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As interventionalists become more involved with patients as care providers
rather than solely as proceduralists, understanding and treating pain is a vital
part of daily practice. This book provides an overview of the multiple techni-
ques used in the management of pain in interventional radiology suites. Topics
include techniques for the treatment and prevention of pain caused by inter-
ventional procedures, as well as minimally invasive techniques used to treat
patients with chronic pain symptoms. Approximately half of the book is dedi-
cated to the diagnosis and treatment of spinal pain; other chapters focus on
intraprocedural and post-procedural pain management, embolization and
ablation techniques used to treat patients with uncontrollable pain, and alter-
native treatments for pain relief. This book is a practical resource for anyone
looking to acquire skills in locoregional or systemic pain control and wishing to
improve the quality of life for patients undergoing procedures or suffering from
disease-related pain.
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Preface

Everyone feels pain. Everyone feels physical pain, to one degree or another.
Pain, or simply the thought of being in pain, often changes our actions as no
other physical sensation can. While often a necessary physical response to keep
us out of harm’s way (touching the hot handle of a pot, for example), pain
becomes its own entity when it is associated with an underlying disease process.

Why is pain associated with disease? From an evolutionary perspective, was
pain necessary for some reason to let the individual know that something was
amiss (even though nothing could be done about it)? Was disease-associated
pain used for some other, perhaps subconscious, purpose? Perhaps understand-
ing the “why” is not all that important in today’s world; after all, the bottom
line is that pain simply hurts! And disease-associated pain can hurt most of all.
We as health care providers should be able to do something about it —
shouldn’t we?

From one perspective, medicine (traditional or “Western” medicine in par-
ticular) has done relatively little to abate pain. Most of the major advances in pain
control over the past 150 years have been in the field of pharmacology; general
anesthesia is the prime example of pain control. With the exception of medica-
tions, however, little progress has been made in managing disease-associated pain
over the past few decades. More work — much more work — remains. Shouldn’t
minimaliy invasive techniques spearhead this effort?

The goal of this book is simple. It is to provide the appropriate tools to the
interventional radiologist, anesthesiologist, surgeon, or whoever else is inter-
ested in minimally invasive techniques to control pain before, during, or after
procedures. Its intent is to provide an overview of multiple techniques used in
pain management, to review the currently available literature regarding these
techniques, and hopefully to act as a springboard to motivate practitioners and
researchers alike to develop the next better mousetrap to care for our patients in
pain. It is my sincere hope that someone, somewhere, will have an improved
quality of life stemming from the reading of this book by their health care
provider.

Charles E. Ray, Jr., MD
Denver, CO
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Pain Management in Interventional
Radiology: An Introduction

Jason R. Bauer and Charles E. Ray, Jr.

THE PROBLEM OF PAIN

The management of pain continues to be one of the most vexing of problems
for health practitioners worldwide. The pain response is difficult to manage for
multiple reasons: responses vary widely in their mechanism of action as well as
anatomic location; individual responses to pain are variable; secondary gains
can be had by individuals falsely claiming to be in pain; cultural differences in
description of pain and the willingness to admit to a pain response exist; even
responses by the health care provider to a patient in pain varies widely. For
these reasons, each and every patient who presents with pain, or in whom we as
health care providers are likely to produce a painful response during a proce-
dure, has a widely variable and largely unpredictable pain response.

Traditional medicine (so-called Western medicine) has demonstrated
great advances in the management of pain; however, the advances have been
relatively few and far between. Opium was cultivated for recreational use by the
Sumerians nearly 5,000 years before it was first introduced specifically for
medicinal purposes (1). It was not until 1680 that opium was introduced in
England as Laudanum, a combination of opium, herbs, and sherry, specifically
to be used for medicinal purposes. Although likely poorly understood at the
time, the pain-relieving effects of opium must have significantly contributed to
the use of opium as a medicinal agent. It is amazing, actually, that a plant
discovered nearly five centuries ago remains the mainstay for pain relief
throughout nearly all cultures and medical systems worldwide.

The next great advance in pain control was the discovery of agents used for
general anesthesia during operations. The first public display of the effect of
general anesthesia was performed at the Massachusetts General Hospital in
1846 (2). Dr. John Warren, a preeminent surgeon of the day, removed a
vascular tumor from the jaw of a patient. This surgery was performed in con-
junction with William Morton, a local dentist, serving as an anesthetist, by
using an ether-soaked sponge under a glass dome. Upon awaking at the end of
the procedure, the patient claimed he had no pain during the operation, to
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which Dr. Warren proclaimed to the audience (legend has it), “Gentlemen, this
(anesthesia) is no humbug!”

One must take note that these two greatest advancements in the history of
pain control — narcotics and general anesthesia — occurred a remarkably long
time ago. Clearly, advancements have been made since then with regards to
pain control, and the adjustments to the use of both narcotics and general
anesthesia have allowed significant advancements in pain management. Other
advancements, such as postoperative pain control with patient-controlled anal-
gesia [described by Sechzer in 1971(3)] and the administration of intraproce-
dural sedation and analgesia, are the more recent improvements that have been
major factors in pain management. However, if one regards the changes in
other fields of medicine that have occurred since 1846 (antibiotics, chemo-
therapy for cancer, open heart surgery, transplant surgery, etc.), one is struck
by the relative paucity of new methods of pain control, particularly long-lasting
or “curative” pain control, that have occurred over the past several decades.

Western medicine has had a difficult time throughout its history in dealing
with a patient in pain. One needs look no further than the number and types of
alternative therapies available to individuals to treat pain. Chiropractic, nap-
ropathic, and homeopathic medicine forms largely deal with patients in pain, as
does acupuncture, massage therapy, craniosacral therapy, and many others. Are
the successes of these alternative medicine systems in treating patients in pain in
part due to our failure as traditional medicine providers?

If Western medicine has largely fallen short when dealing with the patient
in pain, interventional radiology (IR) has in many ways ignored the problem
altogether. Except for giving a touch of sedation and analgesia during our
procedures, or occasionally treating the patient in pain with a nerve block,
spinal procedure, or embolization, IR provides very little attention to the
patient in pain. This is perhaps historical as much as anything; because IR
started as a diagnostic modality where our contact with any given patient
extended for only an hour or two; the need to understand the pain response
and the best way to treat it was underappreciated. It has only been because we as
interventionalists have become more involved with patients as care providers
rather than proceduralists that the need to understand patients in pain has
become more vital to our daily practice.

PAIN IN MEDICINE AND SOCIETY

Pain, and the treatment of pain, is an enormous medical/social issue. From a
societal standpoint, the cost of pain is tremendous. One study evaluated nearly
30,000 workers in the U.S. workforce, and estimated that the total cost of lost
productivity in the workplace because of common pain conditions (headache,
arthritis, back pain, and other musculoskeletal pain) was $61.2 billion per year
(4). The same study noted that the majority of the lost productivity was due to
reduced performance while at work, rather than taking time off.

The costs (in dollars) associated with pain control are nearly impossible to
accurately calculate. One study evaluated 373 cancer patients, nearly 40% of
who reported having some sort of cancer-related pain (5). Of these patients,
three-quarters incurred a pain-related expense, averaging $891 per month
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Table 1. Results from PubMed Search, January 2007

Search Term Number of Articles Returned
“Pain” 341,298
“Pain,” limited to last one year 18,569

“Pain, interventional radiology,” limited to last one year 19

related specifically to pain control. Other studies have evaluated common
conditions such as low-back pain, which in terms of both direct costs and
indirect costs (lost productivity, etc.), is likely the most costly medical problem
facing the medical establishment in the United States. In 1991, low-back pain
was estimated to cost the United States $25 billion in direct costs alone (6,7). It
has also been estimated that 80% of all adults at some point in their lifetime will
seek medical care of some sort for low-back pain and that a third of all disability
costs in the United States are due to the same problem (6,8). Clearly, pain
management represents a huge percentage of both the time and dollars spent
on health care in this country.

Medically, the search for improvement in pain management is also con-
suming when one considers the amount of research time (and dollars) spent on
pain control. The importance of research into pain and the management of
pain are revealed when one considers the attention given to pain by the
National Institutes of Health (NIH). The NIH has previously focused attention
on pain research with the development of multiple committees, such as the
NIH Pain Research Consortium, the NIH Extramural Pain Staff Workgroup,
and the NIH Pain Interest Group, specifically charged with attempting to drive
more research into pain control (9).

Also illustrative of the research efforts regarding pain management, over
twenty journals are dedicated to pain, with such widely varied titles as “Pain,”
“Journal of Orofacial Pain,” and “Molecular Pain” (whatever THAT may be!).
At the time of the manuscript preparation, a PubMed search was performed
with the single keyword “pain” (Table 1). A total of more than 340,000 articles
were returned. When limited to manuscripts published within the past year,
nearly 19,000 articles were returned. Amazingly, when the keywords “interven-
tional radiology” were added to the search, only 19 articles were returned for a
one-year time period. Clearly, we as interventionalists have some catching up to
do with regard to understanding the importance of pain management for our
patients.

IR AND PAIN MANAGEMENT

The role of IR in pain management varies widely from institution to institution,
from practice to practice, and from operator to operator. To try to define pain
management as a major or minor player in the field as a whole is impossible,
and each individual practitioner must determine the needs of the patient, the
referral patterns for their individual practice, and their own desire to become
involved with pain management to decide what amount of time and effort will
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be spent on the management of pain. At one of the authors’ (CER) institutions,
for instance, the number of pain procedures we have performed over the past
two years has increased by a factor of 2.7, largely due to increased involvement
with low-back pain management. Parenthetically, the number of procedures
performed for an indication of pain still only accounts for 5% of all the cases
performed at that one institution.

One instance in which we all must be involved in pain management,
however, is in controlling the pain (and anxiety) that we specifically cause
during procedures performed for other reasons. It is in this management of
intraprocedural pain that we all have a common interest. Intraprocedural pain
control is important for several reasons. As described by the American Society
of Anesthesiologists in their practice guidelines for sedation and analgesia by
nonanesthesiologists (10), the goals of intraprocedural sedation and analgesia
are twofold. First, it “. .. allows patients to tolerate unpleasant procedures by
relieving anxiety, discomfort, or pain.” Second, ‘.. . in children and uncooper-
ative adults, sedation-analgesia may expedite the conduct of procedures that
are not particularly uncomfortable but that require that the patient not move”
(10). Control of intraprocedural pain is important for other reasons as well,
particularly if the same patient is going to return to the same interventionalist
for repeat procedures. Nothing will dissuade an individual from returning for
repeat procedures quite like a previously painful experience!

Pain management in IR has evolved over time. Intially, nearly completely
ignored except for the use of local anesthestics at the skin entry site, increasing
attention was paid to pain control needed during the procedure itself, with
widespread use of intraprocedural sedation and analgesia. Procedures specifi-
cally designed to treat a patient’s underlying pain, such as embolization or
ablation of painful osteolyses, were developed. Finally, again with our increas-
ing involvement in patient care, further attention has been given to postproce-
dural management of pain. For these reasons, many IR divisions are now
considered along with anesthesia, neurology, neurosurgery, oncology, and
orthopedic medicine, as one of the “pain services.”

The use of intra-arterial injection of local anesthesthetics provides an
example of the evolution of pain management in IR — a brief synopsis is given
in the following paragraphs.

USE OF INTRA-ARTERIAL LOCAL ANESTHETICS

The use of intra-arterial anesthetics in the management of pain is relegated to
few uses today. From a historical perspective, the use of these agents intra-
vascularly was linked to the evolution of angiography and the pain resulting
from contrast injections (11,12). There has been a reemergence of intra-arterial
analgesia in IR largely as a result of increased interest in transcatheter tumor
therapy.

As early as 1939, adjuvant injection of medications to limit pain experi-
enced during peripheral angiography was explored. Procaine hydrochloride
(Novocaine) injection was mentioned by Dimitza and Jaegar with apparently
improved pain during peripheral angiography (11). In 1982, Cranston per-
formed a double-blinded placebo-controlled trial of thirty-four patients having
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peripheral angiography (13). Subjective and objective evaluations were per-
formed using verbalization and movement. One milliliter of 2% lidocaine
was mixed for each 10 ml of Conray-60 used. Seventeen patients received
lidocaine during the first injection of contrast, thirteen during the second
injection, and four received two injections without contrast. All patients who
received lidocaine in the first injection reported subjective improvement, and
there were no associated complications.

The debate regarding effectiveness or need for intra-arterial lidocaine
administration during peripheral angiography is now all but moot. With the
evolution of digital subtraction angiography (using less contrast at lower rates)
and low osmolality contrast agents such as Visipaque (GE Healthcare, Cork,
Ireland), few patients experience symptoms so intolerable as to warrant intra-
arterial lidocaine.

When considering transcatheter tumor therapy for malignant tumors, such
as hepatocellular carcinoma in the liver, or benign tumor management, such as
symptomatic leiomyomata in the uterus, pain management strategies have
included intra-arterial lidocaine injection. In 1990, Molgaard et al. injected
intra-arterial lidocaine in the hepatic artery prior to and during Transcatheter
arterial Chemoembolization (TACE) in 45 patients (14). Analgesic requirements
during and following the procedure were compared with that in 20 patients
previously treated without intra-arterial lidocaine (14). They found a remarkable
decrease in the amount of medication required during (98.9% decrease in nar-
cotic dose) and after (75% fewer individuals requiring a patient-controlled
analgesia pump) the procedure in those who received lidocaine. Lee et al. eval-
uated the importance of timing of intra-arterial lidocaine injection (15). In 113
consecutive patients, three groups of patients (no lidocaine, lidocaine just prior
to TACE, and lidocaine following TACE) were evaluated by quantifying the
mean dose of analgesic and subjective pain score. There was a statistically sig-
nificant difference in both the amount of analgesics used and the pain score;
those patients who received 100 mg of lidocaine prior to TACE used fewer
narcotics and reported a lower pain score than those receiving similar treatment
administered after delivery of the chemotherapeutic agent. The authors reported
few complications, with only one patient experiencing transient hypotension.

Intra-arterial lidocaine has also recently been investigated during the endo-
vascular treatment of uterine fibroids. Embolization in this setting notoriously
results in a postembolization syndrome, punctuated by pain and cramping.
Postprocedural pain in this setting may extend the length of hospital stay
and lead to return visits. Similar to TACE, pain is thought to result from
leiomyoma ischemia, spasm, and parenchymal swelling (16). However, uterine
arteries do not appear to respond to lidocaine in the same way as hepatic
arteries following injection of intra-arterial lidocaine; this may be due to their
need to meet the demands of a gravid uterus (17). Keyoung et al. injected
200 mg of lidocaine in 10 consecutive patients (while eight received placebo)
prior to uterine artery embolization (UAE) for leiomyomata (17). Lidocaine
was found to significantly improve subjective pain reported by patients but not
the amount of analgesia required following the procedure. More importantly,
moderate to severe vasospasm was noted in seven of ten patients after lidocaine;
none of the placebo patients demonstrated such spasm, resulting in early ter-
mination of the study. Vasospasm due to lidocaine injection may therefore
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contribute to a higher treatment failure rate and therefore is not commonly
used during UAE.

Intra-arterial lidocaine was once common during peripheral angiography;
its safety profile has been supported during years of use for this application.
With overall few reported complications, intra-arterial lidocaine injection prior
to tumor embolization provides practitioners with a safe strategy to achieve
better patient comfort during and after embolization procedures.

CONCLUSIONS

“Pain management continues to be the most difficult problem facing medicine
today.” This statement is debatable, but arguments against it are largely due to a
matter of degree and opinion, not of underlying substance. The patient in pain
is ubiquitous, regardless of culture, geographic location, socioeconomic status,
sex, race, or any other variable of which we can think.

IR can play a major role in pain management and is unique as a field in that
we can be responsible for controlling patients’ pain as a primary goal of therapy,
or in controlling the pain that we cause during our procedures. This book is
organized in such a way, with chapters on intraprocedural and postprocedural
pain management, and multiple chapters on procedures performed specifically
to treat underlying processes that may be responsible for the pain response.
Special attention is given to spinal procedures, although other publications
provide a more in-depth overview of spinal procedures. The goal of this book
is to provide an overview of pain management in IR and introduce concepts
that can be used on a daily basis in the interventional suite to better provide
pain management for our diverse group of patients.
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Clinical Evaluation of Low-Back Pain

Anthony P. Dwyer, Curt Freudenberger, and Vikas V. Patel

INTRODUCTION

The goal of this chapter is to explain the mindset and thought processes of the
clinician evaluating a patient presenting with symptoms of low-back and leg
pain.

The accurate clinical evaluation of the symptom of low-back pain is essen-
tial to the successful management of patients presenting with this problem, and
interventional radiology (IR) plays an important role in the process.

It is vital to recognize that low-back pain is only a symptom and not a
diagnosis or a disease entity in and of itself. Unfortunately, the successful
management of patients with low-back pain is difficult because of the diversity
of the pathologies producing low-back pain. There are many pathologies that
can produce the symptom of low-back pain, and its treatment is very difficult
or impossible unless one can locate and understand the causative pathology.
The key to successful management of patients presenting with low-back pain is
to identify and understand the pathological cause of their presenting symptoms
of low-back pain, and to direct therapy toward the underlying cause rather than
solely relieve the symptom of pain.

Although low-back pain typically arises from spinal causes, it must be
remembered that there are pathologies outside of the spinal column that can
present with low-back pain. These etiologies are typically considered only after
a spinal column abnormality has been excluded.

A useful classification of the causes of low-back pain is the classification
scheme described by Macnab et al. (1). These are presented in Table 1.

Another diagnostic hurdle is the difficulty in determining whether the
pathologies identified on spinal imaging are the cause of the low-back pain
or coincidental to it, as a significant percentage of asymptomatic patients have
pathology identified on spinal imaging [especially on magnetic resonance
imaging (MRI)] (2). Not infrequently, clinical examinations, patient symp-
toms, and imaging studies are discordant. Spinal interventions are often
requested as a method by which to determine whether or not the pathology
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Table 1. Classification Scheme for the Causes of Low-back Pain

Viscerogenic
Vascular
Neurogenic
Psychogenic
Spondylogenic
Traumatic
Infectious
Neoplastic
Metabolic

Source: Macnab et al. (1).

noted on the imaging study is responsible for the patients’ pain. This subject is
beyond the scope of this chapter and is discussed in the individual, procedurally
oriented chapters that follow.

This chapter will concentrate on the clinical evaluation of the more com-
mon spinal pathologies that affect the vast majority of low-back pain patients in
clinical practice. Oftentimes, regardless of the underlying cause (e.g., traumatic,
infectious), the symptom of pain itself is caused only after significant degen-
erative changes have occurred within the spinal column.

LUMBAR PAIN OVERVIEW

By definition, somatic pain occurs with noxious stimuli to musculoskeletal
structures, visceral pain occurs with noxious stimuli to an organ, and neurogenic
pain occurs with noxious stimuli to axons and cell bodies. Referred pain is felt
at a location away from the site of the causative pathology, with the site of
pain being innervated by nerves different than the structure causing the
referred pain. It must be remembered that virtually any structure receiving
innervation is a potential source of pain when it is at the site of pain-producing
pathology.

With lumbar pain, the causative pathology usually involves the structures
of the disc and facet joints involved in degenerative cascade, as described
in depth by Yong-Hing and Kirkaldy-Willis (3). Sources of lumbar pain are
outlined in Table 2 (4).

Lumbar pain can be axial (central lumbar) or may radiate from the spine.
The latter cause is felt as deep, aching, poorly localized pain usually in the
buttocks and thighs. This latter constellation of symptoms is referred to as
“somatic referred pain.” Radicular pain arises from involvement of the spinal
nerves with inflammation, irritation, and compression, producing a sharper
pain localized in the radicular distribution of the involved nerve root. Radicular
pain is often associated with objective neurological deficits, the most notable of
which are sensory change and muscle weakness. Clinical studies have
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Figure 1. Possible sites of lower back pain. (From
Kuslich and Ulstrom (5)).
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Table 2. Anatomic Sources of Lumbar Pain

Vertebra

Disc

Facet joints
Sacroiliac joints
Muscles
Ligaments

Dura

Source: Van Akkerveeken et al. (4).

established that nerve root compression alone does not produce radicular pain
and that the nerve root must first be inflamed in order for compression to
produce pain. These studies also confirmed the outer annulus as the common
site of lumbar pain, with the facet joint capsule only occasionally being a cause
(Figure 1) (5).

The vast majority of low-back pain is mechanical in nature and is
usually related to spinal degeneration, or subclinical episodes of “wear and
tear” that are aggravated intermittently by episodes of trauma. This “degen-
erative cascade,” as described by Yong-Hing and Kirkaldy-Willis (3), is
ubiquitous; its extent and severity is multifactorial, such as genetic predis-
position, smoking, and occupational loads to the lumbar spine. The degen-
erative cascade produces degenerative joint changes in the articular cartilage
of the facet joints, loss of hydration of the intervertebral disks with concom-
itant loss of stability and resistance to torsion, eventually leading to radial

Nerve root - leg
and buttock pain

Anulus - typical
back pain

Facet (zygoapophyseal) joint
- rare cause of back pain
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tears in the annulus. These annular tears allow herniation of the disc mate-
rial out of the disc into the vertebral canal and onto the adjacent nerve root,
causing the symptom of “sciatica” or pain in the distribution of that
involved nerve root. The damaged disc also releases neuropeptide, phospho-
lipase A2, and inflammatory peptides, further irritating the nearby neuro-
logical structures (6).

The Clinical Evaluation Process

In the initial evaluation of a patient with low-back pain, an initial triage process
must occur to determine the need for urgent intervention. One such example of
a triage algorithm is given in Figure 2 (7).

Once a surgical emergency has been excluded, a more systematic evalua-
tion of the patient with low-back pain can occur. To illustrate the evaluation
process at our institutions, we present the following sample history questions
and issues to be resolved from the physical examination.

Cause of pain?

Not in the back

Back pain

A 4

.

Referral to appropriate
specialist

Urgent referral to spine
surgeon

A

A

YES

YES
Emergent referral to Gait disturbance, saddle
spine surgeon anesthesia, sphincter dysfunction?
v
Evidence of serious pathology:
YES young or old patient,

nonmechanical pain, other
significant comorbidities, weight
loss, thoracic pain, widespread
neurological symptoms?

A

Severe or progressive sensory-

motor loss?

A 4

Primary care management

Figure 2. Sample algorithm for the clinical evaluation of low-back pain. (From Waddell (7)).

11
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HISTORY
For the history, the following questions are asked:

“Where is the pain the worst — the back or leg?”

“Is the pain mechanical (i.e., worse with activity and relieved with rest)
OR nonmechanical (i.e., having red flag or sinister symptoms of weight
loss, fevers, worse at night and at rest)?”

“Are the leg symptoms ‘radicular’ (shooting and bandlike, from irritation
of a spinal nerve or root) OR ‘referred’ (deep, diftuse, poorly localized and
aching, from irritation of the nerves supplying the structures of the verte-
bral motion segment [e.g., annulus, facet joint])?”

“If there is claudication, is it neurogenic (from ischemia and compression
of the nerve roots, arising from a central or lateral spinal stenosis) OR
vascular (reproducible, relieved by rest, from leg muscle ischemia arising
from peripheral vascular disease)?”

“Are there symptoms of cauda equina syndrome? (bladder and bowel
sphincter dysfunction)?”

PHYSICAL EXAMINATION
During the physical examination the examiner will record:

Spinal deformity

Spinal range of motion and any symptoms produced

Hip and knee range of motion and any symptoms produced

Objective neurological deficit (reflex loss, wasting, weakness)

Subjective neurological deficit (sensory loss)

Nerve root irritation (sciatic or femoral nerve stretch test)

Distal pulses and any ischemic leg skin signs (loss of hair, skin discolor-
ation, “shiny” skin appearance)

Perianal and rectal examination findings in patients suspected of having
cauda equina syndrome

RADIOLOGIC INVESTIGATIONS

Different radiologic modalities provide different data that can be
instrumental in the evaluation of a patient with low-back pain. A specific imaging
modality may be vital in one clinical scenario and worthless in another, and
rarely are all modalities (radiography, nuclear medicine scans, computed tomog-
raphy (CT), MR, invasive techniques) necessary (8). In order to best utilize
such resources, algorithms that suggest the most appropriate utilization
of radiologic studies have been produced. Some general rules of thumb regarding
what information can be gleaned from the different imaging modalities follow.

RADIOGRAPHS
Anterior/posterior, lateral, oblique views and flexion/extension radiographs
of the lumbar spine provide the following clinically important information:

Number of normal lumbar levels, the intercristal line, the length of the L5
transverse process, and any thoroco-lumbar or lumbo-sacral anomalies
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Secondary and primary signs of degenerative disc disease and degenerative
facet joint disease

Coronal or sagittal deformities of alignment

Pars interarticularis defects

Stability of the spine on flexion/extension lateral radiographs

Evidence of osseus destruction from infection or neoplasm

CT AND MR IMAGES
Cross-sectional imaging studies provide the following clinically important
information:

Disc space narrowing with loss of T2 signal indicating degenerative disc
disease

Facet joint enlargement, effusion, and/or cyst formation, indicating
degenerative facet joint disease

Central stenosis, usually from ligament flavum hypertrophy or inferior
facet joint hypertrophy

Lateral stenosis, usually from superior facet hypertrophy and medial
displacement

Disc displacement

Vertebral canal tumors

Dural cysts

ELECTROMYELOGRAPHY/NERVE
CONDUCTION VELOCITIES

Information provided by electromyelography/nerve conduction velocities
is vital, particularly as evidence for physiologically significant disease. These
physiological studies are particularly effective in diagnosing the following:

Peripheral neuropathy
Radiculopathology
Spinal stenosis

IR REFERRAL

Referrals to IR are not all that frequent when considering the number of
patients seen in a spine pain clinic. Select patients, however, may benefit
greatly from IR procedures. Evidence-based medicine for IR procedures is
distinctly lacking, and there are no widely accepted algorithms for when an
IR procedure is indicated. The clinician will consider an IR referral to effect the
following:

Improve low-back and leg symptoms (the various forms of epidural ste-
roids injections and nerve root blocks)

Identify the “pain locator” by placing a needle in a specific anatomic
location, first to reproduce the symptoms and second to relieve the symp-
toms (e.g., discograms)

Confirm the specific level and side of the causative pathology (selective
nerve root blocks when there is bilateral or multilevel pathology)

13
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The results of these IR procedures are just one piece of the clinical evidence
that assist the clinician in deciding what therapy (e.g., spinal decompression,
fusion) is indicated, and at what locations and levels.

SELECT IR SPINAL PROCEDURES: A
CLINICIAN’S PERSPECTIVE

Discography

The clinical use of discograms remains controversial. The pathogenesis of dis-
cography-induced pain reproduction is poorly defined (9-13). Critics describe
unsatisfactory sensitivity and specificity rates and the lack of correlation between
a positive discogram and successful treatment as evidence that discography
should not be utilized in the evaluation of discogenic pain. Conversely, advo-
cates of the technique point out that the accuracy of clinical and radiologic
evaluations are just as poor in predicting postoperative clinical outcomes.
The authors believe that discography can be helpful in select patient populations
when deciding if surgery is indicated, and if so, what levels need to be addressed.

In an attempt to reduce the problem of false-positive or false-negative disco-
grams, the International Spine Injection Society recommends some standardiza-
tion (14):

Recording of volume and injection pressure of the injected contrast
Correlation with the patients’ symptoms, to decide if there is clear symp-
tom reproduction (i.e., the pain caused by the discogram is “concordant”
or “non-concordant” with the patients’ underlying symptoms)
Description and classification of the contrast injection on postprocedure
radiographs and/or CT (15)

Injection of anesthetic into the disc at completion of a positive discogram,
and the keeping of a postprocedure pain diary to determine the duration
of any pain relief

Selective Anesthetic Blocks

The philosophy of the successful use of anesthetic blocks has not been
based on objective or blinded studies. These procedures have been handicapped
by the lack of definitive evidence supporting their use, the very subjective
nature of the blocks, and the placebo effect. Some authors maintain that the
placebo effect can be minimized if the following injection sequence is followed
with the appropriate time interval (e.g., two weeks) between injections:

Normal saline
Short-acting local anesthetic (e.g., 1-2% lidocaine)
Longer acting anesthetic (e.g., 0.25% bupivicaine)

A positive block is one that has symptom reproduction on injection of con-
trast and shows no relief with the saline injection, short-term relief with the short-
acting anesthetic, and longer relief with the longer acting anesthetic. Subjective
relief of 50-75% of the patient’s underlying pain is considered diagnostic.
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Table 3. The Role of various Interventional Spine Procedures: A

Clinician’s Perspective

Injection/ Radiological Diagnostic Therapeutic Surgical

Procedure Confirmation of Pain Effect Decision
Required Locator Making

Discography ++ +++ - +++

Epidural ++ — +++ +/—

steroids

Facet joint +/— +/— +++ +/—

blocks

Median branch +/— +/— +++ +/—

blocks

Sacroiliac joint ++ +++ ++ ++

blocks

Nerve root ++ +++ +++ +++

blocks

SUMMARY

The clinician’s expectations of the various IR procedures presented here are

summarized in Table 3. These include:

Discography (16)

Finds the pain/symptom source or “pain locator.”

Determines if the “black disc” on T2 is the pain locator and the source of
symptoms

Determines what levels need to be included or excluded in the fusion
construct, for example, whether L4/5 needs to be included in the fusion
of an L5/S1 spondylolisthesis.

Selective Nerve Root Blocks (17)

Determine which nerve roots are involved in the symptom production
when there are multiple roots involved on imaging studies.

Provide a period of symptomatic relief, which may be either short (tem-
porary) or prolonged (definitive). This period of symptom relief may
afford the patient an opportunity to derive benefit from physical therapy
and other nonoperative treatments.

Epidural Steroid Injections (18,19)

Provide symptom and functional improvement (mainly for radiculopathy
from disc herniation and spinal stenosis), and allow temporary nonoper-
ative symptomatic improvement.

15
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Facet Blocks (20-23)

Can determine the source of pain in patients in whom no other source can
be identified

Allow the clinician to stop evaluating other potential sources of spinal
pain

Can provide relief for 3—4 months

Sacroiliac Joint Blocks (24)

Provide symptomatic and functional relief, either as a standalone method
or in combination with other nonoperative treatments

Determine if the sacroiliac joint is the pain locator

Allow the clinician to stop evaluating other potential sources of spinal
pain

Interventional radiologic procedures play an important role in both the

diagnosis and treatment of spinal back pain in select patient populations. Close
communication with the referring spine physician is vital to performing the
appropriate imaging-guided procedure.
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Local Anesthetics

Jan Namyslowski

HISTORY

Ruetsch et al. provide an in-depth review of the history of local anesthesia in
their 2001 paper titled “From Rocaine to Ropivacaine: The History of Local
Anesthetic Drugs” (1). What follows is a summary of pertinent points in their
eloquent historical review.

Cocaine has its linguistic origin in a Peruvian plant, revered by the natives
for its stimulating properties. The word Khoka, meaning “the plant,” evolved
into the European coca over time. We owe the term cocaine to Albert Niemann
who isolated the main alkaloid from the coca leaves. A Viennese pharmacolo-
gist, Karl Damian Ritter von Schroff, described coca-induced skin insensibility.
Samuel Percy was “the first to propose the use of the coca leaves as an anes-
thetic” in 1856. Carl Koller, in 1884, first used cocaine for ophthalmological
anesthesia at the suggestion of Sigmund Freud. Addictive properties of cocaine
were soon discovered as well, and many practitioners became affected, Freud
and William Halsted among them. The dependency placed a significant damper
on the availability of local anesthesia for medical procedures.

Subsequent pharmacological advances have led to the development of several
local anesthetic compounds in the late 19th and throughout most of the 20th
centuries. The delivery of local anesthetics would not have been possible, were it
not for the invention, in 1844, of a hollow hypodermic needle and syringe by an
Irishman, Francis Rynd (2). Rynd’s clinical contributions, although not arrived at
in an FDA-approvable style, allowed for a significant medical progress at the time:

The subcutaneous introduction of fluids, for the relief of neuralgia,
was first practised in this country by me, in the Meath Hospital, in the
month of May, 1844. The cases were published in the “Dublin Medical
Press” of March 12, 1845. Since then, I have treated very many cases,
and used many kinds of fluids and solutions, with variable success.
The fluid T have found most beneficial is a solution of morphia in
creosote, ten grains of the former to one drachm of the latter. (3)
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Charles Gabriel Pravaz and Alexander Wood are also credited with the inven-
tion of hollow needle syringe devices, in the 1850s.

BASIC ANATOMY AND PHYSIOLOGY

The cutaneous nerves that are the target of local anesthetics have dermal as well
as epidermal endings (4). In addition, pain receptors are also present in the
periosteum, arterial walls, and joint surfaces (5). Depending on the site and
depth of injection of a local anesthetic, a number of peripheral nerve fibers are
affected to a variable degree (6). The nerve fibers that are primarily involved in
pain perception belong to Ad group which are fast fibers, conducting at veloc-
ities of 6-30 m/s, and the slow C fibers, conducting at 0.5-2 m/s. Therefore, a
dual pain sensation may occur wherein the Ad fibers are responsible for the
instantaneous, often self-defensive reaction to pain, followed by a more chronic
pain, carried centrally by the slow C fibers (5).

FUNDAMENTALS OF PHARMACOLOGY

The cellular mechanisms involved in clinical performance of local anesthetics,
their pharmacodynamic and pharmacokinetic properties, and the specifics of
nerve conduction blockade are all quite complex, and a detailed discussion is
beyond the scope of this chapter. Interested readers are referred to an in-depth
review by Strichartz and Berde in Miller’s Anesthesia textbook (7). Here, per-
tinent points will be discussed briefly.

Local anesthetics are divided into ester and amide compounds. The most
commonly used esters include benzocaine, chlorprocaine, cocaine, procaine,
and tetracaine. The common amides are bupivacaine, lidocaine, mepivacaine,
prilocaine, and ropivacaine. Selected properties of local anesthetics in common
clinical use are listed in Tables 1 and 2.

The basic molecular structure of a local anesthetic is an aromatic ring, which
is connected to a tertiary amine by an intermediate ester or amide link. The
tertiary amine is hydrophilic and, to some degree, positively charged. The aro-
matic ring, in contrast, is responsible for the affinity of local anesthetics to tissue
membranes, or lipophilicity (7). It is this affinity to tissue membranes that is
primarily responsible for the impulse-blocking effect of local anesthetics (8).
Anesthetics in solution exist in equilibrium of a positively charged form and a
neutral base form. The tissue membranes concentrate the neutral base form to a
greater degree than the positively charged form. Within a certain range, more
lipophilic drugs exert longer lasting anesthesia and are more potent. Tissue pH
may also play a role in the effect of local anesthetics by changing the proportions
of the charged and uncharged forms. Such situation exists, for example, in
inflamed tissues, which are characterized by low pH. This favors the positively
charged form of the local anesthetic to predominate, which in turn impedes
tissue penetration of the drug (7). Clinically, this may explain why patients are
extremely sensitive to an anesthetic injection into the inflamed tissue commonly
surrounding chronically indwelling drains, and why it is difficult to adequately
anesthetize such an area. In contrast, alkalinization of an anesthetic solution, for
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Table 2. Ester Local Anesthtics

Duration Adult Child Adult
of
Action
Name Brand Without Without Without With With
Name Epinephrine  Epinephrine  Epinephrine  Epinephrine  Epinephrine
(dose/kg) (max dose) (dose/kd) (dose/kg) (max dose)
Procaine 60 min 350-600 mg 15 mg/kg 350-600 mg
(0.25-0.5%)  (0.5%) (0.25-0.5%)
Chlorprocaine  Nesacaine 60 min 11 mg/kg 800 mg 11 mg/kg 14 mg/kg 1000 mg
(0.5-3%) (0.5-1%) (0.5-3%)
[>3 years]
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example, by the addition of sodium bicarbonate (NaHCO;), may hasten the
onset of action and result in a more effective impulse blockage (9).

The basic impulse-blocking mechanism of local anesthetic is blockage of
sodium channels on neural membranes that, in turn, leads to the cessation of
propagation of impulses. Differences exist in susceptibility of nerve fibers to
local anesthetics. The least susceptible are small, nonmyelinated C fibers, fol-
lowed in increasing order of reactivity by the large Ao and A fibers. The most
susceptible ones are Ad sensory Ay motor fibers (7,10).

Local anesthetics may affect the vascular tone of blood vessels in their sur-
roundings. Vasoconstricting effects may predominate at low concentrations,
whereas the vasodilatory properties are evident at higher concentrations. This
is drug specific, however. For example, EMLA is initially a cutaneous vasocon-
strictor and then becomes a vasodilator after two hours of application (7,11-12).

The addition of epinephrine to a local anesthetic may increase the extent
and duration of anesthesia because it decreases the rate of vascular absorption
from tissue (13—17). The effect is most pronounced with lidocaine, including
markedly dilute solutions (7).

Once they have been absorbed into the bloodstream, local anesthetics are
metabolized primarily in the liver (amides), or hydrolyzed in plasma by chol-
inesterase enzymes (esters) (7). The blood concentration of local anesthetics
depends on the amount injected, the rate of absorption, tissue distribution,
biotransformation, and excretion. There are also patient-specific factors such as
age, and cardiovascular, hepatic, and renal functions (7). For example, the plasma
half-life for lidocaine is almost doubled in the elderly population when compared
to healthy young adults (18). The relationship of the blood level is usually directly
proportional to the volume injected; larger volumes of a correspondingly dilute
solution will cause higher blood levels than the same dose in a smaller volume (7).

The primary toxicity of local anesthetics is manifested by neurological and
cardiovascular symptoms. The initial symptoms of central nervous system (CNS)
toxicity are dizziness and lightheadedness that may be followed by tinnitus and
difficulty in focusing. Patients often demonstrate tremors, muscle twitching, and
shivering — all eventually leading to tonic-clonic convulsions. Although the initial
phase of CNS toxicity is clearly excitatory, the late effects are those of CNS
depression leading to respiratory arrest (7). With large doses of anesthetic
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absorbed into the bloodstream, the excitatory phase of toxicity may be rather
short. The decrease in ventilation may lead to hypercapnia, which in turn may
worsen the toxicity by dilating the cerebral blood vessels and increasing the
delivery of the local anesthetic into the brain (7,19). The cardiovascular effects
are due to the anesthetic-induced impairment of the conducting system (19-24).
Although beneficial in certain situations (e.g., ACLS protocols), this is obviously
undesirable when using local anesthetics for their primary function. Bupivacaine
is particularly capable of inducing malignant reentry-type cardiac dysrhythmias.
Thresholds for CNS versus cardiovascular toxicity vary depending on the partic-
ular drug. For example, a sevenfold higher lidocaine blood level is needed to
produce cardiovascular collapse compared to the level needed to induce seizure
activity. By contrast, this ratio is less than fourfold for bupivacaine (25). In fact,
bupivacaine may potentially stop a patient’s heart before it stops their breathing,

TOPICAL ANESTHETICS

A commonly used topical anesthetic in the United States is EMLA (AstraZeneca
Pharmaceuticals, Wilmington, DE, USA), an emulsion of 2.5% lidocaine and
2.5% prilocaine. Approved by the FDA in 1992, this preparation has been used
extensively in a number of applications, such as prior to venipuncture, infusion
port access, local skin excisions, therapeutic injections, circumcision, etc. The
maximum depth of penetration is 5 mm (26), and the minimum recommended
effective application time is 60 minutes (although shorter effective times have
been reported). Its use in infants and neonates is limited because of the possible
development of methemoglobinemia (27,28).

ELA-max, or its newer formulation called LMX 4 (Ferndale Laboratories,
Ferndale, M1, USA), is a lysosomal-based formulation of lidocaine (4% or 5%),
which has a faster onset of action and longer anesthetic effect compared to
EMLA (29). LMX 4 has the added benefit of not causing methemoglobinemia.
However, LMX 4 is an over-the-counter drug that is not currently FDA
approved for the spectrum of use similar to that of EMLA given earlier.

Amethocaine is a 4% tetracaine gel, in use in Europe, Canada, Australia,
and New Zealand, although it is not currently FDA approved. Its efficacy may
be superior to EMLA in alleviation of pain associated with venipunctures (30).
This could be due to its affinity for neuronal receptors and high lipophilicity
that allow a rapid onset of action and a lasting effect after small doses (31,32).
Iontophoresis takes the topical anesthetic delivery from a passive absorption to
an active, low-electrical current administration that relies upon the polar prop-
erty of anesthetic molecules (33). Although it offers the fastest delivery of top-
ical anesthesia, the delivery device is expensive and provides only small surface
area coverage (29). Several reviews of a number of clinical trials summarize the
clinical efficacy of EMLA and amethocaine (29,32,34,35).

ALLERGIC REACTIONS

True allergic reactions to local anesthetics are rare, probably less than 1% (36).
Symptoms that are thought to represent an allergic reaction are not
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infrequently a result of an unrecognized intravascular injection, vasovagal reac-
tion, or cardiovascular effects of epinephrine. Of the two groups of local anes-
thetics, esters are more likely to elicit allergic reactions. These reactions are
caused by p-aminobenzoic acid, an allergenic metabolite of this group.
Although an amide anesthetic might be a safer choice in a setting of proven
allergy to an ester compound, rare allergic reactions have also been described
with this group. They have been attributed to the presence of a preservative,
methylparaben (37), which is hydrolyzed to p-hydroxybenzoic acid (38). An
additional mechanism responsible for methylparaben’s antigenicity is that it
may act as a hapten that requires binding with a carrier, typically a protein, to
become antigenic (38,39). Another potential allergen may be the latex rubber
stop in some of the local anesthetic bottles.

Clinically, when presented with a patient who is allergic to an ester anes-
thetic, the next best choice is to use a preservative-free amide drug (37,38).
Unfortunately, the most commonly encountered problem is history of a reac-
tion to lidocaine, an amide! Because cross-reactivity within the amide group is
rare, and given that a prior reaction may have been due to an amide containing
methylparaben, one should perform intradermal testing with a different, pref-
erably preservative-free, amide (37). A rather elaborate protocol has been
described by Feldman et al. (40). Briefly, it includes intradermal administration
of 0.1-0.2 ml of a local anesthetic in decreasing dilution (1:1000, 1:100, 1:10,
1:1, nondiluted) and observing for local signs of allergic reaction. Anecdotally,
one of the author’s anesthesiology colleagues uses 0.1-0.2 ml of nondiluted
anesthetic from the outset — an approach that has worked reliably for more than
15 years of clinical practice. If cross-reactivity to amides is present, then intra-
dermal testing with an ester is appropriate (37).

What if neither an amide nor ester anesthetic is safe to use? Anesthetic
properties of antihistamines and antihistaminic properties of anesthetic com-
pounds have been described (41). The anesthetic property of antihistamines is
thought to be due to the blockage of sodium channels (42). The anesthetic
effectiveness of diphenhydramine hydrochloride has been compared against
lidocaine in randomized clinical studies (43—45). Solutions of 1% lidocaine
and either 0.5% or 1% diphenhydramine were examined. The latter two are
prepared by diluting 1 ml (50 mg) vial of diphenhydramine with 9 or 4 ml of
normal saline solution yielding, respectively, 0.5% or 1% solutions. In general,
there was no difference in the anesthetic effectiveness between lidocaine and
diphenhydramine, with an exception for facial lacerations where lidocaine was
more effective. One patient in a particular study developed a superficial skin
sloughing after using diphenhydramine as an anesthetic (43).

THE ROLE OF SODIUM BICARBONATE

There are a number of variables associated with pain on administration of local
anesthetics. For example, the injection site, speed of injection, intradermal
versus subdermal injection, temperature of the drug, presence of any admix-
tures (epinephrine, NaHCOj3), solubility in lipids, and size of the needle may all
influence the degree of pain associated with the administration of local anes-
thetics. As discussed earlier, increasing pH of the solution by the addition of
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NaHCOj; should increase the uncharged base form, which has been shown to
have better diffusion kinetics in the soft tissues resulting in a more rapid onset
of action (9). McKay et al. (46) showed that NaHCOj3 reduced pain on cuta-
neous administration of local anesthetics. The results of randomized clinical
trials in this regard are varied. Nakayama et al. (47), in a study of fifty patients,
showed the effectiveness of NaHCOj; in decreasing pain sensation associated
with the epidural needle insertion. In this study, however, patients were not
their own controls. Watts et al. (48) studied sixty-four patients undergoing
open carpal tunnel decompression under local anesthesia and showed no stat-
istical difference in pain scores between patients receiving buffered versus plain
lidocaine. The size of the needle was not reported. Similar to the Nakayama
study, patients were not their own controls. In the remaining studies, discussed
below, patients were their own controls. Masters (49) found that the reported
pain score was significantly lower in patients receiving lignocaine with epi-
nephrine buffered with NaHCO; versus without the buffer. A trend, albeit
not statistically significant, toward buffered lidocaine with epinephrine causing
less pain than a freshly mixed lidocaine with epinephrine but no buffer was
found by Burns et al. (50). Palmon et al. (51) studied the effect of needle
gauge (25 vs. 30 gauge) and lidocaine pH on pain during intradermal injection
and showed that the contribution of NaHCO; was greater, even though both
the needle gauge and the addition of bicarbonate buffer had a role in diminish-
ing pain. And finally, Scarfone et al. (52) reported on the impact of buffering
and the rate of administration on pain perception and found that the latter
had a greater impact. Buffering ameliorated the pain associated with rapid
injection.

TUMESCENT ANESTHESIA

Tumescent anesthesia is used extensively in plastic and reconstructive surgery.
The development of percutaneous varicose veins ablation has brought this
technique into the interventional radiology practice not only as a pain control
tool but also as an important mechanism responsible for the efficacy of this
therapy. Infiltration of the tumescent solution allows collapse of the saphenous
vein around the laser fiber or RF probe, thus optimizing the contact of the vein
wall with the device. Tumescent anesthesia also creates a heat sink effect, which
offers protection to the surrounding tissues. Many “recipes” are available for
the tumescent solution. For example, as described by Min and Khilnani (53), a
0.1% solution of lidocaine may be created by adding 50 ml of 1% lidocaine to
450 ml of normal saline solution, with an addition of 5-10 ml of 8.4% NaHCO;.
An even more dilute (0.05%) lidocaine concentration may be utilized if large
volumes of tumescent solution are required, for example, in simultaneous
bilateral treatment. The limiting factor is the maximum safe dose of lidocaine,
which must not exceed 4.5 mg/kg when administered without epinephrine,
or 7 mg/kg with the vasoconstrictor. However, as suggested by Klein (54,55),
the maximum safe doses mentioned above may represent a significant under-
estimate as to what may be applicable in the clinical practice of plastic and
reconstructive surgery. Klein’s tumescent solution (54) consists of 0.05% or
0.1% lidocaine with 1:1,000,000 epinephrine and NaHCO;. He studied the
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pharmacokinetics of such mixture, following injections of large volumes (up to
2,000 ml) of dilute anesthetic, in a series of limited clinical experiments involv-
ing the total of fourteen patients. It was determined that the maximum safe
dose is 35 mg/kg in patients undergoing liposuction. He also reported that the
procedure resulted in the decrease of the total amount of lidocaine absorbed
systemically as well as the magnitude of the peak plasma concentration
(approximately 25-30% each), due to partial removal of the anesthetic with
liposuction (54). Klein also suggested that the well-publicized maximum safe
lidocaine doses had been arrived at by inference from data available for pro-
caine in the initial application for the FDA, rather than objective data on this
compound. More recently, Grossmann et al. (56) studied the pharmacokinetics
of articaine hydrochloride, an amide anesthetic, in liposuction. The advantages
of articaine include a rapid metabolism in tissue and plasma to an inactive
articainic acid, and a lower rate of CNS toxicity than lidocaine (57,58). No side
effects were observed following articaine doses of up to 38.2 mg/kg, and similar
to the results of Klein, the liposuction procedure reduced the amount of the
drug absorbed by approximately 30%. However, contrary to the prior inves-
tigations, Ostad et al. (59) found the amount of lidocaine in the liposuction
aspirate to be negligible. The applicability of data quoted here to the field of
interventional radiology is, at present, limited (54-56,59). This is mostly
because highly dilute lidocaine solutions, as low as 0.05%, are hardly expected
to produce toxic levels even with a simultaneous bilateral lower extremity
varicose vein ablation. The safety of exceeding the recommended lidocaine
dose in venous ablation has yet to be defined.

CONCLUSIONS

Familiarity with different local anesthetics is vital to the practice of interven-
tional radiology. Differing clinical situations, as well as patient variables, call for
a tailored approach to the type and amount of local anesthetic used.
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Functional Lumbar Spine Anatomy:
A Review

Anthony P. Dwyer, Curt Freudenberger, Vikas V. Patel,
Michael Fleisher, and Charles E. Ray, Jr.

The purpose of this chapter is to provide a brief outline of lumbar anatomy that
is relevant to both the clinical evaluation of patients with low-back pain, and
the role of interventional radiology (IR) in the investigation and treatment of
these patients. This chapter is intentionally superficial; if further anatomical
detail is desired, the reader is recommended to look up reference 1 of this
chapter.

OSSEOUS STRUCTURES

So-called motion segments exist between two adjacent vertebrae in the lumbar
spine. These motion segments articulate through the two posterior

Figure 1. Line drawing demonstrating the neural
foramina (X) in a sagittal projection. [Adapted from

(1).]
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(curved arrows).

zygapophyseal (facet) joints and the anterior intervertebral disc. Other than
these components of the vertebral column, the spine remains relatively static
and immobile due to both osseous and ligamentous structures.

The lumbar vertebra has anterior elements (consisting of the vertebral
bodies), middle elements (consisting of the pedicles), and posterior elements
(consisting of the facet joints, the lamina, spinous processes, and transverse
processes). The anterior elements sustain compressive loads applied to the
spine, whereas the posterior elements control spinal motion through the liga-
ments and muscles attached to these osseous structures. The middle elements
connect the anterior vertebrae body to the posterior elements, and transfer
loads between these components.

The nerve roots exit the spinal column via the neural foramina, and oval-
shaped space surrounded by osseous structures from two adjacent vertebrae
(Figures 1, 2).

INTERVERTEBRAL DISC

The intervertebral disc is interposed between the vertebral bodies, and consists
of a central gelatinous nucleus pulposis, a surrounding dense annulus fibrosis,
and the cartilaginous vertebral end plates capping the adjacent vertebral body

Figure 2. Sagittal T2ZW magnetic resonance imaging
(MRI) demonstrating the neural foramina at multiple
lumbar levels. Note the normal amount of fat adjacent
to the exiting nerve root (block arrow). The intercostal
vein and artery can be seen adjacent to the nerve root
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Figure 3. Axial T2ZW MRI demonstrating the typical appearance of a disc space. Note the
higher intensity nucleus pulposus, which is largely composed of a highly fluid-comprised
gelatinous material, and the lower intensity annulus fibrosis, composed largely of dense
fibrous tissue.

surfaces (Figure 3). The disc is innervated by multiple sources (discussed in the
following paragraphs).

LUMBAR LIGAMENTS

The posterior ligaments of the lumbar spine consist of the interspinous, super-
spinous, and intertransverse ligaments. Although numerous, these posterior
ligaments are not substantial structures and add little to lumbar spine stabili-
zation (Figures 4, 5).

The iliolumbar ligament extends from the transverse process of L5 to the
ilium. It is stouter than the other three posterior element groups and, when
fully developed, significantly resists sliding, bending, and rotation of L5 on S1.

The ligamentum flavum courses between adjacent lamina, providing some
resistance to flexion. The main role of the ligamentum flavum has been
described as providing a constant, distinct elastic smooth surface along the
dorsal aspect of the vertebral canal (Figure 6).

The posterior longitudinal ligament is a thin and weak ligament that does
little to impede separation of the vertebral bodies. In contrast, the anterior
longitudinal ligament is more robust and significantly resists hyperextension
between the vertebral bodies (Figure 7).
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Figure 4. Line drawing demonstrating the interspinous
ligaments. Like the remainder of the posterior ligaments, the
interspinous ligaments are notoriously weak (arrows —
interspinous ligaments; arrowheads — ligamentum flavum).
[Adapted from (1).]

Figure 5. Sagittal TIW MRI demonstrating the fibrous
interspinous ligaments (arrows).
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Figure 6. Sagittal (A) and axial (B) T2W MRI
demonstrating the dense, lower intensity ligamentum
flavum (arrows).
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Figure 7. Sagittal MRI demonstrating the anterior (white
arrow) and posterior (black arrow) longitudinal
ligaments, coursing between the adjacent vertebral
bodies. Although the appearance of the two structures is
similar on imaging, the anterior longitudinal ligament
significantly resists hyperextension of the spinal column,
whereas the posterior longitudinal ligament adds little to
the structural integrity of the vertebral column.

LUMBAR MUSCLES AND FASCIA

Three muscle groups comprise the lumbar paravertebral muscles. The first
group is made up of the psoas major and psoas minor muscles, which course
anterolaterally from the vertebral bodies. The second group is comprised of
the intertransversarii lateralis and quadratus lumborum muscles, which course
ventrolateral to the transverse processes of the vertebra. The third group, the
posterior lumbar muscles, is further divided into three subgroups: the short
intersegmental muscles, the polysegmental muscles (multifidus, and the lum-
bar segments of the longissimus and iliocostalis muscles), and the long poly-
segmental muscles (the thoracic segments of the longissimus and iliocostalis
lumborium muscles) (Figure 8). The posterior lumbar muscles are attached
to the erector spine aponeurosis and the three layers of the thoracolumbar
fascia.
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Figure 8. Axial TIW MRI demonstrating the paraspinous muscles; PS — psoas major;
QL - quadratus lumborum; LT — longissimus thoracis; MF — mutifidus.

S

Figure 9. (A-G) Axial MRI sequence demonstratin the course of the nerve root (arrow) as it
exits the vertebral column.
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Figure 9. (continued)

NERVE SUPPLY OF THE LUMBAR SPINE

The exiting dorsal and ventral nerve roots join to form the spinal nerve, which
subsequently divides into the larger ventral and smaller dorsal rami (Figure 9).
The ventral ramus receives additional innervation from the sympathetic trunk,
located along the anterolateral aspect of the lumbar spine.
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Figure 9. (continued)

The nerve supply to the lumbar paravertebral muscles is extensive and
occurs in a segmental manner. The ventral ramus of the spinal nerve innervates
the psoas major, quadratus lumborum, and intertransversarii muscles. The dor-
sal ramus of the spinal nerve innervates the posterior lumbar muscles and other
structures posterior to the intervertebral foramen. The dorsal ramus subdivides
into three major branches: the lateral branches of the dorsal ramus innervate the
iliocostalis lumborum muscle, the intermediate branches supply the longissimus
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Figure 9. (continued)
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Figure 10. Sagittal drawing of the lumbar spine Figure 11. Lumbar spine innervation. The posterior
demonstrating branches of the nerve root after elements, as well as the posterior musculature, derive
exiting from the neural foramina; vr — ventral nerve their innervation from the smaller dorsal ramus (dr).
root; dr — dorsal nerve root; mb — medial branch of The anterior elements derive their innervation from
the dorsal nerve root; ib — intermediate branch of the larger ventral ramus (vr); svn — sinuvertebral

the dorsal nerve root; Ib — lateral branch of the nerves; Ib — lateral branch of the dorsal root; mb —
dorsal nerve root. [Adapted from (1).] medial branch of the dorsal root. [Adapted from (1).]
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muscles, and the medial branches innervate the short multifidus muscle, inter-
spinous ligament, and the facet joints (Figures 10 and 11).

The vertebral bodies are innervated by the gray rami communicantes (from
the sympathetic trunk) and the ventral ramus forming the anterior longitudinal
and posterior longitudinal plexuses. The intervertebral discs are innervated by
multiple sources: the gray rami communicantes anterolaterally, the ventral
rami posterolaterally, and the sinuvertebral nerves posteriorly. The sinuverte-
bral nerves are recurrent branches of the ventral ramus and supply the posterior
longitudinal ligament, the posterior (dorsal) aspect of the disc, and the anterior
(ventral) aspect of the dura mater. The posterior (dorsal) aspect of the dura,
however, has no nerve supply.

Innervation of the disc space is limited to the outer third of the annulus,
which contains nerve fibers and free nerve endings. In addition, neuropeptides
have been identified in the disc space, confirming the nociceptive role of these
free nerve endings.

REFERENCE
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Percutaneous Vertebroplasty

Mitchell T. Smith and Charles E. Ray, Jr.

INTRODUCTION

The first percutaneous vertebroplasty (PVP) using imaging guidance was
performed in France in 1984 (1). The injection of polymethylmethacrylate
(PMMA) by Galibert et al. into a painful C2 hemangioma relieved the patient’s
pain (1). Since that time, the interest and technical efficacy have improved to
the point where PVP is used to treat osteoporotic and malignant compression
fractures as well as primary and metastatic neoplasms of the vertebral bodies at
all levels.

Prior to the development of PVP, painful vertebral compression fractures
(VCFs) were treated conservatively. Indeed, current recommendations for PVP
include failure of conservative treatment as a procedural prerequisite. The
initial treatment of patients with painful VCF is a combination of immobiliza-
tion, external bracing, and analgesic drugs (2).

Many pharmacological therapies are aimed at preventing the bone deminer-
alization that can lead to compression fracture. The commonly prescribed med-
ications include bisphosphonates, alendronate, and risedronate, which bind to
hydroxyapetite and inhibit resorption. These agents are usually well tolerated and
available in once weekly preparations (3,4). Calcitonin, administered as a nasal
spray, prevents osteoclast-mediated bone resorption and may have analgesic
properties. Finally, teriparatide, a truncation product of human parathyroid hor-
mone, stimulates bone formation and is available for subcutaneous injection. The
use of these agents can decrease the incidence of VCFs by 60% in one year (5,6).

Surgical intervention is needed in a small percentage of patients with VCFs.
This is usually secondary to a neurological deficit resulting from the fracture
deformity. The operations are frequently difficult and the osteoporotic bone
affords marginal pedicle screw purchase (7,8). Complications include surgical
wires cutting through bone and hardware failure, which can lead to a worsening
spinal deformity.

A number of techniques can be used to improve results with conventional
surgery. Optimization of nutritional status has been shown to be associated
with increased healing and decreased mortality (9). Additionally, the use of
longer constructs with multiple fixation points, sublaminar wires, and large

43



PART I. LOCOREGIONAL PAIN CONTROL

44

pedicle screws with or without methylmethacrylate and bone graft can improve
outcomes (10-12).

A more recent development for treatment of VCFs involves the injection of
cement into the vertebral body. This is thought to splint the internal fracture
and thereby decrease pain. There are two techniques that are commonly used:
vertebroplasty and kyphoplasty.

Kyphoplasty, which uses a balloon tamp inflated to >200 psi to create a
space within the vertebral body prior to injection of cement, was developed in
1998 by Reileyin and described by Lieberman et al. in 2001 (13). It is thought
that the balloon expansion may help restore vertebral body height and, there-
fore, reduce the kyphotic deformity. Dublin et al. demonstrated that PVP
improves pretreatment vertebral body height by approximately 47.6%, with
only 15% showing no improvement in pretreatment height (14). This com-
pares favorably to Lieberman’s data, which demonstrated a restoration of 47%
of pretreatment height in 70% of patients (13). Hiwatashi et al. demonstrated
a 2.7-mm increase in anterior vertebral body height, 2.8 mm centrally and
1.4 mm posteriorly in 72 of 85 patients treated with PVP for osteoporotic
compression fractures (p < 0.05 for all levels compared to pretreatment)
(15). The overall height increase was more modest, but not statistically differ-
ent, in patients treated for collapse caused by neoplasm (15).

Another purported benefit of kyhoplasty is a reduction of leakage or
embolic events thought to be associated with the tamping procedure and the
injection of higher viscosity PMMA under lower pressures. At this time, there
are no firm clinical data to support this claim. The relief of pain is similar for
both procedures, but kyphoplasty is more expensive due to the added equip-
ment and is occasionally done under general anesthesia with its attendant risks .
For a more in-depth discussion about kyphoplasty, please see Chapter 6.

CLINICAL INDICATIONS
Insufficiency Fractures

Compression fractures of vertebral bodies are an increasingly common prob-
lem with our aging population, and approximately 700,000 new fractures occur
per year (16). The toll of these fractures is high on both the patients and our
health care system. Compression fractures result in more than 150,000 hospital-
izations, 161,000 physician office visits, and 5,000,000 restricted daily activities
in patients 65 years and older (17,18). The lifetime risk of a symptomatic
compression fracture is 16% for Caucasian females and 5% for Caucasian males
(17). With increasing longevity of our aging population, osteoporosis and its
clinical consequences, including vertebral compression fractures, are expected
to increase fourfold (16).

Osteoporotic VCFs are associated with increased mortality. Kado et al.
(1999) followed 9,575 women for eight years and found that the presence of
a VCF increases mortality between 23% and 34% (19). The five-year survival
rate for patients with VCF is approximately 61%, which compares unfavorably
to a rate of 76% in age-matched peers (20).

Osteoporosis that leads to VCFs can be either primary or secondary. Pri-
mary osteoporosis is secondary to the uncoupling of bone remodeling; this
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starts at age 30 and progresses with 3-5% loss of bone per decade (21). Radio-
graphically identified compression fractures of the thoracolumbar spine are
observed in up to 26% of women older than 50 years of age, with a concomitant
loss of 15% of the vertebral height (22). Men appear to be affected approx-
imately half as often as women (81 per 100,000 person-years compared to 153
per 100,000 person-years, respectively) (23).

Secondary osteoporosis is common in patients being treated with steroids
for asthma, chronic obstructive pulmonary disease, rheumatoid arthritis, and
transplantation. Secondary osteoporosis is also seen as a side effect of anti-
androgenic therapy for prostate cancer (24). Some estimates indicate that in
all patients with osteoporosis, 50% of men and 20% of women have secondary
causes (25,26).

The most striking outcome post-PVP is a decrease in the patient’s pain.
Kobayashi et al. performed 205 PVPs in 175 patients and demonstrated that
their pain, as measured on an 11-level visual analog scale (VAS), dropped
from 7.22 to 2.07 one day after the procedure (p < 0.0001) (27). The pain
improved in 96.4% of patients and disappeared in 44% of them (27). McGraw
et al. performed 156 PVPs in 100 patients and demonstrated improvement
of pain in 97% 12 to 24 hours postprocedure that, as measured by a 0-10
VAS, improved from 8.91 to 2.02 (p < 0.001) (28). Additionally, 91 of 99
patients were able to decrease the amount of oral pain medication required
(28). Hodler et al. showed that pain was absent or better in 86% of treated
patients initially; and at a mean follow-up of 8.8 months, 88.4% had remained
pain free or had improvement relative to their preprocedural state (29).
Grados et al. demonstrated persistent pain relief at the treated level and no
progression of vertebral deformity 12-84 months postprocedure (mean fol-
low-up = 48 months) (30).

Additional benefits include improved quality of life and ambulation.
Kobayashi et al. compared a PVP group to a conservatively treated control
group and found that the interval to ambulation was decreased by 22 days
(1.9 compared to 23.9 days) (27). Evans et al. reported on a patient group
where 72% of a pretreatment group displayed impaired ambulation that
improved to 28% posttreatment. Activities of daily living, as assessed by a
questionnaire, demonstrated a statistically significant improvement (p < .001)
(31). In addition to showing decreasing pain for a two-year interval, Trout et al.
showed that early PVP in fracture patients can reduce hospital stays (32).

Burst Fractures

There is some evidence that, in carefully selected patients, PVP can be used to
treat burst fractures. Chen and Lee selected six patients with anterior- and
middle-column burst fractures, minimal retropulsion of bony fragments, and
persistent pain after conservative therapy for PVP (33). These patients reported
a statistically significant decrease in their pain (scored on a 0-100 pain VAS)
from 84.3 at baseline to 34.7 on postoperative day 3 and 30.2 at postoperative
month 3 (33). There was also the suggestion that PVP in this small sample was
associated with an increase in mobility (33). Four of six treated vertebrae in this
series had PMMA leakage through the end plate and into the disc space without

45



PART I. LOCOREGIONAL PAIN CONTROL

46

any clinical symptoms (33). With the amount of leakage, this technique may be
most suitable for subacute to chronic fractures that have not improved with
conservative treatment.

NEOPLASTIC INDICATIONS

Indications for PVP in neoplasia include treatment of painful hemangiomas or
compression fractures secondary to osteolytic metastases or myeloma, and as a
method for the treatment of refractory spinal pain in patients with multiple
metastases.

Hemangiomas

Hemangiomas of the vertebral bodies are common lesions that have been
seen at autopsy in up to 11% of patients (34). In 67% of patients, these are
solitary, incidental findings on radiograph, computed tomography (CT), or
magnetic resonance imaging (MRI) scans of the thoracic spine (35,36).
Hemangiomas come to clinical attention secondary to pain with or without
pathological fracture, spinal cord compression with resultant neurological
deficit, or expansion of the vertebral body and/or posterior elements (36—
38). Traditional methods for the treatment of vertebral hemangiomas have
included irradiation, surgery with or without radiation therapy, or preoper-
ative embolization with subsequent surgery (39). PVP in the setting of
hemangioma is typically used for an analgesic effect, to retard secondary
deformation of the vertebral body, or as a preoperative measure to diminish
operative blood loss. The mechanism for the analgesic effect is unknown, but
it has been postulated that this effect is likely due to chemical ablation of
pain-sensitive nerve endings and/or from the stabilization of microfractures.
PVP of hemangiomas has been demonstrated to reduce the risk of hemor-
rhage with spinal surgery (40).

Neoplastic Compression Fractures with and without
Refractory Pain

Pain that can limit activity and lead to associated increases in morbidity
and mortality from bedsores, deep venous thrombosis, and pulmonary com-
plications is often seen in patients with metastatic disease to the spine. PVP can
help to relieve pain and stabilize fractures in the palliative setting late in life
(41-43).

Weill et al. treated 37 cancer patients with 52 vertebroplasties and found that
73% of the procedures performed for analgesia resulted in clear improvement,
seven showed moderate improvement, and two demonstrated no improvement
(41). The improvement was stable in 73% of patients at six months (41). Cortet
et al. treated 40 vertebrae in 37 patients and found that 97.3% reported
a decrease in their pain within 48 hours with 13.5% being completely pain free
(44). The reduction in pain was not correlated to the extent of cement filling the
vertebral body and persisted in 75% of treated cases at 6 months (44).
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Timing of Intervention

As a general rule, patients with acute compression fractures who demonstrate
bone marrow edema on T2 or STIR MRI sequences will benefit from PVP.
Brown et al. compared outcomes of 15 patients with bone marrow edema on
MRI to 45 patients without bone marrow edema (45). Although marrow edema
was not precisely correlated with fracture age, all patients with edema had
elimination or reduction of pain and 67% reported improved mobility; in
patients without marrow edema, 80% reported elimination or reduction of
pain and 57% reported improved mobility (differences between the groups
were not statistically different) (45).

There were initial studies that reported poor outcomes with subacute or
chronic fractures at 6 or 12 months (46,47). More recently, a report by Brown
et al. found that patients with fractures treated by PVP that were 12-24 months
old had mobility improvement (although not significantly different) from a
control group of patients with acute fractures treated with PVP (48). Even
though mobility was improved, the relief of pain was less robust in the older
treated fractures (48). Kaufmann et al. performed 122 PVPs in 75 patients
whose mean fracture age was 19 weeks and reported decreased pain and
increased mobility for the entire cohort (49).

In summary, the effectiveness of PVP for a given fracture on the basis of age
has not been clearly established in the literature, although imaging studies
suggest bone marrow edema seems to be associated with positive outcomes.

TECHNIQUE
Physical Exam

A pertinent clinical history should be obtained prior to procedural intervention
to exclude causes of back pain not treatable by PVP. These include disc disease
with resultant spinal cord or nerve root compression, spinal stenosis, facet
disease, and discogenic back pain. Patients with a compression fracture will
usually report sudden onset of pain at a specific spinal level that is exacerbated
with weight bearing and relieved by the supine position. Physical exam should
confirm pain with palpation at a single site that corresponds to a compression
deformity on radiograph. If multiple deformities are present, additional imaging
should be performed to determine the specific site for intervention.

Preprocedural Imaging

Lateral radiographs of the spine will typically demonstrate diffuse osteopenia
with one or more wedge compression deformities. The treatment decision is
uncomplicated if the patient has one compression deformity, can recall an exact
time of injury, and demonstrates pain with palpation at that specific level. In
the absence of these three indicators, serial radiographs may be helpful in
determining the acuity of several fractures and the level to be treated.

A thin-slice CT scan with multiplanar reformations may be of use if there is
a question of posterior cortex involvement, which would be a relative proce-
dural contraindication.
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In the absence of clearly defined fractures, an MRI or bone scan may be
useful for determination of treatment level. MRIs looking for edema on T2-
sensitive or STIR sequences, or enhancement on fat-saturated gadolinium-
enhanced T1 sequences, can help to pinpoint a vertebral body for treatment
(Figure 1). MRI also has the advantage of obtaining anatomic information
regarding other potential causes for the patient’s pain (metastatic or disc dis-
ease) and for evaluation of cord compromise (50).

In patients who cannot receive an MRI exam, a bone scan can help to
elucidate the treatment level in a patient with multiple compression
fractures. Maynard et al. used bone scans as preprocedural planning in 28
PVPs and found subjective pain relief in 93% of cases, with an improvement
in mobility seen in half the cases (improvement of one level on a five-point
subjective scale) (46). A caveat with bone scans is that patients two years out
from fracture may have continued activity on the bone scan and the efficacy
of PVP in patients that far removed from injury has not been fully
evaluated.

The preprocedural workup in the setting of neoplasm should include CT or
MRI to evaluate the extent of tumoral burden and to evaluate for destruction of
posterior vertebral body cortex or epidural tumor, both relative contraindica-
tions due to risk of cement extravasation.

Contraindications

Absolute contraindications to PVP include local infection (including osteo-
myelitis, discitis, and epidural abscess). Patients with generalized signs of infec-
tion (fever or infectious leukocytosis) should not be treated until their signs
resolve. Anyone with significant coagulopathy should have this corrected prior
to the introduction of the large-bore needles used for PVP; the authors use an

Figure 1. MRI of osteoporotic compression fracture. Sagittal STIR image
demonstrates a 20-30% compression deformity of the L2 vertebral body.
There are associated moderate marrow edematous changes and a linear
transversely oriented fracture compatible with an acute event. Note also the
compression deformity of T11, with decreased signal intensity; the patient
had a previous kyphoplasty at this level. (Image courtesy of Robert Allen,
MD.)
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INR >2.0 as a contraindication. Finally, the patient should have no docu-
mented allergies to any of the components in the cement mixture (such allergies
are exceedingly rare).

Relative contraindications include severe radiculopathy, tumor extension
into the epidural space, posterior cortical defects, and retropulsion of osseous
fragments with canal compromise (even in asymptomatic patients).

Procedural Imaging

PVP is typically performed using either multiplanar fluoroscopic guidance or,
in some institutions, CT guidance. Some authors have used a single-plane
C-arm using an oblique projection advancing the needle into the pedicle prior
to advancing the needle into the anterior third of the vertebral body on the
lateral view and confirming a central location on the posteroanterior view (51).

One area where fluoroscopic guidance is likely superior to CT is intra-
procedural evaluation of cement injection. With CT evaluation of cement
injection, care must be taken to evaluate a large enough field of view to be
certain that leakage is not occurring outside the field of view.

Technique

CERVICAL SPINE

The cervical spine has been amenable to PVP using a direct transoral or
anterolateral approach (52-56). The transoral approach is the most straightfor-
ward, but it usually requires general anesthesia, excellent visualization, and
superb disinfection of oral mucosa. This technique has been used to treat an
aneurismal bone cyst with pain relief at 18 months postprocedure and C1/2
instability at six months (54).

The anterolateral approach requires extension of the head to expose the
neck and elevate the mandible with palpation and lateral displacement of the
carotid space (56). The needle is placed 1 cm below the level of the angle of
the mandible and inserted until contact is made with the vertebral body (56).
The needle will traverse, in order, the parapharyngeal, retropharyngeal, and
prevertebral spaces (56). Once placement is confirmed radiographically,
cement injection is performed in the standard fashion.

THORACIC AND LUMBAR SPINE

Treatment of the vertebral bodies in the thoracic and lumbar spine uses a
unipedicular, bipedicular, parapedicular, or transcostovertebral approach. The
transpedicular route is the most commonly used; it is advantageous as it offers a
defined anatomic landmark and places no other structures (lung, nerve root,
spinal cord, or vasculature) at significant risk. With small pedicles (i.e., in the
upper thoracic spine), a parapedicular or transcostovertebral approach is used
to avoid pedicle fracture and to, in theory, allow more uniform filling of the
vertebral body as the needle is closer to midline. Kim et al. found that they were
able to fill both halves of the vertebral body in 96% of patients using a uni-
pedicular approach that enters the pedicle lateral to the superior articulating
facet (57).
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An antibiotic is administered prior to the start of the procedure; the
authors use 1 g of cefazolin intravenously. Regardless of the approach used,
the subcutaneous soft tissues and bony periosteum of the upper lateral pedicle
are anesthetized using 5-10 ml of 0.25% bupivicaine or 1% lidocaine. A small
incision is made in the skin and the vertebroplasty needle is advanced to the
pedicle. To violate the perisoteum and advance the needle, a twisting motion or
sterile orthopedic hammer can be used. Lateral and PA fluoroscopy should be
used to position the needle in the anterior third of the vertebral body as close to
midline as possible.

