fluoroscopic views to
determine the index level, depth, interspinous space
width, and path of initial approach.

3. Perform interlaminar epidurography using standard
median or paramedian techniques.

4. Administer local and deep anesthesia at the skin entry
site, which is midline between the spinous process at the
index level. Make a dime-sized midline incision.

5. Palpate the interspinous ligament through the incision.
Make a longitudinal midline stab at the ligament.

6. Insert appropriate sized dilators sequentially over each
other, manually or with a mallet. Use AP fluoroscopy to
align the distal groove channel of the dilators with the
spinous process in the groove. Use lateral fluoroscopy to
advance the tip of the dilators to the dorsal aspect of the
facet. Remove the inner dilator. Mark the depth.
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Fig.70.1 Intraprocedural spot films of Totalis®. Tissue reamer prepar-
ing the route of the Rongeur under lateral view. Note epidural guide
wire as delineation of posterior epidural space

Fig.70.2 Lateral view of Kerrison resecting inferior ligament in the
interlaminar space

7. Insert appropriate sized cannula. Advance the tip of the
cannula just past apexes of the spinal process with lat-
eral fluoroscopy.

8. Place the cannula-based stabilizing platform over the
proximal end of the cannula against the skin.

9. Insert the desired sized blunt tip reamer through the
cannula. Advanced to the previously marked depth or
desired depth with lateral fluoroscopy. Rotate clock- and
counterclockwise to remove medial lamina bone and
ligament tissue. Use the adjustable depth stop on the
reamer for safety.

Remove the reamer. Advance the tissue dissector
through the cannula under lateral fluoroscopic view for
depth. Use tactile feedback and adjustable depth stop,
and place the tip against the undersurface of the superior
lamina. Use left-right sweeping motion to loosen the
ligamentum from the lamina, from midline toward lat-
eral recess. Remove the dissector.

Advance the Rongeur through the cannula under lateral
fluoroscopy. Remove lamina bones and ligamentum
flavum in different directions under lateral fluoroscopy.
Use epidurography to assess adequacy of the procedure.
Remove all instruments once complete .

10.

11.

Summary

When successful, both MILD and Totalis allow minimal dis-
ruption to the neural elements as well as bony attachments of
the muscular spine. This combination of safety, efficacy, and
preservation of stability has promise. Future studies will
determine if these iterations will be successful enough to
woo insurance coverage; otherwise, likely new variations of
equipment and technique will improve on these successful
ultra-minimally invasive options for lumbar spinal stenosis.
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Key Concepts

e PILD is a neurosurgical procedure with the potential for
all the sequelae of open surgical laminar resection, and
careful follow-up is required.

e Attention to risk reduction steps before and during the
procedure will translate into safe recovery.

* Developing a protocol for follow-up will streamline the
process of discharge and surveillance in the periopera-
tive period for all patients and ensure highest level of
safety.

* Despite the majority of risk being associated with, and
temporally related to, the time of the procedure, several
late-occurring complications need to be watched for.

Introduction

PILD involves the surgical resection of ligamentum flavum
and bony lamina, and possibly facet joint as well. Although
great care has been taken in the design of the instruments,
they are sharp tools designed for cutting tissue and bone.
Injury at the time of the procedure and introduction of for-
eign materials and bacteria into the spine are of primary
concern.
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Preoperative Planning Steps for Risk
Reduction (RR)

. Patients bathe with Hibiclens for 3-5 days prior to

surgery.
Patients use intranasal Mupirocin for 5 days prior to
surgery.

Patients discuss with prescribing physician and then
stop the use of anticoagulants for appropriate timeframe.
See the 2014 NACC (Neuromodulation Appropriate-
ness Consensus Committee) guidelines for stimulation
implant.

Patients are called at 5-day pre-op, to reiterate steps 1-3.

. At48 h:

(a) Patient is called at 48 h to again confirm steps 1-3.

(b) Confirm appropriate imaging will be available to the
surgeon on the day of surgery.

(c) Document patient has educated themselves on the
associated risks so that formal consenting process
goes smoothly.

(d) Ensure facility has preoperative antibiotics consistent
with allergy profile of patient and all other equipment
and medicines are available (catheters, needles,
syringes, local anesthetic contrast appropriate to
patient).

(e) Ensure facility has surgical equipment readied and
sterilized.

(f) Confirm patient has transportation and observer at
home for postsurgical neurological surveillance.

Perioperative Risk Reduction Strategies

—_—

. Confirm all steps of preoperative RR above.
. Full consenting process with family present.
. Educate observer on the sentinel signs of worsening neu-

ral compression as can be seen in evolving epidural
hematoma such as leg weakness, numbness or bowel or
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bladder incontinence, and how to recognize and regularly
assess signs.

4. Confirm and then carry out anesthesia plan of minimal
sedation to no sedation, with excellent local anesthesia to
the lamina so as to allow the patient the ability to give
intraoperative feedback regarding neural compromise.

5. Preoperative IV antibiotics given in a timely manner.

6. Wide and adequate surgical prep.

Intraoperative RR Strategies

1. As noted above arousable level of sedation for surgical
steps near the canal.

2. Maintain good imaging and refresh contrast as necessary
or use an epidural catheter such as Epimed Brevi-XL to
delineate the posterior confines of the epidural space.

3. Good anesthesia to the periosteum of the superior and infe-
rior lamina and block of the medial branches and along the
intended surgical tract will not only allow for arousable
patient, but will also reduce movement from procedural
discomfort.

4. Copious irrigation to clear upon conclusion of the case dimin-
ishes infection risk as does use of intra-wound antibiotics.

5. Multilayer closure with excellent skin approximation
diminishes dead space formation, risk of dehiscence, and
infection risk.

Discharge RR Approaches

1. Document any changes in neurologic status.
2. Document and again educate caregivers on the sentinel
signs of worsening neural compression as can be seen in

evolving epidural hematoma such as leg weakness,
numbness or bowel or bladder incontinence, and how to
recognize and regularly asses signs and have plan of
return to ER for surgical decompression ASAP. Provide
written instruction.

3. Document and then have discussion and provide written
instructions regarding the prevention of, surveillance for,
and action plan for infection control.

4. Document and have wound care discussion and provide
written instructions.

5. Document and have discussion regarding re-initiation of
anticoagulants and provide written instruction.

6. Provide for postoperative oral pain management.

Consider a short course of oral postsurgical antibiotic.

8. Schedule surgical follow-up in timely manner.

~

Conclusion

PILD is a neurosurgical procedure and demands the same
attention to surgical risk reduction, as does any open sur-
gery. Properly training staff, discussing each step with staff,
and then using checklists to mitigate risk minimize the bur-
den of remembering each step. PILD enjoys as a primary
attribute its low surgical hazard; however, complacency is
the ally of risk regardless of the innate nature of PILD’s
surgical safety.
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Complex Regional Pain Syndrome
(CRPS):Type | and Type ll

Reda Tolba

Key Concepts

e Complex regional pain syndrome (CRPS) is a disorder
characterized by pain as well as myriad of sensory, motor,
and autonomic dysfunction.

* Diagnosis of CRPS is mostly clinical, based on the find-
ings in history and physical examination.

* Interdisciplinary approach is required for treatment of
CRPS with the primary goal of functional restoration of
the affected extremity.

Introduction and Terminology

Complex regional pain syndrome (CRPS) is a disorder char-
acterized by pain as well as myriad of sensory, motor, and
autonomic dysfunction. CRPS usually follows a noxious
event such as trauma or surgery. CRPS can be subdivided
into two categories, CRPS I and CRP II. CRPS I, formerly
known as reflex sympathetic dystrophy (RSD), does not
involve definable major nerve injury. The symptoms are not
limited to a territory of a single peripheral nerve. On the
other hand, CRPS 11, formerly known as causalgia, involves
definable major nerve injury. CRPS is characterized by spon-
taneous pain, which is associated with sensory changes such
as allodynia and hyperalgesia. Allodynia is defined as pain
perception to a stimulus that is not noxious. Hyperalgesia is
defined as exaggerated pain response to a painful stimulus.
Autonomic changes can happen such as color changes,
increase or decrease sweating, temperature changes (cold or
hot), and edema of the affected extremities. The affected
extremity usually has trophic and dystrophic changes of the
skin (thin or thickened), nails (thickened), and hair (increased
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or decreased hair growth). Motor changes such as weakness,
dystonia, and tremors can eventually happen. Patients can
eventually suffer from significant depression and anxiety.

Diagnosis

The diagnosis of CRPS is clinical, based on the findings in
history and physical examination. According to the Budapest
Diagnostic Criteria for CRPS, to make a clinical diagnosis of
CRPS, the following criteria must be met:

1. Continuing pain, which is disproportionate to any inciting
event.
2. Must report at least one symptom in three of the four
following categories:
e Sensory: reports of hyperesthesia and/or allodynia
e Vasomotor: temperature asymmetry and/or skin color
changes and/or asymmetry
e Sudomotor/Edema: edema and/or sweating changes
and/or sweating asymmetry
e Motor/Trophic: decrease range of motion and/or motor
dysfunction (weakness, tremors, dystonia) and/or tro-
phic changes (hair, nail, skin)
3. Must display at least one sign at time of evaluation in two
or more of the following categories:
e Sensory: evidence of hyperalgesia or allodynia
e Vasomotor: evidence of temperature asymmetry and/
or skin color changes and/or asymmetry
e Sudomotor/Edema: evidence of edema and/or sweat-
ing changes and/or asymmetry
* Motor/trophic: evidence of decrease range of motion
and/or motor dysfunction (weakness, tremor, dysto-
nia) and/or trophic changes (hair, nail, skin)
4. There is no other diagnosis that better explains the signs
and symptoms.

Radiological studies, such as bone scan and MRI, are
important to rule out underlying orthopedic anomalies that
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may explain symptomatology and, if present, would exclude
the diagnosis of CRPS. There are no laboratory tests used to
confirm the diagnosis of CRPS. CRPS is primarily a clinical
diagnosis; however, functional imaging, visual analog scales,
and devices to quantify temperature and mechanical allo-
dynia are available to corroborate physical exam findings.

Treatment

The goal of the treatment is to functionally restore the
affected extremity and prevents motor weakness. Aggressive
physical therapy is the mainstay of treatment. However, to
achieve the goal, pain control is essential to be able to effec-
tively participate in physical therapy. An interdisciplinary
approach is used. That involves the following:

Physical and occupational therapy: including desensitiza-
tion, isometric and isotonic strengthening, and postural
normalization.

Pharmacological treatment: including membrane-stabilizing
medications such as gabapentin, pregabalin; tricyclic
antidepressants such as amitriptyline and nortriptyline;
and selective norepinephrine-serotonin reuptake inhibi-
tors (SNRIs) such as duloxetine — all used for the treat-
ment of neuropathic component of the pain. Opioid
medications can also be used in conjunction. NSAIDs and
steroids can be used if there is an inflammatory compo-
nent. N-methyl-D-aspartate (NMDA) receptors antago-
nists such as ketamine infusion can also be considered. If
the pain is believed to be sympathetically mediated, alpha
receptor blockers such as terazosin (Hytrin) can be
considered.

Interventional therapies: interventional pain procedures can
be considered in refractory cases to help with progression
of physical therapy. Sympathetic blocks such as lumbar
sympathetic blocks for lower extremities and stellate

ganglion block for upper extremities can be considered if
pain is suspected to be sympathetically mediated. Upper
and lower extremity blocks and local anesthetic catheter
continuous infusion can be considered as well (such as
supraclavicular and axillary for upper extremities, sciatic
for lower extremities). Tunneled epidural catheter with
local anesthetic/opioid infusion has been described. In
chronic refractory CRPS, spinal cord stimulation can be
considered.

Psychological therapy: patients with chronic CRPS could suf-
fer from depression and anxiety. Individual psychotherapy,
cognitive behavioral therapy, and medications such as
anxiolytics and antidepressants should be considered.
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Failed Surgery Syndrome

Mehul J. Desai

Key Concepts

e Failed surgery syndrome likely represents a spectrum
disorder rather than a truly distinct clinical entity.

e A thorough timely work-up to elucidate the etiology of
continued pain following spine surgery may provide an
opportunity for successful intervention.

Introduction

Failed back surgery syndrome represents a constellation of
symptoms encapsulating a failure of expected outcomes
following spine surgery. This may affect spinal segments
ranging from the cervical through lumbar regions. A wide
range of incidence rates is reported in the literature. The
diagnostic category remains challenging to treat due to its
heterogeneity.

Background

In order to truly address persistent issues following spine
surgery, one must take a moment to appreciate the nomen-
clature surrounding this disease state. Often labeled as failed
back or neck surgery syndrome or post-laminectomy
syndrome, these terms are anachronisms as they do not
adequately describe the disease state in an era when most
cervical spine surgery is performed from an anterior approach
without laminectomy. Further, the preponderance of emerg-
ing lumbar techniques including anterior interbody fusion
and extreme lateral approaches that do not include laminec-
tomy renders PLS a relic from a bygone era. FBSS denotes
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blame of a technical nature when in fact a myriad of reasons
may result in unanticipated or adverse outcomes following
surgery. Predominant among these baseline factors is the
behavioral and psychological state of the patient. For these
reasons, we would suggest that the current terminology is
inadequate, and a redefinition of this disease state should
undergone consideration.

The comprehensive evaluation of FBSS, in an effort to
truly identify the etiology of persistent or recurrent pain,
requires a comprehensive interdisciplinary history and
examination consisting of medical, behavioral, functional,
and radiographic components. It is vital to identify acute sur-
gical factors that may remit upon correction (i.e., misplaced
pedicle screw). Particular care must be focused on assessing
psychosocial comorbidities including depression, anxiety,
sleep disorders, and personality disorders. It may be useful
to categorize FBSS into more manageable categories
(Table 73.1). These categories may be further subdivided
into likely etiological factors (Tables 73.2, 73.3, 73.4
and 73.5).

A thorough radiographic assessment may include
magnetic resonance imaging (MRI) with gadolinium enhan-
cement, computed tomography (CT) with digital reconstruc-
tion, and dynamic standing radiographs in anterior-posterior,
lateral, flexion, and extension. These modalities are useful in
identifying pathologies including recurrent disc herniation,
pseudarthrosis, recurrent or new spondylolisthesis, hema-
toma, and infection.

In fact one may ascertain that a systematic attempt to
identify a root cause (when possible) may be the single most
important aspect of achieving successful future treatment.

Treatment

Despite the myriad of reports detailing various treatments
for FBSS, very little robust data exist regarding successful
treatment in randomized trials. Certainly the very nature of
the disorder precludes elements of study design. A recent
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Table 73.1 PSSS categorization

Time course Early Late

Etiology Nociceptive Neuropathic

Impairment Pain Function Behavioral
Region Axial Extremity

Table 73.2 Early (<6 months) versus late complications

Early

Late

Hardware malpositioning

Psychosocial

Hematoma

Degenerative spondylolisthesis

Recurrent herniation

Zygapophyseal disease

Spondylolisthesis

Sacroiliac dysfunction

Infection

Pseudarthrosis

Nerve root traction

Adjacent level degeneration

Abscess

Neuropathic back pain

Adjustment disorder

Radiculopathy

Epidural adhesion/scar

Arachnoiditis

Discogenic pain

Table 73.3 Nociceptive and neuropathic etiologies

Nociceptive Neuropathic

Hardware Nerve root traction
Abscess Recurrent disc herniation
Hematoma Radiculopathy

Recurrent disc herniation Arachnoiditis

Infection

Epidural scar/adhesions

Spondylolisthesis

Neuropathic low back pain

Zygapophyseal

Discogenic pain

Pseudarthrosis

Recurrent disc herniation

Sacroiliac joint dysfunction

Spondylolisthesis

Discogenic pain

Adjacent level degeneration

Epidural scar/adhesions

review of the literature surrounding pharmacological, behav-
support for

ioral, and therapeutic

treatments

noted

cognitive-behavioral therapy, intensive residential therapy,
and some forms of structured rehabilitation.? Interestingly
there were no significant trials in support of opioids or any
other monotherapy, be it tricyclic antidepressants, muscle
relaxants, or antiepileptics. As a result, the pharmaceutical
approach to these patients often takes an empiric approach
with multimodal options including the above categories of
medications used in concert.

Table 73.4 Psychosocial issues

Psychosocial

Somatization

Anxiety

Family support issues

Depression

Personality disorder

Medication related

Hypochondriasis

Poor coping

Litigation

Adjustment disorder

Table 73.5 Functional impairment

Function

Gait abnormality

Impairment in activities of daily living

Use of assistive device

Neurogenic edema

From an interventional standpoint, there is more compel-
ling evidence particularly with regard to the use of neuro-
modulatory techniques such as spinal cord stimulation. Here,
it is once again important to note that accurate identification
of etiological factors is more likely to portend success.
Specifically, understanding the biomechanics of the operated
spine allows for more successful isolation of causative fac-
tors such as cervical zygapophyseal dysfunction in axial
neck pain or sacroiliac dysfunction in patients with prior
lumbar fusion suffering with persistent low back or buttock
pain. Grasping these nuances allows the pain practitioner to
utilize appropriate therapies such as radiofrequency ablation
in these patients.
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Key Concepts

e Radicular pain and radiculopathy are characterized by
pain, usually electric or shooting in nature that radiates to
one or more dermatomes whether it is cervical, thoracic,
lumbar, or sacral.

* Diagnosis of radiculopathy and radicular pain is mostly
clinical, based on the findings in history and physical
examination. Imaging studies might be needed to confirm
the diagnosis.

e Treatment of radiculopathy and radicular pain includes
conservative treatment such as physical therapy, neuro-
modulating medications, NSAIDs, and opioids. Inter-
ventional treatment such as epidural steroid injections can
be helpful in resistant cases. Surgery might be indicated
in case of presence of any neurological deficits.

Introduction and Terminology

Radicular pain and radiculopathy are characterized by pain,
usually electric or shooting in nature that radiates to one or
more dermatomes whether it is cervical, thoracic, lumbar, or
sacral (see Fig. 74.1). Radicular pain and radiculopathy are
two interchangeable terms, but not synonyms. While radicu-
lar pain is usually characterized by pain across a certain der-
matomal distribution, radiculopathy includes neurological
manifestations such as sensory and/or motor changes. It can
be caused by variety of conditions that lead to nerve root
irritation and inflammation. Most common causes include
disc herniation causing chemical irritation of the nerve roots
and degenerative changes in the spine causing neural forami-
nal stenosis such as lumbar spondylosis, spondylolisthesis
that can cause mechanical compression of the nerve roots.
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Diagnosis

Diagnosis of radiculopathy is mostly clinical based on find-
ings in history and physical examination. Imaging studies
such as X-ray, MRI, and CT scan can be helpful to confirm
the diagnosis and correlate the symptoms to the underlying
pathology.

History

Patient usually complains of radiating electric and shooting
pain across a certain dermatomal distribution. Other descrip-
tions such as dull, burning, throbbing, or piercing have been
described. The pain can be accompanied by paresthesia
across the affected dermatomes. However, there are variations
among the distribution of pain across the affected area, and
sometimes the pain does not follow a specific dermatomal
distribution. The patient is asked about duration of symp-
toms, pain location, intensity and character, aggravating and
relieving factors, and previous treatments. Red flags should
be ruled out such as motor deficits, loss of sensations, urine or
bowel incontinence and unintentional weight loss, fever or
evidence of infection, history of cancer, and drug use. In the
presence of red flags, immediate imaging and possible urgent
decompressive surgeries might be needed.

Physical Examination

A focused neurological and muscular skeletal examination
should be performed. Specific test such as straight leg test
can be helpful to diagnose lumbosacral radiculopathy. The
patient is asked to raise his leg straight. If the pain is elicited
below 60°C, there is a large possibility there is a lumbar disc
herniation. Spurling test can be used to help diagnosis of cer-
vical radiculopathy. In the test, the neck is extended with the
head rotated to affected shoulder while axially loaded.
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Fig.74.1 Dermatome chart (With permission © Springer)

Clinicians should correlate the patient’s symptoms with
physical examination. Motor weakness or decrease/loss of
sensations in the affected nerve root can be observed. For
instance, drop foot suggests L5 nerve root paresis (weakness
in dorsiflexion of the ankle). Absent patellar reflex suggests
affection of L4 nerve root. Another example is absent biceps
reflex, which is suggestive of C6 nerve root affection.

Imaging Studies

X-ray can be used as an initial low-cost test. MRI is the pre-
ferred method for visualization of soft tissue structures.
However, correlation with the history and physical examina-
tion is essential to reach a clinic diagnosis and establish an
adequate treatment plan. While MRI and CT can be helpful

R.Tolba

in confirming the diagnosis, it is important to know that
sometimes the pathology found in the imaging studies could
be asymptomatic. Clinicians should be aware of that, and
correlation with the symptoms and signs should be done to
avoid unnecessary procedures.

Treatment
Conservative Treatment

Conservative care includes physical and aquatic therapy as
well as medications. Medications include over-the-counter
medications such as NSAIDs and Tylenol. Neuromodulating
medications such as gabapentin and pregabalin can help neuro-
pathic pain. Other medications such as tricyclic antidepressants
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(TCAs) (e.g., amitriptyline, nortriptyline) and serotonin-
norepinephrine reuptake inhibitors (SNRIs) (e.g., duloxetine)
could be helpful for chronic radiculopathy. Opioids can be used
as a temporary tool for acute radicular pain, but long-term use
is not advised. Medrol dosepak can be used to relief severe
acute radicular symptoms especially if there is an inflammatory
component to the pain.

Interventional Treatment

Epidural steroid injections using transforaminal, interlami-
nar, or caudal approaches can be useful to treat acute and
chronic radicular pain. Pain relief achieved by those inter-
ventions could help the patients to progress into a physical
therapy program and potentially improve functional level.
Imaging studies should be reviewed, and correlation with
symptoms and signs should be done before planning any
intervention.

Surgery

Surgery is indicated in the presence of any neurological loss
of function or in the presence of any red flags suggesting
cauda equina syndrome, or evidence of progressive myelop-
athy symptoms. Surgery could also be considered in case

of persistence of symptoms despite conservative and
interventional treatment.

Spinal Cord Stimulation

Neuromodulation of targeted neural structures such as dorsal
column, dorsal root ganglion, and peripheral nerves can be
considered in refractory pain despite conservative treatment.
Dorsal column stimulation has been used for years for
treatment of post-laminectomy syndrome refractory to con-
servative treatment. It could be an option for patients with
chronic radicular symptoms who are not candidates for
surgery, or patient who have persistent symptoms despite
having surgery.
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Key Concepts

e The most commonly affected facet joints are L3-4, L4-5,
and L5-S1 for the lumbar region and C2-3, C4-5, and
C5-6 for cervical region.

e Radiographic studies are neither sensitive nor specific for
diagnosis of facet syndrome. The most reliable diagnostic
method is with image-guided medial branch block (MBB)
or intraarticular facet joint blocks.

e Treatment options include corticosteroid injection into
the joint or neuroablation of the corresponding medial
branch nerves.

Introduction

The zygapophysial (facet) joint is a potential source of primary
and referred pain in the head, neck, shoulder, mid back, low
back, and legs. Facet joint interventions are the second most
common pain procedures performed in the United States after
epidural steroid injections. The function of the facet joint is to
provide support, stability, and mobility to the vertebrae.

Etiology

Degeneration/arthritis, trauma, and repetitive strain are the
most common associated factors. This concurs with the dis-
ease being more common in the elderly. The facet joints and
intervertebral discs work together such that degeneration of
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one produces strain on the other and vice versa. The facet
joints normally fit together smoothly without pressure. If pres-
sure develops where the joint meets, the cartilage on the joint
erodes. The body responds by developing bone spurs. These
bone spurs enlarge the joints causing hypertrophy. The joint
surfaces become arthritic with associated inflammation, swell-
ing, and pain. The three most common types of joint arthritis
are osteoarthritis, rheumatoid arthritis, and traumatic arthritis.
Arthropathy occurs when arthritis affects the facet joints.

Cervical

The most common causes of cervical facet pain include
acceleration-deceleration injuries and cervical compression
trauma. The most affected cervical spine facet joint is the
C2-3 joint followed by the C5-6 joint. Generalized posterior
neck pain, suboccipital pain, and localized tenderness over
the posterolateral aspect of the neck are the most common
complaints. These joints may refer pain from the midtho-
racic spine to the cranium. Neurologic symptoms are not
expected in patients with primary cervical facet pain. Nerve
root or spinal cord injury is more likely if patients present
with sensory complaints and/or muscle weakness.

Thoracic

Trauma and degenerative changes are the most common
causes of thoracic facet pain. Most major pain is associated
with disc lesions in the lower thoracic spine.

Lumbar

Degenerative lumbar disc, fracture, and ligamentous injury
are the most common causes of lumbar facet arthropathy.
The most affected lumbar spine facet joints are the L4-5 and

L5-S1 joints (Fig. 75.1).

257

J.E. Pope, T.R. Deer (eds.), Treatment of Chronic Pain Conditions, DOI 10.1007/978-1-4939-6976-0_75


mailto:magedaziz@gmail.com

258

E. Jusino and M. Guirguis

Fig.75.1 Lumbar and pelvis
posterolateral (Reprinted with
permission, Cleveland, Clinic

Center for Medical Art &
Photography © 2014. All
Rights Reserved)
Primary dorsal
ramus
Lateral branch
Intermediate
branch
Medial branch
Anatomy

The spine is composed of 7 cervical, 12 thoracic, and 5 lumbar
vertebrae. Facet joints are true synovial joints formed from the
superior articular process of one vertebra and the inferior articu-
lar process of the vertebra above. On the ventral aspect, the cap-
sule is deficient, and the joint is in contact with the ligamentum
flavum. These joints support, stabilize, and prevent injury to the
spine by limiting range of motion in all planes. The dorsal ramus
of the spinal nerve is divided into the medial, intermediate, and
lateral branches. The medial branch provides sensory innerva-
tion to the facet joint, multifidus muscle, interspinal muscle, and
periosteum of the neural arch. The intermediate branch inner-
vates the longissimus muscle. The lateral branch innervates the
paraspinous muscles, skin, and sacroiliac joint (lumbar spine).
For all cervical, thoracic, and lumbar facet joints, there are two
medial branches that innervate each facet joint: the medial

Ascending
branch to
facet joint

Descending
branch to
facet joint

branch at the same level and the level above. The two exceptions
to this dual nerve supply are single nerve supply to the atlanto-
occipital joint, atlanto-axial joint, and C2/3 facet joint, which
are innervated by C1, C2, and C3 nerves, respectively.