Intravertebral venography has received much attention as a method to
prevent unwanted PMMA leakage. There are multiple arguments in the liter-
ature both for and against venography, and multiple contrast agents have been
investigated (58-63). McGraw et al. performed 135 intraosseus venograms and
demonstrated that bilateral marrow blush was 95% predictive of contralateral
hemivertibrae cement deposition (60). Other authors have stated that viscosity
differences between contrast and PMMA are not predictive of spread and that
venography increases the risk of contrast reaction (64). It is likely that as the
operator’s experience and skill increase, the need for venography will decrease.

Choice of cement, opacifying agents, and intravertebral antibiotics is oper-
ator dependent, and many different combinations have been used successfully.
PMMA Simplex P (Stryker-How-Medica-Osteonics, Rutherford, NJ) was the
first cement used for PVP and, at the time of preparation of this manuscript,
the only FDA-approved cement for pathological fractures of the spine. How-
ever, many different cement formulas have been used; patients should be
informed that a particular mixture is an “off-label” use and told the physician’s
reasons for using the particular mixture. More important than the actual
cement is the prevention of leaks during the procedure.

The authors use PMMA powder mixed with tobramyacin powder and
barium sulfate for opacification (additional opacifying agents include tantalum
powder and tungsten powder). The components are combined in a sterile
vacuum and mixed until a cake-glaze consistency is obtained. The cement is
prepared after the needles are in place. The injection of cement can be accom-
plished with either 1-ml syringes or a device specifically for cement injection
under either high or low pressure (Parallax Medical, Scotts Valley, CA). Other
devices and kits are frequently being introduced into the market and are com-
mercially available from a variety of vendors.

Regardless of the device used for injection, the opacification of the verte-
bral body should be done with continuous fluoroscopic observation or inter-
mittently after the injection of 0.1-0.2 ml. The injection is continued until
resistance is met (which may indicate a plug at the end of the needle or tubing
that needs clearing), cement reaches the posterior fourth of the vertebral body,
or the desired volume is achieved. Absolute contraindication to continuing
cement injection is epidural, foraminal, or venous extravasation.

The amount of cement needed to stabilize fractures or produce pain relief
has not been empirically determined. A guideline proposed by Mathis and
Wong is that the amount of cement should fill between 50% and 70% of the
remaining vertebral body (64). This is up to 4 ml in the thoracic spine and up to
8 ml in the lumbar spine (64). In vitro testing demonstrates that 2 ml of PMMA
will increase strength, but 4-8 ml is needed for restoration of stiffness (65).
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At the completion of the procedure, the cannula is removed without the
reintroduction of the stylet as this will push the contents of the cannula into the
vertebral body. Cement deposition in the needle tract is a complication that
may require surgical intervention. This can be avoided by redirecting the needle
superiorly and advancing toward the superior end plate prior to the removal of
the needle (66). Direct pressure at the end of the procedure is used for homeo-
stasis and to prevent subcutaneous hematoma.

Figure 2 demonstrates the pertinent steps in performing vertebroplasty.

Postprocedural Imaging

Postprocedural imaging may be performed to evaluate for additional compres-
sion deformities in a patient with a new history of back pain. The previously
described modalities are all appropriate for this indication.

More problematic is to evaluate the vertebroplasty itself. Dansie et al. used
MRI to evaluate 51 treated vertebrae in 30 patients to determine the normal
postprocedural appearance (67). Moderate to severe marrow edema was
observed in 66% of preprocedural vertebrae, in 63% imaged at 0—6 weeks
post-PVP, and in 22% of vertebrae more than six months post-PVP (67).

Acc: 200606

Figure 2. Vertebroplasty performed in a patient three weeks following a fall with acute pain
and a compression fracture. (A) Preprocedural spot AP fluoroscopic image demonstrates a
moderate compression deformity of the L1 vertebral body. (B) Preprocedural spot lateral
fluoroscopic image demonstrates the compression deformity. (C) Spot fluoroscopic image
demonstrating needles placed via both pedicles into the vertebral body. (D) Lateral image
during early cement injection demonstrating filling of the anterior portion of the vertebral
body. (E) Final image demonstrating cement preferentially in the upper portion of the
vertebral body. (F) Final image demonstrating cement post-injection. (Images courtesy of
Robert Allen, MD.)
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Figure 2. (continued)

Additional height loss postprocedure was noted in 18% of treated vertebral
levels (67). As suggested by this study, because the patients did not have post-
procedural pain at the level treated, edema and height loss should not be used as
evidence of persistent pathology at a treated level (67).

Due to the lack of evidence documenting the best postprocedural imaging
modality, which modality to use is left largely to the discretion of the operator.
The absolute need for imaging is also open to debate, with most operators
finding clinical follow-up sufficient.

Complications

CEMENT EXTRAVASATION

The most common complication from PVP is cement extravasation. This
complication is usually clinically silent and in some reported series occurs in up
to 67% of patients (68). Cement leakage that results in spinal cord compression
or radiculopathy is more common in PVP treatment of metastatic disease or
myeloma than in treatment of osteoporotic vertebral bodies. In treating osteo-
porotic compression fractures, Chiras reported complication rates of only 4%
and 0.5% for radiculopathy and cord compression, respectively (69).

Schmidt et al. compared radiographs, fluoroscopy, and CT scans for deter-
mination of cement extravasation and found that only 34% of leaks were iden-
tified with a lateral radiograph from a total of 81% identified by CT scan (70).
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Embolism of glue particles into the basivertebral venous system, and ulti-
mately the broader systemic circulation, is a serious complication. Seo et al.
described a polymerized 14-cm segment of glue in the IVC with concomitant
pulmonary embolus in a 72-year-old treated with PVP (71). Monticelli et al.
described a fatal pulmonary embolus from a vertebroplasty (72). The patient
became hypoxic 15 minutes postprocedure and died from cement embolism
(72). In their report, the authors postulate that insufficient polymerization
secondary to unbalanced monomer-to-powder ratio may have been to blame
(72). Francois et al. report on a cement embolus that was treated by pulling the
embolus with a catheter-based basket into the lobar branch of the right pulmo-
nary artery prior to removal during open heart surgery (73). An even more rare
complication was described by Park et al. when an embolized particle of cement
eroded through the right ventricular wall and caused ST elevation, hemoper-
icardium, and acute pericarditis (74). The acrylic fragments were removed
during open heart surgery (74).

CONTIGUOUS VERTEBRAL BODY COLLAPSE

A second controversy regarding PVP is whether or not it causes contiguous
vertebral body collapse. Lindsay et al. demonstrated that 21.9% of Caucasian
females who have one compression fracture secondary to osteoporosis will
develop a subsequent fracture within one year (75). Uppin et al. found that of
an initial study group that contained 177 patients treated with PVP, 22 patients
(12.4%) suffered 36 additional compression fractures; 67% of these fractures
occurred at levels contiguous to the previous PVP (76). Syed et al. observed 253
patients for one year following PVP and found that 21.7% of the study group
developed additional fractures within the year (77). To our knowledge, there are
no controlled or cohort studies to determine whether these results represent
fractures induced by the initial PVP or represent disease progression.

Ex vivo studies have suggested that both PVP and kyphoplasty will transmit
greater pressure to the nucleus pulposus, although neither procedure will
increase pressure over the in vivo state (78). Grados et al. found that the odds
ratio of a subsequent fracture at a level contiguous to previous PVP was 2.27
(79). This was greater than 1.44, which was the odds ratio for a new fracture
next to an untreated vertebral body (79).

Although there is some evidence that PVP will increase the risk of con-
tiguous vertebral body fracture, the overall incidence does not appear higher in
the small study groups in the literature. Overall, approximately 1/5 of women
who have a first osteoporotic vertebral compression fracture can expect to have
an additional fracture in one year (75). This appears to be true whether or not
PVP has been performed.

CONCLUSIONS

PVP is a minimally invasive technique that reduces pain from osteoporotic and
malignant vertebral compression fractures as well as from spinal neoplasms.
Long-term results are good and include increased mobility and early discharge
from the hospital. There are few contraindications and, in experienced hands,
the significant complication rate is low.
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As the world population ages, vertebral fractures have increased in incidence to
a staggering 700,000 in the United States annually (1). Vertebral fractures result
in a significant burden on the health care system with approximately 150,000
hospital admissions and 161,000 office visits annually (1). Most fractures are
due to osteoporotic bone and are managed nonoperatively with analgesic med-
ications, bracing, bed rest, and/or activity modification. In some patients, how-
ever, suffering fractures and their sequelae can mean the difference between
independent living and institutionalization. In addition, inactivity in an elderly
patient has significant risks with respect to pulmonary toilette, deep vein
thrombosis, lost bone density, and decreased muscle mass. Narcotic medica-
tions carry their own risks including constipation, sedation, and increased fall
risk. Although conservative management typically leads to improvement in
pain, residual kyphotic deformity has considerable impact on pulmonary func-
tion, self-image, and social functioning (2-5). Initially conceived in the mid-
1990s, kyphoplasty is a form of percutaneous vertebral augmentation that uses
a balloon tamp and injected bone cement to restore lost vertebral height.
Because the inflatable balloon tamp was approved by the FDA in 1998, approx-
imately 200,000 vertebral fractures have been treated in this manner. By pro-
viding early pain relief and some restoration of vertebral height, kyphoplasty
has become a viable alternative to medical therapy, bracing, and vertebroplasty
in the treatment of painful vertebral fractures (Figure 1).

PREOPERATIVE CONSIDERATIONS
Indications and Contraindications

Kyphoplasty has been used to treat painful vertebral body compression frac-
tures due to osteoporosis or osteolytic tumors that have failed conservative
management. On physical exam, the patient must have pain or tenderness to
palpation at the vertebral level that correlates with the vertebral fracture found
on imaging. Acute and chronic fractures may be treated by kyphoplasty; how-
ever, the restoration of vertebral height achieved with chronic fractures is sig-
nificantly less (6). Vertebral fractures that involve the posterior cortex, pedicles,
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Figure 1. A 77-year-old woman with a history

of breast and endometrial cancer who suffered

a fall approximately three months prior to
presentation to our facility. Since that time, she
has had debilitating low thoracic spine pain
despite pain medications. (A) Anteroposterior
thoracic and lumbar spine radiograph showing
fracture and loss of vertebral height at the T12
vertbral body. (B) Lateral radiograph of the
thoracolumbar spine showing the T12 vertebral
body fracture and resultant kyphotic deformity.
(C). Intraoperative spot fluoroscopic coronal view
during kyphoplasty of the T12 body filling with
contrast material. (D) Intraoperative spot
fluoroscopic lateral view (with the patient supine)
of the T12 body during contrast injection.
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or facets should not be treated by kyphoplasty. Fractures that are caused by
solid tumors or osteomyelitis are also contraindications to kyphoplasty. In
addition, vertebral fractures that have resulted in compression of neural ele-
ments and primarily radicular pain are more appropriately treated with decom-
pressive procedures. There are also several medical considerations prior to
surgery; allergies to contrast, coagulopathies, intolerance to being prone, and
localized infection at the operative site should all be evaluated prior to the
procedure. Ultimately, the patient must clearly understand that the goal of
the procedure is alleviation of the pain from the treated fracture, not spinal
or radicular pain at other levels or pain from other causes. As the decision to
treat has important social ramifications with respect to mobility and independ-
ence, in addition to the history and physical exam, the physician must have an
understanding of the patient’s social situation and work with the patient to
meet their functional goals.

Imaging

Plain films should be acquired to confirm the presence of a fracture at the level
of the patient’s symptoms, and the authors advocate long-standing films to
evaluate overall alignment. Magnetic resonance imaging (MRI) with short tau
inversion recovery (STIR) images is recommended as this modality of MRI is
sensitive in detecting marrow edema consistent with acute fractures (Figure 2)
(7). In addition, MRI aids in visualization of the posterior elements and canal
contents to rule out burst fractures and posterior compromise that would
require decompression and stabilization not provided by kyphoplasty. Few
authors advocate the use of bone scan or computed tomography as the primary
imaging methods for preoperative planning; however, these modalities can be
used if contraindications to MRI exist.

Timing

The early recommendations by Garfin et al. described treating patients within
three months of the fracture event (8). However, in subsequent studies, the
authors have described successfully treating patients as early as a week and as
late as 32 months following fracture (7,9). Crandall et al. conducted a prospec-
tive analysis comparing outcomes of kyphoplasty in patients who had acute
versus chronic vertebral fractures differentiated as less than or greater than four
months, respectively (6). There was no significant difference between the acute
and chronic groups with respect to pain relief postoperatively; however, there
was significantly more vertebral height restoration in the acute group. In 60%
of acute fractures, vertebrae were restored to within 10% of their normal height;
in contrast, only 26% of chronic fractures achieved this level of height restora-
tion (7). In our experience, best results are attained when fractures are treated
within three months of their occurrence. Although a trial of conservative treat-
ment is appropriate, waiting too long to pursue operative intervention can
introduce further morbidity with decreased muscle mass and bone density
from inactivity and prolonged dependence on narcotics, as well as a decrease
in the reduction capacity of the procedure.
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Figure 2. An active man of 64 years with a history of
melanoma who sustained an injury to his lower back
after falling down a flight of stairs and landing directly
on his back. He presented three weeks after the injury
with a decrease in his initial pain, but continued
narcotic pain requirements and significant limitations
in his activities. The patient underwent kyphoplasty at
L2 due to the edema noted on the MRI examination.
MRI STIR images show increased signal in the L2
vertebral body, indicating edema and acute fracture.

TECHNICAL CONSIDERATIONS

Although some patients undergo kyphoplasty as a same-day procedure, most
are admitted overnight for observation. Preoperative antibiotics covering skin
flora are used as prophylactics. Anesthesia ranges from monitored anesthesia
care with local anesthesia to general anesthesia, depending upon the comfort,
compliance, and comorbidities of the patient (10). The patient is placed in the
prone position on a fluoroscopic table with chest and pelvis bolsters to place the
spine in extension (11,12). Although kyphoplasty can be performed with a
single rotating C-arm, two fluoroscopy machines may be useful to acquire
simultaneously anteroposterior and lateral images of the spine.

Technique

Using fluoroscopy, the fractured vertebral body is identified. There is some
variance in the type of approach. Many studies describe using a transpedicular
approach in the thoracolumbar and lumbar spine, and an extrapedicular
approach to the upper thoracic spine. Due to the shape of the upper thoracic
vertebrae as well as the pedicular orientation, the extrapedicular approach may
allow more medial and anterior placement of cement (13). In at least one study,
however, this approach was associated with more leakage of cement (14). Most
studies describe a simultaneous bilateral technique, although a few authors
have described a unilateral approach in the upper thoracic spine (8,13,15). A
biomechanical study by Steinmann et al. compared unipedicular kyphoplasty
to bipedicular kyphoplasty in thirty cadaveric vertebral bodies. Although the
power of the study was limited by the small sample, the data showed no sig-
nificant difference between the approaches with respect to stiffness, strength,
height restoration, or lateral wedging (16). Our experience is to use a bilateral

61



PART I. LOCOREGIONAL PAIN CONTROL

62

transpedicular approach at all levels; the subsequent description will utilize this
approach.

Author’s Preferred Technique

Through a 5-mm incision made lateral to the pedicles to accommodate the
trajectory of the pedicle and trocar, a working cannula/trocar is advanced
through the pedicle past the posterior cortex of the vertebral body. Frequent
biplanar fluoroscopy is used to ensure that the medial cortex of the pedicle is
not violated. At this point, in patients with a known malignancy, a bone biopsy
can be obtained using a biopsy cannula or ENT pituitary rongeur. Through the
working cannula, a drill bit is placed and a corridor for the balloon tamp is
drilled under the collapsed superior endplate. The drill bit is removed and
replaced with a balloon tamp (Kyphon, Sunnyvale, CA). Balloon tamps come
in a variety of sizes and directionality for special cases; typically, a 15- or 20-mm
round balloon tamp is used. The balloon tamp has a radiopaque marker at
each end to ensure correct placement in the bone before inflation. Once the
procedure is repeated on the contralateral side, the balloons are inflated simul-
taneously with contrast material until one of the following criteria is met: the
fracture is reduced, the balloon pressure reaches 220 psi, maximum balloon
volume is attained, or a balloon contacts one of the cortical margins of the
vertebra. After the contrast is withdrawn, the deflated balloon is removed
through the cannula. This leaves a cavity in the bone, which is often visible
on the lateral view as an “air vertebrogram” (17). The cement is mixed and
cured to a viscous consistency and then injected simultaneously by hand with
bone-void-filler tubes through the bilateral working cannulae. Cement fill
begins at the anterior cortex, filling approximately two-thirds of the way back
to the posterior cortex. The cement volume is generally 1-2 ml greater than
the balloon-induced void as the cement interdigitates with the bony trabeculae.
Estimates of average cement fill per vertebrae vary from 2 to 12 ml, though a
typical fill in our hand is 2-4 ml (8,9,17,18).

Most kyphoplasties use polymethylmethacrylate (PMMA). Different for-
mulations of PMMA have been investigated and have shown little difference in
postaugmentation stiffness and strength (19). PMMA has some theoretical
drawbacks including monomer toxicity and thermonecrosis that occur with
the curing of the cement. Togawa et al. histologically evaluated four human
vertebrae excised one month to two years following kyphoplasty and, in this
limited sampling, did not find extensive necrosis in the region surrounding
the PMMA (20). Calcium phosphate and calcium sulfate have been proposed
as fillers in kyphoplasty and have the attractive feature of osteoconductivity
as opposed to PMMA which, is biologically inert. Biomechanical studies
have shown that both calcium phosphate and calcium sulfate provided similar
stiffness and strength in fractured cadaveric vertebrae as PMMA (19,21,22).
However, in vivo studies of calcium sulfate in other applications have revealed it
to be quickly resorbed and therefore may be a poor option for kyphoplasty
vertebral augmentation. In addition, both calcium phosphate and calcium
sulfate have low viscosity and poor handling characteristics that have prevented
them from becoming viable alternatives to PMMA. Some bioactive acrylic
cements are under investigation but osteoconductivity in human vertebrae
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has yet to be proven (9). Alternatives to the current standard PMMA will
be required to have a short liquid phase and long “doughy” working phase
with the ability to be inserted percutaneously and interdigitate with bony
trabeculae.

After cement fill of the vertebrae, the working cannulae are withdrawn and
the incisions are closed, typically with a single stitch. Patients are returned to
the supine position and anesthesia is ceased. Postoperative hospital stay varies
among studies — some patients undergo the procedure as outpatients, although
the majority requires a 23-hour stay; prolonged hospital stays were usually due
to comorbidity factors. After discharge, the patient should be followed as an
outpatient to ensure that they are recovering appropriately, not experiencing
complications such as fractures of adjacent vertebrae, and are receiving the
appropriate level of assistance for their living situation.

OUTCOMES
Overview

The most striking characteristic about the body of available literature is the lack
of a single prospective, randomized study with long-term follow-up evaluating
the outcomes of kyphoplasty to those of vertebroplasty or conservative treat-
ment. There are approximately two dozen studies on vertebral compression
fractures treated with kyphoplasty published from 2001 to 2006. Of the 2,000
patients evaluated by these studies, two-thirds were studied prospectively, but
only 4% of patients were compared to controls. The average follow-up is less
than two years in all but two studies. Nevertheless, some solid conclusions can
be drawn from the available data.

Pain Relief

All studies reported a significant improvement in pain with many patients
describing immediate relief of pain. An initial multicenter study of 603 frac-
tures treated by kyphoplasty in 350 patients by Garfin et al. reported that 95%
of patients had significant pain relief from the procedure (8). Subsequent
studies have reported a high percentage of patients reporting improvement
in pain following the procedure, ranging from 84% to 100% (11,23-27). A
prospective study of 70 fractures treated in thirty patients by Lieberman et al.
quantified pain relief using the Short Form 36 (SF36) bodily pain score, which
averaged 11.6 preoperatively and 58.7 postoperatively (9). Other studies using
the SF36 scores have shown similar improvements in bodily pain assess-
ment (13,28). Some studies have used the visual analog scale (VAS) to quan-
tify improvements in pain. Rhyne et al. evaluated 52 patients in which 82
kyphoplasty procedures were performed. An average VAS of 9.2 was reduced
to 2.9 following surgery (17). Similarly, Grohs et al. evaluated patients preop-
eratively as well as at three postoperative time points, and found that the
reduction in VAS from 7.4 preoperatively to 2.0, four months following surgery
was maintained at two-year follow-up (29). Although it is clear that pain is
improved in the majority of patients treated with kyphoplasty, there has been
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no analysis to determine factors predisposing patients to improved postoper-
ative pain level.

Functionality

Reduction in pain is clearly linked to improved functionality, and some studies
have quantified this with various disability indices. Studies by both Coumans
and Lieberman reported significant improvements in the physical function,
vitality, mental health, and social functioning scores of the SF36 (9,13). Ledlie
et al. evaluated the ambulatory status of seventy-nine patients and found that
by one month, the percentage of fully ambulatory patients had increased from
35% to 83% (23). Some studies have evaluated patient functionality using the
Oswestry Disability Index (ODI) and demonstrated significant functional
improvements (7,15). Gaitanis et al. reported that a consecutive series of
thirty-two patients demonstrated a 53% increase in daily activities by the
ODI scoring (18). In comparing forty patients treated with kyphoplasty to
twenty patients treated nonoperatively, Grafe et al. reported an average of 5.3
physician office visits over 12 months in the kyphoplasty group, versus 11.6
visits over 12 months in the nonoperative group (30). Although an indirect
measurement of pain and functionality, this measurement is an important
reflection of improvement in quality of life following kyphoplasty.

Vertebral Height Restoration

With the balloon tamp inflation, some vertebral height can be restored. All
studies that evaluated vertebral height before and after kyphoplasty showed
improvement in vertebral height; however, the range of improvement was wide,
with the procedure restoring from 12% to 71% of the lost vertebral height.
Garfin’s original study of 603 kyphoplasties showed a posttreatment height
restoration averaging 66%, as midline vertebral height improved from 76%
to 92% of predicted normal height (8). Ledlie et al. studied 133 procedures
and found a similar pattern with a midline vertebral height increasing from
65% to 90% of predicted normal (23). A 2005 study by Gaitanis et al. reported
that 88% of treated vertebrae were restored to predicted normal height.

Other studies have reported less impressive height restitution (18).
Studies by both Lieberman and Dudeney described height restoration rates
of approximately 35% (9,28). Kasperk et al. reported that kyphoplasty only
reestablished 12% of lost vertebral height (31). Other investigators have
reported their height restoration in terms of reduction of kyphosis. Phillips
et al. reported being able to reduce kyphosis by 7.9° for lumbar fractures
and 9.7° for thoracic fractures per vertebral level treated (12). Both Garfin
and Berlemann reported an approximately 50% improvement in kyphosis
(8,24).

Although long-term follow-up in these studies is lacking, some data appear
to suggest that this height restoration is a lasting effect. Grafe et al. described an
increase in vertebral height from 59% to 68% of predicted height that was still
maintained at one year following surgery (30). Ledlie et al. measured preoper-
ative vertebral height as 61% predicted normal height; immediate postoperative
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films and two-year follow-up films showed 87% and 88% predicted, respec-
tively (27). Kasperk et al. compared kyphoplasty patients to nonoperative
controls and found that the former only had a 12% improvement in height
that was maintained at a year; in contrast, the control patients lost 8% in that
same year (31).

There is some debate about the direct effect of the height restoration
attained by kyphoplasty. Citing studies that describe the impact of spinal
deformity on disability as partially independent of pain, Yuan et al. have
hypothesized that increased kyphosis from vertebral compression fractures
impacts the overall spinal alignment, sagittal balance, and body biomechanics.
They extrapolate that restoring vertebral height and decreasing kyphosis will
restore sagittal balance and improve functionality, improve quality of life, and
even decrease subsequent hip fractures (32). This idea is biomechanically log-
ical and attractive; however, in vivo restoration of vertebral height does not
seem to restore overall sagittal alignment (33). The increase in height is mainly
midline, and 7° restored at one vertebra balances with soft tissues and does not
translate into a 7° improvement in overall sagittal balance (34). In addition,
there has been no relationship identified between restoration of height and
improved pain or functionality scores (30).

COMPLICATIONS
Extravasation of Cement

A fairly common phenomenon in vertebroplasty (34,35), extravasation of
cement has been closely monitored in kyphoplasty procedures. The rate of
cement leakage per treated level has ranged from 0.3% to 33%; however, there
are no reports of cement leakage that became symptomatic. Initial studies
revealed extravasation rates from 0.3% to 8.6%, with leakage occurring into
the epidural, disc, and paraspinal spaces (8,9,28). Phillips et al. evaluated the
pattern of contrast material injected before both vertebroplasty and kypho-
plasty cementing; invariably, contrast fill of epidural vessels and/or the inferior
cava as well as transcortical leakage was seen with vertebroplasty. Contrast
injected following balloon inflation in kyphoplasty had some leakage of con-
trast, which was dramatically less than that witnessed with vertebroplasty. This
study likely overestimates the leakage rates of cement as the contrast material
is much less viscous than the cement; however, it does appear that using the
bone tamp in the vertebral body has an impact on cement extravasation (12).
Combining this study with the increased viscosity of cement injected in
kyphoplasty explains the higher rates of cement leakage seen clinically in
vertebroplasty (34-37).

Subsequent Fractures

A multicenter study of approximately 2,700 women showed that the incidence
of a second vertebral fracture in the years following a primary vertebral fracture
was 19.2%. Percentages of subsequent fracture in the studies of kyphoplasty
range from 5% to 21% (24,29). A study by Fribourg et al. analyzed the
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postoperative course of 38 patients and concluded that the majority of subse-
quent fractures present within the first 60 days following kyphoplasty and are
adjacent to the treated vertebra (Figure 3). Nonadjacent fractures tend to occur
further out from the procedure (38). Steroid-induced osteoporosis is a risk
factor for a second fracture. Harrop et al. found that patients with secondary
osteoporosis had an incidence of second fractures of 49%, whereas patients
with primary osteoporosis had a rate of only 11% (39). A finite-element model
by Villaraga et al. showed little change in the stresses placed on the segments of
the spine following kyphoplasty and theorized that successive fractures were
part of the natural history of osteoporosis (40).

Other Complications

There have been a few reports of pulmonary emboli of cement follow-
ing kyphoplasty. The FDA register of complications with kyphoplasty from

A B

Figure 3. A woman of 79 years who presented to our facility with one month of back pain after bending
over to do her laundry. She was diagnosed at that time with an L2 compression fracture and despite
narcotic pain medications had a severe decrease in her daily function and debilitating pain that prevented
her from living independently. Kyphoplasty was performed at L2, but subsequent fractures with clinical
sequelae occurred at L1, L3, L4, and L5. One month following her last procedure, the patient had only mild
back pain to palpation and had returned to independent living. (A) Anteroposterior views of the lumbar
spine in which the L2 vertebral fracture has resulted in asymmetrical loss of vertebral height. (B) Lateral
radiograph of the lumbar spine reveals overall loss of height as well as increased kyphosis at the L2
level. (C) Postkyphoplasty radiograph of the lumbar spine taken two weeks after kyphoplasty reveals

an L1 fracture adjacent to the prior kyphoplasty level (compare with A). (D) Lateral radiograph of the
lumbar spine confirms adjacent fracture at L1 (compare with B). (E) Lateral radiograph of the lumbar
spine following kyphoplasty at L1 and L2 show further adjacent fractures at levels L4 and L5.

(F) Postkyphoplasty anteroposterior radiograph of the lumbar spine after kyphoplasties of levels L3
through L5 (and prior kyphoplasties at L1 and L2).
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Figure 3. (continued)

1999 to 2003 lists one pulmonary embolus that caused an extended hospital stay
(41). Choe et al. acquired chest films after kyphoplasties and vertebroplasties and
found that cement emboli were present after 4.6% of procedures. The patients
with emboli all had multiple myeloma, and the emboli were all asymptomatic
and required no intervention (42). Gaitanis et al. reported three instances of
spinal stenosis following kyphoplasty that required laminectomy for resolution of
symptoms (18). Canal intrusion with damage to neural elements is a definite risk
with the transpedicular approach and has been documented as occurring five
times for the 50,000 procedures done between 1999 and 2005 (41). In addition,
there have been reports of an epidural hematoma that required evacuation, a
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pneumothorax, fractured ribs, and an anterior cord syndrome (9,41). Though
complications are not common, these procedures should only be performed
with ready availability of access to posterior spinal decompression. A practitioner
should develop a relationship with a spinal surgeon to discuss the early recog-
nition and treatment of complications from kyphoplasty.

CONCLUSIONS

Since it was first described in 2001, kyphoplasty has grown rapidly in its uti-
lization across the country. When used for the right indications, kyphoplasty is
a swift and effective procedure that helps to improve the quality of life of
already frail vertebral fracture patients. In comparison to vertebroplasty,
kyphoplasty is more expensive and usually involves an overnight stay in the
hospital; however, the ability to restore vertebral height and the decreased rate
of cement extravasation may balance out these drawbacks. This cannot be
evaluated thoroughly without a truly randomized and controlled study com-
paring kyphoplasty to vertebroplasty. As kyphoplasty becomes solidly estab-
lished as an effective means of pain control for osteoporosis or neoplastic
vertebral fractures, other avenues of treatment are opening up. Use of novel
bone cements, treatment of traumatic vertebral fractures, and the addition of
chemotherapeutic agents are current areas of investigation.
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Epidural Steroid Injections

Brian D. Petersen, Kirkland W. Davis, and James Choi

Epidural injections have been used to treat low-back and radicular pain for the
past 100 years; these injections have included corticosteroids for the past 50
years. As the technique has evolved and become more widespread, epidural
steroid injections have become an important part of the armamentarium in
treating low-back pain, sciatica, and, to a lesser degree, neck pain.

The solution to back pain continues to vex physicians and their patients.
Most patients with acute disc herniations will improve without surgery (1);
however, even those who recover without invasive therapy often suffer pain
and disability in the meantime. This may lead to lost wages and diminished
productivity. Although epidural steroid injections are not a cure for the root
cause of pain, they may reduce or eliminate the pain in the short and intermedi-
ate term (2), allowing rehabilitation to proceed and a speedier return to normal
activities (3). Even though occasional patients experience permanent, complete
relief from epidural steroid injections, one cannot advise patients that they will
achieve lasting relief purely from the injection. The goal is to improve symptoms,
which will allow a more normal lifestyle and facilitate other modes of therapy (4).

This chapter reviews the relevant anatomy for epidural injections, history
of the technique, medications, practical steps, and other relevant information
of epidural injections. A variety of routes will be discussed.

ANATOMY

The epidural space exists from the skull base through the sacrum. Within the
spinal canal, the epidural space lies between the dura mater and the osseous
confines of the spinal canal (5,6). The outer margin of the epidural space is the
peridural membrane, denoted by the periosteum of the osseous canal, the
posterior borders of the intervertebral discs, the inner edge of the ligamenta
flava, and the anterior margin of the interspinous ligament (7,8). The plica
mediana dorsalis occasionally is present, dividing the posterior epidural space
into halves; this may confine epidural injections to one side of the canal
(5,6,9,10). When present, this variant is usually limited to the sacral and lower
lumbar spine.

The lumbar epidural space is most prominent in the posterior midline.
Here, the epidural space usually is triangular and filled with fat, and readily
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identifiable on magnetic resonance (MR) and computed tomography (CT)
scans by its clear fat signal/attenuation. This site is the target when the “inter-
laminar” approach is used (Figure 1). The posterior epidural space may be
small for many reasons: spinal stenosis or postsurgical scarring often obliterates
it and the posterior epidural space is usually only a potential space at L5/S1,
with no visible fat to target. Likewise, there is little to no fat visible in the
cervical spine. In these locations, placing the needle within the epidural space
relies in part on touch.

The sacrum comprises five embryonic vertebrae that fuse in utero, with
three to five rudimentary vertebrae forming the coccyx, which is attached to the
caudal tip of the sacrum. When one chooses a caudal approach to reach the
lumbosacral epidural space, the portal is the sacral hiatus (Figure 2), where the
posterior elements of the S4 and S5 segments do not fuse in the midline
dorsally. The sacral cornua lie along the lateral margins of the hiatus and are
often palpable landmarks for entry into the hiatus. The hiatus is covered by the
sacrococcygeal ligament and the floor is the posterior aspect of S5. The thecal
sac extends into the sacral portion of the spinal canal in normal patients; one
should not puncture the thecal sac when performing caudal epidural injections.
The thecal sac reportedly typically extends to the lower S1 level in adults and to
the S3 level in children, but studies of cadavers suggest that the position of the
thecal sac tip is at the middle third of the S2 body in the average patient (11,12).

HISTORY

In 1901, the first reported epidural injections for lumbargo or sciatica included
cocaine as a medication. Many substances and combinations were tried as
epidural injections evolved. For instance, Viner described using 20 ml of 1%
procaine in 50-100 ml of Ringer’s solution, normal saline, or petrolatum in

Figure 1. Epidural space. (A) Sagittal T1-weighted sequence showing the target site for the interlaminar epidural
steroid injection (ILESI) (thick arrow). The epidural space tends to be largest at the level of the disc space. Note
the absence of significant epidural space at L5/S1 (thin arrow). (B) ILESI target on axial image (arrow).
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Figure 2. Sacral hiatus: three-dimensional surface
rendered reconstruction of a traumatic pelvic CT shows
the paired cornua (thin arrows) and the midline sacral
hiatus (double-headed arrow).

1925 (13,14). Five years later, Evans reported the use of massive volumes of 1%
novocaine or saline (often >100 ml) in 40 patients. He quoted side effects as,
“abnormal sensations or paraesthesiae, such as formication. A few [patients]
said that they had found it difficult to control a desire to shout or scream.” One
of his patients, treated with 2% novocaine, was unconscious for one hour and
was incontinent for 12 hours, suggesting the need for caution with regard to the
anesthetic concentration. Through all this, Evans reported that 22 of the
patients were “cured,” and another five “improved” over baseline (15).

Differences in volume of injected and number of procedures also evolved.
For instance, Kelman in 1944 reported good results using 50-100 ml of saline,
1% novocaine, or 0.75% metycaine in saline injected every other day for four to
six procedures (16).

These early practitioners believed that the benefits of epidural injections
resulted from breaking up adhesions around incarcerated nerve roots and
displacing nerves away from herniated discs, in addition to the effects of the
anesthetics. To achieve these purported hydrodynamic effects, a large volume
was needed, justifying the common side effects of epidural injections in their
hands, including pain, headache, and dizziness (1).

The first report of injecting corticosteroids into the epidural space was in
1952 (17). The following year, Lievre et al. administered hydrocortisone through
an S1 foraminal injection in 46 patients with sciatica. They reported that eight
patients had a very good response, fifteen good, and eight mediocre (1). The first
epidural injection of corticosteroids in the United States was described by Goebert
et al., who administered three daily injections of 30 ml procaine and 125 mg
hydrocortisone acetate (18). Since those early reports, volumes have diminished,
from a maximum of 200 ml (19), and various combinations of steroid prepara-
tions, anesthetics, and saline have been tested. Recommendations of the current
authors are included in the technique portion of this chapter.
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There remain two significant controversies regarding epidural steriod injec-
tion (ESI). Efficacy is the first. Because acute radicular pain due to disc hernia-
tions often improves without therapy, early support for the technique has been
lessened by conflicting results of controlled trials. This subject will be examined
in the next section.

Second, some have questioned the safety of administering available steroid
preparations into the epidural space. Theoretically, the risk arises if the steroids
are inadvertently injected into the thecal sac or if there is transdural transit of
the steroids (20). It is known, from prior treatment of patients with spinal
multiple sclerosis, that multiple intentional doses of intrathecal steroids can
be associated with myelographic signs of arachnoiditis (not necessarily symp-
tomatic), although direct causality is not established (21). However, current
belief is that there is essentially no risk that a single inadvertent intrathecal
injection of corticosteroids would cause arachnoiditis (6).

One Australian physician has lobbied against the performance of ESIs
because of the purported neurotoxicity of the preservative polyethylene glycol,
which is contained in two of the steroids used for ESI, triamcinolone diacetate
(Aristocort Intralesional; Fujisawa Pharmaceutical, Osaka, Japan) and methyl-
prednisolone acetate (Depo Medrol; Upjohn Pharmaceutical Co., Kalamazoo,
MI) (20). Notably, the preservative shown to be potently neurotoxic is propy-
lene glycol, not polyethylene glycol. It turns out that polyethylene glycol is not
neurotoxic at commercially available concentrations (4,22). In his recent
review, Spaccarelli points out that several studies now refute the risk of neuro-
toxicity or arachnoiditis of epidural steroids used in current practice (23).

MECHANISMS OF ACTION
Medications

STEROIDS

The original supposition that epidural injections relieve pain by displacing
nerve roots and lysing adhesions, proposed by Evans in 1930 (15), is no longer
credible. The surgical descriptions of White in 1983, pointed out that such
adhesions are notoriously difficult to dissect with a scalpel, thus rendering doubt-
ful any possible mechanical effect of even large fluid injections (24). The theory
of fluid displacing and stretching nerve roots (25) has never been proved.

Current belief is that epidural steroids provide relief through anti-
inflammatory effects. Spinal nerves are often inflamed during surgery (26) and
evidence points to the presence of inflammation in patients with lumbar radicul-
opathy and disc degeneration. In a canine study, McCarron et al. provoked a
strong inflammatory response by injecting autologous disc material into the epi-
dural spaces, with subsequent rapid onset of fibrosis (27). High levels of phos-
pholipase A2 (PLA2) were discovered around symptomatic disc herniations and
painful discs by Franson et al. This group then provoked a strong inflammatory
response by injecting PLA2 into the paws of mice (28). The inflammatory reaction
evoked by PLA2 exerts is due to the liberation of arachidonic acid from cell mem-
branes (4) and corticosteroids are known to inhibit this action of PLA2 (29,30).

There may be additional biochemical effects of corticosteroids when
used for epidural injections. Johansson et al. demonstrated that corticosteroids
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injected into mice diminish transmission of impulses along the unmyelinated
C-fibers, which carry pain information, but not in myelinated fibers (31).
For many years, the most common corticosteroids used in ESI were meth-
ylprednisolone acetate (Depo Medrol) and triamcinolone diacetate (Aristocort
Intralesional). These preparations confer high local tissue levels for two weeks
or more (32). Given the concerns about the potential neurotoxicity of poly-
ethylene glycol (since refuted: see History section), Silbergleit et al. advocate the
use of either triamcinolone acetonide (Kenalog-40; Bristol-Myers Squibb,
Princeton, NJ) or a betamethasone preparation (Celestone Soluspan; Schering,
Kenilworth, NJ) (10). Celestone Soluspan comprises betamethasone sodium
phosphate and betamethasone acetate. Betamethasone sodium phosphate
should have a more rapid onset due to its water solubility, whereas betame-
thasone acetate, which is not water soluble, is longer lasting (33).
Corticosteroid doses have diminished over the years. Knight and Burnell
recommended limiting the dose of methylprednisolone acetate to 3 mg/kg
patient weight in 1980; this dose was substantially lower than many reported
doses prior to that time (34). Today, most authors suggest the dose equivalent
of 80-120 mg methylprednisolone acetate for the typical patient (23,28). In our
facility, the first choice for interlaminar epidurals is 80 mg (2 ml) Kenalog-40,
due to higher efficacy when compared to Celestone Soluspan in a review of
returned patient pain surveys (35). This is postulated to be secondary to the
larger particle size and more pronounced depot effect of Kenalog. For trans-
foraminal epidural injections, we prefer the smaller particle size of Celestone
Soluspan, largely due to the perceived decreased risk of vascular occlusion
should a radicular artery be encountered (36). Standards for number and tim-
ing of injections have not yet been established (23). In our institution, patients
are limited to three injections over a six-month period, although some referring
physicians will not refer their patients more than three times per year.

ANESTHETIC

Many authors believe that including an anesthetic in the injectate may
provide several benefits: it may result in muscle relaxation, provide psychological
benefit from rapid pain relief, and break the pain-muscle spasm-ischemia-pain
cycle (23,25), although this last assertion is particularly difficult to prove. Occa-
sionally, there can be partial anesthesia of the dura with an ESI (5,24); as long asa
less concentrated dose of the anesthetic is chosen, a significant motor or sensory
block is rare in these instances.

In addition, there are physiological changes in the density and threshold
potential of pain fibers in patients with chronic pain. This is the basis for
treatment of chronic pain with lidocaine (usually in the form of Lidoderm
patches). Lidocaine, as a sodium channel blocker, decreases the activity of
chronically activated nerves and can reset the pain stimulus threshold, giving
more long-term relief (37).

The authors use preservative-free 0.5% lidocaine for two reasons. First, it
is important to note that anesthetics containing preservatives such as methyl
paraben or phenol can cause flocculation of depot steroid preparations (33).
Second, bupivicaine and other longer acting anesthetics should be eschewed to
limit the duration of the occasional case of a significant block from a lumbar
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ESI. If bupivicaine is chosen, it should be limited to the 0.25% concentration
(24).

Expectations

Typically, patients want to know what results they can expect from an epidural
steroid injection. The consent process should address these questions, including
the following points: the anesthetic often gives initial pain relief that recedes
over the next few hours. The effects of the corticosteroid is not expected for 2-6
days (26). Accordingly, a patient may experience a bimodal relief pattern, with
symptoms initially improving, then returning over the first few days, followed
by a longer period of relief. Rarely, symptoms can be paradoxically worse
during the interval between the effects of the anesthetic and the steroids. Obvi-
ously, some patients will not respond and others will respond to only the
anesthetic or the steroid, without a bimodal effect. Additionally, patients vary
widely in their degree of pain relief.

Finally, the authors ensure that patients understand that initial nonres-
ponders may benefit from a second or even third injection sometimes (19,38);
for this reason, some referring doctors will routinely preschedule three monthly
injections for their patients.

MIDLINE EPIDURAL STEROID INJECTIONS:
LUMBAR (ILESI) AND CAUDAL APPROACHES

Indications: Caudal and Lumbar ILESI

Typically, radiologists do not have control over who is referred for ESI. The
current authors are willing to perform the procedure on all our referrals,
provided they do not have contraindications, based on the safety of epidural
steroid injections and numerous anecdotal successes in patients whose indica-
tions are not supported by clinical trials. It is difficult to deny a patient a chance
at relief, even if that chance is small, especially if they have exhausted other
conservative options. Still, all who perform ESIs need to be familiar with typical
indications and be able to discuss the likelihood of success with their patients
and referring clinicians.

LUMBAR/CAUDAL

Radicular pain, with or without low-back pain, is the principal indication
for lumbar ESI (32,39-41). Although commonly performed, substantial effi-
cacy of ESI in mechanical or nonradiating pain has not been routinely sup-
ported (23,32). Some, such as Rivest et al., report diminished success in patients
with symptoms from spinal stenosis, rather than from herniated discs (42);
however, others have not supported this discrepancy.

Second, most investigators describe higher success rates in patients with
short-term pain (less than three or six months) (1,26,39,43,44) than in those
with pain lasting more than a year, possibly because inflammation eventually
gives way to fibrosis (23). Third, a study by Hopwood and Abram demonstra-
ted a statistically significant increased risk of failure when patients were unem-
ployed, smoked, and had nonradicular and long-term pain (45).
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Postoperative patients (26,39,46) and those with neurogenic claudication
(47) have been shown to have much lower success with ESI. Fredman et al. point
out that surgical adhesions and scar tissue may often prevent the medication
from reaching the source of the pain, a concept supported by the pattern of
contrast injections on postoperative patients (46). This idea prompted Revel et
al. to use forceful injection of 40 cc of saline following injection of caudal steroid
to theoretically break up adhesions (48). Although they achieved mediocre
results overall, the forceful injection group did statistically better than the
steroid-alone injection group. Fukusaki et al. suggested that neurogenic claudi-
cation is an ischemic neuropathy, rather than inflammatory, explaining the lack
of efficacy of ESI for this population (47). Finally, neoplasm, infection, or
spondyloarthropathy is not indication for epidural injection.

Contraindications: Caudal and Lumbar ILESI

As for all invasive procedures, patients with a hemorrhagic diathesis, local
infection, or a history of reaction to the medications should not undergo
ESI. Even a systemic or distant infection is a contraindication because steroids
impair the immune system (5,23,32). Other contraindications in the literature
include cauda equina syndrome, pilonidal cysts, and neurological disorders
that could be masked by this procedure (5).

Importantly, the safety of aspirin and other antiplatelet medications in ESI
has been the subject of two studies. These two reports documented no evidence
of epidural hematoma in a total of 637 epidural injections and infusions
(38,49). Because the authors employ a 25-gauge needle, patients may continue
taking aspirin prior to an ESL

Interestingly, ESI with a 25-gauge needle may be safe even in anticoagulated
patients. Waldman et al. described a series of 336 epidural blocks using mor-
phine sulfate and bupivicaine in cancer patients who were either medically anti-
coagulated or thrombocytopenic and had intractable pain. In their series, there
were only two ecchymoses in the superficial tissues and no evidence of epidural
hematoma. Although they do not promote routine use of ESI in anticoagulated
patients, they thought it likely to be safe when absolutely necessary (50).

Although diabetes and cardiac disease are not contraindications to ESI,
these conditions do require extra caution. Corticosteroids are known to
increase the lability of blood glucose levels in patients with diabetes. In patients
controlled with oral medications or diet, notifying patients that their blood
sugar may transiently elevate is thought to be sufficient by the authors. Insulin-
dependent patients can increase the dose of insulin they use at the discretion of
their endocrinologist/primary care physician. Extremely brittle diabetics may
require a decrease in the dose of steroid administered.

Steroids may also lead to water retention and possibly initiate congestive
heart failure in patients with poor cardiac reserve (32,51). As such, the current
authors reduce the steroid dose by 25-50% in these patients.

Technique: Caudal and Lumbar ILESI

The following descriptions of these procedures reflect the techniques used in
the authors’” department. Various details of these procedures can be varied and
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these techniques may be adjusted according to training, experience, equipment,
and preferences.

Neither the lumbar/interlaminar nor the caudal approach has an advantage
in efficacy. As such, the choice of route depends on operator preference and
equipment. The lumbar/interlaminar method usually allows placement of the
needle closer to the lesion and has a lower risk of intravenous positioning. The
caudal approach may be easier in postoperative patients, allows better access to
the L5/S1 space, and carries a lower risk of intrathecal injection (23,29,52).

Prior to the procedure the patient’s images are reviewed and a route is
selected. Most practitioners prefer to be within two levels of the pathology
(ideally at or below it), Harley demonstrated that 6 ml of contrast injected at
the L4/5 level consistently spread up to L1 and down over the sacrum (43). For
interlaminar injections, it is important to target a level with a sufficient poste-
rior epidural recess filled with fat. If the patient does not have a cross-sectional
study (MR or CT) immediately available, a caudal approach is safer than a blind
lumbar interlaminar attempt. MR or CT may also demonstrate findings that
may preclude or alter the procedure, including Tarlov cysts or spinal
dysraphism.

The procedure is described to the patient and informed consent is
obtained. Risks that are quoted include infection, bleeding, intrathecal injec-
tion, and allergic reaction. Focused questions regarding history of diabetes,
cardiac conditions, and allergies are posed. In the authors’ institution, a sig-
nificant number of calls and questions are avoided with a general warning
regarding some of the short-term side effects of systemic absorption of steroids:
face flushing, insomnia, diarrhea, mood swings, and itching are the most com-
mon side effects encountered. The patient is informed that these side effects are
seen in a small fraction of patients, correlate to the peak activity of the steroids
(2-7 days following injection) and should be self-limited. We do not routinely
use IV sedation for any of our spinal injections, so a detailed discussion of the
risks implicit in sedation is not required. Additionally, the patient’s cardiovas-
cular status is not monitored during the procedure.

We use a multipurpose C-arm fluoroscopy machine with both transverse
and craniocaudal obliquity capability because numerous authors report frequent
misplacement of needles when inserted blindly (20,53). White et al. reported
malposition in 30% of interlaminar and 25% of caudal approaches performed
without fluoroscopy (54). The rate of intrathecal injection ranges from 0.6% to
10% but is usually quoted as 2.5% for injections without fluoroscopy (55,56).
Intravascular placement occurs from 0.2% to 11% of the time without fluoro-
scopy, and up to three-quarters of these will not be demonstrated by aspiration
(9,29,54-57). The theoretical risks related to inadvertent intravascular injections
include cardiac toxicity, respiratory arrest, and seizure, and there is at least one
report of a case of intravascular injection of lignocaine causing convulsions dur-
ing an attempted ESI (55). Hence, injection of the medication in its intended
location demands fluoroscopic guidance and confirmation with contrast.

LUMBAR INTERLAMINAR EPIDURAL STEROID
INJECTION

The patient is placed prone on the fluoroscopy table. A pillow or bolster
under the abdomen spreads the spinous processes, facilitating passage of the
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needle. Rotation of the C-arm may be necessary to center the spinous processes.
Craniocaudal tilt can be used to assess the interspinous distance and the needle
angulation needed to intersect the epidural space at the appropriate level. If the
interspinous space is obliterated (Baastrup’s sign), a paramedian approach may
be the only approach to afford epidural space entry (see following hints). With
a direct midline approach, the needle passes between the spinous processes to
reach its target. The intended site of entry is marked, typically overlying the
upper portion of the more inferior spinous process (Figure 3A).

Figure 3. Midline ILESI. (A) Scout AP flouro spot image showing the skin entry site for planned L4/L5
ILESI (arrow). (B) Lateral flouro spot image showing target site for needle tip placement 1-2 mm deep to
the dorsal margin of the inferior articulating process. This usually places the needle tip in the ligamentum
flavum and where air release technique should start (arrow). (C) AP flouro spot image following air release
and injection of a small amount of contrast. The contrast pools around the tip of the needle. (D) Lateral
flouro spot image showing contrast pooling along the dorsal epidural space.
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Figure 4. Midline ILESI showing a small vessel filling
with contrast. Small-needle manipulations are usually
sufficient to ensure a purely extravascular location.
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Standard preparation and drape procedures are followed by anesthesia of
the skin and local tissues with 1% lidocaine buffered with sodium bicarbonate.
Under frontal fluoroscopic guidance, a 25-gauge, 3.5-inch spinal needle is
advanced, usually employing a slight cranial angulation. Knowing that a spinal
needle tracks in a direction opposite of its bevel, the needle can be steered to
keep it centered and on line to reach the target. Once the needle lies within the
interspinous ligament, it is unusual for it to deflect laterally; from this point, the
needle is advanced with lateral fluoroscopic visualization.

One stops advancing the needle when it crosses the posterior margin of the
facets (see Figure 3B), positioning the needle tip in the ligamentum flavum. A
check of the AP projection ensures continued midline placement. Subsequently,
the “air release technique” with AP fluoroscopic guidance is used for further
needle advances. The air release technique is accomplished by attaching a glass
or low-resistance plastic syringe to the needle (10) and attempting to inject
0.5 ml of air. While the needle tip remains posterior to the epidural space, and
within the firm ligamentum flavum, the plunger will bounce back (with the
exception of a small space posterior to the ligamentum flavum — see hints).
Continue advancing a millimeter at a time, and alternate with an air puff, until
there is no bounce back, signaling needle tip entry into the epidural space.

Contrast is then instilled via short, flexible extension tubing, under con-
tinuous AP fluoroscopy. When contrast is appropriately within the epidural
space, it pools around the needle tip (Figure 3C). However, if the needle tip lies
within the thecal sac, the contrast quickly diffuses and does not pool at the
needle tip. Check the lateral projection, which should show contrast collecting
at the dorsal margin of the thecal sac (Figure 3D) and eventually extending
slightly anterior to the thecal sac when there is enough contrast to flow around
the sides of the thecal sac. If the needle tip is misplaced into a vein, contrast does
not pool but whisks away into branching/tortuous venous structures (Figure 4).
Contrast within the thecal sac will layer on the dependent ventral margin of the
thecal sac (Figure 5). Luckily, when fluoroscopy is employed, intrathecal injec-
tion occurs less than 1% of the time.
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Figure 5. Intrathecal needle placement. The contrast
layers in a thin line dependently along the ventral aspect
of the thecal sac, forming a fluid-fluid level.

Inadvertent intrathecal placement obviates injection at that level. To pro-
ceed would cause a spinal block and the steroids would wash away in the CSF.
While Silbergleit et al. terminate the procedure and reschedule if this happens
(10), most authors will immediately choose another level; there are no reported
mishaps from this practice (8,43,46). The current authors will make a second
attempt at a next contiguous level if the spinal needle is a 25-gauge one. If the
needle is larger, such as a 22-gauge one, we will reschedule the procedure in 5-7
days, sufficient time for the dural puncture to become healed. This is based on
our anecdotal experience (Figure 6A, C).

When the needle position within the epidural space has been documented,
a solution containing 2 ml Kenalog-40 and 5 ml preservative-free 0.5% lido-
caine is instilled over 1-2 minutes, with initial visualization in the lateral plane.
Unless the needle becomes dislodged, the contrast pool will increase initially,
from the small residual contrast remaining in the tubing, followed by contrast
dilution and dispersal by the radiolucent medication. Some patients experience
discomfort or even pain during the injection. This should improve with a
reduced injection rate. Spot images should be obtained in the AP and lateral
planes, documenting epidural contrast as proof of appropriate needle tip place-
ment. These spot images will aid the next operator if the patient returns for a
subsequent injection; additionally, if the patient subsequently develops a head-
ache, the spot images will exclude intrathecal positioning as a cause of spinal
headache (corticosteroids may cause headaches as a side effect). The needle is
removed, the puncture site is cleansed with alcohol, and a bandage is placed.
Some patients experience lightheadedness following the procedure, mandating
close assistance while patients slowly rise from the procedure table.

Our practice has been to release ESI patients after the brief time it takes to
clean up and have a short discussion regarding change in pain after the pro-
cedure. The rare patient who requires conscious sedation or who suffers from a
significant motor nerve anesthesia may be detained longer. We caution patients
to limit their activities on the day of the procedure and then resume normal
activities the next day, including providing work releases for the day of the
procedure. All patients must bring a driver.
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Figure 6. Intrathecal needle placement at L4/L5 with
successful epidural injection at one level higher. (A)
Contrast injection on AP at L4/L5 showed contrast
rapidly whisking away from needle tip under real-time
observation. (B) AP flouro spot image showing successful
epidural injection one level higher at L3/L4. (C) lateral
flouro spot images showing successful epidural injection
one level higher at L3/L4. Residual intrathecal contrast
remains visible on the lateral view.

HINTS
Optimize the Planned Needle Route

Sometimes, ESI must be tailored to suit the situation. One should evaluate
for adequate space between the spinous processes at the selected level. If the
space is not sufficient, it will often improve sufficiently with the addition of a
second bolster under the abdomen. In these patients, checking one’s approach
at the beginning in the lateral fluoroscopic position, or with craniocaudal
angulation of the tube, will ensure that the selected skin site will allow a direct
course to the target.

Paramedian Technique
If bolstering fails to increase the interspinous distance adequately to allow
passage of a needle (Figure 7) or there is presence of interspinous ligamentous
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calcification or articulation of adjacent spinous processes (Baastrup’s sign), a
paramedian approach can still allow an interlaminar injection.

Once the level is selected, the laminar notches on either side of the
spinous process are localized. The tube is craniocaudally tilted to align the
apex of the notch with the upper margin of the disk space. Ten degrees of
lateral angulation to one side is sufficient to open the laminar notch and bring
the needle tip into the posterior epidural space (Figure 8A). Frequently, we
check both sides to choose the laminar notch that is the least impeded by
osseous protuberances from the spinous process. The top of the laminar notch
is used as the landmark and, using a bull’s-eye approach, the needle is
advanced, keeping the tip closer to the spinous process (medially) than the
lamina (laterally) (Figure 8B). The interspinous ligament is not encountered
in this approach and the first significant resistance is felt at the ligamentum
flavum.

Medial or lateral deviation of the needle is occasionally necessary to
arrive at a midline location at the appropriate depth. The straight AP
projection is used to ensure that the needle is coursing toward the midline
(Figure 8C). On lateral projection, the same osseous landmarks are used to
begin checking air release. If air release is achieved, the position of the needle tip
is checked in the AP projection to ensure an appropriate midline position
and contrast then injected to confirm needle tip position (Figure 8D, E).

We apply this technique commonly in patients with degenerative disease of
the spine, with great success. Many practitioners use this approach exclusively,
due to the ease of alignment and the guaranteed unencumbered course to the
epidural space.

Figure 7. Lateral flouro spot image with bolster in place,
showing close approximation of the spinous processes
(arrows), precluding the midline interlaminar
approach. A paramedian approach is necessary.
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Figure 8. Paramedian technique. (A) Rightward
angulation of 10°-15° and appropriate craniocaudal
angulation to align the laminar notch (arrow) with
the disc space. (B) Bull’s-eye approach with 25-gauge,
3.5-inch spinal needle. (C) Confirmation in the AP
projection that the needle is coursing toward the
midline in order to intersect the epidural space
appropriately. (D) Injection of contrast in AP
projections following air release, confirming epidural
needle tip location. (E) Injection of contrast in lateral
projections following air release, confirming epidural
needle tip location.

Target the Largest Portion of the Epidural Space

The epidural space is typically the largest at the level of the disc space.
This can vary between patients and, however, review of a preprocedural MRI
can provide a more specific target level. Typically, the disc space is a conven-
ient landmark on both the AP and lateral views, usually indicating the greatest
epidural space at a particular level.

Preview Needle Course in Lateral Plane

Some patients require no needle angulation to reach the epidural space,
which can affect skin entry site. When in doubt, previewing in the lateral plane
will help.
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Figure 8. (continued)

Tilt the Tube

If the needle contacts the bone and it is uncertain which bone is obstructing
the path, tilting the tube (in the AP plane) down the barrel of the needle often
will reveal the culprit.

Use a Needle of Adequate Length

Larger patients may require a longer needle to reach the epidural space.
Unfortunately, 25-gauge needles longer than 3.5 inches are quite difficult to
steer; thus, in large patients we use a 6-inch, 22-gauge spinal needle.

Beware the “Partial” and “Premature” Air Release

While performing the air release technique, a bounce back may be fol-
lowed by a partial air release after the next advancement. Although this
“partial” air release is unsatisfying, it invariably signals initial entry of a
portion of the needle lumen into the epidural space, and further needle
advancement (just to be sure) may only position the needle within the thecal
sac. To confuse matters, though, when a partial or a full air release occurs
before expected, the position of the needle tip may be posterior to the liga-
mentum flavum, a space that can accept air insufflation as easily as the
epidural space (Figure 9). If contrast injection shows a retrolaminar collection,
the needle must be advanced slowly with intermittent contrast injection to
confirm eventual epidural needle placement. After the contrast has been
injected initially, the air release technique occasionally works but is not
reliable.

Clear the Needle
After each set of three needle advances and air puffs, reinsertion of the
stylet is advisable to clear soft tissue that may be clogging the needle tip.
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Figure 9. Air release prompted retrolaminar injection of contrast. (A) Contrast is seen extending into the
interspinous space (arrows). Air release technique is no longer reliable once contrast has been injected into the
needle. (B) Needle advancement in the lateral projection with intermittent contrast injection will confirm
epidural needle placement (arrow).
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Gadolinium as Alternative

Finally, if the patient is allergic to iodinated contrast, gadolinium is an
acceptable alternative. Gadolinium is quite visible with high-quality fluoro-
scopic equipment, especially if a digital subtraction run is employed.

CAUDAL

Caudal epidural steroid injections are best performed in the prone posi-
tion; the lateral decubitus position with the hips flexed may be employed if a
patient cannot lie prone. Padding may be placed under the pelvis to provide an
optimal angle of approach. The sacral hiatus is located by running a finger
down the midline sacrum, until the coccyx is reached. The sacral cornua are just
above the coccyx, about a centimeter lateral of midline, and often palpable
(Figure 2). The location of the hiatus, the target for entry to the sacral epidural
space, should be verified with lateral fluoroscopy and marked. Then, gauze is
placed within the gluteal crease to protect the sensitive perineum from spillage
of sterilizing solution. After standard sterile preparation and drape, local anes-
thesia of the skin and sacral periosteum is achieved with 1% lidocaine buffered
with sodium bicarbonate.

Because caudal ESI patients complain of less pain with a 25-gauge spinal
needle (3.5-inches) than a 22-gauge needle, we select the former. Although
some practitioners employ a 20-gauge or larger needle, these may cause pro-
longed pain because of irritation caused by the needle scraping along the
periosteum. Additionally, smaller needles are more flexible, allowing one to
follow the sacral contour and avoid ventral penetration of the sacrum into the
perirectal regional or dorsal penetration through the sacral roof to the skin
(Figure 10). Due to the sensitivity of the sacral periosteum, a liberal amount of
lidocaine is administered at the level of the cornua. Placing a curve on the end
of the needle helps the needle to follow the slope of the sacrum.
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cortical penetration.

Entering at a 45° angle with the bevel down, the needle is advanced
through the sacrococcygeal ligament and stopped upon encountering the
underlying bone. After fluoroscopic verification of appropriate midline posi-
tion within the sacral canal, the needle is withdrawn slightly from the perios-
teum and the needle is laid almost horizontal, until it parallels the sacral canal.
The needle is advanced cephalad through the canal. Appropriate orientation of
the bevel and a gentle rotating motion may help the needle to follow the curved
contour of the sacral canal. Midline position of the needle within the canal
must be intermittently confirmed with fluoroscopy. The final target is the
middle or upper half of the S3 segment, certainly below the S2/3 junction
(Figure 11A).

Following needle placement, extradural position of the needle tip is con-
firmed by injection of 1-2 cc of contrast (Omnipque-300) with fluoroscopic
monitoring. If the needle is appropriately placed, the epidurogram resembles
a Christmas tree and the contrast does not disperse rapidly (Figure 11B). If
the needle tip is in an epidural vein, the contrast will flow into serpentine
structures. To extricate the needle from the vessel, slight advancement should
be attempted first. If this is unsuccessful, the needle may have to be completely
withdrawn and replaced. Theoretically, it may help to direct the needle dorsally,
because the epidural veins are more prominent ventrally within the sacral
epidural space. If the patient has a plica mediana dorsalis, the contrast will fill
only one side of the epidural space; in this event, redirecting the needle or
repuncture may be required to achieve satisfactory medication delivery.

If the needle is intrathecal, the procedure must be terminated. Readjusting
of the needle is not recommended after piercing the sacral thecal sac and the
procedure should be rescheduled in 5-7 days.

Figure 10. Needle penetration of the dorsal sacral cortex.
Placing a gentle curve at the needle tip and advancing
while rotating the needle will help to avoid periosteal or
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Figure 11. (A) Lateral projection showing proper needle tip position at the mid to superior portion of the S3
vertebral body. (B) “Christmas tree” appearance of contrast distribution in a caudal injection.
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After confirming epidural needle tip position and documenting it with AP
and lateral spot radiographs, the medication may be injected. Our solution
consists of 2 ml of Kenalog-40 with 5-8 ml of preservative-free 0.5% lidocaine.
Recommendations for volume of injectate vary. More recent reports (58,59)
have demonstrated that 10 ml of injectate consistently reaches the low- to
mid-lumbar spine. This amount of lidocaine will not overdilute the steroids.
Some practitioners choose to inject the steroids first with the preservative-
free lidocaine as a “chaser.” In our experience, the majority of patients can
tolerate 10 ml of injectate. In the occasional patient who does not tolerate this
volume, the chaser method ensures that the patient has received the entire
steroid dose.

The injection should not encounter any resistance; if so, needle malposi-
tion should be considered. If the patient complains of pressure or dull or
shooting pain down the legs, a decreased injection rate should allow symptoms
to resolve. After the procedure, the needle is removed, the puncture site
is cleansed with alcohol, and a bandage is applied. The patient is assisted
while rising slowly. The postprocedure routine is the same as for lumbar
injections.

Complications: Caudal and Lumbar ILESI

Complications from epidural injections are uncommon, but they vary
from minor to severe. Watts and Silagy compiled a list of adverse effects in
their meta-analysis of controlled trials of ESIL; those adverse effects included
subarachnoid tap (2.5%), transient headache (2%), and transient increase in
low-back or radicular pain (2%). There was one report of irregular menses (41).
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Other authors have reported side effects including transient vasovagal
response, angina, and respiratory difficulty with an inadvertent spinal block
(39). In a report on 5,489 consecutive fluoroscopy-guided ESIs, Johnson et al.
noted only four complications that necessitated hospitalization or an emer-
gency department visit. These complications included one vasovagal reaction
and an episode of “significant hypotension,” both of which resolved unevent-
fully; a self-limited cervical epidural hematoma in which symptoms resolved
after 18 hours; and a patient who was admitted for 3 days of observation for
tachycardia and hypertension, thought to be due to an unusual steroid effect
(60).

Epidural injection of steroids is known to cause occasional insomnia, facial
flushing, or nausea; despite the epidural placement, a small amount may enter
the systemic circulation (51). Other possible systemic effects are Cushingoid
effects, which were much more common in the past, when higher doses were
typical (34,61); and suppression of the hypothalamic-pituitary axis for about 3
weeks, which has been documented in canine (62) and human (63) studies.
This latter effect becomes important if the patient has subsequent surgery
(62,63) and may preclude the epidural injection or require steroid supplemen-
tation at the time of surgery.

We have not found a study that documents the risk of osteonecrosis from
an ESI; although this is one of the known risks of systemic steroid exposure,
most practitioners do not believe osteonecrosis is a substantial risk of ESI as
it is currently practiced. Risk of inducing osteopenia/osteoporosis has been
assuaged by a study by Dubois et al. measuring bone mineral density in 28
patients receiving chronic injections of epidural methyl prednisilone and cor-
relating to cumulative steroid dose (64).

Acute and chronic local effects are also a concern. Abram reviewed the
published complications of ESI; his list included five epidural abscesses; one
case of aseptic meningitis following an inadvertent intrathecal injection; two
cases of bacterial meningitis, one following an intrathecal injection and the
other not documented; and no reports of arachnoiditis. Arachnoiditis has only
been documented in the setting of multiple intrathecal steroid injections, a
former therapy for multiple sclerosis no longer practiced (32). Slucky et al.
found no significant alterations/weakening of the dura after ESI in dogs. Inter-
estingly, this group noted a reduction of posterior epidural fat in 17 of 24
specimens (65), arguing against the common notion that local deposit of
steroids may cause epidural lipomatosis.

In their study, Botwin et al. reported a 15.6% rate of minor complications
from epidural steroid injections (51). The incidence of major complications is
uncertain but undoubtedly rare (66).

Efficacy: Caudal and Lumbar ILESI

Neither caudal nor interlaminar epidural injection has been shown to have an
advantage in efficacy for patients with symptoms emanating from the lumbar
spine (41,67). Although numerous uncontrolled studies have touted the results
of ESI, most demonstrate a much higher benefit over the short term (a few
months) than the long term (a year or more) (26,32,43,54,68-71). Critics of
these studies cite their lack of control patients; however, many provided relief
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for patients who had already failed other nonsurgical treatments. Spaccarelli
reviewed 26 uncontrolled studies and calculated an overall efficacy of 65%
(23).

As ESI has become the subject of more rigorous studies, controlled inves-
tigations have not uniformly supported the benefits of ESI. Some controlled
studies demonstrate a benefit from ESI (3,19,67,72—74), whereas others have
not (75-79). Notably, the two studies commonly used to criticize ESI (77,78)
were not designed in a way that should produce a successful result given today’s
understanding of the effects of ESI (68,80). Both studies assessed patients less
than two days after the injection, when depot steroids have not taken full effect;
and then not again for at least 8 (78) or 13 (77) months, when then natural
history of disc herniations would lead one to expect many patients’ pain to have
resolved anyway. After this long period, one would also expect the depot
steroids to have lost any residual effects.

Several authors have made systematic attempts to analyze all of the con-
trolled studies (23,40,68,80,81), a task made quite difficult given the wide range
of indications, injection techniques, outcome measures, and length of follow-
up periods across the various studies they collected (2,80). Even these authors
have not agreed, with some concluding that ESI has at least a short-term benefit
(23,40) and others neither documenting nor refuting efficacy of ESI (80,81).
The reviewing authors bemoaned the methodological flaws of each controlled
study. For instance, a major flaw in all of the studies they reviewed was that
none used fluoroscopy to guide and document successful placement of the
needle within the epidural space (46,80) despite the fact that several investiga-
tors have demonstrated that blind placement of needles into the epidural space
is often inaccurate (53,54,57).

In one analysis of 11 randomized controlled trials of ESI, the procedure
increased the odds ratio of short-term pain relief (defined as greater than 75%
reduction in pain for up to 60 days) to 2.61, versus placebo. The odds ratio for
the long term fell to 1.87. Hence, this review supported the short-term success
of ESI and also suggested that some, but not as many, patients may experience
relief over longer periods (41).

The three most recent studies, not included in the above meta-analyses,
showed mixed results as well (73,74,79). In a profoundly flawed randomized,
double-blind, controlled clinical trial, Valat et al. (79) showed no difference
between epidural saline injection and ESI. Despite compelling evidence for the
inaccuracy of blind injections, all injections in the study were performed with-
out image guidance. Only clinical criteria were used to select patients with
“presumed sciatica,” without imaging support. No long-term follow-up was
performed.

Wilson-MacDonald et al. showed significant short-term improvement in
the epidural steroid group when compared to saline group, but no long-term
ability to avoid surgery. Most patients only received a single injection, also
performed blindly. Butterman et al. used fluoroscopically guided injections
in 38 of their 50 patients (76%), and permitted multiple injections. Their
data showed that 50% of patients who received ESI were able to avoid discec-
tomy. These patients had comparable results measured by visual analog scale
(VAS) and Oswestry scores to those patients who underwent successful
discectomy.
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LUMBAR TRANSFORAMINAL EPIDURAL
STEROID INJECTIONS

Indications: Lumbar Transforaminal Epidural
Steroid Injection

The transforaminal epidural steroid injection (TFESI) has the benefit of placing
the medication closer to the affected nerve root. This allows a more selective
treatment of a particular radicular pattern. As such, the patient selection criteria
differ slightly from the interlaminar or caudal injection.

Interlaminar and caudal approaches are a “shotgun approach” to the treat-
ment of low-back pain and radiculopathy and are intended to bathe both sides
of the epidural space with a steroid mixture. In addition, the interlaminar
approach has been shown to predominantly deposit the mixture dorsally in
contradistinction to the transforaminal approach, which has been shown to
preferentially deposit the steroid mixture in the foramen and anterior epidural
space, where discogenic radiculopathy most commonly originates (82).

Controlled studies have shown efficacy of TFSEI predominantly in patients
with more lower extremity pain than back pain (83-91). However, further
patient selection criteria are broad, with efficacy shown in patients from rela-
tively acute (less than six months) onset of radiculopathy (84,87-89,91) to
chronic pain (83). Surgical candidates have been shown to benefit (88,91) as
well as those with history of prior surgery (90). Patients with discogenic rad-
iculopathy are probably most likely to benefit (84,87,89,91), although studies
have shown benefit in spinal stenosis (88,90,92), degenerative spondylosis
(83,90), lateral recess narrowing (83,88,90), and epidural lipomatosis (93).

In general, demographic breakdown of those benefiting from TFESI paral-
lels that of epidural injections. Notable demographic subsets that are statisti-
cally less likely to do well are those with worker’s compensation settlements
pending and those going back to significantly physical labor (90). Some pain
management physicians will refuse to treat patients with ongoing workman’s
compensation claims for this reason.

In our practice, the transforaminal injection is viewed as the injection of
choice for those patients with unilateral radiculopathy in a discrete nerve root
distribution. With concerted effort put forth to produce epidural reflux, the
transforaminal approach may affect nerve root distributions at adjacent levels
through epidural spread (usually cephalad) of the steroid injectate. If strictly
diagnostic information regarding the affected level is needed, a selective nerve
root block (SNRB) would be more useful. If a particular nerve root distribution
is affected unilaterally, and therapeutic benefit is of chief concern, the trans-
foraminal approach combines selectivity with a steroid dose equal to that
administered through an interlaminar or caudal injection.

Contraindications: Lumbar TFESI

Typical contraindications to interventional procedures apply: hemorrhagic dia-
thesis, local or systemic infection, and allergic reaction to the medications.
Coumadin should be stopped three days prior to injection with no international
normalized ratio (INR) check required at our institution. Aspirin and antiplatelet
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medications are acceptable for procedures in the lumbar spine. The special
considerations of diabetes and cardiac failure have been addressed previously.

Technique: Lumbar TFESI

The descriptions of these procedures in the following paragraphs reflect the
methods and techniques employed in our department. Multiple aspects of these
procedures can be varied, and these techniques should be adjusted according to
training, experience, facilities, and preferences.

Preprocedural imaging is requisite at our institution, with particular atten-
tion paid to the presence of a nerve root sheath cyst or any other anatomic
anomaly that may preclude safe injection. The procedure is described to the
patient and informed consent is obtained. The risks are similar to that of
ILESI, with the risk of nerve damage added to the list. A focused medical history
is necessary to exclude significant allergies or medical conditions. The possi-
bilities of minor side effects to the steroids (listed in the ILESI section) are
broached, in order to allay the patient’s concerns. Patient comfort in a prone
position should be explored, as this can be a significant hurdle in those with
radicular pain. No IV sedation is necessary in the vast majority of cases.

The patient is placed prone on the fluoroscopy table. No abdominal bolster
is routinely necessary, but at times it makes patients more comfortable and may
decrease tension on an inflamed nerve root. It is a matter of personal preference
as to whether to work on the ipsilateral or contralateral side of intended injec-
tion. Most feel that placing the patient on the table and working from the
contralateral side affords more freedom from the image intensifier in the obli-
que orientation. Prior to proceeding with target localization a time-out should
be performed to confirm the side of the patient’s radiculopathy.

The goal of needle placement in TFESI is the “safe triangle” described by
Bogduk et al. (94), in a subpediculate, supraneural, intraforaminal location
(Figure 12). To most effectively profile the safe triangle, a direct AP projection
is initially attained with obliquities as necessary to line up the spinous processes
centered between the pedicles. The disc space is then profiled at the intended

Figure 12. Target for right L4/L5 TFESI. Surface-
rendered lumbar CT with right posterior oblique
(RPO) angulation and craniocaudal tilt to profile the
L4/L5 disc space. The “safe triangle” described by
Bodguk and colleagues.
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level of intervention. An ipsilateral obliquity of 25°-30° is usually sufficient to
attain the “Scotty dog” appearance of the on-end pedicle, transverse process,
and superior articular process with the target at the 6 o’clock position of the on-
end pedicle (Figure 13). The needle entry site is slightly below the inferior
border of the pedicle cortex, and not directly underneath. This is because
fluoroscopy summates the various portions of the pedicle cortex with the most
prominent visible area being the central, tapered section, thereby underestimat-
ing the caliber of the most superficial margin. Therefore, placing the needle
directly under the inferior cortex will either block or inferiorly displace the
needle during its positioning, preventing ideal position and increasing the risk
of nerve injury.

The skin entry site (Figure 14A) is marked with indelible ink and the skin is
sterilely prepared and draped. Depending on patient size and the obliquity of
the planned needle course a 3.5- or 6-inch 22-gauge needle is selected. The skin
and subcutaneous tissues are anesthetized with 1% lidocaine buffered with
sodium bicarbonate. The initial needle advancement is made in the oblique
projection using a bull’s-eye technique just below the 6 o’clock position on the
pedicle (Figure 14B). Once the bull’s-eye route has gained significant purchase,
the needle can be advanced in the true AP and lateral projections. Checking the
bull’s-eye projection periodically may be necessary to confirm the needle is
within the safe triangle. The goal of needle tip placement is intraforaminal
on the lateral view and no further medial than 6:30 position on the left and
5:30 position on the right in the direct AP view (Figure 14C, D). Commonly,
there is a palpable pop as the foramen is pierced.

After attaining the intended location, the stylet is removed and iodinated
contrast (gadolinium in the presence of contrast allergy) is connected to the
needle with short flexible tubing. The use of flexible tubing is a recurring theme
in our practice, and limits needle tip manipulation when transferring different
injection syringes. The ideal injection produces a neurogram of the exiting
nerve root and refluxes under the pedicle into the adjacent epidural space
(Figure 14C, F). In the event that there is a predominant flow pattern — either
epidural or perineural — minimal needle tip manipulations can be attempted

Figure 13. LPO fluoroscopic spot image of 25°-30°
showing the target site for left L4/L5 transforaminal
epidural. The 6 o’clock position of the on-end pedicle
should be targeted. Obliquity needs to be sufficient to
move the superior articulating process medial to the
course of the needle: P-L4 pedicle; TP-L4 transverse
process; IAP-L4 inferior articulating process; SAP-L5
superior articulating process.

93



PART I. LOCOREGIONAL PAIN CONTROL

Figure 14. Right L5 TFESL (A) Target marked with hemostat. Note the significant craniocaudal angulation
necessary to profile the L5/S1 disc space and the small window allowed by the presence of the IC: P-L5 pedicle;
TP-L5 transverse process; [AP-L5 inferior articulating process; SAP-S1 superior articulating process; IC iliac
crest. (B) Bull's-eye needle placement at the 6 o’clock position of the pedicle. (C,D) AP fluoroscopic image
showing proper needle tip position (long arrow). The needle tip should not be advanced more medially than the
5:30 clock position on the right pedicle (6:30 position on the left). Contrast should flow under the pedicle into
the epidural space (short arrows). (E) Lateral fluoroscopic image showing needle tip placement within the
superior aspect of the neural foramen. (F) Right L4/L5 TFESI AP flouroscopic image in a different patient with
proper 50/50 contrast flow pattern.

with care to achieve a 50/50 flow pattern. A lateral view after injection of
contrast is necessary to exclude inadvertent intrathecal placement (Figure 14E).

Careful consideration of intravascular placement is needed — particularly
on the left — prior to proceeding with the steroid injection. Although aspiration
has been reported as a means to assess intravascular needle tip placement, this
method should be considered inaccurate, with 74% of intravascular needle
placements demonstrating no flashback in a large study by Sullivan et al.
(95). Meticulous observation under active fluoroscopy is necessary to evaluate
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Figure 14. (continued)

for any visible arterial flow or rapid contrast clearance indicating vascular
clearout. Digital subtraction angiography can be used for equivocal cases. If
the needle tip is found to be intravascular, it is usually venous and indicated by
larger caliber and slow flow, and advancement or retraction is usually sufficient
to find a safe extravascular injection location. If the artery of Adamkiewicz or
other radicular artery is identified, the needle should be removed and needle
placement pursued at another level (see following paragraphs for further
discussion).

The steroid/anesthetic mixture of choice is then infused slowly over
approximately one minute. The steroid mixture we use for TFESI is 2 cc
Celestone Soluspan (betamethasone sodium phosphate and betamethasone
sodium acetate) with 2-cc 1% preservative-free lidocaine. We use Celestone
due to the success seen in early work by Botwin et al. (83) and significantly
smaller particle size, theoretically decreasing the chance of vascular occlusion
compared with Kenalog-40 (triamcinolone acetonide) (95), if inadvertent
intravascular injection is performed.

The needle is removed and the field is cleansed with a small bandage placed
on the puncture site. The patient is assisted while rising slowly. Patients rarely
experience motor block but may need wheelchair assistance following TFESI due
to dense paresthesia, particularly if multiple or bilateral injections are per-
formed. The patient is not detained longer than it takes for clean up and a short
postprocedure discussion. We require all patients to be accompanied by a driver.

SPECIAL CONSIDERATION - S1 TFESI

The S1 TFESI is a common injection and can be separated from an S1 nerve
root block with careful attention. The cross-sectional anatomy of the S1 nerve
root (Figure 15) allows a better understanding of the necessary needle place-
ment to allow both perineural and epidural spread of injectate.

The fluoroscopic localization for a S1 TFESI and S1 NRB are the same with
no cranial caudal angulation necessary and approx 15° of ipsilateral obliquity
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Figure 15. Axial proton density MRI image through the
dorsal S1 neural foramen. Note the direct AP
orientation of the dorsal S1 foramen, precluding the
need for any craniocaudal angulation when performing
S1-directed procedures.
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(Figure 16A). With this simple obliquity, the S1 foramen becomes apparent and
the superomedial portion is localized for a bull’s-eye approach. The fibro-oss-
eous tunnel of the S1 foramen is often palpably pierced, and once the direction
of the needle is satisfactory, the needle should be advanced in the lateral view,
with the goal being needle tip placement 1 mm short of the posterior cortex of
the sacral bodies (Figure 16B). This usually allows both perineural and epidural
spread of injectate, with small manipulations made after injection of contrast to
attempt to maximize the 50/50 flow pattern (Figure 16C, D). This needle
position is in contradistinction to the slightly more anterior location necessary
for a S1 SNRB (slightly anterior to the posterior sacral cortex) to target the
anteriorly exiting S1 nerve root (Figure 17).

Complications: Lumbar TFESI

Complications of TFESI are rare. General risks of infection and bleeding are
commonly quoted in the consent but are extremely rare in the lumbar spine in
the absence of a profound immunocompromised state or bleeding diastheses
(see contraindications).

Nerve laceration from needle placement is a theoretical complication and is
increased with a more inferiorly displaced needle route. Usually, a radicular
pain occurs prior to intraneural needle placement and can be avoided with slow
advancement and careful attention to patient feedback. Intrathecal injection
remains a possibility if the needle is advanced medial to the 6 o’clock position
or in the presence of a previously unknown nerve root sheath cyst. Rare intra-
discal injection during TFESI has been reported (96).

Complications with respect to the iodinated contrast or the steroid depot
mixture are similar to midline epidural.

Deserving special consideration are multiple recent reports of catastrophic
spinal cord injury related to TFESI (36,97). The transforaminal approach is
the most likely of lumbar approaches to demonstrate endovascular needle
placement (95). Typically, endovascular contrast is due to a radicular vein
and is of little clinical significance — minimal needle manipulation results
in a normal extravascular injection. Arterial injection, however, can be cata-
strophic. There are multiple radicular arteries extending from lumbar arteries
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LS ¥ .o
Figure 16. Left S1 TFESL (A) Obliquity of 15° shows the dorsal S1 foramen to greatest advantage (arrow).
(B) Lateral fluoroscopic image shows the needle tip placed 1-2 mm short of the dorsal cortex of the sacral
vertebral bodies (arrow). (C) Injection of contrast shows proper 50/50 flow pattern, extending out the ventral
S1 neural sheath (arrowheads) and cephalad into the epidural space (arrows). (D) AP fluoroscopic image
confirming good epidural and perineural spread of contrast.

to feed either the anterior or posterior spinal cord. The largest of radicular
arteries is the artery of Adamkiewicz, which in 80% of the people, enters the
spinal canal from the left between the levels of T5 and L1 (98). This course is
variable and spinal cord entry of the artery of Adamkiewicz has been reported
as low as L4 (98).

Injection of a steroid mixture into a spinal cord radicular artery can cause
catastrophic embolic injury to the cord. It has been suggested that an injectate
using a steroid of smaller particle size (Celestone Soluspan) confers less embolic
risk than the typical depot mixtures containing triamcinolone (Kenalog-40)
(36). The benefit of the strong depot effect of Kenalog-40 suspensions has been
shown to afford therapeutic advantage over betamethasone (Celestone) in the
short term follow-up of interlaminar epidurals (35). However, no such
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Figure 17. Needle tip position for S1 SNRB for
comparison to S1 TFESL The deeper needle tip position
places the needle in the sheath of the ventral ramus of
the S1 nerve root and avoids epidural spread that can
confound the diagnostic power of the SNRB.
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advantage has been shown in transforaminal epidural steroid injections or
selective nerve root blocks (99). For these reasons we use betamethasone for
TFESI for the theoretical decrease in embolic risk.

Efficacy: Lumbar TFESI

Although TFESI is not immune to the controversy surrounding the efficacy of
ILESI, the results of multiple prospective studies seem to favor TFESI in treat-
ing unilateral radicular pain (83-85,87-91).

In relieving symptoms, several prospective outcome studies show efficacy
for TFESI. Weiner and Fraser showed 80% improvement in 30 patients with a
mean follow-up of 3.4 years (100). Lutz et al. studied 69 patients following a
series of TFESIs and showed 78% patient satisfaction at an average follow-up
time of 80 months (87). TFESI has been shown to be effective in treating
chronic unilateral radiculopathy, as well. Botwin et al. prospectively followed
34 patients with unilateral radiculopathy from degenerative stenosis with a
mean duration of pain of over two years. 75% of patients showed greater than
50% pain reduction after one year, with 64% and 57% showing improvements
in walking and standing tolerance, respectively (83). In a separate case report
Botwin et al. showed 80-85% pain relief in two patients with unilateral radi-
culopathy caused by epidural lipomatosis (93).

In a randomized, prospective, controlled trial, Vad et al. showed 84% of
patients with pain reduction of 50% or more compared to patients receiving
trigger point saline injections after 1.4 years (91). Karppinen et al. found that
TFESI hastened recovery at two weeks compared to saline injection, but those
patients who received steroid had greater pain scores at three and six months
(84). To explain the paradoxical outcome they proposed a “rebound phenom-
enon.” This rebound phenomenon has not been noted in other studies. Addi-
tionally, Karpinnen et al. only allowed a single injection. The prospective
studies that showed significant benefit to TFESI uniformly allowed multiple
injections, ranging from 1 to 4 (83,87,88,90,91).
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TFESI has been shown to decrease the need for surgery. Through a pro-
spective randomized trial, Riew et al. demonstrated that, compared with injec-
tion of bupivicaine alone, patients receiving TFESI were less likely to proceed to
surgery. Twenty of 28 patients who received TFESI avoided surgery compared
to 9 of 27 in the bupivicaine control group (88).

In reviewing the literature, including several of the studies cited above
(84-86,88,89,91), DePalma et al. cited moderate (level III) evidence in support
of TFESI (101).

Many of these studies have exclusion criteria that are not pertinent in a
day-to-day clinical practice. Patients with prior surgery, previous epidural
injections, chronic radiculopathy, multilevel pathology, and patients with
pending worker’s compensation claims are frequently excluded as confounders
in the prospective studies highlighted earlier. However, in an interesting study,
Tong et al.,, focused on these demographic factors in prospectively assessing
clinical outcomes in 76 patients following a series of TFESIs. This study found
that only patients with pending worker’s compensation claims and patients
who return to physical labor were predictors of poor outcome (90).

CERVICAL INTERLAMINAR EPIDURAL
STEROID INJECTION

Indications: Cervical ILESI

Cervical epidural steroid injections are much less often performed than lumbar
ESIs. Given this limited utilization, there are few scientific studies of cervical
ESI and there is no consensus regarding indications for the procedure. Various
studies support a variety of indications, including radicular pain, cervical spon-
dylosis, subacute cervical strain, cervicogenic headache, chronic neck pain
(102—-106), and a “variety of indications” (106). Some studies suggest reduced
efficacy for patients with axial neck pain, although most do not (104).

Contraindications: Cervical ILESI

Similar contraindications exist in the cervical spine as in the lumbar spine.
However, given the smaller epidural space and the catastrophic sequelae of a
cervical hematoma, bleeding tendencies need to be more carefully considered.
In addition to routine cessation of Coumadin for three days prior to any spinal
injection with confirmation of normalized INR, aspirin and other platelet
inhibitors need to be stopped for seven days. We ask that the patient take no
nonsteroidal anti-inflammatory drugs for two days prior to the procedure.

Technique: Cervical ILESI

The patient is placed prone, and comfort is ensured, with the head neutral and
facing straight down at the table. To keep the face from being pressed against
the table, proper support is necessary. Occasionally, patients experience claus-
trophobia in this position. This may be avoided if extra time is spent position-
ing the head to eliminate discomfort and minimize patient anxiety. Firm
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support pads or towels should be placed under the patient’s chest and forehead,
in order to elevate the face off the table. The towels should be placed in a
fashion that leaves an opening for the patient’s face, minimizing the closed-
in feeling. Conscious sedation is not routinely required, but it should be con-
sidered for patients who are anxious and less cooperative.

Based on the target level selected from the patient’s MRI, a mark is made on
the patient’s neck utilizing AP fluoroscopy. The skin entry site is at the mid-
portion of the lower of the two targeted vertebral bodies and halfway between
the spinous process and pedicle (Figure 18A). Following standard sterile prep-
aration and drape, local anesthesia of the skin and subcutaneous tissues is
achieved with 1% lidocaine buffered with sodium bicarbonate. Many types
of needles have been suggested for cervical ESI; we find a 22-guage Tuohy
needle is ideal because its blunt tip pushes firm objects away, diminishing
the likelihood of inadvertently puncturing the dura. After initial skin entry
with the Tuohy needle, the needle is advanced, under active fluoroscopy,
toward the interlaminar space with slight medial angulation, while visualizing
its advance using a contralateral oblique projection. To obtain this projection,
rotate the tube about 45° contralateral to the side of needle entry; when the
angle is correct, the laminae resemble the shingle on a roof. This obliquity
allows the needle to be viewed in tangent as it is advanced. The needle is
stopped just posterior to reaching the spinal canal (Figure 18B). As the needle
is advanced, its position should be checked in the AP projection periodically, to
verify that it remains directed toward the midline.

Confirmation of epidural needle tip location can be performed in two
different ways. In our institution, we prefer to stop the needle advancement
at the margin of the spinal canal and connect to a syringe of contrast with
flexible tubing. The needle is then advanced in tiny increments with a small
amount of contrast administered, following each needle manipulation. Epi-
dural placement of the needle is demonstrated with a longitudinal pattern of
contrast flow craniocaudally within the spinal canal (Figure 18C). Epidural
contrast should circumscribe the outline of the dura. Instead, if the injection
is intrathecal, the contrast will have a diluted appearance and wrap around the
spinal cord, simulating a myelogram. In this case, the procedure should be
aborted and reattempted in a week. Rarely, the contrast will demonstrate the
needle tip within an epidural vein; in such cases, the contrast tracks away from
the needle in a tubular structure and washes out with blood flow. Intravenous
placement of the needle does not terminate the procedure; moving the needle
slightly often solves the dilemma. Sometimes, a different level must be attemp-
ted to avoid the vein (Figure 19).

Alternatively, the “hanging drop” technique may be used to ensure correct
advancement of the needle into the epidural space after reaching the margin of
the spinal canal and returning to the oblique projection. For this technique,
contrast is used to overfill the needle hub (“hanging” there), resulting in a
convex dome of contrast with surface tension. The needle is slowly advanced.
When it is correctly located within the epidural space, the contrast dome will
drop down into the needle hub, signaling epidural location. After this initial
confirmation of reaching the epidural space, further confirmation of the appro-
priate needle tip position is achieved by injecting an additional 2 ml of contrast,
monitoring in real time with both oblique and AP projections.
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Figure 18. Cervical ILESI. (A) PA fluoroscopic image showing the proper skin entry point for a C5/C6
midline cervical epidural (arrow). (B) Forty-five degree contralateral oblique showing the shingled
appearance to the lamina and the needle tip position near the spinal canal (arrow). The dotted line marks
the inner cortex of the lamina, indicating the margin of the cervical spinal canal. (C) Contrast injection
confirms the epidural location (arrow heads). (D) PA fluoroscopic image shows the needle to be directed toward
midline where the diminutive cervical epidural space is the largest.

Once epidural positioning is confirmed, 80 mg (2 ml) of Kenalog-40 is
instilled for an average-sized adult, followed by 2 ml of 0.25% preservative-free
lidocaine for immediate pain relief. Higher concentrations of anesthetic would
risk motor block; because of the devastating results that could accompany
motor block in the cervical spine, one should not use a higher concentration
of lidocaine. Any resistance to injection should raise suspicion of needle mal-
position. If the patient experiences pressure at the site of the injection or dull or
shooting pain, reducing the rate of injection should improve these symptoms.
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Figure 19. Vascular filling in attempted C6/C7
cervical ILESL. In the same patient as in Figure 18,
vascular filling at the initially selected level
necessitated needle removal and replacement at the
previous level.

After the needle is removed, the skin is cleansed with alcohol and a bandage is
applied. The patient is assisted while rising slowly and the remainder of the
routine is the same as for lumbar ESI.

Complications: Cervical Ilesi

The same list of adverse effects from corticosteroids that occur in lumbar
ESI may also accompany cervical ESI. Logically, there should be a risk of spinal
cord injury in cervical ESI, but this has not been well documented. Some side
effects, including dyspnea, hypotension, nausea, and neck stiffness, are report-
edly more common in cervical injections (107). Finally, reflex sympathetic
dystrophy (108) and an epidural hematoma requiring surgical decompression
(109,110) have both been reported after cervical ESI.

Efficacy: Cervical Ilesi

Cervical epidural steroid injections are performed much less commonly
than lumbar ESI. As such, controlled studies are not available, likely in part due
to the reluctance of practitioners to inject a placebo as part of a technically
demanding procedure such as cervical ESI. However, cervical ILESI is sup-
ported by several uncontrolled studies (103,105,106,111,112). In their retro-
spective analysis of 25 patients who received a total of 45 cervical ESIs for
cervical radiculopathy recalcitrant to conservative measures, Rowlingson and
Kirschenbaum reported 64% of patients had a good (75% pain relief) or excel-
lent response to the injections (111). Likewise, a study of 58 cervical ESI
patients by Cicala et al. demonstrated 41% excellent and 21% good results at
six months (102). Although epidural injections in the cervical spine are con-
sidered riskier due to the proximity of the cervical spinal cord, many practi-
tioners consider it an effective method of treatment; moreover, many of these
patients have few options (106). However, some surgeons and physiatrists who
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employ lumbar ESI for their patients with low-back pain will not refer patients
with neck pain and radiculopathy for cervical ESI.

CERVICAL TRANSFORAMINAL EPIDURAL
STEROID INJECTION

Indications: Cervical Transforaminal Steroid Injection

Cervical transforaminal steroid injections (CTFESIs) are used commonly for
unilateral cervical radiculopathy, much like their analogous lumbar counter-
parts. The use of CTFESI is far less common than lumbar injections, in large
part to the historical failure of conservative management in treating cervical
pain. Surgery remains the mainstay. In situations where conservative manage-
ment is indicated or surgery is contraindicated, CTFESI has shown promise in
treating cervical radicular pain.

Contraindications: CTFESI

The same contraindications exist for CTFESI as for the cervical interlaminar
approach. Anticoagulants of all types are held for the prescribed time period, as
discussed in the cervical ILESI section. The ability to hold still in a supine,
lateral, or obliqued position (depending on operator preference) should be
explored prior to the procedure. If the necessary position is too uncomfortable
for the patient, sedation may be required to assure a safe procedure. Small
patient movements in cervical procedures can cause significant complications.

Technique: CTFESI

Preprocedural imaging, and a detailed understanding of the anatomy it depicts,
is a prerequisite prior to undertaking the procedure. The location and position
of the vertebral artery and the exiting nerve should be noted. Significant facet
overgrowth can divert the needle anterior, resulting in vascular or nerve injury.
The course of the carotid arteries should be evaluated. The presence or absence
of nerve root sheath cysts should also be assessed. A nerve root sheath cyst
within the target foramen would necessitate selecting an adjacent level for entry.

CTFESI can be performed in several different positions. At our institution,
we perform them in a supine position with the patient’s head turned away to
afford optimal visualization of the ipsilateral cervical neural foramen. An oblig-
uity should be chosen that maximizes the AP dimension of the foramen.

A spot is chosen in line with the anterior cortex of the superior articulating
process of the facet, in the midportion of the foramen, where it has maximal AP
diameter (Figure 20A). The skin is marked with indelible ink. Prior to local
anesthetic placement, gentle palpation of the planned tract can give valuable
information regarding the location of the carotid artery and manual manipu-
lation of the carotid may be necessary to clear it from the path. This is usually
unnecessary as the structures of the carotid sheath are typically displaced
anterior to the needle approach tract when the patient assumes our required
position of contralateral head rotation. After sterile preparation has been
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Figure 20. Left C5/C6 TFESI. (A) Ipsilateral oblique
fluoroscopic image demonstrates the target site for the
TFESI in the posterior portion of the neural foramen
(arrow). (B) Twenty-five-gauge needle directed
toward the posterior margin of the targeted foramen,
coursing toward the waist of the foramen. (C) Straight
AP flouroscopic image following contrast injection
confirms both foraminal filling (arrow) and reflux
into the epidural space (arrowheads). Note the needle
tip location in the AP view, approximately halfway
across the lateral mass.

performed, the skin and shallow subcutaneous soft tissues are anesthetized with
careful consideration of the short distance between the skin and critical vascular
and neural elements within the neck.

We typically use a 25-gauge needle 1.5-2.5 inches in length. Under fluoro-
scopic guidance, the needle is advanced in a bull’s-eye fashion to the posterior
neural foramen just anterior to the superior articulating process (Figure 20B).
Frequent triangulation is necessary with the AP view to assure that the needle
tip does not extend medial to the lateral masses or drift anteriorly. A needle
position lateral to this will not result in the desired epidural reflux and a
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position too far medial risks thecal penetration. A needle position that drifts
anteriorly risks injury to the vertebral artery with potential catastrophic neuro-
logical sequelae.

Once the needle tip is in position, a small amount of iodinated contrast is
injected to confirm appropriate location. Meticulous scrutiny is necessary to
exclude needle penetration of one of several radicular arteries that provide
blood flow to the cervical cord or penetration of the vertebral artery. In the
presence of a normal contrast flow pattern (Figure 20C), the contrast syringe
can be removed from the flexible tubing and the steroid mixture of choice can
be administered under direct visualization. The use of flexible tubing minimizes
the chance of inadvertent needle tip motion during syringe exchange.

It can be argued that betamethasone (Celestone Soulspan) should be used
when intravascular injection is a possibility but no controlled studies have
shown that the difference in particle size between steroid preparations
(36,95) has any effect to decrease embolic injury should intra-arterial injection
occur. It should be noted that the published complications of either spinal cord
or cerebellar infarcts all reported using triamcinolone, although that may be a
function of the more widespread use of triamcinolone (113-116).

If intraarterial injection is identified, the procedure should be terminated
at that level and either pursued at another level or rescheduled for the future. A
nerve root block of the selected nerve root may be a more prudent course for a
future injection if a radicular artery is known to reside within the foramen.

Catheter-directed transforaminal cervical epidural steroid has been
described, where access is gained to the epidural space through a midline
approach at C6/C7 or C7/T1 and a catheter is advanced under fluoroscopic
guidance to the desired level and the steroid mixture injected. This is beyond
the scope of this chapter.

Complications: CTFESI

A relatively new procedure, CTFESI has not been extensively studied. The
genesis of the push-toward cervical transforaminal was born with complica-
tions of midline cervical epidural injections from needle trauma to the cervical
cord (117,118). Initially thought to be a safe procedure, there have been multi-
ple reported cases of cervical cord and cerebellar injury from cervical trans-
foraminal steroid injections (113—115). Even more concerning is the multiple
complications that go unreported, either due to lack of effort or ongoing
litigation (116). The safety of cervical transforaminal steroid injection is in
question and should only be performed by experienced operators confident
in fluoroscopic needle placement, well-versed in the crucial cervical anatomy,
and aware of the significant risk.

Efficacy: CTFESI

Due to the sensitive nature of the cervical anatomy, there are no double-blind
studies in the literature to compare CTFESI to a sham procedure, so the true
efficacy of the procedure continues to be uncertain. Several studies have looked
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at the prospective and retrospective success of CTFESI in treating upper
extremity radicular pain (119-121).

The retrospective review by Slipman et al. showed a 60% satisfaction rate
after an average of 21.7 months time and 2.2 injections in 20 patients (120). Ina
prospective study by Bush, 68 patients received a transforaminal injection; if
they failed to improve, they received an interlaminar cervical epidural. Seventy-
five percent of patients achieved complete relief of arm pain from a combina-
tion of these two treatments (119). Vallee et al. prospectively performed trans-
foraminal cervical epidural injections in 30 patients with upper extremity
radicular pain. They demonstrated 53% clinical success at six months, with
29% reporting complete resolution of pain (121).

Overall, there is evidence to suggest that CTFESI is moderately effective in
treating patients with cervicogenic upper extremity radiculopathy. Currently,
no study has been performed yet to compare interlaminar and transforaminal
approach or comparing transforaminal epidural injection to cervical nerve root
block.

SUMMARY

ESIs are helpful tools in the treatment of patients with low-back, neck, and
radicular pain. Although ESI may not cure the causative lesion, it frequently
shortens the clinical course of the disease process, reduces or eliminates hos-
pitalization (54), and provides pain palliation and invaluable lifestyle improve-
ments. ESI is most appropriately performed with fluoroscopic guidance and
major complications are rare. Although cervical ESI is less uniformly endorsed,
a growing body of evidence and experience is beginning to support its useful-
ness and safety.
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INTRODUCTION

Flouroscopically directed selective nerve root blocks (SNRBs) were initially
described by Macnab in patients with “negative disc exploration” (1). Macnab
described needle tip position, reproduction of radicular pain, confirmation of
placement with injection of contrast to produce a neurogram, and anesthetiza-
tion of the affected nerve with lidocaine. The technique has not changed sig-
nificantly since 1971.

The utility of an SNRB is reflected in the name. It should be selective and,
as such, tends to have significant diagnostic and prognostic power in evaluating
patients with unclear radicular etiologies. The injection, when combined with a
steroid, can be therapeutic as well. In the lumbar spine, if therapeutic benefit is
the goal, a transforaminal epidural steroid injection is of more utility with more
volume able to be delivered to the affected level with reflux into the epidural
space.

In our clinical practice, lumbar SNRBs are performed in order to pinpoint
the affected levels in patients with unclear clinical symptoms or discordant
symptoms that are discordant with the magnetic resonance images (MRI). It
has also been shown to have significant prognostic importance in identifying
the level for surgical intervention and in identifying those patients who will
benefit from surgery (2,3). Cervical selective nerve root blocks (CNRB) are
performed under similar clinical circumstances. Thoracic SNRBs are rarely
performed but can have important diagnostic and therapeutic utility in uncom-
mon clinical settings.

ANATOMY

In the absence of significant anatomic abnormality, exiting nerve roots in
the cervical, thoracic, and lumbar spine are located in a predictable
anatomic location. With knowledge of pertinent spinal anatomy, and using
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fluoroscopically visible bony landmarks, a needle can be placed percutaneously
in the epiradicular space with accuracy.

Nerve roots throughout the spine are covered in a thin membrane of
perineurum and epineurum (2). The perineurum is a continuation of the dura
to cover the proximal 6-8 mm of the spinal nerve. The perineurum can dilate,
resulting in the common appearance of a nerve root sheath cyst. Care must be
taken in order to avoid an intrathecal injection when performing transforami-
nal injections; however, perineural cysts are usually not problematic when
performing an SNRB due to the more lateral needle position. The epineurum
is a continuation of the epidural membrane and surrounds the nerve to form
the epiradicular space. The goal of SNRB is the placement of the injectate
within this epiradicular space.

Within the lumbar spine, dorsal and ventral roots coalesce to form
the spinal nerve just prior to exiting the neural foramen. The focal thickening
of the dorsal root medial to this coalescence is the dorsal root ganglion
(DRG), which contains the cell bodies of the sensory fibers of the dorsal root.
The dorsal root/DRG complex predominantly carries sensory fibers from the
spinal nerve to the spinal cord. The ventral root predominantly carries motor
nerves.

The spinal nerve has two divisions. The ventral rami extend anterolaterally
to form the lumbar or lumbosacral plexuses. Within the neural foramen,
the sinuvertebral nerve is given off from the proximal aspect of the ventral
root, which courses medially back through the neural foramen to innervate
the lumbar disc annulus and posterior longitudinal ligament. Autonomic
nerve fibers communicate with the sympathetic trunk through gray rami
communicans extending from the ventral ramus of the spinal nerve (Figure
1) (4).

The dorsal ramus courses posteriorly following bifurcation of the spinal
nerve within the neural foramen. The dorsal ramus has three divisions. The
lateral and intermediate branches contain predominantly motor fibers with
inconsistent cutaneous innervation. The medial branch, however, is of utmost
importance as it innervates the facet joints above and below. For example, the
L4 spinal nerve gives rise to the L4 dorsal ramus. The medial branch of the L4
dorsal ramus gives off fibers that extend superiorly to innervate the L4/L5 facet
and inferiorly to innervate the L5/S1 facet.

Anatomic abnormalities of the lumbar nerve roots should be broached
briefly, simply for acknowledgement of their existence. There are three types
of anomalies, which can be seen in isolation or in combination (5). Type 1
anomalies are defined as aberrant courses, but with a single nerve root in
the appropriate neural foramen. This can manifest as a particularly low exit
within the neural foramen or as two nerve roots originating aberrantly from
the same dural sleeve but exiting singly. Type 2 anomalies have an abnormal
number of roots within the foramen — either two nerve roots exiting in
the same foramen with an empty adjacent foramen or supernumerary nerve
roots within a single foramen. Type 3 anomalies are those with extradural
anastomoses between roots. Fortunately, these anomalies are fairly rare
with an estimated total incidence of 8.5% (5). These anomalies can be con-
founding in a diagnostic workup due to discordant anatomic and symptomatic
findings.
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Pertinent vascular anatomy in the lumbar spine is centered on the artery of
Adamkiewicz. Although this topic has been addressed in the epidural steroid
chapter (Chapter 7), a brief review of the normal anatomy should alert the
reader to use necessary caution when performing SNRBs. The artery of
Adambkiewicz is the largest of the spinal radicular arteries and originates from
the aorta. The course of the artery of Adamkiewicz varies significantly but
occurs on the left in 70-80% of patients (6,7) and most commonly occurs
between the T9 and L1 levels. A study of computed tomography (CT) angio-
grams in 70 patients detected an artery of Adamkiewicz in 90%, with 92%
entering the spinal canal between T8 and L1 (7). In this study, only 71%
originated on the left (7). Injection of particulate steroid into this radicular
artery can cause infarction of the anterior spinal artery and subsequent devas-
tating neurological complications (8). Care must therefore be taken when
performing SNRBs to scrutinize active fluoroscopic contrast injection for filling
of this artery.

The cervical spine has similar neural anatomy to the lumbar spine. A
distinguishing feature, however, is the presence of eight cervical nerve roots,
with the spinal nerve exiting above the pedicle of its associated vertebral body.
For example, if the C6 nerve root is the target, the C5/C6 foramen is localized.
The ventral rami of C1-C4 form the cervical plexus with those from C5-T1
forming the brachial plexus.

Cervical vascular anatomy deserves special mention, as it is the source of
rare catastrophic complications associated with CNRBs. The posterior aspect of
the foramen is selected as the target zone in order to steer far clear of the
vertebral artery, which is located within the anterior portion of the cervical
foramen. It should be noted that the ascending cervical and deep cervical
arteries can contribute branches that anastamose with the anterior spinal artery.
This is a cause for special concern because these anastamotic radicular arteries
have been shown in cadaver dissections to occasionally enter the foramen
posteriorly, at the target zone for cervical SNRBs (9). Huntoon’s cadaveric
dissections found this concerning variant in 1 of 10 cadavers (9), although
the true incidence remains a matter of debate.

Neural anatomy in the thoracic spine is similar to the cervical and lumbar
spines. Pertinent thoracic anatomy centers around the close approximation of
the posteromedial pleura and rib articulation to the target site. Because the
posterolateral vertebral body corner is blocked by the costovertebral articula-
tion and the posteromedial pleura, a slightly more superior and medial target is
selected. Care must be taken to identify the posteromedial pleura in order to
avoid causing a pneumothorax.

As in cervical and lumbar SNRBs, radicular arterial filling must be
excluded prior to injection of particulate steroid to avoid devastating
complications.

MEDICATIONS

As in interlaminar epidural steroid injections (ILESIs) and transforaminal
epidural steroid injections (TFESIs), an anesthetic is typically combined
with a steroid for a longer therapeutic benefit. In some clinical settings,
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sequential anesthetic nerve root blocks can be performed with anesthetic
only in order to pinpoint the nerve root causing the chief radicular pain.
Once identified, the culprit nerve root can be treated with steroid infiltration
as well.

In our institution, we use a 50:50 mixture of triamcinolone acetonide
(Kenalog-40; Bristol-Myers Squibb, Princeton, NJ) and 0.5% bupivicaine
(Abbot Laboratories, North Chicago, IL) for lumbar SNRBs. Kenalog-40 has
been selected over betamethasone sodium phosphate/betamethasone acetate
suspension (Celestone Soluspan; Schering, Kenilworth, NJ) at our institution
because of the decreased cost of Kenalog-40 for our pharmacy. In a study done
at University of Wisconsin by Blankenbaker et al., there was no statistical
difference in pain relief when comparing the two medications (10). This is in
contradistinction to a similar study from our institution where epidural steroid
injections with Kenelog-40 was found to be more efficacious (11). Only 1-2 cc
of the solution is injected in the epiradicular space. A small volume is all that is
necessary to come to a diagnostic conclusion, and more volume can lead to
excessive pain during injection, rupture of the epiradicular membrane, and
reflux of injectate into the epidural space, diminishing the diagnostic power
of the SNRB.

As in the performance of all fluoroscopically guided spinal procedures,
confirmation of the needle tip position with injection of a small amount of
iodinated contrast is necessary. In the presence of an iodinated contrast allergy,
gadolinium can be substituted. Contrast injection volumes are never sufficient
to make gadolinium toxicity a risk.

Sedation for SNRBs is never necessary and would be counterproductive to
the diagnostic efficacy of the injection.

LUMBAR SELECTIVE NERVE ROOT BLOCK
Indications

Lumbar SNRBs are performed in patients with lumbar radicular pain and are
most commonly used to direct possible surgical intervention in unclear clinical
cases. It is used as a preoperative diagnostic procedure in patients with equiv-
ocal or multilevel imaging findings prior to operative management, in post-
operative patients with persistent radicular signs, and in patients with normal
imaging findings but persistent radicular pain.

Contraindications

Contraindications to lumbar SNRB are similar to those of other percutaneous
invasive procedures. These would include bleeding diatheses, allergy,
overlying infection, or serious systemic infection. Care should be taken in
elucidating a history of contrast allergy before the procedure. Diabetics can
experience blood glucose lability following steroid injection, and this should be
emphasized. We require warfarin to be halted for three days prior to the
procedure, whereas the coagulation status of our lumbar SNRB patients are
not routinely checked.
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Technique

Informed consent is obtained in all patients with attention paid to the theoretical
risks of infection and bleeding, as well as the possibility of allergic reaction, side
effects to the steroids, and inadvertent nerve damage from the needle. Prior to the
injection, the patient is asked to describe the distribution and severity of the pain.
We routinely use an 11-point pain scale and, following the procedure, send the
patient home with a two-week pain diary to follow the pain level over time.

The patient is placed prone on the fluoroscopy table. The endplates at the
desired level are profiled and the tube rotated to the ipsilateral oblique until the
posteriorly oriented facets are medially displaced enough for unencumbered
access to the target site. At our institution, we target the inferolateral corner of
the vertebral body (Figure 1A), 2 mm cephalad and 2 mm medial to the infero-
lateral vertebral body cortical margin. If present, osteophytes should be ignored
and the skin mark made over the “native” inferolateral vertebral body corner.
This inferolateral target allows a selective injection of the nerve root in question
without involving the dorsal ramus, sinuvertebral nerve, or adjacent nerve roots
within the epidural space. Inclusion of the more proximal spinal nerve or
adjacent nerve roots in the injection field can yield a false-positive result by
alleviating pain referable to the facet, disc annulus, or adjoining level.

The skin is marked and the patient prepped and draped. The superficial
and deep soft tissues are anesthetized with 1% lidocaine buffered with sodium
bicarbonate. A bull’s-eye approach is made on the target with an appropriately
long 22-gauge spinal needle. Deeper soft tissues can be anesthetized if necessary
through the spinal needle; however, care must be taken not to administer
anesthetic in the vicinity of the spinal nerve prior to eliciting radicular pain.
We use the facets as a guide on the lateral view, with lidocaine administration
superficial to the facet joints. Administration of lidocaine deep into the facet
joints risks anesthesia of the ventral ramus and may not allow the patient to
perceive the radicular signs necessary to confirm accurate needle placement.
This can also increase the risk of nerve laceration.

The needle is advanced with periodic confirmation of appropriate course
and depth in orthogonal planes. Once the level of the foramen is reached on the
lateral projection, slow advancement is necessary until radicular signs are pro-
duced. The needle advancement is stopped and the pain should resolve, indi-
cating that the needle is near, but not within, the nerve. If pain persists,
intraneural needle placement is possible and the needle should be withdrawn
1-2 mm. Concordance or discordance with the patient’s typical pain pattern
should be recorded. If the nerve is not encountered (e.g., lack of reproduction
of radicular pain) on the first pass, the vertebral body will act as a backstop. The
needle is retracted and a slightly more cephalad course is usually all that is
necessary to encounter the nerve.

Once adequate needle position is acheived, a small amount of contrast is
injected through flexible tubing with confirmation of a selective neurogram
(Figure 1B). Reflux of contrast into the neural foramen and epidural space
should be avoided in SNRB in order to prevent false-positive alleviation of pain.
The contrast injection should be scrutinized under active fluoroscopic visual-
ization in order to avoid intraarterial injection of steroid. This is of particular
theoretical importance in high left-sided lumbar SNRBs with the understanding
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Figure 1. Left L4 SNRB. (A) Left posterior oblique
flouroscopic image showing target site for SNRB,

2 mm cephalad and 2 mm medial to the inferolateral
corner of the vertebral body. P — pedicle of L4; TP —
transverse process of L4; IAP — inferior articulating
process of L4; SAP — superior articulating process of
L5. (B) Injection of a small amount of contrast
confirms the needle tip within the epineural space of
the L4 nerve root (arrows), without reflux into the
epidural space. (C) Lateral flouroscopic image
confirming neurogram (arrows).

that radicular arteries have significant anatomic variability and vigilance must be
high regardless of the injection level. We have occasionally justified use of beta-
methasone with high lumbar SNRBs because of its lesser viscosity and perceived
less risk of arterial occlusion if inadvertent intraarterial injection is performed
(12). This concern is probably unfounded given the far peripheral target site we
prefer for SNRBs but should be foremost in concern for TFESIs at these levels.

If the desired flow of contrast is achieved anteroposterior (AP) and lateral
(Figure 1C) fluoroscopic spot images are obtained to document needle posi-
tion. A 1:1 mixture (0.5% bupivicaine and 40 mg/ml Kenalog-40) of 1-1.5 cc is
slowly injected. The needle tip should not be manipulated. The use of flexible
tubing during syringe exchange ensures that the needle tip is not inadvertently
displaced. The patient should be questioned as to the nature and location of any
discomfort during injection.

The needle is removed and the skin cleansed and the small puncture site
dressed with a small bandage. Due to the common parasthesias produced by
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this procedure, we require all patients to be accompanied by a driver. The
patient is aided in slowly coming to a seated position. The patient is kept in
the department for only enough time to evaluate for adverse reactions, such as
vasovagal reactions or significant motor block, and a short postprocedure inter-
view is performed prior to discharge.

L5 SNRB

L5 SNRB deserves special note due to the significant craniocaudal angulation
usually needed to profile the L5/S1 disc space and line up the target site for the
L5 nerve root (Figure 2).

Aside from the smaller target tract, the L5 SNRB differs little from other
lumbar levels (Figure 3A—C). Rarely, the iliac crest can block the normal route,
and a coaxial technique we routinely use for L5/S1 discography is usually
successful. In these cases, a 20-gauge guide needle is placed past the iliac crest
and lateral to the facets. A 7-inch 25-gauge needle is then coaxially introduced
with an appropriate curve placed at its end, such that the needle tip traverses
lateral to medial upon exiting the 20-gauge needle. This can also be performed
with an 18-gauge guide/22-gauge coaxial combination.

S1 SNRB

The same technique and approach is used for the S1 SNRB as for the S1 TFESI
(described previously; see Chapter 7) with the exception of the final needle tip
position. In order to favor the epidural spread described for S1 TFESI, the
needle tip is located just dorsal to the posterior sacral cortex within the spinal
canal. In contrast, in order to ensure more selective infiltration of the S1
periradicular space during S1 SNRB, the needle is advanced antegrade through
the ventral S1 neural foramen (Figure 4A, B) until the needle tip is 5-10 mm
past the posterior sacral cortex, or until radicular symptoms are encountered.
In our experience radicular symptoms of S1 are uncommon, so we rely heavily
on the anatomic location of the needle tip and the contrast neurogram to
confirm the selective nature of the S1 SNRB. Despite our best efforts, epidural
spread with this particular injection is sometimes unavoidable.

CT-guided SNRBs

The authors do not routinely use CT guidance for spinal procedures, although
there are many practitioners who use CT nearly exclusively. We believe that
fluoroscopy best affords active visualization of contrast injection when the
ability to evaluate for vascular filling is of paramount importance given the
devastating complications of intraarterial steroid injection.

Complications

Lumbar SNRBs are safe procedures. Complications such as infection and bleed-
ing are raised due to skin puncture, but the actual risk of these is diminishingly
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Figure 2. Surface-rendered CT image of the lumbar
spine, rotated with craniocaudal and right posterior
oblique angulation to adequately visualize the proper
target zone for a right L5 SNRB (arrow).

small given the caliber of the needle and the relative paucity of significant
vascularity along the needle course. Allergic reaction is a possibility and the
use of nonionic contrast is always used to attempt to minimize this possibility.
Gadolinium is routinely substituted as contrast in those patients with a docu-
mented iodine allergy. Systemic side effects of the steroid (diarrhea, face flush-
ing, insomnia, mood swings) are usually discussed prior to the procedure, as
they are self-limited and benign. Intrathecal needle placement is not a risk given
the far inferolateral target site. If a more subpediculate target site is used, then
the presence of a nerve root sheath cyst can contribute to intrathecal needle
placement. Disc entry has been reported (13, personal experience) (Figure 5)
but this is rare and benign if recognized and corrected prior to medication
administration.

Nerve laceration is a potential risk but can be avoided in most cases by
slow advancement of the needle at the appropriate depth and avoiding the use
of anesthetic at a depth that may cause premature parasthesia of the spinal
nerve. The most catastrophic complication would be infarction of a radicular
artery serving the spinal cord. Although the operator needs to be aware of this
serious risk, it is exceedingly uncommon and is the subject of case reports at
this time.

CERVICAL SELECTIVE NERVE ROOT BLOCK
Indications

Similar to lumbar SNRBs, cervical SNRBs are used in patients with radicular
pain and can help to guide surgical intervention in patients with equivocal or
confounding imaging studies, atypical pain patterns, or postoperative patients
with persistent pain.
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Figure 3. Left L5 SNRB. (A) Left posterior
oblique flouroscopic image shows target site
(arrow). (B) AP flouroscopic image shows
selective left L5 neurogram. (C) L5 neurogram
confirmed on lateral flouroscopic projection
(arrows).

Contraindications

Similar absolute and relative contraindications exist for cervical SNRBs when
compared to other minimally invasive percutaneous spinal procedures. Local
and systemic infection, allergies, and uncorrectable bleeding diatheses are all
contraindications to percutaneous spinal steroid injections. As in lumbar
SNRBs, warfarin should be halted for three days. Due to the smaller area and
the more critical consequences of bleeding into the epidural or perineural
tissues in the cervical spine, we require an international normalized ratio level
be drawn in patients taking warfarin prior to the procedure. This practice is
institution specific. We also expand our list of anticoagulative medications that
should be halted prior to cervical injection procedures to include platelet
inhibitors (clopidogrel, etc.) or aspirin. With the agreement and cooperation
of the referring clinician, we require patients to have ceased platelet inhibitors
for five days and aspirin for seven days prior to the procedure.

A recent MRI should be available to evaluate for aberrant vasculature and
the presence of dural sleeve cysts that could complicate the procedure.
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Figure 4. Left S1 SNRB. (A) Lateral flouroscopic image demonstrating the target site (arrow) for needle
tip placement in S1 SNRB is more ventral than for a TFESI of the same level: 5-10 mm past the dorsal
sacral cortex (dashed line). This allows a selective injection with contrast confined to the SI epineural
space. Contrast is noted surrounding the S1 nerve root (arrowheads). (B) AP flouroscopic image
showing a selective S1 neurogram.

N

Figure 5. The inadvertant triumvurate. Attempted L5
SNRB resulted in initial filling of the L5/S1 disc (white
arrows). Along the retracted needle course, with further
injection of contrast, there was filling of the epidural
space (arrowheads) and the patient’s pars interarticularis
defect (black arrow).

Technique

The MRI is scrutinized prior to the procedure with particular attention paid to
any anomalous course of the vertebral artery or nerve root sheath cyst that may
preclude safely performing the procedure. The selected level is confirmed, tak-
ing care to evaluate the proper neural foramen for the targeted nerve root.

The patient is consented in a typical fashion but the risk of stroke,
associated with either vertebral artery injury or injection of steroid into a
small radicular artery, is broached routinely in our preprocedural consents
for cervical injections. The patient’s preprocedural pain level is recorded, and
a pain survey is given to the patient to record pain response over the next
14 days.
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In absence of any anatomic contraindications, the patient is placed supine
on the fluoroscopy table with the head turned toward the contralateral shoul-
der. This moves the carotid artery and jugular vein anteriorly and affords a clear
path to the posteroinferior portion of the targeted neural foramen. The fluoro-
scopy tube is rotated to the ipsilateral side, approximately 45°-55°, until the
targeted foramen is profiled optimally. The posteroinferior margin of the fora-
men, adjacent to the superior articulating process of the facet, is targeted and an
indelible mark is placed on the patient’s skin (Figure 6A). Targeting the inferior
margin of the foramen increases the chances of a more selective injection,
usually avoiding encountering the nerve from the cervical level above in the
selected level. Targeting the posterior margin of the foramen is of utmost
importance as the vertebral artery occupies the anterior portion of the foramen.

Utilizing sterile technique and following conventional prepping and drap-
ing of the planned skin entry site, the superficial soft tissues are anesthetized
with 1% lidocaine buffered with sodium bicarbonate. Deep soft tissue anes-
thesia should be performed with extreme care, if at all, given the short distance
between the skin entry site and the targeted nerve.

A 25-gauge needle is usually used, but the choice of length and the presence
of a stylet or the use of a blunt-tipped needle are all left to operator preference.
The argument for a blunt-tipped needle is compelling with the chance of
perforating a small radicular artery being decreased; however, the difficulty
in traversing the soft tissues and placing the needle accurately within the poster-
oinferior foramen with a blunt-tipped needle can overwhelm the safety
advantages. Opinion varies within our department, with the majority favoring
a 1.5-inch 25-gauge needle without stylet, if the distance to the target allows
the choice, or a 2.5-inch 25-gauge needle with stylet. We do not find the need to
use a 3.5-inch needle in the typical patient, regardless of the level being injected.
The shortest needle possible affords the greatest control in this delicate
procedure.

The needle is advanced in a bull’s-eye fashion (Figure 6B) and the depth of
the needle tip is frequently checked in the true AP projection. The needle is
slowly advanced until the patient experiences parasthesias or the needle tip
extends 1-2 mm medial to the lateral cortical margin of the lateral mass at
the desired level. Contrast is injected through short flexible tubing in the AP
dimension, and the active fluoroscopic image is scrutinized for selective nerve
root contrast extension and intravascular filling (Figure 6C). Digital subtrac-
tion angiography, if available, can be used to eliminate any doubt of intra-
vascular filling. If venous filling is noted, the needle can be advanced or
retracted into an extravascular location prior to injecting the steroid mixture.
In the event, a radicular artery is demonstrated, the procedure should be termi-
nated and the needle removed. The patient should be monitored for neuro-
logical symptoms because vasospasm is a risk and possible cause of reported
complications (14-19).

The quality of the neurogram is evaluated, and if needle placement is
deemed appropriate syringe exchange is performed, leaving the flexible tubing
in place. This ensures that no needle tip manipulation will occur between
injection of contrast and injection of the steroid mixture. A 1:1 mixture of
betamethasone and 0.5% bupivicaine (1-1.5 cc) is then instilled slowly to
minimize retrograde flow into the epidural space. We use betamethasone in
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neurogram (arrowheads).

cervical SNRBs due to the smaller particle size (when compared to Kenalog-40)
and theoretical safety advantages should intravascular injection inadvertently
occur (20).

The needle is removed, the skin cleansed, and the puncture site bandaged.
The patients are monitored for adverse side effects for the short amount of time it
takes for them to comfortably and safely come to a standing position and change
their clothes. Postprocedural pain level is recorded and the patient escorted
from the department. We require the patient be accompanied by a driver.

We perform cervical SNRBs under fluoroscopy, to maximize the chance of
identifying intravascular needle placement. Many operators perform these pro-
cedures under CT with good results and low complication rates.

Complications

Cervical injections, both SNRBs and TFESI, have come under scrutiny recently
for catastrophic complications including stroke and death (14-19). These

Figure 6. Right C5 SNRB. (A) Fifty-degree
ipsilateral oblique projection optimizing the target
neural foramen (C4/C5) for a C5 SNRB. Target
site is the inferior posterior foramen (arrow).

(B) Bull’s-eye view of the needle. (C) Direct AP
flouroscopic image demonstrating the proper
needle tip position just inside the lateral masses
(arrow) and a selective right C5 selective
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procedures should only be undertaken by clinicians with experience in their
performance, well versed in the cross-sectional and three-dimensional anatomy
of the cervical spine and adjacent soft tissues, and familiar with the possible
complications. Prompted by the multiple severe complications reported in the
literature, Ma et al. retrospectively evaluated cervical nerve root blocks per-
formed at Washington University between 1999 and 2003 (21). They found 14
complications in a retrospective review of 1,036 cases that included five cases of
headache/dizziness, six cases of transient neurological deficits (pain or weak-
ness), one case of hypersensitivity, one case of vasovagal reaction, and one
curious case of transient global amnesia. No severe complications were noted
(21). They performed their injections in a similar way, as described earlier, with
a slightly deeper needle position on average, than we typically advocate. With
this large series it would seem that the risk of these procedures is low, even after
taking into account the limitations with a retrospective review.

THORACIC SELECTIVE NERVE ROOT BLOCK
Indications

Thoracic SNRBs are rarely indicated in routine practice. We have found them
useful for patients with acute thoracic radicular symptoms following trauma or,
more commonly in our practice, following vertebroplasty. We have had excellent
results in providing the occasional patient with short-term relief of dermotomal
thoracic nerve root pain following vertebroplasty (Figure 7A, B).

Figure 7. Left T8 thoracic SNRB following vertebroplasty. (A) On the AP flouroscopic spot image,
the hub (white arrow) is difficult to see on the background of PMMA cement. A neurogram is
demonstrated (black arrowheads). (B) Same patient, lateral flouroscopic image.



8. SELECTIVE NERVE ROOT BLOCKS

Contraindications

Thoracic SNRBs share similar absolute and relative contraindications with all
percutaneous spinal injection procedures.

Technique

The technique for thoracic SNRB deserves brief special consideration. Patient
consent includes pneumothorax as a risk. The patient is placed prone and
the target level is localized. Ipsilateral obliquity is necessary to target inferior to
the pedicle, while avoiding the adjacent rib and posteromedial pleura. The
target site (Figure 8A) for thoracic SNRB is necessarily more cephalad and
medial than for the lumbar SNRB technique described earlier. The posteromedial
pleural line needs to be indentified and avoided. Once the needle tip is in an
adequate position and radicular signs have been provoked, the contrast injection
is performed through flexible tubing. Again, the confirmation of extravascular
needle placement is of utmost importance, particularly on the left side. If
necessary, digital subtraction angiography can be used to make absolutely sure
there is no radicular arterial filling. We use the same steroid injection mixture
that we use in the cervical spine (1:1 mixture of betamethasone and 0.5%
bupivicaine).

Due to the more superomedial target site necessitated by the presence of the
rib and the posteromedial pleura, these injections have a target site more typical
of a TFESL. As such, epidural extent is common (Figure 8B). Thankfully, the
clinical instances necessitating a truly selective thoracic nerve root block for
diagnostic purposes are diminishingly rare.

Figure 8. Left T6 nerve root block in a patient with unexplained thoracic dermatomal pain. (A) Left posterior
oblique projection demonstrates the target for thoracic nerve root block (circle) with the anteromedial
pleural line (black arrowheads) and posterior medial pleural line (white arrowheads) demonstrated. A more
superomedial target is necessary in the thoracic level compared to the lumbar level (resembling a
transforaminal target site). (B) Straight AP image shows a contrast pattern more typical of a transforaminal
epidural injection (arrows). Thoracic NRBs rarely impact surgical planning so a strict selective nerve root
block, confined to the epineural space, is rarely necessary.
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Complications

Complications are rare with thoracic SNRB but pneumothorax deserves special
note. If the posteromedial pleural line is not well visualized during the proce-
dure, or the needle tip is inadvertently deviated laterally, a postprocedural
upright chest radiograph should be performed.

SNRB Efficacy

There are many studies that have been published touting the therapeutic ben-
efits of epiradicular steroid injection (22-25). However, all of these describe a
technique for TFESI instead of SNRB. The terminology is confusing in the
literature with the term “selective nerve root block” being used interchangeably
with “transforaminal epidural,” “therapeutic selective nerve root block,”
“therapeutic nerve root block,” and “epiradicular steroid injection.”

It should be stressed that the authors clearly separate TFESIs from SNRBs.
SNRBs should be reserved for diagnostic purposes because, although there is
some therapeutic benefit, the amount of steroid—anesthetic mixture is purpose-
fully limited in order to decrease the risk of intraforaminal, epidural, or adjacent
nerve root spread. Also, the goal in the above technique is to encounter
the nerve peripherally, and to induce and record radicular symptoms experi-
enced by the patient. If therapeutic benefit is the goal, the larger volume
steroid—anesthetic injection used with TFESI should be used, and the pain typically
associated with the epineural injection in SNRBs can usually be avoided as well.

For diagnostic purposes, the SNRBs, when performed meticulously, dem-
onstrate great diagnostic accuracy in defining the affected level. The greatest
advantage in SNRBs, whether they are performed in the cervical, thoracic, or
lumbar spine, is to preoperatively assess the affected level in patients with
normal imaging, discordant imaging, or multilevel disease.

There are a few studies that show that SNRBs lack the specificity to be used
as a predictor of positive postoperative outcomes in the diagnostic pathway of
patients with radicular pain (26-29). Common factors of these studies, how-
ever, are the use of dorsal ganglionectomy or dorsal rhizotomy as the treatment
method. Failure to alleviate the patient’s pain after SNRB-directed rhizotomy is
cited as evidence for the lack of specificity of the SNRB. It has since been shown
that dorsal rhizotomy is unpredictable at best (30-32), and its use has contin-
ued to decrease in frequency.

More compelling evidence exists for the support of the sensitivity and
specificity of carefully performed SNRBs. Much of the literature predates
MRI, where SNRBs were viewed as a dependable and diagnostic adjuvant to
clinical exam, myelography, and plain radiography (33-40). van Akkerveeken
demonstrated a sensitivity of SNRB of 100%, specificity of 90%, and a positive
predictive value of approximately 85% in 46 patients with known nerve root
compression (41). Dooley et al. performed a retrospective review of 73 con-
secutive patients who underwent SNRB and found that all the 44 patients
(100%) who had concordant pain with injection and immediate relief (classi-
fied as group 1 response) had nerve root pathology at surgery. If patients with
postoperative arachnoidits were excluded, 27 of 32 patients had complete
response to single-level decompression giving SNRB an 85% accuracy in



8. SELECTIVE NERVE ROOT BLOCKS

predicting which patients will respond to surgery (42). In a prospective study of
105 patients who underwent SNRB, Haueisen et al. found a good positive
predictive value for SNRB (40). Of 41 surgically treated patients who had a
diagnostic SNRB, surgery confirmed a lesion in 38 (93%). All these patients had
a previous myelogram with abnormalities noted on only 24%, and EMG cor-
rectly diagnosed the affected level in only 38% (40).

A more recent retrospective review by Sasso et al. of 101 patients who
underwent preoperative SNRB is more illustrative of the applicability of SNRBs
in the current imaging milieu. All the patients underwent preoperative MRI,
with SNRB reserved for the subset of patients with discrepancies between
presenting examination and radiological imaging. Ninety-one patients had
strongly positive SNRB (greater than 95% pain relief), and 83 of those
91 patients (91%) had a good surgical outcome with clinical follow-up of
greater than 12 months. Most interestingly, there were seven patients with an
initial negative SNRB at the level requested by the surgeon but with a positive
SNRB performed at an adjacent level. All seven patients had surgery at the
SNRB-positive level, and all had good outcomes at more than 12 months
follow-up. The SNRB was the decisive factor in determining the level to be
operated upon. Of four patients with poor surgical outcomes, three (75%) had
surgeries performed at the level of a negative SNRB. MRI findings were positive
at the operated level in good outcomes 85% of the time, but 13 patients with
negative MRI had positive SNRB, findings of nerve entrapment at surgery, and
a good surgical outcome (3).

Aspinall et al. presented an abstract evaluating 40 patients prospectively
with normal MRI who underwent SNRB. Surgery was performed in all patients
with positive SNRBs (11 patients). All 11 patients had nerve root compression
found at surgical exploration, with ligamentum flavum compression found in
nine, and two with foraminal stenosis. Following surgical correction, 9 of 11
(82%) had complete relief of symptoms (43).

SNRBs can also be useful in patients with atypical pain patterns. It has been
shown that the dermatomal maps we have come to rely on may not accurately
depict the somatic distribution of nerves in a large percentage of people (44).
The term dynotome has gained popularity as the intrinsic radicular pattern of
pain that an individual experiences when a nerve root is compressed. The
discrepancy between the dynatomal and dermatomal distribution can be
hypothesized with normal variant lumbar/lumbosacral plexus collaterals (ner-
vus furcalis), anatomic aberrancies, and neural plasticity in patients with
chronic pain. SNRBs can elicit this dynotomal pattern with reliability and
can confirm single-level disease in patients with confounding clinical
presentation.

Specific evidence for the use of cervical SNRBs is less voluminous but
supporting nonetheless. Anderberg et al. showed concordance between nerve
root compression on MRI and relief of pain following cervical SNRBs in 20
consecutive patients, and concluded that “the SNRB procedure seemed relevant
for confirming a relationship between radiological pathology and clinical
symptoms and signs”(45). For therapeutic cervical radicular pain benefit,
Slipman et al. assessed patients with degenerative cervical spondylosis (46) as
well as traumatic cervical radicular pain (47). He found benefit for degenerative
spondylosis but no benefit for traumatic cervical radicular pain.
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Given the relative paucity of thoracic SNRB indications, there are no
studies demonstrating efficacy of thoracic SNRB.

SUMMARY

Although therapeutic benefit is seen in some patients, the term SNRB should be
reserved for injections performed peripheral to the foramen to avoid the poten-
tial of false-positive findings associated with affecting the sinuvertebral branch
of the ventral ramus and the medial branch of the dorsal ramus. If therapeutic
benefit is the chief aim, fluoroscopically guided injection can be made trans-
foraminal to allow a higher dose and volume of steroid to be used. SNRBs,
when performed with meticulous care in the right clinical setting, are powerful
diagnostic tools to confirm pathological levels prior to surgical intervention.
SNRBs have been shown to have high sensitivity and specificity in defining
pathological levels, as well as good positive and negative predictive values for
identifying patients who will benefit from surgery.
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Discography

Charles E. Ray, Jr., and Leo J. Rothbarth

First described in 1948 (1), discography consists of the placement of a needle
into a disc space using radiologic guidance. Once the needle is in position,
provocative procedures are performed in an attempt to mimic a pain response
similar to the patient’s underlying symptoms. Additionally, images [either
computed tomographic (CT), fluoroscopic, or both] are obtained and inter-
preted. Discography remains a controversial area, with many individuals on
both sides of the debate. Proponents believe that discography remains the least
invasive way to settle discordance between imaging findings and clinical symp-
toms; skeptics claim that the high false-positive rate and lack of evidence
suggesting better surgical outcomes following discography make the procedure
useless. Whether or not discography is performed in any given institution is
largely a function of personal belief in the procedure by both the surgical and
radiological consultants rather than firm data documenting its utility.

Discography was first described as a method to confirm the diagnosis of
herniated nucleus pulposus (HNP) (1). With the advent of cross-sectional
imaging modalities and their high accuracy in diagnosing HNP, the indication
for discography has changed. It is now largely used to document discogenic
pain in the absence of imaging findings that correlate well with the patient’s
symptomatology, and to determine the symptomatic level in patients with
multilevel disease. Although pain may be associated with an HNP, disc frag-
mentation and herniation is not the only way by which discs can cause pain.
Whereas it was long believed that the disc complex itself was devoid of any
innervation, it is now recognized that discs possess a nerve supply that may
account for pain sensation even in the absence of herniation.

The intervertebral disc complex is composed of three components. The
vertebral endplates make up the superior and inferior margins, the ligamentous
annulus fibrosis forms the outer (peripheral) margin, and the toothpaste-like
nucleus pulposus occupies the inner portion bounded by annulus fibrosis and
endplates. In the normal adult disc, the outer third of the annulus is innervated
by nerve fibers. Following disc degeneration, however, the innervation grows
deeper into the disc complex, with some nerve fibers penetrating into the
nucleus pulposus itself (2). These nerve fibers are believed to be at least in part
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responsible for the pain sensations felt in the presence of disc degeneration,
with or without concomitant herniation.

Two theories exist to explain discogenic pain: the mechanical and chemical
theories. In the mechanical theory, a progressive breakdown of the normal
load-bearing capacity of the disc complex occurs, oftentimes in a stepwise
fashion. Unlike the normal disc, where a compressive load is spread uniformly
across the disc space, a disc that demonstrates degenerative changes loses its
capacity to evenly spread loads that in turn causes significant stress on the
annulus fibrosis (2). This uneven distribution results in either vertebral end-
plate microfractures or annulus tears. In either case, the integrity of the
disc complex is compromised, further degenerative changes occur, leading to
worsening of the underlying mechanical stresses, and a downward spiral com-
mences. The initial event causing the initial degenerative change is usually
occult.

In the chemical theory, an initial insult to the disc (e.g., vertebral endplate
fracture) produces a chemical response with the introduction of inflammatory
mediators into the nucleus pulposus itself (2). These mediators change the
underlying composition of the nucleus, which can irritate the nerve fibers
on the outer third of the annulus (provided an annular tear is present). The
changes, and accompanying pain response, may be more marked in patients
with preexisting degenerative disc disease due to the irritation of pain fibers
that have already grown into the inner annulus or the nucleus pulposus.

It is likely that discogenic pain in any individual patient results from a
combination of chemical and mechanical issues. During discography, injec-
tions with different pressure may cause variable pain responses. Exquisite pain
at low pressures is likely due to a chemical-mediated response and is more
typically seen with acute or subacute injuries to the disc. Pain caused only with
higher pressure injections is more typically observed after chronic changes in
the disc and is more likely caused by mechanical disruptions to the disc. These
“chemically sensitized” and “mechanically sensitized” discs are distinguished
during discography (discussed later), and provide important information for
the spine surgeon to plan interventions.

The indications for discography vary from institution to institution. Guyer
and Ohnmeiss published a position paper from the North American Spine
Society, which outlined indications for lumbar discography (3). These sugges-
tions are presented in Table 1.

TECHNIQUE

In its simplest form, discography can be performed at one level with a single
needle, minimal contrast material, a syringe, and C-arm fluoroscopy. Discog-
raphy can, however, be a much more elegant procedure that can potentially
provide the spine surgeon with vital information necessary to make a surgical
intervention more likely to succeed. We describe here the technique used at our
institution; however, the reader is cautioned that the number of variations on
the technique described is nearly endless. More important than following any
described technique is developing a technique with which the operator is
familiar and comfortable (Figure 1).
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Table 1. Indications for Discography

Determine whether or not an abnormal disc noted on an imaging study is responsible
for the patient’s pain.

Evaluate the disc as a cause of patient’s symptoms in the setting or normal cross-
sectional imaging studies.

Evaluate a specific disc where there is discordance between the clinical and
radiological findings.

Evaluation of postoperative pain, particularly whether the pain is arising from the disc
that was operated upon versus another level.

Determine the number of levels requiring surgery (typically fusion) in patients with
multilevel disease.

Source: Guyer and Ohnmeiss DD Anderson MW. Lumbar discography: an update.
Sem Roentgen 2004;39:52—67.

Two components of preprocedure evaluation are essential to be performed
prior to discography: clinical history and radiological imaging. Obtaining a short
clinical history prior to performing discography is important for several reasons
(Table 2). First, documentation of the distribution of the patient’s pain can lead
the operator to perform the discogram at the correct level. Second, the duration
of the patient’s pain can suggest whether or not the disc is likely to produce a
positive result at low or high pressures (chemically or mechanically sensitized).
Third, surgical history may dictate whether or not a lateral or transdural
approach (discussed later) is most practical. Significant information can be
obtained in a few minutes with well-directed questions. Reviewing imaging
studies prior to discography can also provide important information, such as
levels of degenerative disc disease, unsuspected disc herniations, postoperative
changes that may preclude discography at certain levels, or potential other
causes of the patient’s symptoms.

Once the patient is interviewed and the radiographic images reviewed, the
procedure is explained to the patient and consents are signed for both the
procedure and sedation and analgesia. Whereas some operators prefer to per-
form the procedure without sedation and analgesia, we prefer to provide light
sedation to all of our patients with short-acting intravenous medications (mid-
azolam, with or without fentanyl). A single dose of both medications (50 pg of
fentanyl and 1 mg of midazolam) prior to placement of the first needle provides
enough sedation and analgesia to make the procedure more bearable and, we
feel, does not significantly compromise our diagnostic capability. By the time
all of the needles have been placed into the discs, the single dose of sedation and
analgesia has largely lost its effect and the patient is fully awake to respond to
any provocative measures.

A single dose of intravenous antibiotics is given at least 30 minutes prior to
the procedure. The antibiotic chosen must provide excellent gram-positive
coverage because the greatest risk of postprocedure discitis comes from skin
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Figure 1. Sequence of discography procedure (disregard overlying jewellry). (A) A preliminary AP image of
the lumbar spine is obtained to confirm normal lumbar anatomy. (B) After the overlying skin is prepped
and draped, a hemostat is placed over the disc of interest as a marker external to the patient. (C) The C-
arm is angled laterally until the familiar Scotty dog appearance of the lumbar vertebra is noted. The
superior endplate of the lower vertebral body should be perfectly aligned; the C-arm may have to be angled
in a craniocaudal direction to achieve this orientation. The outer (18- to 19-gauge) needle is advanced into
the soft tissues parallel to the x-ray beam. (D) The C-arm is moved to the lateral projection to confirm
appropriate direction of the needle. (E) Once the outer needle is well seated, the inner 22-gauge needle is
advanced into the disc space. This may best be accomplished in the lateral imaging plane. (F) Appropriate
placement of the needle should be confirmed in both the lateral and AP planes. The inner needle should be
visualized in the inner one-third of the disc space on both projections. (G) In order to gain access to the
L5-S1 disc space, the C-arm must be angled in the craniocaudal direction to prevent the needle from
hitting the iliac crest. There is typically a small space between the iliac crest and lateral pillar of the spinal
column, indicated here by the overlying hemostat. (H) Final image just prior to injection demonstrating all
needles in position. Note that the L5-S1 needle is placed more cephalad at the skin site than the 14-L5
needle. This steep angulation is typical in order to gain access into the L5-S1 disc space.
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Figure 1. (continued)

flora introduced during needle placement. We typically give 1 g of cefazolin;
however, in the setting of penicillin or cephalosporin allergy, 1 g of vancomycin
can be given instead.

The patient is placed prone on an angiographic table equipped with a
rotating C-arm. Rotation of the C-arm is vital to performing the procedure
safely and quickly; attempting to perform the discogram on a table with a fixed
(nonrotating) tube and image intensifier generally leads to great frustration and
a very time-consuming procedure. We do not routinely place bolsters under-
neath the patient; however, occasionally, small bolsters placed underneath the
patients’ chest, abdomen, or legs may provide some degree of comfort to
patients who otherwise might not be able to undergo the procedure at all.
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Table 2. Directed Questions Prior to Performing Discography

For how long have you had back/leg pain?
What is the distribution of your pain?

What is the character of the pain (pins and needles, electrical shock, stabbing, dull,
achy, numbness, etc.)?

Is the pain constant or does it come and go? If it comes and goes, is there any activity
or position that makes it better or worse?

Do you take medications to relieve the pain? If so, how much and how often?
Have you had any back surgeries?

Do you see a chiropractor or holistic medicine specialist?

Do you have any other medical problems?

Are you on any other medications?

What are your limitations due to your pain?

Do you have any drug or contrast allergies?

Do you have a history of bleeding problems?

When was the last time you took your pain medications?

Have you had any dental work recently, or URI/GI/GU/sinus infection within the past
three days?

Although the likelihood of an infectious complication is small (discussed in
the following paragraphs), discitis can prove to be a devastating complication
in an otherwise relatively healthy patient. For that reason, the procedure is
treated as surgical and standard operating procedures for a surgical prep are
followed. A wide skin prep is performed twice with betadine scrub and solution,
after which an Ioban Antimicrobial Incise Drape (60 x 45 cm) (3M, Minneapolis,
MN) is placed across the entire lumbar region. A surgical hand scrub is then
performed, and gloves are donned in standard fashion.