Cervical

The cervical facets change significantly in position and shape
in order to facilitate the complex motions of the neck; they
are oriented in an oblique coronal plane, angled superior to
inferior in a posterior direction. The first seven cranial nerves
exit the intervertebral foramen above the vertebral body of
the same number. The medial branch nerves at the cervical
spine curve around the waist of the articular pillars and then
branch out to supply two joints. The volume capacity of the
cervical facet joints is 0.5-1.0 mL.
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Thoracic

The thoracic facets are the most vertical and coronal in orien-
tation, rotating toward the sagittal plane near the thoracolum-
bar junction. In the low thoracic spine, the angle transitions
from a frontal orientation to the sagittal orientation of the
lumbar facets. The transition generally occurs between T11
and L1. The anatomy of the thoracic spine facet joints and
nerves varies significantly. The superolateral corner of the
transverse process is the most accurate target point for diag-
nostic blockade and denervation of the thoracic facet joints.

Lumbar

The lumbar facet’s inferior articular process faces anterolateral,
and the superior articular process faces posteromedial. The vol-
ume capacity of the joints is 1-1.5 mL in the lumbar area.

Fig.75.2 Lumbar facet
injection (Reprinted with
permission, Cleveland Clinic
Center for Medical Art &
Photography © 2014. All
Rights Reserved)

Diagnosis

Facet arthropathy can be diagnosed with a detailed history,
physical examination, radiographic studies, and diagnostic
local anesthetic blocks. The symptoms of facet syndrome
are nonspecific and overlap with other diagnosis. Physical
examination findings include pain aggravated by palpation
of the paraspinal muscles, standing, spinal extension, and
facet joint loading with rotation. Sitting and flexing the
spine usually ameliorate pain. Facet arthropathy and myo-
fascial pain are usually associated with pain on extension,
while disc pain is worsened with flexion. Radiographic or
scintigraphic studies are neither sensitive nor specific for
diagnosis of facet syndrome. The most reliable method to
determine facet joint pain is with image-guided medial
branch block (MBB) or intraarticular facet joint blocks
(Figs. 75.2 and 75.3).
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to facet joint
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Medial facet joint
branch
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Primary dorsal

ramus
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Fig.75.3 Medial branch
block (Reprinted with
permission, Cleveland Clinic
Center for Medical Art &
Photography © 2014. All
Rights Reserved)

Fig.75.4 Lumbar RFA
(Reprinted with permission,
Cleveland Clinic Center for
Medical Art & Photography
© 2014. All Rights Reserved)

Differential diagnosis of spinal pain includes degenerative

Primary dorsal

ramus Ascending branch

to facet joint

Descending branch
) to facet joint

Primary dorsal Ascending branch

ramus Y
to facet joint
Descending branch
to facet joint
Medial branch

disc disease, myofascial pain syndrome, internal disc disruption, Treatment

disc herniation, spinal stenosis, nerve root compression,

spondylolysis, spondylolisthesis, spondylosis, tumor, infec- Pharmacotherapy (NSAIDs, acetaminophen, antidepressants,
tion, and facet arthropathy. Other medical conditions produc- and muscle relaxants) has been shown to have a small effect
ing undistinguishable pain include cancer, gastric/duodenal on spinal pain. Noninterventional modalities (physical activ-
ulcer, pancreatitis, aortic aneurysm, nephrolithiasis, prostati- ity, weight loss, exercise, yoga, acupuncture, and psychother-
tis/cystitis, and postherpetic neuralgia. apy) were shown to be essential to optimize outcomes.
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Intraarticular steroid injections are utilized for therapeutic
purposes. Radiofrequency ablation of the medial branch is
the most favorable and long-term treatment for facet joint
pain (Fig. 75.4). Surgery is not recommended.

Conclusion

Facet pain is usually due to degeneration. The diagnosis
requires detailed clinical assessment to rule out different
sources of pain and to select the correct candidates for inter-
vention. Intraarticular and medial branch blocks remain the
“gold standard” for facet joint pain diagnosis.
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Key Concepts

e Discogenic pain accounts for about 40% of all causes of
persistent low back pain.

e The intervertebral disc consists of an outer fibrous ring
called annulus fibrosis that surrounds a central gelatinous
core known as nucleus pulposus.

* The intervertebral disc is supplied by two interconnected
nerve plexuses: the anterior and the posterior nerve
plexuses.

e Disc degeneration is associated with dehydration and des-
iccation of the nucleus causing morphological changes
that can lead to annular tears.

e Pain associated with degenerative discs is caused by pro-
liferation of the nerve endings deep into the inner layers
of the annulus.

* Radiologic findings that are commonly associated with
discogenic pain are high-intensity zone lesions and modic
changes.

Introduction

Discogenic pain or pain originating from the intervertebral
discs has been a debatable condition for many decades. In
the 1940s, investigators found that pressing on the interver-
tebral discs in patients undergoing spine surgery under
local anesthesia causes pain. The presence of nerve supply
to the intervertebral discs was later demonstrated in 1980
and 1981.
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Internal disc disruption is recognized to be the most com-
mon cause of axial pain and represents about 40% of chronic
low back pain conditions. Chronic low back pain is ranked as
the number one cause of disability in individuals between the
ages of 45 and 65.

Anatomy of the Intervertebral Disc

The intervertebral disc consists of an outer fibrous layer
called the annulus fibrosis, an inner gelatinous core known
as nucleus pulposus, and vertebral end plates. The annulus is
made up of type I collagen that is arranged in a series of
15-25 concentric layers or lamellae. The inner nucleus pulp-
osus contains randomly organized collagen and radially
organized elastin fibers. These fibers are embedded in a
proteoglycan-containing gel called aggregan.

The vertebral end plate is composed of a thin layer of
hyaline cartilage close to the vertebral body and fibrocarti-
lage near the nucleus pulposus. The end plates completely
envelop the nucleus pulposus centrally and taper off periph-
erally where they attach to the vertebral bodies. The interver-
tebral discs are basically avascular with nutrition being
supplied through vertebral end plates and annulus fibrosis
via passive diffusion.

Innervation of the Intervertebral Discs

Intervertebral discs are innervated by two interconnected
plexuses: the anterior and posterior nerve plexuses. The ante-
rior plexus supplies the anterior part of the disc and is formed
of branches of the two sympathetic plexuses, the proximal
ends of the gray rami communicans and the perivascular
nerve plexuses of the segmental arteries. The posterior plexus
supplies the posterior part of the disc and is formed primarily
by the sinuvertebral nerves. The two plexuses supply only the
layer of the annulus fibrosis in normal discs.
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Pathogenesis of Discogenic Pain
Disc Degeneration

Reduced blood flow to the end plates leads to diminished
nutrition through the end plates to the matrix. This leads to
fragmentation of the matrix proteoglycans followed by
decrease in proteoglycan and water concentration. This pro-
cess is typically asymptomatic and eventually leads to dehy-
dration and desiccation of the nucleus. These changes in the
disc morphology lead to weakening of the annulus predis-
posing it to tears.

The sensory nerve endings extend only to the outer third
of the annulus fibrosis in normal human discs. In degener-
ated or herniated discs, the sensory innervation extends
deeply and more extensively to the inner layers of the annu-
lus fibrosis and even to the nucleus pulposus.

The intervertebral discs contain numerous inflammatory
mediators such as calcitonin gene-related peptide (CGRP),
substance P, vasoactive intestinal peptide (VIP), and phos-
pholipase A2. As the annulus starts to break and tear, the
nucleus material leaks outside and comes in contact with the
nerve roots causing inflammation and pain.

Internal Disc Disruption Syndrome (IDDS)

IDDS has been described since the 1970s as a condition that
is associated with severe back pain secondary to occult dis-
cogenic pathology. The morphology of the disrupted disc
was described in later studies as degenerated nucleus pulpo-
sus with radial tears or fissures extending to the periphery of
the annulus.

Pain in patients with IDDS is typically described as dull
axial pain that is difficult to localize.

Radiologic Findings Associated
with Discogenic Pain

Two features on MRI correlate strongly with the affected
disc being painful upon disc stimulation:

High-Intensity Zone (HIZ) Lesions

HIZs are defined as spots of intensely high signal within the
posterior annulus of a disc viewed in T2-weighted MR
images. They represent the appearance, in sagittal images, of
large radial or circumferential fissures.

Modic Changes

Type 1 changes appear hypointense of TI-weighted MR
images and hyperintense on T2-weighted images. Type 1
changes represent inflammatory edema surrounding the disc.

Type 2 changes appear hyperintense on both T1-weighted
and T2-weighted images. Type 2 changes represent fatty
infiltration.

Type 3 changes appear hypointense on both T1-weighted
and T2-weighted images. Type 3 changes represent sclerosis
of the vertebral body.
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Key Concepts

e The sacroiliac joint (SIJ) joins the sacrum to the pelvis,
transmitting the forces from the axial skeleton above to
the lower extremities. SIJ dysfunction is a common cause
of low back pain.

e History will reveal pain with maneuvers that stress the
pelvic ring.

* Look for contributing factors such as a history of pelvic
girdle trauma, repetitive asymmetric axial loading, preg-
nancy, or spondyloarthropathy (ankylosing spondylitis).

* No single physical exam maneuver is indicative of sacro-
iliac joint dysfunction, but a composite of exam maneu-
vers has been positively correlated to confirmatory
diagnostic joint injection.

e The diagnostic gold standard remains image-guided intra-
articular joint injection.

e There are myriad treatment options including corticoste-
roid injection and radiofrequency ablation.

Introduction

Sacroiliac joint (SIJ) arthropathy is a common cause of
acute and chronic low back pain. It is estimated to be the
cause of up to 30% of low back pain. In a recent multicen-
tric study, Cher and colleagues found that the overall
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health burden endured by chronic SIJ pain sufferers was
greater than cohorts with COPD, coronary artery disease,
and asthma.

The SIJ is a mechanical relay station — transmitting loads
to and fro the trunk and lower extremities while simultane-
ously providing logic functions as position sense and loading
behavior. As such, it provides a unique role in human loco-
motion and serves as the driving impulse of truncal
counterrotation.

S1J pathology is commonly associated with other condi-
tions including trauma to the pelvis, ankylosing spondylitis,
psoriatic arthritis, Reiter’s syndrome, inflammatory bowel
disease, and pregnancy.

Anatomy

The sacroiliac joints are a pair of diarthrodial L-shaped
joints that join the sacrum to the ilium bones. The articular
surface of the ilium is made up of fibrocartilage, while the
sacral surface is made up of much thicker hyaline cartilage.
There are interosseous sacroiliac ligaments that maintain
tight adherence between the sacrum and ilium. In addition
to the primary SI ligaments, the sacrotuberous and sacrospi-
nous ligaments further stabilize the sacrum to the pelvic
girdle. These ligaments have also been implicated as poten-
tial pain generators. The orientation of the SIJs within the
pelvis renders them particularly vulnerable to axial loading
to failure. In fact, Miller found the SIJ to be 20 times more
susceptible to axial overloading than the lumbar motion
segments. Commensurate with Miller’s report, Fortin and
Roberts observed a high incidence of SIJ pain in competi-
tive figure skaters — who repetitively land their jumps on the
same lower extremity. Normal motion within the paired
joints includes a small amount of movement (2—18°) in the
transverse plane called nutation (forward rotation of the
sacrum between the ilium) and counternutation (backward
rotation of the sacrum between the ilium). In addition to the
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amount of nutation/counternutation, the existence of an
oblique axis (implicated in normal reciprocal gait mechan-
ics) has been the subject of debate.

Innervation

The common pathways of innervation revealed by recent
investigations include the lateral branches of the sacral dorsal
rami, the medial branch of the L5 dorsal rami, and variable
innervation from the superior gluteal nerve (see Fig. 49.1).
Several investigators have also reported on the branches from
the lumbosacral plexus and obturator nerve. Innervation of
ventral rami origin has been questioned by the absence of
ventral receptors in fetal SIJ capsules. This complex innerva-
tion pattern has implications for the treatment of SIJ
arthropathy.

Physical Examination

Patients with symptomatic sacroiliac joints often present to
their physicians pointing at the SIJ (immediately medial and
inferior to the PSIS) as the source of their pain (i.e., a positive
Fortin finger test or FFT). Upon experimental stimulation of
the SIJ capsules of asymptomatic volunteers, Fortin and
coworkers observed that all volunteers referred evoked symp-
toms below their PSIS with some extending toward the ipsilat-
eral greater trochanter. These observations are congruent with
the aforementioned cadaveric reports demonstrating dense
innervation in the same area below the PSIS. While primary

Table 77.1 Provocative physical exam maneuvers

buttock pain is the most common presentation, it is not unusual
for patients with symptomatic SIJs to report symptoms radiat-
ing as far distal as the foot. Accordingly, Fortin and colleagues
employed arthrography, post arthrography CT, and capsular
immunohistochemical techniques to link the SIJ to sciatica.

There are a number of physical examination provocative
maneuvers for identifying symptomatic sacroiliac joints
including Gillet’s test, Patrick’s maneuver (FABER),
Gaenslen’s test, anterior-posterior compression, thigh thrust,
and sacral compression (Table 77.1). While no single exam
maneuver is diagnostic for SIJ pathology, Laslett and others
have demonstrated that combining multiple stress tests
greatly enhances the diagnostic yield. As the pelvic girdle is
a ring (consider Pascal’s principle), examine patients with
putative SIJ pain for tenderness of the surrounding liga-
ments, as well as the pubic symphysis.

Diagnostic Modalities

Plain films (X-rays) are a common screening method for
suspected sacroiliac joint pathology but are often nondiag-
nostic for early stages of degenerative or inflammatory
pathology. They do play an important role in the setting of
trauma, when evaluating a patient for gross fracture, dislo-
cation, or dynamic instability. CT can show evidence of
degenerative, erosive, or destructive joint changes earlier
than radiographs. While MRI is more sensitive than CT or
scintigraphy for evaluating the evolution of marrow space
pathology (associated with stress fracture or inflammatory
sacroiliitis), CT outperforms MRI when assessing osseous

Exam maneuver

Description

Patient position

Action

Findings

Distraction or anterior-
posterior compression

This test applies
anterior-posterior shear
stress on the bilateral
sacroiliac joints

Supine, legs in neutral
position

Apply gradual,
sustained downward
pressure on the bilateral
anterior-superior iliac
spine

Reproduction of pain
localized to the sacral sulcus
or sacroiliac joint

Thigh thrust

This test applies
anterior-posterior shear
stress on unilateral the
sacroiliac joint

Supine, hip flexed to 90°
with the knee relaxed

Apply gradual,
sustained, vertically
directed force through
the femur

Reproduction of pain
localized to the sacral sulcus
or sacroiliac joint

Sacral thrust

This test applies forces
to the bilateral sacroiliac
joint

Prone, legs in neutral
position

Apply gradual,
sustained downward
pressure on the superior
sacrum

Reproduction of pain
localized to the sacral sulcus
or sacroiliac joint

Patrick’s maneuver
(FABER)

This test applies tensile
forces to the anterior
sacroiliac joint
ligaments

Supine, the hip flexed,
abducted, and externally
rotated and the foot
resting on the opposite
knee

The examiner then
applies gradual,
sustained downward
pressure on the flexed
knee

Reproduction of pain
localized to the sacral sulcus
or sacroiliac joint, not the
anterior groin which would
suggest femoral-acetabular
dysfunction

Fortin finger test

The patient is asked to
point to the area of
maximum pain

Standing

The patient points with
one finger

Patient points immediately
posteromedial to PSIS
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contour abnormalities. Structural findings on imaging stud-
ies are not prima facie evidence of pain. In fact, degenera-
tive changes in asymptomatic SIJs are common, after the
age of 30.

While image-guided anesthetic blockade of a putatively
painful joint is the standard for diagnosis (as no single physi-
cal exam maneuver is indicative of sacroiliac joint dysfunc-
tion), the intervention should be considered an extension of a
careful history and physical examination.

Treatment Options

Conservative treatment should include cold application, anti-
inflammatory medication or anti-inflammatory nutritional
supplements, and relative rest (in the acute stage). Once pain
has subsided, further efforts should be employed to restore
normal mechanics, including manual medicine techniques,
pelvic stabilization exercises to allow dynamic postural con-
trol, and muscle balancing of the trunk and lower extremi-
ties. SIJ belts or pelvic stabilization orthoses will provide
confidence and proprioceptive awareness for sacroiliac joint
dysfunction sufferers. A properly positioned cinch-type pel-
vic stabilization orthotic (worn directly superior to the
greater trochanters) can significantly limit sacroiliac motion
and thereby decrease pain.

If conservative treatment fails, SIJ intra-articular injec-
tions should be considered, not only as a therapeutic inter-
vention but also to confirm the diagnosis (see Fig. 49.2).
Mitigation of symptoms by analgesic block is the most reli-
able and reproducible means by which a painful SIJ can be
identified.

Once the diagnosis is confirmed by profound relief of
symptoms (lasting at least as long as the duration of the local
anesthesia) following a diagnostic block, long-standing
relief can often be obtained by radiofrequency ablation treat-
ment of the sacral lateral branches and dorsal ramus of the
L5 nerve (Fig. 77.1).

Dorman and coworkers observed in vitro that injecting
chemical irritants into ligamentous tissue incites collagen
proliferation. Theoretically, scarring and tightening of the
ligaments results in stabilization of the joint. Hence, prolifer-
ant therapies may have a role in addressing an unstable SIJ.

Autologous mesenchymal stem cells (which morph in to
the bone, cartilage, and connective tissue) combined with
platelet-derived growth factors have also been the subject of
considerable research focus for joint conditions, including
the SIJ. These biologic media are generally administered by
image-controlled injections. While more research and devel-
opment of this technology is warranted, regenerative
approaches to SIJ pathology hold great promise.

Arthrodesis of the sacroiliac joint for chronic, nontrau-
matic, painful dysfunction is controversial but may be con-

Fig. 77.1 AP plain film projection. Radiofrequency probes (with
10 mm tips) are oriented across the S1-S4 dorsal foramina (medial to
lateral)

sidered if all nonsurgical treatments have failed. Moore found
a 75% success rate employing an open, modified Smith-
Pederson fusion technique with AO hardware. Since Moore’s
study there have been at least ten reports in the peer review
literature suggesting that minimally invasive (“closed”)
fusion with instrumentation approaches is also effective for a
subset of patients. Clinical judgment should be used if lumbar
spine pathology coexists with sacroiliac joint dysfunction, as
this information should factor in the treatment algorithm.

Summary

On balance, look for a history of trauma to the pelvic ring or
repetitive asymmetric axial loading. Many patients with SIJ
dysfunction present with primary buttock pain, as well as
those who point directly at the joint as the source of their
symptoms (i.e., positive FFT). Some patients will report
symptoms suggestive of instability — the so-called “slipping
clutch” syndrome. Palpatory examination reveals sacral sul-
cus, joint line, and surrounding ligamentous tenderness.
Pubic symphysis tenderness further implicates pelvic girdle
versus primary lumbar pathology. Several PE stress maneu-
vers also substantiate the diagnosis of SIJ dysfunction.

The history and physical findings should be confirmed by
an image-guided direct intra-articular diagnostic block.
Treatment options range from anti-inflammatory medica-
tions and physical therapy to radiofrequency ablation, stem
cell therapy, and surgical fusion.
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Piriformis Muscle Syndrome

Navdeep Singh Jassal

Key Concepts

e Pain caused by piriformis syndrome is located in the but-
tock with/without radiation to the ipsilateral leg.

* Physical examination signs can be used to help in confir-
mation, including Pace, Lasegue, and Freiberg Sign, and
may occur in a setting of trauma.

» Perisciatic and piriformis muscle injections with steroid
and local anesthetic may provide several months of pain
relief and improved function. If transient, botulinum
toxin may be used.

Introduction

The incidence rate of piriformis syndrome has typically
ranged from 5% to 8% but has been cited as high as 36%
among patient with low back pain. Although uncommon,
piriformis syndrome is often misdiagnosed as a cause of but-
tock and leg pain.

Anatomy of the Piriformis Muscle
Origin

Anterior surface of the S2—S4 sacral vertebrae, the sacroiliac
joint capsule, and the gluteal surface of the ilium.
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Insertion

Runs through the greater sciatic foramen and inserts into the
piriformis fossa at the medial aspect of the greater trochanter
of the femur.

Innervation

Branches of the ventral rami of the L5, S1, and S2 spinal
nerves.

Actions on the Femur

Lateral (external) rotator of the femur in the hip joint.

It is important to understand that there can be six possible
anatomic relationships that can occur between the sciatic
nerve and piriformis muscle. These anomalies can cause the
patient’s hip and buttock pain and sciatica.

1. Undivided sciatic nerve that passes above the piriformis
muscle

2. Undivided sciatic nerve that passes below the piriformis
muscle (most common)

3. Undivided sciatic nerve passing through the piriformis

4. A divided sciatic nerve passing through and above the
muscle

5. A divided sciatic nerve passing through and below the
muscle

6. A divided sciatic nerve passing above and below the
muscle

Etiologies

Etiology can include trauma to the pelvis or buttock, hyper-
trophy/spasm of the piriformis muscle, female gender, preg-
nancy, and anatomic abnormalities that exist between
piriformis muscle and sciatic nerve, as described above.
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Also, greater than half an inch leg length discrepancies, cere-
bral palsy with hypertonicity, obesity, and lumbar hyperlor-
dosis can also predispose factors of this syndrome. There is
often a history of microtrauma to the piriformis muscle in up
to 50% of the cases that can occur months prior to the start of
symptoms. It can be seen after total hip replacement or lami-
nectomy, in which scar tissue can impinge on nerve roots of
the sciatic nerve.

Differential Diagnosis

May include causes of low back pain with sciatic including
lumbar facet syndrome, sacroiliac joint dysfunction, tro-
chanteric/ischial bursitis, endometriosis, pelvic neoplasm, or
myofascial pain syndrome. Diagnosis is often achieved after
exclusion of the above differential.

Signs and Symptoms

On history taking, patients typically complain of buttock
pain (sacrum to the greater trochanter) with/without radia-
tion down the ipsilateral leg or paralumbar pain. Patient’s
pain is generally aggravated by activities such as biking or
driving, as it includes prolonged sitting posture. Aggravation
can also occur from sitting to standing positions, bowel
movements, and sitting hard surfaces. On physical examina-
tion there may be a pelvic tilt on inspection and tenderness in
the buttock (greater sciatic foramen to the greater trochanter)
upon palpation. Neurologic weakness is usually absent;
however, there may be numbness of distal lower extremity
from sciatic nerve compression from the piriformis muscle.
There may be normal or limited straight leg raise.

There are also three notable signs that can be characteris-
tic for piriformis syndrome, including Pace, Lasegue, and
Freiberg sign.

* Pace sign: pace and weakness upon resisted abduction of
the hip, while the hip is in flexed position (or seated).

e Lasegue sign: pain on voluntary flexion, adduction, and
internal rotation (FAIR position) of the hip.

e Freiberg sign: pain on forced internal rotation of the
extended thigh.

Diagnosis is made mainly clinically, although electromy-
ography (myopathic or neuropathic changes including
delayed H-reflex in FAIR position), computed tomography,
magnetic resonance imaging (enlargement of piriformis
muscle), and bone scan (increased radioactive uptake) may
reveal abnormalities.

Treatment

The mainstay of treatment of piriformis syndrome includes
physical therapy in combination with the use of anti-
inflammatory drugs, analgesics, and muscle relaxants for
reduction of inflammation, pain, and muscle spasms.
Physical therapy modalities, such as moist heat (superficial
heat) and/or ultrasound (deep heat), are often beneficial
forms of treatment when used in conjunction with stretching
and manual therapy. Stretching of the piriformis muscle
involves flexion, adduction, and internal rotation of the hip
adductors and the knee while the patient lies supine. This
may be followed by the physical therapist performing a mus-
cle energy technique. Abnormal biomechanics including
poor posture, leg length discrepancies, and pelvic obliquities
should be corrected.

If unresponsive to conservative treatment, patients often
benefit from injections into the piriformis muscle with or
without per sciatic nerve injections. This can be done with an
injectate containing 40 mg of Depo-Medrol and 3-5 ml of
local anesthetic (lidocaine or bupivacaine). Initially per-
formed blindly, newer techniques are performed with fluoro-
scopic (X-ray), with or without EMG, or ultrasound needle
guidance in order to confirm proper placement of the needle.
The piriformis muscle lies deep to the buttock adipose tissue
and gluteus maximus muscle.

Technique (Under Fluoroscopic Guidance)

* A 22-gauge 3.5” or 5” (depending on patient body habi-
tus) Quincke needle is used to advance down and contact
the very tip of the inferior sacroiliac joint. Make note of
the approximate needle depth.

e The needle is then withdrawn and redirected to a final tar-
get site 1 cm inferior, 1 cm lateral, and 1 cm deeper than
the ST joint.

e AP view should demonstrate contrast flow in a diagonal
pattern from cephalad to caudad as it goes toward the
femoral attachment site of the piriformis muscle.

Botulinum toxin may also be injected into the piriformis
muscle if the response to steroid/anesthetic is transient.
Botulinum toxin specifically cleaves SNARE protein, pre-
venting neurosecretory vesicles from docking/fusing with
the nerve synapse plasma membrane, preventing acetylcho-
line release, and causing prolonged relaxation (~3 months).
BTX-A (Botox) or botulinum toxin type B (Myobloc) may
be utilized.

Surgery may be considered in recalcitrant cases and
includes the muscle excision, division, or thinning.
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Migraine/Headache

Navdeep Singh Jassal

Key Concepts

* Headaches are divided into primary and secondary head-
aches, and classification is according to the International
Headache Society’s (IHS) classification (ICHD —II).

e Pharmacologic treatment of migraine can involve both
acute and preventive interventions.

Classification
Headaches can be divided into two groups:

1. Primary headaches — including a group of remarkable
disorders in which headache and associated features are
seen in the absence of any exogenous cause

2. Secondary headaches — including group of disorders in
which headache is secondary to an organic or physiologic
process, either intracranially or extracranially

According to the ICHD-II, primary headache entities
include:

1. Migraine (*emphasis will be made on migraine in this
chapter)
1.1 Migraine without Aura
1.2 Migraine with Aura
1.3 Childhood Periodic Syndromes
1.4 Retinal Migraine
1.5 Complications of Migraine (Including Chronic
Migraine and Status Migrainosus)
1.6 Probable Migraine
2. Tension-Type Headache (TTH)
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3. Cluster Headache and Other Trigeminal Autonomic
Cephalalgias
4. Other Primary Headaches

Secondary headache entities include headaches attributed
to head and/or neck trauma (whiplash injury, traumatic intra-
cranial hematoma, postcraniotomy), cranial or cervical vas-
cular disorder (CVA, TIA, cerebral venous thrombosis),
nonvascular intracranial disorder (intracranial neoplasm,
epileptic seizure), substance or its withdrawal (medication
overuse headache), infection (HIV/AIDS, intracranial infec-
tion), homeostasis, and psychiatric disorders.

Migraine

Migraine headaches are prevalent in 12-17.6% among
females and 4-6% among males in North America.
Prevalence increases among females until the age of 40.
More than 80% of severe migraine patients experience
headache-related disability and totals greater than 20 billion
dollars in cost in productivity in the USA.

Migraine without aura occurs without clear prior head-
ache symptomatology, unlike migraine with aura. The more
common auras can include visual symptoms such as bright
spots, dark spots, zigzag lines, or tunnel vision. Others can
include numbness/paresthesias in an upper extremity or side
of the body. Diagnosis is made by a suggestive clinical his-
tory (see Table 79.1).

Treatment modalities include nonpharmacologic such as
regular sleep, exercise, meals, stress management, biofeed-
back, and cognitive behavioral therapy. Avoidance of aggra-
vating factors including psychosocial stress; frequent intake
of alcohol and food high in tyramine (including chocolate
and aged cheese), high in nitrates (hot dogs, salami, and
bacon), and high in additives including aspartame; and
wearing optical quality glasses are examples self-help
strategies.

Pharmacologic treatment (see Tables 79.2 and 79.3) of
migraine can involve both acute and preventive
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Table 79.1 Diagnostic criteria for migraine — according to the HIS

(2nd edition)

A. At least five attacks' fulfilling criteria B-D

B. Headache attacks lasting 4-72 h (untreated or unsuccessfully treated)

C. Headache has at least two of the following characteristics:

Unilateral location

Pulsating quality moderate or severe pain intensity
Aggravation by or causing avoidance of routine physical activity
(e.g., walking or climbing stairs)

D. During headache at least one of the following:

Nausea and/or vomiting

Photophobia and phonophobia

E. Not attributed to another disorder

Table 79.2 Migraine pharmacologic treatment

Abortive/acute

Prophylactic

Triptans (SHT 1D/1B receptor
agonists) — sumatriptan,
rizatriptan, zolmitriptan,
frovatriptan, eletriptan, naratriptan

Beta-blockers — propranolol,
metoprolol, atenolol, timolol,
nadolol

Ergot derivatives (SHT
agonist) — ergotamine

Anticonvulsants — valproic acid,
carbamazepine, topiramate

Isometheptene

Antidepressants — TCAs
(amitriptyline, nortriptyline,
imipramine, desipramine), SNRIs

Narcotics — *should be used as a
last resort secondary to short- and
long-term complications
associated with frequent use

Calcium channel
blockers — verapamil

Butalbital — *major concerns
for overuse and withdrawal. Use
should be limited

Lithium carbonate

Antinauseants — (D2 dopamine
receptor antagonists) —
prochlorperazine,
chlorpromazine,
metoclopramide

Botulinum toxin A (inhibits
acetylcholine release from nerve
endings) — *first/only preventive
treatment approved by the FDA
for adults with chronic migraine
(15 or more headache days a
month, each lasting 4 h or more)

Dihydroergotamine (DHE)

NSAIDs — ibuprofen,
indomethacin, diclofenac
potassium, ketorolac

Corticosteroids

Table 79.3 Botox dosing for chronic migraine by muscle

Head/neck region Recommended dose
Frontalis 20 units divided in 4 sites b/l
Corrugator 10 units divided in 2 sites b/l
Procerus 5 units in 1 site

Occipitalis 30 units divided in 6 sites b/l
Temporalis 40 units divided in 8 sites b/l
Trapezius 30 units divided in 6 sites b/l
Cervical paraspinals 20 units divided in 4 sites b/l
Total dose: 155 units over 31 sites

Each IM site =0.1 ml = 5 units of Botox; b/l = bilaterally

interventions. Patients with frequent headache may
require both approaches. Acute treatment is aimed at
aborting the headache, whereas preventive treatment is
geared toward reducing the frequency and severity of
anticipated attacks. In evaluating therapy, it is important
to give sufficient trial to the initial acute medication agent.
Treat at least two or three attacks before judging the effec-
tiveness of the therapeutic choice. Note that the chronic
use (>10x/month) of any triptan, acetaminophen, NSAIDs,
butalbital, narcotics, or ergotamine can lead to medication
overuse headache. Lastly, there are hospital/rehabilitation
programs.
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Occipital Neuralgia
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Alexander Feoktistov and Sherif Zaky

Key Concepts

e Occipital neuralgia is a secondary headache that lends
itself to direct treatment.

e Treatment strategies include systemic neuropathic pain
medications to peripheral nerve block, to ablative thera-
pies, to stimulation therapies.

Introduction

Occipital neuralgia is a form of neuropathic pain charac-
terized by paroxysmal, sharp, severe, short-lasting elec-
tric shock like painful attacks located in the distribution
of greater, lesser, or third occipital nerves. It is one of the
most over diagnosed pain conditions and is frequently
confused with tension-type headache, migraines, and cer-
vicogenic headaches. Treatment of occipital neuralgia is
quite specific and may differ significantly from treatment
of other pain conditions that involve occipital region;
thus, good understanding and accurate diagnosis are
essential.

Anatomy

Occipital neuralgia most commonly involves greater occipi-
tal nerve, lesser occipital nerve, and, in some cases, third
occipital nerve.

Greater occipital nerve is one of the main sensory nerves
of the occipital region, and it supplies sensory innervation to
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the proximal part of the neck/suboccipital area and posterior
and medial portion of the scalp from the occipital region all
the way up to the vertex.

Greater occipital nerve mainly originates from dorsal
ramus of C2 and to a lesser degree from C3 cervical spinal
nerve root. Once leaving C2 dorsal ramus, it proceeds more
superficially and proximally traversing semispinalis capitis
and trapezius muscles and emerging to the surface shortly
after piercing the fascia just below superior nuchal ridge
along with occipital artery.

Lesser occipital nerve supplies sensory information to
the scalp located laterally to the area innervated by the
greater occipital nerve and to the area behind and superior
to the ear. Lesser occipital nerve arises from the second and
third cervical nerve roots, and it travels up the neck along
the posterior margin of the sternocleidomastoid muscle. Just
like greater occipital nerve, it penetrates the fascia just
below superior nuchal ridge few inches laterally from the
greater occipital nerve.

Third occipital nerve innervates posterior portion of the
neck and suboccipital region. It originates from the medial
branch of the dorsal ramus of the third cervical spinal nerve
root. It penetrates the trapezius muscle as it ascends toward
the head.

Etiology

Occipital neuralgia most commonly results from blunt
trauma to the described nerves. Interestingly, the trauma
does not need to be severe, and, frequently, chronic repeti-
tive microinjury to the greater or lesser occipital nerves as
seen with chronic hyperextension of the neck may be suffi-
cient to cause occipital neuralgia. Whiplash injury is another
common cause of occipital neuralgia.

Occipital neuralgia may also be caused by compression
by occipital artery that frequently passes next to greater
occipital nerve. Occasionally occipital neuralgia may occur
spontaneously as well.
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Despite the fact that entrapment theory remains most
commonly utilized explaining occipital neuralgia symptoms,
multiple surgical studies performed in the past failed to pro-
vide supporting evidence to this “convenient” theory.

Clinical Presentation and Diagnosis

Occipital neuralgia present as severe, sharp, lancinating,
short-lasting, paroxysmal pain in the occipital region. The
pain may radiate to the top of the head and behind one of the
ears. It is usually unilateral (although bilateral cases have
been described). The pain appears to be sudden, and patients
frequently describe it as electric shocklike pain that lasts
from several seconds to 1 to 2 min. Usually occipital neural-
gia presents as a series of sudden brief attacks that may occur
multiple times per day. Occasionally patients may experi-
ence dull, low-grade constant pain in the occipital regions
between severe exacerbations.

On physical examination there is usually increased ten-
derness in the distribution of the greater and lesser occipital
nerve. Occasionally patients may report presence of scalp
hypersensitivity (allodynia or dysesthesia) in the affected
area. Frequently, applying pressure at the point of greater
occipital nerve may trigger an actual neuralgia attack or pro-
duce paresthesia in the distribution of greater or lesser occip-
ital nerves (Table 80.1).

Differential diagnoses for occipital neuralgia include cer-
vical facet arthropathy (especially when affecting proximal
zygapophyseal joints) and myofascial pain syndromes
affecting proximal paracervical spinal muscles and trapezius

Table 80.1 The international classification of headache disorders, 3rd
edition (beta version)

13.4 Occipital neuralgia

A. Unilateral or bilateral pain fulfilling criteria B-E

B. Pain is located in the distribution of the greater, lesser, and/or
third occipital nerves

C. Pain has two of the following three characteristics:

1. Recurring in paroxysmal attacks lasting from a few seconds
to minutes

2. Severe intensity

3. Shooting, staging, or sharp in quality

D. Pain is associated with both of the following

1. Dysesthesia and/or allodynia apparent during innocuous
stimulation of the scalp and/or hair

2. Either or both of the following
(a) Tenderness over the affected nerve branches

(b) Trigger points at the emergence of the greater occipital
nerve or in the areas of distribution of C2

E. Pain is eased temporarily by local anesthetic block of the
affected area

F. Not better accounted for by another ICDH-3 diagnosis

https://www.ichd-3.org/1-migraine/

muscles. Certain lesions in the cervical spinal cord and pos-
terior cranial fossa such as meningiomas and cerebral artery
aneurysms may also produce occipital pain. Occasionally
migraine headaches may present as predominantly occipital
pain and should be distinguished from occipital neuralgia.
Thus history and physical examination are important in mak-
ing diagnosis of occipital neuralgia. Some patients with
abnormal neurological examination may require neuroimag-
ing (MRI) of the brain and possibly cervical spine.

Finally patients with suspected occipital neuralgia may
undergo occipital nerve block and if the diagnosis is correct
should experience prompt pain resolution.

Treatment

When dealing with acute, recent onset of occipital neuralgia,
the patient may respond to local heat or cold applications.
Short courses of muscle relaxants and nonsteroidal anti-
inflammatory drugs may also be beneficial. Finally occipital
nerve block should also be considered. In fact, in patents
with occipital neuralgia, occipital nerve block may serve not
only diagnostic purposes but also provide rapid therapeutic
response.

In some cases, the abovementioned treatment modalities
provide only temporary or limited relief (as frequently seen
among patients with intractable or chronic occipital neural-
gia), and in these cases, use of prophylactic daily medica-
tions may be warranted.

When starting long-term prophylactic therapy, multiple
factors such as coexisting depression and anxiety, compli-
ance with treatment, sleep pattern, and other comorbidities
should be considered.

One of the most well-studied and effective medications
for occipital neuralgia is carbamazepine. Treatment usually
starts at a dose of 100 mg per day and the dose may be gradu-
ally increased by 100 mg per day every 2-3 days up to a
maximum dose of 1200 mg per day. Common side effects
include drowsiness and dizziness. Rare, yet significant, side
effects include aplastic anemia; thus, serum carbamazepine
levels as well complete blood count and comprehensive met-
abolic panel should be routinely monitored.

Other treatment options include tricyclic antidepressants
such as amitriptyline or nortriptyline. Patients with coexist-
ing depression and insomnia may especially benefit from
this medication. Treatment may start at 10-25 mg nightly
and gradually increased up to 100—150 mg/day.

Other alternative therapy options may include gabapentin,
topiramate, topical applications of lidocaine, and capsaicin.

Finally for more intractable and resistant cases not
responding to traditional therapy, occipital nerve stimulation
may be considered.
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Key Concepts

e Majority of patients with cancer will experience pain sec-
ondary to either the pathology or the treatment.

e Pain needs to be continually reassessed because worsen-
ing or changing pain can signify cancer recurrence or
metastasis

e Through a team-based multimodal approach including
interventions, majority of cancer pain can be adequately
controlled.

Background

Approximately 90% of patients with advanced stage cancer
will experience pain, 70% of patients will have pain associ-
ated with the primary tumor, and 20% will have pain associ-
ated with cancer treatments including chemotherapy, radiation
therapy, and surgery. The remaining 10% will have coinci-
dent pain from other chronic pain syndromes such as chronic
back pain or migraines. The pain can be experienced as noci-
ceptive, neuropathic, or a combination of the two. Cancer-
related pain can originate from spread of the tumor into
viscera, nerves, or bone either directly or through metastasis.
Patients with advanced stage cancers can have multiple sites
causing concurrent pain problems, which may need to be
treated separately. Additionally, pain associated with treat-
ment may be severe enough for an oncologist or patient to
limit treatment that could potentially improve survival rates.
Currently, adequate pain control can be achieved in 90-95%
of patients with opioids and adjuvants. The remaining 5-10%
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may benefit from advanced techniques including interven-
tions. Treatment of pain has been linked to improved survival
and improved quality of life. Despite this, pain tends to be
undertreated in the cancer patient population.

Assessment of Pain

A thorough history and physical examination needs to be
performed on every patient with cancer pain. In addition to a
detailed history of the current pain problem, the patient’s
oncologic history needs to be addressed. The type of cancer,
staging, and current sites of disease need to be included in
the assessment. Additionally, treatments that have been per-
formed (past and ongoing) can affect the patient’s pain
through direct effects of the treatment (chemotherapy, radia-
tion therapy, or surgery) or side effects associated with the
treatments (see Table 81.1). Detailed discussion with the
patient’s treating oncologist regarding current prognosis and
future treatment plans may also affect pain management
decisions. Most importantly the patient’s pain needs to be
continually reassessed throughout treatment. Worsening or
changing pain may indicate reoccurrence or spread of dis-
ease, causing patients to be reluctant in discussing their pain.
Appropriate laboratory and radiologic studies may need to
be performed in order to address changes in the disease
course.

Treatment

The goals of pain management in cancer pain should be to
relieve suffering while preserving function. A multidisci-
plinary team consisting of oncologists, psychologists, and
pain specialists can collaborate to create a comprehensive
plan that helps the patient effectively deal with all of the psy-
chosocial aspects of a cancer diagnosis and its associated
treatments. Whenever possible, the most effective treatment
of cancer-related pain is treatment of the cancer itself through
chemo- and radiation therapy.
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Table 81.1 Side effects of interventions for cancer pain

Intervention Side effects Causes
Surgery Postmastectomy
syndrome
Post-thoracotomy
syndrome
Radical neck
dissection
Limb amputation
Chemotherapy | Oral mucositis Methotrexate,
doxorubicin,
daunorubicin,
bleomycin, etoposide,
5-fluorouracil,
dactinomycin
Painful Vinca alkaloids
polyneuropathy (vincristine,vinblastine)
Taxanes (paclitaxel,
docetaxel)
Platinum-based
compounds (cisplatin,
oxaliplatin)
Proteosome inhibitors
(bortezomib,
disulfiram)
Phlebitis
Hemorrhagic cystitis Cyclophosphamide,
ifosfamide
Radiation Mucositis
therapy Cutaneous burns
Myelopathy
Plexopathy
Soft tissue fibrosis
Radiation-induced
peripheral nerve
tumors
Medications Sedation
Constipation
Nausea/vomiting
Itching
Delirium/confusion

Medical Management

Majority of cancer pain can be treated with simple oral anal-
gesics. In order to help standardize cancer pain treatment, the
WHO outlined a three-step analgesic ladder which is tailored
to pain intensity. The first step for mild pain includes non-
opioid-based analgesics (NSAIDs, acetaminophen, and adju-
vant agents). The second step introduces weak opioids
(codeine, tramadol) plus adjuvants for moderate pain. Major
opioids (morphine, methadone, hydromorphone) plus adju-
vants are used in combination with interventions as the third
step. Different routes of administration such as transdermal,
transmucosal, or neuraxial administration can be considered
based on patient’s needs (i.e., inability to swallow). Long-
acting or sustained-release opioids should be used in combi-

nation with immediate-release opioids for breakthrough pain
with the majority of total daily opioid requirement being
administered in long-acting preparations allowing for around-
the-clock pain control. Interventions have traditionally been
reserved for patients who remain in pain despite treatment
with oral opioids, but arguments have been made to introduce
interventions earlier to the treatment algorithm to help mini-
mize medication doses and their associated side effects.

Typical adjuvants used for neuropathic pain include tri-
cyclic antidepressants (TCAs), serotonin-norepinephrine
reuptake inhibitors, and anticonvulsants. Corticosteroids
(clodronate, pamidronate, zoledronic acid) can also be used.
Bisphosphonates (which inhibit osteoclast activity and
reduce bone resorption) can be used for bone pain. They are
recommended for early use with identification of bone
metastasis to help prevent fractures and reduce bone pain.
Radionuclides (strontium-89, samarium-153, phosphorus-
32) are absorbed into areas of high bone turnover such as
metastatic lesions and may help relieve pain over
1-6 months.

Side effects of medications should be aggressively treated
including treatment of sedation with amphetamines such as
methylphenidate so that the patient can remain alert while
receiving adequate analgesia.

Interventional Management

Appropriate interventional therapies can be added to the
treatment plan to help decrease overall pain and limit medi-
cation use.

Neurolytic Blocks

Sympathetically maintained pain can be treated with diag-
nostic blocks to be followed by chemical neurolysis with
absolute alcohol or phenol (Table 81.2).

Peripheral neuralgias such as intercostal neuralgia in the
setting of post-thoracotomy syndrome can be treated with
radiofrequency ablation following successful diagnostic
blocks.

Neuraxial Analgesia

Neuraxial analgesia can be used to introduce multiple agents
to target neuropathic, somatic, and visceral components of
pain. Medications such as opioids can be used in combina-
tion with bupivacaine, clonidine, ziconotide, or baclofen.
One of the advantages of neuraxial analgesia is that the
amount of drug administered is decreased, reducing side
effects. Implanted intrathecal pumps are generally used in
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Table 81.2 Neurolytic blocks

Block
Stellate ganglion

Areas innervated

Brain, meninges, eyes, ears, tongue, skin of the
head and neck, and upper extremities

Thoracic
ganglion

Trachea, bronchi, esophagus, pericardium,
heart, thoracic aorta, pleura, lungs

Celiac plexus Distal esophagus to transverse colon, liver,

pancreas, adrenals, ureters, abdominal vessels

Lumbar plexus Skin and vessels of lower extremities, kidneys,
ureters, transverse colon, testes

Hypogastric Descending and sigmoid colon, rectum, vaginal

plexus fundus, bladder, prostate, prostatic urethra,

testes, seminal vesicles, uterus and ovaries

Perineum, distal rectum and anus, distal urethra,
vulva and distal third of vagina

Ganglion impar

patients who have a prognosis of greater than 3 months,
whereas a tunneled epidural catheter can be used in a patient
who has a shorter life expectancy.

Spinal Cord Stimulation

Spinal cord stimulation is effective in the treatment of neuro-
pathic or sympathetically maintained pain. Concerns related
to the further need of imaging need to be taken into consid-
eration prior to implanting a spinal cord stimulator because
MRI compatibility may be an issue.

Vertebroplasty and Kyphoplasty

Vertebroplasty and kyphoplasty can be used to treat
movement-associated pain from compression fractures
caused by metastatic bone lesions.

Surgical Procedures

Less favorable secondary to many reversible alternatives and
typically used as a last resort surgical cordotomy, pituitary
ablation, and punctate midline myelotomy are examples of
pain-relieving procedures that can be performed in carefully
selected patients.
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Key Concepts

e There are three principle neuroanatomical theories
describing pain generators in phantom limb pain: periph-
eral neuromas at the site of the residual limb, hyperexcit-
ability of pain afferents in the dorsal horn, and
somatosensory cortical reorganization.

* Somatosensory cortical reorganization accounts primarily
for the generation of phantom pain, with afferent signals
from dysfunctional peripheral nerves and dorsal horn
neurons provoking further maladaptive reorganization at
the cortical level.

* Mind-body therapies including biofeedback, mirror ther-
apy, mental imagery, hypnosis, and meditation have
proven clinical efficacy in the treatment of phantom pain.

e Neuromodulation with spinal cord, motor cortex, or deep
brain stimulation are established options for the treatment
of refractory phantom pain in subjects who have failed
more conservative therapies.

Introduction

Phantom sensations are characterized by cortical sensory
perception of an amputated body part. These phenomena can
be painful, such as seen in phantom limb pain (PLP), or non-
painful, such as seen in patients with phantom sensation
alone. Non-painful sensations are more prevalent and can be
kinetic (perceived as movement), static (limb is held in a par-
ticular posture), or exteroceptive (possessing sensations of

G.C. Chang Chien, DO (<)

Cleveland Clinic, Anesthesia Institute Pain Management,
9500 Euclid Ave, Dept C-25, Cleveland, OH 44195, USA
e-mail: gchangchien@gmail.com

R. Bolash, MD
Cleveland Clinic, Anesthesia Institute Pain Management,
9500 Euclid Ave, Dept C-25, Cleveland, OH 44195, USA

© Springer Science+Business Media LLC 2017

touch, temperature, itch, pressure, and vibration). Post-
amputation pain can manifest as either pain in the residual
limb pain known as residual limb pain (RLP) or stump pain,
which occurs at the most distal aspect of the residual
extremity.

Descriptors of phantom pain can be diverse but commonly
include burning, gnawing, stabbing, pressure, and aching sen-
sations. Sufferers also describe sharp muscle spasms or the
sensation of a painfully clenched fist in an absent upper
extremity. Phantom pain has been described after the loss of
limbs or organs such as the tongue, eye, breast, or tooth.
Phantom limb pain has also been described in brachial plexus
avulsion and in people with congenitally absent limbs.

Currently there are over 1.6 million people in the United
States that live with limb loss, and that number is expected to
double by the year 2050. The primary causes of limb ampu-
tation include peripheral vascular disease, trauma, and
malignancy, with the lower limbs five times more likely to be
affected than the upper extremities. As many as 80% of
patients experience either phantom sensation or phantom
pain following an amputation.

Pathophysiology of Phantom Pain

The mechanism of phantom limb pain has yet to be fully
elucidated, though it is widely believed that pain is largely
neuropathic in origin. Models describing at least three pos-
sible pain generators have been proposed: peripheral neuro-
mas at the site of the residual limb, hyperexcitability of pain
afferents in the dorsal horn, and somatosensory cortical
reorganization.

Peripheral Neuroma Theory
The neuroma theory posits that aberrant clusters of nerve

endings formed as a result of transection of the peripheral
nerves in the residual limb tissue generate afferent impulses
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perceived as pain. The theory is partially supported by the
observation that there is some diminution of the pain follow-
ing peripheral nerve blocks, application of local anesthetic to
the neuromas, or destruction of the neuroma resulting in
improvement in pain in select individuals. The peripheral
neuroma theory likely represents an oversimplification of the
complexity of phantom pain generation, especially in the set-
ting of advanced disease, which typically demonstrates a
centralized component.

Dorsal Horn Theory

The dorsal horn theory hypothesizes that sensitization occurs
in the dorsal horn of the spinal cord. A loss of afferent signal-
ing from peripheral nerves causes neuroma formation in
lamina II of the dorsal horn, an area responsible for nocicep-
tive input from afferent neurons. An increase in NMDA
receptor activity has also been described at the dorsal horn
after loss of sensory afferent input. These changes in the dor-
sal horn result in increased neural excitability and decreased
response to cortical inhibition, leading to unregulated affer-
ent pain signaling to the brain. The observation that patients
with complete spinal cord transection are still able to experi-
ence phantom limb pain indicates a central pain generator
and disputes both the peripheral neuroma theory and the dor-
sal horn theory.

Somatosensory Cortex Theory

Indeed phantom limb pain is likely to have some influence
from the somatosensory cortex. In 1915, a case report indi-
cated that a patient’s phantom leg pain completely disap-
peared following a cortical lesion that included the territory
of the somatosensory cortex.

Cortical reorganization leads to the development of
abnormal circuitry and firing patterns that encode pain sig-
nals and, notably, are associated with phantom pain, but not
non-painful phantom limb sensations. The changes of corti-
cal reorganization are seen more extensively following
amputation in patients with chronic pain preceding their
amputation. This observation is consistent with the fact that
patients with chronic limb pain prior to their amputation
typically suffer proportionately more severe phantom limb
pain post-amputation. Imaging studies have correlated a
greater extent of cortical reorganization with more intense
phantom limb pain.

It is likely that somatosensory cortical reorganization pri-
marily accounts for the generation of phantom pain, with
afferent signals from dysfunctional peripheral nerve and dor-
sal horn neurons provoking further maladaptive reorganiza-
tion at the cortical level.

Evidence-Based Management

A recent systematic review identifies the highest level of evi-
dence for phantom limb pain (level 2) exists for the use of IV
ketamine and IV morphine in the perioperative treatment of
PLP and oral morphine for intermediate- to long-term treat-
ment (8 weeks to 1 year). Level 2 evidence is mixed for the
efficacy of perioperative epidural anesthesia with morphine
and bupivacaine for short- to long-term pain relief (periop-
eratively up to 1 year) as well as for the use of gabapentin for
pain relief of intermediate duration (6 weeks). An adapted
evidence-based medication summary can be found in
Table 82.1. Table 82.2 describes phantom limb pain
pharmacotherapy.

Table 82.1 Evidence-based medication summary

Hormonal Calcitonin Level 2: mixed
Intravenous Evidence for efficacy
acutely
NMDA Ketamine Level 2: effective
Receptor Intravenous Acute but not long-term
Antagonists Epidural relief of PLP
Memantine Level 2: short term to
Oral subacute
Persistence of relief of PLP
Level 2: no efficacy for the
treatment of chronic PLP
Dextromethorphan | Level 3: long-term
Oral treatment of PLP

Table 82.2 Phantom limb pain pharmacotherapy

Peripheral-acting
agents
Sodium channel | Amitriptyline — | Level 3 evidence: no effect
blockers oral on long-term relief of PLP
Ropivacaine — | Level 3 evidence: effective
perineural for acute PLP, but mixed for
catheter long-term treatment
Neuromuscular | Botulinum Level 2 evidence: no
junction toxin — IM reduction in the severity of
inhibition PLP
Centrally acting | Gabapentin Level 2: mixed evidence for
agents reduction in PLP
Topiramate Level 3 evidence: significant
reduction in PLP compared
to placebo
Opioids Intravenous: level 2 evidence,
Morphine effective for acute treatment
of PLP, in the short term
Oral: level 2 evidence,
effective long-term treatment
of PLP, compared to placebo
NMDA receptor | Ketamine Level 2 evidence: effective
antagonists for acute but not long-term
relief of PLP
Memantine Level 2 evidence: short-term
to subacute relief of PLP
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Rehabilitation

Mind-body therapies represent both cost-effective and well-
tolerated treatments for phantom limb pain. These modalities
include biofeedback, mirror therapy, mental imagery, hypnosis,
and meditation. Techniques such as mental imagery and mirror
therapy are easy to implement, while biofeedback requires spe-
cialized equipment such as an electromyography device or vir-
tual reality simulator. These therapies have many distinct
advantages over more invasive interventions; they have little to
no side effects and can be taught to patients for self-delivery.