A preliminary spot film of the lumbar spine is obtained, and confirmation
of normal anatomy (e.g., five lumbar vertebrae) is obtained. Particular atten-
tion is paid to osteophytes along the lateral margin of the vertebral bodies, and
confirmation of an adequate posterolateral route to the disc space is confirmed.
If osteophytes preclude positioning of the needle into the disc space from one
side, an approach from the contralateral side may be more advantageous.
Rarely, a transdural approach is necessary (discussed later).

Once the appropriate disc levels are determined, the needles can be placed
into the disc spaces in anticipation of the provocative testing. Some investiga-
tors suggest accessing the disc contralateral to the side of greatest pain; doing so
in theory decreases the risk of irritating the affected nerve root during needle
placement (4,5). By using a C-arm that can be rotated, appropriate lateral and
craniocaudal angulation can be obtained for each disc space. The authors place
needles into all the disc spaces prior to performing the first provocative test. In
the vast majority of cases, a total of two or three disc spaces (L3L4, L4L5, L5S1)
are accessed during the procedure. The reason for using multiple levels is in an
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attempt to decrease the likelihood of a false-positive examination by evaluating
the disc space of interest and one or two control levels (6). In our practice, one
of the authors routinely uses one control disc space, whereas the other routinely
uses two.

Oblique Extradural Approach

There are several methods by which the disc space can be accessed. The authors
use a combination of a rotating C-arm and a “down-the-barrel” technique. The
disc space to be accessed is placed in the middle of the visualized field, in order
to decrease the amount of parallax. The C-arm is then angled laterally so the
“Scotty dog” configuration of the vertebral body below the targeted disc space
to be accessed is best visualized, and the superior articular facet is positioned in
the middle of the endplate. The C-arm is subsequently rotated in a craniocaudal
direction so that the superior endplate of the vertebral body below the disc
space is aligned parallel to the x-ray beam. Only after all three of these positions
are confirmed is the patient adequately positioned for the procedure.

The two-needle technique is described here, although a single-needle tech-
nique can also be performed with a 22- to 25-gauge spinal needle. With the
exception of using the outer needle, the single-needle technique is identical. For
the two-needle technique, an entry needle (18- to 20-gauge) is placed through
the skin and advanced to within a few centimeters of the disc space margin,
after which a thinner gauge needle (20- to 22-gauge) is advanced in a coaxial
fashion into the disc space itself. The second needle may be curved by
the operator prior to advancement into the disc space, which may help to
facilitate appropriate positioning of the second needle. The purpose of the
two-needle technique is twofold. First, it may decrease the risk of infection,
because the same needle that is puncturing the skin site does not enter the disc
space directly (7). Other authors dispute this decreased risk of infection (8).
Second, because the inner coaxial needle is often curved to circumvent the
articular pillar (4,9,10), it is easier to advance the curved needle through the
soft tissues of the back if it is passing through an outer introducer needle than it
would be without the coaxial system. Although a curve on the needle may be
helpful, using the bevel to “steer” the needle is typically enough to guide the
thinner needle into the disc space. In the absence of definitive evidence, whether
to use a single- or two-needle technique remains largely at the discretion of the
operator.

A skin entry site is chosen that lies superimposed to the junction of the
superior endplate and superior articulating process (“ear” of the Scotty dog) of
the lower vertebral body. Lidocaine is used to anesthetize the skin site, but care
is taken to not place the local anesthetic too deep into the anticipated needle
path because this could result in inadvertent anesthesia of a potentially affected
nerve root. By frequently alternating between lateral and anteroposterior (AP)
fluoroscopy while advancing the entry needle, the appropriate angle and needle
depth are confirmed. Using intermittent fluoroscopy, the entry needle is slowly
advanced to the level of the pedicle on the lateral view; at this point, the needle
tip should be equally as far from the disc margin on the lateral view as on the
AP view.
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A gentle curve (30°-45°) is placed on the inner, thinner gauge needle to
facilitate placement into the disc space. If access to the disc space is deemed to
be straight forward, simply using the bevel of the inner needle to give direction
to the needle tip may be adequate. The authors place the curve so the bevel of
the needle is on the inner margin of the curve, allowing both the bevel and the
curve to work in concert to direct the needle. When a 22-gauge needle is used,
the curve can be made simply by stripping the needle between thumb and
forefinger, or by using a hemostat and thumb. Once the curve is made, the
inner needle is advanced under fluoroscopic guidance until a popping sensa-
tion is felt by the operator, indicating puncture of the annulus. It has been
recommended that lateral fluoroscopy be used during advancement of the
inner needle to preclude advancement of the needle beyond the ventral margin
of the disc space (4); these authors find it most helpful to alternate between
AP and lateral fluoroscopy to confirm the appropriate curve on the inner
needle. Generally speaking, the distance to the midpoint of the disc should
be equal on both the AP and lateral views during needle advancement. If the
distance is greater for one projection than the other, recurving the needle may
be necessary. The final needle position should be in the middle third of the disc
on both projections. Once adequate needle position is confirmed on both the
lateral and AP projections, the subsequent disc spaces are accessed in similar
fashion.

Special mention must be made of the L5S1 disc space. Rarely is it possible
to line up the disc space in the abovementioned fashion because the iliac wing
projects into the expected needle path. A much more severe craniocaudal
angulation is necessary in order to access this lower disc space; in fact, it is
usually the case that the skin entry site for the L5S1 disc space is significantly
more cephalad than the skin entry sites for the other disc spaces. In order to
adequately position the needle for the approach to the L5S1 disc space, the
authors first angle the C-arm laterally to again visualize the Scotty dog appear-
ance. Superimposition of the iliac wing over the transverse process (nose of the
Scotty dog) is almost always seen at this point. Using continuous fluoroscopy,
the C-arm is subsequently angled in a craniocaudal direction until the iliac wing
and transverse process are no longer superimposed. A skin entry site super-
imposed over the disc space (approximately half way between the inferior
endplate of the upper vertebral body and the superior endplate of the lower
vertebral body) is then chosen. Using the technique described earlier, the outer
needle is advanced just beyond the medial margin of the iliac wing on AP
fluoroscopy, after which the inner needle is advanced into the disc space. It
is often the case that the inner needle must be manipulated in multiple different
projections (including many that seem to make no sense!) before entering the
disc space. On occasion, the inner needle simply cannot slide between the
vertebral endplates and by the articular pillars; in this case, the contralateral
approach should be attempted.

Transdural Approach

On very rare occasions, it may prove impossible to place a needle into the disc
space from the oblique extradrual approach described earlier. This is
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particularly true in patients who have undergone surgical interventions (4). In
this instance, a transdural approach may be used. This technique is exactly
analogous to performing either a lumbar puncture or an epidural spinal injec-
tion, and may be performed with midline or paramedian needle entry sites. The
authors prefer to perform transdural punctures from a paramedian approach,
again using down-the-barrel imaging guidance. To accomplish this, the C-arm
is angled laterally, approximately 10° (in either direction, but typically toward
the operator), and craniocaudally until the anticipated thecal sac puncture site
and disc space are superimposed. The outer 18- to 20-gauge needle is advanced
to the level of the pedicle (on lateral fluoroscopy), and the inner needle is
advanced entirely through the thecal sac until the disc space is entered. Con-
firmation of placement of the needle into the middle third of the disc space is
confirmed with both lateral and AP fluoroscopy. Once the needle is adequately
placed, the provocative testing is performed identical to the external oblique
approach.

Provocative Testing

Once all the needles have been placed in the disc spaces, the diagnostic and
provocative tests can be performed. The following describes the authors’ pre-
ferred method of performing the procedure, although it is recognized that
many iterations on the theme exist.

Provocative testing is the mainstay of diagnosis with discography, and care
should be taken to perform this portion of the examination fastidiously. The
patient should not be given verbal or visual cues as to when the injections are
taking place and at which level, but broad and general statements should be
given. “Tell me if you feel anything, and what you feel” is a more appropriate
statement than “I'm going to inject L4L5 now — tell me if it hurts.” It is
particularly vital to have the patient describe their pain during the provocative
portion. A significant minority of healthy individuals with no back symptoma-
tology will complain of pain on injection of their presumed normal discs,
although oftentimes imaging studies confirm an occult abnormality within
the disc itself (11-14). Because of this, the response that the operator is most
interested in is pain on injection that is concordant with the patient’s under-
lying pain. If the patient complains of pain on injection, it is imperative that the
operator asks about the type of pain and whether it simulates the patient’s
baseline pain. Without this concordance, the false-positive rate will be unac-
ceptably high.

Whether to use a manometer to inject fluid during the provocative test is a
question of significant debate (2,8,15-22). The authors use a manometer for all
procedures, and use of such a device is recommended by the International
Spine Injection Society (ISIS) (6). If a manometer is used, the “opening
pressure” of the disc should be measured, and this opening pressure should
be subtracted from the manometer reading during injections to determine the
true postinjection disc pressure. There are several commercially available
devices.

There are three endpoints for discography — pain, pressure, and volume
endpoints (2) (Table 3). The first endpoint is a positive pain response. As
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Table 3. Discography Endpoints

Pain

Any significant pain response, regardless of whether the pain mimics the
patient’s underlying symptomology.

Pressure (above opening pressure)

Pain response that mimics the patient’s symptoms:

<15 psi chemically sensitive disc
15-50 psi  mechanically sensitive disc
>50 psi nondiagnostic

Volume

>3.5 cc injected without a pain response: nondiagnostic provocative test, suspect
annular tear

discussed earlier, a positive pain response is not adequate to consider the disco-
gram positive, but rather the pain must simulate the patient’s underlying
symptoms. Once pain occurs, the injection should be stopped and the next
level assessed — this is true even if the pain response does not mimic the
patient’s underlying pain. The second endpoint is pressure. Pain can occur at
any time during the fluid injection but can generally be separated into an early
(low-pressure) and a late (high-pressure) pain response. This distinction of
early and late pain response is believed to correlate with chemically or mechan-
ically sensitized discs, respectively. The early pain response typically occurs with
very low pressures (<15 psi above the disc opening pressure) and correlates
with a chemicially sensitive disc. A pain response that occurs between 15 and 50
psi correlates with a mechanically sensitive disc, whereas pain that occurs after a
pressure of greater than 50 psi is considered a nondiagnostic pain response (2).
The final endpoint is the total volume injected. The normal disc will accept
approximately 1-2 cc of fluid; however, degenerative discs will accept signifi-
cantly larger volumes (2). In the scenario of a disc that has undergone an
annular tear, fluid will leak out of the disc space and the injected volume is
nearly limitless. We use 3.5 cc of injected volume as our endpoint; this indicates
that the disc is disrupted, and regardless of how much fluid is injected the
examination is likely to be negative because intradiscal pressure will never be
high enough to elicit a pain response.

Once the needles are in appropriate position, the provocative test may be
performed. A baseline measurement of the patients underlying pain level is
obtained prior to placing the needles — a visual analog scale is helpful here,
as is using a numerical scale. A second baseline measurement of pain is
obtained prior to the provocative test but after placement of the needles into
the disc spaces. The two baseline measurements are often different. The authors
always start the provocative test at one of the control levels because eliciting a
pain response at the first level may compromise the findings at the control
levels (Anderson, Kinard). The manometer is filled with nonionic contrast that
can be used for intrathecal injection. The authors use full-strength Omnipaque-
240, which is dense enough to visualize well under fluoroscopy but not so dense
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that the computed tomography (CT) images obtained after the procedures
are nondiagnostic. After the stylet is removed from the inner needle, the mano-
meter is connected. Depending on the device used, a short connecting tube may
be beneficial. A small amount of contrast is used to fill the needle hub, and the
connection between the inner needle and the manometer is made. A very small
turn (a few degrees) on the manometer handle is performed until contrast is
first visualized, which gives a pressure measurement on the manometer gauge —
this initial reading represents the opening pressure, and the value should be
subtracted from all pressure measurements postinjection to obtain a true value
for the pressure during injection. The handle of the manometer is turned,
constantly watching the pressure, until one of the three endpoints discussed
above (pain, pressure, and volume) is achieved. The same procedure is dupli-
cated at the other two levels.

If a pain response is elicited, some investigators have advocated injecting a
local anesthetic at that level prior to proceeding to the next level in order to
decrease the likelihood of a false-positive response at the following levels (5).
We do not do this routinely.

Although neither of the authors use the ISIS scoring system for response
to disc stimulation, the reader should be aware that such a scoring system
exists.

Imaging Findings

Most operators now use the pain response during the provocative testing to
definitively call the discogram positive or negative. Some operators routinely
perform CT scans following discography (Anderson, Min, McCutcheon,
Anderson 2000, Tehranzadeh), whereas others do not do so. Without a doubt,
CT scans post discography identify significantly more morphologic abnormal-
ities than fluoroscopic images alone (e.g., spondylolysis, hpoplastic pars, lateral
discs, foraminal stenosis, etc.). The question is raised, however, with what to do
with morphologically abnormal discs in the absence of an invoked pain
response. The debate rages not only in the literature but during preparation
of this chapter as well (one author routinely performs postdiscography CT
scanning, whereas the other does not).

In an attempt to standardize discography interpretation and reporting, the
Dallas Discogram Scale was invented (23). This scoring system has undergone
many modifications and describes both pain responses and findings on CT
postdiscography. The scale is useful in an attempt to standardize the nomen-
clature of CT discograms, and operators are advised to use it when describing
postprocedure findings (Table 4).

Fluorsocopically, following contrast injection, normal discs have a collec-
tion of contrast within the middle of the disc, with little dispersion of contrast
away from the needle tip (Figure 2). The appearance has been termed “cloud-
like” or “cotton-ball.” If the contrast assumes more of a discoid appearance, it
is referred to as “hamburger in a bun.” Regardless of the moniker, the impor-
tant finding is that there is no contrast that extends to the posterior or lateral
edge of the disc. When contrast is noted to diffuse posteriorly, one or more
annular tears must be present; where contrast diffuses in all directions, severe
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Table 4. Dallas Discogram Description

Type Discogram Description

Type 1 ~ Normal discography, both by no pain response and normal by CT
Type 2 Positive pain response, but normal CT appearance
Type 3 Annular tears leading to a radial fissure

A Posterior fissure

B Posterolateral fissure

C Lateral fissure (lateral to a line from the center of the disk to
the lateral boarder of the superior articulating process)

Type 4  Radial fissure extending to the annulus, with bulging of the annulus
but NO extrusion of disc material

Type 5  Rupture of the outer annulus with extrusion of disc material that
remains in continuity with the underlying disc

Type 6  Disc extrusion that is no longer in continuity with the underlying disc

Type 7  Multiple annular tears; complete disc disruption

Source: Cohen et al. (2); Saal and Saal (16); Sachs et al. (23).

degenerative disc disease is present (Figures 3—5). Contrast extravasation into
the epidural space indicates a complete tear of the annulus.

COMPLICATIONS

Complications following discography are extremely rare. Potential complica-
tions include bleeding, infection, long-term worsening of pain, and allergic
reactions to contrast or local anesthetic. Other complications, such as menin-
gitis, nerve root damage, and arachnoiditis may be seen following the trans-
dural route but are so rare as to warrant reports in the literature.

Discitis is probably the worst potential complication following discogra-
phy; however, the incidence is very low and is likely in the range of 0.1-0.2%
(3). In a review of infectious complications in nearly 5,000 patients, one study
demonstrated an incidence of discitis of 0.25% (7). A separate study demon-
strated a significant reduction in rates of infection (from 2.7% to 0.7%) by
using the two-needle technique. This is likely due to the fact that the needle that
enters the disc space never directly traverses the skin surface. The role of
prophylactic antibiotics in preventing infection is unclear. Cohen et al. reported
no infectious complications in over 2,000 discograms following the use of
prophylactic antibiotics (2). Using a different technique, Osti et al. suggest
injecting cefazolin directly into the disc space by mixing it with contrast mate-
rial (24). One of the authors (LJR) adds 0.2 ml of the cefazolin solution to the
20 ml of contrast used during the discogram.

A small percentage of patients will complain of worsening of their pain
following discography. This phenomenon is typically self-limited, and within
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Figure 2. Normal discogram. (A) Lateral view from a discogram at L3-L4, L4-L5, and L5-S1. Notice

the normal appearance of the discogram at the upper two levels. The contrast is contained within the
nudleus, and there is a cleft in the middle of the contrast giving the classic “hamburger-in-a-bun”
appearance of a mature disc. Contrast visualized at L551, however, demonstrates contrast diffusion

and contrast that is not contained to the nucleus. (B) AP view of the upper two levels from the

same patient shown in Figure 2A, redemonstrating contrast containment within the nucleus and the
central cleft. (C) Lateral view from a two-level discogram demonstrating two different but normal
appearances to the discs. The upper level demonstrates the classic hamburger-in-a-bun appearance,
whereas the lower level demonstrates containment of contrast without the central cleft. (D) AP view from
the same patient shown in Figure 2C.

hours to days, the patients’ symptoms usually return to baseline. A delayed
onset of discogenic pain may be due to contrast that slowly infiltrates into the
peripheral disc via an annular tear, irritating the pain fibers (4). It has also been
postulated that persistent pain following discography may be due to micro-
fractures of the vertebral endplates, particularly if a manometer is used (2).
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Figure 3. Thirty-four-year-old male with chronic lower back pain for two years. The patient describes
polyradiculopathy of the left lower extremity consisting of numbness affecting the entire leg, ankle, and
foot. Lumbar epidural steroid injection x2 produced very short-term pain relief. MRI (not shown)
demonstrates degenerative disc disease with small protrusions at 14-L5 and L5-S1. During three-level
discography, the patient described pain concordant with his underlying pain during the L4-L5 injection,
obtained at low pressure (20 psi) and low volume (2.5 cc). (A) AP fluoroscopic image obtained during
three-level discography demonstrating degenerative disc disease at the L3-L4 and L4-L5 levels. Similar
changes were noted following injection of the L5-S1 space. (B) Axial CT image at the L5-S1 level
following discography demonstrating a posterior annular tear with extension of contrast outside the disc
space. (C) Coronal reformation of the CT scan in B, demonstrating degenerative disc disease with annular
disruption at all three levels. (D) Sagittal reformation of the CT scan in B, demonstrating posterior disc
bulges at L4-L5 and L5-SI.
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Figure 4. Fifty-year-old male with low-back pain and L4-L5 radiculopathy on the left. The patient has
had multiple back surgeries. The patient did not have reproduction of symptoms despite the injection
of a large amount (8 cc) of contrast and severe disc disease. This case illustrates the point that
reproduction of symptoms can be difficult in patients with severe annular tears because sufficient
pressure cannot be generated in the disc space. (A) and (B) AP and lateral images postmyelography
(performed due to hardware in the spine following spinal surgery) demonstrate no significant disc bulges
or herniations. (C) Axial CT scan postmyelography demonstrates severe degenerative disc disease at
L4-L5, but no evidence of significant impingement on the thecal sac. (D) Axial CT scan postdiscography
at L4-L5, demonstrating severe degenerative disc disease with multiple annular tears.

Long-term worsening of symptoms is exceedingly rare and is more likely due to
progression of disease than caused by the procedure itself (25,26). If the patient
describes pain that resolved shortly after the procedure and then progressively
worsened, one should be concerned about the possibility of discitis.
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Figure 5. Forty-nine-year-old woman status postlaminectomy at L4-L5 for spinal stenosis due to
hypertrophy of the ligamentum flavum, facet arthropathy, and disc bulge. She presented with recurrent
symptoms. (A) Sagittal T2-weighted image from an MRI performed postoperatively demonstrates
broad-based disc bulges throughout the entire lumbar spine. (B) Lateral image obtained following
three-level discography demonstrates annular tears at all three levels. The patient complained of pain
during the L3-L4 injection, but the pain was not concordant with her normal pain. Pain was not elicited
at the other levels. (C) Axial CT obtained at the L3-L4 level demonstrating contrast extravasation through
a full-thickness annular tear into the epidural fat. Gas is also noted, most likely secondary to accidental
injection of air during the discogram. (D) Axial CT obtained at the L5 level demonstrating contrast
extravasation adjacent to the left L4 nerve root. The contrast extravasation could have occurred from
either the L4-L5 or L5-S1 injection.
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Bleeding complications are exceedingly uncommon, and the risk of such
complications is negligible unless the patient has a bleeding dyscrasia or is on
anticoagulation or antiplatelet agents.

CLINICAL RESULTS

Opponents of discography claim, appropriately, that regardless of the attempt
at normalizing and quantifying the study results, the end result of the proce-
dure always depends on a subjective response by the patient. This is indeed the
case, as it almost always is with both diagnostic and therapeutic procedures
dealing with pain. There is likely no way around this obstacle, and understand-
ing this limitation is important for any operator who is interested in perform-
ing the procedure. In addition, there will undoubtedly be a subgroup of
patients with somatization disorders, both intentional and involuntary, who
will make interpretation of the results even more unclear.

False-positive results have been reported to occur in a significant number
of patients undergoing the procedure, although the exact incidence is difficult
to determine. Possible etiologies include uncontrolled injections that reach too
high of a pressure, accidental injection in the annulus, mechanical forces
applied to the adjacent endplate, or chemical irritation by the contrast agent
itself (2,27,28). In one study, Carragee et al. performed discography in normal
volunteers, patients without low-back pain but with a history of cervical spine
procedures, and patients with a diagnosis of somatization disorder. Positive
results were common in all the groups, including 10% of the volunteers, 40% of
the cervical patients, and 75% of the patients with somatization disorders (10).
In a separate study, the same investigator performed discography in eight
patients without low-back pain but who had undergone iliac bone grafting
for nonlumbar spinal procedures (12). Half of the patients experienced severe
back pain during discography, which was determined to be concordant with
their postoperative pain.

Postoperative patients are often the most challenging patients in whom
discography is performed. One reason for this is that spinal hardware and bone
grafts may present a physicial obstacle to performing discography. As men-
tioned earlier, a transthecal approach may prove to be most viable in these
patients. A second reason is that, as some authors have suggested, false-positive
discograms may occur with more frequency in postoperative patients (2,11).
The etiology of false-positive discograms in the postoperative patient is poorly
understood; however, the specificity of the examination may improve if both
control levels are negative.

Although false-positive examinations are difficult to assess, it should be
noted that in the studies described earlier, nearly all of the exams considered as
false positive did indeed show some morphological abnormality of the disc
itself, whether diagnosed by CT or fluoroscopy. Therefore, although the exami-
nation may be considered falsely positive, there exists some abnormality within
the disc space that may at least in part account for the findings on the provo-
cative study.

Data concerning discography and success with postdiscography surgical
interventions are wide ranging. In one relatively large study, 137 patients
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demonstrated a positive discogram prior to undergoing surgery (29). In
this study, nearly 90% of patients with a positive provocative discogram
demonstrated significant relief of symptoms after undergoing their spinal
operation. There was a far less impressive response (52%) in patients with
no pain response but with abnormal discograms radiologically. In a separate
study, Kostuik et al. demonstrated an improvement in surgical success rates
when preoperative discography was used (65% vs. 85%) (30). Derby et al.
demonstrated an 89% success rates in patients with chemically sensitive discs
who underwent surgical procedures (19), while Gill et al. reported a 75%
success rates in patients with both a positive discogram and a positive MRI
(31).

Other authors have demonstrated far less favorable results regarding the
predictive value of successful operations based on discography results. In one
study of 35 patients who underwent spinal fixation or fusion, there was essen-
tially no difference in the surgical success rates in patients with positive pre-
operative discograms when compared to those with negative discograms (32).
Other authors have demonstrated similar results (33,34).

A positive discogram should not necessarily indicate that the patient needs
surgery. In one study, nearly 70% of patients with a positive discogram dem-
onstrated significant clinical improvement with conservative therapy alone
(35).

CONCLUSIONS

Discography remains a hotly debated topic, with spine surgeons and radiolog-
ists alike aligned on both sides of the debate. No clear consensus can be made
from the available data, and it is highly unlikely that a well-controlled clinical
trial will ever be performed to definitively answer the question of the utility of
discography. Fastidious attention to detail and standardization of results will
likely increase the accuracy and predictive value of the examination, and if the
procedure is to be performed at all care must be taken to perform the procedure
and interpret the results correctly.
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Facet (Zygapophyseal) Joint Injections

Nick Stence

INTRODUCTION

Back pain due to the many causes is a significant health issue in this country.
The annual incidence of lower back pain is at least 5% (1). It affects men and
women equally, most often between 30 and 50 years of age. About 85% of
patients with isolated back pain cannot be given a diagnosis (2). Finding an
association between imaging findings and symptoms is usually difficult or, at
times, impossible (1,3).

Given the prevalence of back pain, therapies and interventions treating
such processes represent a growing segment of health care spending. For exam-
ple, spinal injection procedures have expanded significantly since the mid- to
late 1990s. The volume of facet joint injections has almost tripled and reim-
bursements have followed the same trend. The provider profile has changed as
well, with anesthesiologists performing the majority of procedures and radiol-
ogists share of procedures declining from 1993 to 1999 (4).

Chronic low-back pain is defined as pain persisting longer than three months.
Most monotherapies (e.g., analgesics, nonsteroidal anti-inflammatory drugs,
muscle relaxants, antidepressants) do not work or have limited efficacy for chronic
low-back pain (2). Facet joint pain is thought to be a significant cause of otherwise
unexplained chronic low-back pain. In the group of chronic low-back pain patients
for whom conventional investigations do not identify a cause of pain, facet joint pain
can be diagnosed by facet injections with local anesthetic in 15-40% of patients (5).

Therapy for facet joint pain remains somewhat controversial. Early papers
described good short- and long-term outcomes following facet joint steroid
injection (6,7). However, the only randomized controlled trials of facet joint
steroid injections did not prove they were of value in long-term therapy (4,8).
Some of these negative results may be influenced by patient selection; defining
true facet joint pain can be difficult, and the percentage of patients with true
facet joint pain in these studies is difficult to ascertain (1,3,9).

In this chapter, the normal and pathological anatomy of the facet joints
will be discussed. The syndrome of facet joint pain and its diagnosis will be
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outlined. Various techniques for facet joint injection under fluoroscopy and
computed tomography (CT) will be described.

NORMAL ANATOMY

The zygapophyseal, or facet, joint is one of two articulations in the lumbar
spine; the intervertebral disc articulation is the second. These joints maintain
proper spinal alignment in response to various forces, including axial, flexion/
extension, and rotational forces (10). The disc segment is preferentially load-
bearing while in forward flexion, and the facet joints are loaded while in hyper-
extension and lumbar rotation (11).

The two components of the facet joint are the anterosuperior articular facet
from the vertebral body below, and the posteroinferior articular facet from the
vertebral body above (Figure 1). The facet joints are true synovial joints. They
have hyaline cartilage surfaces, a synovial membrane, and a fibrous capsule. The
facet joint in the lumbar spine is oriented vertically in a plane between the
sagittal and coronal. This orientation is thought to protect the intervertebral
disc from axial rotation and loading (12). The joint space itself is curved from
front to back; the inferior facet is convex, whereas the superior facet is con-
cave (13). There are two main articular recesses about the facet joint. The
superior recess is located anteriorly and is close to the lumbar canal and neural
elements, whereas the inferior recess is posterior and has no contact with neural
elements (13).

The innervation of the facet joints is somewhat complex. Medial branches
of the dorsal ramus exit the intervertebral foramen, cross the superior border of
the transverse process, and then course along the junction of the transverse
process and superior articular process prior to turning medially around the
zygoapophyseal joint base and under the mamilloaccessory ligament (14). Each
zygaphophyseal joint is innervated by the medial branch of the dorsal ramus one
level above it and at the same level. For example, the L4-L5 zygaphophyseal joint
is innervated by the medial branches of L3 and L4 (15) (Figure 2). At L5-S1, the
facet joint is innervated by the dorsal ramus of L5 itself, and not a medial branch
(although for practical purposes when performing medial branch blocks, this is
often generically referred to as the medial branch) (16). This innervation is
different from other components of the lumbar spine. The posterior interverte-
bral disc, posterior longitudinal ligament, and the dura are innervated by the
sinuvertebral nerve, which arises from the ventral primary ramus (11). This
pattern of sensory innervation explains why facet joint pain is an entity distinct
from other causes of low-back pain. This also accounts for why facet pain in
certain patients may not be specific for a particular spinal level (13).

BACK PAIN RELATED TO FACET JOINTS
Etiology

Low-back pain is a common and often frustrating problem to diagnose and
manage. The specific cause of low-back pain remains undetermined in the
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Figure 1. Axial demonstration of the facet joints, and Figure 2. Innervation of the facet joint. The facet
their relationship to the neural foramen, exiting joint is innvervated by the medial branch of the
nerve root, and epidural space. [Adapted from dorsal ramus (arrow). [Adapted from Silbergleit
Silbergleit et al. (3).] et al. (3).]

majority of cases. Low-back pain is a common complaint whose causes are
diverse and unrelated, including spinal segment biomechanics, anatomic path-
ology, neuropathic etiology, and psychological factors (11). Acute back pain
resolves in over 70% of patients with less than 25% recurrence (2). As men-
tioned earlier, facet joint pain is thought to be a significant cause of otherwise
unexplained chronic low-back pain. In the group of chronic low-back pain
patients for whom conventional investigations do not identify a cause of pain,
facet joint pain (as diagnosed by facet injections with local anesthetic) is seen in
up to 40% (5,17).

The current understanding of facet joint pain is that it is a referred pain
from the nociceptive fibers that innervate the facet joint itself (11), and the pain
is most likely secondary to joint degeneration. As discussed earlier, the facet
joint has a unique innervation, which allows this syndrome to be selectively
diagnosed via anesthetic block of the joint or the nerve fiber innervating the
joint (16).

Diagnosis

Making the clinical diagnosis of facet joint pain is difficult for a number of
reasons. Back pain can stem from a number of sources, such as discs, ligaments,
muscles, sacroiliac joints, as well as the lumbar facet itself. Maneuvers designed
to elicit a specific diagnosis are complicated by the fact that they often stress
several structures simultaneously, especially the disc, facet joints, and muscles
(18). Studies have found no correlation between imaging findings and facet
joint pain (19). The only reliable method for diagnosis of facet joint pain
as the cause of low-back pain is facet joint block, either by intraarticular
injection of anesthetics or by anaesthetizing the medial branches of the dorsal
rami (15,20).
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CLINICAL CRITERIA

A study by Jackson suggested that there are no reliable clinical factors that
correlate with facet joint pain (21). However, routinely using facet joint blocks
to diagnose facet joint pain in every patient with low-back pain is not realistic.
Revel et al. have devised clinical criteria that can help select that subset of patients
whose pain may be relieved by facet joint block (9). The criteria include age
older than 65 years, pain not exacerbated by coughing, pain not worsened by
hyperextension, pain not worsened by forward flexion, pain not worsened
when rising from forward flexion, pain not worsened by extension-rotation,
and pain well relieved by recumbency (Table 1). In those patients who have
pain well relieved by recumbency, as well as fulfilling at least five of the above
criteria, the sensitivity was 92% and the specificity was 80% for facet joint pain
(9). Again, use of these clinical criteria should not be used to make the diagnosis
of facet joint pain, but they are helpful in selecting patients who should undergo
facet joint arthography or diagnostic block.

FACET JOINT BLOCK

Pain that is relieved by facet joint block can be assumed to stem from the facet
joint, given its unique innervation (15). However, single, uncontrolled facet
joint blocks are complicated by false-positive results of up to 38% of patients
(17). For this reason, controlled blocks are recommended to minimize false-
positive results. The method for this usually involves initial anesthetic block of
the suspected joint. If pain is relieved by this block, two more blocks are
performed, one placebo block with saline and one true anesthetic block. If
the patient’s symptoms are consistent with the injection solution, then the facet
joint can be assumed to be the cause of the patient’s pain with a low incidence
of false-positive results. If only a high degree of sensitivity is desired without
concern for false-positive results, pain relief following facet joint block on two
separate occasions can be used as the diagnostic criterion (15).

FACET JOINT PROCEDURES
Facet Joint Arthrography

INDICATIONS

Some debate exists regarding the appropriate indications (diagnosis vs. ther-
apy) for facet joint arthrography. As described previously, early studies by
Carrerra and Destouet described short- and long-term pain relief
following intraarticular injection of local anesthetic and steroids (6,7). Subse-
quent randomized trials by Lilius and Carette did not find any significant
difference in pain relief between patients injected with steroids versus placebo
(4,8). Issues regarding technique (whether injections truly were intraarticular)
and patient selection (whether patients truly had facet joint pain) may call these
results into question (1,3,9). The recommendations of Committee on Non-
operative Care of the North American Spine Society are that the primary role of
facet joint injections is to diagnose facet joint pain and that the therapeutic
value of intraarticular or periarticular steroid injections is controversial (20).
Evidence-based practice guidelines published by Boswell found strong evidence
of the usefulness of diagnostic facet joint blocks (22). The same guidelines



10. FACET (ZYGAPOPHYSEAL) JOINT INJECTIONS

Table 1. Clinical Criteria Noted in Patients Who Respond Favorably
to a Facet Joint Block

Percentage Who
Respond with

Clinical Characteristic Characteristic
Pain well relieved by recumbant position 92

Absence of pain exacerbation

By coughing 100

By forward flexion 100

When rising from flexion 100

By hyperextension 92

By extension-rotation 77

Presence of at least five of the above 100
characteristics

Source: Adapted from Revel et al. (9).

found moderate evidence for short-term pain relief following local anesthetic
and steroid injection but only limited evidence for long-term pain relief. None-
theless, steroid injections are still used in various settings for treatment of facet
joint pain, and several recent papers have described techniques involving
steroid injections (3,13,23).

TECHNIQUE
General

Absolute contraindications to this intervention include systemic or local-
ized infection, pregnancy or possible pregnancy, and coagulopathy. Relative
contraindications include contrast media allergy (for which patient can be
premedicated), and use of aspirin.

A relatively dense, nonneurotoxic contrast agent should be used given
the small amount of contrast used for joint arthrograms and proximity to
neural structures (e.g., Omnipaque 240 or 320; Amersham Health, Inc., Prince-
ton, NJ). Only 0.1-0.3 ml of contrast is required for adequate joint
visualization.

Conventional local anesthetic can be used for diagnostic blocks, such as
lidocaine 2% or bupivacaine 0.5%; higher anesthetic concentrations are pre-
ferred given the small amount of volume injected. For intraarticular injections,
no more than 1.5 ml of local anesthetic should be injected to avoid rupture of
the synovial lining.

Long-acting steroids can be injected with bupivacaine for therapeutic
injections. Compounds used by various authors include triamcinolone aceto-
nide (Kenalog 10 or 40; Apothecon, Princeton, NJ) (3), cortivazol (Altin;
Diamant, Paris, France) (24), or 2.5% prednisolone acetate (Hydrocortancyl;
Diamant) (13). Injections of up to 1.5 ml of steroid into the joint, after the
injection of 0.1 ml of contrast material, is seemingly adequate, although it is
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felt that total injected volumes of greater than 1.5 ml run the risk of
rupturing the joint capsule. Rupture of the joint capsule is probably more of
an issue for diagnostic blocks (where the results could be confounded by
spread of anesthetic agents) and then for blocks performed for pain manage-
ment that use steroids. Any injected steroid preparation should be perservative
free.

A 25-gauge needle results in less patient discomfort than larger needles.
Muscle spasm from procedural pain can sometimes limit the ability to direct
the needle. A 22-gauge needle may be used if the 25-gauge needle is difficult to
direct.

As with all procedures, informed consent is required. The usual compli-
cations of any interventional procedure should be explained, including nom-
inal risks of infection, bleeding, and allergic reaction. Other complications are
rare but have been reported in the literature, including spinal anesthesia and
chemical meningism (25-27). If the procedure will be used solely for diagnosis
of facet joint pain, the patient should be advised about it.

Fluoroscopic guidance is mandatory for these procedures. CT guidance is
an alternative but is not commonly employed in general practice due to its
relative unvailability (3,28).

The skin should be sterilized, prepped, and draped in the usual fashion,
leaving the skin of the lower back and upper buttocks exposed.

Oblique Approach (15)

An oblique view of the lumbar spine may be obtained either by positioning
the patient obliquely and supporting them with a cushion, or by rotation of the
C-arm while the patient lies prone. Lower lumbar joints are oriented at 45°
from the sagittal plane, whereas upper joints are closer to sagittal in orientation,
mirroring the thoracic spine. The C-arm is rotated until the joint cavity of the
target facet is clearly visualized. The target for injection is the midpoint of the
joint cavity. If the joint cavity cannot be clearly visualized fluoroscopically,
the alternative techniques such as the posterior approach or a medial branch
block should be pursued.

The skin over the target site is infiltrated with local anesthestic in the usual
fashion. The skin puncture site will be directly over the target. The needle shaft
is positioned at this site along the axis of the x-ray beam (down the barrel). The
needle is then directed slowly toward the target along the x-ray beam axis,
passing through subcutaneous fat, fascia, and musculature.

The needle tip should be directed initially toward either articular process
immediately adjacent to the target; this ensures that the needle is at the appro-
priate depth (Figure 3). If the needle is instead directed immediately toward
the joint cavity, the needle tip may pass through the joint entirely and into the
epidural space. Once contact with the bone is made, the needle is redirected
toward the joint cavity. Penetration of the joint capsule can usually be perceived
by the operator as a subtle loss of resistance as the synovial membrane is
penetrated, or by a sensation of the needle being gripped by the articular
processes.

Needle placement is confirmed by injection of 0.1-0.3 ml of contrast
medium. Contrast within the joint space will initially appear as a small longi-
tudinal line and then expand into a dumbbell shape as contrast fills the superior
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Figure 3. Demonstration of the appropriate needle
direction to access the facet joint for injection
procedures. [Adapted from Silbergleit et al. (3).]

and inferior articular recesses. If this conformation of contrast is not obtained,
the needle is not within the joint space. Contrast will commonly assume a
radiate appearance if injected into the tissues outside of the joint space.

Spot images of the joint arthrogram should be obtained to document
adequate needle placement. Local anesthetic and/or steroid solution can then
be injected. As discussed earlier, injection volumes should be limited to less
than 1.5 ml to avoid the possibility of rupturing the joint capsule.

Posterior Approach (13)

The posterior approach to lumbar facet joint arthrography was described
in detail in a paper by Sarazin et al. (13). The goal of this technique is to pass the
needle into the inferior articular recess of the facet joint, rather than into the
obliquely oriented space between the articular facets (Figure 4). Advantages of
this technique include ease of reaching the joint space even in the presence of
facet joint osteophytosis, and no need to reposition the patient when injecting
bilateral joints. Sarazin et al. report success rates of greater than 90% at his
institution with the posterior approach, limited in 6% of cases by leakage of
contrast from the joint capsule and in 4% of cases by inability to reach the
inferior articular recess (13).

For the posterior approach, the patient is placed prone with cushions
placed under the abdomen to reverse the lumbar lordosis. This maneuver
enlarges the inferior articular recess and decreases the tissue thickness in the
area of interest, resulting in better image quality and less tissue to traverse to
reach the joint. The skin is prepped and draped as described previously.
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The x-ray beam is oriented anteroposterior with respect to the patient. The
target site for needle placement for L1 to L5 is immediately inferior to the
inferior articular process of the facet joint of interest. At L5-S1, the target site
is just below the superior aspect of the sacrum. The skin above this site is
anesthetized, then the needle shaft is oriented parallel to the x-ray beam axis.
The needle is passed directly downward along the x-ray beam axis until the
joint capsule is reached. Again, needle passage through the joint capsule is
frequently perceived by the operator.

Following contrast injection, contrast should be observed to flow freely
into the superior recess of the joint. A radiate pattern of contrast spread at the
needle tip indicates that the joint was not penetrated. Images should be obtained
to document correct needle placement. Sarazin et al. recommend injection of 2 ml
of contrast into the joint, but as described earlier, a smaller amount (0.1-0.3
ml) may be preferred and can be adequate depending on the indication for
arthrography.

FINDINGS
Normal

The normal contrast-filled lumbar facet joint appears as a ring on PA
images and has an S-shaped appearance on lateral images. Its margins should
be smooth and regular. The superior and inferior recesses should be well
demonstrated and communicate freely with one another. Normal total joint
volume is between 1 and 3 ml (13).

Pathological

DEGENERATIVE JOINT DISEASE

As mentioned previously, no correlation can be made between degenera-
tive changes at the facet joint and facet joint pain (19). However, degenerative

Figure 4. Target location for posterior approach. The location of the inferior recess of the
facet joint is demonstrated (asterisks).

158



10. FACET (ZYGAPOPHYSEAL) JOINT INJECTIONS

changes are frequently seen at arthrography. A dengerated facet joint will have
irregular margins and heterogeneous filling of the joint capsule.

SYNOVIAL CYSTS

Synovial cysts are a recognized cause of femoral and sciatic nerve root pain
in the elderly (23). They are usually well characterized by CT and magnetic
resonance imaging. They can occasionally be seen as protrusions in the spinal
canal. Contrast may occasionally leak from these cysts during facet joint
injection.

ABNORMAL COMMUNICATIONS

Flow of contrast into an upper or lower ipsilateral facet joint may occur
during facet joint arthrography. This is common in patients with spondylosis,
as the pars interarticularis is the boundary between adjacent facet joints.
Communication between contralateral facet joints is more rare and may occur
as a result of spondylosis or advanced facet osteoarthritis with large synovial
cysts.

Interpretation of Pain Relief (15)

When arthrography is used to diagnose facet joint pain, evaluation and
interpretation of pain relief is essential for accurate diagnosis. The patient
should be interviewed within 24 hours of the procedure. The amount of pain
relief should be ascertained, as well as the distribution and duration of pain
relief.

A positive response to block is defined as greater than 90% relief of pain in
the region of the block for a duration expected from the anesthetic used. A
patient may still have pain from additional facet joints that were not blocked, so
the evaluator will need to ascertain if the pain relief reported is commensurate
with the facet joints blocked. If multiple joints are suspected to be involved,
these will have to be blocked independently to establish contributions from
each level. Once the extent of joint involvement is ascertained, all involved
joints should be blocked in an attempt to obtain complete pain relief. If the
patient has pain stemming from a structure other than a facet joint, results may
be confounded by only partial relief of pain. However, some data indicate that
it is uncommon for patients to have pain stemming from multiple sources (15).

Once the patient obtains complete relief after the initial block, controlled
blocks should be performed as described previously to eliminate false-positive
responses.

Facet Joint Medial Branch Block

INDICATIONS

Whereas facet joint injections are performed alternately for either diagnosis or
therapy of facet joint pain, selective block of the medial branch of the dorsal
ramus is primarily used for diagnosis of facet joint pain (15). Medial branch
blocks have been shown to be a fairly reproducible and reliable means of
accurately diagnosing facet joint pain (14,16). Medial branch blocks may be
easier to perform than joint injections and are the preferred technique for
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diagnosis prior to medial branch neurotomy (15); there is, however, no evi-
dence that they actually are superior to joint injection for diagnosing zygapo-
physeal joint pain (29).

Studies have demonstrated false-negative rates of medial branch blocks of
8-11%. This is attributed to a number of factors, including venous uptake of
anesthetic, inadequate concentration of anesthetic about the nerve, and possi-
bly variant innervation of the zygapophyseal joint. A significant false-negative
rate of 50% has been associated with injections that demonstrated venous
uptake during test contrast administration (16). Because of this, test contrast
injections are recommended in all cases, with needle repositioning if venous
uptake is observed.

TECHNIQUE
General

General considerations with regard to informed consent, contraindica-
tions, anesthetic and contrast composition, and procedure site preparation
are similar to facet joint injections. Steroids are not used for medial branch
blocks, given the typical indication of diagnosis of facet joint pain.

As discussed in the anatomy section, a given zygaphophyseal joint is inner-
vated by medial branches above and at the target level. Therefore, these two
levels must be anesthetized for every joint of interest.

Approach (14,15)

The patient is positioned prone on the fluoroscopy table. Target points vary
depending on the level of interest. For L1-L4, the target point is the junction of
the superior articular facet and the transverse process that the target nerve
crosses. This has also been described as midway between the superior
border of the transverse process and the mammiloaccessory ligament. For
L5-S1, because the target nerve is the L5 dorsal ramus itself, the target point is
the junction of the sacral ala with the superior articular process of the
sacrum.

For L1-L4, the skin puncture site is selected superior and lateral to the
target point; this is usually just above the tip of the transverse process. The
needle should be directed caudad and medial toward the target point. This
orientation helps to avoid introduction of the needle into the intervertebral
foramen and the epidural space. For L5-S1, the skin puncture site is just lateral
to the target point, and the needle should be directed medially toward the
target. For this level, care must be taken to keep the needle tip below the
superior margin of the sacrum.

Intermittent fluoroscopy should be used to guide the needle as close to the
target point as possible. Once the needle contacts bone, it should be readjusted
to be as close to the target point as possible; ideally, the needle tip should be
slightly medial to the lateral margin of the silhouette of the superior articular
process.

Once the needle is in correct position, 0.1-0.3 ml of contrast medium is
injected to confirm position at the nerve root and assess for venous uptake. If
venous uptake occurs, the needle should be repositioned by 1-2 mm and
contrast reinjected. Once no venous uptake is observed, 0.5 ml of anesthetic
agent is injected onto the nerve.
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Radiofrequency Neurotomy

GENERAL

In patients diagnosed with zygapophyseal low-back pain, an ideal therapy may
be a method for permanently disrupting the nociceptive pathways responsible
for pain. Radiofrequency neurotomy is a technique that involves raising the
temperature of tissues around an electrode tip in order to disrupt nociceptive
pathways. When applied to tissue, low-energy, high-frequency alternating cur-
rent produces heat. Depending on the duration and amount of current applied,
as well as electrode size, a thermal lesion can be produced that can denature
nerves and thus interrupt pain fibers. A more complete description of the
equipment and pathophysiology can be found elsewhere (29).

Shealey first described using this technique to treat facet joint pain in 1973
(30). Others followed suit and began uncontrolled audits using various tech-
niques for diagnosing pain and for performing the neurotomy. The percentage
of subjects that experienced a substantial decrease in pain varied from 17 to
82%, although follow-up was rarely more than a year (31).

Three subsequent controlled, double-blinded trials have been performed.
Two found moderate evidence that radiofrequency neurotomy is more effective
than placebo (32,33), while one found no effect (34). A recent review of these
trials, however, demonstrated substantial limitations in these studies’ diagnos-
tic criteria (all used only single, uncontrolled diagnostic blocks) and RF tech-
nique (35). An open prospective study that did use controlled diagnostic
medial branch blocks and preferred RF technique found that substantial pain
relief could be achieved in patients appropriately selected for the procedure
(36). Nonetheless, a randomized, controlled trial utilizing controlled diagnostic
blocks and accepted RF technique has yet to be published.

TECHNIQUE (36)

The technique described and validated by Dreyfuss is felt to most accurately treat
the medial branch nerve according to its anatomy (36,37). Patients selected for
neurotomy should undergo controlled diagnostic blocks on two separate visits to
confirm facet joint pain and decrease the likelihood of false-positive results.

The patient is placed in the prone position on the fluoroscopy table. For
each target nerve, a 22- or 25-gauge, 90-mm spinal needle is used as a guide for
radiofrequency electrode placement. This needle is introduced in a similar
fashion as for medial branch blocks described earlier; however, the target point
for neurotomy is more proximal along the course of the nerve. This translates
radiographically to the superior edge of the transverse process at the junction of
the transverse process and superior articular process.

Once the guide needle is placed, the C-arm is rotated laterally 15° and
caudad 20° to allow visualization of the target region from below. This view
allows visualization of the guide needle tip as it rests on the bone in the groove
of the transverse process and superior articular process.

A skin puncture point is selected over the target point and anesthetized
with lidocaine. A 16-gauge electrode with a 5-mm exposed active tip is intro-
duced through the puncture point toward the target point. The electrode
should lie along the superior and dorsal margin of the transverse process,
and its tip should abut the root of the suprior articular process. Confirmatory
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lateral and oblique views should be obtained to ensure that the needle lies
parallel to the course of the nerve and does not enter the intervertebral foramen.

Once needle position is confirmed radiographically, 0.75 ml of lidocaine is
injected through the guide needle to anesthetize the tissues to be ablated. After
this, the guide needle should be withdrawn to avoid it acting as a conductor for
the RF electrode. An ablation is performed by raising the electrode tip temper-
ature to 85° for 90 seconds. The electrode is withdrawn along the nerve course
approximately 4-5 mm, and a second burn is performed.

This procedure should be repeated for both levels of innervation of the
facet joint in question. After the procedure, pain medication should be pro-
vided for postprocedural pain from the thermal lesion and electrode insertion.
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INTRODUCTION

In the early 16th century, Paracelsus described the joint as a fluid-filled space.
However, it was not until the early 20th century that aspiration and injection of
the joint for the treatment of maladies was attempted. Today, articular injec-
tions are a common outpatient procedure (1). However, in contrast to the
common and well-accepted articular interventions performed, the data sup-
porting such interventions are sparse. In general, most intraarticular interven-
tional research is performed on the knee and then extrapolated to other joints.
Additionally, most research is focused on the treatment of osteoarthritis pain
and then extrapolated to other disease processes, such as rheumatoid arthritis,
crystal deposition disease, athletic injuries, and other arthropathies. A further
confounding factor in interpretation of the literature on articular interventions
is that there is a profound placebo effect (2), a complicating factor that accom-
panies interpretation of procedure outcomes.

Inherent in any study involving pain is the general difficulty in quantifying
what is generally a very subjective outcome. Many different markers have been
used in an attempt to quantify outcomes such as pain scales, range of motion,
and time performing a given exercise. All are imperfect and add an additional
level of complexity. Finally, and perhaps most importantly from an interven-
tional radiology standpoint, few studies verify needle or agent location. This
creates considerable confusion when interpreting the literature and exploring
patient outcomes involving articular/periarticular interventions. In some cases,
a significant percentage of interventions are performed and evaluated in a
nontarget or inconsistent location.

There are many advantages to compartment-directed therapy, and there
is a large range of disease severity in which intraarticular interventions may
be of benefit. Perhaps the most commonly cited with intraarticular therapy
is to circumvent the reliance on excessive nonsteroidal anti-inflammatory
drugs, which are associated with considerable adverse effects (3). Disadvantages
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include the relatively invasive nature of articular injection, and the cost and
time associated with such injections.

This chapter will review some of the currently accepted intraarticular
interventions and describe general approaches for image-directed joint access.

JOINT PAIN

Although a detailed description of pain pathways is beyond the scope of this
chapter, a rudimentary understanding of pain sensation and transmission is
helpful before exploring ways to decrease the subjective sensation of pain. The
description of joint pain may be arbitrarily divided into two separate sensa-
tions, which may coexist in the same patient. Spontaneous pain is pain at rest
with no inciting factor (4). Spontaneous pain may, for example, be an aching
sensation when the patient is lying down or a sharp pain when the patient is
sitting. The second type of abnormal pain sensation is hyperalgesia, or a painful
response that is out of proportion to the stimulus. This stimulus may be normal
stresses on the joint or relatively mild stimuli that would go unnoticed in a
normal joint (4). This stimulus causes an increased perception of pain, for
example, joint pain when walking or climbing stairs.

Joint inflammation causes an increase in both peripheral and central
nocioception. Peripherally, there is an increase in nocioceptive transmissions
from small myelinated and unmyelinated neurons. These small (A and C)
fibers normally have a high threshold before firing; however, with inflamma-
tion, the threshold lowers and the firing activity increases with joint motion.
Additionally, larger type A fibers, which are normally involved with proprio-
ception, begin to show increased activity with pressure and movement of the
joint. A last set of nocioceptive fibers, fibers that normally do not activate, also
begin to fire as inflammation continues. There is evidence that inflammation-
induced nocioceptive responses in one joint may hypersensitize other joints to
pain. In rats, upregulation of pain reception in one joint also causes an upre-
gulation in the contralateral joint (4). The mechanisms of this effect in humans
are not well studied and may have an additive or synergistic effect.

Centrally, the receptive nocioceptive fibers become hyperexcitable (4).
Initially, this response resembles the hyperexcitibility of the peripheral nerves
described earlier. However, expansion of excitability to sites adjacent to the
affected joint may ensue, expanding the receptive field of the affected neuron.
The various mechanisms of upregulating and maintaining the hyperexcitibility
occur within the spinal cord.

A GENERAL APPROACH TO JOINT INJECTIONS

At the most general level, intraarticular interventions are conceptually straight-
forward. The affected joint space (or periarticular space) is accessed using an
instrument such as a needle and an intervention performed, which may include
withdrawal of fluid or instillation of a therapeutic agent. However, the technical
aspects of joint intervention are complicated. Details such as actual location of
the needle tip are often overlooked in blind injections, postintervention

165



PART I. LOCOREGIONAL PAIN CONTROL

166

maneuvers such as joint cooling and immobilization are inadequately studied
and inconsistently used, and yet injections remain a very common procedure. It
should be noted that intentional injections into the periarticular space, without
intraarticular communication, have been shown by some authors to provide
benefit (5,6), which implies that supporting structures of the joint may contrib-
ute to pain in patients with osteoarthritis (2) and perhaps other causes of a
painful joint.

The availability of imaging guidance during procedures has the potential to
change the way intraarticular interventions are studied and performed. It is
now possible to definitively state where the intervention is being performed,
removing a significant confounding variable in both investigation and treat-
ment. With imaging guidance, not only are intraarticular interventions more
accurate, but there is also a documented better response (7).

As a general guide to technique, the risks and benefits of the proposed
intervention should be described to the patient in detail. The patient should
then be positioned in a comfortable position that they can maintain for the
entire procedure. Adequate supportive padding to allow the joint or limb to be
completely passive in a comfortable position may be beneficial. This may
include positioning that is specific to the imaging modality being utilized.

Depending on the demands of the modality, sterile draping and technique
may not be necessary. Chlorhexidine is not required because a simple swab with
alcohol has been shown to be equally effective (8). Sterile technique including
drapes, gloves, and instruments may be required depending on the imaging
modality and anatomic location of the proposed intervention. If a blind
approach is used, an alcohol swab after noting the landmarks and a sterile
needle may be all the preparation needed.

Large joints are generally accessed with a 20 to 22-gauge needle. At our
institution, we use 3-inch, 22-gauge spinal needles for accessing the shoulder
and hips. Smaller needles may be appropriate for smaller joints; however, a
larger gauge needle may be required to drain debris or thick synovial fluid. As
will be discussed later, aspiration is recommended before injection. At the
conclusion of the procedure, a sterile dressing is applied.

Many postinjection management strategies have been described, again
most without rigorous investigation. Perhaps the most intensive rest regimen
report included three days of bed rest followed by a period of limited weight
bearing using crutches, which nearly doubled the benefit-response period of the
intervention in the knee to 9.5 weeks (from 5.5 weeks) for patients with rheu-
matoid arthritis (9). Another investigation demonstrated a significant differ-
ence with 24 hours of bed rest following intraarticular steroid injection for knee
synovitis (10). Studies utilizing yttrium in radiosynovectomy (discussed later)
also show an advantage to postprocedure rest. In a seemingly opposite
approach, gently flexing and extending the joint to mix the agent in the joint
space has also been reported to be beneficial (9). Resting the joint for 24-48
hours by prescribing complete rest or decreased activity has been suggested,
although the success of this strategy is debated (10,12). Avoidance of strenuous
activities that may place excessive stress on the injected joint, such as running,
has been suggested for prolonged intervals. There have, however, been no
studies examining rest after corticosteroid joint injection for osteoarthritis
(2), and another randomized trial demonstrated no benefit to resting. Cooling
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the joint with ice has been suggested to decrease diffusion of and prolong
exposure to the injected agent. Icing the joint also has been thought to decrease
the incidence of postinjection corticosteroid flares. In summary, after injection,
it is probably beneficial to ice the joint and counsel the patient to ambulate as
little as possible for 24—48 hours and to avoid strenuous exercise for at least 72
hours, with the understanding that there are no concrete data to validate this
specific regimen.

A NOTE ABOUT IMAGE GUIDANCE

There is little emphasis about the role of image guidance in intraarticular
therapy in the available literature. Although a large portion of the published
research was performed before the widespread availability of ultrasound, fluo-
roscopic and radiographic verification was available. In studies that directly
compare blind versus image-guided procedures, a clear benefit to image guid-
ance is demonstrated. Up to one half of “intraarticular” knee injections are, in
fact, extraarticular or in an uncertain location (12). As another example, only
27% of anterior approach glenohumeral injections were intraarticular in an
investigation using MRI to evaluate actual agent localization (13).

Some authors have found the presence of a knee effusion to be predictive of
a superior outcome. There have been many proposed theories as to why (and if)
this predicts a favorable outcome including active synovitis or a short-term
“inflammatory burst” of osteoarthritis (2). Another potential benefit is that the
effusion expands the joint space, making the targeted synovial compartment
larger and, perhaps, precise intraarticular delivery of the agent easier.

Few authors address the technical success of precise compartment localiza-
tion of the studied agent, and yet, it is seemingly so important. The exact location
of the agent should be considered critical in evaluating the efficacy, outcome, and
complication of any joint procedure. It follows that determining the outcome in
any individual patient may also depend heavily on concrete knowledge of the
precise location of the intervention to determine expected outcome or to antici-
pate complications. At the very least, imaging guidance should be considered in
patients who do not respond to blindly injected therapy (7).

JOINT ASPIRATION AND LAVAGE

Joint aspiration before injection is recommended by the American College of
Rheumatology (14). The benefits of this strategy are to relieve articular hyper-
tension, reduce the concentration of inflammatory mediators, and decrease the
crystalline concentration in the synovial fluid (15). Aspiration before injection of
corticosteroids has proven to be more effective than injection alone in both
rheumatoid arthritis and osteoarthritis (16). Aspiration may also be the only
intervention required for relief of pain from a traumatic effusion or hemarthrosis
when the source of bleeding has resolved (16). In osteoarthritis, aspiration alone
may provide some benefit (17). Aspiration also has the additional effect of
decreasing the effective dilution volume of the agents, thereby increasing the
final concentration of corticosteroid in the synovial fluid as well as creating room
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for the volume of agent required. However, decreasing the joint volume will also
make loss of access more likely and reaccessing the joint space more difficult.

Although no specific technique for aspiration has been studied or com-
pared to another, the general technique of aspiration is probably universally
applied. The syringe (with or without extension tubing) is connected to the
needle before the needle is advanced into the skin. If a syringe using an anes-
thetic solution, such as lidocaine, is attached for needle advancement, the
syringe should be removed without displacing the needle tip from the articular
space. This can be facilitated by attaching the syringe to the needle with as little
torque as necessary to provide a good seal. Many clinicians tighten the needle
on a Luer lock syringe with excessive torque, making detachment difficult and
needle tip displacement more likely. An empty syringe is attached, and using
mild negative pressure, the fluid from the joint space is slowly aspirated. A
gentle tapering of flow should be observed and the fluid visually inspected
(Table 1). Smooth, consistent, easy flow of synovial fluid implies correct needle
placement. If the flow of synovial fluid stops or slows abruptly prior to the
expected withdrawal volume, obstruction of the needle by debris, synovial
fronds, loculations, septations, or displacement of the needle should be
suspected (18). Repositioning the needle or injecting sterile saline may resume
flow through the needle. If the needle position continues to be in doubt,
reimaging and/or injecting contrast may verify location. In most cases, as much
synovial fluid as possible should be removed (18). Routine culture of the joint
fluid is not necessary if there is no clinical suspicion of infection. If on inspec-
tion the synovial fluid appears atypical, the fluid should be sent for laboratory
analysis, which includes a white blood cell count with a differential of poly-
morphonuclear neutrophilic leukocytes, crystal analysis, Gram staining, and
culture (19) (Table 1). After complete aspiration of the joint, injection of
material may be performed with or without appropriate contrast material for
the imaging modality to verify intraarticular location. It should be noted that if
there is clinical suspicion of debris or infection in a joint before accessing it, it is
prudent to use a larger diameter needle (lesser gauge) to facilitate the removal
of debris without clogging.

Table 1. Synovial Fluid Inspection

Normal Noninflammatory® Inflammatory® Septic
Color Clear Straw yellow Yellow Variable
Clarity Transparent ~ Transparent Hazy opaque Opaque
Viscosity High High Low Variable
WBCs/mm® <200 200-2k 2k-75k >50k

* Osteoarthritis, trauma, avascular necrosis, Charcot’s arthopathy, hemochromatosis,
pigmented villonodular synovitis.

® Septic arthritis, crystal-induced arthritis, rheumatoid arthritis, spondyloarthropathy,
systemic lupus erythematosus.

Source: Chokkalingam et al. (19).
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The theoretical benefit from joint aspiration is carried further with joint
lavage. Complete removal of infectious agents, crystalline substances, and
inflammatory mediators are thought to be the primary source of pain relief.
There are two distinct techniques of joint lavage: the tidal (single-needle) and
continuous (double-needle) lavage. There have been no rigorous studies eval-
uating the volume needed for adequate lavage or the size of needle sufficient to
remove sometimes thick debris, although there is a general consensus that
volumes must be sufficient to expand the joint space. As a benchmark, volumes
for knee joint lavage should be greater than 11 (16). Selection of an appropri-
ate-sized needle is also important. Larger needles may be required to drain thick
debris or purulent material; for this purpose, needles at least 14 gauge in
diameter are recommended.

With the single-needle technique, the joint is accessed and an alternating
pattern of fluid aspiration and fluid injection is made. The lavage agent is
generally normal saline. The continuous lavage technique is similar to the tidal
technique except two access points are utilized to continuously flush the joint
using one needle for influx and one needle for efflux. The advantages of the
continuous technique are that it is less time consuming and a greater volume
can be used (typically 2-10 1).

The effectiveness of joint lavage is debated. A blinded, randomized, con-
trolled trial failed to find any significant difference in outcomes between tidal
joint lavage and a sham procedure (20). However, other less rigorous studies
describe variable benefits with lavage (21-23). Joint lavage combined with
intraarticular corticosteroid therapy has shown effectiveness, although it is
unclear if there is additional benefit to lavage with corticosteroid injection as
compared with simple aspiration and subsequent injection.

INJECTION AGENTS

The options for intraarticular medical interventions fall into one of four
categories: corticosteroids, hyaluronic acid, osmic acid, and yttrium. All agents
seek to decrease inflammation and decrease pain by a variety of pharmacolog-
ical methods. The two primary agents that have demonstrated efficacy in the
treatment of articular and bursal pain are corticosteroids and hyaluronic acid,
although osmic acid shows promise.

Corticosteroids

Corticosteroids are the workhorses of intraarticular interventions. These agents
have been used widely since the 1950s (24). During the 1960s, intraarticular
corticosteroids began use in professional athletes in the treatment of sports-
related injures, and in the 1970s fell into disfavor due to attributed tendon
injury. Today, corticosteroids continue to be used extensively for multiple
indications and are described by the American College of Rheumatology as
“... safe and effective when administered by an experienced physician (25).”
Ninety percent of orthopedists and 95% of rheumatologists use corticosteroid
injections as a component of their therapeutic strategy (24). The typical dosing

169



PART I. LOCOREGIONAL PAIN CONTROL

regimen is an interval schedule, generally with three months between treat-
ments, although there are little data supporting this interval.

The end goal of corticosteroid injection is to decrease inflammation, effu-
sion, and pain, which they perform with variable success. For the majority of
patients, the duration of relief is brief, so a reasonable goal for intervention
should be in treating short-term flares of disease such as exacerbation of pain,
nocturnal pain, painful effusions, and bridging to other therapies (such as
antirheumatic drugs) (26,27). A single injection is almost never sufficient to
provide relief from pain for a duration longer than approximately 1-2 months
in the majority of patients.

DOSAGE/SPECIFIC AGENTS

The prototype drug, cortisone, has been modified to reduce solubility by
esterification, theoretically reducing the systemic absorption and increasing
therapeutic time in the joint. The cortisone derivatives that have been studied
in humans include hydrocortisone, prednisolone, triamcinolone hexacetonide,
methylprednisolone, and cortivazol. These drugs have not been directly com-
pared in a controlled trial (27). Many dosing recommendations have been
made with few direct comparisons. The most commonly used agent is meth-
ylpredinisolone acetate. In general, for an equivalent dose, decreasing solubility
will increase effect. Actual dosage recommendations have not been thoroughly
studied, and rigorous dosage comparisons are not available. All corticosteroids
should be compared using an equivalency number, with most operators using
hydrocortisone to compare potency (Table 2). A general guideline for dosages
and injection volumes is presented in Table 3.

Some physicians find it useful to mix a local anesthetic with the cortico-
steroid prior to injection. This is for both patient comfort and diagnostic
purposes. If the patient reports immediate relief of pain (due to the local
anesthetic), the needle is likely localized in the correct anatomic compartment
for the corticosteriod to be effective. When mixing agents in the same syringe, it
is always prudent to check for drug compatibility to ensure that there is no

Table 2. Corticosteroid Preparations
Potency Anticipated
(hydrocortisone ~ Concentration — Duration
Generic Name Trade Names equivalents/mg)  (mg/ml) (days)
Betamethasone Soluspan, Celestone 25 6 9
Dexamethasone Decadron 25 4-8° 6-8"
Triamcinolone Aristospan, Aristocort, Kenalog 5 10-40? 7-21°
Methylprednisolone Solu-medrol 5 20-80 8
Prednisolone Hydeltra-TBA, Predalone TBA, 4 20 10-14°
Prednisol TBA
Hydrocortisone Hydrocortisone 1 25 8
* Varies by formulation.
Source: Genovese (26).
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Table 3. Suggested Dosages and Volumes
Target Dose (mg X hydrocortisone Volume (ml)
equivalents)
Knee 200-450 1-4
Shoulder 150-300 1-4
Elbow 100-150 1-4
Ankle 100-150 0.5-1
Wrist 100 0.5-1
Interphalageal 25-50 0.025-0.5
Metacarpophalangeal 25-50 0.025-0.5
Metatarsophalangeal 25-50 0.025-0.5
Source: Genovese (26).

precipitation reaction. Additionally, patients should be warned that the anal-
gesic effect eventually declines and that a subjective recurrence in pain is
expected when this occurs.

ACTIONS

Corticosteroids are all lipid soluble and cross the cell membrane and react
with cytoplasmic receptors before moving to the nucleus to affect change in cell
physiology and modify two responses. The anti-inflammatory response results
in decrease of macrophage activation, leukocyte adherence to capillary walls,
and diapedisis. Additionally, the capillary leak effect seen with inflammation is
modulated by corticosteroids through poorly understood mechanisms (28). The
second major effect of corticosteroids is an immunomodulatory effect; cortico-
steroids decrease the response of cell-mediated immunity as well as reducing the
concentration of T-lymphocytes, monocytes, and eosinophils (28).

INDICATIONS

Intraarticular corticosteroids have been described as treatment in a wide
variety of disorders. Essentially, if inflammation is considered to play a role in
the pathophysiology, steroids have been found to be useful. The inflammatory-
suppressive effect is useful in a wide range of pathologies, from inflammatory
arthritis to athletic injuries. Osteoarthritis continues to be the most common
indication, and the best studied, although both acute and chronic inflammatory
conditions are treatable with intraarticular corticosteroids. The injections mod-
ulate inflammation that may improve the underlying pathophysiology of the
disease process, or they may simply decrease the inflammation of the joint tissues
and decrease pain while improving range of motion. There is no regeneration or
reversal of the underlying disease process when corticosteroids are used.

CONTRAINDICATIONS
There are few absolute contraindications to corticosteroid injection. Prior
hypersensitivity reaction to the proposed agents, severe coagulopathy, and
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active infection (including cellulitis or infection of the proposed injection tract)
should preclude injection. However, in the event of an accidental injection of a
joint that is infected, there is evidence that corticosteroids may be protective if
proper antibiotic therapy is initiated rapidly (16). If there is any concern that
the target joint is infected, it is prudent to send an aspirate of the joint for
analysis and reschedule the procedure for a later date.

Relative contraindications include the possibility of avascular necrosis of
the adjacent bone. Rarely seen relative contraindications that have been
described to include ocular herpes, active tuberculosis, and acute psychosis,
all of which are theoretically complicated by systemic steroids.

Systemic absorption of the injectate does occur and is proportional to the
potency, dose, and total synovial surface area of the joints injected. The max-
imum systemic blood pool corticosteroid concentration is inversely propor-
tional to solubility, although agent time in the blood pool is prolonged when
compared to more soluble agents. Plasma cortisol levels may be affected for
four or more weeks following injection (29) (including transient suppression of
endogenous cortisol). There is no net effect on bone resorption (30), and there
is no significant effect on blood glucose control in patients with diabetes mel-
litus (16). Interestingly, there may be a benefit to other noninjected joints, due
to systemic absorption (31) or from placebo effect.

EXPECTED COURSE

After the injection of corticosteroids, pain relief from the injection has been
reported to range in duration from immediate to years. More commonly, onset
of relief can be expected in the range of 24 hours, with duration of approx-
imately one month. Reported clinical experience has identified patients who
report relief for a substantially longer period (32); however, there are no pre-
dictive factors to identify these responders before intervention. A review by
Courtney and Dobherty states, ... none of the following correlated with the
efficacy of intraarticular corticosteroids — disease duration, radiological scores,
inflammatory markers, and signs of inflammation (18).”

Attempts to predict patients who will demonstrate a better response to
corticosteroid articular injection have largely been unsuccessful (33,34). This is
confounded by the multiple interventions that are simultaneously performed at
the time of intervention, such as joint aspiration, rest, ice, and the injection of
other agents. The presence of a joint effusion has been described as a possible
predictor of a good outcome (11). Again, this may be due to easier access to the
joint space with fewer complications and a better delivery of the agent. Vari-
ables that have been found not to be predictive of outcome are radiographic
severity, duration of disease, presence of crystals, and raised synovial cell count.

COMPLICATIONS/ADVERSE REACTIONS

Although not a complication, patients should be counseled that the dura-
tion of benefit is finite and that it is an expected outcome for the symptoms to
return and another injection be performed. Known complications of intra-
articular corticosteroids are surprisingly rare and often overstated, and again
it is important to note that complications from corticosteroid injections may be
from injection into surrounding or supporting structures. Use of strict image-
guided techniques will decrease nontarget injections and presumably decrease
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the complication rate. Additionally, some complications have been reported
using a specific corticosteroid agent, and generalization may not be applicable
to all agents. Table 4 provides an overview of the most common and/or serious
potential complications of intraarticular corticosteroid injections.

The most common local postinjection complication is a painful local reac-
tion in the joint. This has been described as a “postinjection flare,” which
commonly begins 6—12 hours after injection and resolves after one to three
days (2). Approximately 2—10% of patients will complain of this complication,
which may be due to a reactive or chemical synovitis in response to the agent
itself or preservatives within the injectate (24,35). However, postinjection flares
have also been reported after the injection of normal saline (36). Whatever the
underlying cause, future injections should avoid the offending agents. The
patient should be counseled that this is a self-limited reaction and that analge-
sics such as acetaminophen are helpful, along with cold or warm compresses.
The primary consideration before dismissing a postinjection flare is missing the
much more rare septic joint. Any joint pain that persists beyond the three-day
expected course should be investigated further.

Skin depigmentation or atrophy of the subcutaneous tissues may occur and
is reported to be a complication that occurs approximately 1% of the time
(37,38). These periarticular or nontarget complications occur more frequently
with the longest acting corticosteroids, such as triamcinolone hexacetonide (2).

The most common systemic reaction to intraarticular corticosteroids is
facial flushing. Although disconcerting for the patient and the physician, facial
flushing is reported to occur with up to 40% of injections, with severe flushing
in 12% (39). This flushing reaction should not be confused with an anaphy-
lactic reaction, which is rare (40). Although commonly perceived (and
reported) to increase glucose levels in diabetics, at least one study has demon-
strated no significant effect on serum glucose in this population (41). Further-
more, there is no net change on bone density to suggest acceleration of
osteoporosis (42).

Table 4. Reported Complications of Corticosteroid Injections

Facial flushing (40%) (24,39)

Post injection flare/pain (2-10%) (24,35)
Skin depigmentation (1%) (37)

Septic arthritis (rare) (24)

Nerve/blood vessel damage (rare) (24)
Tendon weakening/rupture (rare) (24)
Anaphylaxis (very rare) (24)

Steroid arthropathy (debated) (24)
Hyperglycemia (debated) (24)

Joint sepsis (<<1%) (2)

Steroid arthropathy/charcot degeneration (debated) (32)
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The most detrimental complication is introducing an organism into the
joint space, creating a septic joint. However, the frankly septic joint after injection
is exceedingly rare and is reported to be on the order of 1 in 25,000 injec-
tions (38,43,44). Even with this very low rate, it is still prudent to counsel the
patient to be observant of joint pain that persists past 72 hours or increases over a
week.

In a review by Nichols, complications related to corticosteroid injections in
athletes were reported at a rate of 15% (35). Of these, postinjection pain
accounted for nearly two-thirds of the reported side effects and complications.
Therefore, if postinjection pain is removed from consideration, the complica-
tion rate drops to 1 in 20. Of the remaining adverse reactions, the most com-
mon were skin atrophy, skin depigmentation, localized erythema, and facial
flushing. Interestingly, the same review was unable to find published studies
that ““. .. provide unequivocal scientific evidence that corticosteroid injections
do or do not cause damage to human musculoskeletal structures.”