The Role of Preemptive Analgesia

The observation that pre-amputation pain was a risk factor
for developing PLP prompted the idea that peri-surgical pain
control may represent a method for decreasing the incidence
of developing PLP. Many authors have hypothesized that a
pain-free interval may prevent peripheral sensitization of
injured nerves and that the reduction in afferent nerve
impulses may decrease the cortical reorganization seen after
amputation. The evidence currently supports the utility of
perioperative analgesia in treating acute post-amputation
pain. Disappointingly, the evidence for pre-amputation pain
control is not proven to prevent phantom limb pain.

Interventional Management
Invasive Techniques

Increasingly invasive therapies have been trialed to treat
phantom and stump pain refractory to medications and con-
servative modalities. Surgical techniques such as spinotha-
lamic tractotomy, stump neuroma excision, dorsal root entry
zone lesion, ganglionectomy, and anterior cingulotomy are
meant to interrupt the sensory pathways to the brain, or
within the brain itself. These are reserved for patients with a
short life span, due to the observation that the transient inter-
val of decreased pain was often followed by high rates of
recurrence at pain levels greater than pre-procedure.

Sympathectomy is an attempt to interrupt the sympathetic
nervous system and is based upon the belief that select neu-
ropathic pain syndromes are, in part, sympathetically medi-
ated. Sympathectomy can be accomplished with
radiofrequency ablation, chemical denervation, or open dis-
section of the sympathetic chain. If successful, pain relief
may last for weeks to months. Partial pain relief may be a
sign of incomplete neurolysis, and the procedure can be
repeated. The most common cause of an unsuccessful sym-
pathectomy is failure to successfully or adequately target the
sympathetic chain.

Neuromodulation

Spinal cord stimulation can be considered in patients who
have not obtained adequate relief from medical management
and therapies. Though the mechanism underlying neuro-
modulation has not been fully understood, clinical applica-
tion of neurostimulation has been adapted for the treatment
of phantom limb pain. Using implantable electrodes, an elec-
trical stimulus is delivered to either the brain, spinal cord, or
peripheral nerves. Patients retain control of the device and
are able to match the intensity of neurostimulation to their
pain complaint.

Deep brain stimulation is performed through surgically
implanted electrodes using stereotactic guidance and may be
more effective for nociceptive pain than for deafferentation
pain. Motor cortex stimulation has been shown to be effec-
tive for treating central neuropathic pain. In patients with
phantom limb pain, reduction in pain scores can decrease by
up to 70% through the use of these technologies.

Conclusion

Despite a growing body of evidence, phantom limb pain
remains a challenging condition to treat. Current best evi-
dence supports the use of a multimodal approach to treat-
ment including medication management, aggressive physical
and occupational therapy, and interventional techniques such
as spinal cord or deep brain stimulation after the exhaustion
of more conservative modalities. Despite the utility of these
techniques, in a large number of patients with phantom limb
pain, satisfactory analgesia is never achieved. There remains
a large potential for innovation in improving the treatment
strategies for these patients.
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Key Concepts Basic Concepts of Ultrasound Imaging

e Ultrasound has experienced explosive growth in popular- e
ity for advanced imaging in interventional pain
management.

e Real-time needle visualization may improve success rate  ®
of interventions and avoid trespassing vital structures.

e Ultrasound is a reliable alternative to fluoroscopy in terms  ©
of reproducibility, accuracy, and safety for optimal image-
guided pain procedures.

e Lack of ionizing radiation exposure makes the use of
ultrasound appealing in both diagnostic and therapeutic ¢
image-guided injections.

e Knowledge of basic anatomy, ultrasound machine, and
having a systematic approach are essential in the success
of ultrasound imaging.

Introduction

Ultrasound is a growing technology in the field of interven- e
tional pain management and the treatment of musculoskele-

tal injuries. It has been adopted for both diagnostic and
image-guided blocks. Table 83.1 summarizes the advantages
and disadvantages of ultrasound.

A. Bautista, MD
Cleveland Clinic, Anesthesia Institute Pain Management,
Cleveland, OH, USA

E. Galang, MD

The brightness-mode (B-mode) display with a pulse-echo
approach involves transmission of small pulses of ultra-
sound echo from a transducer into the body.
The image is generated by the returned echo signals from
many sequential coplanar processed pulses.
The ultrasound transducer contains piezoelectric crystals
that vibrate after application of electrical current. The
machine in turn decodes the reflected waves to make the
picture.
Medical ultrasound utilizes sound waves and can be
described in terms of frequency, wavelength, and
amplitude.
The frequency and wavelength are inversely related and
help determine resolution and tissue penetration.
— High frequency/high resolution/low penetration

e Better for superficial structures
— Low frequency/low resolution/more penetration

* Better for deeper structures
Image artifact as seen with ultrasound occurs most fre-
quently in the fat-soft tissue interface and is caused by
refraction. This is due to the difference in the speed of
sound transmission as it travels through the interface of
two tissues. The speed of sound is low in fat and high in
soft tissues.
The intensity of ultrasound pulses is reduced and attenu-
ated as it traverses through tissue as a result of scattering
and reflection of waves.
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Knobology: Understanding Your Machine

Understanding the operative functions of the ultrasound
machine will help optimize imaging. Although ultrasound
machines look different, basic functions are the same.
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Table 83.1 Pros and cons of ultrasound

Pros Cons

More accurate than landmark | 2D representation of 3D structure

techniques (1 mm wide slice)

Precise needle placement leads | Poor penetration for visualization

to less risk of inadvertent of deep structures

trauma

Affordable Prone to artifacts

Portable User-dependent, advanced skills
needed

No radiation Contrast-guided injection not
appreciated

Dynamic — scanning while Anatomical variation (e.g.,

moving the relevant anatomy obesity) may cause technical

difficulty

Sonoauscultation — place
ultrasound probe directly onto
the point of pain

Selection and adjustment of the appropriate frequency
helps optimize image and albeit most crucial in ultra-
sound technique.

— Usual frequency used is in the range of 8—12 MHz and
10-15 MHz.

— Higher-frequency waves are attenuated, have a grad-
ual loss in intensity, are more in comparison to lower
frequency waves as they penetrate through the tissue.

Probe selection

— Ultrasound probes come in a variety of shapes and sizes.
The primary distinction between ultrasound probes is
based on classifications on frequency, shape, and size.

— Lower-frequency probes (2-5 MHz) are used to visu-
alize deeper structures.

— Higher-frequency probes (>5 MHz up to 18 MHz) are
most often used for superficial structures.

Depth adjustment is necessary to enable the structure of

interest to fall within the field of view.

— Set the depth of the survey a little deep to begin. Be
mindful that excessive depth will degrade the picture
unnecessarily.

— Minimizing the depth will lead to better temporal
resolution.

— The trick is “get target in view and then adjust image.”

— Machines will try to improve lag by reducing the width
of image.

Gain dictates the brightness and darkness as the image

appears on the screen. The image that is bright is termed

hyperechoic and dark is hypoechoico

— Increasing the gain amplifies electrical signal that
thereby increases the brightness of the image, which
also includes the background noise and vice versa.

— Louder is not always better as this may distort the sub-
tle differences between adjacent tissues.

e Time gain compensation (TGC) allows the operator to
control brightness at specific depth independently. This
property basically allows the machine to create a uniform
image to compensate for attenuation.

e The focus dial helps to optimize lateral resolution. This
may not be always present in all ultrasound machines.

— Lateral resolution is the ability of the ultrasound
machine to discern two objects lying next to each other
at the same depth.

— Always adjust focus to the depth of target.

e Color Doppler technology allows identification and quan-
tification (velocity, direction) of blood flow.

e Power Doppler is a newer ultrasound technology that is
more sensitive, almost angle-independent, and detects
blood flow that is harder to detect with standard color
Doppler. However, it does not demonstrate direction of
flow and is highly vulnerable to motion artifact.

e The freeze button allows the machine to display the cur-
rent image on the screen.

Needle Visualization and Managing
Ultrasound

e The use of echogenic needle technology helps in the
direct visualization of the needle as it traverses the tissues
to hit the target.

e The image quality in itself is also dependent on the
appropriate-sized probe and properties of the ultrasound
machine to obtain an optimal image resolution.

— Sonographic artifacts impede visualization of targeted
structure and real-time needle visualization, caused by
acoustic beam misalignment, termed as anisotropy.

— The ultrasound beam that is emitted from the probe is
very narrow, about 1 mm, and misalignment during the
procedure may cause difficulty in needle visualization.
e Anisotropy — “directionally dependent” produces

focal areas of hypo-echogenicity when the probe is
not at 90 to the linear structure being imaged.

e There are two ways by which optimal needle visualiza-
tion can be achieved:

— “In-plane” approach: The needle is inserted midline, par-
allel, and under the long axis of the probe. Visualization
of the entire needle and the tip can be achieved.

— “Out-of-plane” approach: The needle is inserted under,
midline, and perpendicular to the probe in the short
axis view. The needle tip/shaft appears as a hyper-
echoic dot.
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date. The inherent issue with ultrasound like lack of con-
trast dye and failure to visualize the needle as it traverses

Ultrasound Guidance for Musculoskeletal
and Interventional Pain

Ultrasound has been used to perform nerve blocks involv-
ing the brachial and lumbar plexus, including their distal
branches.

bony structures limit its use.

Direct visualization of neurovascular structures with
ultrasound such as stellate ganglion block makes this
modality particularly appealing.

e It has been a useful tool in blockade of sensory and mixed
nerves that include ilioinguinal, lateral femoral cutane-
ous, pudendal, and intercostal nerves.

 Intraarticular injections of medications (e.g., corticoste-
roids) may increase the rate of responders and even The use of ultrasound in today’s practice of pain manage-
decrease discomfort in patients compared to surface land- ment has many benefits including lack of radiation and
mark techniques. However, benefits in long-term out- improved visualization of soft tissue structures. However,
comes are controversial with mixed results. clinicians should be mindful of the inherent risk, requiring

e The use of ultrasound may decrease complication rate proper training, and disadvantages associated with its use.
associated with trigger point injections and deep muscu- Knowledge of basic anatomy, ultrasound machine, and hav-
lar injections (e.g., pneumothorax). ing a systematic approach are essential in the success of

* Blockade of medial branch blocks and zygapophyseal ultrasound imaging.
joints has been done using ultrasound. The third occipital
nerve block is one of the few that has been studied and
demonstrated accurate localization in comparison to fluo-
roscopy. However, its superiority over the standard fluo-
roscopy on this particular block remains to be elucidated.

e Epidural blocks have been performed under ultrasound
guidance but only caudal has been the most promising to

Conclusion

Suggested Reading
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384

Key Concepts

e Central pain is a form of neuropathic pain caused by dam-
age or dysfunction within the central nervous system.

e Central poststroke pain (CPSP) syndrome is character-
ized by pain occurring after stroke that is due to disor-
dered sensory processing in areas of the brain affected by
the stroke.

e CPSP is an underrecognized entity. Diagnosis requires
clinical suspicion and an awareness of disease course.

e Treatment is centered around antidepressant medications
leveraging noradrenergic and dopaminergic pathways, as
well as anticonvulsants. Newer modalities include electri-
cal stimulation of the brain and spinal cord.

History and Epidemiology

Pain is a common complication in the poststroke population
and may manifest musculoskeletally (shoulder subluxation,
muscle spasticity, support limb osteoarthritis) or neurologi-
cally [headaches, central poststroke pain (CPSP)]. CPSPis a
type of central neuropathic pain characterized by dysesthesia
and allodynia on the side contralateral to the stroke. One of
the first descriptions of CPSP was by Adolf Wallenberg in
his description of his eponymous syndrome, where he noted
pain and hyperesthesia located in areas of the body contralat-
eral to the lateral medullary stroke. This was followed by
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Dejerine and Roussy’s description of intractable pain sec-
ondary to thalamic stroke, which was part of a syndrome
including hemianesthesia, hemi-ataxia, and chorioathetoid
movements on the hemiplegic side. Work by further investi-
gators has determined that damage anywhere along the thal-
amocortical or spinothalamic tracts may result in pain.

CPSP has an incidence of 8% after stroke, making it less
common than many other peripheral causes of poststroke
pain. CPSP rarely presents within the acute period, but will
commonly declare itself within a month of stroke onset, with
the majority of cases presenting within a year.

Pathophysiology

Theories on the root causes of CPSP comprise several main
concepts. One is that disruption of neural function anywhere
along the spino-thalamocortical pathway that conveys affer-
ent pain information to the brain may result in CPSP. Another
is that maladaptive neuroplasticity may contribute to the
development of CPSP, with strong parallels between the
plasticity involved in learning and memory processes in cor-
tex and hippocampus and the plasticity in areas that may
underlie chronic pain development and maintenance, such as
anterior cingulate cortex and areas carrying afferent sensory
information. These latter regions also provide a pathway by
which the emotional state of the patient may augment the
perception of pain. At a pharmacologic level, the involve-
ment of various neuromodulators has been advanced based
on the various medications that have been used to treat CPSP,
ranging from decreased aminergic (adrenergic, serotonergic)
modulation to alteration of glutamatergic function, particu-
larly changes in N-methyl D-aspartate (NMDA) receptor
activity. Finally, there is research suggesting that interfering
with the reconsolidation of painful memories with agents
such as {-pseudosubstrate inhibitory peptide may be an
effective way of decreasing the strength of painful
memories.
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Diagnosis

CPSP typically presents with severe neuropathic pain contra-
lateral to the side of cerebral pathology. The quality is most
commonly burning or aching, though it may also be described
as lacerating or pricking. The time course is variable and can
be episodic or continuous. This pain may be associated with
sensory changes, both of normal and painful stimuli; allo-
dynia and hyperpathia are common, with up to 59% of
patients displaying the latter. Nonphysical stimuli, such as
negatively valenced emotions, may elicit or exacerbate pain
as well. An association with ataxia is more common (62%)
and is more common than hemiplegia (48% with moderate to
severe hemiplegia). In order to accurately diagnose CPSP,
the physician must eliminate other peripheral causes of pain,
ranging from musculoskeletal to rheumatologic to peripheral
neuropathic (diabetes especially), and must make sure that
the site of cerebral lesion is consistent with the distribution
of suspected CPSP (Table 84.1).

Table 84.1 Proposed criteria for central poststroke pain syndrome

A history suggestive of stroke

Pain with a distinct neuroanatomically plausible distribution

Indication of distinct neuroanatomically plausible distribution by
clinical examination

Indication of the relevant vascular lesion by imaging

Exclusion of other likely causes of pain

Table 84.2 Medications to treat central poststroke pain syndrome

Treatment
Oral Medications

Pharmacologics for CPSP fall broadly into several catego-
ries: aminergic agents, calcium channel blockers, GABA-
ergics, glutamate antagonists, and membrane stabilizers
(Table 84.2). Amitriptyline is considered to be the first-line
treatment for CPSP; however, anticholinergic side effects
may limit use.

Nonpharmacologic Approaches to CPSP

When patients have severe CPSP that is refractory to phar-
macotherapy, they may benefit from surgical or neuromodu-
lation techniques to manage their pain (Table 84.3). Motor
cortex stimulation (MCS), deep brain stimulation (DBS),
and noninvasive brain stimulation (NIBS), encompassing
both transcranial magnetic stimulation (TMS) and transcra-
nial direct current stimulation (tDCS), are all experimental
modalities that have been demonstrated to provide some
benefit in CPSP in research studies.

Conclusion

CPSP is a rare complication of stroke, but it is one of the
most common causes of central pain. Pharmacological treat-
ment of CPSP includes amitriptyline, lamotrigine, gabapen-

Calcium channel
Class Aminergics blockers GABA-ergics Glutamate antagonists Membrane stabilizers
Anmitriptyline Gabapentin Thiopental Ketamine Carbamazepine
Fluvoxamine Pregabalin Propofol Dextromethorphan Lidocaine
Baclofen Lamotrigine Mexiletine
Midazolam
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Table 84.3 Non-pharmacotherapy treatment of CPSP

Treatment Description

Deep brain DBS is a neurosurgical procedure involving
stimulation insertion of deep stimulating electrodes through
(DBS) burr holes into target brain regions. In patients with

chronic pain, target structures include the
periaqueductal gray matter or sensory thalamus

Motor cortex
stimulation
(MCS)

Motor cortex stimulation was initially introduced
for the treatment of central poststroke and thalamic
pain. Most surgeons prefer a small craniotomy for
electrode implantation. The motor cortex of the
corresponding pain topography is exposed and
identified. Electrodes are positioned over the area of
the motor cortex where stimulation will elicit
contraction of the affected muscles

Transcranial
magnetic
stimulation
(rTMS)

tDCS is a type of NIBS that alters neuronal
excitability by using a handheld electromagnetic
induction coil firing at regular pulses to induce
changes in electrical current in the underlying
cortex. When these pulses are administered in rapid
succession, this is call “repetitive TMS” or “rTMS,”
which can have longer lasting changes in brain
excitability. Advantages over tDCS include
improved spatial selectivity and strength of effect

Transcranial
direct current
stimulation
(tDCS)

tDCS is a type of noninvasive brain
stimulation(NIBS) that alters neuronal excitability
through application of direct current electricity via
surface electrodes, with a nodal (+) stimulation
increasing and cathodal (—) stimulation decreasing
neuronal excitability. Central pain syndromes
associated with functional reorganization and cortical
hyperexcitability may benefit from cathodal
stimulation over somatosensory or motor cortex.
Advantages over TMS include ease of use, increased
subject tolerability, and decreased risk of seizure

tin, or pregabalin. Emerging technologies in the treatment of
CPSP include both invasive (motor cortex stimulation, deep
brain stimulation) and noninvasive brain stimulation (tran-
scranial magnetic stimulation, transcranial direct current
stimulation).
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Key Concepts

* A thorough history is the most revealing tool in the evalu-
ation of headaches.

e Screening for health or life-threatening causes of head-
ache must be performed.

* The most common primary headaches disorders include
tension-type, migraine, and cluster headache.

e Secondary headaches commonly referred to pain medi-
cine specialists are often related to medication overuse or
cervical spine disease/dysfunction.

* Patients often have more than one type of headache. It is
helpful to differentiate the most common or primary
headache type.

* A headache diary is a useful tool to characterize patterns
and triggers.

e The physical examination may provide no positive find-
ings in most patients with primary headaches but can pro-
vide vital information in diagnosing health or
life-threatening secondary headaches.

e Imaging is indicated when a health or life-threatening
secondary headache is suspected. The decision to image
may be informed by guidelines developed by the
American Association of Neurology.
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Introduction

According to some sources, headache is the most common
complaint that leads people to seek medical care. Thus, the
pain medicine specialist must be comfortable with a thorough
yet efficient evaluation of headache. The evaluation of head-
ache begins with a targeted history and physical examination.
A health or life-threatening cause of headache must first be
ruled out. If reason for concern is identified, the workup must
progress rapidly. If suspicion for a health- or life-threatening
headache is alleviated, a reasonable approach involves deter-
mining whether symptoms are related to a benign secondary
headache disorder versus a primary headache disorder.
Headaches may resolve without further need for treatment if
a secondary cause of headache can be identified and elimi-
nated. Alternatively, if symptoms appear to be related to a
primary headache disorder, establishing a correct diagnosis is
vital to subsequently developing a treatment plan.

History

A thorough interview that includes key elements of history
(Table 85.1) is necessary to distinguish primary versus sec-
ondary causes of headache. Attention to potential “red flags”
is important in order to determine the urgency of imaging or
other intervention. Elements of history that should provoke
concern include a new headache of unusual severity or a sud-
den change in typical headache pattern; a rapid progression to
peak symptoms, associated with traumatic onset, exertion, or
Valsalva maneuver; and nocturnal symptoms, associated with
recumbent positions, projectile vomiting, neurologic dys-
function, or evidence of other associated systemic illness.

If potential “red flag” symptoms are not present, the focus
of interview can shift to distinguishing whether the headache
is related to primary or secondary cause. While there are
numerous primary causes of headache (Table 85.2), pain
medicine specialists tend to encounter tension-type head-
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Table 85.1 Key elements of a headache history

Table 85.3 Typical features of common primary headache

Onset

Tension-type headache

Progression

Temporal pattern (frequency, duration, time of day, menstruation,
etc.)

Mild/moderate intensity paroxysmal, bilateral “band-like” lasting
30 min to 7 days

Migraine headache

Location
Quality
Severity

Premonitory symptoms

Triggers

Exacerbating and relieving factors

Associated symptoms

Family headache history

Past medical history

Social history — occupation, habits, diet

Medication reconciliation

Table 85.2 Primary headache disorders

Most common Common

Paroxysmal hemicrania

Migraine with or
without aura

Paroxysmal short-lasting unilateral
neuralgiform attacks (SUNCT)

Moderate/severe unilateral paroxysmal “throbbing” headache
lasting 4-72 h associated with nausea, vomiting, photo-/
phonophobia with or without aura, with predictable environmental
or dietary triggers, possible relation to menstrual cycle, aggravated
by routine physical activity, improved with sleep, often with a
family history of similar headaches

Cluster headache

Severe unilateral orbital/temporal “stabbing/piercing” headache
with possible tearing, rhinorrhea, miosis, ptosis, eyelid edema, or
facial diaphoresis, lasting 15—-180 min occurring more than 5x per
day, often predictable times during the day, in cycles of 2 weeks to
3 months

Table 85.4 Secondary headache disorders

Benign Health or life-threatening

Cerebrovascular dissection, thrombosis,
or vasculitis

Medication overuse
headache

Cervicogenic headache Intracranial hemorrhage

Tension-type Hemicrania continua Sinusitis Subdural hemorrhage
headache Dental Hydrocephalus
Cluster headache Cold-stimulus headache CSF leak

Benign cough headache Idiopathic intracranial hypertension
Benign exertional headache Neoplasm
Meningitis
ache, migraine, and cluster headaches most commonly. Abscess

Typical features of these headache types are shown in
Table 85.3. Likewise, of the numerous types of secondary
headaches (Table 85.4), pain specialists are most likely to
see patients with cervicogenic or medication overuse as the
underlying etiology of secondary headache. Typical features
of these headache types are shown in Table 85.5.

It is important to recognize that patients may experience
more than one type of headache, which may be related. For
example, cervicogenic headache may provoke tension-type
headache due to reactionary guarding or head, neck, and
shoulder girdle postural changes. Any headache type may be
associated with independent analgesic-rebound headache
due to frequent nonsteroidal anti-inflammatory drug
(NSAID) use. In cases where headache type is not easily cat-
egorize due to symptom overlap or in adequate history,
instructing the patient to keep a headache diary may be use-
ful. A sample template for a headache diary useful for clini-
cal practice is shown in Table 85.6.

Physical Examination

In general, physical examination in the headache patient will
provide less diagnostic information than the history. However,
the physical exam can provide vital clues that indicate a health

Open-angle glaucoma

Table 85.5 Common, benign secondary headaches most often
encountered by pain medicine specialists

Cervicogenic headache

Occipitofrontal unilateral headache with predominant neck pain,
worsened by movement of the cervical spine, potentially in the
setting of recent trauma/whiplash-type injury or osteoarthritis:
cervicogenic headache

Medication overuse headache

Insidious, progressive onset of frequency and intensity, associated
with regular analgesic use, temporally related to the last dose or just
prior to the next scheduled dose of an analgesic medication (most
often ergotamines, triptans, opioids, or NSAIDs), with possible
development of drug dependence behavior

or life-threatening type of headache. Thus, a thorough but tar-
geted physical exam in the evaluation of headache is necessary
and, with repetition, can be performed in approximately 3 min.

A systematic approach to the physical exam will ensure
thorough screening and efficiency. Key elements of the tar-
geted headache physical exam are shown in Table 85.7. “Red
flag” features on physical exam include Horner’s syndrome
(arterial dissection, malignancy), oculomotor deficits partic-
ularly with pupil asymmetry (aneurysm), and combined
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Table 85.6 Sample headache diary template

Date:
Time started/ended:
Warning signs:

Quality of pain (“stabbing,” “throbbing,” etc.):
Pain intensity (0—10):
Location:

Other symptoms (nausea, photophobia, etc.):

Treatment or medication tried and effect:

Hours of sleep:

Food eaten today:

Events prior to headache (activity, stress, etc.):

Other comments:

Table 85.7 Key clements of a targeted headache physical exam

Vital signs

Table 85.8 American Academy of Neurology imaging guideline for
non-acute headache

1. Non-contrast computed tomography

(a) Recommended when urgent neuroimaging is necessary in
cases of:

(i) Suspected intracranial hemorrhage

(ii) Suspected elevated intracranial pressure or focal
neurologic deficit prior to lumbar puncture

(iii) Headache associated with neurologic changes

(iv) Headache presenting with a substantial change in
previously experienced headache characteristics

2. Contrast-enhanced computed tomography

(a) Recommended if abnormality is found on noncontrast CT or a
vascular abnormality or tumor is suspected and an urgent
evaluation is necessary

3. Magnetic resonance imaging

(a) Recommended as an initial or urgent diagnostic examination
if there is suspicion of venous sinus thrombosis or vasculitis

Mental status

Speech

Cranial nerves: particular attention to pupil symmetry, ocular
movement, facial symmetry, and strength

Sympathetics: Horner’s syndrome (ipsilateral ptosis, miosis, facial
anhidrosis)

Funduscopic exam for papilledema if increased intracranial
pressure is suspected

Muscle stretch reflexes, Hoffman’s sign, and Babinski sign

Motor function

Sensation

Balance

Gait

Musculoskeletal assessment of the cervical spine and shoulder
girdle: posture, cervical range of motion, palpation for tender, and
trigger points

Temporomandibular joint assessment: range of motion, and
palpation

Palpation of the sinuses and teeth

facial weakness and numbness (head and neck malignancy).
In general, any cranial nerve palsy or neurologic deficit
should raise concern for a potentially life-threatening cause
of headache.

Aside from screening for potentially sinister causes of head-
ache, a careful examination of the cervical spine and shoulder
girdle is often illuminating given that pain medicine specialists
often see patients with cervicogenic symptoms. Complete
assessment includes postural assessment with attention to cer-
vical spine and scapular position, cervical range of motion in
all planes, palpation for tender and trigger points, as well as
zygapophysial joint and occipital nerve regional tenderness.

Imaging

No particular imaging is indicated for a primary headache
disorder. However, if there is clinical suspicion for a second-
ary headache disorder, imaging must be considered. While

(b) Recommended when an abnormality is suspected in the
posterior cranial fossa or at the craniocervical junction

(c) Recommended when an aneurysm or vascular malformation
is suspected, evaluated with magnetic resonance angiography
(MRA)

(d) If an abnormality is detected on CT, MRI may further define
the abnormality

consensus does not exist, an imaging guideline to inform
clinical management of non-acute headache was developed
by the American Academy of Neurology (Table 85.8).
Imaging may also be considered when cervicogenic head-
ache is suspected, as zygapophysial arthropathy, cervical
foraminal stenosis, or other structural findings may provoke
such symptoms. Corroborating clinical and imaging findings
in such cases may inform the diagnosis as well as identify
potential targets for therapeutic intervention.

Conclusion

A thorough, targeted history and physical exam is vital in the
evaluation of headache. Pain medicine specialists should be
familiar with the commonly encountered types of headache
but should also systematically screen for potentially health-
or life-threatening causes of headache.
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Office-Based Pain Management

Practices

Denis G. Patterson

Key Concepts

e Physician owners must be aware of the financial out-
comes of their practices.

e Physician owners must manage and plan daily business
transactions of the practice.

* Having a good business plan while providing good qual-
ity care is extremely important.

Introduction

Office-based physician practices are generally owned by
some or all of the physicians working in the practice. As a
result, the physician owners are at risk for the financial out-
comes of the practice. Any profit generated by the practice,
and therefore made available to the owners, is dependent
upon the financial and operational performance of the prac-
tice. In order to ensure a favorable outcome, physician own-
ers and their business managers must be diligent and
thoughtful when it comes to managing and planning the
daily business aspects of an office-based practice. Key areas
that require constant planning and attention include cus-
tomer service, business development, clinical operations,
revenue cycle operations, and finance.

Customer Service

In an office-based pain management practice, customer ser-
vice is a critical element of daily work, and it can be a chal-
lenge. Many of our patients suffer from serious illnesses, and
whether or not they are the kind of illnesses that our provid-
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ers have been trained to treat, they deserve our compassion
and respect. This genuine level of personal care should not
just come from the physicians, but it should be expected of
all of the office staff as well. A physician who has excellent
“bedside manner,” but whose staff are not as welcoming, will
see his reputation suffer.

Two important aspects of customer service delivery are a
demeanor that is positive, pleasant, and personable as well as
a simultaneous focus on teamwork and communication. A
very effective way to achieve excellent customer service is to
clearly and consistently communicate those expectations
and the reasons for them, throughout the hiring and on-
boarding processes for all staff. People who want to work in
that type of environment will gravitate to it. Another effec-
tive method is to design processes in such a way that they are
customer-oriented and promote teamwork among staff. For
example, if your new patient scheduling process wasn’t
designed with great customer service in mind, you will lose
many of the patients referred to your office before you have
a chance to see them.

Business Development

Business development is the next key area of office-based
practices. “If you build it, they will come” is a famous line
from the movie “Field of Dreams.” Fortunately or not,
Hollywood endings rarely happen in business. When it
comes to running a business, you can build anything you
want, but if you don’t tell anyone about it, they won’t come.
A business owner simply must budget and plan for market-
ing and business development activities.

In most office-based pain management practices, market-
ing efforts should be made toward referring physician offices,
such as primary care providers, orthopedic surgeons, and
neurosurgeons. Of course, each physician practice should
have at least a website, with business cards for each provider,
and ready-to-share information about the practice, its pro-
viders, and their services. In addition to those marketing
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basics, there are endless opportunities to network with your
referral sources, such as lunches at their offices, conferences,
local medical society gatherings, one-on-one dinners, golf
course meetings, etc. A physician who puts energy into net-
working himself will gain much more business than one who
neglects these activities, regardless of clinical skill. A finan-
cially successful practice is a building full of patients, not an
empty one.

Clinical Operations

Clinical operations is another key area of office-based pain
management practices. Designing and implementing pro-
cesses that allow your patients to flow through the office in a
smooth, efficient, and timely manner will make a big differ-
ence for your patients, your staff, and your providers’ quality
of life. There are countless physician practices that run hours
behind schedule every day. This leads to staff that are stressed
out, providers in a rush, providers who see fewer patients per
day, and patients who feel that their time has been disre-
spected. In other words, nothing good comes out of it. It is
wise to invest time to set up the right processes, train the staff
properly, and then continue to be open to tweaking it as
needed.

In order to prevent a decline in the provider’s work-life
balance, it is also advisable to hire competent business lead-
ers into the practice so that they can focus on running daily
operations which in turn allows providers to focus on treat-
ing patients. A leader hired specifically to run the office-
based clinic should be responsible for controlling expenses
such as staffing and supplies. That same leader should also
be able to improve provider productivity (which is measured
using a simple calculation of patients seen per workday) by
tweaking staffing and processes. It is also very important to
have an EMR system that works effectively and efficiently
throughout the clinic.

Revenue Cycle Operations

In all types of healthcare providers, not just office-based
practices, revenue cycle operations occur alongside the clini-
cal operations. The “revenue cycle” is the set of processes
that ensure providers get paid appropriately and timely for
the work they do. The scope of revenue cycle operations
includes many of the business activities that occur between
new patient registration and when the patient’s bill gets paid
in full.
A simplified summary of those steps includes:

— Starting with new patient registration; information such a
demographic data and insurance data is entered into the
EMR.

— Insurance verification, patient-specific benefits informa-
tion, and authorization for services are obtained from
insurance companies and entered into the EMR.

— Next, the provider sees the patient, which generates
charges for services provided (in the form of CPT codes)
as well as clinical documentation that is entered into the
EMR system.

— The EMR system organizes all of the above information
and sends electronic bills to most insurance companies or
prints bills to send to patients and some workers’ compen-
sation companies.

— The billing office oversees the collection of all accounts
and manages the unpaid accounts.

All of the above processes must happen accurately and
timely, on every patient every time, in order to get paid
appropriately for the services provided in the clinic. There
must be close operational ties between the billing office and
the clinic in order for this process to work more effectively.
Many insurance companies will send denials instead of pay-
ments, and those typically are the result of some error or
oversight that was made in the clinic. If the billing office and
clinic aren’t communicating effectively, then the opportuni-
ties to correct those problems at their source in the clinic will
be missed, and as a result the denials will keep coming
instead of payments.

Finance

Finally, the role of finance in an office-based physician prac-
tice can vary depending on the size and complexity of the
practice. For a single practitioner with a small practice, the
finance role can be simplified to simply processing invoices
and payroll, while making daily deposits to the bank, and
doing the bookkeeping. However, as the practice grows in
size and complexity, the role of finance expands because
there will be opportunities to perform better and avoid mis-
takes, and good finance support can help a physician on both
ends of that spectrum.

As a practice takes on physician partners, a seasoned
finance person can help the managing physician with com-
munication about individual physician performance as well
as overall entity performance, which takes some heat off of
the managing physician. It goes without saying that the same
person would be the one preparing that information so that
the managing physician doesn’t have to.
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Other duties of finance can include developing and imple-
menting strategies for the practice; creating detailed projec-
tions of business ideas; understanding and managing the
strengths, weaknesses, opportunities, and threats of the prac-
tice; being the practice’s liaison between accountants, attor-

neys, and other business professionals; overseeing the
revenue cycle operations; and effectively managing daily
cash flows. A practice that fails to recognize the value of
good finance support will fail to meet its full financial and
operational potential.
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Key Concepts

e Appreciating the concepts of coding a billing is critical to
understand when considering remuneration for services
surrounding the clinical encounter.

e Engagement models for clinical encounters are vast and
vary from employee to various partnership models.

* Everything is negotiable.

Introduction

An array of practice types and compensation models are
available to physicians in the healthcare industry today.
Physicians may practice independently or seek employment
or alignment with a hospital or major health system. The
American Medical Association’s (AMA) recent report shows
that “as of 2012, 60% of physicians worked in physician-
owned practices. Only 23% were in practices that are wholly
or partially owned by a hospital, and 5.6% were direct hospi-
tal employees.” Although several options are available,
healthcare reform has initiated a model shift from volume-
based to value-based reimbursement, and this transition will
drive increased alignment of independent physicians. Merritt
Hawkins’ most recent Review of Physician and Advanced
Practitioner Recruiting Incentives revealed that 64% of their
current searches were for hospital-employed physicians.
Compensation models can range from salary only to produc-
tion based, value based, or a hybrid based on components of
these. As physician employment rises in conjunction with
the emergence of healthcare reform, the pay for performance
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will follow, and pure salary or production only models will
be replaced with value-based compensation.

Physician Practice Types
Independent Contractor

Physicians in a solo or group practice who operate indepen-
dently and are not formally employed but rather are contracted
by a hospital or healthcare system. The formal definition of an
independent contractor is “a worker or business entity that
provides a good and/or service to another individual or busi-
ness entity under the terms of a specified contract. The inde-
pendent contractor is not subject to the employer’s control or
guidance except for what is designated in a mutually binding
agreement.”[9] The contract typically prescribes the desired
outcome or results of the arrangement but not the process or
means by which the service is completed. Physicians who are
entrepreneurial in nature, have an interest in small business
ownership, and highly value autonomy tend to prefer private
practice as independent contractors.

Employed Physician

Physicians directly employed by a hospital or group practice
of a large health system. This model typically represents
physicians who favor financial predictability and better
work-life balance in lieu of greater financial risk or reward.
They also prefer to focus predominantly on clinical care
without added administrative responsibilities.

Aligned Physician
Physicians that remain independent but more formally align

with a health system or hospital via an accountable care
organization, clinical integration network, or co-management
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agreement. Alignment serves as a middle ground or a bridge
during the shift from volume to value-based reimbursement
whereby the physician still maintains their independence but
also partners to create value by improving quality and/or
reducing cost. In this scenario, they receive a portion of the
shared benefit created.

Physician Compensation Models
Salary

In a salary model, physician compensation is based on a
fixed annual rate. “The salary-only model once common in
academic centers, government practice settings, and some
health maintenance organizations remains prevalent in some
settings but is gradually giving way to structures that com-
bine a base salary with a bonus based on the physician’s pro-
ductivity, performance on quality metrics, or increasingly
both.”

Relative Value Unit (RVU)-Based Model

In an RVU-based model, physician compensation is deter-
mined by RVU production. “An RVU is a productivity mea-
sure that reflects the relative level of time, skill, training and
intensity required of a physician to provide a given service.
RVUs, therefore are a method for calculating the volume of
work or effort expended by a physician in treating patients.”
There are three components that make up the RVU value
assigned to a medical service:

* “Work RVUs (reflect the relative time and intensity asso-
ciated with providing a service and equal approximately
50 percent of the total payment)

e Practice Expense (PE) RVUs (reflect costs such as renting
office space, buying supplies and equipment, and staff)

e Malpractice (MP) RVUs (reflect the relative costs of pur-
chasing malpractice insurance)”

Value-Based Model

Value-based models encourage alignment of physicians and
physician behavior with organizational goals, strategy, and
reimbursement. These models aim to create value for patients
by improving quality while decreasing cost. Although hospitals
and healthcare systems have historically relied on RVU-based
models for compensation, value-based models will become
increasingly prominent with the emergence of accountable care.
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Office Based and Surgery Center

Denis G. Patterson

Key Concepts

e When a physician performs a procedure in his office, he/
she gets a global fee (which consists of a professional fee
and a facility fee) from the insurance company.

e If a physician performs a procedure in a hospital or at an
ambulatory surgery center, he/she only receives the pro-
fessional fee.

e Pain management physicians can own ambulatory sur-
gery centers and generate significant profits from them.

Introduction

An office-based pain management practice with a surgery
center can be an effective business structure for optimizing
revenue for pain management physicians. Most interven-
tional pain management services can be provided in an
office-based setting because they do not require significant
clinical resources. However, some of the services must be
performed at an ambulatory surgery center (ASC) or hospi-
tal. Most insurance companies pay for services in two
ways: a professional fee for the physician and a facility fee
for the location. If a physician performs a service in their
office, he gets both of these payments in one lump sum that
is referred to as a global fee. If he performs the service at an
ASC or hospital, he receives only the professional compo-
nent of the fee, and the ASC or hospital receives the facility
component of the fee. So the physician receives less money
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for a service he does not perform in his own office, and the
facility payment to an ASC or hospital is usually much
higher than the facility fee paid to the physician office. This
is because the ASCs and hospitals are required to have sig-
nificantly more fixed costs in order to be licensed as such
entities.

Opportunities exist for pain management physicians to be
owners of ASCs. Depending on state regulations, which vary
widely for treatment of ASCs, a physician or group of physi-
cians can join together to build or purchase an ASC. If the
ASC’s fixed costs can be effectively minimized, and the phy-
sicians involved in the ASC can effectively bring and build
surgery and procedure volume in a consistent manner, the
ASC can generate significant profits from the facility fees it
earns. Depending on the exact legal structure and compensa-
tion arrangements, a physician who is a partner in an ASC
can improve his revenue by performing appropriate cases in
the ASC as opposed to a hospital. The physician and his
office scheduling staff must be trained to know which proce-
dures should be performed at which locations in order to
optimize this opportunity.

Emerging Concepts

Practice development and management of the complexities
of the clinical encounter is critical when deciding where to
perform or the “site of service.” Trends can be forecasted
based on remuneration changes, both for the clinical pro-
vider payment and the facility payment. Hospitals tradition-
ally are paid more than the ASC for facility fees, which vary
based on the procedure.
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Contract Considerations

Denis G. Patterson

89

Key Concepts

e Contracting with insurance companies is beneficial to the
practice.

e The contract may be negotiable.

e When a practice is not contracted with an insurance com-
pany, they have access to fewer patients, more difficulty
getting interventional services authorized, and inconsis-
tent payment amounts.

e Contracts between physicians and their employers are
very important.

e Contracts can help both parties avoid potential legal
problems.

e Incentives for the physicians are typically written into the
contracts.

* Based on the physician’s performance, there may be an
opportunity for partnership.

Introduction

Contracting is a key component of office-based pain man-
agement practices. The term “contracting” can simply be
defined as managing all of the contracts that may exist
between the practice and other companies. There are two
general types of contracts: insurance contracts for revenues
and vendor contracts for expenses.
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Insurance Contracting

The process of insurance contracting can be simple or
challenging depending on the approach of the practice.
Insurance companies will typically offer low reimburse-
ment rates, and other terms favorable to the insurance
company, to a practice requesting a contract. At that point,
the practice has three basic options: it can simply accept
those terms in order to become a provider for that insur-
ance company’s patients, it can try to negotiate for
improvements in reimbursement rates and other terms
(which can be a long and arduous process in order to get to
a successful ending), or the practice can choose to not sign
the contract.

The benefits of being contracted with an insurance com-
pany include having access to more patients, achieving con-
sistent payment amounts for services provided by the
practice, and being able to get interventional services autho-
rized. If a practice is not contracted with an insurance com-
pany, it will be tougher to access those patients, it may be
paid significantly more or less for services (and the patients
will have to pay significantly more out of their own pockets),
and interventional services will generally not be authorized
or paid.

Vendor Contracting

Vendor contracts are advisable as a way to control expenses
so that the practice is not subject to the whim of a vendor’s
desire to change key terms such as products, prices, and
delivery. Typically the negotiations for vendor contracts are
a much easier process than the insurance company negotia-
tions. In all contract negotiations, having a good personal
relationship with the other party can be a very effective way
to get the best possible terms.
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Physician Employment Contracts

Contracts between physicians and their employers, and the
details within the contracts, are very important to both the
physician and the employer. Whether the employer is a phy-
sician practice or a hospital, a contract is generally offered to
a physician by the employer, and then it is carefully refined
through negotiations between the two parties over the course
of one or several months before signatures occur. Because of
the importance of the contract, as well as the potential legal
nuances that must be taken into account when developing
medical service contracts, it is always advisable to have an
attorney involved with the development and ratification of
physician employment contracts, for the benefit and protec-
tion of all parties involved.

Typically, physicians are incentivized in their contracts to
produce income into the business. These incentives can be
structured a number of different ways, from very compli-
cated formulas involving combinations of productivity, cost,
and quality of care to very simple arrangements, wherein the
physician simply gets paid a percentage of the revenue he
generates. Based on the physician’s performance and the
employer’s organizational structure, there may be an oppor-
tunity for partnership if the physician performs well over a
period of time. If a partnership opportunity exists for the
physician, some of the basic parameters of the partnership

topic should be included in the contract. Examples of these
parameters include the performance level required to earn a
partnership offer and the basic components of the partnering
process.

Any verbal promises made or “handshake” terms should
be included in the written contract. There should not be a con-
tract that only includes some of the terms and also a side ver-
bal understanding of other terms. It is in the best interest of all
parties to have clear and complete terms in a written contract.
After all, a contract will determine each party’s actions not
only when things are going well but also if things don’t go
well. Issues such as a noncompete, termination processes,
and other “divorce” terms should also be spelled out in the
contract. A noncompete clause can potentially force a physi-
cian to move to a different city or state and restart his practice
there, so it is a crucial component of the employment con-
tract. Again, it is advisable to get an attorney involved early
and often in a contracting process. It is wise to choose an
attorney based on trust and to keep in mind that his fees are a
small price to pay for the legal protection that he provides.
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Drug Divergence and Vigilance

Kasra Amirdelfan

Key Points

* Opioids and opiates for acute and chronic pain

e Risk of noncompliance, abuse, and diversion with
opioids

* Risk mitigation

o Utilization of opioid agreement for patient compliance
guidelines

e Appropriate
management

e Prescription Drug Monitoring Program (PDMP) as a risk
management tool

* Urine toxicology examination as an objective measure of
compliance

documentation for reasonable pain

Introduction

Opioid and opiate medications are also among the most
abused substances for recreational purposes due to their
euphoric effect. These substances have been shown to have
direct activity on the ventral tegmental area and the nucleus
accumbens in the central nervous system (CNS). It is cer-
tainly not surprising that opioid prescriptions are also the
subject of diversion and abuse in the United States and
around the world. However, these medications continue to be
an integral tool for the treatment of acute and chronic pain,
largely due to the lack of equivalent efficacy in other analge-
sic medication groups available.

As such, the prescribing clinician not only has a profes-
sional obligation to treat the pain patients with the most effi-
cacious medications but he/she also has the task of doing so
in a safe and responsible manner in order to mitigate any risk
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of diversion or abuse. The management of such a risk is pos-
sible by the utilization of some proven tools in the daily prac-
tice of pain management by any provider.

Background

Opioid analgesics have been shown to have the highest rate
of diversion and recreational abuse, among other medica-
tions with such a potential. Benzodiazepines are the second
most abused family of prescription medications. Although
there is no absolute indication to utilize benzodiazepines in
pain management, many pain physicians in the United States
and around the world continue to use these medications as
adjuvant therapy for pain control.

As pain management continues to gain popularity as a
specialty, the rate of prescriptions for such medications is on
the rise. The treatment of chronic pain with scheduled medi-
cations is also increasing in the primary care clinics. A
responsible and educated treatment plan is the only method
to provide the patient with appropriate pain control. Such a
plan will also safeguard both the provider and the patient
from aberrant drug behavior including untoward severe side
effects.

Implementation

Opioids and opiates are some of the most effective molecules
in the control of nociceptive pain. As such, their utilization for
pain management will continue to grow. However, with over-
doses, diversion, and drug abuse on the rise all around the
world, the spotlight is on responsible prescribing in order to
mitigate all risks, as much as possible. The governing agencies
have a particular goal in accomplishing this task. Although,
there is never a substitute for sufficient provider education and
a responsible approach to any treatment, there are three key
methods, which will assist the prescribing provider in the
reduction of diversion and risk mitigation. The authors would
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like to emphasize that the described methods below are not the
only ways to reduce risk. But these methods have indeed
gained increasing popularity due to their effective implemen-
tation as the standard of care for responsible controlled sub-
stance prescribing in the United States and the developed
world.

Opioid Agreement

The opioid agreement (See Appendix 4), otherwise known as
the “opioid contract,” is currently the standard of care for all
providers who prescribe controlled substances to treat
chronic pain. Despite its prevalence, there is a lack of unified
approach to this document. However, it maintains its roles as
an effective tool in risk mitigation. The primary purpose of
this document is to establish mutual understanding of the
level of discipline required for the prescription and con-
sumption of opioids and other controlled substances between
the doctor and the patient. It is important to note that the
agreement is not a binding “contract” which would hold any-
one legally liable; however, it is a written documentation
outlining the guidelines required by the physician and the
clinic. The guideline will likely contribute to improved
patient compliance and understanding of the prescribing pro-
cess at any given healthcare center. Such a document will
prevent misunderstandings and potential conflicts between
the prescriber and the patient. For example, the document
may outline the clinic’s policy on after hours refill requests,
frequent emergency room visits, or overconsumption of
medications. Although there are always exceptional circum-
stances to any guideline, the opioid agreement sets forth an
initial theme for the patient’s treatment at any pain physi-
cian’s office.

Moreover, the opioid agreement may also provide addi-
tional information regarding the nature of opioids and the
reason they are typically prescribed for pain as an informa-
tive to alleviate the patient’s concerns regarding such medi-
cations. This portion of the agreement, also known as the
“opioid monograph” (Appendix 5), may also provide further
information regarding abuse, addiction, and overdose in
order to educate the patient about the nature of these medica-
tions and their potential risks.

The opioid agreement is typically given to the patients as
part of their initial intake packet. The patient and the physi-
cian both sign this document in order to acknowledge its
content as part of the patient’s permanent clinical record. If
the patient chooses not to sign the opioid agreement, a dis-
cussion between the doctor and the patient, regarding the
reason why, may be warranted. The most common reason for
this inaction is a lack of understanding of what this docu-
ment entails. Despite a discussion, should the patient refuse
to acknowledge the agreement, the physician may choose to

refrain from prescribing any controlled substances for the
patient as a mutual protective measure. As an additional
informative effort, the physician and the clinic may ask the
patient to revalidate their opioid agreement on a periodic
basis, for example, annually. Although there is no guarantee,
such an informed consent can potentially mitigate risk
through education and encourage compliance with the treat-
ment regimen. Retrospective studies have demonstrated high
rates of compliance with opioid agreements among the pain
patient population. As such, opioid agreements, including
opioid monographs, are universally used at facilities provid-
ing care for pain patients with controlled substances. A sam-
ple of an opioid agreement is provided at the end of this
chapter.

Documentation and Prescription Drug
Monitoring Program

The importance of documentation has been instilled in every
provider’s skill set from the beginning of his or her training.
The significance of good documentation takes a new level of
importance in the treatment of pain patients. Thorough docu-
mentation will chronicle the appropriate and necessary care
provided for the pain patient from their first evaluation.
Moreover, it will provide historical data on the discipline of
the provider in responsible prescribing, as well as the
patient’s level of compliance. The records will of course also
reflect the treatment outcomes throughout the patient’s care.

Organized documentation will also provide a clear level
of communication among providers who may care for the
same patient at the same or various treatment centers. Some
of the key points which should be documented throughout
the patient’s pain treatment are the informed consent via opi-
oid agreement, precautions and education regarding all pre-
scribed treatment, potential hazards and drug interactions,
and any history of aberrant drug behavior.

The Prescription Drug Monitoring Program (PDMP) has
quickly become an invaluable tool for the pain practitioner in
the ongoing risk mitigation process. The program, initially
designed by the Department of Justice, is a statewide elec-
tronic database containing controlled substances dispensed
for each individual within that state. Providers are then
authorized to utilize the database in order to mitigate aber-
rant behavior such as obtaining pain medications from mul-
tiple prescribers. The pain practitioner is able to check a
patient’s prescription history by signing on to the PDMP por-
tal within his or her state in order to evaluate each patient’s
prescription medication behavior. If the patient has obtained
similar medications from other physicians while under the
care of one provider, the risk of abuse and diversion is likely
to be much higher. This is especially true if there is a signed
opioid agreement in place with the patient and the physician.
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The provider may choose to taper and discontinue controlled
substance prescriptions for that patient to reduce risk to the
patient and potential diversion.

Although there are no clear recommendations on the fre-
quency of PDMP checks, quarterly evaluations on at-risk
individuals may be warranted. Despite the fact that the pro-
gram was conceived through the Department of Justice, it is
important to note that each state has complete jurisdiction on
their respective PDMP programs. As such, there are varia-
tions in its implementation and the reported medications
based on the legislative regulations of that particular state.
Currently 49 states and the District of Columbia have opera-
tional PDMP programs). Of course, the prescriber’s partici-
pation and utilization of the program is absolutely necessary
to mitigate the risk of prescription drug abuse and diversion.

Urine Toxicology Examination

The physician may, in good faith, prescribe the appropriate
medications for the patient for optimal pain relief due to a
diagnosed condition. The patient may not only be obtaining
the prescription from the physician but he or she may also be
reporting to be fully complaint with the regimen. However,
the only objective manner in which the physician may at
least ensure some compliance with the medication consump-
tion is a toxicology examination. The urine toxicology
examination or the urine drug test (UDT) is the most com-
mon method to obtain this information; however toxicology
examination can be done through other methods, such as
blood or saliva samples. The physician may request a sample
from the patient at the initial evaluation, and at random,
thereafter. Lack of the prescribed medication or the presence
of other medications or street drugs in the UDT may demon-
strate the risk of abuse and/or diversion for that patient. The
physician will need to have a clear understanding of the
metabolism of each controlled substance in order to be able
to appropriately interpret the UDT results. For example,
hydromorphone is a metabolite of hydrocodone. Therefore a
patient who has been prescribed a hydrocodone prescription
will likely test positive for both hydrocodone and hydromor-
phone. Moreover, it is important to understand that the UDT
will not provide a quantified measure of how much medicine
the patient may have consumed. The provider will need to be
aware that despite the fact that the patient may test positive
for a prescribed medication, it is possible that some of the
medication may have been diverted elsewhere.

It is important to note that UDT should not be reserved for
patients at higher-risk levels since inherent risk may not be
readily apparent in patients with a history of compliance and
lower-risk profiles. Although the physician may choose to
test such patients at a lower frequency, some UDT testing for
all pain patients on controlled substances is recommended.

Current guidelines suggest testing patients at high risk in a
range of 4 times per year (quarterly) up to monthly, depend-
ing on the physician and clinic preferences. The low-risk
individuals would be tested at a much lower frequency, but at
least annually. All UDTs should be administered at random
for obvious reasons.

Conclusion

The notion of substance abuse has long been present as an
aberrant human behavior within our very nature. The advent
of modern pharmaceutical-grade medications, with abuse
potential, has created a new epidemic of substance abuse in
the United States and around the world. The epicenter of pre-
scription medication abuse is the continuation prescription
of such medications to individuals at risk and their subse-
quent diversion of these medications to the “street user.” The
provider has a professional obligation to treat pain in the best
of his or her ability. However, the provider also has the pro-
fessional and moral obligation to monitor at-risk behavior to
prevent abuse and diversion. Although there are no absolute
safety measures, which can ensure the prevention high-risk
behavior, certain actions by the provider can help reduce
such a risk to a reasonable degree.