Long-term joint or supporting tissue damage has been a long debated issue
with corticosteroid use, and prospective studies in humans have demonstrated
no detrimental effect (45,46). Studies in rabbits suggest that corticosteroids
may decrease cartilage strength and increase the number of cartilage fissures
(47). However, studies in guinea pigs, dogs, and primates have failed to repro-
duce these results and may instead show a protective effect (48—50). There have
been case reports of tendon rupture following corticosteroid injection; how-
ever, documented location of the injected agent was not described and may
have been intratendonous or extraarticular. Steroid arthropathy or charcot-like
joint destruction may be a result of underlying pathology and not a direct result
of corticosteroid injection (32). Osteonecrosis, a devastating complication, has
not been reported with injection of joints for common athletic conditions (51);
a causal relationship of corticosteroids inducing osteonecrosis in any popula-
tion remains open for debate (37).

Hyaluronic Acid

Hyaluronic acid is a polysaccharide chain composed of repeating disaccharide
units of N-acetylglucosamine and glucuronic acid (51). It is a naturally occur-
ring molecule found in human synovial fluid, produced by type B syonviocytes
that secrete hyaluronic acid directly into the joint space where it is thought to
augment viscous and elastic properties of the fluid (51). One theory holds that
the longer chains and higher molecular weight molecules may enhance the
viscous properties, perhaps making synovial fluid more effective. At high shear
forces, the elasticity of hyaluronic acid is increased and the viscosity reduced,
acting as a “shock absorber” during fast movements. At low shear forces,
hyaluronic acid has increased viscosity and decreased elasticity, thereby acting
as a lubricant during slow movements.

Injection of hyaluronic acid is termed viscosupplementation, implying that
the injection is augmenting the viscous properties of the synovial fluid, which
should enhance the lubrication and protection of the articular cartilage as well
as the joint space (11,12). Viscosupplementation for human clinical use began
in Japan and Italy in 1987, and was used in Canada and Europe before approval
in the United States in 1997 (56). It was used in race horses for some time prior
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to its use in humans (13). Currently, hyaluronic acid is only FDA-approved for
use in osteoarthritis; however, benefit has been shown in rheumatoid arthritis
(14). As with corticosteroids, most of the literature is focused on osteoarthritis,
and osteoarthritis of the knee is the most studied joint. These data are then
extrapolated to other joints and disease processes. As a benchmark, the human
knee contains a concentration of 5-8 mg of hyaluronic acid dissolved in
approximately 2 ml of synovial fluid (51).

In osteoarthritis, hyaluronic acid is reduced in concentration and molec-
ular interactions are decreased, in some cases by up to one-half of the normal
concentration (15). The reasons that this induces joint pain are at least twofold.
First, there is a decrease in cushioning of the joint by synovial fluid and increas-
ing stress forces on the adjacent tissues. Second, lower viscosity decreases the
filtering function of the synovial fluid that normally bathes the articular carti-
lage, thereby reducing the nutrient availability (51).

DOSAGE/SPECIFIC AGENTS

The FDA classifies hyaluronic acid as a medical device; therefore, the
rigorous requirements of FDA drug testing are not applicable (51). Two classes
of hyaluronic acid derivatives are available for use in the United States. The
first, hyaluronan (Hyalgan, Supartz in USA; Orthovisc, Neovisc in Canada) is
naturally occurring and purified from rooster comb derivatives, with the excep-
tion of Neovisc, which is produced by bacterial culture (61). The second, G-F
20 (Synvisc, Genzyme Corp., Cambridge, MA), is the only synthetic hyaluronic
acid that is available in the United States (51). G-F 20 is a cross-linked hyalur-
onic acid, increasing the molecular weight and viscoelastic properties of the
molecule. There is evidence of increased effectiveness of this agent over non-
cross-linked hyaluronic acid, although the data are conflicting (52).

Hyaluronic acid is administered in a weekly sequence of three to five
injections. Hyglan is supplied in 2-ml vials or 2-ml prefilled syringes. The con-
tents of the injectant include inert substances and are detailed in the package
insert. Synvisc is also supplied in 2-ml prefilled syringes, again with inert sub-
stances, given once a week in a three-week regimen. Supartz, also mixed with
inert ingredients in 2.5-ml prefilled syringes, is administered weekly for three to
five weeks. All agents are formulated for use in osteoarthritis of the knee.

ACTIONS

Originally it was thought that the beneficial effects of viscosupplementa-
tion were solely due to the synovial fluid augmentation effects of increased
viscosity. However, the actual indwelling time of injected hyaluronic acid is
on the order of days, but the beneficial effects are highly variable and last from
months (53) to years (54). Theorized explanations for this discordance are
possible anti-inflammatory effects of the molecule (not well elucidated), anti-
nocioceptive properties of the molecule, or stimulation of endogenous hyalur-
onic acid production (54). Hyaluronic acid has been described to have several
direct anti-inflammatory effects by inhibiting phagocytosis, adherence of leu-
kocytes, and reducing inflammatory mediators (51). An analgesic effect has
been demonstrated in mice, producing a similar effect as indomethacin in
reducing pain (55). A large placebo effect, as found in all joint injections,
almost certainly plays a significant role.
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There have been no human trials that demonstrate a chondroprotective
effect of hyaluronic acid (51). Studies in animals are mixed. Investigations in
sheep (62) and Pond-Nuki dogs (63) have demonstrated a chondroprotective
effect. However, other studies in dogs have also shown no significant effect on
the progression of osteophyte formation and cartilage degeneration (51).

INDICATIONS

The most studied indication for hylauronic injection is osteoarthritis of the
knee, which is the only FDA-approved indication. Benefits include general
reduction of pain for all affected populations as well as delay of surgery for
middle-aged persons (64). Benefit in rheumatoid arthritis of the knee has been
demonstrated, and evidence of improvement in other joints for other indica-
tions is likely forthcoming.

CONTRAINDICATIONS

Contraindications to hyaluronic acid injection are similar to corticosteroid
injection. Prior hypersensitivity reaction to a previous injection and injection
through or into an infected space are absolute contraindications. Coagulopathy
is a relative contraindication.

EXPECTED COURSE

There have been many studies assessing the effectiveness of hyaluronic
acid for pain relief, usually in comparison to corticosteroids or placebo. The
results are mixed, and the majority of studies are single-blind or single-arm
trials. A meta-analysis of the available data did show a small but significant
benefit (65). An additional meta-analysis that examined only double-blind
trials of patients with knee osteoarthritis demonstrated a moderate improve-
ment in pain relief at 5-7 and 8—10 weeks, with benefit ending by 15-22 weeks
(53). In counseling patients, it is safe to say that benefit onset is slow, likely
beginning after 24 hours. Patients who have had previous corticosteroid injec-
tions may note that the onset of pain relief is delayed, perhaps up to five days
postinjection (2). The duration of benefit will likely last approximately three
months, and perhaps longer. At the time the relief wears off, another series of
injections may be considered.

COMPLICATIONS/ADVERSE REACTIONS
Table 5 summarizes the potential complications following hyaluronic acid
injection. The only significant adverse reaction to intraarticular hyaluronic acid

Table 5. Reported Complications from Hyaluronic Acid Injections

Local painful reaction (3%)
Pseudoseptic joint (rare)
Granulomatous inflammation (rare)
Septic joint (rare)

Anaphalaxis (rare)
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injection is local joint pain. In a large series of 1,537 patients, postinjection pain
occurred in 2.7% of injections (in 8.3% of patients); of these, all but one-fifth
resolved without long-term sequelae (66).

Pseudoseptic reactions have been reported following injections (67). Clin-
ically, these resemble a septic joint and should be distinguished from a true septic
joint, a rare but significant differential consideration. A pseudoseptic joint
presents as a painful joint, with an effusion, generally 1-3 days after the injection
of hyaluronate. The primary differential considerations are septic joint and gran-
ulomatous inflammation (which may be a variation of the same entity). Fluid
analysis will demonstrate a cellular infiltrate, predominantly monocytic, without
organisms or crystals (68). Should organisms or other markers of a septic joint be
discovered (see Table 1), appropriate treatment should begin immediately.

A granulomatous inflammatory reaction may be due to an inability of
the synovium to absorb or degrade the injected molecule. The underlying
pathophysiology of a granulomatous inflammatory reaction is macrophage
consumption of the molecule that releases inflammatory mediators in a for-
eign-body type reaction, with formation of multinucleated giant cells around
undegradable material with resultant granuloma formation (61). Currently, the
largest published case series occurred in six patients injected with cross-linked
hyaluronic acid (61). It should be noted that granulomatous inflammatory
reactions have been reported with many other common intraarticular in-
terventions, such as metal prosthetics, polyethylene prosthetics, and cement
debris (61). Clinically, this presents with development of swelling and warmth
of the joint within 48 hours after viscosupplementation. The symptoms peak at
day 5, and gradually resolve over the course of one to two weeks (61). After the
acute phase, one-third of patients report no difference in their pain, and two-
thirds reported their pain to be worse than before injection. NSAIDS have little
effect on the symptoms. In the previously noted series (69), none of the patients
had an elevated sedimentation rate, elevated C-reactive protein level, fever, or
joint erythema that may distinguish a granulomatous inflammatory reaction
from a septic joint. Of course, if there is clinical suspicion that a joint may be
infected, or an atypical presentation, joint aspiration and analysis should be
performed. Four aspirates from the series of the six cases noted earlier dem-
onstrated a white blood cell (WBC) count of less than 10,000/mm (3) and no
organisms (61).

There has been at least one case report of a septic joint after hyaluronic acid
injection (69), and this is almost certainly attributable to the injection itself. In
the previously discussed large series, not a single case of sepsis due to product
contamination was reported.

Osmic Acid and °°Yttrium

Volkman introduced the concept of surgical synovectomy in 1877 (70), and the
methods of reducing synovium by other means seek to duplicate the response
of this commonly practiced method. Synovectomy is a broad term that implies
removal of the synovium, by surgery (surgical synovectomy), chemical (chemo-
synovectomy), or radiopharmaceutical (radiosynovectomy) means. Many
agents have been described for chemical/radiosynovectomy. Chemotherapeutic
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agents, aspirin, antibiotics, and alternative radiopharmaceuticals have been
used (27). All of these agents work with the same underlying principle.

Treatment of the joint with osmic acid and *’yttrium affect the joint by
direct modification of the synovium, either by chemical or radioactive means.
These modifications are termed synovectomy and synoviorthesis interchange-
ably in the literature. Chemical or medical synovectomy, now most commonly
performed with osmic acid, was first used in 1951 for the treatment of a knee
effusion (71). Radiosynovectomy was also first described in the 1950s. The term
medical synovectomy is imprecise and may refer to either chemosynovectomy
or radiosynovectomy. The term synoviorthesis was coined in the late 1960s
with the literal meaning of restoring the synovium (ortheis, to restore) (70). For
the remainder of the chapter, the term chemosynovectomy will be understood
to refer to osmic acid synovectomy/synoviorthesis and the term radiosynovec-
tomy will refer to *’yttrium synovectomy/synoviorthesis.

The data supporting radiosynovectomy are sparse, and serious thought
should be given before performing radiosynovectomy. It is discussed here for
completeness. Histological examination of tissue after radiosynovectomy have
shown a reduction in the size and number of synovial villi with decreased
hyperemia acutely, eventually progressing to fibrosis (70). A review of the liter-
ature published in 2000 found only two well-designed studies comparing radio-
synovectomy with placebo, and the results were conflicting (70). A follow-up,
randomized placebo-controlled trial in 2005 failed to find a significant differ-
ence between radiosynovectomy with intraarticular corticosteroids versus intra-
articular corticosteroids alone (72). Chemosynovectomy, in contrast, has shown
promise in clinical use but data are insufficient to recommend widespread use.
Osmic acid is a strong oxidizing agent that has a direct caustic effect on the
synovium. It is theorized that the necrotic synovium will be replaced by pro-
duction of synovial tissue by underlying tissues, as has been shown in mice (73).
A 2003 retrospective analysis of 105 consecutive osmic acid injections for
chronic knee synovitis (due to varying causes) demonstrated complete freedom
from pain postinjection for a period lasting from months to years (71).
Reported complications included postinjection pain (12%) and skin burns
(2%). No rigorous double-blind trials have been performed using osmic acid.

In both chemosynovectomy and radiosynovectomy, agents are injected in
combination with a local anesthetic and a corticosteroid. The local anesthetic is
necessary to blunt the pain response from the direct destruction of synovial
tissue. The corticosteroid is used to modulate the inflammatory response that
normally ensues. The corticosteroid injection also has an effect on the under-
lying inflammatory process, a fact that also complicated interpretation of
response to these agents. What portion of benefit to the underlying articular
inflammatory process is directly attributable to corticosteroids, and if the effect
is additive or synergistic, is poorly understood.

OVERVIEW OF IMAGE-GUIDED TECHNIQUES

The majority of articular interventions are performed without imaging guid-
ance. However, there are advantages to image-guided intraarticular interven-
tions for managing pain. First, there is verification and documentation that the
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injected agent is within the appropriate space. For example, there are reports of
an accuracy of less than 30% for a blind anterior approach shoulder injection
(74). This complicates shoulder intervention by both invalidating intraarticular
intervention research performed using this approach and confusing the inter-
pretation of patient response. Both of these issues are laid to rest with imaging
verification of intracompartmental injection. Direct imaging guidance is also
very useful in rapidly accessing the joint space in patients with distorted land-
marks, such as the severely obese or postoperative patients.

Any radiographic modality may be used for articular interventions, the most
common being ultrasound and fluoroscopy. However, cross-sectional techni-
ques such as computed tomography (CT) and possibly, in the future, magnetic
resonance may be the optimum imaging guidance in certain cases. With each
modality, there are advantages and limitations, and each method should be
considered with the individual patient and involved area in mind. Many specific
techniques, approaches, and methods have been described and are in current
practice. The ideal procedure would be accurate in localization, quick in access,
painless, and minimize the radiation dose to the patient and the operators.

A central tenet in any image-guided procedure is that the patient should be
carefully positioned. This is important to make certain that the patient does not
move and inadvertently change the location of the procedure. To this end, the
patient should be positioned comfortably with the joint positioned so that they
can maintain the position passively for a prolonged period of time. A comfort-
able patient will allow the physician to take appropriate steps to successfully
complete the procedure without rushing.

As a general guide to anatomic location, it may be helpful to refer to cross-
sectional imaging of the appropriate joint from the patient that may be on
record, to review the location of the synovial capsule and the location of vital
structures.

General Ultrasound Technique

The ultrasound-guided technique confers many advantages. It is relatively low
in cost, less cumbersome, and faster than fluoroscopy or CT. There is also
greater anatomic detail, and the window or viewing angle can be changed at
will. The entire procedure may be performed by a single physician, and contrast
material is not necessary for location verification as agitated injection agent
often has enough tiny air bubbles to create an effective contrast agent. Finally,
there is no exposure to ionizing radiation to either the patient or the physician.

The use of local anesthetic is optional because ultrasound guidance allows a
swift definitive needle advancement. If, however, there is concern that the
procedure may be difficult or prolonged, a local anesthetic is advised. As a
general rule, ultrasound-guided articular access mirrors the access routes
recommended for blind access, and many potential routes can be quickly
evaluated before the procedure to determine which route is best in any indi-
vidual patient. The real-time ease of selecting pathways to the joints adds
significant flexibility to ultrasound guidance, and the physician should not
necessarily feel limited to described access routes as long as anatomic precau-
tions are strictly followed. Before beginning the procedure, it is prudent to
interrogate the proposed area using both grayscale and Doppler imaging.
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Vessels should be noted and avoided. A general site of approach is then
approximated using bony landmarks or the skin may be marked.

Needle and syringe selection is joint specific and the agent should be pre-
pared prior to injection. A larger gauge needle should be selected if aspiration of
debris is anticipated. A syringe suitable to contain the volume of the agents
should be used. The patient should be placed in a comfortable position so that
movement is minimized. The target joint should be well supported, providing
ample back cushioning to accommodate significant pressure from the ultra-
sound probe while allowing the patient to keep the joint completely passive.

The skin is prepped and draped in the usual sterile fashion. If real-time
guidance is used, a sterile ultrasound probe cover is used; however, some
physicians prefer to directly sterilize the head of the transducer. Once the
precise site is selected, the ultrasound probe should be positioned with the long
axis of the beam in line with the needle entry site. The beam should be directed
obliquely at the needle and advancement directly visualized. A special ultra-
sound visible needle may be used to improve visualization, although scoring the
shaft of the distal needle with a scalpel has a similar effect. If no large debris is
anticipated, the joint may be aspirated and injected using the same needle that
is used to infiltrate the anesthetic. Care should be taken not to attach the needle
too tightly to the syringe, as disconnecting the needle may dislodge the tip from
the joint space. If a second (larger gauge) needle is required, it is advanced using
the same method.

Once the needle is in the joint space, the procedure may continue as with
any other technique. Generally, if the synovial space is well visualized, the agent
can be seen flowing into the space as echogenic material flowing from the
needle tip. If desired, the solution may be agitated to encourage the formation
of small air bubbles to accentuate this effect. Some physicians advocate vigo-
rous massage of the needle tract to break down a possible communication in
the soft tissue planes. After the procedure, a sterile dressing should be placed
over the access site and postinjection maneuvers and instructions (such as ice,
immobilization, activity restriction, etc.) given to the patient.

General Fluoroscopic Technique

Fluoroscopy has been used for large joint interventions for some time, partic-
ularly the hip and shoulder. Specific procedures may be tailored to the imaging
equipment available. For example, an adjustable-angle image intensifier will
make patient positioning less of an obstacle, whereas a fixed-angle image inten-
sifier will require a great deal of care in patient positioning to assure that the
needle is viewed end-on and can be advanced perpendicular to the table.

Once the patient is positioned, the area is marked with a radiopaque object
(Figure 3A-D). Intermittent fluoroscopy can be used to appropriately place the
marker. Once the marker is in satisfactory position, a mark is made on the skin,
and the area is cleansed and draped. The selected area should be anesthetized
with a 1% solution of lidocaine buffered with bicarbonate in a roughly 10:1
concentration. The anesthetic agent should be deeply infiltrated, near the joint
space itself. If unsure, intermittent fluoroscopy can be used to inspect the
trajectory of the anesthetic needle. If the joint is entered and the needle is in
the appropriate size, the needle may be left in place.
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Figure 1. Axial magnetic resonance arthrogram Figure 2. Axial magnetic resonance of the left hip
image of the right shoulder demonstrating a demonstrating location of vessels (circle) and
distended joint capsule and associated anatomy. The location of synovial space (arrows).

fibrocartilaginous portion of the glenoid is
demonstrated (arrow).

Using a connecting tube between the syringe and needle confers two major
advantages. First, it allows freedom to remove the operator’s hand from the
direct x-ray beams of the fluoroscope while watching the injection real time.
Second, it allows minor movements of the hand holding the syringe without
greatly affecting the needle position. If desired, a small amount (2 cc) of water-
soluble contrast agent may be used to fill the tubing and the air bled, so that
there is undiluted contrast in the needle to verify the needle tip location (75).

Consideration should be made before beginning the procedure as to how
the fluoroscopic unit will be operated. If an assistant is available for nonsterile
tower operation, or if a sterile control panel is a possibility, the intermittent
fluoroscopic technique may be considered. Using either technique, the needle
should always be viewed end-on, ensuring accurate localization in two planes. If
there is doubt to the needle location in the third plane, the image intensifier
may be moved 90° or a cross-table image should be obtained.

Once the basic setup is complete, using sterile technique the needle is
advanced over the marked area. Once there is enough purchase in the super-
ficial tissues to support the needle, the position should be verified using fluo-
roscopy. If the needle trajectory is satisfactory, further advancement may be
made using intermittent fluoroscopy as needed. Minor adjustments to the
needle trajectory may also be made using this approach; however, the needle
should be viewed as closely to end-on as possible.

The direct fluoroscopic advancement technique is similar to the intermittent
technique. However, instead of intermittent verification of the needle path, direct
observation is used. Using a pair of long-handled hemostats or needle drivers, the
needle is advanced to the joint space under direct fluoroscopic observation while
taking care to keep the physician’s hands out of the direct fluoroscopic beam.

Once the target joint space is accessed, verification of location may be made
by direct aspiration of synovial fluid or injection of contrast if prepared as in
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Figure 3. (A) Localization. A radiopaque object is placed over the skin to determine an appropriate access point.
(B) The needle selected for intervention is advanced to the joint margin using intermittent fluoroscopy to verify
location. The needle is centered in the image, to reduce parallax, and the needle is viewed closely to end-on. (C)
The extension tubing is attached, and the physician’s hands are outside of the field. (D) Contrast is used to verify
location. Note that the position of the operator has changed by 180° (as evidenced by the injection tubing),
without significant movement of the needle.

the earlier paragraph. It is possible that the joint is successfully accessed without
significant return of synovial fluid. If this situation is suspected, injection of
contrast will help determine the intraarticular location of the needle. The agent
is then injected and the needle removed. A dressing is applied and postinjection
instructions are given to the patient.

General Computed Tomography Technique

CT also offers unique advantages. First and foremost is the excellent spatial
resolution, which comes at a cost of temporal resolution. In an obese patient, or
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a patient with significant osseous degenerative disease, CT may be the only
modality that practically may be considered. However, CT guidance for artic-
ular access takes considerably longer than other modalities, is more expensive,
and is limited to medium to large joints. CT also uses ionizing radiation. Local
anesthetic is generally used because needle advancement is almost always a
multistep process in part because it is generally difficult anatomy that selects
patients for CT guidance.

Needle and syringe selection is joint specific and the agent should be
prepared prior to injection. The patient should be placed comfortably and
essentially immobilized using tape to ensure that after the scout scan the
patient does not move. If CT fluoroscopy is to be used, less immobilization
may be required. The patient should be made as comfortable as possible
because these procedures tend to be longer than those using ultrasound or
fluoroscopy.

The patient is placed in the gantry and a scout projection obtained. The
localizing laser is then activated for skin marking. Using the slice position data
from the bed registration system, a row of metallic markers or grids are placed
as close to centrally over the target as possible to mark the entry position in
the axial plane. The patient is placed back in the gantry and an additional
image obtained, with the grid in position for localization. These data are used
to select a final entry site. Some physicians prefer a direct vertical approach for
needle advancement, which may necessitate moving or rotating the patient to
create a window avoiding vital structures. Another technique is to visually
estimate the angle required to access the joint, which requires no patient
repositioning but may require more frequent scanning. Whatever the pre-
ferred method, a site is marked between metal markers (note that one cannot
exactly mark beneath a metal marker), again using the slice position selected
during the final scout scan. The patient is removed from the gantry. The area
is prepped and draped with great care to avoid moving or repositioning the
patient.

A small-gauge needle, loosely attached to a syringe of local anesthetic, is
used to raise a skin wheal at the proposed entry site and advanced while
infiltrating local anesthetic into the superficial tissues. If desired, an additional
scan may be performed after disconnecting the syringe and using the infiltrat-
ing needle to verify the angle and plan repositioning for the final access
needle. If multiple corrections to the needle course are made, it can prolong
the procedure considerably. If the anatomy is difficult or the approach near
vital structures, multiple repositionings of the needle course may be necessary.
This increase in procedure length is a necessary trade-off for accurate ana-
tomic localization. If CT fluoroscopy is used, needle location verification may
be done intermittently throughout the procedure, or the needle may be
advanced under direct observation using hemostats (to avoid exposure of
the hands) in the same manner as the direct fluoroscopic technique described
earlier.

After sufficient anesthetic infiltration, the joint specific needle is advanced
in a similar manner as using fluoroscopy, with CT localization when required.
It is advisable to obtain at least one image when the needle has enough purchase
to be self-supporting to verify the approach. Once the joint spaced is accessed,
the interventions may proceed.
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CONCLUSIONS

Intraarticular interventions to manage pain are common, safe, simple proce-
dures. The data currently support the use of corticosteroids and hyaluronic
acid, although chemosynovectomy shows promise. There are no data to suggest
a specific corticosteroid dose or dosing regimen; however, traditional standard
of practice suggests an interval of three months. Hyaluronic acid is adminis-
tered in a weekly sequence. After the injection, there are multiple maneuvers
that may be tried to maximize the effect of the agent. Duration of either agent
may last from weeks to years, with a common duration of corticosteroids
benefit lasting a few weeks and hyaluronic acid benefit lasting a few months.

Imaging guidance allows knowledge of the precise anatomic location of the
agent, an important factor in both investigation and interpreting patient
response. Ultrasound guidance is flexible and inexpensive, and should be the
preferred method for intervention. Fluoroscopic and CT guidance are addi-
tional options, and referring to previous cross-sectional imaging may be helpful
in planning an approach to the articular space.
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INTRODUCTION

Pain from the abdominal and pelvic viscera is difficult to manage because it is
often secondary to a malignancy or a chronic inflammatory process. A
patient with such chronic pain usually needs narcotics to reduce the severity.
When tolerance to the medication develops, increasing doses of narcotics are
necessary for further pain relief. In addition to the physiological impairment
this causes, increasing doses of narcotics can lead to mental and emotional
impairment, all of which can significantly reduce a person’s quality of life
(1). Any therapy that can reduce such dependence while lessening the severity
of the underlying pain will be favorable to the overall well-being of the patient.
First described by Kappis in 1919 (2), various methods of percutaneous
visceral pain control have been employed since Moore (3) popularized the classic
posterolateral approach to the celiac plexus using fluoroscopic guidance. The
success of either temporary or permanent pain relief from these methods, along
with the relatively low complication rates, justify their mention as viable pain
control options for patients with severe or poorly controlled symptoms. Inter-
ventional radiologists who understand the anatomy and physiology of visceral
pain can use their percutaneous skills to offer an effective and minimally invasive
therapy for a disease process that otherwise has a less-than-optimistic course.

VISCERAL PAIN PATHWAYS

Visceral pain can be caused by any process that causes visceral nerve fiber
irritation. The classic example is midabdominal pain caused by either pancrea-
titis or a pancreatic neoplasm (4). Abdominal or pelvic pain of visceral origin is
usually described as vague, poorly localized, dull, crampy, pulling, squeezing, or
colicky. If the offending process can be relieved, the pain usually resolves as well.
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Figure 1. (A) Axial CT at the level of the celiac ganglion. Axial contrast-enhanced CT
demonstrates the level of the celiac ganglion in a normal patient. The ganglion lies just
beneath and lateral to the celiac artery origin (arrow). (B) Coronal reconstruction of

CT image from figure A. The level of the celiac ganglion is indicated by the line traversing
the image.

Unfortunately, such pain is seldom relieved, even with narcotics, for a variety of
reasons. The underlying disease often cannot be controlled, the irritating process
is diffuse and involves more than one nerve distribution, and there is frequently
associated somatic and neuropathic pain as well. Fortunately, most of the visceral
pain pathways travel through a few key anatomic “nerve centers,” which makes
it easier to plan an approach for percutaneous therapy. Understanding the
anatomic distribution and location of these pain pathways will help predict
the necessary area to target in a percutaneous procedure.

The main innervation pathways for the abdominal viscera travel through
the celiac plexus, which lies in the retroperitoneum just anterior to the crura of
the diaphragm between the T12 and L1 levels (Figure 1A, B). This plexus
surrounds the celiac and superior mesenteric arteries and is composed of
a network of sympathetic and parasympathetic nerve fibers from which
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several secondary abdominal plexuses arise. The two large ganglia of the
celiac plexus receive parasympathetic fibers from the vagus nerve and sym-
pathetic fibers from the three splanchnic nerves (greater, lesser, and least).
The greater splanchnic nerve arises from the T5-T9 paravertebral ganglia and
passes through the crura of the diaphragm to end in the celiac ganglion of
the celiac plexus. Fibers from the celiac plexus also join the lesser splanchnic
nerve (arising from the T10 and T11 ganglia) to form the aorticorenal
ganglion and plexus. The least splanchnic nerve arises from the T12 ganglion
and enters the abdomen with the sympathetic trunk to end in the renal
plexus.

The secondary plexuses that arise from the celiac plexus travel along the
course of the aorta and its branching arteries. Of note are the superior and
inferior mesenteric plexuses that provide fibers for the majority of the intes-
tines. Whether through secondary plexuses or directly to the end organs, the
celiac plexus is responsible for postganglionic fibers that innervate the distal
esophagus, stomach, duodenum, small intestine, colon, adrenal glands,
kidneys, proximal ureters, pancreas, spleen, liver, biliary system, and major blood
vessels (5). This network of postganglionic sympathetic organ innervation is
also thought to carry pain sensation from the same locations.

In similar fashion, a rich network of plexuses also provides innervation to
the pelvic viscera (Figure 2). The majority of these are connected to the superior
hypogastric plexus. This plexus is situated anterior to the last lumbar vertebra
and the promontory of the sacrum, between the two common iliac arteries. The
superior hypogastric plexus is composed of the lumbar sympathetic chains,
branches of the aortic plexus, and parasympathetic fibers of the 52-S4 roots.
It is the major pathway for innervation of the distal ureters, gonads, sigmoid
colon, vagina, rectum, bladder, perineum, vulva, prostate, uterus, and the
major pelvic blood vessels (5).

At the termination of the paired paravertebral sympathetic chains, just
anterior to the sacrococcygeal junction, lies the ganglion of Walther (ganglion
impar). Pain fibers that travel through this ganglion are responsible for visceral

Figure 2. Axial CT at the level of the superior hypogastric plexus. Axial contrast CT
demonstrates the level of the superior hypogastric plexus in a normal patient (circle).
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perineal pain of sympathetic origin. This tends to be a vague, poorly localized
pain with sensations of burning or urgency.

METHODS OF VISCERAL PAIN CONTROL
Patient Selection

Visceral nerve blockade has been a long-practiced method to achieve pain relief
from visceral origin (6). When considering a percutaneous approach, one must
first determine the location and etiology of the pain. Timing of an intervention
is also important. If the source of the pain can be treated either medically or
surgically, an attempt to do so may lessen, or even relieve, the symptoms
making a percutaneous blockade unnecessary. Conversely, if the disease has
reached an advanced stage, the effects of a neurolytic blockade may not be
satisfactory (7). Finally, a differentiation must be made between somatic pain
and visceral pain because somatic pain is not controlled by percutaneous vis-
ceral nerve blockade. A temporary blockade can often help differentiate somatic
from visceral pain before a more permanent neurolytic blockade is attempted,
and it may also predict the success of a permanent neurolysis (6).

Imaging Guidance

The traditional choice of imaging guidance has been fluoroscopy (3). As with
many classic percutaneous therapies, the advent of computed tomography
(CT) has allowed a cross-sectional and perhaps more accurate means of needle
placement that has replaced fluoroscopy as the imaging guidance of choice for
many procedures. CT imaging during visceral nerve blockade has been empha-
sized not only for the accuracy of needle placement but also for an estimation
of the procedure’s efficacy by the cross-sectional analysis of pretreatment con-
trast diffusion (8). This has also led to the introduction of nonstandard
approaches to the celiac plexus, such as a posterior transaortic approach (9)
and an anterior approach (10). As with most procedures, the use of CT as an
imaging guidance tool allows one the license to choose the most direct pathway
to the target with the least amount of danger to surrounding structures. A
percutaneous approach to visceral nerve blockade involves placing a needle
under radiological guidance into one of the common “nerve centers” previ-
ously discussed. Confirmation can be made by image-guided visualization of
needle placement and further confirmed through the distribution of injected
contrast.

Medications

If temporary pain relief is desired, such as for a self-resolving inflammatory
process, the medication choice is an anesthetic and steroid mixture. The most
commonly used local anesthetic for temporary blockade is 5-10 ml of 0.25%
bupivicaine, which has the longest effect of the local anesthetics currently
available. The use of a local anesthetic in a temporary block serves two
purposes. First, it lessens the pain caused by the procedure itself. Second, it
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provides temporary visceral pain relief until the steroid can reach full effect.
There is no consensus on which steroid is optimal for visceral nerve blockade.
Commonly used steroids are similar to that used for joint injections — triamci-
nolone, methylprednisolone, and betamethasone. As such, no consensus exists
on the usual dosages, and these are also derived from their use in other mus-
culoskeletal applications: 40-80 mg each of triamcinolone and methylpredni-
solone and 6-12 mg of betamethasone.

Permanent blockade is usually reserved for palliation of the severe pain of
malignancy. This is achieved by the injection of a substance that causes local
neurolysis. The two commonly applied medications include 10% phenol and 50—
100% absolute alcohol. The mechanism of action for phenol is to denature the
proteins in the neural tissue. It is painless on injection, so a concomitant local
anesthetic is usually not necessary. Absolute alcohol works by extracting phos-
pholipids, cholesterol, and cerebroside from neural tissues and precipitating
mucoprotein and lipoprotein (11). Because alcohol is a caustic substance that
causes pain on injection, it is commonly diluted by 50% with 0.25% bupivacaine.

Results

The success of percutaneous visceral nerve blockade depends on a variety of
factors. The most important is the complete medication diffusion and coverage
of the target area. For example, it has been shown that if the celiac ganglion is
divided into four quadrants around the celiac axis, adequate pain relief was not
achieved unless there was contrast diffusion and subsequent medication cover-
age of at least three of the four quadrants (12). Obviously, ideal results would be
achieved if all four quadrants were covered. Usually, a total volume of 20-40 ml
of medication mixture is required to achieve full coverage.

The severity of the offending process certainly affects the success of a
procedure. If concurrent therapy is to primarily treat the underlying disease
process, a percutaneous blockade may be more effective.

The appropriate choice of medication is dictated by the extent of pain relief
desired. A short- to long-term anesthetic and steroid combination is used if
temporary pain relief is desired; alcohol or phenol must be used if permanent
neurolysis is the objective. In large part, this also depends on the realistic expect-
ations for pain relief agreed on by the operator, patient, and consulting physicians.
If more pain relief was expected than was realistically possible, even a small degree
of pain relief may not matter to the patient if the expectation was not fulfilled.

The success of percutaneous visceral nerve blockade is directly measured by
the reduction of perceived pain and indirectly by the reduction of narcotics
necessary for pain relief. Because of the multifactorial nature of the pain, the
goals of performing a neurolytic blockade of the sympathetic axis are to maxi-
mize the analgesic effects of opioid or nonopioid analgesics and to reduce the
dosage of these agents in order to alleviate side effects (13). Using these criteria, a
range of success between 50% and 74% has been reported (14,15). As previously
discussed, meticulous needle placement and adequate medication diffusion over
the target area are the main indicators of success. Poor success rates have been
mainly attributed to the advanced nature of the underlying disease once a decision
has been made to attempt percutaneous therapy (15). Despite the relatively good
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success rates in some investigators, experience, visceral nerve blockade has not
been found to significantly increase quality of life or life expectancy (16).

Complications

Fortunately, major complications of percutaneous visceral nerve blockade are
extremely rare. Major complications of needle placement include retroperito-
neal hemorrhage, aortic dissection, pneumothorax, and major infection. Major
complications of the actual sympathetic nerve blockade include paraplegia that
is thought to occur from spasm of the lumbar segmental arteries that perfuse
the spinal cord. Over a five-year time period, Davies (17) found that the
incidence of major complication from a celiac plexus block was 1 in 683
procedures (0.15%). Other complications are diarrhea and loss of autonomic
organ function. For the most part, these latter complications can be controlled
with anticholinergics and supportive medication such as antidiarrheals.
Common side effects from visceral nerve blockade are usually controlled
with supportive measures. These are direct results of needle placement and/or
irritation from the medication used. Back pain is self-resolving but can be
relieved with anti-inflammatory medication. Diaphragmatic irritation can cause
pain, hiccups, or pleuritic pain and can also be relieved with supportive meas-
ures until resolution. Orthostatic hypotension may occur up to five days after
the block in 1- 3% of patients. Treatment includes fluid replacement and bed
rest while avoiding sudden changes in position. Thigh-high lower extremity com-
pression stockings can also provide support to vascular structures until com-
pensatory vascular reflexes are fully activated and this side effect disappears.

VISCERAL NERVE BLOCKADE PROCEDURES
Celiac Plexus Block

It is the traditional method of choice for controlling the pain from pancreatitis
or a terminal pancreatic cancer. Any irritative process that offends the upper
abdominal viscera likely has pain fibers that travel through the celiac plexus.
Often, a temporary blockade can be utilized to test the potential success of a
permanent neurolysis. Before the advent of CT as an image guidance tool, the
needle placement for a celiac plexus block was always performed under fluoro-
scopic guidance using bony landmarks. As stated earlier, this traditional tech-
nique utilizes the posterolateral approach (3). With the patient in prone
position, bilateral (usually 22 g) needles are placed into the back 7-8 cm lateral
to the T12 vertebral body (18). A 45° medial angle directs the needles toward
the T12-L1 area. Once the needle tips are about 1.5 cm anterior to the vertebral
body, a careful inspection is made to eliminate the possibility of intravascular
needle placement. The injection of 20-25 ml solution through each needle
completes the procedure. Care must be taken to ensure that the pleural space
is not traversed (Figure 3).

An anterior fluoroscopic approach has also been described (10), particu-
larly to lessen the pain involved with complex percutaneous biliary procedures.
For this approach, a 20-g needle is inserted through the abdomen directly on to
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the right side of the L1 vertebral body half-way between its superior and inferior
endplates. The needle is retracted 1-3 cm, and, after aspiration, a few milliliters
of contrast is injected. As long as there is no free return of blood on aspiration,
filling of a blood vessel on contrast injection, or direct resistance to injection,
the needle position is considered satisfactory and 40 ml of 0.5% lidocaine is
injected for temporary neural blockade. If these maneuvers demonstrate an

Figure 3. Axial CT scan demonstrating a posterior approach for celiac plexus block. In
this patient, the posterior approach for a celiac plexus (arrow) block proved to be
contraindicated because of the hyperinflation of the posterior pleural space (P) upon
positioning the patient prone. This approach may be particularly difficult in patients with
underlying hyperinflation of the lungs, such as patients with chronic obstruction pulmonary
disease.

Figure 4. Axial CT scan of an otherwise healthy patient demonstrated mild enlargement
of the celiac plexus, particularly on the patient’s left side (circle). In most patients, the
celiac plexus is not visualized during CT scanning.
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Figure 4. (continued)
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Figure 5. Contrast injection following an anterior
approach for celiac plexus ablation. Axial CT scan
following placement of a single needle demonstrates
contrast outlining the space surrounding the celiac
plexus. Note the contrast pooling outside the
intravascular space. This contrast configuration
confirms appropriate needle placement, and
sclerotherapy can then be safely performed.

196

inadequate needle position, the tip is repositioned for another series of con-
firmatory maneuvers before final injection.

An anterior approach can also be used with CT guidance. The celiac plexus
can often be visualized, particularly in the setting of a chronic visceral process
(Figure 4A-D). If the celiac plexus cannot be visualized, the needle is placed
paramedian to the origin of the celiac plexus. Traversal of many organs (liver,
stomach, duodenum, pancreas) typically causes neither discomfort nor
complications.

Complications from a fluoroscopic-guided procedure such as renal trauma,
pneumothorax, and inadvertent puncture of the aorta/cava were lessened, or
even eliminated, with the use of CT as an imaging modality of choice for this
procedure. With CT, whether an anterior or posterior approach is utilized, a
more precise needle placement can be made. The objective is the same as when
performed with fluoroscopy — to place the needle tips anterior to the crura of
the diaphragm on each side of the celiac axis. As previously discussed, CT also
gives the advantage of predicting a more complete response to therapy through
pretreatment analysis of contrast diffusion as a measure of medication coverage
(8) (Figure 5). Finally, ultrasound guidance can be used in an endoscopic
approach to the celiac plexus, and this has shown success as an alternative
method of performing a celiac plexus block (19). Despite the recent application
of this approach, success rates have been similar to percutaneous approaches.

Superior Hypogastric Plexus Block

This has recently become popular for treatment of chronic pelvic pain. To
perform this visceral block, CT or fluoroscopic guidance is used to place a
needle anterior to the L5-S1 junction. Unlike celiac plexus blockade, there
is no evidence to support diffusion of a pretreatment contrast injection as
a measure of success. A test injection with local anesthetic, however, can predict
the success or failure of a more permanent neurolysis.

Ganglion Impar Block

It can be performed to treat pain from a rectal or perineal location. The gan-
glion is located just anterior to the sacrococcygeal junction (Figure 6A, B).
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Figure 6. (A and B) Axial CT scans at the level of the ganglion impar (circle), which lies
just anterior to the sacrococcygeal junction. Notice that the level varies from patient to
patient, as evidenced by the difference in the femoral head-acetabulum appearance
between the two patients.

As with the other blockades, CT offers the most precise method of imaging
guidance. Given the difficult location of this ganglion, CT is recommended as
the imaging tool of choice, not only to maximize procedure efficacy but also to
minimize potential complications.
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Embolization of Painful Neoplasms

Jennifer R. Huddleston and Stephen P. Johnson

One of the most devastating aspects of advanced cancer is the development of
metastatic lesions to the bone. Approximately one-third of all adenocarcinomas
will result in osseous metastases and an overwhelming 70% of patients who die
of cancer show osseous metastases at autopsy (1). In particular, adequate pain
management continues to be an unresolved issue in a majority of these patients.
Fortunately, new endovascular techniques are currently being developed in an
attempt to alleviate pain associated with metastatic disease. In this chapter,
we will review some of the fundamental aspects of osseous metastases and
the sources of cancer pain. We will then describe the various endovascular
treatments that have been used to date including the most common therapeutic
agents and their applications, benefits, and side effects.

PATHOLOGY OF OSSEOUS METASTASES

With over 300,000 cases each year, secondary metastases to bone are 15 times
more prevalent than primary bone tumors (1). The most common carcinomas
to metastasize to bone are prostate, breast, kidney, thyroid, and lung. Some
studies report that up to 90% of these cancers result in bony lesions at autopsy
(1). Less common sources also include skin, cervix, and various organs of the
gastrointestinal tract (see Table 1).

Metastases to bone most often occur due to hematogenous spread in what
has been described as a “seed-and-soil” mechanism (1,2). It is postulated that a
single cell enters the vasculature via enzymes and proteases of tumor origin.
From there, the cell circulates throughout the body and is preferentially depos-
ited at remote sites. The location of these deposits is due to the attraction of
local tissue factors such as integrins for the metastatic cell. Secondary lesions to
bone, particularly the axial skeleton, are thought to occur due to the presence of
such factors in the red marrow. Once deposited, the metastatic cell produces
angiogenesis factors and promotes neovascularization and further growth of
the cancerous focus. Ironically enough, despite the large number of cases of
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Table 1. Types of Metastatic Bone Lesions
Osteoblastic Osteolytic
Associated cancer types Prostate Renal cell
Carcinoid Melanoma
Gastrinoma Non-small-cell lung
cancer
Small-cell lung cancer Thyroid
Breast” Breast®
Other GI" Other GI*
Cellular process Activated osteoblasts Activated osteoclasts
Bone formation Bone resorption
Painful Less often Most often
Pathological fractures Lower frequency High frequency
GI — gastrointestinal.
* Propensity for lesions with mixed type of cellular processes.

metastatic disease, some estimate that only 1 in 10,000 neoplastic cells ulti-
mately present in the circulation are capable of this process (1).

Of the two types of bony lesions, osteolytic and osteoblastic, most metastatic
lesions tend to be osteoblastic in nature (2). Blastic lesions are associated with
new bone formation, whereas lytic lesions are associated with bone breakdown
and resorption. Tumors resulting in mostly blastic metastases include prostate,
carcinoid, gastrinoma, and small-cell lung cancer (see Table 1). Research with
prostate tumor cells suggests this process is likely due to excess activation of
osteoblasts by the growth factor endothelin from bone stroma. When the endo-
thelin signaling pathway is pharmacologically blocked, bone formation and the
progression of bone metastases in prostate cancer patients is inhibited (3,4).
These lesions are mostly associated with bone formation; thus, bone integrity is
maintained, and they are less frequently associated with severe pain. Similarly,
they are also less frequently associated with pathological fractures.

In contrast, renal cell cancer, melanoma, non-small-cell lung cancer, and
thyroid cancer tend to be osteolytic in nature (see Table 1). Stimulating factors
such as macrophage colony-stimulating factor, parathyroid hormone-related
protein, and interleukins are thought to activate osteoclasts and cause an
increased rate of bone resorption, turnover, and destruction (3). This break-
down of bone in turn leads to a higher incidence of pathological fracture and
are frequently a source of bone pain. In addition, osteolytic metastases have
a higher association with neovascularity and hemorrhagic response (1). Post-
operative bleeding can be significantly reduced by prophylactically embolizing
the area of the tumor prior to surgery (1).

Meanwhile, the possible spectrum of disease and progression between osteo-
blastic and osteolytic metastases remains unclear. Although the primary cancers
listed earlier show a predominant pattern of bone response, some variants also
exist. Not all prostate metastases are blastic in nature, and some types of cancer
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can even display both types of lesions simultaneously. Breast and gastrointestinal
cancer tend to display a mixed array of osteoblastic and osteolytic lesions (2).
Whether osteoblastic, osteolytic, or both, the majority of metastatic cases in
bone involve more than one lesion. Only 10% of cases are restricted to a solitary
lesion. The most common site is the spine and affects up to 70% of all cancer
patients (5,6). Other common sites in order of descending frequency include
the pelvis, femur, ribs, proximal humerus, and skull (1). The local factors in red
bone marrow attract circulating metastatic cells; hence, the predilection for
skeletal metastases for bones with more red marrow. In addition, the location
of skeletal metastases is also associated with the location of the primary tumor.
Whereas breast, lung, prostate, lymphoma, multiple myeloma, and renal can-
cers are often associated with spinal metastases (6), metastases of the more
distal appendicular skeleton are most often associated with lung cancers (1).

PATHOLOGY OF PAIN ASSOCIATED
WITH MALIGNANCY

Over two-thirds of all patients with metastatic cancer have associated pain syn-
dromes (7). This number rises to over 80% in the terminal stages of metastatic
disease (8). Of the many factors affecting cancer related pain including type of
cancer, stage of disease, and presence of metastases, the last one is one of the most
determinant factors of pain severity. In particular, those with metastatic involve-
ment of bone have shown significantly higher severity of pain. Over 85% of
patients with bony metastatic lesions require analgesic medication such as opioids
while only 5% of patients without bony metastases require such treatments (9).

The source of pain in these patients can originate from a variety of different
pathways. These include direct effects from the tumor itself invading bone or
compressing nerves as well as complications of previous radiation, chemother-
apy, or surgical treatment. By far, the most common source of bone pain is
direct tumor involvement (10). In absence of any pathological fracture or nerve
disruption, this pain is purely somatic in nature and most likely sensed from
cellular activity of osteoblasts and osteoclasts in the periosteum and synovium
(11). This somatic pain is oftentimes described as focal and constant although it
can also ache, throb, and/or be referred to another site. Most often bone pain
secondary to malignancy worsens gradually over days to weeks, as opposed to
an acute increase in pain more indicative of fracture or nerve damage.

The process by which metastatic tumors produce pain has yet to be com-
pletely elucidated. One source suggests that the tumors themselves may activate
nociceptors, or pain receptors, by pressure, ischemia, or secretion of pain-
causing substances such as prostaglandin E2 and osteoclast-activating factor
(12). Others propose that these tumor secretions may sensitize the pain-sensing
nociceptors and make them more susceptible to activation by previously non-
activating stimuli (11). Regardless of the source of stimulus, once the nocicep-
tors are activated, the neural signal of pain is conducted through the local A and
C pain fibers to the dorsal horn of the spinal cord and up the spinothalamic and
spinoreticular tracts to the thalamus and reticular formation.

Other types of pain found in cancer patients, although less likely to be
directly associated with metastatic lesions of bone, include visceral and

201



PART I. LOCOREGIONAL PAIN CONTROL

202

neuropathic pain. Visceral pain is dull in nature and vaguely localized and
inconsistent compared to somatic pain. It is usually due to direct noxious stimuli
such as ischemia, inflammation, or compression of internal organs. Most often it
is associated with pancreatic cancer and other abdominal cancers with mass
effect. Although it is not entirely impossible, extensive reviews of previous liter-
ature do not reveal any cases of visceral pain associated with osseous metastases.

In contrast, although small in number, there have also been reported cases
of neuropathic pain associated with osseous metastases. Neuropathic pain is
described as being more prolonged and burning in nature and associated with
focal neurological deficits and referred pain to the skin. There are several hypoth-
eses that attempt to describe the origin of neuropathic pain including previous
sensitization and overactivation of cutaneous nerve fibers (13), peripheral
nerve destruction with disorganized repair and resultant independent depola-
rization (14), and demyelinated axons with resultant ectopic activity (15).
Neuropathic pain is not uncommon in cancer patients and, like somatic bone
pain, most often arises from direct infiltration of neurons by tumor, radiation
fibrosis, or injury during surgery. With similar sources, similar natures, and the
potential for referral, it is possible that neuropathic pain is misinterpreted as or
coincides simultaneously with somatic bone pain.

Regardless of whether it is somatic, neuropathic, or both, the predilection
for metastatic lesions to the vertebrae also results in most common site of bone
pain (Figure 1). Up to 98% of known cancer patients presenting with back pain
have underlying metastases (14). Although cancerous lesions are the over-
whelming majority of sources of back pain in previously diagnosed patients,
it is important to note that less than 1% of back pain in the general population
is due to cancer (16). Other sites of pain include the pelvis, femur, rib, proximal
humerus, and skull, depending on the distribution of metastatic lesions and
previous treatment exposures. In addition to destruction of bone by direct
tumor processes, there are also several iatrogenic sources that contribute to
pain symptoms in cancer patients. Avascular necrosis of the femoral and hum-
eral heads can occur secondary to steroid treatment. Pseudorheumatism can
occur with the rapid withdrawal of corticosteroids. Radiation treatment can
result in osteoradionecrosis of any exposed bone, particularly the mandible,
after radiation treatment for head and neck cancers (9).

As can be seen here, pain syndromes related to metastatic disease in bone
affect a significantly large number of cancer patients. Unfortunately for some of
these patients, the extent of this pain far exceeds the standard treatments of
chemotherapy, radiation, and analgesics. As conventional treatments fail, re-
searchers and physicians are looking to a new realm of direct application of treat-
ment through interventional and intravascular techniques. Next, we will discuss
the role of embolization in cancer pain management. We will look at the various
agents and techniques currently being used, their indications, contraindications,
benefits, and risks, as well as discuss some of those currently under development.

EMBOLIZATION AGENTS (17,18)

Some of the earliest embolization techniques can be dated back to France in the
early 1970s when neurosurgeons injected materials to occlude vessels prior to
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Figure 1. AP (left) and lateral (right) view displaying the classic “hairpin turn” of the artery of
Adamkiewicz.

removing spinal hemangiomas (19). Since then, the process has gained in
popularity and been adapted and applied to numerous clinical treatments.
With such great advancements, and widespread application of embolotherapy,
has also come the development of several different agents to suite each specific
treatment’s needs and requirements. The most common agents used today in
the treatment of tumors are steel or platinum coils, gelfoam pledgets or powder,
polyvinyl alcohol and acrylic particles, and ethanol. Other agents such as cya-
noacrylate adhesive glue, other sclerosants, and detachable balloons are also
available but not currently being used widely in cancer therapies.

Coils of stainless steel or platinum are the largest of the agents (Figure 2).
They are available in a wide variety of lengths from 1 to 150 mm as well as
diameters 2 to 40 mm and require delivery catheters with 0.010- to 0.050-inch
inner diameters. They provide permanent occlusion of medium- to large-sized
vessels and are thus effective at occluding more proximal vessels. Coils are also
available with attached polyester fibers for promoting platelet activation and
thrombosis. Their delivery is fast and relatively easy to facilitate. Due to the
possibility for collateral vessels distal to the occlusion, coils have a somewhat
limited use in tumors. They are more often used to occlude the larger vessels in
trauma and adjunctly utilized following particulate embolization therapy.

Another agent used for occlusion of larger vessels is gelfoam or gelatin
sponge. This versatile material is supplied as a dry sheet or fine 50-um grain
powder. Sheets are cut into smaller pieces or pledgets depending on the size
needed to occlude the vessel and the catheter through which they must fit.
Either the pieces or powder is then injected into the vessel via the transcatheter
system where they expand to a larger size. Dilute contrast can be added prior to
injection in order to better visualize the distribution of the material under
fluoroscopy. Coils, thrombin, or other sclerosing agents can also be added to
aid in a more complete occlusion.

One needs to be cautious, particularly with gelfoam powder, small partic-
ulate agents, and sclerosants, to prevent any reflux of the agent into undesired
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Figure 2. Preoperative image displaying extensive
vascularity of a T12 metastatic lesion in a patient with
renal cell carcinoma.
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vessels. Due to the small size of the particles, gelfoam powder will cause distal
ischemia and necrosis of downstream tissues. Inadvertent embolization of nor-
mal tissue can be devastating and result in skin ulceration, soft tissue necrosis,
and nerve damage. Unlike metal coils, though, gelfoam is a temporary means of
occlusion. The material is absorbed and degraded and recanalization of the
vessel occurs within 2—-6 weeks. For this reason, gelfoam can be used to pro-
tectively embolize adjacent vessels during selective tumor embolization with
particulates or sclerosants. Similarly, it is generally a poor choice for strict
tumor embolization when complete and permanent tumor necrosis is desired.

For occlusion of more distal small arteries and arterioles, the predominant
agent is polyvinyl alcohol (PVA) (Figures 3—6). PVA particles are spherically
shaped with diameters ranging 50-1200 um, with the majority between 150 and
200 pm. In addition to occluding the vessel, PVA also produces an inflamma-
tory reaction within the vessel walls that causes sclerosis and further occlusion.
Dry particles of PVA are suspended and expand in dilute contrast to enable
visualization under fluoroscopy. Albumin can also be added to prevent particle
clumping. The suspension is delivered through the catheter system by slowly
injecting 0.5-ml pulses under fluoroscopic guidance. The endpoint of emboli-
zation occurs when vessel flow slows and delivery of the agent becomes difficult.
Care must be taken to prevent injecting beyond the endpoint, which leads to
reflux of embolization materials out of the target vessel. Unlike gelfoam, PVA
particles are considered a permanent agent. This permanence combined with its
ability to occlude small arteries and arterioles, such as those found in collateral
vessels, PVA is an ideal agent for restricting the blood supply to tumors. Earlier
versions of PVA were prone to clumping with more proximal and less predict-
able embolization. The recent introduction of spherical PVA has resulted in a
more uniform shape and more fluid and predictable delivery of the agent. The
authors further stress the need for caution against overinjecting with these
newer agents due to their decreased susceptibility for clumping and possible
propensity to reflux into nontargeted vessels .

Similar to PVA, acrylic spheres (Trisacryl Embospheres; Biosphere Medi-
cal, Rockland, MA) have also been developed for permanent occlusion of small
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Figure 3. (Left) Example of a 5F guide catheter, microcatheter, and liquid coil in the right intercostal artery prior
to embolization. (Right) The microcatheter is then slightly withdrawn and the embolization agent is injected.

arteries and arterioles. They range in size from 40 to 1200 pm in diameter and
compress by up to 20%. This unique property allows for more complete occlu-
sion but makes them susceptible to cracking and biodegrading if compressed
through a catheter that is too small. Compared to PVA, they are smoother and
have fewer tendencies to clump but similarly must be used with contrast in
order to visualize their distribution under fluoroscopy.

Absolute (95%) ethanol is a liquid sclerosing agent that causes permanent
occlusion at the level of the capillary. This highly toxic substance not only
causes death to the previously perfused tissue but also denudes the endothelium
of the vessel wall and causes an immediate inflammatory reaction, which results
in thrombosis. This property makes ethanol a very effective, although painful,
technique for tumor ablation and subsequent pain control. Due to the painful-
ness of alcohol embolization, the procedure is usually performed under general
anesthesia.

Figure 4. Lateral unsubtracted view status
postembolization with coil, particulate, and adhesive
glue. The linear opacifications seen are due to the
adhesive agent filling the feeding arteries.
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Figure 5. Image series displaying embolization of a lytic lesion in the intertrochanteric region of the left femur in
a patient with renal cell carcinoma. The majority of the tumor is being supplied by a branch of the left profunda
artery (A). A 5F catheter was used to select the lateral branch of the profunda artery (B). A microcatheter was
then used to subselect the primary vessel feeding the tumor (C). The result was near obliteration of the tumor
vasculature with preservation of the muscular branches of the artery (D).

Extreme caution must be taken when working with ethanol. Inadvertent
embolization can lead to devastating complications. The volume needed to fill
the vascular bed should be estimated by first injecting contrast to the desired
level of embolization. Small increments of this amount are then slowly deliv-
ered through the lumen of an occlusion balloon placed just proximal to the
desired delivery site. Not only does the occlusion balloon prevent reflux of
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Figure 6. Preoperative embolization of a renal cell metastases to the right radius. The arterial (A) and
capillary (B) phases of the arteriogram display an extensive hypervascular mass with severe destruction of
the proximal radius. Subselective catheterization of the interosseous artery was performed with subsequent
treatment using PVA particles and steel coils (C). Postembolization arteriography displays a successful 90%
devascularization of the tumor (D).

the toxic substance into nontargeted vessels but it also diminishes flow into the
targeted vessel, thus delaying washout of the agent. In addition to being a
powerful tool for cancer treatment, ethanol is also used to treat arteriovenous
malformation by essentially eliminating the conduit between the artery and the
vein. Other sclerosing agents such as sotradecol are also available but have
extremely limited use in tumor embolization according to their frequency in
the literature.

Finally, there is the highly viscous ethiodol. This iodinated oil is capable of
occluding small vessel but is most often used as a vehicle for chemoemboliza-
tion of liver tumors. In particular, hepatomas have a specific affinity for ethio-
dol. The combined agents are injected into the vasculature and drawn to the site
of the hepatic tumor. Due to the iodination, this process can easily be moni-
tored and managed under fluoroscopy.

Now that we have had a brief overview of embolization agents, let us now
turn to their specific techniques and applications for pain management of
skeletal metastases.

APPLICATIONS OF EMBOLIC AGENTS IN
PAIN MANAGEMENT

The proposed mechanisms by which embolization therapy provides pain relief
in patients with metastatic disease are twofold. Dramatic direct and indirect
effects can ultimately result in decreased pain and suffering for these patients.
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Directly, by cutting off the feeding blood supply to a metastatic lesion, embolic
therapies can lead to a reduction in tumor size, growth, and ultimate mass
effect. Indirectly, by restricting blood flow to cancerous tissue preoperatively,
researchers have seen a significant reduction in intraoperative blood loss as well
as associated postoperative complications. Although most research has been
done on patients with metastatic lesions of the spine and pelvis, the concepts
and applications of embolic therapy have been applied for osseous lesions
throughout the body.

Direct Palliative Therapy

Embolization has become a key component for patients seeking direct palliative
therapy for pain relief. As both a primary treatment for symptomatic lesions
and a secondary treatment for those who have failed other modalities, embo-
lization is providing treatment to patients previously refractory to surgery,
radiation, or chemotherapy as well as those who are poor operative candidates
or have recurrent, multiple, or unresectable lesions (20). The exact mechanism
by which pain relief occurs in these patients is not completely clear. It is
suggested that a reduction in tumor size results in a decrease in the expansion
pressure and stretching of the periosteal nerves that cause somatic pain (21).
One study showed an 80% reduction in tumor size and an associated complete
relief of pain in 100% of patients (22).

Another more recent study reports a mean tumor reduction of only 50%,
but this, too, was associated with complete relief of pain in all patients (23). In
this same study, of those with unresectable bone metastases strictly treated for
pain and not tumor reduction, 64% were completely free of pain following
embolization, 27% were significantly free of pain, and 9% had some relief of
pain. None of the patients needed further pain management by opiates follow-
ing embolization.

Throughout these studies, a variety of embolic agents have been used.
These include PVA, gelfoam, coils, and sclerosants used either independently
or in various combinations. Provided successful embolization, symptomatic
relief occurs regardless of agent in the majority of patients. Successful embo-
lization is defined by most studies as hypoattenuation on CT or low-intensity
signal on MR resembling necrosis and/or a decrease in tumor perfusion of
less than 25% (23). Although there have been successes with individual
agents, there have been few studies comparing various agents in patients with
metastases to bone. One study did do a comparison of PVA and acrylic
microspheres in patients with meningiomas and found no significant differ-
ence in the amount of tumor necrosis and size reduction between the two
agents (24).

The majority of these studies report immediate pain relief within the first
12 hours to a few days of embolization (17-23). Delay of pain relief is most
frequently attributed to postembolic pain syndrome. This collection of symp-
toms includes nausea, vomiting, fever, ileus, leukocytosis, as well as transient
pain and discomfort, but typically resolves within 1-2 weeks. The duration over
which patients remain symptom free ranges from 2 to 9 months (17-23). Some
researchers relate this temporary relief to the completeness of occlusion and
availability of collateral circulation (21). Fortunately for these patients,
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embolization can be repeated as needed for palliation provided there is no
contraindication for intervention (25). However, proximal coil embolization
should be utilized judiciously due to the possible need for access to more distal
vessels supplying the tumor during later treatments.

In addition to pain relief from the mass effect of tumors within bone,
patients who have undergone embolic therapy have also gained relief of pain
from neurological compromise (25,26). Similar to the relief of osseous pain,
these neurological symptoms may be relieved for several months to years. In
addition, embolization may obviate the need for surgical management. There is
even a case report of a patient with acute spinal cord compression from meta-
static lesion being primarily treated with embolization without previous sur-
gery or radiation (27). The patient not only had decreased pain but also
decreased spinal compression on MRI and improved movement, sensation,
and neurological function.

The direct delivery of chemotherapy drugs in addition to the embolic
agents has also been described. This method of tumor treatment has been used
for several years in the treatment of secondary hepatic tumors and has
expanded its applications to also include osseous metastases. There are two
main purposes of using this combination of therapies (28). Primarily, the
embolic agent causes a decrease in arterial flow, thus decreasing washout of
the chemotherapy agent applied. In addition, the anoxic environment created
by embolization impedes a tumor cell’s ability to actively pump the chemo-
therapeutics out of their intracellular environment. These two mechanisms
ultimately result in a higher concentration of the chemotherapy drug acting
on the target tumor.

Various combinations of embolic and chemotherapy agents have been
used in this technique. The most common embolic agents have included
gelfoam, microspheres, ethiodized oil, and PVA particles. Again, there is no
literature to suggest any one material is superior to any other. The temporary
agents like gelfoam and ethiodized oil have the advantage of allowing for
recanalization and thus repeat treatments via the same vessel. When using
permanent acrylic microspheres or PVA, repeat treatment is also possible but
must be done through collateral vessels downstream of the initial occlusion
(Tables 2, 3).

In addition to embolization alone, chemotherapy agents have also been
used in conjunction with occlusive agents. The type of chemotherapy used is
dependant on type of primary tumor involved as well as any response or lack
thereof to previous chemotherapy attempts. A small study out of Japan was
performed with mitomycin-C in patients with bone metastases. The endpoints
here were tumor response and decrease in pain. Objective tumor response
and a complete remission of pain were seen in 75% of the lesions examined.
These effects were then maintained for the mean follow-up period of 17 months
(29). A similar study in Europe looked at carboplatin and pirarubicin
mixed with PVA for palliative therapy in patients with inoperable pelvic and
spine metastases. Eighty-three percent of these patients who had previously
failed general chemotherapy and radiotherapy had significant pain relief fol-
lowing chemoembolization. These effects then lasted a mean duration of 12
months. Moreover, none of these patients studied encountered postembolization
syndrome as has been seen in so many others treated with embolic therapy.
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Table 2. Endovascular Embolization Agents

Agent Sizes Permanence Occlusion Site Other

Coils Length: 2-30 mm, Permanent Medium-large Available with attached
width: 2-40 mm, arteries polyester fibers for
diameter activating further
0.010-0.050 inch thrombosis

Gelatin sponge Dry sheet or fine Temporary, Medium-Large Caution with powder
50-pwm diameter recanalize due to increased
powder within risk of reflux

2-6 weeks

PVA 50- to 1200-pm Permanent Small arteries Most commonly used
diameter particles and arterioles
(most 150-200 pm)

Acrylic 200- to 1200-um Permanent Small arteries Compressible, less

microspheres diameter particles and arterioles tendency to clump

compared to PVA

Absolute (95%)  Liquid, limit Permanent Small arteries Highly toxic, painful

ethanol use to <25 ml and arterioles

Ethiodol Iodinated oil Permanent Small arteries Most often used with

chemoembolization

Table 3. Common Agent Manufacturers

Agent
Coils

Manufacturer

Platinum; Boston Scientific, Fremont, CA

Gianturco, Tornado, nester stainless steel; Cook,
Bloomington, IN

Hilal microcoils; Cook, Bloomington, IN
Gelatin sponge
PVA

Gelfoam; Upjohn, Kalamazoo, MI

Invalon; Nycomed Medical Systems, Paris, France
Contour SE; Boston Scientific, Fremont, CA
Bead Block; Terumo, Sommerset, NJ

Acrylic microspheres Embospheres; Boston Scientific, Rockland, MA

The method of delivery of the embolic and chemotherapy agents is
a multistep process. After the feeding artery is identified by superselective
angiography, the chemotherapy agent combined with the embolic agent is
delivered via the transcatheter system until blood flow is static. If the emboli-
zation agent is ethiodized oil, the artery is often then embolized with an addi-
tional particulate such as gelfoam or PVA. In some cases, additional
chemotherapy agents are also added after the initial chemoembolization injec-
tion in order to provide an additional dose of chemotherapy agent. As with all
embolization procedures, special care must be taken to ensure there is no reflux
of embolic or chemo agent into nontargeted vessels. With the positive results
currently encountered in this area of research, combination therapy with
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embolization and chemotherapy will undoubtedly lead to further use and
application in the future.

Indirect Palliative Therapy

Whereas some patients encounter pain relief by the direct effects described
earlier, many also benefit from other indirect means as well. Neovascularity
in tumors is quite common (23). In particular, renal cell carcinoma, thyroid
cancer, and multiple myeloma are prone to high levels of vascularization and
characteristic hemorrhagic response. In those with renal cell and thyroid carci-
noma, 30—45% are estimated to have bone metastases and of these lesions, 65—
75% are hypervascular (21-23,30). Other tumors with this vascular propensity
include angiosarcoma, leiomyosarcoma, hepatocellular carcinoma, and some
neuroendocrine tumors (20). For patients with these types of tumors that
require surgical resection, technical difficulties involving excessive hemorrhage
are of great concern. Fortunately, due to interventional techniques, preoper-
ative embolization of these tumors has lead to a dramatic decrease in intra-
operative blood loss as well as a significant decrease in various postoperative
complications (21-23,30).

Preoperative embolization is the most frequent indication for transcatheter
embolization. Over 70% of these embolic therapy procedures are performed
with the purpose of optimizing surgical procedures and results (23). It
is suggested that the best candidates for such intervention are those with inter-
mediate-sized metastatic lesions of bone with planned intralesional resection
or curettage. There is little to no indication for small lesions when expected
intraoperative blood loss is very low. In constrast, for cases of large lesions
requiring wide radical resection, embolization is relatively contraindicated
due to the extensive hypervascularity it promotes in the tissue surrounding
the tumor and risk of high-volume hemorrhage during a large surgical
resection.

Similar to the technical success of palliative therapy, preoperative emboli-
zation is considered successful when less than one-quarter of the tumor
remains perfused following treatment and blood loss during surgery is less than
1,500 ml (23). Early studies report losses as low as 450-750 ml in 75% of
patients with technically successful occlusion (30). Other studies report mean
losses between 1,000 and 2,000 ml. This is significantly lower than those in
control groups without embolization who typically lose between 2,000 and
18,000 ml (20,30-38). Even partially embolized lesions have been shown to
have a significantly lower blood loss than nonembolized lesions (36).

In a case performed by the author, a patient with renal cell carcinoma
metastatic to the right radius underwent embolization prior to surgical resec-
tion (see Figure 6). The estimated blood loss by the orthopaedic team was a
mere 150 ml and postoperative pain was reported to be minimal.

This dramatic decrease in operative blood loss has also contributed to
greater intraoperative clarity and less complicated surgical course (35). Other
benefits of preoperative embolization indirectly contributing to improved
patient pain and morbidity are decreased operative time (39), decreased
number of transfusions (34,37), as well as some cases of decreased hospital
stay (32).
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Various agents have been used in cases of preoperative embolization,
though some have been shown to have greater efficacy than others. Coils,
ethanol, and gelatin are less often used when compared to PVA. Coils alone,
which can be equated to proximal surgical ligation, have been found to have no
significant effect on intraoperative blood loss in hypervascular spinal metastases
(40). Similarly, coils have not shown any additional benefit when combined
with other agents such as PVA. One study indicates coils might be more useful
preoperatively in the protective embolization of arteries distal to the origin of
tumor feeders (37). Such use reduces the need for superselective catheterization
of the tumor feeders themselves and eliminates inadvertent embolization of
downstream tissues. Due to their increased rates of neurological complications,
liquid agents such as ethanol and adhesives are also less often used (41).

Timing of surgery after treatment is of particular of concern when it comes
to the efficacy of gelfoam. In one study, patients undergoing surgery three days
after embolization suffered substantial blood losses intraoperatively due to the
rapid revascularization of the tumor via collateral vessels (32). As an easily
degradable and temporary agent, gelfoam use is recommended only for cases
where surgery will be performed within 24 hours (32). In addition, other
studies also suggest that gelfoam might be less reliable at decreasing intraoper-
ative blood loss when compared to PVA particles (34,42).

Due to these issues and complications with various other agents, a large
number of preoperative embolizations are performed using PVA. As men-
tioned previously, PVA particles are available in a range of sizes from 50 to
1200 pm. Some studies indicate there is no significant difference in intraoper-
ative blood loss when larger (250-500 um) diameter particles are used when
compared to smaller (<250 um) diameter particles (36). In one report, even
cases of incomplete embolization with particles of either size had a significantly
lower mean blood loss of 2,000 ml compared to controls with losses of 5,000 ml.
This number was further reduced to 1,500 ml in patients with complete occlu-
sion. With the increased risk of occluding end arteries associated with smaller
particles, and comparable occlusion rates, many physicians prefer the using
larger particles. This is especially true when treating spinal metastases and there
is risk of compromising the vascular supply to the spinal cord (36). The authors
prefer to use particles smaller than 250 pm if subselecting the vasculature of the
tumor only. Smaller particles lead to more tumor cell necrosis. However, if
there is any risk of embolizing adjacent tissue, particles larger than 250 um are
indicated to prevent possible necrosis of nontargeted tissue.

TECHNICAL CONSIDERATIONS

In general, subselective embolization of tumors is preferred. This safer delivery
of agent to the tumor with minimal embolization of the adjacent tissue may
require microcatheter selection of individual feeding branches of tumors.
Approximately 75-80% of the authors’ embolizations are performed using
a combined system of a microcatheter placed through a standard guide
catheter. Microcatheters also help limit catheter-induced vasospasm, which
can result in inadequate tumor embolization. If microcoils are a part of the
procedure, standard microcatheters (RapidTransit, Cordis; Renegade, Boston
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Scientific; Tracker, Boston Scientific) are usually used. If PVA or acrylic
microspheres are the primary agents being used, the author typically utilizes
high-flow microcatheters (Renegade HI-FLO; Boston Scientific) that have a
largen lumen diameter and are less prone to particulate occlusion. However,
these microcatheters are not recommended for use with microcoils due to the
propensity for the microcoils to become lodged within the lumen of the
microcatheter.

It is important to note there is one anatomic area of particular concern and
need for increased caution. When treating lesions of the spine, it is important to
perform a thorough preprocedure angiogram to identify not only the vessels
feeding the tumor but also any contribution of these vessels to the arterial
supply of the spinal cord. The radiculomeduallary branch of the anterior spinal
artery, also known as the major anterior segmental medullary artery or artery of
Adambkiewicz (see Figure 7), has many anatomical variants and can arise as a
branch of the aorta, an intercostal, or a lumbar artery. Typically, this occurs on

Figure 7. Arteriogram series of patient with renal
cell carcinoma with a metastatic lesion in the right
humerus. The initial unsubtracted view displays

the hypervascular mass at the surgical neck and an
associated pathological fracture (A). The extensive
vascularity (B) was significantly reduced following
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the left side (80%) between T8 and L4. This crucial vessel supplies the lower
two-third of the spinal cord. Any unintended embolization would have devas-
tating consequences. The suggested angiographic protocol includes the bilateral
examination of the intercostal or lumbar arteries at the affected level of the
metastatic lesion as well as the vessels at least two levels superior and inferior to
the level of the lesion (20,33). The segmental vessels supplying the spinal cord,
particularly the artery of Adamkiewicz that demonstrates a classic “hairpin
course” (see Figure 7), should also be specifically identified. If an anterior spinal
artery shares the same pedicle of the feeding artery of the tumor, embolization
is contraindicated and should be avoided due to risk of occluding arterial blood
supply to a major portion of the spinal cord.