The opioid agreement and monograph have become the
standard of care as a first-line measure to outline the patient’s,
as well as the provider’s, obligations to ensure compliance with
the prescribed regimen. Diligent documentation of the treat-
ment plan will assist in providing consistent care and mutual
protection. It will also help the provider against any potential
conflicts or discrepancies regarding the care of the patient. The
utilization of the PDMP program in each state in the United
States will ascertain the prescriber is the only individual pre-
scribing the controlled substances for any particular patient.
Finally the UDT will be an objective measure of the patient’s
consumption of the prescribed medication, as well as the con-
sumption of other controlled substances, prescribed or illegal,
which have not necessarily been reported to the healthcare pro-
vider. The employment of these efforts in any healthcare prac-
tice caring for pain patients will ensure that all patients may
obtain the care they need and reduce the risk to the patient,
provider as well as the society by a reasonable degree.
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Informed Consent

Olabisi P. Lane

Key Points

* A discussion is required between the patient or legal rep-
resentative and the healthcare provider regarding pro-
posed medical treatment.

* Informed consent recognizes the patient’s right to auton-
omy and decision-making.

» Full disclosure of all required elements of informed con-
sent including risks, benefits, and alternatives must be
provided.

* Must include enough detail to allow a reasonable person
to make an informed decision.

* The patient’s competence must be assessed and all ques-
tions answered.

e For patients over 18 years of age and emancipated minors,
parents or legal guardians of minors are able to provide
informed consent.

e Communication barriers must be appropriately addressed.

* Documentation of the informed consent process is
required.

Introduction

Informed consent is a practice whereby the patient or legal
representative and the healthcare provider have a discussion
about the proposed medical treatment, alternatives, conse-
quences, risks, and benefits. It is a necessary part of provid-
ing health care and recognizes the patient’s right to
self-determination and decision-making. This process
applies to all medical care decisions where one or more alter-
natives exist, including the option of no treatment at all, and
gives the patient the right to make their own decisions. As
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such, informed consent is needed prior to receiving sedation
and anesthesia, undergoing a nonroutine or invasive proce-
dure, receiving blood products or blood components, and
participating in IRB to name a few. If informed consent can-
not be obtained and there’s an emergency situation that is a
direct threat to the life or health of the patient, then the pro-
vider can proceed with the emergency treatment. In this cir-
cumstance a second medical opinion should be obtained and
documented.

Considerations

The disclosure of the following elements is required to
ensure the informed consent process is complete:

—_

. A proper explanation of the condition requiring
treatment

. A description of the proposed treatment

. The potential risks and benefits of the treatment

. The probability of success with the proposed treatment

. Potential consequences of forgoing the treatment

. An explanation of reasonable alternatives, including
associated risks and benefits

. The material risks of the treatment

. The role of ancillary service representatives such as ven-
dors in the treatment plan

AN AW

[c el

The physician should assess the patient’s mental capacity
prior to obtaining informed consent. Patients who are incom-
petent, incapacitated, or unable to make informed decision
still retain their autonomy. It is the responsibility of the med-
ical team to ensure when a patient is not competent that their
advance directives are followed or they are represented by
their medical power of attorney or authorized legal guardian
to provide substituted judgment.

For patients who are competent and over 18 years of age
and emancipated minors in some states, parents or legal
guardians of minors are able to provide informed consent. At
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least one parent should be present to sign the consent,
although the consent of both is preferred. If either parent or
legal guardian is unavailable, then decision is sought in the
court of law. If a communication barrier exists (i.e., a patient
that speaks a foreign language) is blind or deaf then an inter-
preter should be utilized. Ideally, family members should not
serve as interpreters.

An adequately detailed explanation for a reasonable per-
son to make a decision is required and must be provided dur-
ing the informed consent process. The patient’s understanding
and preference must also be assessed. This process may
occur at one meeting, or across multiple encounters.

The written consent form must be completed and verified
in the patient’s medical record prior to the proposed treat-
ment. The documentation should include the date and time,
the identity of those who will participate in the process, and
the documentation of all the required elements that were dis-
cussed. The healthcare provider should document that the

patient understood the information provided and was given
adequate time to ask questions, all questions were appropri-
ately answered, and an agreement was made to start the pro-
posed treatment planned. The consent expires after the
procedure is completed. A new consent must be obtained for
future procedures.
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Technology and Application

Advancement

Steven M. Falowski

Key Points

e The field of pain medicine has seen a paradigm shift away
from chronic opioid therapy in favor of sustainable inter-
ventional therapies.

e Technology advancement is a multifactorial process that
includes physicians, societies, and industry.

* The driving factor for applying technology and advancing
the field is a patient-centered approach that is propelled
by research and publication.

Introduction

Chronic pain has always been a significant burden to patients,
society, and health care. It is associated with rising health-
care costs and a shift onto physicians to alleviate patient suf-
fering. Medications have been a hallmark in the treatment of
pain, with opioid therapy being in the forefront. This has
fallen short in being an effective therapy and has led the field
to look for alternative options. These options largely fall
upon interventional therapies. It is because of this paradigm
shift that advancement of these therapies through technology
and continued research is paramount in the success of the
pain management field.

Technology Advancement

Physicians face significant challenges in treating chronic
pain. Given the long-term negative effects of chronic opioid
therapy, there is more importance on alternative treatment
options. This is a paradigm shift from previous practice
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standards and places an emphasis on the importance of inter-
ventional therapies. Although these therapies have existed
and been utilized, this shift in our thought process has led to
a need for improved technology and research development.
The sustainability of the therapy has become just as impor-
tant as the efficacy. Industry, physicians, and society all play
an important role.

Interventional therapies can range in invasiveness and
vary from epidural steroid injections, facet blocks, and rhi-
zotomies to the surgical procedures such as spinal cord stim-
ulation. It is well known that earlier intervention in treating
chronic pain leads to better success rates. This has been dem-
onstrated in neuromodulation, and in particular with spinal
cord stimulation (Fig. 92.1). This has therefore positioned
neuromodulation earlier in the treatment paradigm.

Spinal cord stimulation has commonly been used to treat
post-laminectomy syndrome, as well as complex regional
pain syndrome. It has been based on the premise of paresthe-
sia coverage of the painful area. Technological advance-
ments and progressive research changed this mindset and led
to the advancement of waveforms, new targets, and expand-
ing indications. At the forefront of this changing mindset is
DeRidder burst stimulation, high frequency stimulation, and
dorsal root ganglion stimulation. Each of the novel therapies
has been extensively studied and backed by level one evi-
dence for its safety and efficacy.

DeRidder burst stimulation (Fig. 92.2) is based on appro-
priate spinal mapping, as well as research pertaining to spi-
nal pathways and central nervous system interpretation of
pain. It offers paresthesia-free coverage, as well as the ability
to utilize tonic stimulation when desired. High-frequency
stimulation at 10,000 Hz offers paresthesia-free stimulation
with improved patient outcomes compared to traditional
tonic stimulation. Dorsal root ganglion stimulation
(Fig. 92.3) signifies the change in neural targeting and offers
expanded indications for which spinal cord stimulation
either had difficulty in delivering pain relief or was not
considered.
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The importance of these therapies lies in the advancement
of technology leading to improved patient outcomes. They
have confirmed the efficacy seen with traditional tonic spinal
cord stimulation and opened the door to continue the para-
digm shift away from chronic opioid therapy. It signifies the
importance of continued level one evidence, a patient-
centered approach, and improvements in products.

Conclusion

Technology advancement is a multifactorial process that
includes physicians, societies, and industry. The driving fac-
tor is a patient-centered approach that is propelled by research
and publication. Neuromodulation has seen a paradigm shift
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Fig.92.3 Placement of dorsal root ganglion leads

in its evolution and is being driven by level one evidence.
Earlier intervention with these therapies combined with
groundbreaking research and technology has and will con-
tinue to improve our success.
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Society Engagement

Haroon Hameed

Key Concepts

e Pain medicine and interventional pain management com-
munity has a wide array of societies available for its edu-
cation and support.

* The choice of which societies to choose for involvement
should be based on the individual interests of each physi-
cian and surgeon.

93

decades to come. The name of Dr. John Bonica who engi-
neered its formation, first meetings, its journal “Pain,” as
well as the first pain medicine fellowship in the United Sates
at the University of Washington, has been linked to numer-
ous awards across pain societies bestowed as a mark of
excellence and distinction. It has contributed heavily to the
advancement of education, and research in pain, and its
meeting, conducted once every 4 years remains the premier
international pain society meeting.

Introduction

The pain medicine, or for some of us, the interventional pain
management community have several national and a multi-
tude of state societies who promote pain-related education,
research, and advocacy. The nature, scope, and purpose of
each society differ to a degree, while many of their functions
and goals overlap significantly. Basic information regarding
the history, purpose, and activities of some of the more
prominent of these organizations are presented below, as
defined at the time of this writing.

International Association for the Study
of Pain (IASP)

TASP is the first society that was created specifically with the
intent to create a community of physicians and scientists to
further the study and knowledge of pain. From its inception
in 1973-1974, it had within it the visionary leaders who
would shape the landscape of leaders in pain research for
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American Pain Society (APS)

This is the American branch of the IASP, founded in 1977 by
Dr. John Bonica and other nationally prominent pain physi-
cians, surgeons, and scientists. It is unique among other
widely respected national pain societies in that it holds non-
physicians and surgeons, such as psychologists, nurses,
pharmacists, and dentists within its active members. It has a
strong dedication to the advancement of research, education,
and advocacy for the multidisciplinary treatment of pain and
has the largest pain-related annual meeting within the United
States.

American Academy of Pain Medicine (AAPM)

This society was formed in 1983 initially as the American
Academy of Algology. It was founded by prominent mem-
bers of the APS, and its active members are limited to physi-
cians and surgeons, though it includes nonphysicians within
its affiliate member track. It has an interest in both physician
and patient education and advocacy and, along with the
American Society of Anesthesiologists, has been involved in
advocating for pain-related issues within the American
Medical Association for decades.
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Spine Intervention Society (SIS)

This interventional pain and spine society was initially
formed in 1988 as the Needle Jockey Club, a society of inter-
ventional pain management physicians; following a meeting
of the North American Spine Society, a society of primarily
spine surgeons. The founding members include Nikolai
Bogduk, Charlie Aprill, and others whose research heavily
contributed to the advancement of pain intervention-related
scientific evidence, standards, and clinical practice. Their
annual meeting is still considered one of the main clinically
oriented interventional pain meetings. They also offer a
number of clinical workshops for those interested in learning
or advancing their interventional skills.

American Society of Interventional Pain
Physicians (ASIPP)

Laxmaiah Manchikanti and others formed this society in
1998, with the primary intent of advancing scientific evi-
dence and maintaining patient access to Interventional Pain
Management procedures. They have a very strong history of
advocacy at the state and federal level and were integral in
the recognition of the practice designation of “Interventional
Pain Management” at the federal level as well as its inclu-
sion on national Carrier Advisory Committees (CACs)
thereby increasing the influence of interventional pain physi-
cians on federal and private payment schedules. ASIPP was
also integral in the passage of the first electronic prescription
reporting legislation known as the National All Schedules
Electronic Reporting Act in 2005. They continue to have
annual meetings with an emphasis on the advancement of
scientific evidence, coupled with a strong lobbying compo-
nent to their societal activities.

American Society of Regional Anesthesia
and Pain Medicine (ASRA)

This is the regional anesthesia and pain medicine division of
the American Society of Anesthesiologists. Their annual fall
pain meeting remains one of the most academic, comprehen-
sive, and research-based pain meetings in the country. The
faculty of ASRA meetings typically consists of highly aca-
demic and well-published leaders in the pain medicine
community.

North American Neuromodulation Society
(NANS)

The North American Neuromodulation Society was formed
in 1994 and has among its current and previous faculty and
leadership the entire breadth of scientific and advocacy lead-
ers with regard to neuromodulation. Although initially started
with a focus on spinal cord and deep brain stimulation and
intrathecal therapy, it has grown to encompass physicians and
scientists with interests in neuromodulation-based therapies
for hearing and visual impairment, bladder dysfunction, and
other treatments on the forefront of medical research. Its
annual meeting includes faculty and attendees from some of
the widest ranges of specialties within medicine.
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Pain Care Advocacy

Haroon Hameed

Key Concepts

* Changing political and economic realities are placing
increasing pressure on the practice of medicine in gen-
eral, and pain medicine and interventional pain manage-
ment in particular.

e Involvement in state medical societies and the American
Medical Association is still a relevant approach to influ-
encing the local and national practice of medicine.

e Involvement in pain-related specialty societies with a
goal of increasing physician member involvement in
health policy initiatives may be an option for those with
an interest in influencing their professional destiny

Background

The political and economic setting in which physicians prac-
tice medicine has changed dramatically over the last nearly
20 years since the Balanced Budget Act of 1997 was passed,
linking increases in Medicare and Medicaid payments to the
growth of the US GDP and creating the so called sustainable
growth rate (SGR) formula. The SGR was finally repealed in
April 2015, but the changes enacted by legislation between
1997 and 2015 gradually intensified the pressure on physi-
cian and surgeon practice by decreasing reimbursements and
essentially increasing the Medicare cost per patient by non-
provider entities. In particular, the Medicare Modernization
Act of 2003 increased payments to the pharmaceutical indus-
try through enactment of Medicare Part D and decentralized
Medicare by creating Medicare administrators with the pri-
mary stated goal of decreasing Medicare expenditure by
reducing the centralized inefficiency of the Medicare system
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and the promise of billions of dollars in savings. On the con-
trary, the Medicare administrator system ended up costing
tens of billions more than expected over the last decade,
thereby increasing Medicare costs per patient.

Later, in 2010, the Patient Protection and Affordable Care
Act was passed incorporating several provisions that will
prove to be challenging for both practicing physicians and
surgeons and maintaining patient access to their care.
Specifically the Independent Payment Advisory Board, which
comes into force in 2015, is thought to place a significant
challenge for pain physicians as cuts to payments for special-
ists are expected. In addition, the Accountable Care
Organization (ACO) paradigm enacted in 2010 will come
into force over the next few years. The essential principle of
which relies on the decreased use of expensive resources such
as laboratory data, imaging, and surgical and interventional
procedures to create savings, which will be then divided
between the various players within the ACO and the Medicare
administrators. Despite the fact that the SGR has been
repealed, within the bill that repealed it, is a language stating
that the formula is being repealed as an interim solution until
the full implementation of the Accountable Care Organization
paradigm within 5 years.

Inevitably, the changes and challenges mentioned above
have created environment of consistently declining physi-
cian, and particularly specialist and procedural reimburse-
ments. These declines are often reflected not only in both
Medicare and Medicaid reimbursements but also within
new and renewal contracts between physician and surgeon
private practices and private insurance carriers. These
changes have led to a trend of hospital-employed physicians
and physician practices, consolidation of smaller groups
into large and very large physician practices, and in some
case acquisition of physician practices by investors, such as
private equity groups. All of these changes can potentially
place an increased burden on physicians to produce reve-
nue, over simply providing the best patient care. In order to
maintain sovereignty of our clinical practice, it is in the
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interest of physicians to engage all possible media to lobby
and advocate on behalf of the pain medicine and interven-
tional pain management community’s shared goals of main-
taining independent clinical decision making and increased
patient access to our care.

American Medical Association (AMA)

The American Medical Association remains the oldest and
most important national medical association in the United
States. Its primary functions include creating and lobbying
for healthcare policies and update and implementation of
its correct procedural terminology (CPT) and the related
relative value units (RVUs) that each code represents. The
values of RVUs are assessed through a committee of pri-
mary specialty society delegates by the AMA Specialty and
Service Society’s (AMA-SSS) Relative Value Scale Update
Committee (RUC). Through sale of licensing rights for
CPT coding manuals, the AMA generates hundreds of mil-
lions of dollars in revenue to fund its various goals and ini-
tiatives, which are created by the AMA House of Delegates
(HOD) and implemented by the board of trustees and the
AMA staff.

State Medical Societies

County and state medical societies are the most common
method of becoming more involved in organized medicine at
the local and state level. Ideally, through involvement in the
state medical society, one can become more involved in the
AMA by representing the state in the AMA-HOD, as state
societies hold the most numerous delegate seats within the
AMA-HOD and are commonly more influential than spe-
cialty society with smaller delegations.

American Medical Political Action
Committee (AMPACQ)

AMPAC is the political arm of the AMA and is responsible
for developing relationships with local and national legis-
lators, thereby advocating for priority policies and objec-
tives of the AMA and its House of Delegates. It also
provides many resources for physicians and surgeons,
including AMPAC campaign and candidate schools for
physicians and surgeons interested in more involvement in
politics.

Contractor Advisory Committees (CAC)

Contractor Advisory Committees, formerly known as Carrier
Advisory Committees, exist in each state and include repre-
sentatives of all primary specialty designations. In addition
to traditional pain-related primary specialties, e.g., anesthe-
siology, physical medicine and rehabilitation, neurology,
etc., they also include interventional pain management. The
primary purpose of the CAC is drafting Local Coverage
Determinations (LCD) which delineate the necessary indica-
tions for the coverage of treatment rendered by federal insur-
ance companies, i.e., Medicare and Medicaid. They do not
produce guidelines for coverage by private insurance com-
panies, though often over time their policies significantly
influence coverage policies created by private insurers.

Specialty Societies

Many specialty societies are heavily involved in political activ-
ities. Within interventional pain management, the American
Society of Interventional Pain Physicians (ASIPP) has had a
yearly lobbying effort for over 15 years, and the North
American Neuromodulation Society (NANS) has recently
started a legislative fellowship to place young physicians with
an interest in health policy and advocacy in congress members’
offices. Other organizations such as the American Society of
Anesthesiologists have had many legislative awareness pro-
grams and internships that have been available for years.

Direct Political Involvement

Engagement of city, district, county, state, and national legis-
lators is one of the most traditional and reasonable ways to
develop personal and working relationships with those in the
political sphere that help shape health policy. A link to help
guide interested readers to their local, state, and national rep-
resentatives can be found below.
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Advanced Practice Practitioners

Haroon Hameed

Key Concepts

e Physician extenders are a vital component of the health
engagement model.

* Physician extenders can be classified as physician assis-
tants (PAs) or nurse practitioners (NPs).

* Practice autonomy and scope of practice needs to be con-
sidered when developing a model that includes physician
extender engagement.

Introduction

Health care in the United States is changing. The numbers of
patients that need to be served are growing. Estimates suggest
a provider shortage of nearly 61,000 physicians and almost
30,000 specialists. As volume pressures mount, along with
continued oversight on the development of quality reporting,
the reliance on physician extenders (PE), or midlevel provid-
ers, is crucial to develop a business model for success.

Physician Assistants (PAs)

PAs are advanced practice clinicians who obtain medical his-
tories, perform examinations, and procedures, order and
interpret diagnostic tests, refer patients to appropriate spe-
cialists, and diagnose. They may also assist in surgery as a
first assist.

Training to become a PA includes a Bachelor of Science
and 2000 or more clinical training hours during an accred-
ited program that is typically a 3-year program. Certification
is the granted following an exam, and state licensure is
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required. Mean starting salary at the time of this writing is
near $100,000.

Nurse Practitioners (NPs)

NPs treat conditions, perform examinations, procedures,
order and interpret diagnostic tests, prescribe and perform
procedures for treatment, and refer to other specialties as
needed. These providers can serve as a “point of entry” for
health care.

Training for NPs includes a Bachelor of Science, a Master
of Science, matriculation through an accredited nurse practi-
tioner program, which includes 500-700 clinical hours, and
then examination and state licensure. Mean starting salary
from $100,000. Further, in some states, NPs can practice
autonomously.

Oversight

As an employer, physicians need to appreciate the differ-
ences among physician extenders. When an encounter is
billed, it can be assigned to the midlevel provider or the phy-
sician, based on oversight and the type of the encounter.
Under current reimbursement structure, midlevel bill is
approximately 80% of what a physician would bill at the
same level of encounter. “Incident to” was created to desig-
nate a visit which supervision by a physician was performed
during the encounter, drawing a distinction from no over-
sight from a physician and allowing for billing of 100% the
physician rate. Each state has different requirements and
scope of practice designations, and the reader is directed
each state. Generally, PAs require on-campus “direct” super-
vision when billing “incident to,” while an NP does not.
Typically, extenders can see new patient encounters and
work-up patents with a new condition, but “incident to” can-
not be billed.

331

J.E. Pope, T.R. Deer (eds.), Treatment of Chronic Pain Conditions, DOI 10.1007/978-1-4939-6976-0_95


mailto:drharoonhameed@yahoo.com

332

H. Hameed

Scope of practice and chart audit oversight are recom-
mended on a scheduled basis, along with a clear delineation
of duties within the practice. Malpractice coverage is impor-
tant, and supervision strategies need to be clearly delineated.
Liability revolves around inadequate supervision. Study
compared claims from 1991-2007, and there was 1 payment
per 2.7 physicians as compared to 1 payment for 32.5 PAs
and 65.8 NPs, with mean payments higher for claims against
physicians. Risk mitigation strategies include written proto-
cols for scope of practice, malpractice crier notification when
hiring a midlevel and credential verification, among others.

Pain Practice Engagement Models

Many models exist engaging physician extenders in a multi-
modal clinic. Models are included in Table 95.1.

Physician Extender Considerations

Literature supports that the level of care provided by PEs and
physicians are comparable in the primary care and critical care
setting. Some management differences remain, including:

e Midlevel providers are more likely to prescribe a con-
trolled substance in the same clinical setting as compared
to a physician, especially in nonmetropolitan areas.

e In complex patients, physician extenders are less likely to
institute an appropriate treatment change than physicians,
after controlling for additional visit-specific factors,
including practice style, measurement, and organizational
factors.

Table 95.1 Pain practice engagement models

Resident/fellow staffing
model

PE see new and return patients and
staff, all of them with the physician on
site

Autonomous practice
model

NPs manage a patient cohort
independently within a practice

Integrated supportive Most common, PE see return visits

care model

e Referrals to a tertiary, academic center scored better from
physicians as compared to midlevel.

e Survey of physicians of rural and urban primary care
practices reflected that nonphysician providers had the
necessary skill to treat patients and improve practice out-
reach and community needs.

e Patients seen in subspecialty practice where physician
extenders are employed had a lower disease activity than
those patients that were seen in a practice served by a
physician subspecialist only.

Conclusion

PE are a vital component to the subspecialty clinic. Proper
scope of practice, supervision, expectation, and designation
of patient encounters will allow for creation of patient-
centric model that is fulfilling for all those engaged.
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Current Procedural Terminology

Haroon Hameed

Key Concepts

e CPT codes are alphanumeric codes that represent patient
care procedures and services.

e CPT codes are divided into three categories, i.e., I, II, and
111

e CPT Category I codes are associated with relative value
units, which are directly proportional to their monetary
value.

Introduction

Current Procedural Terminology (CPT) codes are a set of
alphanumeric character sequences that are used for reporting
and billing of patient care evaluation and management ser-
vices including office visits, procedures, medications, dura-
ble medical equipment, diagnostic procedures, vaccines,
performance measures, and other emerging technology
codes. The American Medical Association (AMA) devel-
oped CPT in 1966 and expanded it during the 1970s. In
1983, the Centers for Medicare and Medicaid Services
(CMS) mandated the use of CPT in addition to their own
coding system which is known as the Healthcare Common
Procedure Coding System (HCPCS) for Medicare Part B,
i.e., outpatient care services. By 1987, CMS adopted CPT
coding for outpatient hospital surgical services as well. The
AMA controls the CPT code update process and releases
updates in its CPT code manual on a yearly basis and also
through updates and clarifications in its “CPT assistant” ser-
vice. CPT codes are differentiated into three main categories,
i.e., Category I, II, and III. Category I codes are divided into
six sections, namely, evaluation and management, anesthesi-
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ology, surgery, radiology, pathology and laboratory, and
medicine. These codes must be reported in conjunction with
codes from the tenth edition of the World Health
Organization’s International Statistical Classification of
Diseases and Related Health Problems (ICD-10).

Classification
Category |

Category I CPT codes are five-digit numeric codes that spec-
ify distinct services or procedures, medications, vaccines,
and durable medical equipment, etc.

Category Il

Category II CPT codes are five-digit alphanumeric codes
that begin with four numeric characters followed by an
alphabetic character and are used for measuring and tracking
performance.

Category Il

Category III CPT codes are five-digit alphanumeric codes
that begin with an alphabetic character followed by a four
digit number and are used as temporary codes for emerging
technologies, services, or procedures.

CPT Editorial Panel

The CPT editorial panel is a 17-member panel comprised of
11 physicians who are nominated by National Medical
Specialty Societies and are confirmed by the AMA Board of
Trustees. There is one seat each for physicians representing
the American Hospital Association, the Centers for Medicare
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Medicaid Services, the Blue Cross Blue Shield Association,
and America’s Health Insurance Plans and two seats for CPT
Health Care Professionals Advisory Committee. This panel
is responsible for maintaining and updating existing CPT
codes and designating categories for new or emerging codes.

CPT Code Maintenance and Update Process

A CPT code application has three main components. The
first part involves a suggested code designation within a fam-
ily of Category I CPT codes with a short code descriptor,
included services if any (e.g., fluoroscopy), and parentheti-
cals to exclude any similar but either not validated or differ-
ent services or procedures. The second component is the
inclusion of commonly associated ICD-10 diagnoses. And
the last component is a vignette describing the service in
detail outlining the actual work of the service. Any individ-
ual, corporation, or medical society can request CPT code
changes. To satisfy inclusion as a Category I CPT code, the
interested party is responsible for confirming that the
requested code has been cleared by the FDA and must also
have data regarding frequency of performance in the United
States. They must also prove the requested service is appro-
priate and consistent with medical practice based on peer-
reviewed literature. If these demands are not met, but the
procedure or service is performed by and supported by at
least one CPT advisor, supported by peer-reviewed litera-
ture, or being studied by and institutional review board-
approved study in the United States, it will be awarded a
Category III CPT code. The AMA CPT committee meets
three times per year. Typically, there are winter, spring, and
fall meetings. Membership in the CPT committee is depen-
dent on active AMA House of Delegates (HOD) membership
by a specialty society though any interested individual or
party may attend after obtaining permission from the AMA.

Significance

The major significance of the CPT coding system began with
its adoption by the Centers for Medicare and Medicaid
Services, which led to its utilization by private payors for

reporting and valuation of its component codes. Category |
codes are associated with values known as relative value
units (RVU), which are estimations of the work or value of
the code and determined by the American Medical
Association’s (AMA) Relative Value Scale Update
Committee (RUC). After each CPT meeting, all member
societies receive a notice regarding their interest in the codes
that have been updated or created in the last meeting. The
interested societies send surveys to their members that they
then collect and then present this data to the RUC. The
assigned RVUs are then multiplied by a conversion factor,
which Medicare determines on a yearly basis to create its
actual monetary valuation. CMS’s monetary valuation is
based on compensation for physician labor and costs for ser-
vices rendered without consideration for profit. This mone-
tary valuation serves as a benchmark for valuation by private
payors and has traditionally been associated with a multi-
plier, which allows for a relative profit margin.

Conclusion

CPT codes are the standard for reporting provider proce-
dures and services. The CPT coding process is a complex
process that is overseen by the AMA and its 17-member CPT
editorial panel, as well as its constituent advisors that repre-
sent Specialty Service Societies that are members of the
AMA HOD. The importance of the CPT codes lies in the
relative value units that are assigned to each code and the
monetary value that each code is associated with.
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Practice Responsibilities Surrounding
Opioid Prescribing

97

Ahdev Kuppusamy

Key Concepts

* The development of a comprehensive opioid/treatment
agreement is an essential component of a successful pain
practice.

* The success of an opioid/treatment agreement relies on
excellent communication between physicians and their
patients, ensuring a thorough understanding of the goals
of such agreement.

Introduction

Approximately 26-36 million people abuse opioids world-
wide, with an estimated 2 million people in the United States
suffering from substance abuse disorders related to prescrip-
tion opioid pain relievers in 2012. The number of prescrip-
tions for opioids has escalated dramatically, from 76 million
in 1991 to over 207 million in 2013. The United States ranks
as the biggest consumer globally, accounting for almost
100% of the world total for hydrocodone and 81% for
oxycodone.

Considering these statistics, creating a comprehensive
opioid treatment agreement is an essential part in the devel-
opment of any pain medicine practice. In 1997, the Federation
of State Medical Boards (FSMB) undertook an initiative to
develop model guidelines and to encourage state medical
boards and other healthcare regulatory agencies to adopt
policies encouraging the safe and effective treatment of
patients with pain. These guidelines were updated in 2003 to
reflect the best available evidence. The model guidelines
highlight several key points to consider when developing an
opiate treatment agreement:
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e Goals of treatment, i.e., in terms of pain management,
restoration of function, and safety

o Patients’ responsibility for safe use of opiate medication
(e.g., prohibiting behavior such as self-escalation or using
the opioid in combination with alcohol or other sub-
stances; storing medications in a secure location and safe
disposal of any unused medication)

» Patients’ responsibility to obtain prescribed opioids from
only one physician or practice

e Periodic drug testing (as of blood, urine, or saliva)

e Periodic review of the state drug monitoring programs,
which are now available in 37 states

The development of an informed consent with the patient’s
signature is essential, and one of the most important parts of
this process and, in many ways, is complimentary and inclu-
sive of the opioid treatment agreement. This will help to pro-
tect physicians and their practices from third party and
vicarious litigation. The term “contract” should be avoided.

These consented agreements typically address (Fig. 97.1):

* Potential risks and anticipated benefits of chronic opioid
therapy, including potential side effects of pharmacologic
treatment

e Risk of drug interactions and side effects, including, but
not limited to, constipation, itching, nausea, over-
sedation, respiratory depression, impaired motor skills
(affecting driving, operating heavy machinery, making
important decisions, and other tasks)

¢ Risk of opioid misuse, dependence, addiction, and over-
dose and the limited evidence as to the benefit of long-
term opioid therapy

e The physician’s prescribing policies and expectations.
For example, clearly delineating the physician’s policy on
early refills and replacement of lost or stolen
medications

e Specific reasons for which drug therapy may be changed
or discontinued (including violation of the policies and
agreements spelled out in the treatment agreement)
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CONTROLLED SUBSTANCE AGREEMENT
AND INFORMED CONSENT
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Fig. 97.1 Sample treatment agreement provided with the permission
of pain doctor

Conclusions

Since the CDC recommendations surrounding opioid use for
non-cancer-related pain, there has been an increasing focus
on opioid use in the United States. Safe strategies and prac-
tice protocols are essential to help ensure safe prescribing for
this service line that is an essential component of multimodal
pain care.
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Surgical Implant Efficiency

Brenda Beck

Key Concepts

e Operating room efficiency may save time and money
without compromising quality.

e “Lean production” or removing steps that are of little
value to the patient can decrease waiting time for patients
and improve quality of care.

e Standardized operating room layouts as well as equip-
ment can decrease the likelihood of slowing the proce-
dure or the potential of harming the patient.

* Basic knowledge of operating room surgical equipment,
nomenclature, and technique are imperative for the oper-
ating physician to master.

Introduction

Due to rising health-care costs, maximizing perioperative
efficiency is paramount to reduce waste, decrease person-
nel cost, and increase financial performance. A lean process
strategy (as reflected by the Toyota Production System)
eliminates “waste” that may absorb time, personnel, or
resources that do not add to the value or efficiency of
patient care. On-time starts, eliminating the collection of
redundant patient information before the start of a proce-
dure, and reducing operating room turnover times may
improve overall efficiency without compromising patient
quality of care.

B. Beck, DO (<)

University Hospitals, Department of Anesthesiology, Division of
Pain Management, 11100 Euclid Ave, Cleveland, OH 44106, USA
e-mail: Brenda.beck@uhhospitals.org
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Standardized operating room layouts and procedural as
well as surgical equipment may help to maintain workflow in
the operating room, decrease patient operating room expo-
sure time (which can lead to a lower rate and risk of infection
to the patient), and decrease the potential for operating room
personnel mistakes or potential errors that may harm the
patient.

Having a standard surgical pull sheet for an implant pro-
cedure may be helpful in preventing delays and longer surgi-
cal exposure time for the patient and can help to maximize
efficiency and quality of care.

The physician should have a basic knowledge of the
nomenclature of surgical equipment and the basic tools used
during a surgical implant procedure (see Appendix 3). A
basic minor surgery set should include, but not limited to,
instruments designed to cut, grasp, control bleeding, retract,
and clamp. Wound care supplies should also be readily avail-
able. Different wound dressing techniques can be at the dis-
cretion of the physician.

Conclusion

Creating a responsive surgical care delivery is helpful on
many fronts; most importantly, it optimizes patient care by
reducing surgical site infection. The patient centric strategy
associated with the tasking of the personnel during the sur-
gery will reduce costs of the surgery site and improve patient
care and physician efficiency.

Suggested Reading
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Appendix 1

Permanent Implant Targeted Drug Delivery

Procedure reference card

Procedure: Permanent implant-targeted drug delivery
Anesthesia: MAC

Preoperative antibiotic: Vancomycin or weight-dosed Ancef; if
penicillin allergic, consider clindamycin

Skin prep: Double prep — chlorhexidine sponge prep then
Chloraprep stick— wide prep of thoracic and lumbar spine
Nurse notes:

Safety strap around legs and buttocks

Position of patient: Left lateral decubitus position Grounding pad needed

Radiology: Fluoroscopy with tech for the case

Medication Drapes

1% lidocaine with epinephrine Basic pack

+/— mixed with 0.25% Marcaine for local skin infiltration Laparotomy drape

1 gram vancomycin (powdered) which will be C-arm drape

spread into wounds before closure Probe cover (needed for interrogation of battery)
Irrigation: Half drape

Bacitracin 50,000 units
Polymyxin B 500,000 units
500 cc of PF normal saline

Instruments and equipment

Sterile supplies

Mini set

Weitlaner retractor (small and large)
Adson tissue forceps (rat tooth pick ups)
Debakey vascular forceps

Needle driver (2)

Senn retractor/army navy (hold)
Medication cup (2)

Kidney basin

Suture scissors

Metzenbaum scissors

Tenotomy scissors

Mosquito clamps (4)

Spinal cord stimulator lead kit (supplied by preferred vendor)

Bovie — unipolar vs. bipolar

Ioban antimicrobial incise drape: 23" x 17"
Towel packs

Raytec sponges

Suction tubing

Yankauer

Skin marker

Light handles

Needle mat

Bulb syringe

Loss of resistance syringe

10 cc syringe (2)

25 gauge needle (for local infiltration)

Spinal cord stimulator internal pulsed generator — SCS battery Dermabond
(supplied by preferred vendor) 4 x4’s
Telfa (2)
Tegaderm (large)
Gown
Gloves
Abdominal binder
Closure
O Ethibond pop offs

2-0 Vicryl CT2 pop offs (1-2 needed)
3-0 Monocryl (1-2 needed)
Skin stapler (if desired)

© Springer Science+Business Media LLC 2017
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Appendix 2

Spinal Cord Stimulator i Permanent Implant

Procedure reference card

Procedure: Spinal cord stimulator — permanent implant
Anesthesia: MAC

Preoperative antibiotic: Vancomycin or weight-dosed Ancef; if
penicillin allergic, consider clindamycin

Skin prep: Double prep — chlorhexidine sponge prep then Chloraprep
stick — wide prep of thoracic and lumbar spine
Nurse notes:

Safety strap around legs and buttocks

Position of patient: Prone with arms above head on plexiglass board Grounding pad needed

or hanging from sides; 1-2 pillows underneath patient’s abdomen to

mildly flex the spine

Radiology: Fluoroscopy with tech for the case

Medications Drapes

1% lidocaine with epinephrine Basic pack

+/— mixed with 0.25% Marcaine for local skin infiltration Laparotomy drape

1 gram vancomycin (powdered) which will be spread into wounds C-arm drape

before closure Probe cover (needed for interrogation of battery)
Irrigation: Half drape

Bacitracin 50,000 units
Polymyxin B 500,000 units
500 cc of PF normal saline

Instruments and equipment

Sterile supplies

Mini set

Weitlaner retractor (small and large)
Adson tissue forceps (rat tooth pick ups)
Debakey vascular forceps

Needle driver (2)

Senn retractor/army navy (hold)
Medication cup (2)

Kidney basin

Suture scissors

Metzenbaum scissors

Tenotomy scissors

Mosquito clamps (4)

Spinal cord stimulator lead kit (supplied by preferred vendor)

Bovie — unipolar vs. bipolar

Ioban antimicrobial incise drape: 23" x 17"
Towel packs

Raytec sponges

Suction tubing

Yankauer

Skin marker

Light handles

Needle mat

Bulb syringe

Loss of resistance syringe

10 cc syringe (2)

25 gauge needle (for local infiltration)

Spinal cord stimulator internal pulsed generator — SCS battery Dermabond
(supplied by preferred vendor) 4x4’s
Telfa (2)
Tegaderm (large)
Gown
Gloves
Abdominal binder
Closure
O Ethibond pop offs

2-0 Vieryl CT2 pop offs (1-2 needed)
3-0 Monocryl (1-2 needed)
Skin stapler (if desired)
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Appendix 3

Sample Pull Sheet for Intrathecal Pump Insertion

Medications Equipment/preparation Room setup Positioning

Nonionic contrast (Omnipaque) | Bean bag Fluoroscopy available Patient laterally (nonsurgical
side down)

Triple antibiotic ointment Bovie Standard anesthesia equipment

Axillary role in place

Bacitracin 50,000 units (in
1000 mL sodium chloride*)

Alcohol and 2 large Chloroprep (26 mL)

Blankets and safety strap for
the lower extremities

Lidocaine 2% with epinephrine
and 0.5% bupivacaine plain

Sterile gloves and gown

Dermabond for dressing

Axillary roll

Bac-neo-poly ointment 28.4
grams

Yankauer suction with tubing

*Sodium chloride 0.9%
1000 mL Irrigation

Sponges (10 pack), drapes, towels, ioban

Surgical 10 blade, spinal 25 gauge
needle, syringes (10 mL and 20 mL)

Intrathecal pump equipment
and medication

Sterile cover for the fluoroscopy

Kidney basin

Mastisol, suture

Adapted from “Intrathecal Pump Insertion Pull Sheet, Permanent.” Dr. Salim Hayek, MD, PhD. University Hospitals Case Medical Center,
Cleveland, OH (used with permission)
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Appendix 4
Example of Opioid Agreement

Opioid medications are used to treat moderate-to-severe
pain. This sheet is meant to inform you of the more serious
risks of opioid medications that your doctor is prescribing to
be certain you are informed of them. This list is not all
inclusive.

There are short-acting formulations and extended-release
formulations of opioid medication. The extended release for-
mulations should NEVER be broken, crushed, chewed, or
damaged and are meant to be time-release formulations.

Risks

1. The most important risk of opioid includes death due to
overdose which is often associated with respiratory
depression. Overdose symptoms may include extreme
drowsiness, confusion, pinpoint pupils, weak pulse, cold
and clammy skin, shallow breathing, fainting, or breath-
ing that stops. If these symptoms occur, the medication
should be discontinued immediately, and emergency
medical attention needs to be sought immediately.

2. The risk of overdose is significantly increased when the
medications are taken in larger doses than prescribed, or
the opioid medications are combined with other central
nervous system depressants such as ALCOHOL or
BENZODIAZEPINES (such as Valium, Ativan, Xanax,
clonazepam, or similar medications). It is very important
and strongly recommended that ALCOHOL BE AVOIDED
when taking opioid medications. Benzodiazepines and
similar medications, such as muscle relaxants or sleeping
medications, must be prescribed with great caution , and all
prescribing doctors need to be informed of the addition of
any medications in these classes.

3. Certain medical conditions, such as sleep apnea, asthma,
chronic obstructive pulmonary disease (COPD), or other
breathing disorders, can also put a patient at increased
risk of respiratory depression with opioids. These condi-
tions need to be brought to the prescribing doctor’s atten-
tion as they can increase risk of death with opioids due to
respiratory depression.

© Springer Science+Business Media LLC 2017

4. Other more unusual life-threatening issues with opi-
oids can occur if opioids are combined with certain
MAOI class antidepressants. Also certain opioids can
have effects on the heart, such as methadone, affecting
the heart in certain cases, and this can also lead to sud-
den death. These effects can be avoided by monitoring
current medications from all prescribers and monitor-
ing EKG studies if on methadone or a similar opioid
medication.

5. Other side effects that can become quite serious and need
to be brought to medical attention include urinary reten-
tion which can rapidly become significant, constipation
which can become severe and needs to be addressed with
the prescribing physician quickly, decreased testosterone,
dizziness, confusion, altered mental status, itching, rash,
allergic reaction, nausea, drowsiness, double vision, dry
mouth, changes in mood or mental status, or dry mouth
which can lead to tooth decay.

6. Also keep in mind that these medications can be habit-
forming. If the medication is craved for any reason other
than pain control, this must be brought to the attention of
your physician immediately. Again, these medications
may be habit forming.

7. Opioid medications may have unpleasant withdrawal
symptoms. This can generally be avoided by discussing
with your doctor how to withdraw these medications
appropriately.

Driving While on Opiods This is generally not recom-
mended. It is especially dangerous if there is a feeling of
mental impairment. Driving or operating other heavy
machinery must be absolutely avoided with any feeling of
mental impairment, confusion, or drowsiness from these
medications. We also recommend avoidance of large finan-
cial decisions if there is any feeling of mental impairment
present. A particularly dangerous period for driving or oper-
ating heavy machinery is the first few weeks, while an opioid
is being started or the dosage increased.
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346 Appendix 4: Example of Opioid Agreement

By signing this list, you are acknowledging that you understand the risks of opioid medications and understand that there
are other risks not listed on this sheet and that you have discussed any questions that you have with your prescribing
physician.

Patient Signature Date

Physician Signature Date



Your doctor and this pain management center are
considering prescribing an opiate medication to help
reduce your pain. Before your physician does this, you
will be asked to adhere to the attached medication con-
tract. Part of the contract involves understanding what
opiate medications are.

Opiates are pain medications that resemble opium.
Opium is a chemical that has been used for thou-
sands of years to control pain. It is found in Asian
poppy plants. Most patients have taken some opiates
to control their pain. Opiates include Vicodin,
Percocet, Darvocet, Hydrocodone, Demerol,
Methadone, Heroin, Morphine, Levo-Dromoran,
Oxycodone, Dilaudid, and others.

Opiates work by binding the receptor sites on cells
in the brain and spinal cord. The human brain actually
makes its own chemicals that bind these receptors.
These chemicals are called endorphins and enkepha-
lins. Opiates bind to the same receptor sites and change
the way your brain and spinal cord process pain sig-
nals. Your pain is then reduced.

There are many effects to opiates. The most com-
mon two are sedation and constipation. Other side
effects are nausea, difficulty urinating, sweating, dizzi-
ness, difficulty swallowing, wheezing, decreased appe-
tite, and itching. You may have side effects with one
type of opiate but not with a different one.

The biggest fear for patients and physicians with
opiate use is addiction. Most people don’t realize
that addiction is a mental problem. Very few patients

treated for medical problems become addicts unless
they have had problems controlling their drug or
alcohol usage.

Addiction is the continued use of a substance (drug)
despite physical, social, or psychological harm to one-
self or others. Addiction is characterized by craving,
compulsive use, an inability to control use, and an
obsession with maintaining supply. Addiction is differ-
ent than withdrawal, which is a physical phenomenon
initiated by abstinence.

The vast majority of the patients who take opiates will
not become addicted. They will become physically
dependent. Physical dependency means that if you stop
the drug suddenly, you will suffer an abstinence syn-
drome. This may include diarrhea, cramping, flu-like
symptoms, muscle aches, rapid heartbeat, and sweating.
This withdrawal can be avoided by weaning (reducing
the dose a little each day) over a 2-week period.

Using opiates to control pain is controversial. Many
physicians believe it is better to suffer than to take
morphine. Some physicians believe you can be taught
to live with your pain. Others feel that pain is in your
mind, and you can be taught to ignore it. We have been
more impressed with how narcotics have made many
patients more functional and comfortable.

If you cannot adhere to our contract or if we feel the
drugs are harming you, we will stop prescribing them
after weaning you off. This happens less than 10% of
the time with our patients. Not everyone is helped, but
many patients are.
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A
Activated partial thromboplastin time (aPTT), 170
Acute pain, 77-79
Advanced cardiovascular life support (ACLS), 165
Advanced imaging and electrodiagnostic studies (NCV/EMG), 37, 41
Allodynia, 3, 5, 6, 249, 250
Ambulatory surgery center (ASC), 310
American Academy of Pain Medicine (AAPM), 329
American Medical Association (AMA), 332
American Medical Political Action Committee (AMPAC), 330
American Pain Society (APS), 329
American Society of Interventional Pain Physicians (ASIPP), 288
American Society of Regional Anesthesia and Pain Medicine (ASRA),
142, 165, 330

Amplification, 5
Analgesia, 78
Analgesic-rebound headache, 296
Anisotropy, 288
Ankle injection

fluoroscopy, 103

infection, 103, 104

ruptured tendon, 103

tarsal tunnel, 104

ultrasound guidance, 103
Ankle pain, 42-44
Ankylosing spondylitis, 48
Anterior inferior cerebellar artery (AICA), 124
Anterior talofibular ligament (ATFL), 103
Anterior Tonsillar Pillar Method, 124
Anterolateral/anteromedial knee injection, 101
Anticholinergic-type side effects, 85
Anticonvulsants

armamentarium, 82

common membrane stabilizer medications, 82

CPSP, 82

efficacy, 81

fatal adverse effects, 82

Gabapentin, 81

lamotrigine, oxcarbazepine, and carbamazepine, 82

maximum dose, 82

mechanism of action, 81, 82

medications, 81

neuropathic pain, 81

Pregabalin, 81

side effects, 82
Antidepressants

and neuropathic pain medications, 84

chronic pain, 85

classification, 83

data supports, 83

efficacy, 83

management of chronic pain, 83
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Monoamine Oxidase Inhibitors, 84
pharmacologic mechanism, 83
polypharmacy, 83
side effects, 85
SNRI, 84
SSRI, 84
TCAs, 83
tetracyclic, 84
Antiepileptic drugs (AEDs), 66, 124
Antispasmodics
antispasticity agents, 88
application, 87-88
drugs, 88
low back pain, 88
muscle spasm, 88
musculoskeletal pain, 87
spasms, 87
spasticity, 87
Antispasticity agents, 87, 88
Arthritis, 177
Atlanto-axial joint, 130, 258
Atlanto-occipital (AO) and Atlanto-axial (AA) joints
atlas (C1), 128
axis (C2), 128
complications, 130
diagnosis, 128
fluoroscopic guidance, 128, 129
nerves, 128
occiput, 128
pain, 127
seizure, 130
ultrasound, 128
vertebral arteries, 128
Atypical facial pain, 119
Auriculotemporal nerve block
anatomy, 121
clinical Significance, 121
innervation, 121
Auriculotemporal neuralgia (AN), 121
Axial spine pain, 51

B

Balanced Budget Act of 1997, 331

Barolat Map, 207

Basic fibroblast growth factor (BFGF), 183
Benzodiazepines, 319

Biopsychosocial model, 65, 67

Blood urea nitrogen (BUN), 170

Botox, 274

Botulinum toxin, 101

Breakthrough pain, 283, 284
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Index

Business development, Pain Management, 306

The Business of Pain Medicine, 307
aligned physician, 307
employed physician, 307
independent contractor, 307
Physician Compensation Models

RVU-based model, 307
salary, 307
value-based models, 307

C
C6 transverse process approach, 145
Calcaneofibular ligament (CFL), 103
Canal stenosis (CS), 237
Cancer pain
assessment, 279
medical management, 280
neuraxial analgesia, 280
Neurolytic Blocks, 280
neuropathic pain, 283
nociceptive pain, 283
opioids, 280
oral analgesics, 280
pain control, 279
spinal cord stimulation, 281
Surgical Procedures, 281
treatment, 279
mild pain, 284
moderate pain, 284
severe pain, 284
side effects, 285
VAS scores, 283
Vertebroplasty and Kyphoplasty, 281
Candidacy, 205
Carbamazepine, 81, 82
Cardiac toxicity, 85
Carpal tunnel injection, 56
Carpal tunnel syndrome, 45, 56
Cauda equina syndrome (CES), 19, 59, 60
Causalgia, 249
Celiac plexus block (CPB)
complications, 148
considerations, 148
indications, 148
medications, 148
retroperitoneal cavity, 147
techniques, 147, 148
Cell therapy, 175
Central canal stenosis, 238
Central nervous system (CNS), 165
Central post-stroke pain syndrome (CPSP)
characteristics, 295
complication of stroke, 296
criteria, 295
diagnosis, 295
emerging technologies, 296
intractable pain, 295
medications, 295
non-pharmacologic approaches, 295
non-pharmacotherapy treatment, 296
oral medications, 295
pathophysiology, 295
poststroke, 295
Central sensitization, 4, 6
Cerebral spinal fluid (CSF), 168, 187

Cervical facet pain, 257
Cervical facets, 258
Cervical or lumbosacral radiculopathy, 56
Cervical spine
history
causes of pain, 29
inquiry approach, 29
lesion, 29
physical examination
inspection, 29
Neurologic Examination, 30
palpation, 29-30
Range of Motion (ROM), 30
Cervical vertebrae, 11, 12, 14
Cervicogenic headache (CH), 110, 127
Chronic low back pain, 263
Chronic migraine, 273, 274
Chronic pain, 7, 8, 154, 221, 222
ankle, 71
biopsychosocial model, 65
central sensitization, 6
chronicity, 4
definition, 3
functional restoration, 65
hip, 70
interdisciplinary pain rehabilitation, 65
knee, 70-71
mechanism, 3
medical management, 66
medicine modalities, 69
musculoskeletal, 71
OT, 66
patient selection, 65-66
peripheral sensitization, 5
physical examination, 66
psychology, 66, 67
PT, 66, 69, 70
rehabilitation protocol, 70
shoulder, 69, 70
spine, 71
treatment
economic burden, 8
opioid epidemic, 7
types, 3
windup, 4
Chronic pain management, 83
Chronic postsurgical pain (CPSP), 82
Chronic tendinopathy, 174
Circulation, airway, breathing (CABs), 164
Cluster headaches, 25, 109, 119
Cocaine, 119
Complete blood count (CBC), 170

Complex regional pain syndrome (CRPS), 145, 150,

217,225
autonomic changes, 249
diagnosis, 249
sensory changes, 249
treatment, 250

Compound muscle action potential (CMAP), 55

Computed tomography (CT), 159
Conservative treatment, 59
Continuous infusion, 201
Contracting

insurance, 313

office-based pain management practices, 313

physician employment, 313-315
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types, 313
vendor, 313
Contractor Advisory Committees (CAC), 330
Coronoid approach, 116
Corticosteroids, 101
Creatinine, 170
Current Procedural Terminology (CPT)
alphanumeric character, 335
AMA, 335
Category I, 335
Category II CPT codes, 335
Category III CPT codes, 335
CPT Code Maintenance and Update Process, 335
CPT Editorial Panel, 335
procedures and services, 334
significance, 336
Customer Service, Pain Management, 305

D
Deep brain stimulation (DBS), 295-296
Degenerative disc disease (DDD), 174, 175
Depression
antidepressants, 83, 85
DeRidder burst stimulation, 323
Dermatome charts, 30, 34
Dermatomes, 30, 34, 253, 254
Diabetes mellitus (DM), 45
Differential diagnosis, 42
Disc desiccation, 263, 264
Disc pressure, 160
Discitis, 160
Discogenic pain, 159, 175, 263
disc degeneration, 264
HIZs, 264
IDDS, 264
intervertebral discs (see Intervertebral discs)
Modic Changes, 264
MRI, 264
Discography
complications, 160, 161
contraindications, 159
indications, 159
lumbar discography technique, 159-160
pressure interpretation, 160
radiographic interpretation, 160
Disinhibition, 5, 6
Documentation and Prescription Drug Monitoring Program, 314
Dorsal root ganglion (DRG), 221
Dye study, 200

E

Ectopic excitability, 6

Electrodiagnostic testing (EDX)
advantage and disadvantages, 56
certification, American Board of Electrodiagnostics, 56
CMAP, 55
common entrapment neuropathies, 56
designed, 56
detection, 56
EMG, 55
NCS, 55
NCV, 55
operator-dependent test, 56
outcomes, 56

pathology, 55

pathology-specific interventions, 56

peripheral nerves and muscles functions, 56

report, 56

SNAP, 55
Electromyography (EMG), 45, 55
Electromyography/nerve conduction studies (EMG/NCSs), 44
Epidural analgesia

anatomy, 137

contraindications and risks, 141, 142

indications, 142

influence on neuraxial pathology, 137

lumbar spine, 138

neuraxial canal, 139

outcomes, 142—-143

pathology, 137-139

segmental neural blockade, 137

steroids, 142

techniques, 139-141

therapeutic injectate, 141
Epidural autologous blood patch (EBP), 169
Epidural steroid injections, 51, 91, 255