As illustrated here, the application of embolic therapy for the treatment of
pain in metastatic lesions is rapidly expanding. New agents and techniques con-
tinue to be developed in an attempt to alleviate the pain and suffering of these
previously unrelieved patients. By decreasing the vascularity and blood supply
feeding these tumors, physicians are seeing a dramatic relief of pain and morbid-
ity, both directly and indirectly. Hopefully, the decreases in tumor size and
associated complications such as intraoperative blood loss are just the beginning
of the benefits experienced by these patients secondary to embolic therapy.

REFERENCES

1. Randall RL. Tumors in Orthopedics. Current Diagnosis and Treatment in Orthope-
dics — 3rd Ed. Lange/McGraw-Hill: online edition, 2003. http://utdol.statref.com/
document.aspx?fxid=46&docid=186

2. Sartor OA, DiBiase SJ, Management of Bone Metastases in Advanced Prostate
Cancer. UpToDate Online 13.3, 2005. http:// utdol.com/application/topic/print.asp?
file=prost_ca/7518.

3. Guise TA, Mundy GR. Cancer and bone. Endocr Rev 1998;19:18.

4. Nelson JB, Nabulsi AA, Vogelzang NJ, et al. Suppression of prostate cancer induced
bone remodeling by endothelin receptor A antagonist atrasentan. ] Urol 2003;
169:1143.

5. Hatrick NC, Lucas JD, Timothy AR, et al. The surgical treatment of metastatic disease
of the spine. Radiother Oncol 2000;56:335-9.

6. Fornasier VL, Horne JG. Metastases to the vertebral column. Cancer 1975;36:
590-594.

7. Cleveland CS, Gonin R, Hatfield AK, et al. Pain and its treatment in outpatients with
metastatic cancer. N Engl ] Med 1994;330:592.

8. Twycross RG, Fairfield S. Pain in far-advanced cancer. Pain 1982;14:303.

9. Foley KM. Pain syndromes in patients with cancer. In: Advances in Pain Research and
Therapy, Bonica JJ, Ventafridda B (Eds), Raven Press, New York, 1979, p. 59.

10. Portenoy RK. Cancer pain: epidemiology and syndromes. Cancer 1989;63:2298.

11. Bajwa ZH, Warfield CA. Cancer Pain and Cancer Pain Syndromes. UpToDate Online
13.3, 2005. www.uptodate.com

12. Honore P, Luger NM, Sabino MA, et al. Osteoprotegerin blocks bone cancer-induced
skeletal destruction, skeletal pain and pain-related neurochemical reorganization of
the spinal cord. Nat Med 2000;6:521.

13. Hu S, Zhu J. Sympathetic facilitation of sustained discharges of polymodal nocicep-
tors. Pain 1989;38:85.

14. Devor M. Neuropathic pain and injured nerve: peripheral mechanisms. Br Med Bull
1991;47:619.



13. EMBOLIZATION OF PAINFUL NEOPLASMS

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Burchiel KJ. Abnormal impulse generation in focally demyelinated trigeminal roots.
J Neurosurg 1980;53:674.

Deyo RA, Diehl AK. Cancer as a cause of back pain: frequency, clinical presentation,
and diagnostic strategies. ] Gen Intern Med 1988;3:230.

Valji K. Vascular and Interventional Radiology. Saunders, Philadelphia, 1999, pp. 31-34.
Kaufman JA, Lee, MJ. The Requisites, Vascular and Interventional Radiology.
Elsevier, Philadelphia, 2004, pp. 105-13.

Lepoire J, Montaut J, Picard L, Heppner H, Masingue M, Arnould G. Embolization
preparatory to excision of spinal hemangioma. Neurochirurgie (France) 1973 Mar—
Apr; 173-81.

Gottfried ON, Schloesser PE, Schmidt MH, Stevens EA. Embolization of metastatic
spinal tumors. Neurosurg Clin N Am 2004;15:391-9.

Chuang VP, Wallace S, Swanson D, et al. Arterial occlusion in the management of
pain from metastatic renal carcinoma. Radiology 1979;133(3 Part 1):611-14.
Varma J, Huben RP, Wajsman Z, Pontes JE. Therapeutic embolization of pelvic
metastases of renal cell carcinoma. ] Urol 1984;131:647-9.

Barton PP, Waneck RE, Reinhart E, et al. Embolization of bone metastases. JVIR7
1996;(1) Jan—Feb: 81-8.

Bendszus M, Klein R, Burger R, Warmuth-Metz M, Hofmann E, Solymosi L. Efficacy
of Trisacryl gelatin microspheres versus polyvinyl alcohol particles in the
preoperative embolization of meningiomas. Am J Neuroradiol Feb 2000;21:255-61.
Smit JW, Vielvoye GL, Goslings BM. Embolization of solitary spinal metastases for
renal cell carcinoma: alternative therapy for spinal cord or nerve root compression.
Surg Neurol 1989;31(4):268-71.

Coutheoux P, Alachkar F, Casasco A, et al. Arterial occlusion in the management of
lumbar spine metastases. A preliminary study. ] Neuroradiol 1985;12(2):151-2.
keuther TA, Nesbit GM, Barnwell SL. Embolization as treatment for spinal compres-
sion from renal cell carcinoma: case report. Surg Neurol 1989;31(4):268-71.
Coldwell DM, Stokes KR, Yakes WF. Embolotherapy: agents, clinical applications,
and techniques. Radiographics 1994;14:623-43.

Kakinuma H, Sato K, Miura K, Sasaki S, Kato T. Chemoembolization with
mitomycin-C microcapsules (MMC-mc) in the treatment of bone metastases from
prostatic and renal cancer. Nippon Hinyokika Gakkai Zasshi 1994 Jul;85(7):1116-23.
Bowers TA, Murray, Charnsangavej C, Soo CS, Chuang VP, Wallace S. Bone meta-
stases from renal carcinoma: the preoperative use of transcatheter arterial occlusion. J
Bone Joint Surg 1982;64:749-54.

Roscoe MW, McBroom R]J, St. Louis E, Grossman H, Perrin R. Preoperative embo-
lization in the treatment of osseous metastases from renal cell carcinoma. Clin Orthop
Relat Res 1989 Jan;(238):302-7.

Gellad FR, Sadato N, Numaguchi Y, Levine AM. Vascular metastatic lesions of the
spine: preoperative embolization. Radiology 1990;176:683—6.

Breslau J, Eskridge JM. Preoperative embolization of spinal tumors. ] Vasc Interv
Radiol 1995; Nov—Dec;6:871-5.

Smith TP, Gray L, Weinstein JN, Richardson WJ, Payne CS. Preoperative transarterial
embolization of spinal neoplasms. ] Vasc Interv Radiol 1995 Nov—Dec;6:863-9.
Hess T, Kramann B, Schmidt E, Rupp S. Use of preoperative vascular embolization in
spinal metastasis resection. Arch Orthop Trauma Surg. 1997;116(5):279-82.

Manke C, Bretschneider T, Lenhart M, Strotzer M, Meumann C, Gmeinwieser J,
Feuerbach S. Spinal metastases from renal cell carcinoma: effect of preoperative
particle embolization on intraoperative blood loss. Am ] Neuroradiol 2001;
22:997-1003.

Wirbel RJ, Roth R, Schulte M, Kramann B, Mutschler W. Preoperative embolization
in spinal and pelvic metastases. ] Orthop Sci 2005;10:253-7.

215



PART I. LOCOREGIONAL PAIN CONTROL

216

38.

39.

40.

41.

42.

Guzman R, Dubah-Schwier S, Heini P, Lovblad KO, Kalbermatten D, Schroth G,
Remonda L. Preoperative transarterial embolization of vertebral metastases. Eur
Spine J 2005 Apr;14(3):263-8.

Bhojraj SY, Dandawate AV, Ramakantan R. Preoperative embolization, transpedic-
ular decompression and posterior stabilization for metastatic disease of the thoracic
spine causing paraplegia. Paraplegia 1992;30(4):292-9.

Berkefeld J, Scale D, Kirchner J, Heinrich T, Kollath J. Hypervascular spinal tumors:
influence of the embolization technique on perioperative hemorrhage. Am J Neuro-
radiol 1999;20:757-63.

Rossi C, Ricci S, Boriani S, et al. Percutaneous transcatheter arterial embolization of
bone and soft tissue tumors. Skeletal Radiol 1990;19:555-60.

Olerud C, Jonson H Jr., Lofberg AM, Lorelius LE, Sjostrom L. Embolization of spinal
metastases reduces perioperative blood loss: 21 patients operated on for renal cell
carcinoma. Acta Orthop Scand 1993;64:9-12.



Image-Guided Ablation of
Painful Osteolyses

David T. Wang and Charles E. Ray, Jr.

INTRODUCTION

In the past, strategies for the mitigation of tumor pain have been limited to
surgery, radiotherapy, or pharmacotherapy. Unfortunately, in many cases,
these strategies fail because of increased morbidity, poor patient tolerability,
or incomplete pain palliation. Though often curative, surgical excision is
limited to the few who are adequate surgical candidates. In addition, surgery
for tumors involving or adjacent to critical neurovascular structures, such as
the spine, can be associated with significant morbidity.

Radiotherapy is considered by some to be the standard of care for patients
with localized bone pain; however, the maximum benefit of radiotherapy may
not be realized until 12-20 weeks later, with 50% having no benefit within
four weeks (1). Furthermore, some tumors are insensitive to radiation ther-
apy, and as a result 20-30% of patients who receive radiation therapy fail to
respond (2). Moreover, the risk of irradiating normal tissue prevents repeated
cycles of radiation therapy from becoming an effective long-term treatment
option.

Pharmacotherapy may reduce pain in some patients; however, side effects
from both opioid and nonopioid analgesics can be intolerable. Likewise, toxi-
city and/or poor therapeutic response limit the effectiveness of chemotherapy.

More options are becoming available in the management of cancer pain. In
particular, interventional radiology has much to offer with regard to percuta-
neous or minimally invasive techniques. Any means by which percutaneous,
controlled tissue necrosis of targeted tissue can be achieved has potential appli-
cation. In practice, the main percutaneous strategies employ thermal ablation
(burning or freezing) or chemical ablation (dehydration). Both strategies can
provide either cure by direct tumor destruction or palliation by destruction of
nerves compromised by the tumor.
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THERMAL ABLATION

Thermal ablation can be accomplished in many ways. The most widely utilized
thermal modality is radiofrequency ablation with other modalities such as laser
ablation, extracorporeal high-intensity focused ultrasound (HIFU), and micro-
wave ablation gaining popularity. Cryoablation, another popular ablative
method, is categorized as a special case within the armamentarium of thermal
therapies since it has its effect by freezing rather than heating tissue. Regardless
of the modality, the goal of thermal ablation is to achieve controlled destruction
of target tissue by exposing it to temperatures over 46°C or below —5°C, temper-
atures certain to produce coagulation necrosis (3).

Indications

Tumors involving bone are particularly painful. Although the pathophysiology
is not clearly understood, stimulation of endosteal and periosteal nerve fibers
by inflammatory agents resulting from bone destruction and direct stretching
of nerve fibers from tumor expansion are probably the main mechanisms
leading to pain (4).

Whether benign or malignant, the prototypical bone lesion best suited to
thermal ablation is going to be small (less than 4 cm) (5), well marginated, easily
localized with imaging, and situated away from critical neurovascular structures.

Osteoid osteoma typically meets these criteria and, therefore, is the most
common bone lesion treated with thermal ablation. Considered benign, osteoid
osteoma classically presents in the pediatric population. Frequently within the
cortex of long bones, osteoid osteoma has a characteristic radiolucent nidus that
is a meshwork of bone trabeculae with fibrous, vascular, and nervous tissue
components (6). Classically, this lesion is more painful at night, often relieved
with salicylates, and surprisingly painful despite its small size (typically less than
1.5 cm). Although the natural history of this lesion is spontaneous regression over
years, the severity of pain can prompt treatment. Traditional treatment options
included oral analgesics and surgical excision. However, for many patients, side
effects from prolonged ingestion of nonsteroidal anti-inflammatory agents and
complications from surgery make percutaneous thermal ablation attractive.

In addition to osteoid osteoma, palliation of pain from other primary bone
tumors or metastases is another common indication for thermal ablation.
When other strategies such as radiotherapy, surgery, and chemotherapy have
failed or are contraindicated, thermal ablation of bone metastases may elimi-
nate pain, improve quality of life, and decrease oral narcotic usage.

Contraindications to thermal ablation include bone lesions involving neu-
rovascular bundles that, if compromised, could lead to paralysis or hemor-
rhage; spinal and sacral lesions are typical lesions that fall into this category.
Bone lesions adjacent to a hollow viscus also present strategic challenges
because thermal ablative techniques could cause perforation.

Radiofrequency Ablation

Radiofrequency ablation (RFA) for the treatment of malignant disease was
first described in 1990 by McGahan et al., when his group used it to treat
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hepatic tumors (7). Since then, RFA has been used to treat renal, adrenal,
breast, pulmonary, cerebral, prostatic, thyroid, parathyroid, and musculoske-
letal neoplasms. In 1992, Rosenthal et al. used RFA in the treatment of osteoid
osteoma, which lead to its subsequent application in the treatment of other
painful bone lesions including chondroblastomas, hemangiomas, epithelioid
hemangioendotheliomas, and metastases (8).

The efficacy of RFA in osteoid osteoma is well established. Rosenthal et al.
reported complete pain relief two years post-RFA (the accepted time period to
declare cure in the orthopedic literature) in 89% of the 126 procedures his
group performed. In those patients who received RFA as their initial treatment,
the success rate was 91% (9). Relief of pain from RFA of osteoid osteoma occurs
within 24—48 hours (10).

The efficacy of RFA in osteolytic metastases has been demonstrated. Call-
strom et al. and Goetz et al. reported similar results showing significant
decreases in Brief Pain Index “worst pain in a 24-hour period” score that were
sustained through 24 weeks (the mean survival time in patients with bone
metastases) (2,11). Ninety-five percent of patients in the study by Goetz et al.
experienced a greater than two-point drop in worst pain score in a 24-hour
period (2). Furthermore, the mean worst pain score continued to decline
through the 24th week post-RFA with an overall 69% decrease in mean worst
pain score from before RFA. Other endpoints such as narcotic analgesic use also
had decreasing trends by the 12th week post-RFA. Opioid use did increase at the
24th week, but this was attributed to pain from other locations (2).

EQUIPMENT

In RFA, a high-frequency alternating current (450-500 kHz) is used to
emit radio waves from the tip of an electrode or needle inserted into targeted
tissue. This alternating current is transmitted from the electrode to the tissue,
causing vibration of local ions, thereby producing controlled frictional heat and
a predictable zone of coagulation necrosis. The electrode is powered by an RF
generator for which grounding pads must be used to complete the circuit.

The earliest RF electrodes were designed to produce focused tissue destruc-
tion for delicate ablation of cerebral seizure foci or aberrant cardiac conduction
circuits and, therefore, were small. The utility of these small monopolar electro-
des to produce necrosis was limited to a 1.6-cm diameter (12). Attempts to
overcome this size limitation has led to the development of the multitined
expandable electrode (umbrella RF electrode), the bipolar array, the cluster
electrode, the perfusion electrode, and the internally cooled electrode (13), all
of which have unique advantages and disadvantages beyond the scope of this
chapter. These newer electrodes are capable of producing coagulation necrosis as
large as 7 cm.

IMAGING

Whether confirming diagnosis or planning percutaneous access, preproce-
dural imaging is important for all ablative strategies. Preprocedural imaging
may include conventional radiography, computed tomography (CT), magnetic
resonance (MR) imaging, radionuclide bone scanning, fluoroscopy, or ultra-
sound. In fact, most patients with osteolyses will present to the interventionalist
with multiple studies as part of their initial evaluation.
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Intraprocedural imaging is the backbone of interventional radiology and
indispensable with regard to percutaneous ablation. CT guidance is probably
the most popular imaging modality; however, ultrasound and MR offer rea-
sonable alternatives. Advantages of CT guidance include near-real-time mon-
itoring of the zone of coagulation necrosis and, with regard to osteoid osteoma,
CT offers superior nidus conspicuity. Ultrasound is more commonly used to
guide ablation of soft tissue tumors, that is, liver or kidney lesions, but can also
be used to image bone. Limitations of ultrasound result from the hyperecho-
genicity and gas produced by RFA that obscure accurate placement of addi-
tional electrodes (13). MR provides near-real-time imaging of coagulation
necrosis similar to CT, and discrimination of ablated tissue can be followed
by monitoring changes in the T1 signal (13). Caution should be exercised when
using real-time imaging to declare treatment efficacy, particularly in malignant
disease, because microscopic disease excluded from ablation may be inconspic-
uous at the time but later develops as tumor recurrence. Furthermore, as some
chemotherapeutic agents can potentiate coagulation necrosis several days
following ablation, the region of coagulation necrosis may be underestimated
(13).

Postprocedural imaging is necessary to ensure adequate tumor ablation.
Ideally, to ensure the greatest probability for successful retreatment repeat
ablation should occur when residual or recurrent tumor is at the smallest
detectable size. Although no strict guidelines exist, some authors recommend
follow-up imaging in four weeks, whereas others recommend follow-up imaging
should occur at approximately one year (13). Contrast-enhanced imaging will
probably offer the best discrimination between recurrence and ablated tissue,
and contrast-enhanced CT and MR are the most commonly used. Ultrasound
with microbubble contrast may also be helpful. Finally, positron emission
tomography may emerge as a useful follow-up imaging modality; however, it
has challenges discriminating between residual tumor and the hypermetabolic
inflammatory rim surrounding ablated tissue.

METHOD

Using the imaging modality of preference (CT, MR, fluoroscopy, or ultra-
sound), the bone lesion (primary or metastatic) is localized. Grounding pads
are placed on the patient at equidistant sites from the RF source, and the patient
skin is prepared using aseptic precautions. With or without periprocedural
antibiotic prophylaxis, the patient is then anesthetized or consciously sedated.

Access to the bone lesion is sought through the shortest possible route
unless prohibited by adjacent neurovascular structures that could be compro-
mised. Ensuring adequate infiltration of local anesthetic, a skin incision large
enough to accommodate the RF probe is made. The lesion is accessed with a
bone-cutting biopsy needle of appropriate size (11-16 gauge); on occasion, a
drill may be required to penetrate cortical bone. At this point, if the diagnosis is
in doubt, as with an equivocal case of osteoid osteoma, biopsies may be
obtained.

An appropriate RF electrode for the particular size lesion is introduced
under image guidance. In the case of osteoid osteoma, the electrode is placed
directly into the nidus. This maneuver should be done under general anesthesia
because of intense pain that could cause patient movement jeopardizing
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electrode position (14). The RF generator is activated and the temperature
allowed to rise to 100°C. At this target temperature, Callstrom et al. continue
RF treatment for a minimum of five minutes, with a goal of 5-15 minutes (11).
However, this time will vary with lesion size and the number and type of RF
electrodes used. Upon successful ablation, the electrode is removed with or
without tract cauterization, and local anesthetic may be injected into the sur-
rounding soft tissues prior to wound dressing.

Some authors advocate cementoplasty for those patients where compro-
mised bone integrity may lead to fracture. Following RFA of osteoid osteoma,
most patients may bear weight immediately and return to normal activity and
recreation. (14), although some authors caution against prolonged distance
running (9).

COMPLICATIONS

In addition to the usual complications of bleeding and infection, the most
common, and probably the most preventable, complication of RFA is a skin
burn. Commonly, burns can occur at the probe entry site. Burns can also occur
when metal instruments on the skin become heated by RF energy or when
grounding pads are improperly placed. An incision at the RF probe entry point
allowing for skin retraction can minimize skin surface burns. Another strategy
to prevent skin burns is to wrap the probe with gauze moistened with chilled
sterile water.

Less common than burns, neuropathy is serious problem that can occur
when RF energy affects adjacent neurovascular structures, such as with spinal or
pelvic lesions. Goetz et al. reported transient urinary incontinence in one
patient who had treatment of a previously irradiated sacral metastasis (2).
Nakatsuka et al. reported incomplete hemiplegia and radiculopathy in patients
with spinal osteolyses (15).

Other possible complications include fractures, muscular hematomas, par-
esthesias, and osteomyelitis. Treatment failure, of course, is another possible
adverse outcome.

MICROWAVE ABLATION

One of the newest thermal ablative techniques, microwave ablation uses
electromagnetic energy with a frequency near 900 MHz to excite water mole-
cules, producing friction and heat, and thereby inducing cell death by coagu-
lation necrosis. Microwave ablation was first reported by Seki et al. in 1994 in
the treatment of small hepatocellular carcinomas (16). Since then, microwave
ablation has found experimental application in primary and metastatic tumors
of liver, lung, kidney, adrenal gland, and bone.

In 1996, Fan et al. reported using intraoperative direct microwave thermal
ablation in 62 patients with different bone tumors (17). After isolating tumor
from adjacent normal tissue, the tumor was heated with a microwave antenna
array while cooling the adjacent tissue with circulating water. Local tumor
control was obtained in 57 of 62 patients (17).

In 2006, Simon and Dupuy reported a case of severe pain from a metastatic
bladder cancer to the acetabulum of a 70-year-old male who failed radiation
therapy (18). The patient was consciously sedated, and under CT fluoroscopic
guidance, a 14.5-gauge microwave antenna was inserted into the lesion. The
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lesion was ablated for 10 minutes at a power level of 45 W, achieving temper-
atures between 63°C and 67°C. A postablation CT scan revealed complete
thermocoagulation of the lesion. On follow-up two months later, the patient
was pain free and CT scan showed decreased tumor size (18).

METHOD

Although literature regarding percutaneous microwave ablation of bone
lesions is sparse, experience from RFA can be helpful in guiding microwave
bone ablation. As with all ablative techniques, microwave ablation is performed
with the patient under conscious sedation or general anesthesia. Likewise,
standard surgical preparation and local anesthesia are employed. Under the
operators imaging modality of preference (CT, ultrasound, or MR), the tumor
is localized. Once the optimal approach is determined, the antenna is inserted
in the tumor; drilling a cortical hole beforehand might be necessary. The
antenna is attached to a microwave generator and activated, without need
for grounding pads. The lesion is heated to a target temperature for a few
minutes. Intraprocedural imaging can be used as a rough guide of tumor
ablation extent. Following ablation, the antenna array is removed and the
wound dressed.

MICROWAVE ABLATION: ADVANTAGES OVER RFA

Advantages of microwave ablation over RFA include higher intratumoral
temperatures, larger zones of necrosis, shorter ablation times, and an improved
convection profile (19). Also, multiple microwave antennae can be used to
produce synergistic zones of coagulation necrosis to accommodate larger asym-
metric tumors (18). Finally, because microwave thermal ablation does not
require a grounding pad to complete an electrical circuit, surface burns do
not occur. Complications of microwave ablation otherwise will be similar to
RFA, including fractures and neurovascular compromise.

Extracorporeal High-Intensity Focused Ultrasound

The effect of HIFU on tissue has been known since the 1940s. Early clinical
utility of HIFU was described in 1950s by producing deep brain lesions in cats
and monkeys (20). Over the next half century, HIFU was used to treat various
neurological conditions and in 1956 was suggested as a modality in the
treatment of malignancy (20). Today, HIFU offers the greatest potential for
a completely noninvasive modality for cancer treatment, and has been applied
in the treatment of prostate, liver, breast, kidney, musculoskeletal, and uterine
tumors.

Although diagnostic ultrasound employs electromagnetic energy in the
frequency range of 1-20 MHz, typical frequencies used in HIFU range from
0.8 to 3.5 MHz. Despite lower frequencies than those used in diagnostic ultra-
sound, the amount of energy within the HIFU beam dwarfs the energy in
diagnostic ultrasound beams by several orders of magnitude. Further, the
energy in HIFU can be magnified, focused at any point, and precisely delivered
to a small volume of tissue without collateral damage (21).

HIFU produces coagulation necrosis through the conversion of mechanical
energy into heat and cavitation. Whereas other thermal ablative modalities rely
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on raising local tissue temperatures (typically above 43°C) for several minutes
to produce coagulation necrosis, HIFU is capable of producing coagulation
necrosis by way of a rapid temperature elevation over seconds (above 56°C for
one second) (20).

HIFU in the treatment of bone tumors is relatively new and much of the
experience has come from China. In 2005, Chen et al. report treating 96 cases of
bone tumors with HIFU, including chondrosarcoma, malignant giant cell
tumor, metastatic breast osteolyses, and osteosarcoma (22). In their first series
of eight patients, four with primary stage II malignant bone tumors and four
with metastatic breast osteolyses, no local recurrence was found in any of the
cases at an average follow-up of 23 months (22). Furthermore, there is some
preliminary data to suggest that HIFU ablation may enhance host antitumor
immunity by increasing CD4 (+) lymphocyte counts (22).

METHOD

Although two general types of HIFU devices have been developed, extrac-
orporeal and endocavitary, skeletal lesions are treated using an extracorporeal
transducer under ultrasound, CT, or MRI guidance (21). Various transducers
have been developed capable of frequencies ranging from 1.5 to 3.5 MHz.

Because ultrasonic waves pass harmlessly through normal tissue to the
target lesion, access does not require local anesthetic, skin incision, or bone
drilling. The procedure, however, is performed under general anesthesia or
conscious sedation because the ablation can be painful.

Following lesion localization with ultrasound, CT, or MR], a focused ultra-
sound transducer, powered by a generator, is placed on the skin over the target
bone lesion. Gel is used to optimize contact and transmission. If ultrasound is
the image guidance modality, color Doppler can be used for real-time imaging
of HIFU thermal ablation. Taking into account the transducer characteristics,
lesion depth, vascularity, and size, the target is then exposed to focused ultra-
sound energy for a short burst, on the order of milliseconds (up to one second),
during which time the lesion experiences a rapid rise in temperature (20).
The resulting zone of ablation is typically a 1-3 mm wide by 8- to 15-mm long
cigar-shaped slice along the beam axis. The transducer is then translated on the
patient’s skin along the target lesion in a series of sequential ablations to
produce a volume of coagulation necrosis.

COMPLICATIONS

Because energy deposition outside of the focal region is maximal at the
interface between tissues of differing acoustic impedance, skin burns are a
common complication. Burns are usually subcentimeter and superficial. Mild
to moderate pain following ablation is typical, but usually controlled with
analgesics. As with other ablative modalities, bone fracture can occur.

Laser Ablation

Lasers have been used for tumor ablation since the early 1980s and since then
have found application in the ablation of esophageal, gastric, colonic, bron-
chial, hepatic, pancreatic, prostatic, cerebral, lymphatic, and osseous tumors.
What makes laser ablation an ideal percutaneous therapy is the ability to direct
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laser energy precisely to target tissue through an optical fiber and produce a
predictable volume of coagulation necrosis. A near-infrared wavelength laser,
[neodymium yttrium aluminum garnet (Nd:YAG) diode laser (800- to 1100-
nm wavelength)] is used. Laser ablation is capable of creating a spherical zone
of coagulation necrosis approximately 10-16 mm in diameter, depending on
the power used. Adjacent tissue is not affected. Because thermal rise during
laser treatment is uncontrolled and not monitored, peak temperatures can
reach between 100°C and 240°C (14).

For the most part, the indications of laser ablation in painful osteolyses are
similar to those of RFA. However, because of its limited ablation size, laser
ablation is better suited to smaller tumors, that is, osteoid osteoma, or those
tumors that cannot be ablated by any other means (5).

The efficacy of laser ablation has been demonstrated repeatedly. In 83
patients with osteoid osteoma, Gangi et al. reported successful laser ablation
achieving pain relief in the majority of patients within one day and nearly all
patients within one week (23). Overall, his group attained a 92% cure rate with
a recurrence rate of 7%. In a separate study, Witt et al. achieved a decrease in
mean pain score from 7.5 to 0.95 (15 months after laser ablation of osteoid
osteoma in 23 patients) (24).

Laser ablation has also been successful in ablation of spinal metastases.
Groenemeyer et al. demonstrated pain relief in three patients with painful
spinal osteolytic metastases refractive to chemotherapy and radiation, with
persistent effect at three months (25).

METHOD

Laser ablation is performed similar to RFA or microwave ablation. Using
general anesthesia or conscious sedation, the lesion is prepared using sterile
technique and the overlying skin infiltrated with local anesthetic. Under CT,
MR, fluoroscopy, or ultrasound guidance, a coaxial bone cutting biopsy needle
is inserted into the lesion by hand; bone drilling can be performed if necessary.
For osteoid osteoma, the nidus is the target for needle insertion. Some authors
prefer using smaller needles, such as an 18-gauge spinal needle (23,24). Once
the lesion is accessed, a bare-tipped 400-pm optical fiber connected to a laser
generator is inserted through the needle into the lesion under imaging guid-
ance. Some authors describe precharring (carbonization) the fiber tip by coag-
ulating the patient’s own blood before insertion into the lesion, in order to
increase the size of and make predictable the zone of coagulation (23). The
lesion is exposed to laser energy (800—1100 nm) using a continuous wave mode
at a power of 2 W for 200-500 seconds, depending on lesion size (23,24). For
larger lesions, additional fibers can be inserted using additional access points.

COMPLICATIONS

The complications of laser ablation will be similar to those of other thermal
ablation techniques. Careful attention should be paid to adjacent neurovascular
structures. Gangi et al. reported no intraprocedural complications during laser
ablation but did report one case of postprocedural mild reflex sympathetic
dystrophy of the wrist that resolved with conservative therapy (23).

One advantage of laser ablation over RFA is the smaller caliber of the
optical fiber that allows for smaller access needles to be introduced. At the
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same time, smaller access can be somewhat limiting with regard to biopsy if
histological verification is required. Also, the optical fiber is compatible with
MR guidance.

Percutaneous Cryoablation

Although the use of freezing to treat disease has been known since the 1850s,
the first reported cryotherapeutic treatment of a metastatic bone lesion was by
Marcove et al. in 1964 when complete relief of pain was achieved following
treatment of a painful metastatic humerus lesion refractive to radiation therapy
(26,27). Since then, cryoablation has also been applied in the treatment of liver
metastases and genitourinary malignancies (28,29).

The goal of cryoablation is to induce tissue necrosis by exposing targeted
bone and/or tumor to temperatures below —5°C (3). With subsequent thawing,
cell membrane disruption, osmotic fluid shift, and protein denaturation ensue,
ultimately leading to tissue necrosis. Marcove et al. showed that three freeze-
thaw cycles using an open liquid nitrogen system, that is, “direct pour” of
liquid nitrogen funneled into the curetted cavity of a giant cell tumor, produced
necrosis within 1 inch of the cavity margin (26). Furthermore, work in 1984 by
Malawer et al. using dog models demonstrated a predictable 7- to 12-mm rim
of bone necrosis (30). These findings emphasized the usefulness of cryotherapy
as an adjunct to surgical curettage and offered an alternative to invasive en bloc
excisions. However, surgical exposure was still required to address these lesions
because of the large size of the cryogen delivery systems. This problem lead to
development of closed liquid nitrogen systems allowing smaller surgical expo-
sure and improved control of freezing.

With the development of argon-based miniature cryoprobes (less than
3-mm diameter) that can be placed percutaneously, temperatures reaching
—100°C can be reached within seconds percutaneously (31,32). Furthermore,
the ability to use multiple probes at once combined with the utility of varying
probe sizes, some as small as 1.7-mm diameter, allow cryoablation to be
tailored to almost any tumor shape.

INDICATIONS AND CONTRAINDICATIONS

Marcove has reported success using cryotherapy as an intraoperative
adjunct to surgical curettage for the treatment of intraosseous lesions including
unicameral bone cysts, aneurysmal bone cysts, giant cell tumors, chondroblas-
tomas, fibromyxomas, fibrous dysplasias, eosinophilic granulomas, bone
hemangiomas (vertebral), large enchondromas, low-grade fibrosarcomas,
malignant fibrous histiocytomas, low- and medium-grade chondrosarcomas,
focal myeloma, and osteogenic sarcomas, many of which were for cure (33).
Furthermore, cryoablation as an intraoperative adjunct may be particularly
useful for the treatment of patients with radioresistant disease and in those
with pathological fracture (34).

With regard to percutaneous cryoablation, Callstrom et al. report prelimi-
nary data from an ongoing prospective trial as well as preliminary data by
Sewell et al. suggesting success in the percutaneous treatment of painful pri-
mary and secondary bone neoplasms, both in terms of quality of life and pain
relief (35,36). Data regarding the limitations of cryotherapy with respect to
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lesion size are few, however. Beland et al. reported producing a freeze zone of
8 X 12 X 6 cm fora 13 X 15 X 17—-cm pubic ramus and pubic symphysis mass
by using seven cryoprobes (37).

As for lesions unsuitable for cryoablation, some authors assert that malig-
nant tumors with significant soft tissue extension such as high-grade bone
sarcomas are not ideal lesions for cryotherapy because of the increased risk
of damage to adjacent muscles and neurovascular bundles (27).

METHOD

The method for cryoablation mirrors that of other percutaneous ablative
treatments. The bone lesion is localized with conventional radiography, fluo-
roscopy, CT, or MRI. After determining a direct access route and taking special
note of critical neurovascular bundles, the patient is placed under conscious
sedation or general anesthesia. Access to the lesion is then obtained under
imaging guidance by first utilizing an 18-gauge bone-cutting biopsy needle to
remove a core of overlying bone, or by using a drill bit to create a tract through
cortical bone into the lesion of interest. Once access is gained, an argon-based
cryoprobe (2- or 2.4-mm tip) is inserted into the lesion. Care is taken to protect
overlying skin by utilizing a probe insulation sheath and placing warm saline
gauze at the probe entry site to minimize surface freezing. Tissue sealant and
skin-bonding agents placed near skin adjacent to the cryoprobes can also be
used to limit inadvertent damage from freezing.

The cryoprobe is activated and the lesion subjected to at least two freeze-
thaw cycles. The duration of freeze-thaw cycles vary widely among authors, but
cycles consisting of an 8- to a 10-minute freeze, followed by a 5- to 10-minute
thaw are common. Thawing can be induced either actively by flushing the
argon system with helium or passively by allowing time for the thaw to occur.
Imaging using MRI, CT, and ultrasound may be used to follow iceball forma-
tion to determine adequacy of lesion freezing and ensure satisfactory margins.
Multiple cryoprobes may be required to produce larger iceballs in order to
encompass larger lesions. Larger and highly vascular lesions are more likely
to require additional freeze-thaw cycles. Following successful ablation, the
probe is removed and the wound dressed.

COMPLICATIONS

As with other ablative treatments, unintended damage to adjacent struc-
tures is a primary concern. Freezing of neurovascular bundles can produce
transient nerve palsies (26). Freezing of the skin can lead to blistering and skin
necrosis, and predispose to infection.

Weakening of bone from tumor, resection, or cryosurgery predisposes to
fracture (34,38). Prior to the use of polymethylmethacrylate cement, Marcove
reported a postcryosurgery fracture rate of 25% (39). Therefore, some oper-
ators advocate subsequent cementoplasty one day after cryoablation, as a pre-
ventive measure (40).

Fat embolism has been reported as a rare complication of closed miniature
cryoprobes, probably the result of increased intramedullary pressure from the
spreading ice front (41).

Some complications of cryoablation are unique to open cryogen delivery, that
is, the direct injection of liquid nitrogen can produce nitrogen gas embolism (34).
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CRYOABLATION VERSUS RADIOFREQUENCY ABLATION

Cryoablation offers distinct advantages over RFA. First, the formation of
an iceball, a reliable marker of the zone of cryoablation, can be monitored with
CT, MR, or sonography in real time. On CT, ice formation is demarcated by
hypodense tissue attenuation. On ultrasound, the iceball reflects virtually all
acoustic energy producing a hyperechoic rim beyond which no signal registers;
this can be problematic if imaging beyond the ice rim interface is required. On
MR, ice formation is very distinct because the T1 and T2 relaxation times for
ice differ from water, resulting in a markedly hypointense ball of ice on both T1
and T2. Gadolinium may also be helpful in distinguishing regions of blood flow
occlusion (42).

In contrast to RFA, cryoablation may be performed using multiple probes
simultaneously, facilitating larger zones of freezing and accommodating asym-
metric tumors. Also, tissue displacement devices, such as balloons that allow
ablation of lesions adjacent to bowel, are compatible with cryoablation and not
with RFA.

Finally, cryoablation has been reported to produce a long-lasting analge-
sic effect extending from initial treatment into the posttreatment period. The
concept of cryoanalgesia was reported by Lloyd et al. in 1976 using a probe
with temperatures near 60°C to treat 64 patients with intractable pain (43).
More recent work done in 2003 by Zhou et al. demonstrated a loss of
somatosensory evoked potentials in rabbit sciatic nerves exposed to temper-
atures low as —180°C. These effects were temporary and returned after 40
days (44).

CHEMICAL ABLATION

Chemical ablative treatments have been described as early as 1909, and a myriad
of chemical agents including phenol, acetic acid, and ethanol have been
employed (45). Ethanol, the most common ablative chemical, has been
described extensively in the treatment of benign and malignant hepatic tumors
(46) and also has applications in the treatment of benign and malignant bone
tumors (47), thyroid carcinoma (48), hypertrophic cardiomyopathy (49), and
benign prostatic hypertrophy (45). Our focus will be its use in the treatment of
painful bone lesions.

Indications for Ethanol Ablation

As a strategy for the control of pain in osseous tumors, ethanol ablation, also
termed “alcoholization” or “percutaneous ethanol injection,” has proven use-
ful where other treatments, such as radiation, chemotherapy, and surgery have
failed or are contraindicated (50). Furthermore, ethanol ablation can also be
used as an adjunct to radiation, chemotherapy, or surgery in order to decrease
pain in anticipation of definitive therapy or to debulk tumor.

Like other ablative treatments, the goal of ethanol ablation is to produce
direct coagulation necrosis by causing dehydration of the cytoplasm, dena-
turation of proteins, small artery thrombosis, and, ultimately, fibrosis
(51,52). Through this mechanism, direct ablation of the tumor and affected
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periosteal and endosteal nerves results in immediate pain relief, often within
24 hours (53).

Data regarding the outcomes of ethanol ablation in the ablation of painful
bone tumors are rare. Gangi et al., in a series involving 64 patients with bone
metastases in multiple locations, reported a 73% reduction in opiate usage and
a reduction in tumor size of 28% after one injection (53,54). Duration of pain
control varied from 2 to 7 months, with all patients succumbing to disease by
seven months. El-Mowafi et al., in small series of 15 patients with osteoid
osteomas, reported pain relief in all patients within 48 hours and a return to
normal daily activities within two weeks (55).

METHOD

First, the bone lesion is characterized with unenhanced and contrast-
enhanced contiguous CT scan imaging with particular attention to lesion size,
location, adjacent neurovascular structures, and regions of necrosis (54). The
patient is then consciously sedated.

After the overlying skin is anesthetized with 1% lidocaine, a small hand
drill is used to introduce a 2-mm guide wire into the lesion. Next, a small
incision large enough to accept a small cannulated drill bit (less than 5 mm)
is made in the skin overlying the lesion. A sheath is inserted over the guide wire
into the lesion and the guide wire removed. The drill bit is passed through the
sheath into the lesion, creating a tract through which ethanol can be injected.
Alternatively, access can be gained by inserting a 22-gauge needle directly into
the lesion, particularly for superficial lesions.

Once the lesion has been accessed, a mixture of contrast (25% iohexol 240)
and lidocaine is injected under fluoroscopy. This mixture is important for two
reasons: the lidocaine mitigates any pain the injectate may stimulate and the
contrast provides an estimate of bolus diffusion within the lesion.

Confident that the intended injection of ethanol will remain in the lesion
without diffusing into nearby neurovascular structures, the operator injects a
small amount of 95% ethanol into the lesion. Depending on the lesion size, the
amount injected may vary from 1 to 30 ml. Additional injections can be per-
formed depending upon sufficient distribution of ethanol within the lesion
(evidenced by subsequent hypoattenuation of initial contrast injectate). The
procedure is terminated if adjacent neurovascular structures become threat-
ened by ethanol infiltration. With known inadvertent injections, immediate
dilution with isotonic saline may help to minimize damage. Following success-
ful ablation, the needle is removed and the wound dressed.

Acetic Acid

Injection of acetic acid, like ethanol ablation, has been more extensively
described in the ablation of hepatic tumors than in the treatment of painful
osteolyses. Because acetic acid and ethanol demonstrate identical cytotoxic
characteristics, the method described above for ethanol injection can be
extrapolated to acetic acid ablation. Some operators believe that acetic acid
may be a more ideal ablative agent because of its ability to penetrate the tumor
capsule and septa, a feature particularly importantly in relatively avascular
tumors such as desmoids (47).
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COMPLICATIONS

The most common complication of ethanol ablation involves inadvertent
injection or diffusion of ethanol into adjacent innocent structures. If this occurs
within a nerve sheath, neurolysis with subsequent neuralgia and/or paraparesis
is possible.

CONCLUSIONS

New technologies like HIFU, laser ablation, and microwave ablation in the
treatment of bone tumors are still in their infancy, whereas RFA and cryoa-
blation are well established. Whether curative or palliative, image-guided abla-
tion of tumors using either thermal or chemical means offers a minimally
invasive and safe approach to the treatment of primary bone tumors and
metastases. Furthermore, these techniques have been proven to provide durable
pain relief. Finally, being familiar with the entire range of procedures is sug-
gested, where one technique may be contraindicated, other techniques or com-
bination of techniques may be helpful.
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Chronic pelvic pain (CPP) can be defined as nonmenstrual pain of three or
more months’ duration that localizes to the anatomic pelvis and is severe
enough to cause functional disability and require medical or surgical treatment
(1). Chronic dysmenorrhea or menstrual pain of six or more months’ duration
that causes functional disability and requires medical or surgical treatment is
also appropriately included in the definition. This condition can have a strong
influence on the patient’s quality of life, being associated with years of disability
and suffering, loss of employment, and marital discord. In treating CPP, the
primary aim is to improve the quality of life (Table 1) (2,3).

EPIDEMIOLOGY

CPP in women is a common gynecological problem with an estimated prevalence
of 38 per 1,000 women (3.8%), which is higher than that of migraine headaches
(2.1%) and is similar to that of asthma (3.7%) or back pain (4.1%) (4). Women
with pelvic pain account for up to 40% of patients attending gynecological
outpatient clinics and is estimated to occur in 15% of all women between
the ages of 18 and 50 years (5). Such patients use three times more medication,
have four times more nongynecological operations, and are five times more likely
to have hysterectomy (6). In fact, 15% of all hysterectomies and 35% of diag-
nostic laparoscopies are performed because of chronic pelvic pain (1), and it is
estimated that $881.5 million dollars are spent each year on its outpatient
management in the United States (4).

ETIOLOGY AND PATHOGENESIS

CPP may originate from one or more organ systems or pathologies, and may
have multiple contributing factors. The presence of pelvic pathology, history of
abuse, and coexistent psychological morbidity all have a very high correlation
with the presence of CPP.

Other risk factors are often associated with specific presenting symptoma-
tology. Risks factors for dysmenorrheal (pain with menses) include young age
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Table 1. Quality-of-Life Effect in Patients with CPP

Inability to exercise

Difficulty sleeping

Lack of enjoyment of leisure
Interference with socialization

Interference with sexuality

Source: Steege (3).

Table 2. Common Findings in CPP Syndrome

Duration of pain >6 months

Impaired function

Signs of depression

Pain out of proportion to pathology

Unresponsive to medical therapy or lifestyle changes

Altered family roles

Source: Steege (3).

(older than 30 years), thin body habitus (body mass index <20), smoking, and
longer menstrual cycles. Risk factors for dyspareunia (pain with intercourse)
include women who have been “circumcised,” peri- or postmenopausal
women, or those with pelvic inflammatory disease. Noncyclical pelvic pain is
associated with endometriosis, pelvic adhesions, or history of sexual abuse (4).

By one definition, CPP is defined as pelvic pain of at least six months,
duration (Table 2) (2,3). As one might expect from such a nonspecific defi-
nition, there is a broad spectrum of diseases that can be associated with CPP.
Gynecological etiologies such as endometriosis, pelvic congestion syndrome,
and leiomyomata are commonly associated with CPP. Alternatively, urological,
gastrointestinal, and musculoskeletal etiologies must also be considered (Table 3)
(2). In the majority of women, there are multiple etiologies of CPP, whereas in
others, the etiology is not discernible (2).

Pain in CPP has been difficult to understand, especially in patients in
whom “definitive” treatment has failed or no etiology could be elicited. Tradi-
tional pain models propose a direct relationship between tissue damage, stimu-
lation of nociceptors, and pain (8). Nociceptive pain can be divided into
somatic and visceral. Somatic pain originates from skin, muscle, bones, and
joints, and is transmitted to the sensory cortex by peripheral sensory nerves. It
is perceived as localized, sharp, or dull pain. Visceral pain originates from
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Table 3. Some Gynecological Disease States That May Be Associated
with CPP in Women
Gynecologic
Uterine Extrauterine
Adenomyosis Adhesions
Atypical dysmenorrhea Adnexal cysts
Cervical stenosis Chronic ectopic pregnancy
Endometrial polyps Chlamydial infection
Intrauterine contraceptive device Endometriosis
Symptomatic pelvic relaxation Neoplasia of the genital tract
Uterine fibroids Ovulatory pain
Pelvic congestion
Extragynecologic
Bladder
Gastrointestinal
Musculoskeletal
Psychiatric
Source: Howard (2).

Table 4. Predisposing Psychosocial Variables in Psychosocial
Pain Model

Familial pain models
Mood/anxiety state
Marital adjustment
Spouse responses
Abuse history
Somatization

bowel, is transmitted to the brain by the sympathetic nervous system, and is
perceived as poorly localized, dull, or crampy, and is associated with autonomic
phenomena (9,10). In addition to nociceptive pain, traditional pain models
also take into account neurogenic pain, which is nonnociceptive. Neurogenic
pain originates from injury to the central or peripheral nervous system and is
perceived as burning pain or parasthesias. These traditional pain theories are
adequate for most patients who have a discernible physical injury. This theory
fails, however, for CPP patients without such findings, leaving many health care
providers to oversimplify the pain as “not real” (8).

Newer pain theories are based on biopsychosocial models. In these models,
a second type of non-nociceptive pain is identified: this type of pain is termed
“psychogenic.” These theories recognize the important role that emotional,
environmental, and cognitive factors play in pain perception (Table 4) (8).
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Mood, general health status, anxiety, family support, and employment status
have been shown to have predictive value in nonpelvic chronic pain, such as
back pain or arthritis. Based on these findings, biopsychosocial models com-
bine sensory (nociceptive) stimuli, psychological factors, and socioenviron-
mental factors (psychogenic) in the assessment of chronic pain (8,10,11).

HISTORY AND PHYSICAL EVALUATION OF
THE PATIENT WITH CPP

Given the numerous etiologies of CPP, a proper history and physical exami-
nation are crucial in diagnosing the causes of CPP in each individual patient.
The quality and character of the pain, including alleviating or exacerbating
factors, should be elicited. An obstetric and menstrual history is important,
particularly as it pertains to the onset of symptoms. Given the psychogenic
component of pain in these patients, an appropriate psychological history must
be performed. This is particularly important as depression is both a positive
predictor of pain severity and an indicator of responsiveness to treatment.
Suicide, sexual abuse, and substance abuse are also found more frequently in
these patients. An evaluation of social history for stressors must be performed,
and a comprehensive review of systems should be performed. The International
Pelvic Pain Society (www.pelvicpain.org) has a comprehensive questionnaire
form that can help to guide history taking in CPP patients.

Physical examinations in CPP patients are beyond the scope of this chapter
and are usually performed by gynecologists. However, a few key points will be
emphasized. First, the physical exam should be performed in four different
positions: standing, sitting, supine, and lithotomy. This is of particular impor-
tance when evaluating for the presence of varices. Second, from the lithotomy
position, a digital and bimanual exam should be performed. If tolerated,
a speculum exam should be performed as well.

Imaging plays a significant role in the evaluation of CPP patients. Ultra-
sound can diagnose an endometrioma, while magnetic resonance (MR) imag-
ing can define endometrial implants in other organs. MR imaging has a high
degree of specificity and sensitivity for adenomyosis and uterine fibroids. As
will be discussed later, venograms, particularly using a tilt table, are the gold
standard for pelvic congestion syndrome (PCS) (12).

PELVIC CONGESTION SYNDROME
Etiology and Pathophysiology

PCS is a form of CPP due to ovarian and pelvic varices. This clinical syndrome
was first described by Taylor in 1949 (13). In 1958, Topolanski-Sierra described
an association between ovarian and pelvic varices and chronic pelvic pain (14).
Seen commonly in the reproductive years, there is a high prevalence of PCS
among multiparous women. Hormonal changes in pregnancy and congenital
absence of valves in the ovarian veins have been identified as risks factors for
the formation of varices. Varices tend to occur more frequently on the left as
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a result of drainage of the ovarian vein into the left renal vein, as opposed to the
right ovarian vein that drains directly into the inferior vena cava.

One specific cause of PCS is “nutcracker syndrome.” This syndrome,
typically seen in thin women, is caused by compression of the left renal vein
between the superior mesenteric artery and the aorta. As a result, left renal
venous hypertension develops, with gradients across the stenosis as high as
3 mm Hg. This pressure causes collateral venous drainage to develop around
the renal pelvis via the gonadal vein. Often, the collateral venous drainage forms
direct communications between the collateral vessels and the renal collecting
system, leading to hematuria. Although treatment in the past was limited to
surgical correction, intravascular stent placement across the left renal vein has
been shown to be an attractive option. Long-term results are uncertain (15).

Clinical History

PCS is difficult to diagnose clinically. Patients present with shifting location of
pain, dyspareunia, and postcoital pain. One clinical clue to the diagnosis is the
exacerbation of pain while standing, likely due to the variceal distension. Phys-
ical exam may reveal associated varices in the thighs, buttocks, perineum, vulva,
or vagina. Symptoms also often worsen in the postpartum period.

Imaging

As discussed earlier, cross-sectional imaging is primarily used to exclude other
sources of chronic pelvic pain. On computed tomography (CT) or MR imaging,
pelvic varices can be visualized as dilated, tortuous, contrast-enhancing para-
uterine tubular structures, isodense to other venous structures. Coakley et al.
suggest that in order to diagnose pelvic varices, at least four ipsilateral tortuous
parauterine veins of varying caliber (at least one of which measures over 4 mm in
maximum diameter) or an ovarian vein diameter of greater than 8 mm should
be visualized (16). One must be cautious when using cross-sectional imaging in
diagnosis as most of these exams are performed in the supine position, which
can collapse the varices and underestimate the degree of variceal dilation.

Ultrasound has been used extensively to evaluate patients with chronic
pelvic pain. One report compared transvaginal and transabdominal ultrasono-
graphic findings between patients with PCS and normal patients (17). Patients
with PCS were found to have dilated left ovarian veins with reversal of flow
(caudal), presence of varicocele, dilated arcuate veins crossing the uterine myo-
metrium, polycystic changes of the ovary, and variable duplex wave forms during
Valsalva maneuver. One specific benefit of ultrasound is that it can be performed
in the upright or standing position, making the varices easier to detect (17).

In spite of these advances in cross-sectional imaging, selective retrograde
venography of the ovarian veins remains the diagnostic gold standard. Because
the supine position may cause collapse of the ovarian varices, this procedure
should be performed on a tilt table. Findings suggestive of PCS include mini-
mum ovarian vein diameter greater than 10 mm, uterine venous engorgement,
congestion of the ovarian plexus, filling of ovarian veins across the midline, or
filling vulvovaginal or thigh varices (18).
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Treatment Options

MEDICAL AND SURGICAL

Medical treatment options for patients diagnosed with PCS are limited.
Nonsteroidal anti-inflammatory drugs may provide short-term relief of symp-
toms. Addressing psychogenic factors such as stress and social issues may also be
helpful in decreasing the likelihood of recurrence of symptoms. Medroxypro-
gesterone acetate and gonadotropin-releasing hormone agonists have also
shown some benefit. However, medical management in PCS is often suboptimal
and other forms of treatment are frequently needed.

Surgical options for PSC are limited to ovarian vein ligation or hysterec-
tomy and bilateral oophorectomy. However, clinical outcome in these patients
has been disappointing, with many patients not experiencing postsurgical relief
of their symptoms (19).

ENDOVASCULAR

Endovascular ovarian vein embolization is becoming the primary treatment
method for PCS (20-23). The procedure is typically performed from a trans-
femoral approach. A 7F guiding catheter or sheath is guided to the left renal vein.
From this location, an initial left renal venogram is performed. A 4F angled glide
catheter is guided into the left ovarian vein, where a second venogram is
obtained. In cases where varices are not visualized, having the patient perform
a Valsalva maneuver and/or tilting the table upright can be helpful. Embolization
of the left ovarian vein is then performed using coils and/or gelfoam. If possible,
the right ovarian vein is embolized in a similar manner. Several authors have also
suggested improvements in outcomes when bilateral internal iliac embolization
is performed, usually four to six weeks after the initial ovarian vein embolization
(20). Although medical and surgical therapy for PCS has limited success, endo-
vascular therapy has shown significant positive results, with a 73-78% sympto-
matic improvement rate (21). Further, in a 2006 long-term study, 83% of
embolized patients had clinical improvement at two years postprocedure (20).

SUMMARY

CPP is a complex syndrome that encompasses many different etiologies. In
these patients, the biopsychosocial model of pain is useful in increasing the
efficacy of treatments. Although in many cases an underlying pathology may
not be uncovered, cross-sectional imaging is often helpful in diagnosis. Further,
several disease entities, including PCS and uterine leiomyomata (not discussed
here) are amenable to endovascular therapy as a definitive treatment.
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Sedation and Analgesia Medications

George Behrens, Hector Ferral, and Nilesh H. Patel

INTRODUCTION

The performance of minimally invasive interventional radiology procedures
has increased in a significant fashion over the past 20 years. The trend in
modern medicine has definitely moved toward solving medical problems with
minimally invasive techniques. This trend toward minimally invasive techni-
ques has made it extremely important for the interventionalist to be able to
provide adequate sedation and analgesia during interventional procedures.
Providing effective and safe sedation and analgesia has become part of the
standards of care for any interventional radiology practice.

Selected patients undergoing very simple procedures may not require any
sedation or analgesia; however, most of the therapeutic procedures currently
performed in interventional radiology suites require the patient to be under
moderate sedation and analgesia, which is also known as “conscious sedation”
or, more appropriately, “sedation and analgesia.”

The purpose of this chapter is to provide an overview of the most impor-
tant components of sedation that an interventional radiologist should know
about sedation and analgesia. The chapter will address the use of medications,
mechanisms of action, doses, and antagonists, as well as the appropriate ways to
monitor the patient.

DEFINITIONS

The terms sedation and analgesia refer to a fluctuant state of conscious depres-
sion induced by pharmacological agents (1). In 2002, the American Society of
Anesthesiologists (ASA) published well-defined guidelines for sedation and anal-
gesia by nonanesthesiologists. The document specifies the spectrum of sedation/
analgesia and provides qualitative parameters for the classification of stages of
sedation (Table 1). These sedation stages are defined by the patients’ level of
consciousness, airway maintenance, spontaneous ventilation, and cardiovascular
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Table 1. Classification of Stages of Sedation

Responsiveness Airway Spontaneous Cardiovascular
ventilation function

Anxiolysis Normal Unaffected Unaffected Unaffected
Conscious Good response to verbal No intervention  Usually Adequate
sedation or tactile stimulation required maintained
Deep sedation  Good response after repeated Intervention Usually May be

or painful stimulation may be required maintained inadequate
General Unarousable, even with Intervention May be Frequently
Anesthesia painful stimulus often required impaired inadequate

242

function (1,2). The stages range from anxiolysis to general anesthesia, with
defined criteria at each level.

Anxiolysis is a drug-induced state during which patients respond normally to
verbal commands, and both respiratory and cardiovascular functions are
intact (1).

Conscious sedation is a conscious depression during which patients respond
purposefully, alone or accompanied by light tactile stimulation, to verbal
commands. The ventilation is spontaneous and adequate, and cardiovas-
cular function is maintained (1).

Deep sedation is the depression of consciousness during which patients cannot
be easily aroused but respond purposefully following repeated or painful
stimuli. Patients may require assistance in maintaining a patent airway and
spontaneous ventilation. Cardiovascular function is usually maintained (1).

General anesthesia is the point at which consciousness is lost and the patient is
not arousable. The patient requires respiratory assistance and cardiovas-
cular function is often impaired (1).

A sedative drug decreases activity, moderates excitement, and calms the
patient, whereas a hypnotic drug produces drowsiness and facilitates the onset
and maintenance of a state that resembles natural sleep. The benzodiazepines
share both sedative and hypnotic properties and contribute to muscle relaxa-
tion as well. The main effect of the benzodiazepines results from action of these
drugs on the central nervous system (CNS), increasing the levels of inhibitory
neurotransmission pathway. Opiates are drugs derived from opium including
morphine, codeine, and a wide variety of semisynthetic drugs. The term opioid
is more inclusive, applying to all agonists and antagonists with morphine-like
activity. Anti-inflammatory drugs, such as the commonly used nonsteroidal
anti-inflammatory drugs (NSAIDs), are a heterogeneous group of compounds,
often chemically unrelated, which share certain therapeutic actions and side
effects, basically by inhibition of cyclooxygenase (COX) enzyme.

PREPROCEDURAL EVALUATION

All patients undergoing sedation and analgesia require medical evaluation
before the procedure to stratify the risk and to manage any problems
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related to preexisting medical conditions. Patient evaluation before seda-
tion and analgesia should include a short questionnaire regarding medical
history, a focused physical examination, and compiling a list of current
medications and drug allergies. The patient risk should be assessed based
on the ASA classification and specified in the patient’s chart or preprocedural
paperwork. The patient medical record must have documentation that
appropriate informed consent has been obtained for the procedure and for
sedation and analgesia. If the patient is a minor or is incapable of signing an
informed consent, then the consent must be obtained from the parent or legal
guardian of the patient. The practitioner must provide verbal and written
instructions to the patient or responsible person. This information will
include the drugs being administered to the patient, both during and after
sedation. The side effects and all precautions need to be discussed. Successful
sedation requires planning and knowledge. Knowledge of the comorbidities
and drug actions during drug administration will be extremely helpful to
decide what to do in case of complications. Most of the known complications
during sedation and analgesia can be prevented by a good preprocedural
evaluation.

Patient Selection

The ASA physical status is not a risk stratification system. Rather, it is intended
to give practitioners a common language in referring to the severity of systemic
disease in various patients. Fach patient should be given the proper ASA clas-
sification as part of the routine preprocedure screening (Table 2). In most
instances, patients who are ASA classification I or II are considered appropriate
candidates for sedation and analgesia. In certain cases, patients with ASA clas-
sification III might be considered appropriate for sedation and analgesia. The
presence of an anesthesiologist is strongly recommended during procedures
performed for ASA IV and V patients.

Preprocedural fasting

The relationship between preprocedural fasting time and incidence of adverse
events has not been definitively defined (2—4). However, the ASA guidelines
recommend fasting for procedures that require sedation and analgesia (Table
3). The recommended fasting times before sedation and analgesia are as fol-
lows: fast for two hours after clear liquids (water, nonpulp fruit juice, tea, or
black coffee). Milk is similar to solids in gastric emptying time. A four-hour fast
is reccommended after “breast milk” or more complex juices. A six-hour fasting
is recommended after a light meal (toast and clear liquids) before receiving
sedation. Meals that include meat, or fried or fatty foods may prolong gastric
emptying time. Both the amount and type of foods ingested must be considered
when determining an appropriate fasting period. No specific fasting-time
guidelines are offered for emergency procedures, and the sedation needs to
be modified to anxiolysis level. The ASA also states that “the literature does
not provide sufficient data to test the hypothesis that preprocedural fasting
results in a decreased incidence of adverse outcomes”(5).
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Table 2. ASA Physical Status Classification System

Physical Status

ASA-1 A normal healthy patient

ASA-2 A patient with mild systemic disease that results in no functional limitations
Examples: hypertension, diabetes mellitus, chronic bronchitis,
morbid obesity, extremes of age

ASA-3 A patient with severe systemic which results in functional limitations
Examples: poorly controlled diabetes mellitus with vascular complications,
angina pectoris, prior myocardial infarction, pulmonary disease
that limits activity

ASA-4 A patient with severe systemic disease that is a constant threat to life
Examples: unstable angina pectoris, advanced pulmonary, renal or
hepatic dysfunction

ASA-5 A moribund patient who is not expected to survive without the operation
Examples: ruptured abdominal aortic aneurysm, pulmonary embolus,
head injury with increased intracranial pressure

ASA-6 A declared brain-dead patient whose organs are being removed for donation

Table 3. ASA Guidelines for Preprocedural Fasting
Fast

Two hours Clear liquids
Four hours Complex liquids
Six hours Light meal
More than eight hours Fatty foods

Patient Monitoring

All patients undergoing to IR procedures must have continuous monitoring
before, during, and after the administration of sedatives. Monitoring may
detect early signs of patient distress, such as changes in pulse, blood pressure,
ventilatory status, cardiac electrical activity, and clinical and neurological
status, before clinically significant compromise occurs. A baseline set of vital
signs must be obtained before the administration of sedative agents; this infor-
mation should be documented in the patient’s chart. Standard monitoring of
sedated patients includes recording the heart rate, blood pressure, respiratory
rate, and oxygen saturation. Although electronic monitoring equipment often
facilitates assessment of patient status, it does not replace a well-trained and
vigilant assistant. When given during procedures, supplemental oxygen admin-
istration has been shown to reduce the magnitude of oxygen desaturation (6).
Continuous electrocardiogram (EKG) monitoring is reasonable in high-risk
patients, although the necessity for such monitoring has not been shown con-
clusively in controlled trials. Patients who may benefit from EKG monitoring
include those who have a history of significant cardiac or pulmonary disease,
elderly patients, and those in whom prolonged procedures are anticipated.
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In our practice, we monitor all patients undergoing either diagnostic or
therapeutic procedures. Parameters that should be monitored are (a) level of
consciousness, which serves as a guide to the depth of sedation and to the
potential need for cardiopulmonary support; (b) ventilatory function, by obser-
vation or auscultation during lighter stages of sedation; (c) oxygenation using
pulse oximetry; and (d) hemodynamics with continuous electrocardiography
and noninvasive blood pressure monitoring a minimum of every five minutes.

PHARMACOLOGICAL AGENTS

The ideal sedative/analgesic should optimize performance of the procedure
by minimizing patient’s movement, maximizing comfort for the patient, and
having no side effects. Specifically, it should provide a sedative/hypnotic effect
(a dose-dependent depression of consciousness), analgesia (if necessary for
supplementing local anesthesia), and amnesia, ideally with minimal cardiovas-
cular and respiratory effects. Rapid-onset and short-acting or reversible agents
would allow optimal control over these effects. Unfortunately, no single drug
accomplishes all of these goals. With some basic understanding of the pharma-
cology of some of the more commonly used sedatives, combinations of these
drugs can achieve the desired effect. The use of specific medications for seda-
tion and analgesia is individual to the practitioner.

Benzodiazepines

Benzodiazepines act primarily by potentiation of a major inhibitory neuro-
transmitter, y-aminobutyric acid (GABA), throughout the CNS but especially
in the basal ganglia, hippocampus, cerebellum, hypothalamus, and spinal cord
(7). The interaction of GABA with the receptor facilitates the aperture of
chloride ion channels, allowing influx of chloride into the neuronal cell, thus
hyperpolarizing the membrane potential and limiting the cell’s response to
excitatory stimuli. Pharmacological properties include relief of anxiety,
sedation, and anterograde amnesia, with a minimum of cardiovascular and
respiratory depression. Benzodiazepines are not analgesics, and for this reason
they are typically combined with opioids such as fentanyl, producing a syner-
gistic response in both sedative qualities and respiratory depressive effects.
Careful titration should be taken to prevent severe hypoventilation and apnea
episodes, especially when given concomitantly with opioids in elderly patients.
The duration of action can be increased secondary to decreased metabolic
clearance, making the patient more susceptible to respiratory depression or
paradoxical agitation.

MIDAZOLAM

Midazolam is the most commonly used parenteral benzodiazepine. It is
frequently combined with fentanyl as the most accepted “cocktail” used for
sedation and analgesia in interventional radiology. This popularity can be
attributed to a rapid onset of action (1-5 minutes) and a short duration of
action (30-60 minutes). This duration of action compares favorably with other
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Midazolam
Ingredients Midazolam HCI | Dose 0.5-2.5 mg
Brand Name Versed Supplemental Dose ~ 0.25-1 mg
Cost $1.06/vial Onset Action 1-5 minutes
FDA Approval 1985 Duration of Effect 60-90 minutes
Contraindication Hypersensitivity or
narrow-angle
glaucoma
Comment Reduce dose 30-50%

in elderly or when
used with narcotics

benzodiazepines, such as diazepam (21-37 hours) or lorazepam (10-20 hours)
(8). If a sedation level is achieved, repeat doses can be given every five minutes
to maintain the patient at the same level of sedation. The time of onset is
affected by the total dose administered, the concurrent administration of nar-
cotic, and drugs used for premedication. Midazolam also has superior amnestic
properties when compared with the other benzodiazepines. The typical intra-
venous dose for sedation is 0.03-0.1 mg/kg, with special considerations in the
elderly and in patients with hepatic failure due to an increase in the plasma half-
life (2-fold and 2.5-fold, respectively). It is important to consider reducing the
dose with the concomitant use of narcotics. Sedative effects are variable among
patients, and in some cases, the recovery can be prolonged and accompanied by
delayed recovery of superior function (9).

The drug is metabolized in the liver by hydroxylation and conjugation, and
then it is excreted in the urine (10). The side effects of midazolam are dose
dependent, and include hypoventilation and hypoxemia (11). These side effects
are more prominent when midazolam is combined with other CNS depressants
such as narcotics, barbiturates, or anesthetics. Hypotension also can occur with
high doses. Midazolam is contraindicated in patients with a known hypersen-
sitivity to the drug or in patients with acute narrow-angle glaucoma. Benzo-
diazepines can be used in patients with open-angle glaucoma only if they are
receiving appropriate therapy.

Our common dosing regimen for the adult population is 1 mg of mid-
azolam with 50 mcg of fentanyl before the procedure (with the patient on the
table). A second round is given just before starting the procedure and once the
desired level of sedation is obtained, we continue with full rounds or half
rounds every 10-15 minutes depending on the level of patient arousal.

DIAZEPAM

Diazepam is a long-acting benzodiazepine used for the short-term manage-
ment of anxiety disorders, acute alcohol withdrawal, and as a skeletal muscle
relaxant. Diazepam can be administered orally, rectally, and parenterally. Dia-
zepam is the most rapidly absorbed benzodiazepine following an oral dose. The
absorption following an intramuscular (IM) injection is slow and erratic.
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Diazepam

Ingredients Diazepam Dose 2.5-5 mg
Brand Name Valium Supplemental Dose  2.5-20 mg
Cost $2.54/vial Onset Action 1-5 minutes
FDA Approval 1981 Duration of Effect ~ 12-60 hours

Comment Long-acting
benzodiazepine. Do not
mix or dilute

Anticonvulsant, skeletal muscle relaxant, and anxiolytic effects are usually evi-
dent after the first dose. The onset of action after an intravenous dose is 1-5
minutes. The duration for some clinical effects (e.g., sedation, anticonvulsant
activity) is much shorter than would be expected considering the very long half-
life for diazepam (30-60 hours). The typical intravenous dose can be low as 2.5
to 5 mg before the procedure, and then supplemental doses titrated from 2.5 to
up to 20 mg intravenously (IV), depending on response and patient tolerability.
The oral dose is 10 mg given 45-60 minutes before the procedure.

Diazepam is primarily metabolized in the liver with the production of
long-half-life active metabolites. These metabolites are subsequently glucuro-
nidated and excreted in the urine.

Benzodiazepine Antagonist

FLUMAZENIL

Flumazenil or Romazicon® is a competitive benzodiazepine antagonist in
the central nervous system and is used to reverse the sedation effect, ventilatory
depression, and psychomotor impairment caused by benzodiazepines. It has a
one-hour half-life. Because the half-life of flumazenil is so short, a resedation
effect by long-acting benzodiazepines may occur in 3-9% of the patients, requir-
ing a second dose of the antagonist in some cases. The usual dose is 0.1-0.2 mg
intravenously every minute until reversal of benzodiazepine overdose signs is
observed. The onset of reversal is usually evident within 1-2 minutes after injec-
tion. Eighty percent response will be reached within three minutes, with the peak

Flumazenil

Ingredients Flumazenil Dose 0.1-0.2 mg
Brand Name Romazicon | Supplemental Dose  Same at 1 minute
Cost $82.86/vial Onset Action 0.5-1 minute
FDA Approval 1991 Duration of Effect 60 minutes

Comment Increased risk of seizure
in patients with long-term
benzodiazepine therapy
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effect occurring at 6-10 minutes. The pharmacokinetics is not significantly
altered by age, gender, or renal function. Adverse effects are infrequent in patients
who receive 1 mg or less, although injection site pain, agitation, and anxiety may
occur. Flumazenil is known to precipitate withdrawal seizures in patients who are
physically dependent on benzodiazepines, even if such dependence was estab-
lished in a few days of high-dose sedation. Flumazenil is contraindicated in
patients with a known hypersensitivity to the drug or in patients who have been
given a benzodiazepine for control of a potentially life-threatening condition
(e.g., control of elevated intracranial pressure or status epilepticus).

Opioids

Opioids bind to specific receptors located throughout the central nervous
system including the spinal cord and other tissues. Four major types of opioid
receptors have been identified: mu (p), kappa (x), delta (8), and sigma (o). Of
those receptors, [ receptors (with subtypes p-1 and p-2) are the most clinically
relevant. Stimulation of p-1 receptors produces supraspinal analgesia, and p-2
activation produces respiratory depression, miosis, decreased gastrointestinal
motility, and euphoria. Kappa-receptor stimulation also produces some degree
of analgesia, miosis, and respiratory depression. Respiratory depression is
caused by the direct action of an opiate on respiratory centers in the brain
stem. Opiate agonists increase smooth muscle tone in the stomach, small
intestine, large intestine, and biliary and gastrointestinal sphincters. Opiate
agonists also decrease secretions from the stomach, pancreas, and biliary tract.
The combination of effects of opiate agonists on the gastrointestinal tract
results in constipation and delayed digestion. Urinary smooth muscle tone is
also increased by opiate agonists. The tone of the bladder detrusor muscle,
ureters, and vesical sphincter is increased, which sometimes causes urinary
retention. Other significant clinical side effects include cough suppression,
hypotension, nausea, and vomiting. The antitussive effects of opiate agonists
are mediated through direct action on receptors in the cough center of the
medulla, and cough suppression can be achieved at lower doses than those
required to produce analgesia. Hypotension is possibly due to an increase in
histamine release and/or depression of the vasomotor center in the medulla.
Induction of nausea and vomiting possibly occurs from direct stimulation of
the vestibular system and/or the chemoreceptor trigger zone. Opioids can
produce drug dependence; psychic dependence, physical dependence, and tol-
erance may develop upon repeated administration of opioids and therefore
should be prescribed and administered with caution. All opioids are regulated
by federal narcotic laws.

FENTANYL

Fentanyl is a synthetic opioid that binds with relative specificity to
p-receptors (p-1/p-2). It is 80-100 times more potent than morphine and
750 times more potent than meperidine. The onset of action of fentanyl is
almost immediate when the drug is given intravenously, making it relatively
easy to titrate; however, the maximal analgesic and respiratory depressant effect
may not be noted for several minutes. The usual duration of action of the
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Fentanyl
Ingredients Fentanyl Citrate Dose 25-75 ug
Brand Name Sublimaze Supplemental Dose 25-50 ng
Cost $1.40/vial Onset Action 0-5 minutes
FDA Approval 1968 Duration of Effect 30-60 minutes
Comments Hepatic impairment
prolongs the effect

analgesic effect is 30—60 minutes after a single IV dose of up to 100 pg. Fentanyl
is typically given IV at a dose of 0.5 to 2 pg/kg every 1-2 minutes. It is prudent
not to administrate at intervals shorter than 2 minutes.

Larger doses of fentanyl may produce apnea. As with most medications
used in procedural sedation and analgesia, lower doses should be used in the
elderly population. Fentanyl appears to have fewer emetic side effects than
either morphine or meperidine. Additional benefits include preserving cardiac
stability, and the drug does not cause histamine release as does morphine. As a
result, the incidence of hypotension and skin manifestations (flushing and
rash) is minimal. Fentanyl has minimal amnestic effects and is not typically
used as a single agent. Therefore, it is commonly combined with amnestics and
anxiolytics such as midazolam.

As with other opioids, the most common serious adverse reactions
reported to occur with fentanyl are respiratory depression, apnea, rigidity,
and bradycardia. If these remain untreated, respiratory arrest, circulatory
depression, or cardiac arrest could occur. An advantage over other narcotics
is that fentanyl seems to have minimal cardiovascular effects; therefore, it is less
likely to cause hypotension. Fentanyl is contraindicated in patients with known
hypersensitivity to the drug or other opioid agonist.