F
Facet arthropathy
bone spurs, 257
cervical, 257
cervical facets, 258
diagnosis, 259
differential diagnosis, 260
factors, 257
interventions, 257
intra-articular steroid injections, 261
ligamentum flavum, 258
longissimus muscle, 258
lumbar, 257-259
pain, 261
pharmacotherapy, 260
pressure, 257
spine, 258
synovial joints, 258
thoracic, 257, 259
zygapophysial (facet) joint, 257
Facet joint nerve ablation, 136
Facet Medial Branch Ablation, 135
Facet Medial Branch Block (MBB)
anatomy, 131
back pain, 131
intra-articular injection, 132
neuroanatomy, 131
optimal cervical loci, 132
optimal lumbar loci, 133
paraspinal muscles, 132
rhizotomy, 132
Facial diaphoresis, 26
Facial neuralgia, 119
Facial pain, 119, 121
Facial weakness, 27
Facility fee, 309, 310
Failed back surgery syndrome (FBSS), 217, 233, 251
early vs. late complications, 252
functional impairment, 252
nociceptive and neuropathic etiologies, 252
PSSS categorization, 252
psychosocial issues, 252
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Failed back surgery syndrome (FBSS) (cont.)
spine surgery, 251
treatment, 251-252
Federation of State Medical Boards (FSMB), 337
Fibrillation potentials, 55
Finance, Office-Based Pain Management, 301-303
Flow activated valve (FAV), 191
Fluoroscopic Guidance
atlantoaxial injection, 129-130
atlanto-occipital injection, 128, 129
Fluoroscopy, 95, 96
Food and Drug Administration (FDA), 199, 221
Fortin finger test (FFT), 178
Frey’s Syndrome, 121
Functional restoration, 65, 66

G

Gabapentin, 81, 82

Ganglion impar block
complications, 154
contraindications, 153
indications, 153, 154
malignant pelvic and perineal pain, 153
medications, 154
technique, 153, 154

Gasserian ganglion, 115, 116

Glossopharyngeal neuralgia
cardiovascular symptoms, 123
diagnosis, 123, 124
glossopharyngeal nerve block, 124
intraoral technique, 124
medical treatment, 124
oropharynx, 123

Granuloma, 199, 200

H
Headache
American Academy of Neurology imaging guideline, 27
cervicogenic, 26
diary template, 26, 301
elements, 26
elements of history, 25, 302
encountered, secondary headaches, 26
evaluation, 26
features, 26, 27
health or life-threatening cause, 302
imaging, 27
migraine, 273
non-acute, 27
NSAID, 26
pain, 26
pain medicine, 27, 301
physical examination, 27
primary, 25, 26, 273
primary vs. secondary causes, 25
red flag symptoms, 25
secondary, 25, 26, 273
treatment, 273, 302
types, 25
Hemiplegic shoulder pain (HSP), 233
Hepatocyte growth factor (HGF), 183
Herpes zoster, 145
Hip injections
arthritis, 105
conservative management, 105

diagnosis, 105
fluoroscopy, 105
intra-articular injection, 106
osteoarthritis, 105
osteoporosis, 106
synovitis, 105
trochanter bursa injection, 106
trochanteric bursitis, 106
Hip pain, 42
History, 29
cervical spine (see Cervical spine)
neuropathy, 45
systemic rheumatologic disorders, 47
thoracic spine, 31, 32
Horner’s symptoms, 146
Hot flashes, 145
Hyaluronic acid, 101
Hyperalgesia, 4-6, 249
Hyperhidrosis, 145
Hypoechoic ultrasound, 292

1
latrogenic emergencies

anaphylaxis, 163

emergency department (ED), 163

office management, 163, 164

signs and symptoms, 163
latrogenic pneumothorax

aftercare, 167

mechanism, 166

signs and symptoms, 166

treatment, 167
IDDS. See Internal disc disruption Syndrome (IDDS)
Implantable drug-delivery systems, 64
Informed consent

elements, 323

explanation, 323

medical care decisions, 323

patient or legal representative, 323

patient’s mental capacity, 323

written consent, 323
Innovative central neuromodulation

device, 221

evidence, 222

procedure, 221-222

science, 221
Inpatient observation, 189
Insulin-like growth factors (IGF), 183
Insurance Contracting, 313
Interdisciplinary pain rehabilitation, 65
Interdisciplinary treatment, 250
Interlaminar approach, 139
Intermediate branch innervation, 258
Internal Disc Disruption Syndrome (IDDS), 264
International Association for the Study of Pain (IASP), 329

International Headache Society’s (IHS) classification (ICHD-II), 273

International normalized ratio (INR), 170
Interventional pain management services, 309
Intervertebral disc

annulus fibrosis, 263

discogenic pain, 263

end plates, 263

innervation, 263

nerve supply, 263
Intractable hiccups, 145
Intraoral Technique, 124
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Intraprocedural spot films of Totalis®, 243
Intrathecal drug delivery, 187, 188, 191, 192
adverse events, 200
Catheter Trial Procedure, 190
chronic refractory pain, 199
Implant Procedure, 195, 196
intrathecal medication side effects, 189
IT pump placement, 196
maximal daily doses and medication concentrations, 196
medications, 199
programming, 199
recommended bolus starting doses, 196
recommended starting dose ranges, 196
refills, 199
Single-Shot Trial Procedure, 189, 190
Intrathecal medication dosing, 201
Intrathecal pumps, 280
Intrathecal therapy algorithm, 201

K

Knee injection
anterolateral/anteromedial, 101
botulinum toxin, 101
complications, 102
corticosteroids, 101
diagnosis, 99, 100
hyaluronic acid, 101
intra-articular injections, 99
intra-articular knee joint, 100
osteoarthritis, 99
PRP, 102
steroid injection, 102
superolateral, 100—101
superomedial, 101
synovial cavity, 99
ultrasound, 101

Kyphoplasty, 281

L
Lamotrigine, 82
Laryngeal mask airway (LMA), 220
Lateral branch block, 266
Lateral branch innervation, 258
Lateral stenosis (LS), 237
Lead placement, 209
Leg pain, 269
Ligamentum flavum hypertrophy (LFH), 237, 238
Local anesthetic systemic toxicity (LAST), 165
Local anesthetic toxicity
Immediate in Office Management, 165
mechanism, 165
pneumothorax, 166
signs and symptoms, 165
treatment, 165, 166
Workup, 165
Local coverage determination (LCD), 155
Low back pain, 41, 263
absolute indications, 59
conservative treatment, 59
operative management, 59
relative indications, 59-60
Lower extremity, 42-44, 149
diagnosis, 41
joints, 41
kinetic movements, 41

low back pain, 41
motor strength, 43
muscle strength grading, 42
muscle stretch reflex grading, 42
pain, 41
pathologies, 41
physical examination
EMG/NCSs, 44
Foot and Ankle, 4244
imaging, 44
knee, 42
neuromuscular testing, 42
pelvic/hip, 42
posture and gait, 42
provocative maneuvers, 41
Lumbar facet, 259
Lumbar ganglia, 149
Lumbar radiculopathy, 42, 44
Lumbar spinal stenosis (LSS)
management, 241
mild cases, 237
PILD, 238
symptoms, 237
types, 237
Lumbar spine
bony palpation, 33
clinical indicators, 34
coordination and gait testing, 34, 35
dermatome, 34
history, 33
inspection, 33
myotomes, 34
nerve root testing, 34
neurologic examination, 34
palpation, 33
physical exam, 33
reflexes and grading, 34
ROM, 34
Soft Tissue Palpation, 34
Lumbar sympathetic block, 149, 150
Lumbar vertebrae, 12-13

M
Magnetic resonance imaging (MRI) and CT
abnormalities, 53
area, 51
detection of tumors, 51
determination, 51
diagnostic imaging technique, 51
evaluation of fractures, 53
invented, 51
metallic implants, 52
patient’s internal tissues, 51
safety hazard, 51
scanner, 51
sensitive imaging test, 52
spinal pathologies, 52
spine, 51
T1-weighted images and T2-weighted images, 51
Mandibular division, 113
Maxillary division, 113
Meckel’s cave, 113
Medial branch block (MBB), 257, 259
Medial branch innervation, 258, 261
Medical treatment, 323
informed consent (see Informed consent)
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Medtronic SynchroMed II, 191
Mesenchymal Stem Cells (MSC), 173, 174
Migraine, 233
Migraine headache, 25, 273, 301-303
MILD

accesses, 242

kits, 241

procedure, 241, 242
Mononeuropathy, 45
Motor cortex stimulation (MCS), 295
Motor impairment, 249
Motor unit action potentials (MUAPs), 55
Motor units, 55
MSC. See Mesenchymal Stem Cells (MSC)
Muscle strength grading, 38
Muscle stretch reflex grading, 38
Musculoskeletal pain, 87
Myelopathy, 19
Myofascial pain syndrome (MPS), 97, 98
Myotomes, 30, 34

N
Nerve block
Us, 327
Nerve conduction velocity (NCV), 55
Nerve root irritation, 253
Neuralgia, 119
Neuraxial analgesia, 280-281
Neurocardiogenic (Vasovagal) Syncope
mechanism, 164
Office Management, 164
signs and symptoms, 164
treatment, 164
workup, 164
Neurogenic claudication, 237
Neurogenic intermittent claudication (NIC), 237, 238, 241
Neurologic examination, 30
cervical spine
gait Testing, 30
lesions, 30
muscle strength testing, 30
muscle testing, 30
reflexes, 30
shoulder and temporomandibular joint, 30
special Tests, 30
upper extremity, 30
Neurolysis, 114
Neurolytic Blocks, 280
Neurolytic visceral blocks, 285
Neuromodulating medications, 254
Neuromodulation, 64, 288

Neuromodulation, Technology and application advancement, 323-325

Neuropathic pain, 31, 45, 46, 81, 124
antidepressants, 83, 84
Neuropathy
electromyography (EMG), 46
history and pain assessment, 45
NVC, 46
physical examination, 45-46
New England Compounding Center (NECC), 141
Nociceptive, 3, 4
Nociceptive pain, 31, 77, 78
Noninvasive brain stimulation (NIBS), 296
Nonsteroidal anti-inflammatory drug (NSAIDs), 74, 169
action mechanism, 77

cardiovascular, 78
classification, 77
cyclooxygenase enzyme, 77
drug interactions, 78
gastrointestinal GI, 78
hepatic, 78
NSAID-Induced Asthma, 78
opioid medications, 78
renal, 78

Norepinephrine, 83

North American Neuromodulation Society (NANS), 328, 330

Nurse Practitioners (NPs), 333

(0]
Occipital allodynia, 276
Occipital bone, 128
Occipital nerve block (ONB), 276
anatomy, 109
cluster headaches, 110
headaches, 109
intractable, 110
m. inferior obliquus capitis, 111
medial to pulsation, 110
neuralgia, 109, 110
ultrasonography, 111
Occipital nerve stimulation, 276
Occipital neuralgia
anatomy, 275
differential diagnoses, 276
etiology, 275
physical examination, 276
treatment, 276
Occipital pain, 276
Occupational therapy (OT), 66
Office based and surgery center
ASCs, 189
site of service, 190
Office-based Pain Management
business development, 305-306
clinical operations, 306
Customer Service, 305
finance, 302-303
physicians, 305
Revenue Cycle Operations, 302, 306
Ophthalmic division, 113
Opioid Agreement, 314
Opioid and opiate medications
abuse and diversion, 314, 315
abused substances, 319
agreement, 319
analgesics, 319
benzodiazepines, 320
CNS, 319
efficacious medications, 319
implementation, 315
modern pharmaceutical-grade medications, 315
pain management, 320
PDMP Program, 315
prescriptions, 319
professional obligation, 315
standard of care, 315
UDT, 315
Urine Toxicology Examination, 315
Opioid medications
chronic pain, 73, 74
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conversions, 75
dosages, 75

Perineum pain, 153
Peripheral nerve

metabolites, 73, 74
prescription monitoring programs, 75
risks and side effects, 75-76
tailored approach, 74
Opioid therapy, 63
Opioid treatment agreement, 337
Opioids, 7, 8, 283-285
Oropharynx pain, 123
Osteoarthritis, 99, 174, 175
Osteonecrosis, 103
Osterior inferior cerebellar artery (PICA), 124
Overdose, 189
Oxcarbazepine, 82

P
Pain assessment, thoracic spine, 31
Pain care
conservative management, 63
implantable therapies, 64
injections, 64
multimodal and multidisciplinary team approach, 63
pharmacologic treatment, 63, 64
surgery, 64
Pain Care Advocacy
Accountable Care Organization (ACO) paradigm, 332
American Medical Association, 332
AMPAC, 330
CAC, 330
changes and challenges, 332
Direct Political Involvement, 330
Independent Payment Advisory Board, 332
Medicare and Medicaid reimbursements, 332
SGR, 331
Specialty Societies, 330
State Medical Societies, 330
Patient Protection and Affordable Care Act, 331
Pelvic pain, 151
Percutaneous image-guided lumbar decompression (PILD) procedure,
237,241
conservative treatments, 241
endoscopic, 241

applications, 21

classification, 21

fiber classification, diameter and conduction
velocity, 22

ganglia and bundles of axons (nerves), 21

gate control theory, 21

implantable techniques, 21

layers, 22

nerve axons, 21

PNS, 21

sensory neurons, 21

signal, 21

smaller capillaries, 21

somatic and autonomic components, 21

Peripheral nerve field stimulation (PNFES), 225, 233
Peripheral nerve stimulation (PNS), 21, 217, 231, 232

appropriateness, 229
assessment, 227
candidacy, 225-226
C2 nerve, 233
complications, 231
definition, 225
fibromyalgia, 233
function, 227
headache, 233
indications, 226
maintenance
pain, 232
QOL, 232
reprogramming, 231
satisfaction, 232
neuralgia, 233
open technique, 229
pain rating scales, 227
percutaneous, 227, 229
permanent electrode, 229
PNFS, 227
safety, 229
surgical, 229
technology enhancements, 232
tinnitus, 233
ultrasound guidance, 229

exclusion criteria, 238
inclusion criteria, 238
instruments, 245
insurance coverage, 243
Intraprocedural spot films of Totalis®, 243
Kerrison resecting inferior ligament, 243
LSS (see Lumbar spinal stenosis (LSS))
MILD (see MILD)
minimal disruption, neural elements, 243
neural elements, 241
NIC, 238
risk reduction
discharge, 246
intraoperative, 246
low surgical hazard, 246
neurosurgical procedure, 246
open surgery, 246
Preoperative Planning, 245
Surgery and Presurgery, 245
surgery, 241
surgical resection, 245
Totalis, 242, 243

Peripheral sensitization, 4-6
Persistent back pain, 264
Personal therapy manager (PTM), 199
Phantom limb pain (PLP), 145
dorsal horn theory, 287
evidence-based management, 287
evidence-based medication, 288
Invasive Techniques, 288
neuromodulation, 288
non-painful sensations, 288
pathophysiology, 287
peripheral neuroma theory, 287
pharmacotherapy, 288
post-amputation pain, 288
preemptive analgesia, 288
rehabilitation, 288
somatosensory cortex theory, 287
Physical examination, 29, 30, 42, 43
cervical spine (see Cervical spine)
lower extremity
EMG/NCSs, 44
foot and ankle, 42—44
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hip symmetry, 42
magnetic resonance imaging, 44
neuromuscular testing, 42
pain and tenderness, 42
posture and gait, 42
X-ray imaging, 44
neuropathy, 45-46
systemic rheumatologic disorders, 47
thoracic spine, 32
Physical therapy (PT), 63, 66
Physician Assistants, 333
Physician Employment Contracts, 313, 314
Physician Extenders
chart audit, 334
differences, 333-334
health care, 333
malpractice coverage, 334
management differences, 332
NPs, 333
Pain Practice Engagement Models, 334
Physician Assistants, 333
primary care and critical care setting, 332
scope, 332
Piriformis muscle syndrome
anatomy, 269
differential Diagnosis, 270
etiology, 269, 270
femur, 269
signs and symptoms, 270
technique, 270
treatment, 270
Platelet and white blood cell plasma concentrations (PRPHP), 183
Platelet plasma and lower white blood cell concentration (PRPDS), 183
Platelet-rich plasma (PRP), 102, 103, 183, 184
indications, 184
RPM, 183
tendons/ligaments, 183
Platelet-Rich Plasma (PRP), 173-174
platelet-rich plasma concentration (PRPLP), 183
Plica mediana dorsalis, 137
Pneumothorax, 166
Polyanalgesic Consensus Conference (PACC), 199, 201, 202
Polymethyl methacrylate (PMMA), 155
Polymyalgia rheumatica, 48
Polymyositis, 48
Polyneuropathy, 45
Post-dural puncture headache (PDPH), 141
aftercare, 169
headache, 168
leakage of cerebrospinal fluid, 168
pathophysiology, 168
signs and symptoms, 168—169
treatment, 169
Posterior talofibular ligament (PTFL), 103
Post-herniorrhaphy pain, 233
Post-meningeal puncture headache (PMPH), 141
Practice Responsibilities
abuse opioids, 337
consented agreements, 335
guidelines, 335
informed consent, 335
opioid treatment agreement, 337
recommendations, 335
The Prescription Drug Monitoring Program (PDMP), 75, 313-315
Primary headache, 27, 273
Primary headache disorders, 26, 302

Professional fee, 309, 310
Prostaglandin, 77, 78

Prothrombin time (PT), 170
Provocative discography, 159
Psychological therapy, 63

PTC (Patient Therapy Controller), 192

R
Radiation safety, 95
Radicular pain, 253, 255
Radicular symptoms, 51
Radiculopathy, 56
conservative treatment, 254-255
CT, 254
dermatomal distribution, 253
Dermatome chart, 254
diagnosis, 253
disc herniation, 253
interventional treatment, 255
MRI, 254
physical examination, 253-254
radiating electric and shooting pain, 253
and radicular pain, 253
Spinal Cord Stimulation, 255
surgery, 255
treatment, 253
X-ray, 254
Radiofrequency ablation, 119, 261
Radiofrequency rhizotomy, 135
Range of Motion (ROM), 34
Raynaud’s phenomenon, 145
Rectal pain, 153
“Red flag” symptoms, 29, 33, 253, 302
Reflex sympathetic dystrophy (RSD), 249
Reflexes — cervical spine, 30
Regenerative Medicine
defined, 173
discogenic pain, 175
MSC, 174
Osteoarthritis, 175
PRP, 173, 174
Tendon and Ligament Disorders, 174
Relative Value Unit (RVU)-Based Model, 307
Required elements of informed consent, 323
Residual limb pain (RLP), 287
Respirator depression, 189, 190
Revenue Cycle Operations, pain management, 301-303
Revolutions per minute (RPM), 183
Rexed lamina, 16, 17
Rheumatoid arthritis, 48
Ruptured tendon, 103

S
Sacral canal, 13
Sacroiliac joint (S1J)
acute and chronic low back pain, 177
anatomy, 177-178
diagnostic modalities, 178-179
innervation, 178
physical examination, 178
treatment options, 179, 180
Sacroiliac joint (SIJ) pain
anatomy, 265
cause, 265
pathology, 265
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physical examination, 266
radiofrequency, 266
treatment options, 267
ventral rami origin, 266
Sacroiliitis, 178, 266
Sample Pull Sheet, Surgical Implant Procedures
health-care costs, 337
knowledge, 337
patient information, 337
surgical care delivery, 337
Scleroderma, 48, 145
Secondary headache disorders, 25, 26
Secondary headaches, 301
Selective serotonin reuptake inhibitors (SSRIs), 84
Selective-norepinephrine reuptake inhibitors (SNRIs), 66, 84
Sensitization, 4
Sensory nerve action potential (SNAP), 55
Serotonin, 83, 84
Serotonin-norepinephrine reuptake inhibitors (SNRIs), 84, 255
Skeletal muscle relaxants, 87
Society Engagement
AAPM, 329
APS, 329
ASIPP, 330
ASRA, 330
IASP, 329
NANS, 330
SIS, 330
Soft Tissue Palpation, 34
Sonoauscultation, 291
Sphenopalatine Ganglion, 119
Spinal canal, 19
Spinal cord
arterial Supply, 17-18
division, 15
extension, 14
gray matter, 15
Ischemia/Infarction, 18
Rexed lamina, 17
Venous drainage, 18
‘White matter, 17
Spinal cord stimulation (SCS), 205, 206, 222, 281
anatomy, 217-219
Cylindrical Lead Implantation, 211
habituation/tolerance, 215
infection, 214-215
internal pulse generators, 218
Intraoperative Troubleshooting, 212
migration, 214
Paddle electrodes, 218
Paddle Lead Implantation, 211
patient device interface, 215
Patient-Controlled Programming, 215
post-implant, 210, 212
Pretrial Preparation, 209
radiculopathy, 255
radiofrequency (RF), 217
screening trial, 219
Surgical Implantation Techniques, 220
Surgical Lead Implants, 219
sustainability, 213
Trial Lead Implant, 209
troubleshooting, 209-210
Spinal epidural hematoma (SEH)
aftercare, 170
Immediate in Office Management, 170
pathophysiology, 170

signs and symptoms, 170
treatment, 170
Spinal stenosis, 19, 237, 238
Spine, 18, 19
arterial supply, 17-18
cervical vertebrae, 11, 12
diagnosis, 11
gray matter, 15-16
intervertebral disk, 14
Intervertebral Foramen and the Safe Triangle, 13-14
Ischemia/Infarction, 18
ligaments, 14
Lumbar Vertebrae, 12—-13
osteology, 11
pathology
Cauda Equina Syndrome, 19
myelopathy, 19
spondylolisthesis, 19
spondylolysis, 19
spondylosis, 18
stenosis, 19
Tarlov cyst, 19
plain radiographs, 18
Sacrum and Coccyx, 13
spinal cord, 14-15
thoracic vertebrae, 12
venous drainage, 18
white matter, 17
Spine Intervention Society (SIS), 330
Spondylolisthesis, 19, 237
Spondylolysis, 19
Spondylosis, 18
Stellate Ganglion Blockade
C6 transverse process approach, 145-146
complications, 146
Horner’s symptoms, 146
indications, 145
procedure, 146
SCM, 145
Sternocleidomastoid muscle (SCM), 145
Steroid injection, 102
Steroids
corticosteroids, 91
epidural steroid injection, 91
epidural steroid injections, 91
particulate steroids, 91
preparations, 92
Subarachnoid local anesthetics injection
aftercare, 168
Immediate in Office Management, 168
intrathecal injection, 168
signs and symptoms, 167, 168
spinal anesthesia, 167
Subcutaneous peripheral nerve stimulation
(SQ PNS), 233
Superior hypogastric plexus, 151
Superior hypogastric plexus block
complications, 152
contraindications, 151
indications, 151
procedure, 151
Superolateral knee injection, 100-101
Superomedial knee injection, 101
Sustainable growth rate (SGR) formula, 331
Sympathetic nervous system, 119
Sympathetically maintained pain, 149
Systemic lupus erythematosus, 48
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Systemic rheumatologic disorders and musculoskeletal, 288
autoimmune process, 47 brightness-mode (B-mode) display, 291
chronic pain and inflammation of joints and muscles, 47 Color Doppler technology, 288
history and physical examination, 47, 48 Depth adjustment, 292

echo signals, 292
image artifact, 292

T musculoskeletal injuries, 291
Tarlov cyst, 19, 20 Needle Visualization and Management, 288
Technology and application advancement operative functions, 292
challenges, 323 pain management, 288
chronic pain, 323 Power Doppler, 288
DeRidder burst stimulation, 323 probe selection, 292
interventional therapies, 323 selection and adjustment, 292
medications, 323 sound waves, 292
multifactorial process, 323 Time gain compensation (TGC), 293
neuromodulation, 323 tissue penetration, 292
patient outcomes, 323 transducer, 292
research development, 323 Upper extremity
spinal cord stimulation, 323 anatomy, 37
therapies, 323 brachial plexus, 37
Temporomandibular joint (TMJ), 121 differential diagnosis, 38
Tension-type headache, 25, 26, 302 Imaging studies, 38
Thoracic and lumbar vertebrae, 15 muscle strength grading, 38
Thoracic facets, 259 muscle stretch reflex grading, 38
Thoracic outlet syndrome, 45 myotomes and dermatomes, 39
Thoracic pain, 31, 32 neck and shoulder pain, 37
Thoracic spine physical examination, 38, 40
diagnosis, 31 Urine drug screens (UDS), 73
history and pain assessment, 31, 32 Urine drug test (UDT), 315
physical examination, 32 Urine Toxicology Examination, 315

Thoracic vertebrae, 12
Topiramate, 81, 82

Totalis Direct Decompression System, 242, 243 A\
Transcranial direct current stimulation (tDCS), 296 Vascular endothelial growth factor
Transcranial magnetic stimulation (TMS), 296 (VEGF), 183
Transcutaneous electrical nerve stimulation (TENS), 225 Vendor Contracting, 313
Transforaminal approach, 141 Vertebra
Transforaminal epidural injections, 91 cervical, 11, 12, 14
Transforming growth factor-p1 (TGF-p1), 183 column, 13
Trial procedure, 189 grade III anterolisthesis, 19
Tricyclic antidepressants (TCAs), 124, 254, 255 intervertebral disk, 14
Trigeminal neuralgia, 113, 119, 123, 124 Icumbar, 12—-13
anatomy ligaments support, 12
mandibular division, 113 safe triangle, 17
maxillary division, 113 Tarlov cyst, 20
ophthalmic division, 113 thoracic, 12
complications, 116 thoracic and lumbar vertebrae, 15
Gasserian ganglion, 115, 116 Vertebral arteries, 128
inflammatory causes, 114 Vertebral augmentation
Meckel’s cave, 113 complications, 157
maxillary and mandibular nerve block, 116 contraindications, 157
neurolysis, 114-115 controversy, 157
treatment, 114 diagnosis, 155
trigeminal nerve block, 114-115 indications, 155
Trigger points PMMA, 155
botulinum toxin, 98 technique, 156, 157
dry needling, 98 Vertebroplasty vs. Kyphoplasty, 155, 157
MPS, 97 Vertebral compression fracture (VCF), 155
physical therapy, 97 Vertebroplasty, 281

spray and stretch, 97
Trophic/dystrophic changes, 249

Tylenol, 254 W
Wireless electrical nerve stimulations
(WENS), 233
U
Ulnar neuropathy, 45
Ultrasound guidance, interventional pain medicine X

advantages and disadvantages, 291 X-ray safety, 95
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