MORPHINE

Morphine is a pure opiate agonist with relative selectivity for the -receptor,
although at higher doses it can interact with other opiate receptors. The princi-
pal therapeutic action of morphine is analgesia. Other therapeutic effects of
morphine include anxiolysis, euphoria, and a relaxed feeling. Morphine is still

Morphine

Ingredients Morphine Sulfate | Dose 2.5-10 mg
Brand Name Supplemental Dose  0.8-10 mg/hour
Cost $23.80/vial Onset Action 1-5 minutes
FDA Approval 1984 Duration of Effect 4-6 hours

Comment Contraindicated in
patients with hepatic
and/or renal
insufficiency
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a widely used opioid in the management of acute and chronic pain. The onset of
action after intravenous injection is around 3-5 minutes, but IM or subcuta-
neous administration results in slower absorption, which can range between 15
and 20 minutes. Peak analgesia is obtained about 20 minutes after intravenous
injection, and 50-90 minutes after subcutaneous and IM injections. Morphine is
rapidly and widely distributed and crosses the blood brain barrier. At therapeu-
tic doses, plasma protein binding is only 20-35%. The primary site of metab-
olism is the liver and excretion is via the kidneys; the dose should therefore be
reduced in patients with liver disease. There is no predictable relationship
between morphine serum concentrations and analgesic response; however, there
is a minimum effective analgesia plasma concentration for any given patient,
which varies from patient to patient. Also, there is no relationship between
morphine concentrations and incidence of adverse events, although higher con-
centrations are associated with more adverse events than lower concentrations.
Several factors may affect a patient’s response to a given opiate agonist including
age, prior opiate therapy, medical condition, and emotions.

As with all drugs in the opiate class, morphine can cause respiratory depres-
sion, cough depression, and nausea, and vomiting. These may occur in part due
to a direct effect on the brainstem and medulla. Antitussive effects may occur
with doses lower than those usually required for analgesia. In the gastrointestinal
tract, morphine decreases the gastric, biliary, and pancreatic secretions; causes a
reduction in bowel motility; and causes a marked increase in biliary tract pres-
sure as a result of spasm of the sphincter of Oddi. Morphine may also cause
spasms of the sphincter of the urinary bladder. In therapeutic doses, morphine
does not usually cause major effects on the cardiovascular system. Morphine, like
other opiates, produces peripheral vasodilatation that may result in orthostatic
hypotension and fainting. Release of histamine can occur, which may play a role
in opiate-induced hypotension. Manifestations of histamine release and/or
peripheral vasodilatation may include pruritus, flushing, red eyes, and sweating.

Morphine clearance is decreased in the elderly and in cirrhotic patients;
drug administration in these patients should be performed with caution. Mor-
phine sulfate is contraindicated in patients with respiratory depression, acute or
severe bronchial asthma, and upper airway obstruction. It is also contraindi-
cated in any patient who has or is suspected of having paralytic ileus, suspected
or known head injury, or increased intracranial pressure. Morphine sulfate may
cause vasodilatation that may exacerbate hypotension and hypoperfusion and,
therefore, is contraindicated in patients with circulatory shock.

Morphine has several pharmacological disadvantages when considered as a
drug for sedation and analgesia for interventional procedures. The onset of
action is slower in comparison with fentanyl, and despite shorter half-life,
morphine’s clinical effects are longer than those of fentanyl. For this reason,
morphine is popular as a postoperative analgesic when pain is expected for a
prolonged period of time. The main side effects are related to histamine release
causing flushing, hives, and rash. The incidence of nausea and untoward central
nervous system effects are greater as well. Morphine does not fit the model of a
rapid-onset, short-acting, low-side-effect agent as well as fentanyl.

In our practice, we use morphine for pain control after certain procedures
including chemoembolization, uterine fibroid embolization, and sclerotherapy
of vascular malformations. We use intravenous morphine via pump; our
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standard regimens are (a) 0.5 mg every six minutes, with a maximum dose of 20
mg in a four-hour period, and (b) 1 mg every eight minutes, with a maximum
dose of 30 mg in a four-hour period.

We usually employ an antiemetic drug to reduce the nausea and vomiting
related to both the procedure and the morphine effect. We find that these
regimens work extremely well in controlling pain for these patients.

MEPERIDINE

Meperidine is a synthetic narcotic with a weak analgesic property. Meper-
idine is primarily a K-opiate receptor agonist, and due to its chemical structure,
it also has local anesthetic effects. Meperidine is recommended for relief of
moderate to severe acute pain. It is one-tenth as potent as morphine with side
effects unlike those of other opioids. There is some evidence, which suggests that
meperidine may produce less smooth muscle spasm, constipation, and depres-
sion of the cough reflex than equianalgesic doses of morphine. Some patients
exhibit an increase in heart rate probably caused by chemical structural simi-
larity to atropine. The onset of action is slightly more rapid than with morphine,
and the duration of action is slightly shorter. Following intravenous adminis-
tration, onset of analgesia occurs within one minute and the time to peak effect
is 5-7 minutes. When given via the intramuscular or subcutaneous route, the
onset of action is noted within 10-15 minutes and the peak of effect occurs
within one hour. The duration of analgesia is around 2—4 hours but decreases
with chronic use. Dosage should be adjusted according to necessity, severity of
the pain, and response of the patient. IM administration is preferred when
repeated doses are required. If intravenous administration is required,
the dosage should be decreased and the drug should be injected very slowly,
preferably utilizing a diluted solution. Rapid intravenous injection increases the
incidence of serious adverse reactions, such as severe respiratory depression,
apnea, hypotension, peripheral circulatory collapse, and cardiac arrest. The
usual dosage is 50-150 mg intramuscularly or subcutaneously every three or
four hours as necessary. In children, the dosage is 1-1.5 mg/kg intramuscularly
or subcutaneously up to the adult dose, every three or four hours as necessary.

Meperidine is metabolized to normeperidine in the liver, a metabolite
capable of inducing seizures and delirium. These toxic reactions to this

Meperidine

Ingredients Meperidine HCl | Dose 50-150 mg
Brand Name Demerol Supplemental Dose ~ 25-100 mg
Cost $19.20/vial Onset Action 1-7 minutes
FDA Approval 1942 Duration of Effect 2—4 hours

Comment Use with caution in
patients with renal
and/or hepatic
insufficiency. Do not
used concurrently
with MAO inhibitors
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compound may be greater in patients with impaired hepatic or renal function.
In elderly patients, the drug should be given at the lower end of the dose range
and the patient observed closely because these patients are more likely to have
decreased renal function. Meperidine is contraindicated in patients who are
receiving monoamine oxidase (MAO) inhibitors or those who have recently
received such agents. There are reports of severe and occasionally fatal reactions
after meperidine administration in patients who have received MAO inhibitors
within 14 days. The mechanism of these reactions is unclear but may be related
to a preexisting hyperphenylalaninemia. Meperidine is also contraindicated in
patients with respiratory depression, acute or severe bronchial asthma, upper
airway obstruction, who have or are suspected of having paralytic ileus, head
injury, or increased intracranial pressure. The respiratory depressant effects of
meperidine can cause CO, retention with subsequent elevation of cerebrospinal
fluid pressure; this effect may be markedly exaggerated in the presence of head
injury, other intracranial lesions, or a preexisting increase in intracranial
pressure.

REMIFENTANIL

Remifentanil is a pi-receptor agonist with rapid onset and peak effect and
an ultrashort duration of action. The effects of remifentanil have a direct
correlation between dose, blood levels, and response. The peak effect occurs
within 3-5 minutes after a single dose of remifentanil, which effectively sub-
sides within 5-10 minutes after discontinuation of therapy. Good grades of
analgesia are reached with infusions of 0.05-0.1 pg/kg/minute, with blood
concentrations of 1-3 ng/ml. As a practical rule, every 0.1 pg/kg/minute change
in the IV infusion rate will lead to a corresponding 2.5 ng/ml change in remi-
fentanil blood concentration, with a necessity of delay of around 5-10 minutes
to reach the steady state. At doses larger than 5 ng/ml or greater than 0.2 ng/kg/
minute, remifentanil can cause hypotension, bradycardia, and respiratory
depression. Skeletal muscle rigidity is related directly to dose and speed of
administration. Unlike other opioids, remifentanil is rapidly metabolized by
blood and tissue esterases. The pharmacokinetics of remifentanil are unaffected
by the presence of renal or hepatic impairment. The rapid elimination of
remifentanil permits the titration of infusion rate without concern for pro-
longed duration of action. The p-receptor activity of remifentanil can be
reversed by opioid antagonists such as naloxone. Only personnel specifically
trained in the use of intravenous and general anesthetics should administer
remifentanil.

Remifentanil
Ingredients Remifentanil HCl | Dose 0.05-0.1 pg/kg/minute
Brand Name Ultiva Supplemental Dose  0.05 pg/kg/minute
Cost $70.70/vial Onset Action 0-1 minute
FDA Approval 1996 Duration of Effect 3-10 minutes
Comments Should be used by
trained personnel
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Naloxone

Ingredients Naloxone HCl | Dose 0.4-0.8 mg

Brand Name Narcan Supplemental Dose  0.1-0.2 mg up to 10 mg
Cost $1.75/vial Onset Action 1-2 minutes

FDA Approval 1971 Duration of Effect 1-2 hours

Comment Do not use in Patients
who are suspected to be
physically dependent
on opioids

Opioid Antagonist

NALOXONE

Naloxone is a pure opiate-receptor antagonist with little or no agonistic
activity. Classically, it is used to reverse the clinical effects of opiate analgesics
overdose. Naloxone is thought to antagonize p-, kappa-, and delta-receptors.
This antagonism is competitive and short lived. Thus, repeat doses of naloxone
may be required when long-acting opiates are involved.

The onset of action is 1-2 minutes after IV administration and 2-5 minutes
after subcutaneous or IM administration. Onset of action can be delayed in
hypotensive patients. The plasma half-life ranges from 60 to 90 minutes. The
usual dose is 0.4-0.8 mg IV, IM, or SC, up to a total dose of 10 mg; the doses
can be repeated every 2—-3 minutes to attain the desired response. Naloxone is
metabolized in the liver and excreted by the kidney (12). Naloxone itself pro-
duces no physical or psychological dependence and will not worsen respiratory
depression if administered for nonopiate overdose. It should be used with
discretion when considering administering it to patients who are sedated from
opiates but who do not exhibit respiratory depression. In patients who have not
recently received opioid drugs, naloxone shows no pharmacological effects,
even at high doses.

Other Drugs

PROPOFOL

Propofol is an intravenous, nonbarbiturate anesthetic that is structurally
unrelated to other intravenous anesthetic agents. The mechanism of action of
propofol appears to be related to inhibition of a specific subtype of glutamate
receptors and agonistic activity at the GABA receptor. The popularity of pro-
pofol as a sedative and induction agent is related to its rapid onset and short
duration of action, producing rapid awakening and recovery in most patients
(13). The onset of action is as rapid as 40 seconds, with a typical duration of
action of 3—5 minutes (14). The usual dose is 100-150 pg/kg/minute injected
over a period of 3-5 minutes, trying to titrate to desired clinical effect while
closely monitoring respiratory function. For maintenance infusions in most
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Propofol

Ingredients Propofol Dose 100-150 pg/kg/minute
during 3-5 minute

Brand Name Diprivan Supplemental Dose 25-50 pg/kg/minute
adjusted to clinical
response

Cost $7.09/vial Onset Action <1-2 minutes

FDA Approval 1989 Duration of Effect 3-5 minutes

Comments Should be used by trained
personnel

patients, an IV infusion of 25-75 pg/kg/minute is given during the first 1015
minutes, followed by 25-50 pg/kg/minute adjusted to clinical response. Doses
of 150-200 pg/kg/minute usually produce deep sedation or general anesthesia.
When used at subhypnotic doses, propofol provides an easily titratable level of
sedation, with anxiolysis and amnesia similar to those of midazolam (15).
When propofol is administered slowly, most patients will be adequately sedated
and the peak drug effect can be achieved while minimizing undesirable cardio-
respiratory effects.

Controversy exists concerning the safe use of propofol by practitioners who
are not anesthesiologists. Gastroenterologists in particular have pursued the use
of propofol for sedation during endoscopic procedures. Several large random-
ized controlled studies have been published demonstrating its safe use by gas-
troenterologists, often with nurses administering the drug (16,17). Propofol is
metabolized in the liver where it rapidly is converted to inactive metabolites
that are excreted by the kidney. The pharmacokinetics of propofol do not
appear to be affected by chronic hepatic or renal disease.

Unlike many other general anesthetics, propofol possesses antiemetic activ-
ity (18). Pain during the injection occurs in 28-90% of patients. The concom-
itant use of a low dose of IV lidocaine can prevent the pain resulting from
propofol injection (19).

Nonsteroidal Anti-imflammatory Drugs

NSAIDs are used as first-line agents for the symptomatic relief of inflammatory
and pain conditions, and fever relief. NSAIDs constitute one of the most widely
used groups of drugs in the USA (20), with 70 million prescriptions and more
than 30 billion over-the-counter tablets sold annually (21). NSAIDs are a
chemically varied class of compounds with common therapeutic effects.
NSAIDs mediate inflammation through inhibition of the COX enzyme, which
is responsible for the production of prostaglandins from arachidonic acid
(22,23). NSAIDs also work as antipyretics through inhibition of production
of prostaglandin E2 in the hypothalamus. Analgesic properties appear to be due
to attenuation of the prostaglandin-mediated effect on nociceptors that are
activated by chemical mediators of pain, such as bradykinin, histamine, nitric
oxide (24).
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There are two general types of COX inhibitors: nonselective and selective.
The majority of NSAIDs are nonselective, leading to inhibition of both COX-1
and COX-2. The inhibition of COX-1 is responsible for many of the unwanted
gastrointestinal side effects of NSAIDs. The new selective compounds do not
appear to be more effective mediators of inflammation or analgesics, but they
do appear to cause fewer gastrointestinal side effects due to the lack of COX-1
effects (Table 4).

Variability in response to NSAIDs is described among patients, although
the exact cause is not fully understood. Several pharmacological factors such as
dose response, plasma half-life, and urinary excretion, as well heterogeneity in
gene expression are the most accepted explanations (25-27). NSAIDs are avail-
able in a variety of preparations, including sustained release, slow release, and
suppository. Most NSAIDs are totally absorbed from gastrointestinal tract,
bound to plasmatic proteins by more than 90%, and metabolized principally
through the liver with production of inactive metabolites that are excreted in
the bile and urine. Most NSAIDs undergo partial metabolism in the liver
with elimination in the urine or feces. Plasma half-lives of NSAIDs range from
2 hours for ibuprofen to longer than 80 hours for piroxicam.

NSAIDs are relatively safe drugs that have a number of well-documented
side effects at therapeutic doses. Important toxicities occur in the gastrointes-
tinal tract, kidney, platelets, and other organ systems. Effects on platelets are
also recognized. The adverse gastrointestinal effects occur in at least 10-20% of
patients, resulting in increase of NSAID-associated morbidity and mortality
(28). The mortality rate among patients hospitalized for NSAID-induced upper
gastrointestinal bleeding is 5-10% (29), and certain groups of patients are at
greater risk for developing peptic ulcer complications. In these cases, consid-
eration should be given to use a gastroprotective therapies in order to reduce
the risk of adverse gastrointestinal events. The available strategies include the
use of COX-2-specific NSAIDs, replacement of gastric prostanoids with miso-
prostol, synthetic analog of prostaglandin E1 (30,31), or coadministration of a
proton pump inhibitor (30,32). However, misoprostol is often poorly tolerated
due to diarrhea or abdominal pain (33). Unfortunately, despite the number of

Table 4. Risk Factors for Gastrointestinal Complications of NSAIDs

Advancing age

High dose of NSAID

History of peptic ulcer
Anticoagulation or aspirin therapy
Corticosteroid therapy

Alcohol

Cigarette smoking

Source: Wolfe et al. (29).
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strategies available for risk reduction, there is a high failure rate to adequately
protect patients using NSAIDs.

Non-gastrointestinal-related side effects of NSAIDS are also well docu-
mented. NSAIDs inhibit platelet aggregation, but except for aspirin, this inhib-
ition is reversible and depends on the concentration of drug in the platelet.
The antiaggregation effect of aspirin can last for up to 4—6 days, until the bone
marrow can form new platelets (34). Prostaglandins play a vital role in solute
and renovascular homeostasis (35). Prostaglandins are known to regulate renal
sodium resorption by their ability to inhibit active transport of sodium in both
the thick ascending limb and the collecting duct of the kidney, and to increase
renal water excretion by blunting the actions of vasopressin (36). Decreased
sodium excretion in NSAID-treated patients can lead to weight gain and
peripheral edema. This effect may be sufficient to cause clinically important
exacerbations of congestive heart failure. At the current time, there is no
documented difference between COX-2-specific and nonspecific NSAIDs with
regard to renal effects (35). In addition to sodium retention, NSAIDs may
cause altered blood pressure or acute renal failure (uncommon and most of
the time reversible). Another adverse renal effect resulting from NSAIDs
involves an idiosyncratic reaction accompanied by massive proteinuria and
acute interstitial nephritis.

A wide variety of cutaneous reactions have been associated with NSAIDs.
Almost all the NSAIDs have been associated with cutaneous vasculitis, eryth-
ema multiforme, Stevens-Johnson syndrome, or toxic epidermal necrolysis.
NSAIDs are also associated with urticaria, angioedema, anaphylactoid, or ana-
phylactic reaction. Up to 10-20% of the general asthmatic population, espe-
cially those with the triad of vasomotor rhinitis, nasal polyposis, and asthma,
are hypersensitive to aspirin. In these patients, ingestion of aspirin and non-
specific NSAIDs leads to severe exacerbations of asthma with naso-ocular
reactions.

CONCLUSIONS

A wide range of medications are available for use both during and following
interventional procedures. Choosing an appropriate regimen is vital to max-
imize the desired effect of any given regimen while minimizing its adverse
effect. In order to achieve this desired effect, the interventionalist must take
an active role in being familiar with commonly used medications.
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The purpose of sedation during interventional procedures is to alleviate pain
and anxiety. Administration of sedation makes performance of interventional
procedures possible in young children and uncooperative adults. Anesthesiol-
ogists are trained to administer and monitor all levels of sedation. However, it is
a common practice for nonanesthesiologists to administer sedation in a variety
of hospital and office settings.

Sedation is a continuum of decreasing levels of consciousness ranging from
anxiolysis to general anesthesia. During anxiolysis, also known as minimal
sedation, the patient’s level of anxiety is decreased; they are responsive to all
external stimuli and maintain all protective reflexes. These patients may have
some impairment of their cognitive functions. Moderate sedation is a medically
controlled state of depressed consciousness in which patients respond purpose-
fully to verbal and tactile stimuli and maintain all protective refluxes. In deep
sedation, the level of consciousness is further depressed where patients only
respond to painful stimuli. These patients generally maintain their respiratory
drive and cardiovascular functions but their gag reflex may be depressed inter-
mittently. General anesthesia involves medically induced complete loss of con-
sciousness from which patients cannot be aroused by any form of external
stimuli. These patients lose all protective refluxes and their respiratory and
cardiovascular functions are depressed. In most clinical settings, nonanesthesi-
ologists administer and monitor moderate sedation (where not otherwise
specified, the word sedation implies moderate sedation in this chapter).

Safe administration of sedation by nonanesthesiologists is governed by
guidelines generated by the American Society of Anesthesiologists (ASA) and
the Joint Commission for Accreditation of Healthcare Organizations (JCAHO).

The American Society of Anesthesia formed a 10-member task force com-
prising anesthesiologists in academic and private practices as well as nonanes-
thesiologists who routinely administered sedation in their practices. The
participants of the task force were chosen from all parts of the United States.
This task force reviewed published literature and conducted surveys relating to
safety and efficacy of various methods of administering sedation. Based on
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literature review and survey results, the task force formulated draft recommen-
dations and held open forums during two major national meetings to solicit
input on these draft recommendations. ASA guidelines for sedation adminis-
tered by nonanesthesiologists were first published in Anesthesiology in 1996 (1)
and the revision was published in Anesthesiology in 2002 (2).

Based on the strength of published data in support of a given recommen-
dation, the task force graded the recommendation as supportive, suggestive,
equivocal, inconclusive, or insufficient. Similarly, the survey responses from the
consultants were graded from one through five ranging from strongly disagree
to strongly agree.

These guidelines are only intended for administration of moderate seda-
tion by nonanesthesiologists during interventional and diagnostic procedures.
These guidelines do not address minimal or deep sedation. Because of the
differences in the level of sedation and patient monitoring, administration of
moderate sedation outside the settings of interventional or diagnostic proce-
dures, such as premedication and postoperative analgesia, are also not covered
by these guidelines.

The guidelines recommended by the ASA are intended to assist the health
care provider in administering sedation in a safe and effective fashion. These
guidelines are broad in scope and general in application. The guidelines are
only recommendations and are not binding. They can be adapted, altered, or
altogether ignored by the health care professional administering sedation.

JCAHO is an agency whose mission is to improve the safety and quality of
patient care though accreditation of health care facilities and to provide related
services to support and improve performance of health care organizations. To
this goal, JCAHO employs many tools including the conduction of surveys, site
visits, and inspection of various health care organizations for the purpose of
accreditation. JCAHO also establishes organizational standards to be imple-
mented by health care organizations. These standards of practice are published
in a compressive accreditation manual that can be accessed online at the
JCAHO official Web site (3). JCAHO standards for sedation apply in all hos-
pital or office settings where the administration of sedation, irrespective of its
intent, is reasonably expected to suppress the patients protective reflexes.

ASA guidelines address all aspects of sedation from consent to medications
and recovery. JCAHO guidelines, in contrast, are more operational in nature
and discuss staffing, equipment, and documentation.

AMERICAN SOCIETY OF ANESTHESIA
GUIDELINES

Preprocedure Patient Evaluation

The clinician administering sedation should obtain the patient’s medical his-
tory including previous reactions to sedation, allergies to drug and other sub-
stances, time of last oral intake, and history of alcohol, tobacco, or substance
abuse. The patient should also undergo a focused physical examination. Vital
signs should be obtained and the heart, lungs, and airways should be evaluated.
Only those laboratory tests that will be helpful in the decision-making process
during administration of sedation should be ordered.
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The published literature provides insufficient evidence of any relationship
between preprocedure patient evaluation and the outcome of administering
sedation. There is, however, some evidence that preexisting medical conditions
may adversely affect the outcome of sedation. The consultants strongly agree
that a history should be taken, and a focused physical examination should be
performed on all patients receiving sedation.

Consent

The patient or their legal guardians should be properly counseled about the
risks, benefits, limitations, and alternatives of administering sedation.

There is insufficient literature regarding benefits of obtaining informed
consent for sedation. The consultants agree in the case of moderate sedation
and strongly agree in the case of deep sedation that an informed consent for
administering sedation should be obtained in all patients.

Oral Intake Status

The guidelines recommend six hours of fasting after ingestion of a solid meal
and four hours after liquids. After ingestion of clear liquids, patients can receive
sedation after two hours. Clear liquids for this purpose are defined as trans-
parent or semitransparent liquids of any color.

There is insufficient literature in support of better outcomes of sedation in
patients who were fasting before the procedure. Sedation does, however, sup-
press airway reflexes. The consultants agree in the case of moderate sedation
and strongly agree in the case of deep sedation that for elective interventional
procedures, enough time should be allowed for gastric emptying so as to
prevent aspiration during the procedure. In emergent situations, consultants
suggest altering the target level of sedation, delaying the procedure if possible,
or protecting the airway by endotracheal intubation.

Monitoring Level of Consciousness

The patient’s level of consciousness should be monitored by assessing their
response to verbal commands. Spoken responses from the patients also assure
that they are breathing adequately.

Published literature is noncontributory as to whether monitoring the
patient’s level of consciousness either reduces risk or improves outcome. How-
ever, the consultants strongly agree for both moderate and deep sedation that
monitoring the patient’s responsiveness reduces the risk and improves outcome.

Monitoring Pulmonary Ventilation

Drug-induced respiratory depression is the main cause of morbidity and
mortality related to sedation. During administration of sedation, ventilatory func-
tion should be monitored by observation and auscultation. Although related to
ventilation, monitoring blood oxygen levels by pulse oximetry is an independent
physiological process and does not substitute for monitoring of ventilation directly.
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There is insufficient literature in support of monitoring pulmonary ven-
tilation during administration of sedation. Consultants strongly agree that
monitoring ventilation during sedation improves outcome. Consultants also
agree that monitoring capnography decreases risk during deep sedation but are
equivocal of its role during moderate sedation. In circumstances where patients
are physically separated from the health care provider monitoring their seda-
tion, consultants agree that an automated apnea monitor can reduce the risk of
adverse outcome.

Monitoring Pulse Oximetry

Guidelines recommend that pulse oximetry should be continuously monitored
in all patients during sedation, preferably with an audible alarm set to alert of
decreasing oxygenation.

Published literature suggests that pulse oximetry can detect oxygen desa-
turation in patients receiving sedation. Consultants strongly agree that early
detection of oxygen desaturation reduces the risk of adverse outcome during
sedation. Consultants also agree that pulse oximetry detects cardiovascular
depression earlier than clinical observation alone.

Monitoring the Patient’s Hemodynamic Status

The level of sedation is inversely related to the patient’s ability to respond
adequately to changing hemodynamic stresses. Lower level of sedation, in
contrast, leads to stress-related hypertension and tachycardia. Early detection
of changes in patient’s heart rate and blood pressure are therefore essential in
maintaining a balance between the patient’s comfort and the adequate level of
consciousness. Blood pressure should be automatically recorded every 5-15
minutes throughout the procedure, and response to verbal and tactile stimuli
should be assessed at routine intervals.

There is insufficient published data to reach a conclusion regarding the
effects of agents used for sedation on patient’s hemodynamic status. The con-
sultants agree that sedative and analgesic agents blunt the autonomic homeo-
static responses. Consultants strongly agree that monitoring patient’s vital signs
on a short regular interval reduces the likelihood of adverse outcome.

Consultants also strongly agree that continuous electrocardiography dur-
ing deep sedation reduces the likelihood of adverse outcome; for patients
receiving moderate sedation, consultants are equivocal in their recommenda-
tion. Consultants are of the opinion that patients with other cardiovascular
comorbidities should be monitored with continuous electrocardiography irre-
spective of their level of sedation.

Personnel Monitoring the Patient

The task of administering sedation and the performance of diagnostic or
invasive procedures should not be assigned to the same health care provider.
The provider administering deep sedation should have no other responsibili-
ties other than monitoring the patient. For moderate sedation, however, the
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provider can be assigned other minor tasks once the patient reaches a stable
level of sedation.

No published data are available on this issue. For moderate sedation the
consultants agree, and for deep sedation the consultants strongly agree, that the
person responsible for administering and monitoring sedation should be inde-
pendent of the person performing the procedure so that the caregiver responsible
for monitoring the patient can concentrate solely on the patient monitoring.

Personnel Training

A health care provider trained in basic life support should be present in the
procedure room and a provider trained in advanced cardiac life support should
be available and able to respond within five minutes. Because sedation is a
continuum of decreasing levels of consciousness, and because each patient
responds differently to medications, the personnel responsible for administer-
ing and monitoring sedation should be able to recover patients from sedation
levels deeper than intended for any given case.

There are no published data addressing the training of the personnel mon-
itoring sedation. The consultants agree that the personnel monitoring the
patients should receive special training in recognizing early signs of respiratory
and cardiovascular depression.

Emergency Equipment

A crash cart with all emergency equipment should be readily available in case of
an emergency. The crash cart should stock all relevant pharmacological antago-
nists and age-appropriate equipment to maintain an airway, obtain blood
pressure measurements, maintain intravenous access, and provide supplemen-
tal oxygen. A defibrillator should be readily available.

The literature is noncontributory on the availability of emergency equip-
ment during the administration of sedation. Consultants agree that availability
of emergency equipment may reduce the risk of a poor outcome associated with
sedation.

Supplemental Oxygen

Supplemental oxygen with appropriately sized delivery equipment to admin-
ister oxygen should be available in the procedure room.

Published literature supports, and the consultants agree, that the use of
supplemental oxygen reduces the risk of a poor outcome during moderate and
deep sedation.

Analgesic and Sedative Agents

It is the consensus of the task force that the combination of sedatives and
analgesics is effective in administering sedation, and that a fixed combination
of these agents may not allow the individual agents to be titrated according to
the patient’s specific needs. It is also the recommendation of the task force that
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each sedative or analgesic agent be administered individually and tailored to the
patient’s needs, keeping in mind the patient’s respiratory and cardiovascular
status.

There is insufficient literature concerning the safety of a single dose of
analgesic and sedative agent based on patient’s age, height, and weight, against
incremental small doses titrated to achieve the desired effect. The consultants
strongly agree that sedative and analgesic agents should be administered in
small incremental doses to achieve the desired effect. Health care providers
should allow sufficient time to lapse between each dose to assess its effect before
administering the subsequent doses. The literature suggests that the combina-
tion of sedative and analgesic agents is effective in producing sedation. How-
ever, the literature is equivocal as to whether or not the combination of these
agents is more effective than a single agent alone. The published literature also
suggests that a combination of analgesics and sedatives increases the likelihood
of ventilatory and cardiovascular depression.

Reversal Agents

Specific antagonists to opioids (naloxone) and benzodiazepines (flumazenil)
should be readily available to reverse respiratory depression caused by the sed-
ative and analgesic agents. Health care providers should be careful that sudden
reversal of sedation can cause severe pain and hypertension. This effect may be
especially true in the case of patients who are on chronic benzodiazepine or
narcotic therapy. Patients who suffer from hypoxia or apnea during sedation
should be encouraged to breathe deeply, be given supplemental oxygen, and
receive positive-pressure ventilation if spontaneous ventilation is inadequate. It
is also important to realize that the pharmacological effect of the reversal agents is
short, and patients need to be monitored after apparent recovery because of
continued effects of sedative and analgesics that can outlast the reversal agents.

The literature supports the availability of pharmacological reversal agents
to sedatives and analgesics, and the consultants strongly agree that availability
of these agents reduces poor outcome of sedation.

Recovery Care

Patients receiving sedation continue to be at risk of respiratory and cardiovas-
cular depression after the procedure. Because of variation in the elimination of
agents based on patient’s metabolic processes, agents used for administering
sedation have variable residual effects that may continue after the completion of
the procedure.

There is insufficient literature supporting postprocedure patient care. The
consultants strongly agree that patients should be observed in a well-staffed
area until they reach the predetermined discharge criteria.

Special Situations

Patients with other severe comorbid conditions, extremes of age, and
those with a history of drug or alcohol abuse are at increased risk of poor
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outcome. Consultants agree that preprocedural consults from appropriate
medical specialists decreases the risk of sedation. Consultants are equivocal
regarding the benefit of consulting anesthesiologists on the outcome of seda-
tion for patients with sedation-related risk factors like morbid obesity, sleep
apnea, difficult airways, and uncooperative tendencies. The task force is of the
opinion that whenever possible, the relevant medical specialist should be
consulted.

JOINT COMMISSION FOR ACCREDITATION OF
HEALTH CARE ORGANIZATIONS

Staff

JCAHO guidelines mandate that only qualified health care providers should
administer sedation. Qualified health care providers include physicians and
dentists with current clinical competency in administering sedation. Current
clinical competency constitutes a current BLS certification and biennial review
of sedation educational material with successful completion of written sedation
examination. Anesthesiologists, emergency care physicians, critical care physi-
cians, and pulmonologists by virtue of their training are exempt from the above
requirements. Qualified nurses should have a current BLS certification and
should be current in their competency in medication administration, nursing
care, and patient monitoring.

Administration of sedation in the clinical setting mandates that there
should be enough staff members available to evaluate the patient prior to the
procedure, administer sedation, perform the procedure, monitor the patient,
recover the patient safely from sedation, and discharge them when stable. There
is no specific minimum number of staff required to be available during the
procedure. The staff should have a minimum competency-based education,
training, and experience to safely assess the patient prior to the procedure
and administer sedation in a safe manner.

Equipment

The health care facility where the sedation is being administered should have
appropriate equipment to safely administer and monitor sedation. Oxygen
should be readily available within the procedure room from either a permanent
or portable source. Age-appropriate airway maintenance and oxygen delivery
equipment, suction equipment, emergency cart, and monitoring equipment
including pulse oximetry, blood pressure, and electrocardiogram monitoring
devices should be available. Appropriate pharmacological reversal agents
should be readily available.

Documentation

An informed consent should be obtained from all patients receiving sedation.
The health care provider obtaining the consent should counsel the patient or
their health care proxy about the risk and benefits of sedation.
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Sedation assessment should be documented in the patient’s medical record.
The assessment should address the following:

History of snoring or sleep apnea. All patients undergoing sedation
require assessment of their airway including the ability to hyperextend
their neck and documentation of any loose teeth or dentures.

History of allergic reactions to medications, particularly the ones used for
administering sedation.

Neurological examination with respect to level of consciousness.

Time and nature of last oral intake.

Vital signs.

Physical examination of cardiovascular and respiratory systems.

Patient’s risk stratification and documentation of their ASA physical status
classification.

Plan for sedation.

ASA physical status classification is as follows:

Class I: Healthy patient

Class II: Mild-to-moderate well-controlled systemic disorder
Class III: Severe systemic disorder that limits normal activities
Class IV: Severe life-threatening illness

Class V: Moribund, poor chance of survival

Just prior to starting the procedure, a “procedural pause” (time-out) should
be observed where the patient, the site of the procedure, and the procedure being
performed should be positively identified with active verbal communication. The
health care provider administering sedation needs to reevaluate the patient for
their level of consciousness and to reassess the vital signs if indicated.

Patients with ASA Class IIT or higher may be considered for anesthesia
consult. Patients with other comorbid conditions like obesity, pregnancy, men-
tal incapacity, and extremes of age may also benefit from an anesthesia consult.

All complications related to sedation should be documented in the patient’s
medical record. Discharge orders should be properly written, documenting that
the patient has returned to baseline physical and mental status, that sufficient
time has lapsed to ensure that no delayed compromise of cardiorespiratory status
can occur, and that the patient is being discharged into the care of a responsible
adult with written information about the procedure and sedation.
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Infants and children, who undergo radiological imaging studies, whether diag-
nostic or interventional, may require sedation. Sedation may be indicated in
order to minimize motion artifact, facilitate successful completion of the pro-
cedure and, potentially, minimize risk to the patient (e.g., a sedation that would
be required to achieve a cerebral angiogram in order to minimize risk of
vascular damage related to the patient inadvertently moving during the study).
There are a variety of sedatives available; most of the standard and most pop-
ular sedatives have been in existence for almost 100 years.

Triaging patients as being appropriate to receive sedation is the first impor-
tant step in managing these children. Sedation may be administered by a variety
of health care professionals that include a physician (radiologist, hospitalist,
emergency medicine, pediatric, intensivist), nurse, or nurse practitioner. With
the advent of new Current Procedural Terminology (CPT) billing codes in
January 2006, there is now a billing code that enables a physician to bill for
being physically present and responsible throughout the sedation. There are
moderate sedation codes that reflect services provided by the same physician
performing the diagnostic or therapeutic service that the sedation supports as
well as codes for sedation services provided by a physician (other than an
anesthesiologist) other than the health care professional performing the diag-
nostic or therapeutic service. As a consequence of these new billing codes, an
increasing number of nonanesthesiologists are taking an active interest in
delivering and setting up their own sedation services.

PATIENT SELECTION

A thorough medical history and review of systems should be completed prior to
scheduling a patient. The surgical, sedative and anesthetic history is also
reviewed and documented. All current medications and drug allergies are
noted. Any potentially relevant clinical consults, and laboratory and clinical
studies should be reviewed or ordered prior to triaging this patient. All children
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scheduled for nursing sedation should receive a prescreen telephone call from a
radiology nurse the day before the scheduled study. A screening nurse is critical
to this process. The nurse reviews the medical history, relays NPO instructions,
and reminds the parents to administer the child’s routine medications with a
sip of clear fluid. All this patient information should be clearly documented and
attached to a standard, hospital-approved sedation work-up form.

At our institution, there are clearly defined guidelines on which patient
meets medical criteria to receive nurse-administered sedation. The patients
scheduled for nursing sedation are typically American Society of Anesthesiol-
ogists (ASA) level 1 and level 2, but rarely level 3 (Table 1). A list of medical
conditions that would immediately contraindicate nurse-administered seda-
tion can help guide this triage process as well as ensure consistency of decision
making (Table 2). In the event that there are questions regarding the medical
status of a child, it is important to designate a “go-to” physician, usually an
anesthesiologist, who will review the data and make the final decision regarding
sedation appropriateness. In the event that the anesthesiologist requires addi-
tional information, consultations are arranged with appropriate specialty serv-
ices (anesthesiology, otolaryngology, surgery, nephrology, or endocrinology). If
the patient is deemed appropriate to receive sedation, then personal discussion
between the consulting physician and the physician who will be supervising the
sedation must ensue in order to ensure that there is agreement. The supervising
physician must give final approval for sedation after reviewing the child’s
medical history and current medical status, prior to ordering the medications.

It is important for the practitioner responsible for sedation to also under-
stand the procedure requested. For example, a patient may be medically appro-
priate to undergo sedation for an magnetic resonance imaging (MRI) scan but
may be an inappropriate sedation candidate for sedation for a nephrostomy tube
placed with the patient prone in interventional radiology. After determining that
the patient meets the medical criteria for sedation, the technical nuances of the
procedure must be reviewed. This may often require a collaborative discussion
between the practitioner responsible for the sedation and the radiologist who will
be performing the study. In the event that the procedure is deemed high risk
(cerebral embolization), associated with significant pain (sclerotherapy with
doxycycline), or long in duration, the collaborative decision may be that the
patient should be referred to general anesthesia for management. Additional

Table 1. ASA Physical Status Classification

A normal healthy patient

A patient with mild systemic disease

A patient with severe systemic disease

A patient with severe systemic disease that is a constant threat to life

A moribund patient who is not expected to survive without the operation

(o) S " I SR

A declared brain-dead patient whose organs are being removed for donor
purposes

Source: http://www.asahq.org/clinical/physicalstatus.html

269



PART II. SYSTEMIC PAIN CONTROL

270

Table 2. “RED FLAGS” for sedation

1. Apnea

2. Full-term infant less than 1 month of age (unless an in-patient admitted to the
hospital)

Respiratory compromised patients

4. Uncontrolled/unpredictable gastroesophageal reflux or vomiting that poses an
aspiration risk

5. Craniofacial abnormality that may make it difficult to establish effective mask
airway

6. Cyanotic cardiac disease or unstable cardiac status

Painful procedure that may be challenging to provide adequate analgesia without
a general anesthetic

8. High-risk procedure that may require presence of an anesthesiologist for
resuscitation

9. Procedure that requires absolute immobility only achievable with a general
anesthetic

10. Procedure being performed in remote location that is so removed that
immediate emergency back up assistance would be virtually impossible

11. Inadequate qualified personnel available to provide safe procedural sedation

considerations should be the physical layout of the procedure room and its
geographical proximity to the operating rooms. In the event of an emergency
and the need for backup assistance from the “code team” and anesthesiologists,
the layout is important. If the radiological suites are physically isolated and
distant from backup assistance, this may guide the practitioners to request anes-
thesia services.

PATIENT SEDATION GUIDELINES

To minimize the chance of drug delivery error or miscalculation, it is helpful to
have preprinted order sheets that should be approved by the Hospital Sedation
Committee as recommended by Joint Commission for Accreditation of Health-
care Organizations (JCAHO). The practice standards adopted by the American
Society of Anesthesiologists in 1986 for basic intraoperative monitoring apply as
well to extramural locations. Practice standards and guidelines promulgated by
the American Academy of Pediatrics (1) are exceeded by established practice
standards in anesthesiology (2). Significant variances may exist when nonanes-
thesiologists sedate (3). Practice Standards for Nonanesthetizing Locations were
adopted by the ASA in 1994 (4). According to practice standards mentioned,
sedated patients need to be monitored with pulse oximetry and noninvasive
blood pressure monitoring.

A director of anesthesia services for this extramural radiology site can help to
facilitate and coordinate anesthesia and sedation services. This director can also
serve as a consultant for the nonanesthesia medical and nursing staff. By being
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available to answer questions, do on-site consults, examine patients, and provide
back up support or emergency airway expertise, the anesthesiologist can also
support a nurse-administered sedation program. Nurses who provide sedation
under the supervision of the ordering extramural physician (gastrointestinal,
radiology, dental) should be Pediatric Advanced Life Support (PALS)- and Basic
Life Support (BLS)-certified. The JCAHO Anesthesia and Sedation Manual sets
guidelines for credentialing of all personnel (physicians and nurses) who admin-
ister sedation (5).

MEDICATIONS

The selection of a sedation agents depends on the patient’s underlying medical
condition, age, drug tolerance, and anticipated procedure. Beware that parents
and radiologists may have the unrealistic expectation that sedation will provide
ideal conditions, complete analgesia, and guarantee successful completion of
the procedure. Each medication has its own property that can include a hyp-
notic, anxiolytic, and/or analgesic. In order to appropriately make a sedation
plan for each procedure, it is important to understand the properties of each
medication and its potential synergistic actions with adjuvant medication.

Chloral Hydrate and Pentobarbital

Historically, chloral hydrate (Major Pharmaceuticals, Rosemont, IL) and pento-
barbital (Nembutal; Abbott, North Chicago, IL) have been the hypnotics of choice
for pediatric sedation (6-9). Both medications have no analgesic properties. They
are useful for nonpainful procedures as a sole agent [MRI, computerized tomog-
raphy (CT), nuclear medicine]. They can also be used with adjuvant analgesics in
order to promote a hypnotic, sedative state for interventional procedures. Rates of
successful sedation with chloral hydrate and pentobarbital range from 85% to
98% (10,11). Both pentobarbital and chloral hydrate are medications that each
have almost 100 years of clinical experience. Because of their extended half-life
(which approaches 24 hours), they have been associated with prolonged recovery
times and sedation-related morbidity. Adverse events with these medications
include oxygen desaturation, nausea, vomiting, hyperactivity, respiratory depres-
sion, and failure to adequately sedate (7,12).

Chloral hydrate is a medication that is predominantly given as an oral
sedative. It does not exist in an intravenous form. Pentobarbital, in contrast,
can be given by various routes. Most importantly, it may be given intrave-
nously, intramuscularly, and orally. Children less than one year of age respond
well to these two medications when given in the oral form. Pentobarbital,
flavored with cherry syrup, is more palatable and equally effective as chloral
hydrate (13). Comparing the two medications, oral pentobarbital has been
associated with fewer respiratory events as compared to chloral. The incidence
of a drop in oxygen saturation during sedation was over seven times higher in
patients sedated with oral chloral hydrate compared to those sedated with
pentobarbital (adjusted odds ratio = 7.3, 95% confidence interval: 2.0-36.5,
likelihood ratio test = 8.1, p = .004) (14). Although some practitioners are
reluctant to administer oral sedation to a child who will not have intravenous
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access during the examination, at least one study has shown that oral
pentobarbital has similar efficacy and a lower rate of respiratory complications
compared with intravenous pentobarbital in infants less than 12 months of
age (15).

Consideration should be given to the use of oral pentobarbital in infants
less than 12 months of age, regardless of the presence of an IV. Patients over one
year of age receive intravenous sedation because it is more predictable and
reliable. Pentobarbital is titrated up to 6 mg/kg intravenously to provide seda-
tion and hypnosis. Patients who are on barbiturate therapy (for seizures) can be
more tolerant to barbiturates and may receive up to 8 mg/kg.

Dexmedetomidine

Both pentobarbital and chloral hydrate, as hypnotics, have no analgesic proper-
ties. A recent addition to the sedative market is dexmedetomidine (Dex) (Pre-
cedex; Hospira, Lake Forest, IL). Only approved for use in intubated adults, Dex
does not yet have approval by the Food and Drug Administration (FDA) for
pediatric use. Rarely, Dex can cause potentially life-threatening cardiovascular
complications in some adults and children (16-20). Regardless, it is being used
for pediatric sedation in certain settings. These settings include diagnostic
radiological imaging studies, the intensive care unit, and moderately painful
procedures. Dex is a highly selective o2 adrenoceptor agonist that has sedative
and analgesic effects and a short half-life of 1.5-3 hours after intravenous dosing
(21-23) This is a significantly shorter half-life than that of pentobarbital and
chloral hydrate. A short half-life could make Dex easier to titrate, quicker to
recover from, and potentially associated with fewer prolonged sedation-related
adverse events.

A significant advantage of Dex is that when administered to adults within
clinical dosing guidelines, there are no accompanying changes in resting ven-
tilation (21,24,25). Some feel that Dex actually mimics some aspects of natural
sleep (21). It can produce dose-dependent decreases in blood pressure and
heart rate as a result of its a2 agonist effect on the sympathetic ganglia with
resulting sympatholytic effects (24,25). An additional advantage of Dex is that
antagonists to 02 agonists exist and could potentially provide for a quick
reversal of the hemodynamic or sedative effects (16).

There is limited prospective literature in children regarding Dex. The
majority of publications are case reports and series describing Dex for sedation
of children who are ventilated, detoxifying from opioids and benzodiazepines,
failing traditional sedation techniques for MRI imaging, or undergoing an
awake craniotomy (26,27). Digoxin is a contraindication to Dex administration
because it has been associated with bradycardia and cardiac arrest (19). There
are no other absolute contraindications to Dex usage. At our institution, Dex
has replaced pentobarbital for all CT and nuclear medicine studies as well as
some MRI scans.

Dex is administered as an initial loading dose of 2 mcg/kg IV Dex, and is
administered over a 10-minute period. Patients are monitored initially with
pulse oximetry. As the level of sedation increases, additional monitors are
added in conjunction with the patient’s tolerance. Typically, the child does
not tolerate nasal prong capnography and insufflation of the noninvasive blood
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pressure cuff until there is a Ramsay Sedation Score of four (28). The imaging
study is initiated as soon as the desired level of sedation has been achieved,
sometimes even during the initial loading dose. Dex has a mean time to seda-
tion of approximately 10 + 2 minutes and a mean recovery time of only 32 +
18 minutes (29). There have been no reported significant adverse events.

As an o2 agonist, similar in property to clonidine, there is some literature
to support that Dex has some analgesic properties (30-32). It may be useful for
select interventional radiology procedures that require sedation and minimal
analgesia. It can be particularly effective when supplemented with a local anes-
thetic during the procedure.

Ketorolac

For procedures that are unable to be achieved with hypnotics, sedatives, or
infiltration with local anesthesia, analgesics are requisites. There are a variety of
analgesics available. Analgesics can include ketorolac tromethamine (Toradol;
Abbott Labs, N. Chicago, IL) administered intravenously every six hours with
a maximum of 72 hours of administration. Ketorolac may be useful as a one-
time administration to provide analgesia for simple, short procedures such as
biopsies. As a nonsteroidal anti-inflammatory agent, ketorolac may inhibit
platelet aggregation and prolong bleeding time, which may be an undesirable
effect for some interventional procedures. Alternative analgesics could include
narcotics or ketamine.

Narcotics

The choice of narcotic should depend on the duration of the procedure and the
extent of analgesia required. Morphine (Baxter Healthcare Corp., Deerfield, IL)
and fentanyl (Baxter) are the more popular narcotics. Morphine requires
approximately 10 minutes for effect and has a duration of action of approx-
imately two hours. Fentanyl works quicker, has 100 times the potency of mor-
phine, and can produce analgesia in minutes. It generally needs to be redosed at
least every 30-60 minutes depending on the procedure. Narcotics should be
administered prior to (in anticipation of) the painful stimulus so that adequate
analgesia is present at the time of the stimulus.

Ketamine

Ketamine, 2-(o-chlorophenyl)-2-(methylamino) cyclohexane, a phencyclidine
and cyclohexamine derivative, was developed and introduced into clinical
anesthesia practice in the 1960s. It may be administered via intravenous, intra-
muscular, oral, rectal, nasal, epidural, or intrathecal routes. The use of ketamine
for pediatric sedation and analgesia has been described in various nonoperating
room settings that include emergency departments (33), gastroenterology (34),
oncology (35), dental (36), and radiology suites (37,38). A review of the liter-
ature reveals that despite the widespread use of ketamine by nonanesthesiolo-
gists, there is no consistent protocol for ketamine administration. Ketamine can
produce the rapid onset of deep sedation and analgesia with minimal
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respiratory depression and cardiovascular side effects (39,40). Historically, ket-
amine has been a medication administered primarily by anesthesiologists, and
subsequently emergency room physicians, for both operating room and out-
side-operating room procedures. Ketamine is unique because it provides deep
sedation and profound analgesia while still maintaining airway muscle activity
and upper airway patency (41).

Ketamine is an effective sedative and analgesic. It has potent analgesic
properties and the advantage of preserving respiratory drive with a negligible
risk of respiratory depression. Ketamine has the advantage of preserving respi-
ratory status while producing more analgesia than would be achieved with a
narcotic. When given in small bolus doses, it provides analgesia for an average
of 30 minutes. As an infusion, ketamine can produce a continuous state of
analgesia, which may be titrated up and down in response to (or in anticipation
of) the painful stimulus. It is especially useful for patients who are going to
undergo an exceptionally painful procedure (doxycycline sclerotherapy, chest
tube) are on chronic opioids or have a high tolerance to opiates. Ketamine
provides an effective alternative to narcotics in these patients.

Hallucinations, delusions, nightmares, and emergence delirium are phe-
nomenon most commonly described as a potential side-effect of ketamine;
these are more commonly noted in adults (42,43). The presence of these
adverse events in the pediatric population is controversial (36,44). In adults,
the concomitant administration of benzodiazepines (midazolam or diazepam)
with ketamine has been shown to decrease the incidence of these events. Again,
the utility of benzodiazepines in reducing these events in children is contro-
versial (45-47). Some reports indicate that the addition of benzodiazepines
leads to an increased incidence of oxygen desaturation events (48). Under
age five, there is no definitive evidence that benzodiazepine administration will
reduce the hallucinations, delusions, and excitatory behavior that can occur
with ketamine. Children over age five may in fact benefit from concomitant
benzodiazepine administration.

Most of the experience with ketamine in children is drawn from the emer-
gency department.

A review of the emergency department literature demonstrates that intra-
muscular injection in children (12 months to 7 years) of a combination of
ketamine (3 mg/kg), midazolam (0.05 mg/kg), and glycopyrrolate (0.005 mg/
kg) provides reliable sedation within approximately six minutes, with no res-
piratory or cardiovascular complications (49). No emergence delirium or hal-
lucinations were noted. In addition, respiratory drive and protective airway
tone was intact with this combination. Additional literature evaluating 1,022
cases of ketamine intramuscular sedation in the pediatric emergency room
reveals that at doses of 4 mg/kg, IM ketamine provides acceptable sedation
in 98%, with a small risk (1.4%) of transient airway complications that
included airway malalignment, laryngospasm, apnea, and respiratory depres-
sion. All were treated without intubation or sequela, and all patients main-
tained their airway reflexes. Only 1.6% demonstrated moderate-to-severe
recovery agitation, and none demonstrated signs of hallucinations or delirium
(49). There is no difference in time to discharge or adverse events when com-
paring 4-5 mg/kg IM ketamine. A separate investigation revealed that intra-
venous ketamine (1-2.0 mg/kg) provides sedation/anesthesia within two
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minutes with no deleterious cardiopulmonary or respiratory effects (47). It is
important to realize, however, that large doses of ketamine can produce a state
of general anesthesia.

In an effort to provide adequate analgesia and sedation for this patient
population, the department of anesthesia can work closely with the department
of radiology to develop a safe protocol for ketamine administration by creden-
tialed radiology nurses under the supervision of radiologists. At our institution,
ketamine is administered by either the intravenous or intramuscular route as
2.0 mg/kg bolus (in two divided doses over 10 minutes), followed by a ketamine
infusion titrated between 50 and 125 mcg/kg/minute. The infusion is titrated to
the same endpoint on each child: minimal response to painful stimulation
elicited by deep nail bed pressure or ear lobe pinch.

Recovery time following ketamine administration averages 48 =+ 40
minutes (50). In an evaluation of ketamine infusion at my institution, the
average infusion rate was 76 + 50 mcg/kg/minute. Multivariate analysis indi-
cated that independent of gender, procedure, or ASA status, patients less than
two years of age had a higher risk of sedation failure, oxygen desaturation, or
need for resuscitation (p < 0.05) (50). Based on these findings, caution should
be taken when selecting patients less than two years of age.

Because of the lack of clearly documented benefit of supplementing ket-
amine sedation with benzodiazepines and in order to reduce the risk of adverse
events resultant from concomitant benzodiazepine administration, we reserve
the use of ketamine plus benzodiazepines for those children over five years of
age. Procedures include peripheral central intravenous catheters, chest tubes,
G-tubes or nephrostomy tubes, percutaneous biopsies, sclerotherapy, drainage,
and angiography.

Propofol

There has been an increasing interest by nonanesthesiologists in using propofol
as a sedation agent. The anesthesia literature, however, supports propofol as an
agent that, when administered for sedation purposes, requires dosing upward
from 100 mcg/kg/minute (51). Even at this low dosing range, the cross-sectional
area of the airway at the level of the tongue and epiglottis narrows and patients
can manifest signs of obstruction (52,53). There are multiple reports in the
nonanesthesiology literature claiming that propofol can be safely administered
by gastroenterologists, pediatricians, nurse practitioners, and emergency room
physicians. In fact, propofol is a recognized sedation agent by the American
College of Gastroenterology. In 2003, The American Society for Gastrointestinal
Endoscopy published their Standards of Practice, which included the adminis-
tration of propofol for deep sedation by gastroenterologists credentialed in basic
and advanced life support. Anesthesia assistance was necessary only in the event
of prolonged procedures, presence of severe comorbidities, or anatomic risk of
airway obstruction (54). Seven months following the publication of these gastro-
intestinal practice guidelines, the ASA issued a statement regarding propofol.
Specifically, the statement claimed that propofol should only be administered
by “persons trained in administration of general anesthesia ... (but) exempts
intubated, ventilated” patients in critical care settings (55).
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When being used for sedation purposes by nonanesthesiologists, propofol
should be administered with caution. It can cause apnea and respiratory
depression with little warning. Even in the hands of experienced anesthesiolo-
gists, propofol can have an unpredictable effect on respiration. To date, pro-
pofol is not being widely used by nonanesthesiologists (nurses, radiologists) for
interventional radiological procedures.

PRACTICAL CONSIDERATIONS

At most institutions, the department of radiology encompasses the largest
volume sedation area in the hospital. As recommended by the JCAHO, the
Department of Anesthesia should oversee all sedation protocols and meet on a
regular basis to review adverse events, policies, and procedures and to make
recommendations for improvements. A computerized database can be helpful
in order to maintain information on all sedations: patient demographics, med-
ications (dosages and routes of administration), time required to sedate and to
discharge home, ASA physical status classification, and adverse events and
failed sedations. This database facilitates access to outcome statistics. JCAHO
recommends that adverse sedation outcomes be reviewed regularly in order to
review existing protocols, trial new protocols, and make changes if necessary.

For example, using a computerized database, a review of 16,467 sedations
performed in a radiology department that uses pentobarbital, fentanyl, and
versed revealed a total of only 70 (0.4%) pulmonary adverse events (56). These
included 58 oxygen desaturations, 2 pulmonary aspirations, 10 airway resusci-
tations, and no (0%) cardiovascular events. There were no cardiac arrests and
no need for intubations. Adverse events were compared between sedation
regimens, and multiple logistic regression analysis was applied to identify pre-
dictors of an adverse event. Nearly 30% of the patients who had an adverse
event had a medical history of serious respiratory illness (20 of 70 = 29%)).
Logistic regression indicated that age, weight, gender, and type of procedure
were not associated with an increased risk for an adverse event. Single sedation
agents were associated with a lower risk than the administration of multiple
agents (p < .001) (56).

Caution should be used when administering multiple sedation agents. All
sedation agents are synergistic, and one can unexpectedly precipitate respira-
tory depression. When administering a second or third medication, the practi-
tioner should be conservative and modest in the dosage amounts. Adequate
time should be allotted between dosages to ensure that the maximum effect has
been achieved before adding more medication. Especially when adding a third
sedative, the risk of significant morbidity and mortality increases dramatically
(57,58).

Pediatric sedation is an evolving practice in which practitioners from dif-
ferent specialties utilize a variety of classes of medications and administer them
via various routes. Some of these drugs are “historic” and have been utilized for
almost 100 years, whereas others are relatively new. Many drugs administered
to children have not even been approved by the FDA for pediatric usage. In fact,
since 1995, midazolam (versed) is the only sedative that has been approved by
the FDA for pediatric usage (1997). The paucity of approved medications for
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pediatric usage is attributed largely to the small retail need and generated
income. Only 6.8% of all retail prescriptions are for children less than three
years of age, and only 7% of marketed retail prescriptions are for children
between the ages of 4 and 12. With such a small market for pediatric prescrip-
tions, most drug companies are reluctant to spend the time and expense to
pursing FDA approval. In 2003, Congress passed the Pediatric Research Equity
Act in order to address the perceived unfairness of drug companies in pursuing
drug testing for medications with potential pediatric utility. This act stipulated
that the FDA may require the pharmaceutical company to test a new medica-
tion under the following conditions: the drug may be of potential benefit, is
already being used for children, or in the absence of a pediatric label poses a
potential risk (59).

Following the introduction of CPT billing codes specific for moderate seda-
tion, pediatric sedation by nonanesthesiologists is becoming a potentially lucra-
tive topic of interest and attention. To date, most of the sedatives available have
been used for many decades with only a few recent additions. As the FDA
mandates more pediatric drug testing under the Pediatric Research Equity Act,
hopefully someday the pediatric patient will have a wider armamentarium avail-
able to safely and effectively provide sedation for a variety of different procedures.
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INTRODUCTION

Appropriate pain management (or lack thereof) is gaining increasing attention.
The California Board of Registration in Medicine now requires CME in pain
management. Court cases address the “right to pain relief.” A recent trend in
judicial standard setting with regard to pain management is expressed in the
opinion of Nowatske vs. Osterloh, Wisc 1996 (1): “Should customary medical
practice fail to keep pace with developments and advances in medical science,
adherence to custom might constitute a failure to exercise ordinary care.”
Another judgment went as far to declare that “it is entirely possible that what
is the usual or customary procedure might itself be negligence” (1). Although
this legal interpretation has been applied predominantly to end-of-life pain
management, one can see how juries sympathetic to any kind of medical suffer-
ing may react to ensure that what is known to reduce pain be used judiciously.
There is a well-known place for analgesics, narcotics, sedatives, and anesthetics
in interventional radiology (2,3). However increasing number of reports sup-
port an evidence-based use of nonpharmacological adjuncts for invasive pro-
cedures, and an increasing number of patients request such services. This
chapter is intended to provide an overview of such methods, with special
emphasis in procedural pain and distress management as they relate to inter-
ventional radiology.

RATIONALE FOR USE OF
NONPHARMACOLOGICAL ADJUNCTS

Mild and moderate pharmacological sedation during and after interventional
radiological procedures is widely practiced and well established (2) but can
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have limited effectiveness and serious side effects (3-5). The anesthetic
risk associated with the use of monitored anesthesia care, which is used for
more invasive procedures, is comparable to that seen with use of general anes-
thesia (6). Nonpharmacological adjuncts for pain management are increasingly
being utilized in different medical settings (7-11), including interventional
radiology (12—14). The rationale for their use emphasizes procedural safety,
as well as on the opportunity to address psychological factors (fear, anxiety, and
tension) that patients may experience during medical procedures (15,16). The
U.S. Public Health Service guidelines (Clinical Practice Guidelines for Acute
Pain Management), published in 1992, recommended relaxation exercises and
cognitive approaches without providing specifics or outcome data (17). Since
then, outcome data from prospective trials have become available showing
benefits of such modalities (12,18,19), further justifying their consideration
(20).

OVERVIEW OF NONTRADITIONAL
TECHNIQUES FOR PAIN MANAGEMENT
DURING INVASIVE MEDICAL PROCEDURES

The management of pain with nonpharmacological adjuncts is being increas-
ingly studied (20) and accepted by patients (21). Clinical trials of nonphar-
macological pain management have been published in various settings and
medical specialties, including lumbar punctures (22), vascular and renal
interventions (12), cardiac interventions (23), bone marrow aspiration
(24), breast biopsies (9), and skin laceration repair in the pediatric emergency
department (11). Although heterogeneity of approaches complicates meta-
analyses (25), large enough trials are now available, at least on hypnotic
interventions (12,18), to justify their evidence-based status (20). An addi-
tional advantage of such interventions is their beneficial effect on anxiety
(16,26), which is often prevalent in the patient population presenting for
procedures.

The National Center for Complementary and Alternative Medicine, a
branch of the National Institutes of Health, classifies nontraditional medical
approaches into five categories: alternative medical systems (e.g., acupunc-
ture, homeopathy), body-mind therapies (e.g., biofeedback, hypnosis, relax-
ation/meditation, imagery techniques, prayer, spiritual practice), biologically
based therapies (e.g., herbal medicine, high-dose mega vitamins, special
diets), energy therapies (e.g., transcutaneous electrical nerve stimulation,
healing touch, Reiki), and manipulative- or body-based methods (e.g., mas-
sage therapy exercise/movement therapies, chiropractic) (27). Of these, alter-
native medical systems, mind-body therapies, and energy will likely be the
easiest to be integrated into the interventional radiology practice, whereas
biologically based or manipulative- or body-based methods during proce-
dures would be more difficult to implement. We will therefore focus on the
former and describe their principles, applications for acute management of
pain and anxiety, and, if available, the experience of their use in interventional
radiology or similar settings.
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USE OF ALTERNATIVE MEDICAL SYSTEMS
AND ENERGY THERAPIES IN ACUTE
PAIN MANAGEMENT

Transcutaneous Electrical Nerve Stimulation

The main mechanism of action of transcutaneous electrical nerve stimulation
(TENS) is the inhibition of nociceptive C-fibers through stimulating A-fibers,
depending on the amplitude of stimulation at the segmental spinal cord level.
Additional pathways include the effect of TENS in decreasing activity of dorsal
horn neurons that transmit information to supraspinal levels and the release of
endorphins. It is described as a simple technique without side effects that
involves attachment of stimulating electrodes in a specific dermatomal area
to be treated (28). Local application of TENS has been shown to be a rapid
and effective treatment for analgesia in patients with renal colic (29), postthor-
acotomy pain (30), and following cardiac interventions (31). It has not been
tested in interventional radiology but could conceivably be of use to address
preexisting pain that interferes with immobilization on the table. However,
studies are still needed to assess utility during invasive procedures.

Acupuncture

The theory of acupunture is based on the concept that specific patterns of
continuous energy flow (Qi) through the body are vital to human health
(32). This technique involves placement of intradermal metallic needles that
are typically manipulated with the practitioners’ hands, in specific anatomical
points, to restore the essential patterns of flow in the body. The analgesic effect
of acupuncture has been studied for postoperative pain management of
patients undergoing abdominal surgery (33). Preoperative insertion of acu-
puncture needles, which remained in place during surgery, was shown to
reduce postoperative pain, analgesic requirements, nausea and vomiting, as
well as plasma cortisol and epinephrine levels. In a pilot trial with patients
having thoracic surgery, preoperative acupuncture proved to be acceptable to
patients and did not interfere with standard preoperative care (34). Whereas
acupuncture was used for brain, head and neck, and chest surgical pain man-
agement in China (35), a recent review of the literature in the field of surgery
did not support the use of acupuncture as an adjunct to standard anesthesia
(36). To our knowledge, results about applications in interventional radiology
have not been published.

USE OF MIND-BODY THERAPIES IN
ACUTE PAIN MANAGEMENT

Mind-body therapies are described as a variety of techniques that enhance the
mind’s capacity to affect bodily functions and symptoms (27). Relaxation tech-
niques, biofeedback, guided imagery, hypnosis, and prayer are encompassed by
this category. Although these techniques are listed separately, they often overlap;
most include some element of relaxation training and imagery, and even verbal-
ization of prayer has communalities with hypnotic immersion and suggestions.
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Relaxation Techniques and Relaxation Response

The term relaxation response was coined by Herbert Benson and describes
elicitation of a psychophysiological state of relaxation and decreased sympa-
thetic arousal (37). Initially used for femoral angiographies (14), these inter-
ventions have been described as an effective adjunct in reducing pain following
intestinal operations (38) and during bone marrow transplantation (19). How-
ever, recent trials using these interventions to reduce perioperative stress in
colorectal resections have not proven it to be of clinical relevance, despite
patients’ acceptance and positive responses (39).

The mechanism was described as “a set of coordinated physiologic changes
that included decreased oxygen consumption, heart rate, and levels of arterial
blood lactate; increased production of alpha, theta, and delta waves on the
electroencephalogram; and psychological changes of decreased anxiety and
hostility” (37). As such, the use of this technique in the management of
patients’ pain and anxiety during femoral angiographies was evaluated in a
randomized study (14). Prior to angiography, patients were instructed to listen
to audiotapes (relaxation response, music, and blank tapes) throughout the
length of the procedure. At the completion, patients were asked to rate their
experience regarding pain. The nurses also were asked to provide pain and
anxiety ratings based on the observation of patients. The results showed that
patients who listen to relaxation response tapes reported significantly less pain
and anxiety during the procedure and requested a smaller amount of medica-
tions; their nurses also described them as having less pain and anxiety. The
relaxation response was considered to be a simple, an inexpensive, an effica-
cious, and a practical method to reduce pain, anxiety, and medication usage.

Different investigators, however, have shown limited efficacy of relaxation
in interventional radiology, with techniques that do not provide specific skills
for patients to cope with their procedure-related distress (40). Bugbee et al.
designed a randomized trial to compare relaxation techniques versus medica-
tion, aiming at anxiety reduction during breast core-needle biopsies. It showed
significantly less anxiety for women in the medication group, as compared to
the relaxation group. The authors suggested that more comprehensive relaxa-
tion resources, in addition to training patients before the procedure, could have
resulted in a greater effectiveness for this treatment group, instead of the sole
provision of audio-taped music and ocean sounds.

Unaddressed in the tape-based relaxation response treatments are issues
that may result from startle reflexes in response to invasive stimuli or actions,
and communications from health care providers in the room. Based on our
experience, the provision of relaxation that includes a structured coping mech-
anism (hypnosis or guided imagery) is preferable to simple relaxation, as it
empowers patients to deal with distress not only during the intervention but
possibly also during recovery and in future medical procedures.

Biofeedback

Biofeedback provides real-time information from psychophysiological record-
ings (i.e., body temperature variations, muscle tension) about the levels at
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which physiological systems are functioning (41). These records are mostly
measured from the surface of the skin, and the information is sent to a com-
puter for processing and then displayed on monitors. This method requires the
presence of a skilled therapist who can use the immediate feedback information
while incorporating it into a specific technique (relaxation, breathing, and
imagery/hypnosis exercises). Therefore, the provider can instruct patients to
alter their physiological processes by using biofeedback as a guide.

Biofeedback is used in many different environments including schools (to
improve concentration), sports (to enhance performance), and medicine.
Research has shown the utility of biofeedback-guided treatment for diverse
medical conditions including constipation, migraine headaches, and tension
headaches (42,43). One of the most common applications is the management
of pediatric migraines (42,44). Examples include patients suffering from ten-
sion headaches, who are managed with EMG (electromyography) feedback, or
with migraines, controlled with thermal biofeedback.

The use of biofeedback techniques in interventional radiology may be
limited due to the fact that multiple training sessions with a skilled coach are
usually required. Therefore, this may likely be impractical for application in
the management of acute procedural distress. Nonetheless, in patients with
chronic medical conditions who require repeated interventions, this modality
may have the potential of being helpful.

Guided Imagery

Guided imagery involves the generation (by oneself or guided by a practitioner)
of different mental states through the ability of visualization and imagination.
Individuals can evoke “images” with focus on any or all sensory experiences
such as visual, auditory, sensory, gustatory, and olfactory elements. These images
are elicited with the goal of attaining a psychophysiological state of relaxation;
when a specific outcome is targeted, the process would usually be described as
hypnosis. This attempt of distinction already indicates the overlap between
various mind-body techniques such as hypnosis, relaxation training, and
imagery. One may keep this in mind when assessing clinical studies that evaluate
the use of these techniques. Terminology apart, the use of imagery has been
shown to reduce pain in patients undergoing bone marrow transplantation (19)
and in the postoperative period following tonsillectomies/adenoidectomies (45).
However, the use of imagery in patients undergoing colorectal resections did not
yielded significant clinical effect in reducing postoperative pain and analgesic
requirements, despite patient’s openness to this intervention (39).

Prayer

Prayer is considered one of the most ancient healing practices for sick individ-
uals. Scientifically, it has been studied in different trials, in the form of off-site
intercessory prayer with patients undergoing percutaneous coronary interven-
tions for acute coronary syndrome (23,46-48). Off-site intercessory prayer
involved the provision of patients’ name, illness, and procedure to be per-
formed by phone, e-mail, or Internet connection to different prayer groups
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(i.e., Catholic, Buddhist, Jewish). In the analysis of the effect of intercessory
prayer in procedural distress related to percutaneous coronary intervention and
its clinical outcomes, Krucoff et al. did not find significant clinical improve-
ments with the use of this method in such patients in a pilot study (46), as well
as in a randomized trial (48). Recently, Benson et al. evaluated the effect of
receiving intercessory prayer or being certain of receiving such intervention in
recovery of patients after coronary artery bypass graft (CABG) surgery (47).
This randomized trial showed that intercessory prayer itself had no effect on
complication-free recovery from CABG, but patients who were certain that
intercessors would pray for them presented with a higher rate of complications
than patients who were uncertain but did receive this intervention.

Hypnosis

Hypnosis can be defined as a form of focused concentration, similar to what
happens when a person becomes absorbed in a book or movie. The patient is
guided into a state of focused attention and physical relaxation that permits the
subconscious mind to become open to receive beneficial suggestions. These
suggestions can be constructed with the purpose of behavior modification, or
to alter patients’ thoughts and feelings.

The capacity to modulate the experience of pain is one of the most valuable
applications of hypnosis (49). Therefore, its use as a pharmacological adjunct
can provide substantial aid before (26) and during (12,50) medical procedures.
Aside from being an adjunct, hypnosis has been effective as the sole means of
analgesia during open surgery in selected patients (51-53).

The literature has shown that patients who offered hypnosis for different
medical purposes experienced substantial benefits despite considerable varia-
tion in hypnotic techniques (54), indicating a potential for expansion of its use.

Preoperative hypnosis has proven to be a valuable method to reduce anxi-
ety in patients undergoing ambulatory surgical procedures (26). In this context,
patients were randomly assigned to receive one of three types of intervention
prior to their operation: hypnosis (n = 26), attention-control (n = 26), and
standard of care (n = 24). Their anxiety levels were assessed with the use of
questionnaires and visual analog scale on a scale from 0 to 10, before and after
the intervention, as well as during the surgical procedure. The authors found
that patients in the hypnosis group were significantly less anxious after the
intervention as compared to the other groups. In addition, while in the oper-
ating room, hypnosis patients reported a significant decrease from baseline
anxiety levels (56%), in comparison to a 10% and 47% increase in the atten-
tion-control and standard of care groups, respectively.

Another study demonstrated the effectiveness of preoperative hypnosis in
patients undergoing excisional breast biopsies, with significantly reduced post-
surgical pain and distress (9).

A larger experience (20 studies) with the use of adjunct hypnosis in surgical
patients was compiled in a meta-analysis conducted by Montgomery (55). The
results indicated that 89% of patients in the included studies benefited from
adjunctive hypnosis, in one or more of the following parameters: decreased
anxiety/pain, decreased amount of medication used, faster treatment or recov-
ery time.
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In interventional radiology, adjunct hypnosis significantly reduced pain,
anxiety, drug use, and complications during peripheral vascular and percuta-
neous renal interventions (12). In this study, 241 patients were randomized to
receive: standard care treatment (n = 79), structured attention (n = 80), or self-
hypnotic relaxation (n = 82). All patients had free access to IV sedative/narcotic
in a patient-controlled analgesia model. Pain and anxiety levels were assessed
through verbal scores reported on 0-10 scales, obtained before and every 15
minutes during the procedure. In this study, pain increased linearly with pro-
cedure time in the standard care group and, although to a lesser degree, in the
attention control group, but did not increase in the hypnosis group. Anxiety
decreased linearly from baseline with procedure duration in all three groups
with the greatest decline in the hypnosis group. Analysis of drug administration
during the procedure showed that patients in the standard care group requested
and received significantly more drugs in a patient-controlled analgesia model
(1.8 drug units requested, 1.9 drug units received; with 1 unit corresponding to
either 1 mg versed or 50 ug fentanyl) than those in the attention group (0.8
units requested and received) and in the hypnosis group (0.9 units requested
and received). Also, average procedure duration was significantly shorter in the
hypnosis group than in the standard group (61 vs. 78 minutes). Procedure
duration for the attention group was in between but not significantly different
from that of the other two groups (mean = 67 minutes). Interestingly, adverse
events were also less common in the hypnosis group.

While one could have expected a given improvement of hemodynamic
stability in the empathy and hypnosis group merely based on a reduction of
drug use, the significant reduction of hemodynamic instability in the hypnosis
group suggests that hypnosis-specific effects were responsible for this clinically
important outcome. This is supported by findings of an ongoing study with
patients undergoing tumor embolization with our group (unpublished data).

The physiological responses to the use of hypnosis have also been inves-
tigated for percutaneous transluminal coronary angioplasty (PTCA). The selec-
tive influence of hypnosis on cardiac vegetative tone is well known, with an
improved heart rate variability profile (56). Likewise, the downregulation of the
sympathetic drive during PTCA through the selective influence of hypnosis was
demonstrated in 2004 (57).

Decision-making processes employed during procedural analgesia require
skilled practitioners and specific guidelines to ensure safety and proper man-
agement of pain, particularly for the pediatric population (58). As such, there is
an expanding role of nonpharmacological techniques in alleviating pain and
anxiety especially in children undergoing frequent invasive procedures (22), as
well as in the emergency department (11). Hypnosis has been proposed as an
attractive option for pain management in children because they are generally
considered even more responsive to this type of intervention than adults (59).
In the radiology setting, the use of hypnosis during voiding cystourethrography
was evaluated in a randomized study with 44 patients (50). Children assigned to
the hypnosis group demonstrated significantly lower distress levels during the
procedure compared to the control group. Parents of the children also reported
that the procedure was significantly less traumatic for their children, when
compared to their previous cystourethrograms. Moreover, the medical staff
reported less difficulty in performing the procedure in the hypnosis group,
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which resulted in shorter procedure duration, as compared to the control
condition.

HYPNOSIS IN INTERVENTIONAL RADIOLOGY

Adequate anxiolysis and analgesia must be appropriately provided to patients
in the interventional radiology suite. Unfortunately, patient comfort require-
ments are usually unknown by the time they arrive at the procedure room.
Hence, there is an increasing concern regarding predictive factors for pain
during and after interventional radiology procedures (5,16).

The patterns, incidence, and predictive factors for pain in this context were
evaluated in patients after they underwent procedures, such as percutaneous
biliary drainage, central venous access, gastrostomy tube insertion, and esoph-
ageal/duodenal stenting, and others (5). The authors concluded that although
the pattern and severity of pain can be variable after these procedures, it is
indeed a common problem that is often inadequately managed.

In a recent publication, assessment of the effect of patient’s state baseline
anxiety during vascular and renal interventions showed that baseline anxiety
level is a predictor of trends in procedural pain and anxiety, need for medi-
cation, and duration of procedure (16). The authors concluded that nonphar-
macological adjuncts provide a beneficial impact in patients with both low and
high levels of anxiety, with the latter having the most to gain because they
require more resources and are at a greater risk of being suboptimally assessed
in a standard of care condition.

When preparing a patient for an upcoming procedure, one must consider
time, cost, and the involvement of members of the patient’s family (particularly
in the pediatric population) (50). Individualized interventions that require
repeated encounters with the hypnotherapist are less likely to be adopted in
the interventional radiology setting and may not even be necessary for most
patients.

Video and audiotapes can be employed as preparatory and procedural
methods that do not demand excessive amounts of staff time, and have been
reported to be useful in promoting relaxation and reducing drug use during
dental surgery (60,61), gastrointestinal endoscopy (62), and femoral angiogra-
phy (14). However, a 13% rejection rate was also described (63), and because of
the lack of a therapist-patient relationship, videos and audiotapes may not be as
powerful in preventing adverse events such as vomiting (61). In general, the
presence of a “live therapist” is felt to be preferable (53). Very anxious patients
may also require a process that addresses their worries specifically, before they
will be able to relax and engage in hypnosis. This opportunity would be lost if
only an electronic medium were used.

Given patient’s awareness during medical procedures (53) and the fact
that patients who come for a doctor’s visit or a medical procedure are highly
suggestible (64), the medical staff should be careful in their choice of words
when interacting with a patient (65). Unfortunately, there is a strong belief
in the medical community that announcing upcoming stimuli and events as
painful and then expressing sympathy is a more “honest” approach and there-
fore beneficial to their patients. However, such statements tend to become
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self-fulfilling prophecies. Therapists, who prepare patients prior to procedures
and are not in the procedure room with them, may want to be particularly
conscious of these negative suggestions and include measures of “immuniza-
tion” against such comments (such as the hypnotic suggestion “and use only
the suggestions that are helpful for you”). In contrast, it is important to rec-
ognize the emotional investment of the procedure team in the patient’s pain
management, and it is crucial to acknowledge their experience and enlist their
contribution and collaboration when designing hypnosis programs in medical
settings.

In the conception of a validated model of hypnotic intervention for inter-
ventional radiology procedures, we demonstrated the safety and effectiveness of
the use of hypnosis while in the procedure room (12,66,67). When the patient is
lying on the procedure table, he or she is often exposed to the idea of having
medical hypnosis for their first time. The main reason for this setup (i.e., no
preprocedure preparation) is the lack of time and structure for a preparatory
visit in a very busy interventional radiology clinic. We do not consider it as
important to assess patients’ hypnotizability prior to the procedure. Poor per-
formance on a hypnotizability test could conversely introduce bias and sabo-
tage later usage. Emphasis should rather be placed on rapid rapport techniques,
in the form of structured attentive behavior to quickly establish a patient-
provider relationship. Detailed descriptions of these standardized interventions
have been published (13).

The structured attentive behavior includes the following components: (a)
matching the patients’ verbal communication pattern, (b) matching the
patients’ nonverbal communication pattern, (c) attentive listening, (d) provi-
sion of the perception of control (“Let us know at any time what we can do for
you.”), (e) swift response to patients’ requests, (f) encouragement, (g) use of
emotionally neutral descriptors (e.g., “What are you experiencing?,” “Focus on
a sensation of fullness, numbness, coolness, or warmth” — when painful stimuli
are imminent), and (h) avoidance of negatively loaded suggestions (e.g., “How
bad is your pain?,” “You will feel a sting and burn now,” “I know that you are
sore”).

For guidance to self-hypnotic relaxation, we typically use scripts, in part
because much of our work occurs in a research context. Scripts also help
providers learn and reinforce hypnotic vocabulary and permit exchange of
personnel during the procedure when the choice of induction is known. We
use one script that is relatively immune to interruptions by bystanders and
permits patients to drift into and out of hypnosis as they wish (reprinted in the
appendix).

The provision of structured attention and hypnosis by a provider is some-
times seen as impractical in the interventional radiology setting. In our expe-
rience, the clinical benefits of hypnosis can be extended to cost savings with
reductions of up to $338 (US) per case, if every patient were offered hypnosis as
compared to standard sedation (68,69). The cost advantage of adjunct hypnosis
persists in a sensitivity analysis, even when a health care provider exclusively
dedicated to performing hypnosis is added to the medical team, unless this
person’s hourly wage exceeded $330/hour ($633,600/year). Emphasis in the
training of personnel in nonpharmacological interventions for analgesia and
anxiolysis has led to the development of electronic teaching modules designed
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for radiology (70). The use of those materials is recommended as a supplement
to traditional live courses, shortening the time required to be spent with
instructors, for completion of biobehavioral skills training.

SAFETY CONSIDERATIONS WITH
THE USE OF HYPNOSIS

Although the literature provides evidence confirming the safety of hypnosis as
an adjunct to pharmacological pain control, it has been recommended that its
use should be limited to licensed health care practitioners. Moreover, inad-
equate training in hypnosis has been suggested to be associated with a greater
likelihood of occurrence of negative effects (71) (rarely, drowsiness, confusion,
headaches, and, even less frequently, anxiety or panic described in case reports)
(71-74). Thus, it is important that the person structuring hypnosis should be
sufficiently capable and prepared to recognize the potential for adverse events
and intervene accordingly.

There is theoretically a minor risk that psychotic patients could become
worse when told to interact with their imagery during the self-hypnotic process.
However, psychotic patients are typically not very hypnotizable and thus may
not respond to hypnotic suggestion as well as others (75). It is conceivable that
a patient may experience an “abreaction,” which is a forceful reenactment of a
past traumatic experience. We therefore do not regress patients to times in the
past. Even “happy times” in a patient’s life may have hidden painful aspects and
the setting of the interventional radiology suite, where darkness, immobiliza-
tion, and a position of less power can elicit comparisons to past abuse. Having
anchored the patient in an imaginary place of safety upfront can then be very
helpful in returning to a resourceful status.

In our clinical and research practice, we always review the patients’ medical
records prior to the use of adjunct hypnosis. If there is any clinical evidence or
suspicion of psychosis or other major psychiatric disorder, hypnosis is not
provided and a mental health care specialist is consulted.

CONCLUSIONS

The use of nontraditional techniques of pain control and anxiolysis can be
successful, even in a busy interventional radiology practice. In such a clinical
scenario, the use of empathic attentive skills, avoidance of negative suggestions,
and provision of hypnosis can easily manage heightened patient fear and anxi-
ety. This approach does not require additional involvement of time once these
skills are learned, and hypnosis can contribute to improve patients’ outcomes
and the quality of medical care in this environment.
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APPENDIX
Self-hypnotic Relaxation Script

We want you to help us to help you learn a concentration exercise to help you
get through the procedure more smoothly. It can be a way to help your body be
more comfortable through the procedure and also to deal with any discomfort
that may come up during the procedure. It is just a form of concentration, like
getting so caught up in a movie or a good book that you forget you’re watching
a movie or reading a book.

Now, what I want to do is to show you how you can use your imagination
to enter a state of focused attention and physical relaxation. If you hear sounds
or noises in the room, just use those to deepen your experience or allow them to
drift away. You only have to have your mind respond to the suggestions that are
helpful to you.

There are a lot of ways to relax but here’s one simple way:

On one, I want you to do one thing, look up. On two, do two things,
slowly close your eyes and take a deep breath in.

On three, do three things, breathe out, relax your eyes, and let your body float.

That’s good. Just imagine your whole body floating, floating through the table,

each breath deeper and easier. Right now, I want you to imagine that you are
floating somewhere safe and comfortable, in a bath, a lake, a hot tub or just
floating in space, each breath deeper and easier. Notice how with each breath
you let a little more tension out of your body as your whole body floats, safe and
comfortable, each breath deeper and easier.

Good, now with your eyes closed and remaining in this state of concen-
tration please describe for me how your body is feeling right now. Where do you
imagine yourself being, what is it like? Can you smell the air? Can you see what’s
around you? Good. Now this is your safe and pleasant place to be and you can
use it in a sense to play a trick on the doctors. Your body has to be here but you
don’t. So just spend your time being somewhere else you would rather be.

Now, if there is some discomfort, and there may be some during the
procedure, as they prepare you and insert the line, or as you feel the dye
entering your body, there is no point in fighting it. You can admit it, but then
transform the sensation. If you feel some discomfort, you might find it helpful
to make that part of your body to feel warmer as if you were in a bath. Or
cooler, if that is more comfortable, as if you had ice or snow on that part of your
body. This warmth or coolness becomes a protective filter between you and the
discomfort. If you have any discomfort right now imagine that you are applying
a hot pack or you are putting snow or ice on it and see what it feels like. Develop
the sense of warmth or cool tingling numbness to filter any hurt out of the
discomfort. With each breath, breathe deeper and easier, your body is floating,
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filter the hurt out of the discomfort. Now again with your eyes closed and
remaining in the state of concentration, describe what you are feeling right now.

1.

If they are in a safe and comfortable place, reinforce it: What is it like
now? What do you see around you? What are you doing?
If they are in discomfort, say: The discomfort is there but see if you can
add coolness, more warmth, or make it lighter or heavier.
If no longer in discomfort, say: Good, continue to focus on those
sensations
If still in discomfort, say: See if you can focus on another part of your
body. Now rub your fingertips together and notice all the delicate
sensations in your fingertips and see how much you can observe about
what it feels like to rub you thumb and forefingers together. How do
you feel now?
If not in discomfort, say: Good, continue to focus on those sensations.
If still in discomfort, say: Now imagine yourself being at . . . (patient’s
safe place) where you said you felt relaxed and comfortable. What is
it like now? What is the temperature like? What do you see around
you?
If they state that they are worried, say: OK, your main job right now is to
help your body feel comfortable so we will talk about what’s worrying
you. But first, no matter what we discuss, concentrate on your body
floating. So let’s get the floating back into your body. Imagine that you
are in your favorite spot and when you’re ready, let me know by nodding
your head and then we will talk about what’s worrying you. But remember
no matter what we discuss, concentrate on your body floating, and feel
safe and comfortable. So what’s worrying you? (Discuss with patient)

How do you feel now?

If not worried, say: Continue to concentrate on your body floating and feel safe

and comfortable in your favorite place.

If after discussing the patient has a persistent worry, say: OK. Picture in your

mind a screen, like a movie screen, a TV screen or a piece of clear blue sky.
First, picture a pleasant scene on it. Now, picture a large piece of blue
screen divided in half. All right, now on the left half, picture what you
are worrying about on the screen. Now, on the right half, picture what you
will do about it. Or what you would recommend someone else to do about
it. Keep your body floating, and if you are worrying about the outcome,
OK admit it to yourself, but your body doesn’t have to get uptight about it.
You may, but your body does not have to.

Good. You know that whatever happens there is always something that you

can do. But for now just concentrate on keeping your body floating and feeling
safe and comfortable.

Sometime during the procedure, say: If you feel any sense of discomfort you

are welcome to let me know about it. Use the filter to filter the hurt out of
the discomfort, but by all means let me know and I will do what I can to
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help you with it too. Whatever you do just keep your body floating, and
concentrate on being in the place where you feel safe and comfortable.

When finished, say: OK. The procedure is now over. We are going to leave

formally this state of concentration by counting backwards from three to
one. On three get ready, on two, with your eyes closed roll up your eyes,
and on one let your eyes open and take a deep breath in and let it out. That
will be the end of the formal exercise but when you come out of it you will
still have the feeling of comfort that you felt during it and feel proud about
having been able to help yourself so well through this procedure. Ready?
Three, two, one.

If necessary, say: Three-get ready, two-with your eyes closed roll up your eyes,

one-let your eyes open and take a deep breath.
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INTRODUCTION

A sound knowledge of postprocedural pain control is essential as interventional
radiologists take the lead in managing their patients and as interventional
radiology continues to grow as a clinical service. Not only do patients deserve
to receive adequate postprocedural pain management but also regulatory and
other quality control bodies, such as the Joint Commission on Accreditation of
Healthcare Organizations (1) and at least one medical malpractice insurance
carrier (2), critically evaluate a practitioner’s and hospital plan for pain control
after a procedure.

Postprocedural pain is clearly an important issue for interventional radi-
ology and in medicine in general. Consider that in a sample of 250 patients who
had recently had surgery, 80% of patients actually experienced acute postop-
erative pain, 86% of these patients had moderate-to-extreme pain, and 59%
cited experiencing postoperative pain as their most common concern (3).
Specifically concerning interventional radiology, many multicenter trials exam-
ining uterine fibroid embolization (UFE) have found postprocedural pain the
most common side effect after the procedure (4) and inadequate pain relief as
the most common adverse event after discharge necessitating readmission
(5,6,7).

This chapter will review the management of postprocedural pain. A brief
summary of the physiological mechanism of pain will be followed by a general
treatment strategy, a review of pertinent medications and different techniques
for pain control, and then an examination of postprocedural pain strategies for
specific procedures, namely, UFE, transarterial hepatic chemoembolization,
percutaneous biliary procedures, and various other procedures.

With the exception of pain control after UFE, there is little on the subject of
postoperative pain management in the interventional radiology literature.
Therefore, much of the information for this chapter was obtained from the
anesthesiology and surgery literature.
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GENERAL CONSIDERATIONS
Mechanisms of Postprocedural Pain

Nocioception refers to central nervous system signal reception evoked by acti-
vation of specialized peripheral sensory receptors (nociceptors) that are acti-
vated by tissue injury (8). Tissue injury, iatrogenic or otherwise, causes release
of inflammatory mediators such as histamine, prostaglandins, bradykinin,
and serotonin at the site of injury. These inflammatory substances activate
peripheral nociceptors that transduce afferent information to the dorsal horn
of the spinal cord, and then to centers in the reticular formation, thalamus,
and cerebral cortex, leading to the sensation of pain. The nocioceptor has an
efferent function as well, releasing neurotransmitters such as substance P and
calcitonin-gene-related peptide that induce vasodilatation and plasma extrav-
asation, as well as activation of many nonneuronal inflammatory mediating
cells including mast cells and neutrophils, furthering the inflammatory and
pain process (9).

Treatment Strategy

Although there are general concepts that should be followed in postprocedural
pain management, treatment plans should be individualized to each patient.
Before the procedure, patients should be educated on the upcoming procedure,
the pain medications and routes of administration that will be utilized, and the
patients’ role in reporting pain (11). In addition, treatment of preexisting pain
and adjustments of current medications should be made to prevent an absti-
nence syndrome (21). Following the procedure, patients should be intermit-
tently reassessed to evaluate their response to the pain management.
Adjustments need to be made for the individual’s level of pain tolerance and
individualized symptoms, response to medication, and comorbidities such as
renal or hepatic dysfunction, respiratory disease such as chronic obstructive
pulmonary disease, or underlying mental incapacity or dementia.

Immediately following the procedure, residual effects from the intraproce-
dural analgesic and sedation medication require continued monitoring of the
patient. The American Society of Anesthesiologists has established guidelines
(10) for postprocedural recovery care that states in part that the level of con-
sciousness, vital signs, and oxygenation should be recorded at regular intervals
and resuscitation equipment should be present in the recovery area; a nurse or
other individual trained to monitor patients and complications should be in
attendance, and an individual who can manage complications should be imme-
diately available, until discharge criteria are fulfilled; up to two hours should be
allowed to pass until discharge if reversal agents have been given; and patients
should be provided with written instructions regarding diet, medication, activ-
ity restrictions, and a phone number to call in case of emergency (10).

There are multiple medications and techniques to control pain after an
interventional radiology procedure. Medications include opioids, nonsteroidal
anti-inflammatory medications, sedatives, antinausea agents, and antiemetics.
Other analgesic techniques include regional anesthesia such as epidural anes-
thesia and peripheral nerve blocks. Whatever treatment plan is decided on for
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a patient, using a multimodal (balanced) approach — using different classes of
drugs to optimize pain control — should be utilized (21). In general, an opioid
sparing strategy should be employed whenever possible (11).

Multimodal Analgesia

Multimodal, or “balanced,” anesthesia refers to using different classes of anal-
gesics with different mechanisms of action to optimize pain control. There are
many benefits to this approach for analgesia, including achieving more effective
pain control by creating an additive or synergistic effect among analgesics with
different mechanisms of action, and using lower doses of each agent that help
avoid the each medications side effects (12,27). Multiple studies have demon-
strated the benefit of a multimodal approach to postoperative pain control in
reducing the doses of specific agents, increased analgesia (13,14), and decreas-
ing side effects (14). Not only is the combination of oral and intravenous (IV)
medications beneficial but other forms of pain control such as regional nerve
block, specific site infiltration with local anesthetics, and epidural anesthesia are
also used in various combinations with oral or parenteral medication to achieve
optimal pain control with fewer side effects (13). The American Society of
Anesthesiologists Task Force on Acute Pain Management specifically recom-
mends multimodal pain management therapy whenever possible (21).

In their extensive review on multimodal analgesia for postoperative pain
control, Jin and Chung concluded the following: combined use of systemic
opioids and nonsteroidal anti-inflammatory drugs (NSAIDs) relieved postopera-
tive pain more effectively than single drug regimens in outpatients and inpatients,
epidural combinations of local anesthetics and opioids were efficacious in con-
trolling postoperative pain, and multimodal anesthesia with combined local anes-
thesia or nerve block and systemic opioids or NSAIDs provided better analgesic
effect for major surgical procedures. In general, patients have been shown to have
lower pain scores, need fewer analgesics, and have a prolonged time to requiring
analgesics after surgery if they are given analgesia in a multimodal manner (13).

Regarding side effects, a meta-analysis was published recently of random-
ized control trials comparing postoperative morphine patient-controlled anal-
gesia (PCA) use, with and without concurrent NSAID use, to evaluate the risk
of morphine adverse effects (14). In patients who received NSAIDS along with a
morphine PCA, a significant decrease in postoperative nausea and vomiting
and sedation was noted, as well as a slight decrease in pruritus. No decrease in
respiratory depression was found, perhaps due to the very low overall incidence
of respiratory depression in the trials (14).

POSTPROCEDURAL MEDICATIONS
Analgesic Medications

Analgesic medications are a diverse group of medications that control pain
through different mechanisms of action. This group of medications includes
opioids, NSAID, and local anesthetic agents. Their potency and analgesic effect
often varies with the route of administration, and the patient’s underlying
hepatic and renal function.
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OPIOIDS

Opioid analgesics are a mainstay of postprocedural pain control, especially
for moderate to severe pain (13,20,27). Opiates bind to p-receptors in the CNS
providing their analgesic and other major therapeutic effects. They are com-
monly used during the postprocedural period because of their rapid onset,
ability to provide analgesia without loss of consciousness, reversibility, lack
of analgesic ceiling, and diverse routes of administration (15).

Side effects of opiates include respiratory depression, due at least in part
to a direct effect on the brainstem. Maximal respiratory depression occurs
5-10 minutes after IV administration of morphine, or 30-90 minutes post-
intramuscular (IM) or subcutaneous administration. Other side effects include
decreased stomach and bowel motility with increased fluid reabsorption,
sphincter of Oddi constriction, nausea and vomiting, urinary retention, pru-
ritis, miosis, vasodilatation, and muscle rigidity and seizures in high doses.

All opioid analgesics are metabolized in the liver and should be used cau-
tiously in patients with hepatic insufficiency. Elderly patients have been shown
to be more sensitive to opioids, which may be due to decrease renal clearance
rates or from another mechanism that has yet to be elucidated (16).

SPECIFIC OPIOIDS
Morphine

Morphine is the prototype and most widely used opioid. It is a very effective
analgesic and is reversible. The bioavailability of the oral preparation is 25% due
to significant first-pass metabolism in the liver, which should be considered in
patients with hepatic insufficiency, because cumulative effects or increased bio-
availability may occur after oral administration (15). It has a renally excreted
active metabolite that can accumulate in patients with renal insufficiency, increas-
ing the risk of respiratory depression. It is safe in low doses in patients with liver
dysfunction (20). Morphine can be administered in oral, IM, IV, or epidural
preparations. Dosing is usually 2-10 mg 1V and 5-30 mg every four hours orally.

Fentanyl

Fentanyl citrate (Sublimaze) has many favorable properties making it a
popular analgesic: rapid onset and short duration of action, no active metab-
olites, reversibility, and can be used safely in patients with hepatic and renal
dysfunction (20). It is 100 times as potent as morphine as an analgesic, and its
congener, sufentanil citrate (Sufenta), is 1,000 times more potent than mor-
phine. Fentanyl has similar side effects as the other opioids. Fentanyl has
parenteral, transdermal (Duragesic), and transmucosal routes of administra-
tion. The transdermal patch is appropriate for chronic pain but not indicated
for acute pain because it is not titratable.

Hydromorphone
Hydromorphone (Dilaudid) has five to eight times the potency of mor-
phine. It has no metabolites and may have fewer side effects than other narcotics.

Codeine
Codeine is 60% as effective orally as parenterally due to less first-pass
metabolism in the liver. Codeine is an effective analgesic and antitussive agent.
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Its analgesic effect is due to its conversion to morphine. Codeine is available in
injectable, suspension, and oral tablet forms. It can also be taken in combina-
tion with acetaminophen (Tylenol 3). Codeine is typically dosed at 15-60 mg
every 4-6 hours, whereas codeine with acetaminophen is given at a dose of
acetaminophen 300-1000 mg/codeine 15-60 mg every four hours.

Tramadol

Tramadol (Ultram) is a synthetic codeine analog that exhibits weak
p-agonist activity and is effective for treating moderate postoperative pain.
Its benefit is its relative lack of respiratory depression, lack of major organ
toxicity, lack of depression of gastrointestinal motility, and low potential for
abuse. Tramadol is available in tablet form and is orally dosed 50-100 mg every
4-6 hours. Side effects include dizziness, drowsiness, sweating, nausea, vomit-
ing, dry mouth, and headache (27).

Meperidine

Meperidine (Demerol) has an active metabolite, normeperidine, with a
long half-life of 15-20 hours. It can cause CNS excitation characterized by
tremors, shakiness, and seizures (15,20). Because of these side effects it is not
recommended for elderly patients (17), or for use in PCAs (20). However, it
is an efficient agent to treat shivering, though the mechanism is not well under-
stood (18).

Hydrocodone

Hydrocodone is contained in combined oral preparations such as Vicodin
and Lortab where it is combined with acetaminophen, and Vicoprofen where it
is combined with ibuprofen. It is available in elixir and tablet form, with
varying dose strengths of both hydrocodone and the anti-inflammatory med-
ication. Normal dosing regimens are hydrocodone 2.5-10 mg/acetaminophen
500-750 mg, taken every 4—6 hours.

Oxycodone

Oxycodone is another opioid analgesic commonly given for postproce-
dural pain control. It is available in isolated form (OxyFast, Oxycontin) or in
combination with acetaminophen (Percocet, Tylox). All combinations are
available in oral form only. Typcial dosing regimens are 2.5-10 mg oxycodone/
325-500 mg acetaminophen every six hours. Extended release forms are also
available, which decreases the need for six-hour dosing.

Opiods are highly variable in their potency, and individuals must be aware
that the dosing regimens of opioids vary widely. Table 1 presents equianalgesic
doses for various commonly used opiods.

Patient-controlled Analgesia

A commonly used method of delivery of opioids is a PCA pump. This route of
delivery may be used for intravenous or epidural administration, but intra-
venous administration is used much more commonly. The advantages of
administering opioids through a PCA include avoiding delays in analgesic
administration, immediate pain relief, allowing for the patients variability in
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Table 1. Equianalgesic Doses of Opioids

v PO
Morphine 10 30
Fentanyl (Sublimaze) 0.1 —
Hydromorphone (Dilaudid) 1.5-2.0 6-7.5
Codeine 130 200
Meperidine (Demerol) 75 300
Oxycodone 15 20-30

response to opioids, and a greater sense of control for the patient (15,20). A
systematic review of trials comparing PCAs to conventional opioid therapy
showed that PCAs improve analgesia, decrease the risk of pulmonary compli-
cations, and that patients prefer them over other routes of administration
(20,19). PCAs are not appropriate for patients who cannot ably use the device,
such as mentally incapacitated or demented patients.

Basal (background) doses are not recommended in opioid naive patients as
it has been shown to increase the incidence of respiratory depression and other
side effects without providing increased analgesia (20,27). Providing for a
supplemental nurse-activated dose is important in case of breakthrough pain
(20).

Opioid Reversal Agents

NALAXONE

Nalaxone (Narcan) is an opioid antagonist and reversal agent. In the set-
ting of monitored analgesia, it is administered intravenously in 0.04- to 0.08-mg
doses. For acute opioid overdose, a dose of 0.4 mg IV is given. An increase in
respiratory rate should be seen in 1-2 minutes; if not, repeat doses may be given
at intervals of 2-3 minutes. Rapid, large boluses should not be given to avoid a
surge of catecholamines causing hypertension, tachycardia, and cardiac arrthy-
mias, as well as anxiety and pain. The duration of naloxone effect is 1-4 hours.
After a reversal agent is administered, the patient should be monitered up to
two hours to avoid continued effects of the opioid medication outlasting the
reversal agent (10).

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

NSAIDS are a diverse group of medications that include aspirin, ibuprofen,
acetaminophen, and cyclooxygenase-2 (COX-2) inhibitors. These medications
act as analgesic, antipyretic, and anti-inflammatory agents; one important
exception is acetaminophen, which has analgesic and antipyretic properties,
and only weak anti-inflammatory effects.

NSAIDS are effective in treating low-to-moderate pain (22), and are
also an important complement to opioids for pain control and to decrease
opioid side effects. A recent meta-analysis found that NSAID administration
decreased postoperative nausea by 30 %, most likely due to decreased opioid
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Table 2. Available Forms and Typical Doses for Commonly Used
Postprocedural Medications

Drug Form Common Dosage

Analgesic

Opioids

Morphine M, IV, PO 2-10 mg IV or 5-30 mg PO q4hr

Fentanyl 1V, PO, TD 50 mcg IV: titrate to effect; 200 mcg
PO over 15 min; 25 mcg/hr TD

Hydromorphone M, IV, PO 1-2 mg IM/IV/SQ q4-6hr

Codeine IM, IV, PO 300-1000 mg acetaminophen/15-60 mg
codeine PO g4hr

Tramadol PO 50-100 mg PQ q4-6hr

Meperidine IM, 1V, PO 50-150 mg PO/IM/SQ q3-4hr

Hydrocodone PO 2.5-10 mg hydrocodone/500-750 mg
acetaminophen POq4—6hr

Oxycodone PO 2.5-10 mg oxycodone/325-500 mg
acetaminophen POq6hr

NSAID

Aspirin PO 81-650 mg PO q4-6hr

Acetaminophen PO 325-1000 mg PO g4-6hr

Ketorolac M, IV, PO 15-30 mg IV or 30-60 mg IM q6hrs;
5-30 mg PO q4-6hr

COX-2 PO 200 mg q24hr

Sedative

Benzodiazepine

Diazepam IM/IV/PO 2-10 mg IM/IV/PO q6-12hr

Midazolam IM/IV/PO 0.5-2 mg IV — titrate to effect;
0.07mg/kg IM x 1

Lorazepam IM/IV/PO 2-6 mg q24hr

Antiemetic

Promethazine IM/IV/PO 12.5-25 mg q4—6hr

Droperidol IM/IV 1 mg/25 lbs IV

Scopolamine D 1 patch x 24 hr postprocedure

Odansetron IV/PO 4-8 mg IV x1 dose; 8 mg PO ql2hr

Metoclopramide IM/IV/PO 10-20 mg IV q3hr

Note: IV — intravenous; IM — intramuscular; PO — oral; SQ — subcutaneous;
TD - transdermal.

requirements (20,14). They also lack the neurological, respiratory depressant,
constipating, or withdrawal side effects associated with opioid analgesics. In
general, there should be scheduled, around-the-clock dosing for NSAIDs, ace-
tominophen, or COX-inhibitors if there are no contraindications (12,21).

302



20. POSTPROCEDURAL PAIN CONTROL

The principal therapeutic effect of NSAIDS derives from their ability
to inhibit prostaglandin production (22). Prostaglandins are mediators in
pathways of pain and inflammation. The precursor to prostaglandins is arach-
adonic acid, which is converted to prostaglandin precursors, PGG2 and PGH2,
by the enzyme cyclooxygenase. There are two forms of cyclooxygenase, cyclo-
oxygenase-1 (COX-1) which is found in most normal cells and tissue, and
COX-2, which is found in the setting of inflammation. COX-2 is also found
in normal kidney and brain but not the stomach, which accounts for COX-2
inhibitor’s decreased gastric side effects when compared to other NSAIDS. The
many different NSAIDs operate at different steps along the cyclooxygenase
pathway.

ASPIRIN

Aspirin’s anti-inflammatory effects derive from modifying COX-1 and
COX-2, irreversibly inhibiting cyclooxygenase activity. In addition, inactivation
of cyclooxygenase causes aspirin’s antiplatelet effects by inhibiting platelet
cyclooxygenase for the life of the platelet and thromboxane, a proplatelet
aggregrate enzyme (22). Aspirin is dosed 325-650 mg every 4—6 hours.

OTHER NSAIDs

Most other NSAIDs, including ibuprofen, naproxen, and ketorolac, are
reversible cyclooxygenase inhibitors and therefore have shorter durations of
action both in their anti-inflammatory effects and their antiplatelet aggregating
effects. These are primary oral agents, except ketorolac and diclofenac that can
be administered intravenously. Side effects include bleeding, gastric upset and
ulceration, and renal injury. Renal injury most often occurs in patients with
preexisting renal dysfunction (12).

ACETAMINOPHEN

Acetominophen is primarily an analgesic and antipyretic agent with min-
imal anti-inflammatory properties due to weak anticyclooxygenase activity. It
does not share the side effects of other NSAIDs such as impaired platelet
aggregation, cardiac and renal effects, and gastric upset. The oral dose is
325-1000 mg, with a total daily dose of 4,000 mg. There are parenteral forms
now available as the prodrug, propacetamol and paracetamol (12). Single doses
over 10 g are hepatotoxic (22).

KETOROLAC

Like acetaminophen, ketorolac (Toradol) is a potent analgesic but weak
anti-inflammatory agent. It is one of the few NSAIDs that can be administered
parenterally and is therefore useful in intraprocedural administration and for
nauseous patients, or those who are unable to take anything orally. Dosing is 5—
30 mg orally every 4—6 hours, and 15— 30 mg IV or 30—60 mg IM every six hours.
Side effects include dizziness, headache, gastrointestinal upset, and nausea. Due
to potential renal toxicity, ketorolac must be discontinued after five days of use.

CYCLOOXYGENASE-2 INHIBITORS
COX-2 inhibitors act by selective inhibition of COX-2 found in inflam-
matory sites. They have an advantage over other NSAIDs because they do not
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inhibit other prostaglandin synthesis reducing the risk of gastric upset and ulcer
disease. However, recently, rofecoxib (Vioxx) and valdexoxib (Bextra) were
withdrawn from the market due to their cardiovascular and gastrointestinal
risks (24). Celecoxib (Celebrex) is the only remaining COX-2 inhibitor avail-
able today but carries an FDA warning about increased risk for adverse car-
diovascular events (23,24).

OTHER ANALGESIC MEDICATIONS

Because N-methyl-p-aspartate (NMDA) receptors are involved in the pain
pathway, NMDA receptor antagonists such as ketamine and dextromethorphan
are increasingly being used in postoperative analgesia (12,33,25). Subanesthetic
doses of ketamine have been shown to decrease pain scores and opioid require-
ments, and possibly prevent the development of opioid tolerance (20). Alpha-2
agonists such as clonidine and dexmedetomidine, and corticosteroids are also
being used (12). Although these medications are used in the perioperative
period, the role of these agents in postinterventional procedural pain control
is yet to be defined.

OTHER PAIN CONTROL

Regional Analgesic Techniques: Epidural Anesthesia
and Peripheral Nerve Blocks

The use of regional analgesia techniques both during and after an interven-
tional procedure can aid in intraprocedural and postprocedural pain control.
Epidural anesthesia is a widely used and effective analgesic technique in sur-
gery and anesthesia that is associated with a high degree of patient satisfaction
(26). Epidural anesthesia involves administering analgesic medications, such
as opioids, local anesthetic agents, clonidine, or ketamine, through a catheter
into the epidural space. Variables affecting the epidural technique include the
timing of epidural administration, duration of the epidural analgesia, the
location of the epidural catheter, and infusion drug composition (26,27).
Not surprisingly, epidural analgesia has been shown to provide statistically
significant superior pain relief when compared to IV PCA with opioids but
with higher incidence of motor block, nausea, and vomiting (28). Other side
effects include hypotension from sympathetic blockade, urinary retention,
pruritus, and respiratory depression (27). Also, this analgesic technique can
be labor intensive to manage and causes safety issues when using anticoagu-
lation and other antiplatelet medications (20,26); newer medications used in
epidural anesthesia may help alleviate some of these side effects (26).

Peripheral nerve block is performed by infiltrating the area around a gan-
glion, nerve plexus, or nerve root with anesthetic agent, usually bupivicaine.
This approach has the advantage of excellent pain relief and reduced opioid
requirements.

The successful use of these techniques in interventional radiology has
been employed during uterine fibroid embolization (52,29), hepatic chemo-
embolization (56), and percutaneous biliary procedures (60). They are not
commonly used during interventional radiology procedures, however, which
may be due to any one of a number of factors: intraprocedural and
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postprocedural pain control with IV medications may be considered adequate
and therefore there is no need for more invasive pain control; intervention-
alists, most often performing less invasive, less painful procedures, are less
familiar with these techniques and what they can offer; or because they may
add considerable time and complexity to a procedure that is intended to be
minimally invasive.

ACUPUNCTURE

Acupuncture and other less conventional therapies have been gaining in
popularity in recent years. In their thorough and excellent review of perioper-
ative acupuncture and related techniques, Chernyack and Sessler concluded
that, although it has been practiced for more than 2,500 years, and with over
30 years of research, the exact mechanism of action and efficacy of acupuncture
have yet to be clearly elucidated. Acupuncture may be effective for postoper-
ative pain control but likely requires application by a practitioner with a high
level of training and experience. Acupuncture has been shown to effectively
treat postoperative nausea and vomiting in routine clinical practice in combi-
nation with, or as an alternative to, conventional antiemetics when adminis-
tered before induction of general anesthesia (30).

Please see Chapter 19 for a review of nontraditional intraprocedural pain
control methods.

Sedatives

BENZODIAZEPINES

Benzodiazepines are a group of medications that exert a sedative,
hypnotic, and anxiolytic effect by binding to sites near gamma-aminobutyric
acid (GABA) receptors in the CNS, increasing the receptors affinity to
GABA. Benzodiazepines have no analgesic properties, and they are metabolized
by different hepatic microsomal enzyme systems. At high doses, they may cause
respiratory depression, especially in patients with underlying respiratory dis-
orders such as COPD and obstructive sleep apnea (31). There are many types of
benzodiazepines, each with a different duration and onset of action. Shorter-
acting agents [midazolam (Versed)], medium-acting agents [lorazepam
(Ativan)], and longer acting agents [diazepam (Valium)] are all widely avail-
able and may be used according to the patients needs.

Flumazenil (Romazicon) is a specific benzodiazipine antagonist and is used
as a reversal agent. Small aliquots of 0.2-0.5 mg can be given to reverse benzo-
diazepines effects. As when using naloxone, the opioid antagonist, the dose
should be given slowly to avoid a rebound reaction, and the patient should
be monitored for up to two hours to ensure repeat sedation does not occur after
the effects of flumazenil diminish.

Antiemetic Medications

PROMETHAZINE
Promethazine (Phenergan) is a phenothiazine that acts by blocking dop-
amine receptors in the chemoreceptor trigger zone of the brain. It has
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antiemetic and neuroleptic effects. It can be administered orally, intravenously,
or rectally. Side effects include extrapyramidal effects ranging from restlessness
to oculgyric crisis, and anticholinergic effects such as sedation, dry mouth, and
confusion (32). Because of its side effect profile it is not reccommended as an
outpatient antiemetic (33).

DROPERIDOL

Droperidol (Inapsine) is a butyrophenone and is also a neuroleptic agent
that acts by blocking central dopamine receptors. It is an effective antiemetic in
low doses (<10 pg/kg). Side effects include dyskenisia, restlessness, and dyspho-
ria. Prolongation of the QT interval can occur with higher doses, leading to
sudden death in some cases (33). In 2001, this complication led to a “black
box” warning (the most serious warning, named because of the black back-
ground color of the warning statement on medication inserts) by the FDA for
droperidol.

SCOPOLAMINE

Scopolamine is a centrally active anticholinergic with antiemetic proper-
ties. The transdermal patch can be placed preprocedurally to achieve a ther-
apeutic level in the postprocedure period. Anticholinergic side effects of this
medication include dry mouth, somnolence, dizziness, and mydriasis (33).

ODANSETRON

Odansetron (Zofran) is a serotonin (5-HT3) receptor anatagonist antie-
metic. It is nonsedating and is often used for oncology patients during chemo-
therapy administration. It can be administered intravenously or orally and has a
plasma half-life of 3—4 hours. There is a 32-mg total daily dose limit that can be
given in divided doses. It is usually well tolerated, with only transient mild side
effects of headache, constipation, and dizziness. Another serotonin antagonist
is granisetron (Kytril) (32).

METOCLOPRAMIDE

Metoclopramide (Reglan) is a gastric and small-bowel promotility agent
with antiemetic effects. It also increases lower-esophageal sphincter tone. It is
dosed 20 mg IV or 0.2 mg/kg IV, and its half-life is 4-6 hours. Its side effects
include extrapyramidal symptoms, anxiety, and depression (32).

POSTPROCEDURAL PAIN CONTROL IN
INTERVENTIONAL RADIOLOGY

There are very few studies on postprocedural pain control in interven-
tional radiology. The majority of studies examining the subject center on
uterine fibroid embolization, which will be discussed in detail separately in
this chapter.

In one study specifically addressing postprocedural pain, England et al.
investigated the incidence of pain and the positive predictors of pain in 150
patients undergoing nine different nonarterial interventional radiology proce-
dures (34). They found significant increases in patients’ pain scores eight hours
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after percutaneous biliary procedures, six hours after central venous access
placement and gastrostomy tube insertion, and four hours after esophageal
stenting. There was a significant reduction in pain following percutaneous
nephrostomy. No increase in pain was reported with colonic and duodenal
stenting. The study further found that the only two positive predictors for
postprocedural pain were the patients’ preprocedural pain score and preproce-
dural analgesia; patients who had no pain before their procedure, or had no
preprocedural analgesia, reported significant increases in their pain score after
the procedure. There was no correlation between pain score and length of
procedure, age, or gender. They concluded that patients who were to undergo
a painful interventional radiology procedure should have preprocedural anes-
thesia, that longer acting local anesthesia should be used instead of lidocaine,
and that postprocedural analgesia should be integrated into the postprocedure
care of the interventional radiology patient.

PREEMPTIVE ANALGESIA

The concept of preemptive analgesia, treating postoperative pain by preventing
the establishment of central sensitization, has proven effective in experimental
studies but has had mixed results in clinical studies before surgery (25,27,35).
Preemptive analgesia should be differentiated from pain existing before the
procedure, which should always be treated (21). Preemptive analgesia is a
controversial area due to many factors including the design of the studies
examining the topic and even the basic definition of preemptive analgesia
(25,27,36). Despite the current lack of convincing clinical evidence many
authors advocate its use (25,27,36,34). In the interventional radiology litera-
ture, one author specifically recommends that all patients undergoing painful
procedures should receive acetaminophen 1 g orally and an NSAID 30-60
minutes prior to initiating the procedure (36).

Specific Procedures

UTERINE FIBROID EMBOLIZATION

Postprocedural pelvic pain is to be expected after UFE (29,37), and achiev-
ing adequate postprocedural pain control is a vital part of the procedure con-
tributing to a successful outcome and patient satisfaction. Many multicenter
trials examining UFE have found postprocedural pain as the most common
side effect after the procedure (38) and inadequate pain relief the most com-
mon adverse event after discharge necessitating readmission (39,40). Indeed,
the importance of procedural and postprocedural pain control is highlighted by
the high incidence of postprocedural pain and readmission when little pain
medication was prescribed to the patients evaluated in a recent multicenter trial
comparing UFE versus hysterectomy (40).

The most likely cause of pain after UFE is thought to be ischemic pain in
normal myometrium (41). However, large fibroid size has also been found to
correlate with increased postprocedural pain (40), possibly indicating that
ischemia of the fibroid itself causes pain (37).
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PROCEDURAL TECHNIQUE AND EMBOLIC AGENTS
AFFECTING POSTPROCEDURAL PAIN

The procedural technique employed and type of embolic agent used has
been shown to impact the amount of postprocedural pain. First, multiple
studies have shown that the degree of embolization of the uterine arteries has
been shown to correlate with the amount of patient’s postprocedural pain.
Embolizing to stasis and with multiple agents has been shown to increase
postprocedural pain, whereas less aggressive embolization — to near stasis or
just of the perifibroid vascular plexus — does not result in the same amount of
pain (42). In a dedicated study of 99 patients that examined pain after UFE, the
authors conjectured that their lower rate of postprocedural pain when com-
pared to prior studies was due to using a less extensive embolization technique
and more complete pain management technique (43). Similarly, a recent multi-
center study found that there was a direct dose-effect relationship between the
amount of polyvinyl alcohol (PVA) used and postprocedural pain and fever (40).

The type of embolic agent used has also been shown to correlate with the
amount of postprocedural pain. One study found elevated pain scores reported
in patients who were treated with Gold Embospheres (Embogold; Biosphere
Medical, Rockland, MD) compared to Contour SE (Boston Scientific, Natick,
MA) and Embospheres (Biosphere), and that patients treated with Contour SE
tended to use a lesser amount of supplemental narcotics compared to the other
two agents (49). Another study comparing Embogold and Embospheres
showed similar findings with patients treated with Embogold requiring more
days to return to routine daily activities and increased skin rash post-UFE than
those treated with Embospheres (44). A high incidence of post-UFE endome-
tritis has also been reported when using Embogold (45). No difference in
postprocedural pain was found in a study comparing Embospheres and PVA
particles (46).

POST-UFE PAIN CONTROL MEDICATIONS

Forming a coherent and manageable postprocedural protocol is the first
step in delivery of adequate pain medications after UFE. The treatment plan
should be in place before the procedure takes place and should be ready to be
implemented after the procedure (41).

Although there is no single universal medication protocol utilized for
postprocedural pain control, there are many commonly used medications.
The most frequently used medications are opiates (typically delivered through
a PCA), NSAIDs, and antiemetics. The pain control protocol reported by Bruno
et al. (43) is typical: intravenous opioid medication through a PCA is given
until the next morning with the conversion to oral opioid analgesic, and ketor-
olac is given around the clock. Antiemetics (odansetron or phenergan) are
given on as needed basis. Most often patients can be discharged the day follow-
ing the procedure on scheduled NSAIDs followed by oral opioid analgesics and
antiemetics as needed. Variations on this protocol include continuous IV
opioid administration during the procedure, which are decreased postproce-
dure with an as-needed additional dose (47) and scheduled antiemetics.

Siskin et al. developed a pain and symptom relief regimen to be used to
perform UFE on an outpatient basis (48). They found that 96% of patients
experienced adequate pain and symptom relief after being discharged no less
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than 5.5 hours post-UFE. Their regimen included ketorolac (60 mg IV) along
with fentanyl and midazolam during the procedure; meperidine, hydroxyzine,
ketoralac, and lortab (all as needed) immediately postprocedure; and prochlor-
perazine, meperidine, lortab, hydrocodone, ketorolac followed by ibuprofen
(all as needed), and routine levfloxacin as discharge medications (48).

One study found no difference in the efficacy of ibuprofen and the COXIB
rofecoxib (Vioxx) in reducing postprocedural pain or in their side effects (49).
The COXIB has the theoretical benefit of single-day dosing and decreased
stomach upset when compared to ibuprofen. However, rofecoxib has been
removed entirely from the market due to its risk of stroke and myocardial
infarction (24). It is not known whether the only remaining commercially
available COX-2 inhibitor, celecoxib, is equally as effective as rofecoxib in
postprocedural pain control.

OTHER PAIN CONTROL TECHNIQUES

A variety of other pain control techniques have been used to control post-
UFE pain. Spinal and epidural anesthesia is used in some centers (29); however,
perhaps because other less invasive pain control protocols have proven effective,
these techniques are not widely used. In 46 patients, Zhan et al. reported a sig-
nificant reduction in post-UFE pain for up to 48 hours by administering 6 ml of
0.067% dilute lidocaine in divided doses into each uterine artery after emboliza-
tion was completed (50). These results were superior to an approach by Keyoung
et al., who administered 10 ml 1% lidocaine intraarterially prior to embolization
(51) as this approach caused significant vasospasm of the uterine artery compli-
cating administration of embolic agents. Lastly, a recent study evaluating superior
hypogastric nerve blocks performed during UFE in 139 patients, who also received
supplementary pain control post-UFE, resulted in all patients being discharged on
the day of the procedure with only seven being readmitted for pain control (52).
However, because this technique involves another invasive procedure with own
risks of complications it may not achieve widespread use in UFE.

SUMMARY OF POST-UFE PAIN CONTROL

In summary, postprocedural pain control is a vital part of UFE. Lack of
adequate pain control is the most common complication following UFE. Less
aggressive embolization has been shown to result in less postprocedural pain.
Additionally, certain embolic agents have been shown to increase postproce-
dural pain. A comprehensive pain management protocol must be in place
utilizing complementary pain medications as well as antiemetic medications.
Other approaches such as epidural anesthesia or regional nerve block are avail-
able for patients with an increased need for analgesia.

Transarterial Hepatic Chemoembolization

Transarterial hepatic chemoembolization is a commonly performed procedure
for treatment of hepatic masses that often causes postprocedural pain and other
symptoms such as fever, nausea, and vomiting (53-56). The pain is thought to
arise from tissue ischemia and an inflammatory response to chemoemboliza-
tion (53). Variables that have been found to increase postprocedural pain
include inadvertent embolization of the gallbladder, the amount of administered
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chemoembolic agents (possibly solely due to the amount of the embolic agent
used, rather than the chemotherapeutic agent), and first-time embolization
procedures (53). Another investigation found no difference in pain among
patients receiving chemoembolization for the first time versus repeat chemo-
embolization, nor a correlation with age or preprocedure laboratory values
(55). In the author’s experience, the amount of postprocedural pain correlates
with the amount of embolization performed: the greater the amount of embolic
agent used, the greater the postoperative pain. In addition, in our patients who
receive chemotherapy mixed with only lipiodol, most often causes only a small
amount of postprocedural pain.

One relatively simple technique for decreasing postprocedural pain is the
administration of intra-arterial lidocaine during chemoembolization proce-
dures (57). Lee et al. found that administering 100 mg of 2% lidocaine intra-
arterially 30 seconds prior to chemoembolization was very effective in reducing
patients’ postprocedural pain and pain medication requirements when com-
pared to patients who received the same dose of intra-arterial lidocaine after
the chemoembolic agents, or no intra-arterial lidocaine at all (58). Another
successful method of pain control is celiac plexus block, which has been shown
to reduce both intraprocedural and postprocedural pain following hepatic
chemoembolization (56).

Postchemoembolization pain control usually employs an approach similar
to UFE: intravenous opioids until the patient is able to take medications orally,
NSAIDs, antiemetics on an as-needed basis, and IV hydration (54,59).

PERCUTANEOUS TRANSHEPATIC CHOLANGIOGRAPHY
AND DRAINAGE

Percutaneous transhepatic cholangiography (PTC) and drainage is among
the most painful procedures performed in interventional radiology, with pain
often extending into the postprocedural period (34). The procedure is most
often performed with moderate sedation, with analgesic medication given after
the procedure. Other pain control techniques include epidural anesthesia, cel-
iac plexus, and intercostal nerve block. Culp et al. reported successful results
using a thoracic paravertebral block for pain relief during PTC and drainage
(60). The anesthetic effect lasted throughout the night and the next morning,
and the patient required no analgesia and only reported pain except with deep
inspiration (60). An older study comparing intraprocedural intravenous seda-
tion versus epidural anesthesia found a significant decrease in patients’ pain
scores when epidural anesthesia was used (61). However, administering the
epidural added cost and time to the procedure, and required the help of the
anesthesia service (61). Postprocedural pain was not addressed in this study.

Intercostal nerve blocks (INB) are simple procedures that may be per-
formed on the majority of patients undergoing PTC and are particularly effec-
tive when the PTC is placed in an intercostal space. Once the skin site for the
PTC is identified, the rib superior to the site is followed dorsally for 5-10 cm
(because most PTC are placed in the right mid axillary line, the editor uses the
posterior axillary line as the location for INB). A 25-gauge needle is advanced to
the rib, which is intentionally hit with the needle. Because the goal is to inject the
local anesthetic adjacent to the intercostals nerve, the needle is directed inferior
to the rib margin. As the needle slides under the rib, aspiration on the syringe is
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performed — if a flash of blood is noted in the needle hub, the needle is redirected
to avoid direct injection of anesthetic into the vascular system. Once the needle
is in good position, an injection of 5-10 ml of 0.25% bupivicaine is performed.
The procedure is performed one rib space above and one rib space below the
inercostal space into which the PTC will be placed (three levels in total).

REFERENCES

1. http://www.jointcommission.org/AccreditationPrograms/Office-BasedSurgery/Standards/
standards_sampler.htm?HTTP___JCSEARCH.JCAHO.ORG_CGI_BIN_MSMFIND.
EXE?RESMASK=MssResEN.mskhttp%3A//jcsearch.jcaho.org/cgi-bin/MsmFind.exe%
3Fhttp%3A//jcsearch.jcaho.org/cgi-bin/MsmFind.exe%3FRESMASK%3DMssResEN.
msk. Accessed May 21, 2007.

2. NORCAL Mutual Insurance Company, Claims Rx, June 2006 — CME Edition, Pain
management in the ICU.

3. Apfelbaum, JL, Chen, C, Mehta, SS, Gan, TJ. Postoperative pain experience: results
from a national survey suggest postoperative pain continues to be undermanaged.
Anesth Analg (2003);97:534-40.

4. Bucek, RA, Puchner, S, Lammer. Mid- and long-term quality-of-life assessment in
patients undergoing uterine fibroid embolization. AJR Am J Roentgenol (2006);186:
877-82.

5. Worthington-Kirsch, R, Spies, JB, Myers, ER, et al. The fibroid registry for outcomes
data (FIBROID) for uterine embolization, short-term outcomes. Obstet Gynecol
(2005);106(1):52-9.

6. Volkers, NA, Hehencamp, JK, Birnie, E, et al. Uterine artery embolization in the
treatment of symptomatic uterine fibroid tumors (EMMY trial): periprocedural IR
and complications. J Vasc Interv Radiol (2006);17(3):471-80.

7. Pron, G, Mocarski, E, Bennett, J, et al. Tolerance, hospital stay and recovery aftery
uterine artery embolization for fibroids: the Ontario uterine fibroid embolization
trial. J Vasc Interv Radiol (2003);14:1243-50.

8. Jessel, TM, Kelly, DD. Pain and analgesia. In Principles of Neural Science, 3rd ed.
(Kandel ER, Schwartz Jessel eds.), TM, Elsevier Science: New York, 1991; pp. 385-99.

9. Julius, D, Basbaum, Al. Moecular mechanisms of nociception. Nature (2001);413:
203-10.

10. Practice Guidelines for Sedation and Analgesia by Non-Anesthesiologists: An
updated, report by the American Society of Anesthesiologists Task Force on Pain
Management on Sedation and Analgesia by Non-Anesthesiologists. Anesthesiology
(2004);96(4):1004—17.

11. Hatssiopoulou, O, Cohen, RI, Lang, EV. Postprocedure pain and management of
interventional radiology patients. J Vasc Interv Radiol (2003);14:1373-85.

12. Joshi, GP. Multimodal analgesia techniques for ambulatory surgery. Int Anesth Clin
(2005);43(3):197-204.

13. Jin, F, Chung, F. Multimodal analgesia for postoperative pain control. J Clin Anesth
(2001);13:524-39.

14. Marret, E, Kurdi, O, Zufferey, P, Bonnet, F. Effects of nonsteroidal anti-
inflammatory drugs onpatient controlled analgesia morphine side effects: meta-
analysis of randomized controlled trials, Anesthesiology (2005);102:1249-60.

15. Resine, T, Pasternak, G. Opioid analgesics and antagonists. In Goodman and
Gilman’s The Pharmacological Basis of Therapeutics (Hardman, JG, Goodman
Gilman, A, Limbird, LE, eds.), McGraw Hill, New York; NY, 2001; pp. 521-56.

16. Austrup, ML, Korean, G. Analgesic agents for the postoperative periods: opioids. Surg
Clin N Am (1999);79(2):253-73.

311



PART II. SYSTEMIC PAIN CONTROL

312

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Palmer, RM. Perioperative care of the elderly patient. Cleveland Clin ] Med (2006);73
(Supp 1):S106-10.

Dewitte, J, Sessler, DI. Perioperative shivering: physiology and pharmacology. Anes-
thesiology (2002);96(2):467—84.

Walder, B, Schafer, M, Henzi, I, Tramer, MR. Efficacy and safety of patient-controlled
opioid analgesia for acute postoperative pain. A quantitative systematic review. Acta
Anaesthesiol Scand (2001);45(7):795-804.

Ritchey, RM. Optimizing postoperative pain management. Cleveland Clin ] Med
(2006);73 (Supp 1);S72-76.

Practice guidelines for acute pain management in the perioperative setting: an
updated, report by the American Society of Anesthesiologists Task Force on Pain
Management on Acute Pain Management. Anesthesiology (2004);100:1573-81.
Roberts L] II, Morrow, JD. Analgesic-antipyretic and anti-inflammatory agents and
drugs employed in the treatment of gout. In Goodman and Gilman’s The Pharma-
cological Basis of Therapeutics, 10th ed. (Hardman, JG, Goodman Gilman, A, Lim-
bird, LE, eds.), McGraw Hill, 2001; pp. 687-731.

Ardoin, SP, Sundy, JS. Update on nonsteroidal anti-inflammatory drugs. Curr Opin
Rheumatol (2006);18:221-6.

http://www.fda.gov/cder/drug/infopage/ COX2/default.htm. Accessed May 2005.
White, PFE. The role of non-opioid analgesic techniques in the management of pain
after ambulatory surgery. Anesth Analg (2002);94:577-85.

Vicussi, ER. Emerging techniques in the management of acute pain: epidural anes-
thesia. Anesth Analg (2005);101:523-9.

Wu, CL. Acute postoperative pain. In Miller’s Anesthesia, 6th ed. (Miller RD, ed.),
Elsevier, Philadelphia, 2005; pp. 2729-62.

Wu, CL, Cohen, SR, Richman, JM, et al. Efficacy of postoperative patient-controlled
and continuous infusion of epidural analgesia versus intravenous patient patient—
controlled analgesia with opioids: a meta-analysis. Anesthesiology (2005);103:1079-88.
Andrews, RT, Spies, JB, Sacks, D, et al. Patient care and uterine artery embolization
for leiomyomata. ] Vasc Interv Radiol (2004);15:115-20.

Chernyack, GV, Sessler, DI. Perioperative acupuncture and related techniques. Anes-
thesiology (2005);102:1031-49.

Hobbs, WR, Ral, TW, Verndoorn, TA. Hypnotics and sedatives; ethanol. In Goodman
and Gilman’s The Pharmacological Basis of Therapeutics, 10th ed. (Hardman, JG,
Goodman Gilman, A, Limbird, LE, eds.), McGraw Hill, 2001; pp. 399-427.
Brunton, LL. Agents affecting gastrointestinal water flux and motility; emesis
and antiemetics; bile acids and pancreatic enzymes. In Goodman and Gilman’s The
Pharmacological Basis of Therapeutics, 9th ed. (Hardman, JG , Goodman Gilman, A,
Limbird, LE, eds.), McGraw Hill, New York: NY, 1996, pp. 917-36.

White, PF, Freire, AR. Ambulatory (outpatient) anesthesia. In Miller’s Anesthesia,
6th ed. (Miller, RD, ed.), Elsevier, Philadelphia, 2005; p. 2589.

England, A, Tam, CL, Thacker, DE, et al. Patterns, incidence and predictive factors
for pain after interventional radiology. Clin Radiol (2005);60:1188-94.

Kehlet, H, Jensen, TS, Woolf, CJ. Persistent postsurgical pain: risk factors and pre-
vention. Lancet (2006);367:1618-25.

Martin, ML, Lennox, PH. Sedation and analgesia in the interventional radiology
department. J Vasc Interv Radiol (2003);14:1119-28.

Hovsepian, DM, Siskin, GP, Bonn, J, et al. Quality improvement guidelines for
uterine artery embolization for symptomatic leiomyomata. J Vasc Interv Radiol
(2004);15:535-42.

Bucek, RA, Puchner, S, Lammer J. Mid- and long-term quality-of-life assessment in
patients undergoing uterine fibroid embolization. AJR Am ] Roentgenol (2006);186:
877-82.



20. POSTPROCEDURAL PAIN CONTROL

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Worthington-Kirsch, R, Spies, JB, Myers, ER, et al. The fibroid registry for outcomes
data (FIBROID) for uterine embolization, short-term outcomes. Obstet Gynecol,
2005;106(1):52-9.

Volkers, NA, Hehencamp, JK, Birnie, E, et al. Uterine artery embolization in the
treatment of symptomatic uterine fibroid tumors (EMMY trial): periprocedural IR
and complications. J Vasc Interv Radiol (2006);17(3):471-80.

Spies, JB. Commentary, Recovery after uterine artery embolization: understanding
and managing short term outcomes, J Vasc Interv Radiol (2003);14:1219-22.
Pelage, JP. Commentary, Polyvinyl alcohol particles and tris-acryl gelatin micro-
spheres for uterine artery embolization for leiomyomas. ] Vasc Interv Radiol
(2004);15(8):789-91.

Bruno, J, Sterbis, K, Flick, P, et al. Recovery after uterine artery embolization for
leimyomas: a detailed analysis of its duration and severity. J Vasc Interv Radiol
(2004);15(8):801-7.

Lohle, PNM, Boekkooi, FP, Smeets, AJ, et al. Limited uterine artery embolization for
leimyomas with tris-acryl gelatin microspheres: 1-year follow up. J Vasc Interv Radiol
(2006);17(2 Part 1):283-7.

Richard, H, Siskin, G, Stainken, B. Endometritis after uterine artery embolization
with gold-colored gelatin microspheres. J Vasc Interv Radiol (2004);15:406—7.
Spies, JB, Allison, S, Flick, P, et al. Polyvinyl alcohol particles and tris-acryl gelatin
microspheres for uterine artery embolization for leiomyomas: results of a randomized
comparative study. ] Vasc Interv Radiol (2004);15(8):793-800.

Ryan, JM, Gainey, M, Glasson, J, et al. Simplified pain-control after uterine artery
embolization. Radiology (2002);224:610-3.

Siskin, GP, Stainken, BF, Dowling, K, Meo, P, Ahn, J, Dolen, EG. Outpatient uterine
artery embolization for symptomatic uterine fibroids: experience in 49 patients.
J Vasc Interv Radiol (2000);11:305-11.

Hovsepian, DM, Mandava, A, Pilgram, TK, et al. Comparison of adjunctive use of
rofecoxib versus ibuprofen in the management of postoperative pain after uterine
artery embolization. ] Vasc Interv Radiol (2006);17(4):665-70.

Zhan, S, Li, Y, Wang, G, et al. Effectiveness of intra-arterial anesthesia for uterine
fibroid embolization using dilute lidocaine. Eur Radiol (2005);15:1752—6.

Keyoung, JA, Levy, EB, Roth, ER, et al. Intraarterial lidocaine for pain control
after uterine artery embolization for leiomyomata. ] Vasc Interv Radiol (2001);12:
1065-73.

Rasuli, P, Jolly, EE, Hammond, I, et al. Superior hypogastric nerve block for pain
control in outpatient uterine artery embolization. ] Vasc Interv Radiol
(2004);15:1423-9.

Ramsey, DE, Kernagis, LY, Soulen, MC, Geschwind, JFH. Chemoembolization of
hepatocellular carcinoma. J Vasc Interv Radiol (2002);13:5211-21.

Leung, DA, Goin, JE, Sickles, C, Raskay, BJ, Soulen, MC. Determinants of postem-
bolzation synfrome and hepatic chemoembolization. J Vasc Interv Radiol (2001);
12:321-6.

Patel, NH, Hahn, D, Rapp, S, Bergan, K, Coldwell, DM. Hepatic artery embolization:
factos predisposing to postembolization pain and nausea, J Vasc Interv Radiol
(2000);11:453-60.

Coldwell, DM, Loper, KA. Regional anesthesia for hepatic arterial embolization.
Radiology (1989);172:1039—40.

Hartnell, GG, Gates, J, Stuart,et al. Hepatic chemoembolization; effect of intra-
areterial lidocaine on pain and postprocedure recovery. Cardiovasc Interv Radiol
(1999);22:293-7.

Lee, SH, Hahn, ST, Park, SH. Intraarterial lidocaine administration for relief of pain
resulting from transarterial chemoembolization of hepatocellular carcinoma: its
effectiveness and optimal timing of administration. Cardiovasc Interv Radiol
(2001);24:368-71.

313



PART II. SYSTEMIC PAIN CONTROL

59. Brown, DB, Geschwind, JFH, Soulen, MC, Millward, SF, Sacks, D. Society of
Interventional Radiology position statement on chemoembolization of hepatic malig-
nancies. ] Vasc Interv Radiol (2006);17:217-23.

60. Culp WC Jr.,Culp, WC. Thoracic paravertebral block for percutaneous transhepatic
biliary drainage. ] Vasc Interv Radiol (2005);16:1397-1400.

61. Harshfield, DL, Teplick, SK, Brandon, JC. Pain control during interventional biliary
procedures: epidural anesthesia vs. IV sedation. AJR Am ] Roentgenol (1993);161:
1057-9.

314



Index

ablation
chemical ablation, 46, 217, 227-228
cryoablation, 218
analgesic effect of, 227
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microwave ablation, 218
percutaneous cryoablation, 225-227
radiofrequency ablation (RFA), 218,
218-221
thermal ablation, 218-227
Abram, S. E., 76
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side effects, 217
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in bony metastatic lesions, 201
in low back pain treatment, 151
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in osteoporotic fracture
management, 58
in osteoporotic fractures, 58
in VCF treatment, 43
anatomy
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facet joints, 152
components, 152
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intervertebral discs, 131132
lumbar spine
intervertebral discs, 33-34
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scopolamine, 306
antihistamines, anesthetic properties of,
26



INDEX

anxiolysis (minimal sedation), 242, 243,
260
effect of morphine, 249
effect of propofol, 254
artery of Adamkiewicz, 95, 97, 114
arthritis
osteoarthritis, 159, 166, 167
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cardiovascular system
allergic response to epinephrine, 26
local anesthetic toxicity, 25
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C-arm fluoroscopy machine
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for discography, 132, 135, 136, 138,
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for facet joint arthrography, oblique
approach, 156
Carragee, E. J., 147
Carrerra, G. F., 154
cauda equina syndrome, 12, 77
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caudal injection/needle placement, 86—
88
complications, 88-89
contraindications, 77
efficacy, 89-90
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epidural space targeting, 84
gadolinium alternative, 86
needle clearing, 85
needle length adequacy, 85
needle route optimization, 82
paramedian technique, 82-83
partial/premature air release,
avoidance, 85
preview needle course in lateral
plane, 84
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indications, 7677
lumbar injection, 78-81
risks (theoretical), 78
technique, 77-78
Celestone Soluspan (betamethasone),
75, 95, 97, 105
cement extravasation
in kyphoplasty, 65
in percutaneous vertebroplasty, 52-53
risk of, in PVP, 48
central nervous system (CNS)
effect of benzodiazepines, 242, 247
effect of opioids, 248
local anesthetic toxicity, 24-25
cervical interlaminar epidural steroid
injection, 99-103
complications, 102
contraindications, 99
efficacy, 102-103
indications, 99
technique, 99102
cervical selective nerve root blocks
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complications, 123124
contraindications, 120
indications, 119
needle placement, 122123
technique, 121-123
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injection (CTFESI)
complications, 105
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efficacy, 105-106
indications, 103
needle placement, 104-105
technique, 103-105
chemical ablation, 46, 217, 227-228
acetic acid, 228-229
ethanol ablation, indications, 227-228
method, 228
chemoembolization, hepatic, 207, 304,
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chemosynovectomy, 177, 178
Chen, J. F., 45
Chernyack, G. V., 305
Chiras, J., 52
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etiology/pathogenesis, 232-235
history/physical evaluation, 235
Chung, F., 298
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neurogenic/vascular, 12, 77
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for low back pain, 11-14
Coakley, F. V., 236
cocaine, 21, 22, 72
Cohen, S. P., 142
Committee on Nonoperative Care
(North American Spine Society),
154
complications. See also allergic
reactions; side effects
caudal and lumbar ILESI, 88—89
cervical interlaminar epidural steroid
injection, 102
cervical SNRBs, 123-124
chemical ablation, 229
corticosteroids, 81, 172—174

CTEFESI, 105
discography, 142147
HIFU, 223

hyaluronic acid, 176-177
kyphoplasty

cement extravasation, 65
subsequent fractures, 65-66
laser ablation, 224-225
lumbar SNRBs, 118—-119
lumbar TFESI, 96-98
percutaneous cryoablation, 226
percutaneous vertebroplasty (PVP)
cement extravasation, 52-53
contiguous vertebral body
collapse, 53
radiofrequency ablation, 221
thoracic SNRBs, 126
visceral pain management, 193
computed tomography (CT)
for caudal/lumbar ILESI, 78
for discography, 140
following discograms, 141
for joint injection guidance, 182-183
for low-back pain, 13
for pelvic congestion syndrome, 236
for percutaneous vertebroplasty, 46, 47
for radiofrequency ablation, 219
for visceral nerve blockade, 191
continuous (double-needle) lavage
technique, 169
contraindications
caudal and lumbar ILESI, 77
cervical interlaminar epidural steroid
injection, 99
cervical SNRBs, 120
corticosteroids, 171172
CTFESI, 103
hyaluronic acid, 176
to kyphoplasty, 58-60
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contrast agents, 5, 50, 147, 155
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actions, 171
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Crandall, D., 60
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Dansie, D. M., 51
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degenerative cascade, in low-back pain,
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DePalma, M. J., 99
Derby, R., 148
Destouet, J. M., 154
diabetes, 77, 115
diazepam, 246-247
digital subtraction angiography, 5
for lumbar SNRBs, 122
for TFESI, 95
for thoracic SNRBs, 125
diphenhydramine hydrochloride, 26
discography, 14, 15
clinical results, 147148
complications, 142147
Dallas Discogram Scale, interpretation,
141
description, 131
discogenic pain theories
chemical, 132

mechanical, 132
endpoints
positive pain response, 139
pressure, 140
total volume injected, 140
false-positive results, 14, 131, 147
indications, 132
ISIS scoring system, 141
needle placement, 131
opposition to, 147
sedation, 133
technique, 132-141
approach, 138-139
C-arm fluoroscope, 132, 135,
136, 138, 139
imaging findings, 141
oblique extradural approach,
137-138
two-needle technique, 137—
138, 142
preprocedure evaluation, 133
provocative testing, 139-141
transdural approach, 138-139
needle placement, 139
discs. See also low-back (lumbar) pain
disc herniations, 71
phospholipase A2 (PLA2) levels,
74
intervertebral disc anatomy, 131-132
Doherty, M., 172
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dorsal root ganglion (DRG), 113
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droperidol, 306
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efficacy

of amethocaine, 25

of caudal and lumbar ILESI, 89-90

cervical interlaminar epidural steroid

injection, 102—103

of CSI, controversy about, 74

of CTFESI, 105-106

of ESI, 76, 90

of gelfoam, 212

of lumbar TFESI, 91, 98-99

of PVP, 43, 48

of thoracic SNRBs, 126-128

of tumescent anesthesia, 27
ELA-max/LMX, 25
electromyelography (EMG), 13
embolization of neoplasms
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agents, 202-207
absolute ethanol, 205
acrylic spheres, 204
gelfoam/gelatin sponge, 203
highly viscous ethiodol, 207
polyvinyl alcohol (PVA), 204

stainless steel/platinum coils, 203

agents, applications, 207-212
direct palliative therapy, 208-211
indirect palliative therapy, 211—
212
hepatic chemoembolization, 304

osseous metastases pathology, 199-201

bony lesions, types of, 200
seed and soil mechanisms, 199
technical considerations, 212-214
uterine fibroids, 304
EMG. See electromyelography (EMG)
EMLA (eutectic mixture of local
anesthetics), 24, 25
endovascular ovarian vein
embolization, 237
energy therapies, 281
epidemiology
chronic pelvic pain, 232
epidural anesthesia/peripheral nerve
blocks, 304-305
epidural space
anatomy, 71-72
posterior midline prominence,
71-72
sacrum, 72
epidural steroid injections (ESI), 15
See also epidural steroids;
lumbar interlaminar epidural
steroid injection (ILESI)
canine study, 111/40
controversies regarding, 74
goal of, 71
historical background, 72-74
interlaminar epidurals, 75
for low-back pain, 15, 71
postop/neurogenic claudication
patients, success rate, 77
for radicular pain, 71
epidural steroid injections (ESI),
mechanism of action, 74, 74-76
anesthetic, 75-76
expectations, 76
medications, 7476
anesthetics, 76
steroids, 74-75
epidural steroid injections (ESI),
midline: lumbar interlaminar
(ILESI)/caudal approaches
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caudal and lumbar ILESI
caudal injection, 86-88
complications, 88-89
contraindications, 77
efficacy, 89-90
hints
epidural space targeting, 84
gadolinium alternative, 86
needle clearing, 85
needle length adequacy, 85
needle route optimization, 82
paramedian technique, 82-83
partial/premature air release,
avoidance, 85
preview needle course in
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tilting of tube, 85
indications, 7677
lumbar injection, 78-81
risks (theoretical), 78
technique, 77-78
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betamethasone preparation, 75, 105
bupivacaine, 77
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morphine sulfate, 77
side effects, 78
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allergic response to, 26
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